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Tong hop va img dung vit L t hop Gr/CNT5/AuNPs trong cim bién dién héa
nhm xic inh nong 0 dur hrgmg t thude bio vé thure vat fenitrothion
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Tom tit:

Trong nghlen ctru nay, cac mang vit liéu to hop graphene/ong nano carbon/hat nano vang (Gr/CNTs/AuNPs) dang xop va khong
x6p dwgc tong hop trén dé dong bing phwong phap ling dong héa hoc pha hoi (CVD) nhiét. Hinh thai hoe bé mit, ciu tric va
dac tinh dién héa cia cac mang Gr/CNTs/AuNPs dugc khdo sat thong qua cac phep do nhwr kinh hién vi dién tir quét phat xa
truong (FESEM), kinh hién vi dlen tr truyen qua (TEM), pho tan xa Raman, pho dién hoa. Ket qua nghién ctru dnh FESEM va
TEM cho thay, mang vt liéu to 'hop Gr/CNTs/AuNPs c6 dang xop khi nguon carbon cung cap cho qu4 trinh CVD nhiét 13 hén
hgp cua khi metan (CH,) va chit hoat djng bé mit sodium deoxycholate (SDC) trong dung dich chira hat AuNPs. Két qua do
quét thé vong tuin hoan (CV) cho thay, dinh dong dap ung cia dién cuc phu béi vat liéu t0 hop Gr/CNTs/AuNPs dang x0p cao
hon khoéng 1,8 1in so v0'1 dién cwe phi béi vét li¢u to hop Gr/CNTs/AuNPs dang khong xop Phé tong tré dién hoa (EIS) ciing
cho thay tré khang clia miu mang xop nhé hon s0 v6i mau mang khong xop Cim bién trén co so sir dung mang to hgp Gr/CNTs/
AuNPs dang xop da dwoce lwa chon dé xac dinh nong do du luwgng thudc bao vé thue vat fenitrothion va giéi han phat hién (LOD)
cita cam bién dwoc xac dinh bang 1,78x10 ppb trong dai do ndng dé 102- 10 ppb.

Tir khéa: cam bién di¢n héa, fenitrothion, Gr/CNTs/AuNPs.
Chi 56 phin logi: 1.3, 1.4, 2.5

Fabrication and application of Gr/CNTs/AuNPs hybrid material
in electrochemical sensor for determining the concentration of fenitrothion pesticide residues
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Abstract:

In this study, porous and non-porous graphene/carbon nanotube/gold nanoparticles (Gr/CNTs/AuNPs) hybrid material films were
fabricated on copper substrates by chemical vapour deposition (CVD) method. The morphology, structure and electrochemical
properties of the Gr/CNTs/AuNPs films were investigated via field emission scanning electron microscopy (FESEM), transmission
electron microscopy (TEM), Raman spectroscopy, and electrochemical measurements. FESEM and TEM images show that the Gr/
CNTs/AuNPs hybrid film has a porous structure when the carbon source for the CVD process is a mixture of methane (CH,) gas and the
surfactant sodium deoxycholate (SDC) in solution containing AuNPs. The cyclic voltammetry (CV) characteristics show that the peak
current of the electrode coated with porous Gr/CNTs/AuNPs film is 1.8 times higher than that of the electrode coated with non-porous
Gr/ CNTs/ AuNPs film. The electrochemical impedance spectroscopy (EIS) also shows that the impedance of the porous sample is
smaller than that of the non-porous sample. A sensor based on a porous Gr/CNTs/AuNPs film was used as an electrochemical platform
for the determination of the residue concentration of the pesticide fenitrothion (Feni), and the limit of detection (LOD) of the sensor
was estimated to be about 1.78x10~? ppb within a concentration range of 102-10 ppb.

Keywords: electrochemical sensor, fenitrothion, Gr/CNTs/AuNPs.
Classification numbers: 1.3,1.4,2.5
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1. Dt van de

Céc chat 6 nhi®m hitu co dang tré thanh mébi quan tim
16n trén toan cau do anh hudng cua chung dén méi trudng,
dong vat va stic khoe con nguoi. Trong sb cac chat 6 nhiém
hiru co, cac hop chit phét pho hiru co thudng dugce sir dung
nhiéu dé 1am thudc trir sdu. Thude trir sdu ho 1an hitu co
nhu fenitrothion dugc phat hién nhiéu trong dét, nude, thuc
pham... va chat gay 6 nhidm nay 1a mot trong nhimng nguyén
nhan gdy anh huéng nghiém trong dén stre khoe con ngudi
(gdy budn nén, nhirc dau, yéu co, giam tri nhé...) [1, 2].
Chinh vi vay, viéc phat trién phuong phap dé xac dinh dinh
lwong ndng do fenitrothion & ndng do thap voi do chinh xac
cao la mdt trong nhiing nhiém vu déy thach thire dbi voi cac
nha khoa hoc. Mot s6 phuong phap phan tich truyén thong
nhu sic ky [3-5] va quang phé [6] dd duoc sir dung dé xac
dinh ndng do fenitrothion, tuy nhién nhiing phuong phéap
nay doi hoi dung cu, thiét bi dit tién, doi ngii nhan vién can
duoc dao tao chuyén sau ciing nhu cac budc chuan bi miu
phie tap, tén thoi gian chuén bi mau va phan tich. Hién nay,
phuong phap dién hoa dugc coi la mét trong nhiing phuong
phap don gian dé xac dinh ndng do6 fenitrothion do thiét bi
¢6 chi phi thip, do nhay cao. Ngoai ra, viéc chuan bi miu
do khong doi hoi qua cau ky va phirc tap. Dé ting kha ning
phat hién cua cam bién dién hoa, dién cuc lam viée ciia cam
bién dién hoa thuong duoc tich hgp voi vat liéu nano co
dién tich bé mat 16n, do dan dién tdt, kha nang van chuyén
dién tich tét, kha ning dién hoa va tinh 6n dinh cao, dong
thoi kha ning chirc nang héa bé mit dé dang va lién két t6t
v6i cac phan tir sinh hoc. Mot trong sb cac vat liéu nano
thuong dung dé tich hop 1én trén bé mit dién cuc lam viéc
cta dién cuc cam bién dién hoa d6 1a cac hat nano kim loai
nhu vang (AuNPs) [7], bac (AgNPs) [8], vat liu 6ng nano
carbon (CNTs) [9], graphene (Gr) [10], t& hop cac hat nano
oxit kim loai vdi CNTs [11]... Bén canh cac vat li€u nano
ké trén, mot sd két qua nghién ctru gan day cho thiy, viéc
su dung vat li¢u td hop nano carbon (Gr/CNTs) véi cac hat
nano kim loai s lam tang dién tich bé mit, do dan dién, kha
nang truyén dién tich, kha ning twong thich sinh hoc va do
nhay ctia cam bién dién hoa so v&i cam bién chi tich hop vat
liéu don 1€ 1a céc hat nano kim loai, CNTs, Gr hoic t6 hop
gitta CNTs hodc Gr véi nano kim loai [12-14].

Trong nghién ctru trude [14], chung t6i tong hop thanh
cong mang vt liéu to hop Gr/CNTs/AuNPs dang xdp bang
phuong phap ling dong hoa hoc pha hoi (CVD) nhiét va
budc dau danh gia hoat tinh dién hoa cia ching. Trong
nghién ciru nay, ching t6i nghién ciru tong hop mang vat
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lidu t6 hop Gr/CNTs/AuNPs dang x6p va khong xbp bang
phuong phap CVD nhiét, so sanh hinh thai hoc bé mit,
cAu trac, hoat tinh dién hoa va ung dung vat liéu td hop
nay trong cam bién dién hoa dé xac dinh nong do du lugng
thude bao vé thuc vt fenitrothion.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Dé dong (Cu) sir dung dé tong hgp mang vt lidu t6 hop
Gr/CNTs/AuNPs la dé Cu da tinh thé, d sach 99,8% voi
chidu day 25 pm dugc mua tir Cong ty Alfa-Aesar (My).
Céc budc xtr Iy d@é Cu dé tong hop mang t6 hop Gr/CNTs/
AuNPs gidng v6i cac budc xir Iy ¢& Cu dugc s dung dé
téng hop mang Gr pha tap dong clorua [15]. Vat liéu CNTs
hai tuong duge tong hop bang phuong phap CVD nhiét va
dugc chtic nang hoa boi nhom chiee COOH [16]. Hinh 1A
va 1B twong tmg 1a anh kinh hién vi dién tir quét phat xa
truong (FESEM) va kinh hién vi dién tir truyén qua phan
giai cao (HRTEM) ctia cac sgi CNTs hai tuong.
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Hinh 1. (A) Anh kinh hién vi dién tir quét phat xa trwong (FESEM)
va (B) Kinh hién vi dién tir truyén qua phan giai cao (HRTEM) dic
trweng cua s¢ii CNTs hai twong.

Anh FESEM (hinh 1A) cho théy, cac soi CNTs sach, co
chiéu dai vai pm. Anh chup HRTEM (hinh 1B) 14 anh dic
trung cua hai sgi CNTs hai tuong, mdi soi co6 duong kinh
khoang 2 nm va khoang cach gilta cac tuong cua tung soi
la 0,34 nm.

Cac hat nano vang (AuNPs) kich thudc trung binh 10-
15 nm dugce téng hop biang phuong phap hoa hoc trong hai
truong hop: ¢6 va khong ¢ chit hoat dong bé mit sodium
deoxycholate (SDC) [14].

Dung dich dém mudi phét-phat (phosphate buffered
saline - PBS, pH=7,4), chit tao lién két glutaraldehyde (GA),
cac mudi potassium hexacyanoferrate (IIT) K,Fe(CN), do
sach trén 95%, potassium hexacyanoferrate (II) trihydrate
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K,Fe(CN),.3H,0 do sach trén 98%, potassium chloride
(KCI) d9 sach trén 95%, ammonium persulfate (NH,),S,0,
do sach trén 98%, enzyme acetylcholinesterase (AChE) va
co chat acetylthiocholine iodide (ATCI) d6 sach trén 98%
dugc mua tr My, fenitrothion dg sach trén 95% dugc mua
tor Anh. Dién cuc in ba chan gold electrode (AuE) c6 dién
cuc lam viéc bang vang dudng kinh 1,6 mm (model DRP-
C223AT) dugc mua tir DropSens (Tay Ban Nha).

2.2. Tong hop mang Gr/CNTs/AuNPs trén dé Cu va
trén dé vi dién cuc

Pé téng hop mang Gr/CNTs/AuNPs trén dé Cu, 50 ml
dung dich c6 chtra cac hat AuNPs (0,4 mM) c6 va khong
¢ chit hoat dong bé mat SDC d3 duoc tron va khuéy déu
cung voi 30 ml dung dich c6 chia vat liéu CNTs-COOH
(0,5 g/1). Tiép theo, 50 ml dung dich hdn hop ddong nhat
chira CNTs/AuNPs c6 va khong co chét hoat dong bé mit
SDC duoc phu 1én trén bé mit ¢é Cu (2x2 cm). Mau sau d6
duoc dé kho tu nhién & nhiét o phong trong 12 gio va dugc
bao quan ¢ trong binh hit 4m dé sir dung cho muc dich thi
nghiém. Dé tién hanh CVD nhiét, cac dé& Cu phu boi vat
lidu t6 hop CNTs/AuNPs duoc dua vao trong long dng phan
ung thach anh va thuc hién qua trinh CVD nhiét ¢ nhiét do
1.000°C trong hén hop cac khi (Ar, H, va CH,) véi ty 1¢ toc
d6 thoi khi tuong tng Ar/H,/CH, la: 50 sccm/20 scem/0,3
scem (cm?/phat) trong thoi gian 30 phit. Sau thoi gian 30
phat CVD nhiét, cac dé Cu chira mang t6 hop Gr/CNTs/
AuNPs duoc dua ra ngoai va cat thanh cac tim nho véi kich
thudc khoang 1,6x1,6 mm phu hop véi kich thudce cua dién
cuc 1am viée nhu duoc thé hién trong hinh 2.

Hinh 2. (A) Anh chup bé& mat mau cac mang vat liéu té hop Gr/CNTs/
AuNPs ndi trén bé mat nwéc sau khi dwoc an mon va tach ra khoi dé
ddng: (1) mau mang khéng x6p va (2) mau mang x6p. Anh chup bé mét
mau mang vat liéu t& hop Gr/CNTs/AuNPs sau khi dwoc phd lén trén
bé mét cac dé vi dién cwc cdm bién (bén phai): (B) Mau mang khéng
xbp; (C) Mau mang x6p.
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Dé tach va chuyén cac mang vat lidu t6 hop Gr/CNTs/
AuNPs tir dé Cu sang dé vi dién cuc cam bién, cac dé Cu da
dugc an mon bang dung dich mudi ammonium persulfate
(NH,),S,0, ndéng d6 0,3 M. Trong sudt qua trinh dn mon
dé Cu va chuyén mang, cic mau mang Gr/CNTs/AuNPs
dugc gitr ¢6 dinh bang khung Teflon hodc polymer (hinh
2A). Hinh 2B va 2C tuong tng 12 anh chup cac mang t6 hop
Gr/CNTs/AuNPs trén bé mit dién cuc 1am viée cua vi dién
cuc cam bién tng v6i mang dang khong x6p (khi khong
sir dung chat hoat dong bé mat SDC trong qua trinh CVD)
va x6p (khi sir dung chit hoat dong bé mat SDC trong qua
trinh CVD).

2.3. Cé dinh enzyme

U dién cyc phu boi vat liéu t6 hop Gr/CNTs/AuNPs
trong hoi GA bao hoa tai nhiét do phong trong thoi gian 15
phat. Tiép theo, nh6 2 pul dung dich enzyme AChE ndng do
5 U/ul 1én trén dién cuc lam vigc. Sau do, u dién cuc trong
hoi GA bio hoa tai nhiét do 4°C trong thoi gian 90 phat dé
hinh thanh céc lién két chéo gilta enzyme-enzyme, enzyme
va vat liéu cia dién cuc. Loai bo GA va enzyme du béng
dung dich PBS. Cac dién cuc cam bién sau d6 dugce bao
quan tai nhiét d6 -20°C cho téi khi dugc st dung.

2.4. Phwong phap nghién ciru

Hinh thai hoc bé mat va dic trung cAu triic cua mang Gr/
CNTs/AuNPs duoc danh gia thong qua kinh hién vi dién tir
quét phat xa truong (FESEM, S-4800, Hitachi), kinh hién
vi dién to truyén qua (TEM, JEM 2100, Joel), tdn xa micro
Raman (XploRA, Horiba) v&i ngudn laser kich thich budc
song 532 nm. Cac phép do dién hoa dugc thuc hién trén
hé thiét bi dién hoa cam tay Dropsens pstat-i400 (Metrohm
Co., Ltd., Thuy Si). Cac dac trung dién hoa clia cac mang
Gr/CNTs/AuNPs dugc khao sat thong qua phép do quét thé
vong tudn hoan (CV) trong dung dicl} K Fe(CN), 5 mM,
KCl'1 M ¢ dai do tir -0,3+0,6 V véi toc do quét 0,1 vong/
gidy, budc quét 0,005 mV, tan sb quét 10 Hz va pho tong tre
dién hoa (EIS) trong dung dich Fe(CN) >+ 10 mM, KC10,1
M ¢ dai do tir 10 kHz+0,1 Hz. Béc trung dién hoda ciia cam
bién sinh hoc dugc khao sat thong qua phuong phap song
xung vudng (SWV) trong dung dich co chit ATCI 1 mM, &
dai do tir 0,1+0,7 V, budc quét 0,01 mV, thé quét 0,05 V, tan
s6 quét 10 Hz.

3. Két qua va ban luan

3.1. Hinh thdi hoc bé mdt ciia mang té6 hop Gr/CNTs/
AuNPs

Hinh thai hoc bé mit ciia miu mang t6 hop Gr/CNTs/
AuNPs khong xbp va x6p duoc danh gia théng qua anh
chup FESEM va TEM nhu dugc trinh bay ¢ hinh 3.
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Hinh 3. Cac anh kinh hién vi dién tir qué bhét xa trwong (FESEM)
va kinh hién vi dién ti truyén qua (TEM) twong (bng clia cac mau
mang ttf) hop Gr/CNTs/AuNPs trong trwéng hop: (A), (B) mau
khong xop va (C), (D) mau xop.

Két qua phan tich anh FESEM (hinh 3A) va TEM (hinh
3B) cho thiy, trong truong hop khong co chét hoat dong
bé mit SDC, bé mit ciia mau Gr/CNTs/AuNPs téng hop
dugc 1a tuong d6i phang va mong. Cac hat AuNPs duoc phii
turong d6i dong déu 1én trén bé mit ciia mau chira Gr/CNTs.
Bén canh sy xuét hién cua cac hat AuNPs con ¢ sy xuét
hién cua cac duong bién 16p mang Gr (hinh 3A). Mang Gr
hinh thanh trong trudng hop nay la do sy phan huy khi CH,
trong qua trinh CVD nhiét thanh cac nguyén tr hydrogen va
cac nguyén tir carbon. Cac nguyén tir carbon nay ling dong
trén bé mat dé ddng va két thanh ciu tric graphene [17]. Do
mang t6 hop Gr/CNTs/AuNPs mong va cac sgi CNTs hai
tuong co duong kinh rat nho (~2 nm), vi vy rat kho dé co
thé quan sat dugc cac sgi CNTs trong ca anh FESEM (hinh
3A) va TEM (hinh 3B).

Quan sat anh FESEM (hinh 3C) va TEM (hinh 3D) cho
thiy, trong truong hop ¢ chat hoat dong bé mat SDC, bé
mit cia mau mang t6 hop Gr/CNTs/AuNPs tong hop dugc
1a xbp. Su xuét hién cac 16 xdp trong mang vat liéu td hop
Gr/CNTs/AuNPs c6 thé dugc giai thich nhu sau: chat hoat
dong bé mit SDC giéng nhu chét tao cac bot hinh cau, xung
quanh la cac hat AuNPs va cac sgi CNTs [18]. Cac bot hinh
cau chit SDC nay bj phan hay trong qua trinh CVD nhiét
thanh cac nguyén tir carbon va két thanh ciu trac graphene.
Su ¢6 mat cua khi CH, ¢ thé nhdm gitp tao mang té hop
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Gr/CNTs/AuNPs c6 cu trac lién tuc trén bé mat dé déng
sau qua trinh CVD nhiét. Vi cu triic mang x6p, cac bién
mang Gr, cac soi CNTs dan xen 1dn nhau va cac hat AuNPs
¢6 thé duoc quan sat rat rd (hinh 3D).

3.2. Phé Raman ciia mang t6 hop Gr/CNTs/AuNPs

Chat lugng cia mau mang t6 hop Gr/CNTs/AuNPs duoc
x4c dinh thong qua viéc phan tich phé Raman nhu dugc
trinh bay trong hinh 4.

Dii G

(A4)
(B)

Gr/CNTs/AuNPs khong xop
Gr/CNTs/AuNPs xop

Cuong do (d.v.t.d)

)

15I00 ' 20]00 l 25100 ' 3000
S6 song (cm™)
Hinh 4. Phé Raman cia méu mang t6 hgp GriICNTs/AuNPs: (A)
mau khong xbp va (B) mau xép.

Két qua nghién ctru phd Raman (hinh 4) cho thdy, ca hai
loai mau Gr/CNTs/AuNPs dugc tong hop trong truong hop
khong st dung va c6 st dung chét hoat dong bé mit SDC
déu xuat hién cac dai phd dic trung: Dai D, ing v6i s song
~1340 cm’!, thé hién sy sai hong vé cau trac va tap carbon
v6 dinh hinh trong cau tric cua graphite. Dai G, Gng véi
sO song ~1582 cm’!, thé hién do trat ty va do tinh khiét cua
graphite. Dai 2D, tmg v6i sé song ~2680 cm!, thé hién cu
tric graphite. Ty 1€ cuong do I /I, val, /1. lan luot 1a: 0,22
va 0,47 voi mau tong hop khong st dung SDC va 0,56 va
0,29 v&i mau téng hop sir dung SDC. Ty 1é cuong do I/,
tang va ty 1€ I, /I, giam cua mau tong hop khi co sir dung
SDC c6 thé 1a do ngudn carbon héa tir SDC cho chat lwong
graphene khong tot bang khi sir dung nguén carbon 1a khi
CH,, vi vay c6 thé 1am ting sai hong vé ciu tric va tap
carbon v6 dinh hinh trong ciu trac graphite.

3.3. Pién héa ciia mang t6 hop Gr/CNTs/AuNPs

Hinh 5 1a két qua do: (A) phd quét thé vong CV va (B)
phé tong tré dién hoa EIS cua dién cuc duge phi boi mang
t6 hop Gr/CNTs/AuNPs trong truong hop: (a) mau khong
x6p va (b) mau xdp.
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Hinh 5. Phé quét thé vong tudn hoan (CV) (A) va phd téng tré
dién hoéa (EIS) chia dién cwe dworc phl b&i mang td hop Gr/ICNTs/
AuNPs (B). (a) mau khéng xp va (b) mau xép dwoc quét trong dung
dich K,Fe(CN), 5 mM, KCI 1M, téc do quét 0,1 V/s, tan sb quét 10 Hz.

Két qua do phdé CV (hinh 5A) cho thay, dinh dong dap
(g ctia dién cyc phu boi mang Gr/CNTs/AuNPs khong xp
va xbp dugc xac dinh lan luot 1a 33,13 va 59,55 pA. Tu
phuong trinh Randles-Sevcik [19], dién tich hoat dong dién
héa cta bé mit dién cuc phu béi mang Gr/CNTs/AuNPs
khong x6p va xdp ciing duge xac dinh lan lugt 1a ~0,028
va ~0,051 pA/em’. Két qua do phé tong tro dién hoa EIS
(hinh 5B) cho thdy, tro khang cua mau mang xop nho hon so
v61 mau mang khong xop. Két qua nay cho thay, do dan va
kha nang truyen dién tich cua mau mang to hop Gr/CNTs/
AuNPs dang xdp tt hon so véi mau mang t6 hop Gr/CNTs/
AuNPs dang khong xdp. /Cac dac tinh dién hoa cua mang
Gr/CNTs/AuNPs dang xop tot hon co6 thé 1a do dién tich
hoat dong d1en hoa cia bé mat mau mang xop tang (~1,8
14n) so v6i mau mang khong x6p, vi vy lam tang s6 luong
cac hat AuNPs trén bé mit va lam tang dién tich tlep xuc
va tbe do truyén dién tir gitra chét dién ly va dién cuc. Trén
co s& cac két qua dién hoa thu dugc, mau mang Gr/CNTs/
AuNPs dang xép da dugc lya chon thur nghiém trong cam
bién dién hoa dé xac dinh nf”)ng do du luong thudc bao vé
thuc vat fenitrothion.

3.4. Xdc dinh no”‘ng dé thuéc béo vé thue vit fenitrothion (Feni)

Fenitrothion 1a thudc bao vé thuc vét c6 gdc phosphat
—P=0, gbc nay c6 kha ning lién két v6i tdm hoat dong
cua enzyme AChE [20, 21]. Nguyén ly hoat dong cua cam
bién 14 dua trén phan tng thuy phan cta enzyme ATCI véi
xuc tac la enzyme AChE nhu phuong trinh phan tng (1)
va (2) [20]. Su phat hi¢én fenitrothion dua trén sy uc ché
canh tranh cta nd ddi véi co chat ATCI véi su ¢6 mat cla
xuc tac enzyme AChE. Khi cac tdm hoat dong cua enzyme
AChE tuong tic v6i co chit ATCI, tao ra thiocholine va acid
acetic. Thiocholine 12 mot chat dién dong tao ra dinh oxy
hoa khong thé dao nguoc. Sy giam hoat tinh cia AChE din
td1 lam gidm dong oxy hoda cuia thiocholine. Sy c6 mat cta
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fenitrothion s€ lam giam hoat tinh ctiia enzyme AChE lién
két véi cac tam hoat dong cua nd, dan dén giam qua trinh
oxy hoéa dong thiocholine, tirc 1a lam giam kha nang hoat
hoéa xuc tac va giam dong dap Gmg cua cam bicn.
AChE
ATCI+H,0 ——  Thiocholine + acid acetic (1)

Anodic
oxidation

Thiocholine — dithio-bis-choline + 2 H* + 2¢ 2)
_Hinh 6A va 6B lan luot la két qua do pho SWV va
moi lién h¢ gitra dong dinh dap ung véi logarit néng do
fenitrothion cua cam bién v6i cac nong do fenitrothion thay
doi tir 10 dén 10 ppb.

(A) (8)

20 a)——ATCI: 1mM
b)—— Feni: 107 ppb
)~ Feni: 5.10? pph
d)—— Feni: 10" ppb
¢)——Feni: 5.10" ppb
| )~ Feni: 1 ppb
) Feni: 5 ppb
h)——Feni: 10 ppb
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: R'=0,93
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Hinh 6. Phd Von-Ampe séng vudng (SWV) (A) va méi lién hé giira
dong dinh dép (rng v&i logarit ndng do fenitrothion (B).

Két qua do pho SWV (hinh 6A) cho thay, khi ting nong
do fenitrothion, dong dinh d4p tng cta cam bién tmg véi
co chit ATCI giam xubng cho thdy muc d6 e ché cua
Feni 1én enzyme AChE tiang 1én. Theo cac nghién clru
trude day [20, 21], cac cam bién dién hoa su dung enzyme
AChE thudng co tinh chon loc cao véi cac chat co goc
phosphat (-P=0) nhu fenitrothion, malathion, chlorpyrifos
va parathion methyl. Trong khi do, v6i mét s6 chit bao vé
thuc vat khong c6 gbc phosphat nhu atrazine, endosulfan,
simazine va sevin, cac cam bién dién hoa nay c¢6 tinh chon
loc khong cao. Nhu dugc quan sat trén hinh 6B, dong dinh
giam khi ndng d6 fenitrothion ting, theo phuong trinh: I
(nA)=8,6- 1,6logC, . (R*=0,93). Gidi han phat hi¢n (LOD)
ctiia cam bién=1, 78X 10 2 ppb. LOD cia cam bién xac dinh
fenitrothion ché tao nhé hon nhiéu so v&i gidi han cho phép
cia T6 chirc Lwong thyc va Nong nghiép Lién hop quic
(FAO) d6i v6i fenitrothion c6 trong dau oliu (1-2 ppm) [7],
ctia Trung Qudc (0 5 ppm), My (3,0 ppm) va Uy ban chau
Au (0,01 ppm) dbi véi fenitrothion c6 trong qua va rau [2].
Do 6n dinh ciia cam bién duy tri khoang 93% sau thoi gian
st dung 15 ngay. Céc két qua nghién ctru cho thiy, cam bién
ché tao duogc co gidi han phat hién LOD thap, d6 6n dinh
t6t va hira hen c6 thé ung dung dé xac dinh Feni trong cac
mau thuc té.



4. Két luan

Bang phuong phap CVD nhiét v6i ngudn carbon 1 hdn
hop ctia khi metan (CH,) va cht hoat dong bé mit sodium
deoxycholate (SDC) c6 trong dung dich chira hat AuNPs,
da téng hop thanh cong vat liéu to hop Gr/CNTs/AuNPs
dang x0p. Két qua do dic trung dién hoa cho thiy, dinh
dong dap tng va dién tich bé mit cua dién cuc pht boi vat
lidu t6 hgp Gr/CNTs/AuNPs dang x6p cao hon khoang 1,8
l4n so voi dién cuc pht béi vat ligu to hop Gr/CNTs/AuNPs
dang khong xp. Cam bién sir dung mang Gr/CNTs/AuNPs
dang Xép xac dinh néng do du lugng thude bao vé thuc vat
fenitrothion c6 gidi han phat hién 1,78%102 ppb trong dai do
tir 102 dén 10 ppb. Gi6i han cta cam bién ché tao nho hon
nhiéu so v6i gidi han cho phép d6i vai fenitrothion c6 trong
qua, rau, dau thyc vat caa FAO (1-2 ppm), ny ban chau Au
(0,01 ppm), My (3,0 ppm) va Trung Quéc (0,5 ppm).

Nghién ctru nay dugc tai tro boi Quy Phat triép Khoa
hoc va Cong ngh¢ Quéc gia (NAFOSTED) trong dé tai ma
s6 103.99-2021.18. Nhom tac gid xin tran trong cam on.
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Tom tit:

Xéam nhp min la hién tweng nuwéc bién xAm nhap true tlép vao dét lién khi xay ra triéu cuong 1am cho dit bi nhiém
mén v6i nong do mudi virgt mirc cho phép va can kiét ngudn nwée ngot. Truée tinh hinh xAm nhip min ngay cang
tram trong hién nay, cac dia phwong ven bién ciia nwéc ta dang wng pho bang cach két hop giira hé thong cong ngan
méin va cac gidi phap cdanh bao xdm nhip man som. Dé cac  gidi phap nay dat hiéu qua cao, phwong phap xac dinh
dd min can dwoc lra chon sao cho phu hop véi tirng yéu ciu cu thé. Trong bai bao nay, cac phwong phap va cong
nghé do do min trong nudc tiéu biéu hién nay bao gom phwong phap ty trong ké, chuan do clo, nhém cac phwong
phap quang hoc va phuwong phap do d6 din dung dich dugc trinh bay mét cach hé thong, ré rang tir nguyén ly, ky
thuit do cho dén vu nhugce diém cia tlrng phuong phap. Két qua cho thay, phwong phap xac dinh d¢ méan dwa trén
dd din dién la thich hop nhét, vi ¢6 nhiéu wu diém nhu chi phi thap, do chinh xac va tin ciy cao, tiéu hao nang lwgng
thap... Phin thio ludn cudi bai bao trinh bay cic quan diém, géc nhin ciia nhém tic gia vé cac phuwong phap hién
nay ciing nhu hwéng nghién ciru va wng dung trong twong lai.

Tir khod: chuan dd clo, 39 din dién, dd min, s¢i quang hoc, xAm nhap min.
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Abstract:

Saltwater intrusion is the phenomenon where seawater infiltrates inland areas during high tide, leading to soil
salinisation with salt concentrations exceeding permissible levels and the depletion of freshwater resources. Given
the increasing severity of saltwater intrusion today, coastal regions in our country are currently addressing this
issue through a combination of saltwater prevention systems and early intrusion warning solutions. To ensure the
effectiveness of these solutions, the method for determining salinity must be chosen to meet specific requirements.
In this article, current exemplary methods and technologies for measuring water salinity, including hydrometer,
chlorinity titration, a group of optical methods, and conductivity measurement, were systematically presented from
principles and measurement techniques to the advantages and disadvantages of each method. The results show
that the method of determining salinity based on electrical conductivity is the most suitable, as it offers several
advantages such as low cost, high accuracy and reliability, and low energy consumption. The discussion section at
the end of the article presents the authors’ viewpoints and perspectives on current methods, as well as directions for
future research and applications.
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1. it van de

D6 min trong nude duoc ky hiéu S%o (S viét tat tir chit
salinity - ¢ man) 1a tong khdi luong cac ion hoa tan chira
trong nude va thudng dugce biéu dién bang don vi ppt hodc
g/l [1]. Thong thuong nudc ngot c6 d6 man dudi 1 g/l va do
man nude bién c6 thé dat dén 35 g/l hodc hon [1, 2]. Trong
nganh hai dwong hoc, ngudi ta str dung do mén dé dac trung
cho d6 khoang cua nudce bién; luc nay d6 man duge hiéu Ia
tong khi luong (tinh bang gram) cia tit ca cac chit khoang
hoa tan c6 trong 1 kg nudce bién. Vi téng khoi luong cac ion
chinh (bang 1) chiém t6i hon 99,99% tng khdi luong cac
chat khoang hoa tan nén c6 thé coi d6 min nudc bién bang
v6i gia tri nay [2]. Pidu d6 ciing c6 nghia 1a d6i v6i nude
bién, d6 mdn co thé duoc tinh toan thong qua nong do cia
mot trong nhiing ion chinh.

Bang 1. Thanh phan ion chinh trong nwéc bién.

Ton Phén trim trén Nong d Khoi qung Nong d¢
dé man (%) (mg/l) phan tir (mmol/l)
55,04 18.980 35,453 535,36
30,61 10.556 22,990 459,16
7,68 2.649 96,062 27,58
3,68 1.272 24,305 52,33
1,16 400 40,078 9,98
1,10 380 39,098 9,72
0,41 140 61,016 2,29
0,19 65 79,904 0,81
0,08 26 58,808 0,44
0,04 13 87,620 0,15
<0,003 1,0 18,998 0,05

Téng 99,99 34.482

Theo cac nghién ctu trén thé gidi, d0 man co thé duoc
xac dinh dua trén sy khac biét vé khdi luong riéng, néng
d6, d6 dan dién cua dung dich, chi s khuc xa hoic toc do
am thanh trong chat long. Co thé chia cac phuong phap Xac
dinh d6 man chii yéu thanh phuong phép do tryc tiép (dua
trén khdi lugng riéng) va nhém cac phuong phap do gian
tiép (ndng do, d6 dan dién, chi sé khuc xa...) [3]. Tir mbi
quan h¢ thuc nghiém gitra d6 man va cac tinh chét vat ly ké
trén, cac nha khoa hoc da thiét 1ap cac phuong phap va cong
ngh¢ xac dinh d6 man khac nhau.

Hién nay, tac dong ctia bién ddi khi hau da gy ra tinh
trang nudc bién xam nhap sdu vao cac ving dit lién, lam
cho dién tich ving canh tac bi thu hep [4-6]. Két qua danh
gia cho thay, tinh hinh xAm nhép man dang dién ra vo cung
nghiém trong, c6 thé xam nhép sau vao ndi dong tlr 20 dén
25 km [5]; ¢6 nhiing dia phuong nhu ving san xuét laa ven
pha Tam Giang, Hué ¢6 dién tich dat bi nhiém man 1én dén
11,2 ha, lam anh hudng 4/8 thon [6]; hay nhu huyén Tran
D¢, Soc Triang (nay thudc Can Tho) c6 dién tich trong lta bi
thiét hai hoan toan 1én dén 44%, dién tich tréng Iua bi thiét
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hai trén 70 dén dudi 100% la 41%, nhu vy 85% dién tich
trong lGa da bi thiét hai ning né [7]. Qua trinh md phong
ciing dy bao dén nam 2050, myuc nudc bién dang 1én khoang
28 cm, lam cho tinh hinh xdm nhdp man & cac huyén ven
bién s& ngdy cang tré nén trim trong [5]. Trong thuc té,
xam nhdp min gy anh hudng rit 16n dén ning suét lua,
cay hoa mau va cdy an qua. Két qua nghién ctru cho théy,
khi d6 man dat dén muc 3,2 psu (don vi d6 méan thuc té -
practical salinity unit) thi ning sut lua giam 9,73%; va khi
d6 man dat dén muc 6,4 psu thi nang suét lua giam hon 1/3
san luong, cu thé 1a giam 36,20% ning suit [4]. Ké ca khi
xét trong diéu kién nha luéi, 46 man nude tudi cling lam
giam ning suét lta; cu thé, ning suit lua giam 20,0, 57,3 va
56,6% tuong ung voi do man nudce tudi 1a 3, 4 va 5% [8].
Dbi v6i cay hoa mau, mirc chiu mén dao dong trong khoang
1-3%o0; & trén muc 3%o, ndng suat cay trong giam khoang
40-50%; & mc trén 6%o, nang suat ciy trong giam dén 90%
[4, 9-11]. Dbi v6i nhoém cy dn qua, mic chiu man ciing &
muc dudi 1%o [4].

Nhu vay c6 thé thdy, xam nhap mdn da va dang gy ra
hau qua nghiém trong cho nén kinh té nong nghiép cua nudc
ta. Phuong 4n kha thi nhét dé déi pho voi tinh trang nay la
xdy dung cac cdng ngin man két hop cung cic tram quan
trac 46 man. Trong bai tong quan ndy, cac phuong phap
xac dinh d6 min tiéu biéu nhu phuong phap ty trong ké,
chuén d6 clo, do d6 dan dung dich va nhom cac phuong
phép quang hoc duogc trinh bay mét cach hé thong, 0 rang
tir nguyén 1y, k¥ thudt do cho dén uu nhugc dlem cua tirng
phuong phap. Ngoai cac phuong phap ké trén, van c6 mot
vai phuong phap xac dinh d6 man khac, nhu 1a phuong
phap st dung song siéu am. Trong chat 1ong c6 d6 min
khac nhau, van téc 4m thanh ciing s& tuong tmg khac nhau.
Dua trén nguyén téc nay, d0 man cia chét long co thé duoc
xac dinh bang cach do thoi gian quay lai ctia song siéu am.
Tuy nhién, do chi phi cao va kha ning chong nhidu kém
nén phuong phép nay khong phu hgp véi mai truong cong
nghiép phuc tap [3, 12].

2. Gac phuong phap do @6 man pho bién

~ Cac phuong phap dugc trinh bay theo thir tu tir don gian
dén lau doi 1a ty trong ké, chuan do clo, xac dinh do dan
dién va quang hoc.

2.1. Phwong phap ty trong ké (Hydrometer)

Phuong phap nay xac dinh ty 1& giita khdi lugng riéng
ctia chit 16ng can do so v6i khdi lugng riéng cua nude. Ty 18
nay cang 16n chimg t6 rang luong khoang chit hoa tan trong
nude cang nhiéu, hay noi cach khac do man cang cao. bay
1a phuong phép lau doi va van con dugc sir dung nham xéc
dinh tuong d6i d6 man cua nudc. Uu diém chinh 1a thiét bi
don gian, d& sir dung. Nhuoc diém chinh cta phwong phap
nay 1a d6 chinh xac khong cao, vi nudc & cac bién khac nhau
¢6 ty 18 cac thanh phan khoang chét khac nhau.
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2.2. Phwong phap chuin do clo (Chlorinity titration)

Phuong phap nay dua trén gia dinh rang, chi can xéac
dinh néng d6 cuia moét ion chinh duy nhét 1a du dé xac dinh
d6 man cua nude. Sau nhiéu thi nghiém, cac nha hoa hoc da
chon CI 1a ion dac trung ctia d6 man. Cu thé hon, xac dinh
chi s6 d6 man khong phai chi can xac dinh ndng do cta CI.,
ma chinh xac 13 can xac dinh téng luong halogen hoa tan
trong nude (g/kg). Cac nguyén t6 thudc nhom halogen bao
goém CI, Br, I va F kho phan biét bang phwong phép phan
tich vi tinh chat hoa hoc tuong tur cua chung. Dé c6 thé tién
hanh phuong phép chuan do nay, can sir dung mot vai dung
cu thiy tinh dac biét nhu buret Knudsen va pipet Knudsen.

Ban dau, buret Knudsen chira déy dung dich bac nitrat
(AgNO,); mau nudc bién duge dit bang pipet Knudsen vao
coc thuy tinh va mot it dung dich kali cromat (K ,CrO,) duoc
thém vao. Trong khi khudy, dung dich bac nitrat chay vao
mau nudc bién, sau d6 bac clorua (AgCl) két tia trong miu
nude bién tao thanh can mau tréng. Khi tt ca cac ion clo
duoc chira trong mau nudc bién tao két tua bac clorua, bac
cromat dugc hinh thanh (mau dé xuét hién trén thanh). Ti
lugong bac nitrat stt dung cho dén khi su thay d6i mau sic
dién ra, va tr luong nudc bién duge sit dung, ham lugng
clorua trong nudc bién mau c6 thé duoc tinh toan. Chuan do
clo theo Mohr dya trén cac cong thirc héa hoc sau:

NaCl + AgNO, =AgCl + NaNO, ()
2AgNO, +K, CrO, =Ag, CrO, +2KNO, 2)
Do man dugc tinh toan tir cong thire sau [13]:

S = 0,030+ 1,8050 Cl1 3)

Trong cong thirc trén, S 1a A0 man tinh bfing don vi %o
(téng lugng mudi tinh bang gam (g) trong 1000 g nudc
bién). CI 1a khdi lwong clo trong trén 1000 g nude bién. Do
chinh x4c ctia phuong phéap nay kha tdt, sai s6 chi khoang
+0,02%o. Nhin chung, day la mot phuong phap don gian, chi
phi thap, doi hot it thiét bi. Tuy nhién, phuong phap nay kha
thi1 cong, can co nguoi thao tac, vi vay khong thé ap dung
vao cac cong viéc co6 tinh ty dong hoa cao.

2.3. Phuong phdp xdc dinh dp man s dung sgi cim
biéen quang hoc

Ty 1& va ndng do cua cac mubi vo co trong nudc bién
lam thay d6i duong di ctia anh sang khi chiéu qua nudc
bién, hay noi cach khac, lam thay doi chiét suat ciia nudc
bién. Dua trén su thay ddi cua chiét suat, cac nha khoa hoc
¢6 thé xac dinh duoc do min cia nude bién [14-16]. Cac
nha khoa hoc cling chi ra réng, tai mQt khoang nhiét do nhét
dinh, mdi quan h¢ gilra chiét suat va do man 1a tuyén tinh
v6i nhau, hay néi cach khac d6 mén tiang thi chiét suat ciing
tang theo.

Cong thirc thuc nghiém thé hién mdi tuong quan gitra
chiét suat n cuia chat 1ong & ap suét khi quyén voi do min,
nhiét d0 va budc song nhu sau [15, 17]:
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n(S,T,2) = ny+ (ny +n,T +nT2)S +m,T% + n5+n65+"7T "3 n9 )
trong do:

S: d6 man (ppt), voi 0<S<35

T: nhiét d6 (°C), voi 0°C<T<30°C

A: bude song (nm), voi 400 nm <A<700 nm

Cac hé so con lai nhu sau:

n,=1,779x10*  n,=0,01155
n,=-1,065x 10°  n =0,00423
n,= 1,6 x 10* n, = -4382
n,=-2,02x10°  n =1.1455 x10°

C6 thé thay, d6 man cua dung dich anh huong dén chiéfc
suét cua dung dich. Nhu vay, d0 man cua dung dich co thé
thu duoc gian tiép bang cach phat hiénv chi s6 khiic xa cia
dung dich. D6 mén cua dung dich c6 thé duoc theo doi truc
tuyén va tir xa bang cach do tin hiéu quang truyen di hodc
phan xa. Pé khic phuc cac van dé tiém tang ton tai trong
phép do 6 min, nhiéu phuong thirc do quang hoc di dugc
dé xuat trong nhitng nim gan day nhu:

e Phuong phép duya trén khiic xa quang hoc,

e Phuong phap dua trén soi quang hiéu tng plasmon bé
mat,

e Phuong phap dua trén cach tir sgi quang,
e Phuong phép dua trén soi quang giao thoa ké.

2.3.1. Phuong phap xac dinh do man dua trén khic xq
quang hoc

Nguyén tic ciia phuong phap khic xa quang hoc xac
dinh d6 man cua nudc bién 14 dwa trén sy dich chuyén cia
vi tri chiim tia gy ra boi sy thay doi goc khic xa. H. Minato
va cs (1989) [14] da trinh bay cam bién do d6 man déu tién
dua trén phuong phap lang kinh quang hoc. Phuong phap
nay do su thay doi goc khuc xa bang may do nhay vi tri
(position sensitive detector - PSD), tir d6 xac dinh d¢ man
clia mau nudc.

MAu cén do,
chiét suat n
i quan,
s gf! ,,,,,,,,,, T
——]
MAu chuén,
chiét suat n,

Hinh 1. Nguyén ly ctia phép do xac dinh dé6 man dwa trén khac xa
quang hoc.

Hinh [ trinh bay nguyén 1y co ban cua phuong phap nay.
Chum tia tir diode laser dugc dan qua soi quang dén 6 chua
mau; soi quang duoc sir dung dé truyén din anh sang vi co



do suy hao th?ip, do nhidu thép va c6 do bén chéng an mon
cao. O mau dugc chia thanh hai phan ving; mot bén chira
mziiu chuén cQ chi‘ét sudt n, da biét trudc, bé’n con lg}i chtra
mau nude bién can do. Chum tia laser chiéu t6i gan nhu
khong doi trén cira sé phia trudc cia 6 mau, di qua nudce
tham chiéu (chiét suat n o)» €0 goc to1 1a i trén tAm kinh xién
va bi 1éch khi di vao ben chira mau nude blen (chiét suét n),
ctra s0 phia sau va vao khong khi & goc | cudi cung r. o léch
ctia chum tia duoc chuyén doi boi thiu kinh L, thanh d¢
dich chuyén ctia chum tia & vi tri gan p va do d1ch chuyén
dugc phong dai boi thiu kinh L, tai PSD, tao ra tin h1eu dién
tuong tng véi do dich chuyen Su dung phép tinh gan diing
v6i goc khiic xa nho, chiét sudt An duge cho nhu sau:

2
An =n-—n, =r.c0t(i)+;—n ~k.p

(%)
trong do: k 12 hé sb ty 16. Mdi quan hé giita d6 dich chuyén
cﬁNa chum tia, kich thudce, hinh dang va vét li¢u cta 6 chira
mau nhu sau [14-16]:

P(n,a) = S.tan (a —sin™t [n—h: sina]) + t.tan (sin !

nglasssm(a sin” [—smcx]) (6)

trong do: S va t 1a kich thudc hinh hoc dac trung cua 6 chua
méu. Bang mdi quan hé trén, c6 thé diéu chinh S va t dé
thay d6i hé s ty 18 k. Bang cach hiéu chinh duong cong, do
min duge xac dinh dua theo d léch chum tia. Sai sb cua
phép do d6 min bang phuong phap niay nam trong khoang
0,5% [16].

Uu diém ctia phuong phap nay 1a pham vi do rong, khong
su dung ngu@)n nang lugng nhu pin hay dién, d6 chinh xac
cao, do bén va thoi gian st dung dai, cach str dung don gian.
Nhuogc diém cua phuong phap nay 1a st dung nhiéu thanh
phan quang hoc c6 chi phi cao.

2.3.2. Phuong phap xdc dinh do man dua trén soi quang
hiéu wung plasmon bé mat

Mic dii phuong phap khiic xa quang hoc ké trén c6 thé
dugc ing dung dé do d6 min dung dich, nhung hé théng
lang kinh qua phuc tap. Kich thudc tong thé cua dau do
tuong dbi 16n, nang va soi quang chi dong vai tro truyen
din quang cht khong dong vai tro 1a ddu do cam bién
[14, 16]. Nham thu nho kich thudc linh kién, soi quang co
thé dugc st dung, vira lam dudng truyén quang vira dong
vai trd ving cam bién. Soi quang hiéu tng plasmon bé mat
(surface plasmon effect - SPE) dé cap dén soi quang c6 bé
mat dugc phi mdt 16p mang mong vang, bac, nhom, titan
dioxide hogc mang kim loai khac. B¢ day mang thuong nho
hon 100 nm, nhim dam bao hiéu tmg plasmon bé mit xay ra.

Plasmon c¢6 thé dugc hiéu nhu 1a mot lugng tu cua dao
dong plasma; chinh xac hon thi plasmon chi 1a mot chuan
hat (hodc gia hat) cua dao dong plasma. Khi xét dén chu
thé 1a mot 16p mang mong kim loai quy, plasmon chinh 13
dao dong tap thé cta cac dién tir ty do cua 16p kim loai.
Khi anh sang chiéu téi 16p mang mong kim loai quy, s&
lam kich thich cac dao dong tap thé cua dién tu tai bé mat
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phan cach kim loai - dién moi, hay n6i cach khac, tao thanh
cac plasmon bé mit tai bién phan cach kim loai - dién moi.
Khi tan sb song anh sang trung voi tan s6 dao dong riéng
plasmon, hién tugng cong hudng plasmon bé mit (surface
plasmon resonance - SPR) xdy ra, song dao dong cong
huong s€ lan truyén trén bién phan cach kim loai - dién moi.
Cac cong thirc dac trung cua hién tuong nay déu phu thudce
vao chiét suat cua 16p dién moi va chiét suat cua 16p kim
loai. Ngay tor ndm 1992, dua trén su phu thudc nay, S.M.
Tseng va cs (1992) [18] da str dung phuong phap nay dé do
chiét sudt cia dung dich. O. Esteban (1999) [19] tiép tuc
tmg dung hiéu tng ké trén cua soi quang hoc dé do d6 min
ctia nude. Ho di chimg minh rang, phuong phap do d6 man
dua trén sgi quang hi¢u img plasmon bé mat la kha thi. Cac
thi nghiém cia ho c6 tinh 1ap lai va d6 nhay cua cac phép
do dua cao. Theo D.J. Gentleman va cs (2006) [20], phuong
phép nay da dat téi muc sai s6 nhé hon 200 ppm (parts-
per-million: phan triéu), trc 1a nhd hon 0,2%o [20]. Hinh 2
minh hoa cho ciu tric soi quang hoc, dau do bang soi silica
FT400EMT, 16p pha dai 10 mm, bao gém mot 16p mang
Cr day 2 nm dugc phu bang phuong phép ling dong hoi va
mdt 16p mang vang day 50 nm dugc phu trén mang Cr. Muc
dich chinh cua 16p mang Cr 1a dé ting do bam dinh, giup
dam bao rang 16p mang vang bam duoc trén sgi quang hoc.

Vung phi Au/Cr

|

Hinh 2. Minh hoa s¢i quang hiéu (rng plasmon bé mat cé 1&p mang
mong Au/Cr.

Uu diém ciia phuong phéap nay 1a viée da tich hop tinh
ning truyén dan anh sang va tinh ning nhay véi chiét suat
ctia mau dung dich vao cing mét soi quang hoc, tir d6 xac
dinh duoc do mén cua dung dich, ddng thoi thu nho kich
thude thiét bi. Nhuoc diém chinh cia phuwong phap nay la
16p mang phu dé bi hu hong va an mon khi ngam trong mau
nudc thoi gian dai.

2.3.3. Phwong phap xdc dinh do man dua trén cach tie
sol quang

Mic du cam bién soi quang hiéu tmg plasmon bé mat ¢
wu diém d6 nhay cao, nhung phuong phap ké trén chi thich
hop dé do d6 man ciia nudc bién trong thoi gian ngan vi
16p kim loai rat mong, dé bi dn mon theo thoi gian. Phuong
phép xac dinh d6 man bang cach tir soi quang 1a mot giai
phap tbt cho cac van dé do luong lau dai. Cach tir sgi quang
1a soi quang ¢ phan 15i dwoc khac nhiéu vach nho cach déu
nhau (hinh 3) bang laser [21-23]. Theo su khac biét vé chu
ky, cach tir soi quang ¢ thé dugc phén thanh hai loai: cich
tr sgi quang Bragg (fiber Bragg grating - FBG) v6i chu ky
cach tir nim ¢ thang do micromet va cach tir chu ky dai
(long period grating - LPG) v6i chu ky cach tir tur khoang
vai chuc micromet cho dén 1 milimet. Cam bién dua trén

10
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FBG duoc phat trién dua trén nguyén tdc co ban 1a do léch
budc song ciia tin hiéu tuong mg véi nhing thay doi cia
moi truong. PO 1€ch budc song dugce tinh dya theo cong
thirc sau day:

A=2n, A (7)

trong do: A la chu ky cach tur van g 1a chiét sut hi¢u dung
ctia soi quang. Uu diém cua phuong phap nay la cAu tao don
gian, kich thuge dau do nho, két hop duoc ca tinh ning din
truyén anh sang va cam bién vao linh kién s¢i quang.

Phin 16i Khu vue cach tir

\

Hinh 3. Minh hoa cach t& soi quang.

2.34. Phru’ong phap xac dinh do man dua trén soi quang
giao thoa ke

Cam blen soi quang giao thoa ké co do nhay cao dbi
v6i chiét suit cia méi trudng bén ‘ngoai. Trong truong hop
do d6 man cua dung dich, cam bién soi quang giao thoa ké
¢6 nhiéu vu diém nhu ché tao tuong ddi don gian, do nhay
t6t hon nhiu so v6i cam bién cach tir soi quang va cho
phép do trong thoi gian dai [16]. Nguyén 1y hoat dong cua
cam blen so1 quang giao thoa ké 1a hai ngudn sang c6 cung
tan s6, hiéu sé pha khong doi, ciing phuong truyén song s&
giao thoa véi nhau tai khu vuc khong c6 161 cua soi quang
(hinh 4). Su thay d6i pha xay ra trong soi quang dugc phat
hién b?mg giao thoa ké. Cam bién d6 man soi quang giao thoa
ké dua trén gia dinh r?mg, su thay di chiét suat cta dung dich
s& lam thay d6i do léch pha hiéu dung cta hai ngudn sang,
sau d6 dan dén sy dich chuyén cua phd giao thoa. Theo kiéu
cu trac, soi quang giao thoa ké dung dé do do min co thé
duogc phan loai thanh s¢i quang giao thoa ké Mach-Zehnder
(MZI) [24-26], so1 quang giao thoa ké Fabry-Perot (FPI) [27-
29] va soi quang giao thoa ké Sagnac [30, 31].

Khu vire khong ¢6 16i
\

| VoL )
[ | I

J J /

Hinh 4. Minh hoa s¢i quang giao thoa ké.

\‘u

Uu diém cua phuong phéap xdc dinh nay la do nhay cao,
do bén kha tbt. Tuy nhién, nhuoc diém cta phuong phap
nam ¢ k¥ thuat ché tao kha phirc tap va tén kém.

2.4. Phwong phdp xdc dinh dp mén dwa trén dj din
dién

Phuong phéap xac dinh d6 méan da duoc nghién clu va
phat trién vuot bac trong thé ky qua. Méc du cac phep do

ban dau déu dya trén lugng mudi trong miu nudc bién
(nhu phuong phap chuin dé clo hay ty trong ké), nhung
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véi cac phuong phép hién dai ngay nay, d0 man cta nudc
bién thuong duoc xac dinh tir d6 dan dién cta nd. DO min
thuong duoc hiéu 13 mot ham cua do dan dién va nhiét do,
nén viéc tinh toan ra gia tri d@ man ciing bao gém ca viéc
xac dinh nhiét d6 cua nude. Két qua cua phuong phap nay
1a thang do d6 man thuc té (practical salinity scale - PSS) da
duoc phat trién [32-34]. Xac dinh d6 man tir phép do do dan
va nhiét do cho do phan giai 0,001 psu.

2.4.1. Thang do do man thuc té (PSS)

Phép chuén d6 clo v6n ton nhiéu thoi gian va doi hoi mot
mirc d6 k¥ niang phan tich nhat dinh, d duoc thay thé phan
16n bang phép do d¢ dan dién (electrical conductivity - EC)
nhu mdt phuong tién udc tinh d6 man. Viéc st dung céc
phép do d¢ din dién dé xac dinh d6 man da dugc dé xuat
hon 100 nam trude bdi M. Knudsen (1903) [35]. PO man
thuc té ciia mot mau nudc bién ky hiéu S, dugc xac dinh
theo ty 1¢ K, cua do dan dién cua méu nude bién ¢ nhiét do
15°C va éap suat khi quyen tiéu chuén, véi d6 dan dién cua
KCl, trong do ty 1& kh01 luong cua KCl 14 32,4356*10-3, &
cting nhiét do va ap suat. Theo dinh nghia, gia tri K , chinh
xac bang 1 tuong mg v6i d6 man thuce té chinh xac béng
35 ppt. PO mén thuc té dugc xac dinh theo ty 1€ K, theo
phuong trinh duéi day:

S = ag + &, K1* + a,Kis + azK? + a,KZ + asK? (8)

Puoc xdy dung va thong qua boi Hoi dong chung cua
nhiéu to chitc UNESCO/ICES/SCOR/IAPSO Vé cac tiéu
chuén Hai duong hoc, Sidney, BC, Canada, tu ngay 1 dén
ngay 5/9/1980. PSS-78 dya trén mot phuong trinh lién quan
dén d6 man véi ty 1€ do d5n dién cua nudc bién & 15°C so
v6i dung dich KCI tiéu chuin. Cac két qua thur nghiém da
chi ra re"mg, thang do d6 man dugc xac dinh béng do dan
dién c6 do chinh xac cao hon so vdi thang do “do clo”.
Thang do d6 man thuc té 1978 (PSS-78) di pha v& mdi quan
hé d6 man - do6 clo hién co, dé xac dinh mdi quan hé ty 18
d6 man - d6 dan dién. Nhin chung, gﬁn nhu tat ca cac vung
nudce ¢ cung ty 1& dan dién thi cé cung d6 man. Theo dinh
nghia, nude bién tiéu chudn 35 ppt co ty 16 dan dién bang 1
& 15°C voi dung dich KCI chira khdi lugng 32,4356 g KCl
trong 1 kg dung dich. Tir cac phép do, mdi quan hé sau day
da dugc thiét 1ap cho cac hé sé dung vai gia tri 2 ppt<S<40
ppt:

S =ay+ a,RY? + ayRy + a;RY? + 4R% + asRY* + AS (9)

Vi AS dugc tinh boi:

. T-15 3/2 R5/2
AS—1+k(T_15)(b0+b2R + bRy + byRy™ + byRE + bsRyY) (10)

trong do: S: do man thuc té, ppt; T : nhiét do, °C

a, = 0,008 b, = 0,0005
a, =-0,1692 b, =-0,0056
a, = 25,3851 b, =-0,006
a, = 14,0941 b, =-0,0375
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a, = -7,0261 b, = 0,0636
a, =2,7081 b, =-0,0144
k=0,0162

R, la m§t ham cua nhi¢t do (-2°C<T<35°C) va do man,
duoc tinh boi:
-_R (11)

R
T Rprr

V6i R=C(S,T,p)/C(35,15,0) 1a dai lugng thé hién do dan
dién ciia mau nudc ¢6 ¢ man S tai nhiét do T va ap suét p,
va C(35,15,0)=4,2914 S.m"! thé hién d6 dan dién cta nude
bién tiéu chufm c6 d6 man thuc té 1a 35 ppt, 6 15°C va ap
sudt khi quyen R =C(S, T,p)/C(S,T,0) hiéu chinh 4p suat
bang do dan dién va phuong trinh thyc nghiém cua né co
thé viét lai nhu sau:
2.070x10™%p-6.370x10"10p2+3.989x10715p3

(12)
143.426X1072T+4.464X10™4T%+4.215x10"1R-3.107x1073TR

Ry=1+

r,=C(35,T,0)/C(35,15,0) la hi¢u chinh nhiét d6 theo do dan
dlen va phuong trinh thyc nghiém co thé viét lai nhu sau:
1 = 6.766097 X 107" + 2.00564 X 107%T + 1.104259 x 107*T? + (13)
9689 x 1077T® —1.0031 x 107°T*

Thang do d6 man thyc té c¢6 thé duoc mo rong dén cac
dung dich ¢6 d6 man thap hon 2, bang cach sir dung phuong
trinh duoc tinh toan cho day do min tir 0 d&én 40 (ppt) sau
day:

a9 bf®
1+1,5X+X2  1+Y1/24y3/2

S = SPSS - (14)

Vi f(t) duoc tinh:
-15
) = ——

s (15)
[140.0162(1-15)]

Trong do: S, la gia tri duge xdc dinh tir thang do d
man thuc té duoc dua ra trudce do;

a,=0,008 b, =0,0005
X=400R, Y =100R

bay la phuong phap don gian, thoi gian dap Gng nhanh,
chi phi thap. Chinh vi v@y phuong phap nay van con dugc
ap dung cho dén ngay nay [34].

2.4.2. Phép do d¢ dan dién

Do dan dién 1a thuéc do kha ning mang dong dién cia
dung dich nuéc. Trong cac dung dich, dong dién dugc tao
boi su di chuyén clia cac cation va anion, dung dich dan
dién phy thudc vao mot $6 yéu td: néng d6, d6 linh dong cua
cac ion, trang thai hoa tri ctia cac chét bi ion hoa trong dung
dich va nhiét do thuc hién phép do. o dan dién co thé duoc
do bé'lng cach dat mot dong dién xoay chiéu vao hai dién cuc
tro vé mit hoéa hoc (Pt, Au, ...) dugc ngam trong dung dich
(héu hét cac dung dich dan dién dugc do 1a nude, vi nude co
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kha nang 6n dinh céc ion dugc hinh thanh boi mot qua trinh
goi la solvat hda) va do dién ap thu dugc (hinh 5). Trong qua
trinh nay, céc cation di chuyén dén dién cuc am, cac anion
di chuyén dén dién cuc duong va dung dich hoat dong nhu
mot chat dan dién.

Dung dich

Hinh 5. Sw di chuyén ctia cac ion trong dung dich.

Do dan dién thuong duoc biéu thi béng micromho trén
centimet (wmho/cm) hay microSiemens trén centimet (uS/
cm) trong h¢ don vi quéc té (SI). Mot ) gia tri do dan dién
cua cac dung dich thuong gap dugc trinh bay trong bang 2.
Cam blen do d6 dan dién thuong dugc phan thanh hai loai:
khong tiép xuc va tiép xuc.

Bang 2. Gia tri do dan dién (& 25°C) ciia mét sé dung dich.

Nude tinh khiét 0,055 uS.cm’!
Nudc khtr ion 1 pS.cm’!
Nudc mua 50 puS.cm!
Nudc thai cong nghiép 5 mS.cm™
Nudce bién 50 mS.cm’!

2.4.3. Cam bién d¢ dan dién khong tiép xiic

Cam bién d6 dan dién khéng tiép xitic (hay con goi la
cam bién dién cam) 1a thiét bi dugc thiét ké dé tranh tlep
xuc giita cac dién cuc va dung dich dién phan. Nguyén tic
hoat dong cho hau hét cac cam bién do dan dién khong tiép
xuc 1a dwa vao dong dién cam tng. Hai loai cam bién do dan
dién khong tiép xuc thuong duoc sir dung 1a cam bién do
dan dién bién ap don va bién ap kép. Cau tao chung cua cac
bién ap ké trén bao g(‘)m cudn so cép va cudn thi cép Ban
dau, dong dién xoay chleu ¢6 tin sb va bién do da biét duoc
dung cap vao cudn so cp, tao ra tur trueong bién thién so
cap. Khi cudn day dugc dua lai gan vat thé dan dién, trong
truong hop nay la nudce bién, dién truong tao ra dong dién
xody (dong Foucault). Mat d6 cua cac dong dién xoay nay
ty 1€ thuén v6i kha nang dan dién cta moi truong. Biéu thirc
chi phdi mdi quan hé nay duoc cho boi phuong trinh sau:

App
k) 1
m (16)

E=-
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trong do: E 1a suat dién dong cam ng, Wb.s’ A, do bién
thién tir thong, Wb; At: bién thién thoi gian, s.

Uu diém dau tién cua loai cam bién do do dan dién
khong tiép xuc 1a cac cudn day khong can tiép xtc v6i mau.
Do d6, cac cudn day co thé duoc boc trong nhya, cho phép
sir dung cam bién trong cac dung dich c6 tinh an mon. Thi
hai, vi cdc cam bién khong tiép xtic voi dung dich, nén hoan
toan co thé dugc sir dung cho cac dung dich chira ham luong
chat rin lo limg cao ma khong can ban tim vé van dé tic
nghén dung dich. Mién 1 sy tic nghén khong lam thay doi
dang ké dién tich cuia 156 hinh xuyén, két qua thu duoc van s&
chinh xdc. Nguoc lai, ngay ca mot 16p can nhe trén loai cam
bién d6 dan dién tlep Xuc ciing s€ gay ra két qua sai khac.
Cudi cung, cam bién dién cam réat ly tuong dé do cac dung
dich c6 d6 dan dién cao, vi cac dung dich c6 d6 dan dién cao
tao ra dong dién cam mg 16n, dé do trong cudn day nhan.
Nhuoc diém chu yéu 12 cam bién dién cam chi thich hop
véi cac mau co do dan dién 1én hon 15 pS/cm, va khong thé
duoc st dung dé do cac dung dich c6 d6 dan dién qua thép.

2.4.4. Cam bién d¢ dan dién tiép xiic

Nhu tén goi, trong cac loai cam bién nay co su tiép xuc
tryc tiép giita cac dau do do luong (thuong 1a cac dién cuc
tro v& mat hoa hoc) va méi truong xung quanh. Hién nay,
loai cam bién nay duogc su dung rong rai dé do d6 dan dién
va thuong st dung hai, ba, bdn, hodc nhiéu dién cuc [36,
37]. Trong 6, 2 loai cam bién d¢ dan dién tiép xtc phd bién
14 cam bién do dan dién 2 dién cuc va 4 dién cuc.

e Cam bién d6 dan dién hé 2 dién cuc:

~O0-0-

— ] —

Dung dich

Hinh 6. So d6 don gian cua hé 2 dién cwc (déi xrng) do d6 dan
dién.

So dd ciia mot cam bién dan dién 2 dién cuc duge thé
hién trong hinh 6, bao gém hai dién cyc dan dién (trong mot
) truong hop la bach kim hoéc than chi), dat cich nhau mot
khoang / ¢d dinh. Hai dién cuc duoc st dung vira dé ap dién
thé xoay chiéu, vira dé do dong dién chay qua cac dién cuc.

HOAHOC ISR

Uu diém cua cac hé 2 dién cuc 1a su don gian cua thiét
ké. Tuy nhién, chiing c6 mot vai nhuoc diém c6 thé giy ra
sai s6 dang ké trong phép do. Thir nhat, do dau do tiép xuc
v6i dung dich nén céc tac dong an mon va bam ban 1a mot
van dé. Thir hai, hiéu ung phan cuc xay ra o bé mat ranh
gidi dién cuc - dung dich khi dong dién dat vao do sy hinh
thanh 16p dién tich kép anh huong dén tinh linh dong ciia
cac ion. Lop nay twong ty nhu 16p nhiém ban bé mat dién
cuc, lam can tré dong dién tuong tu nhu mot 16p dién trd.
Van d& phan cyc ¢6 thé dugc giam thiéu bang cach sir dung
hé 4 dién cuc.

e Cam bién do dan dién hé 4 dién cuc:

Dung dich

Hinh 7. So d6 don gian cuda hé 4 dién cwc do do dan dién.

Déi v6i hé 4 dién cuc, nhu trong hinh 7, mdt dong dién
xoay chiéu dugce dua vao tir 2 dién cuc ngoai cling, dong
thoi dién ap dugc do gilita 2 dién cuc bén trong, dong vai
tro nhu mot hé do thé mach hé. Do mach do dién ap co tro
khéng ddu vao rat cao, nén thyuc té khong c6 dong dién nao
chay qua 2 dién cuc bén trong, gitip han ché anh huong cta
su phan cuc tai tiép xuc dién cyc - dung dich trong qua trinh
do tré khang [37]. Trong thuc té, hiéu dién thé U ¢ hai dién
cuc bén trong dugc do vdoi cuong do dong dién khong dang
ké. Do dé, ty 18 U/I chinh x4c bang dién tré thuc ciia dung
dich. Diéu nay lam cho h¢ do 4 dién cuc c6 do tuyén tinh tot
trong dai do rdng, do chinh xac va dd nhay cao hon...

e Nhimg nghién ctru gan day vé cam bién do d6 min
thong qua do d6 dan dién:

Nhin chung, cam bién d6 dan dién 2 dién cuc va 4 dién
cuc la nhiing loai cam bién hién dai va dugc nghién ctru ting
dung nhiéu nhét hién nay. Mot vai nghién ctru dién hinh c6
thé ké dén nhu nghién ctru cua A. Hyldgard va cs (2005)
[38] da thanh cong thiét ké ché tao hé da cam bién bé’mg dién
cyc silic, voi hé do do dan bao gdm 4 dién cyc. Hé da cam
bién nay dugc ing dung trong cac nghién ctru thuy san. Hé
cam bién bao gdm: mot cam bién ap sudt cau Wheatstone,
mdt tré nhiét pha tap silic, mot diode quang tiép giap p-n
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va mot diy hé 4 dién cyuc. Cac dién cuc dugc pha bang 16p
mong kim loai vang va platin trén nén silic. Theo nhu cong
bd ké trén, hé cam bién duge ga"m trén lung cua mot con
ca dé quan sat cac thong sb: do dan, nhiét do, ap suit va
cuong do sang; tur d6 suy ra gid tri d man. Tac gia xac dinh
dugc mbi quan hé tuyén tinh trong ddy d6 man tir 2-32 psu.
C. Huck va cs (2014) [39] phat trién mot loai cam bién d6 dén
v6i 16p bao vé dién cuc 1am bang hop chat Ba,, Sr, , TiO,
(BST) day 120 nm trén nén SiO,. Di¢n cuc ¢6 the do do dan
0,3-50 mS/cm. Nho 16p BST, dau do d6 dan c6 kha ning
giam thiéu cac anh hudng tir cic qua trinh nhu: sy oxy hoa,
nhiém bén cua dién cuc; tir d6 gitp cai thién dang ké tudi
tho ctia cam bién.

A. Kaidarova va cs (2018) [40] trinh bay mot cam bién
dd man duoc ché tao dua trén quy trinh chiéu xa laser mot
budc, trén chét nén polyimide linh hoat [40]. Cac cam bién
thu dugc c6 nhitng uu diém nhu trong luong nhe, linh hoat,
tiéu thu dién nang it va chi phi ché tao thap. Mot hé hai dién
cuc duoc su dung dé do tro khang va do do dan dién cua
nude trong dai tan s6 MHz. Cam bién c6 sai s chi khoang
+0,5 psu va khong bi anh huong bai su bién dang. Viée trién
khai cac cam bién & Bién D6 cho théy, cac vat liéu nay co
kha ning chéng dn mon va co thé chiu duoc méi truong
khic nghiét. Nam 2019, nhém nghién ctru ké trén tiép tuc
ché tao thanh cong cam bién do dan dién 4 dién cuc dua trén
graphene trén dé polyimide [41]. Cam bién d6 din dién bon
dién cuc ¢6 vu diém do nhay cao va cho phép hoat dong &
cac cau hinh khac nhau.

Nim 2020, kim cuong pha tap boron (BDD) lan dau tién
duogc coi 1a mot giai phap thay thé tt cho bach kim den
thuong mai trong dau do do man nude bién, do do 6n dinh
vuot trdi cua loai vat liéu nay [42]. Trai ngugc hoan toan
v6i dién cuc den bach kim thuong mai, cac dién cuc thu
duoc thé hién do 6n dinh vuot troi nho lwong nhom chuce
oxy carbon trén bé mit. Trong vong 4 tuan do dac, nhom tac
gia nhan théy ré’mg, d6 6n dinh cua dién cuc vuot trdi so véi
dién cuc bach kim den thuong mai. Pién cuc dugc nghién
clru v6i khoang do 2,5-40%o, sai s0 14 0,1%o. Z. Liao va cs
(2022) [43] dé xuat thiét ké cam bién d6 dan doc truc tiép
Vi cu tric bon dién cuc ddi ximg song song, tich hop mot
dién cyc dai mang mdng bach kim trén nén silicon va dién
cuc bu nhi¢t dg serpentine. Chip cam bién do dan dién dugc
ché tao bang cong nghé MEMS. Cam bién duogc thiét ké c6
dd chinh xac cao, pham vi hoat dong cao, kich thudc nho,
déng thoi cho phép doc gia tri d6 dan dién va bu nhiét do
theo thoi gian thuc, diéu nay ¢6 ¥ nghia rat 16n dbi véi viéc
quan sat tai chd cac thong s vat 1y ciia moi truong bién.

3. Ung dung ciia cam hién do @6 man

Cam bién do do min dugc mg dung trong nhiéu linh
vuc khac nhau. Bang 3 li¢t ké mdt vai linh vuc/ting dung
dac trung cua cam bién do do man.
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Bang 3. 'ng dung thuwc tién ciia cam bién do dé man.

Linh vye img ?01 twong L Ph‘uo'ngxph.iip do do T:lch
dung ng dung mén pho bién dan
Phwong phap ty trong
Nude bién ké, chudn d9 clo, do
(c6 do man> Do d man nude bién o dan dung dichva  [44]
20 ppt) phuong phap quang
hoc
Kiém sodt d9 mén dat Phuong phap ty trong
Nudc trong  nong nghiép, thuiy canh ké, phong phap [45, 46]
nong nghiép  (ham lugng mudi, mat do quang hoc, do do dan ’
, ion, do 4m...) dung dich
e Phit hi¢n thanh phan nuo
G G ' ‘atk 1@{11 %n p! ran nuoc Phuong phip 1 trong
; Nudc trong ~ va do man cua nude trong x| % ..
e cong nghiép  dong nube/dinduimg ng 1O o0 d0clo,do - [47]
g cong SO 46 din dung dich
dan khi
Phan tich mau va nudc
tieu, do lwong twoi mdu
o, mo ciing nhu trong linh ) .
Sc&hcaﬁlzzc vure cam bién hoa hoe va gg;zr&i pg?f hdo @ [48, 49]
sinh hoc dé pht hién nhidu g
loai sinh hoa (axit amin,
protein, peptide, DNA)
Phuong phap ty trong
; ; ké, chuén do clo, do
hat | Tich hop cam bié 0 D N
Chatlugng ~ Tichhop cémbiendodd e o gichva [0, 51]
nude man trén dién thoai di dong i
phuong phap quang
hoc
Tfnel' b1 theo doi dong [38]
vat bién
o Cam bién tich hop do do . .
Gﬁan lén sinh oH, ORP, do din dicn le(mg phz'ip do do [52]
vat ) dan dung dich
Tich hop trong dung dich
cdc h¢ da cim Cam bién tich hop do do
i Bl 8 £ o el [53-56]
1 dan nhiét do va ap suat
Téng chit PElep do TDS Frlong‘nganh ' )
DI cong nghiép giay ding do  Phuong phap do do
ranhoatan f 12 N x . [57-59]
(TDS) tong chat ran hoa tan hiru  dan dung dich
€0 Va v0 c0 trong nudc
Nelitnoiuclo ot 0rg PLip & trong
.. o N ké, chuén do clo, do
Haidwong  cua dai duong ciing nhw
-t - d9 dan dung dichva ~ [60]
hoc tac dong cla bien doi Huone phd N
khi hiu phuong phap quang
hoc
4. Két luan

Trong bai tong quan ndy, nhom nghién ctru da hé thong
lai cac phuong phap do d mén hién nay, tir cac phuong
phap truyén thong nhu ty trong ké hay chuén d¢ clo, cho
dén cac phuong phap quang hoc hay phuong phap do do
dan dién. Nhin chung, cic phuong phép truyén thong van
rat dang tin cdy, tuy nhién khéng con thich hop cho cac
Umg dung yéu cau tinh ty dong hoa nhu kiém soat theo thoi
gian thuc hodc canh bao. Theo budc tién cua khoa hoc cong
nghé, cac phuong phéap hién dai nhu quang hoc va d6 dan
dién da ra doi. Phuong phédp xac dinh d6 man dua trén do
dan dién hién van 1a nhém phuong phap duoc nghién ctru
va (mg dung nhiéu nhat.
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Cam bién do d6 man dugc ing dung trong rat nhiéu linh
vue, tir kiém soat chét lugng nudc cho dén danh gia moi
truong, strc khoe, anh huéng cia bién doi khi hau... Pic
biét, trong tinh trang xdm nhap man dién ra nghiém trong ¢
nudc ta nhu hién nay, phuong an canh bao som bang cach
str dung cac hé cam bién d6 man van 1a phuong an tiét kiém
va kha thi nhat hién nay. Du6i géc nhin cua nhom tac gia,
phuong phap xdc dinh d§ méan dua trén do dan dién 1a thich
hop nhat, vi ¢6 nhidu vu diém nhu gia thanh thap, ¢ chinh
x4c va tin cdy cao. Ngoai ra, phuong phap nay con tiéu hao
nang luong thép, dac biét thich hop véi muc tiéu xac dinh
va canh bao d man trong thoi gian thuec.

LOI CAM ON

S¢ Khoa hoc va Cong nghé Bén Tre (nay thugc Cén
Tho) da tai trg cho nghién ctru nay, theo Hop dong so 1642/
HD-SKHCN. Céc tac gia xin tran trong cam on.
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Nang cao van toc gio toi han cho cau nhip 1o bing cach lip cac tim mong
lén cac day cap vé mot phia clia dm cau

Tran Ngoc An’, Vii Thi Khanh Chi, Nguyén Thi¢n Thanh
Truong Dai hoc Hang hai Viét Nam, 484 Lach Tray, phwong Lé Chan, TP Hai Phong, Viét Nam
Ngay nhan bai 24/3/2025; ngay chuyén phan bién 26/3/2025; ngay nhan phéan bién 15/4/2025; ngay chép nhan dang 21/4/2025

Tom tit:

Viéc niang cao van toc gid téi han cho ciu nhip 16n bang phwong phap khi dong nhin dwgc sw quan tim ciaa nhiéu
nha nghién ctru. Khac véi bién phap co hoc, bién phap khi dong dwogc thuc hién voi su thay dm lwe glo tac dung len
ciu, tir dé nang cao 6n dinh khl dong cia ciu twong wng. bé thay déi lwe gio tac dung lén ciu, co thé lap cac tAm
mong vao mot phla cua dam ciu hoiac vao diy cap. Bai bao nay tap trung trinh bay viéc niang cao 6n dinh khi dong
ciia dim ciu khi lap cac tim mong vao day cap, co xét dén viéc b tri vé phia thuwong lwu va ha luu so véi huwdng gio.
S6 lwgng cac tAm mong lap trén mot nhanh day ciing dwgc khao sat. Phwong phap bwéc lap hiéu chlnh (RSBS) dwgc
str dung dé tinh toan van toc gi6 flutter téi han. Cac Kkét qua mo phoéng so cho thay, viéc lap cac tAm mong vé phia
ha luu luong gi6 cho hiéu qua ré rét. Hi€u qua nang cao vian tdc gi6 tdi han sé€ ting l1én khi 50 lwgng cac tim mong
trén mét nhanh diy ting. Hwéng nghién ciru ciia bai bao 6 thé ap dung cho cdc cau trong thye té tai Viét Nam va
cAc tinh toan c¢6 thé mé rong cho truwong hop mé hinh toan ciu.

Tir khéa: day cap, diéu khién thu dong, hién twong flutter, mét cit dim cau, phuong phap budc Eip hi¢u chinh, tim méng.
Chi 56 phén logi: 1.3,1.8,2.1

Improving the critical flutter wind speed of long-span bridges by installing flaps

on one side of the hangers
Ngoc An Tran®, Thi Khanh Chi Vu, Thien Thanh Nguyen
Vietnam Maritime University, 484 Lach Tray Street, Le Chan Ward, Hai Phong City, Vietnam
Received 24 March 2025; revised 15 April 2025; accepted 21 April 2025
Abstract:

Improving the critical flutter wind speed for long-span bridges through aerodynamic methods has attracted significant
research interest. Unlike mechanical methods, aerodynamic solutions aim to modify the wind forces acting on the
bridge, thereby enhancing its aerodynamic stability. These modifications can be achieved by installing flaps either
on the bridge deck or on the hangers. This article focuses on improving the aerodynamic stability of the bridge deck
by installing flaps on the hangers, considering installation on the upstream and downstream sides relative to the
wind direction. The number of flaps installed on a suspender is also investigated. The revised step-by-step method
is used to calculate the critical flutter wind speed. Numerical simulation results show that installing the flaps on the
downstream side of the wind flow yields a significant improvement. The efficiency of enhancing the critical flutter
wind speed increases as the number of flaps on the suspender increases. The computational approach presented in
this article can be extended to full-bridge models. The research direction of the paper can be applied to bridges in
practice in Vietnam.

Keywords: bridge deck section, flaps, flutter, hangers, passive vibration control, revised step-by-step method.
Classification numbers: 1.3, 1.8, 2.1
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1. Dt van de

Bén canh bién phap co hoc, viéc st dung cac bi¢n phap khi
dong dé nang cao van tbe gi06 t61 han da dugc thyc hién trong
nhiéu nghién ctru. Ban dau, bién phap khi dong bang cach lip
cac tAm mong dugc ap dung trong ly thuyet canh [1, 2], sau do
dugc mod rong ap dung cho truong hop dam cau chiu tac dung
cua gio. Trong nghién ciru cua D.C.D. Arco va cs (1999) [3],
cac tac gia dé xuat bd tri cc tam mong ndi cimg vao dam cau
hodc day cép, cac két qua md phdng so dugc thuc hién voi cau
Great Belt. Viéc b tri cac tim mong ¢ hai bén dam cau da duoc
d& cap va tién hanh mé phong s6 voi mo hinh mit cit [4, 5]
va mo hinh toan cau [6, 7). Trong nghién ctru cua P.D. Huynh
va cs (2013) [8], cac tac gia tiép tuc phat tr1en hudng nghién
ctru bd tri cac tam mong ¢ hai bén dam cau, cac két qua mo
phong s0 cling nhu thyc nghiém cho thay hi¢u qua véi ca hign
twong dao dong udn xodn véi ludng gio thodi déu (flutter) va
dao dong véi ludng gio rdi (buffeting). Trong nghién ctru cua
T. Huynh va cs (2001) [9], cac tac gia dua ra giai phap bd tri
cac tm mong ¢ phia dudi dim cau, bién phap diéu khién 1a
chu dong. Mot s6 nghién ctru da cho thay su hiéu qua khi lap
cac tim mong ndi cimg vao dam cau, sy hiéu qua nang cao 6n
dinh khi dong s€ tang Ién khi bé tri d6 1éch tim tang [10, 11].

Trong ndi dung bai bao nay, cac tac gia dé xudt mot
hudng tiép can khac, d6 1a b tri cac tim mong vao hé day
cap nhung chi b tri vé mot phia. Viéc bé tri vé mot phia s&
lam giam s6 luong cac tAm mong phai lap trén cau. Vi tri bd
tri ctia cac tim mong & phia thuong luu va ha luu ciia ludng
gi6 ciing duoc dé cap. Phuong phap tinh toan dugc sir dung
la phuong phap budc 1ap hiéu chinh (Revised step-by-step
method - RSBS) [12]. Cac két qua tinh toan s& duoc ap dung
mé phong sb cho cau Great Belt.

2. M hinh tinh toan

Xét mo hinh mat cat dam cau véi hai bac tw do [13, 14].
Dam cau ¢6 khdi lwong va momen quan tinh khdi trén mot don
vidailamval DJ cung chéng ubn va chéng xo0dn ctia ddm cau
1an luot 1a k, vak,. D6 can uon va do can xoan lan lugtla ¢, va
c,. Céc chuyen vi ctia ddm cau theo phuong uén va xoén la h va
a. B6 tri cac tAm mong 1én day cap & phia thuong luu (hinh 1)
va ha luu (hinh 2) cua ludng gio. Cac tAm mong co bé rong B,
khdi lugng m , s0 lugng cac tAm mong bd tri trén mot nhanh
day 1a n. Khoang cach tir tim mong dén khi tim dam cau 1a e.

H¢ day cap
Céc tAm
Gio mong
—> s
— Dam cau
—_—
—

Hinh 1. B tri cac tAm méng Ién day cap & phia thweng Iwu caa
ludng gié (mé hinh A).
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H¢ day cap

Céac tAm

Gid m(’)ng
—_—
— Dam cau
—_—

Hinh 2. B6 tri cac tAm moéng lén day cap & phia ha lwu cta ludng
gi6 (mé hinh B).

Dé thiét 1ap hé phuong trinh chuyén dong cua dim cau
dudi tac dung cua gio khi lap cac tam mong, trong bai bao
nay st dung phuong phap Lagrange.

D6i v6i mo hinh A, hé phuong trinh chuyén dong c6 dang

(m+m )h+chh+kh L,+nL, (1)

[l+mfe2]é2 =—k,o~c,a+M, +nM, —neL, (1b)

D6i voi md hinh B, hé phuong trinh chuyén dong c6 dang

(m+mf)}.l.+ch/z+khh =L,+nL, (22)

[l+m/.ez]0'é =-k,a—-c,a+M,+nM, +neL, (2b)
trong do: L, va M_ 1a lyc nang va momen do gio tac dung lén
dam cau. Phuorng trinh ctia L,vaM duge trinh bay trong mot
s6 nghién ciru trudce day [13 14]. "Céc hé s6 luc gio thong
thuong dugc xdc dinh bang thyc nghiém. Déi véi cau Great
Belt, cac hé s6 nay dugc tinh Xap xi da thirc nhu nghién clru cia
N.V. Khang va cs (2016) [15]. Luc nang va momen khi dong
tac dung 1én mot tim mong dwoc ky hiéu 1a L, va M, va dugc
tinh toan nhu nghién ctru ctia U. Starossek (1992) [16].

3. Phuang phap budce 1ap hiéu chinh

Dé tinh toan van tdc gio6 flutter té1 han, c6 ba phuong
phap manh la phan tich tri riéng phtc [13, 14], ky hiéu
s6 phirc [16] va budc lap hiéu chinh RSBS [12]. Trong
ndi dung bai bao nay su dung phuong phap budc lap hi¢u
chinh do wu diém c6 the khao sat dugc tan sb flutter va do
can Loga trén toan mién van toc gi6. So dd phuong phap
RSBS duogc trinh bay nhu ¢ hinh 3.

Step 1: Chuyén vi xoén

a =aye ™ sinot

(62 =¢r/1-27)

Cac thanh phan két hop H,; H,
xem nhw dao dong cwdng birc
Step 2: Dao dong uén Tim o,
r
Céc thanh phan két hop 4; 4,
xem nhw dao ddng tw do

Step 3: Dao dong xoéan —_— O —

Hinh 3. So dd phwong phap Revised step-by-step method. Step: Buérc.
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St dung phuong phap budce lap RSBS, ta xdy dung
dugc hai phuong trinh dai s6 phi tuyén tuong tmg voi ba an
so 1a van toc gio U, do can Loga g, va tan so flutter o,. Vi
mdi gia tri van toc gio U ta tim duoc J,va w, tuong ung

4. Két qua va ban luan

Xét mit cit cau Great Belt voi cac thong s6 cho nhu trén
bang 1. Van toc gio flutter td1 han khi khong lap céc tam
mong 1a 40,1 m/s [15].

Bang 1. Cac théng s6 clia cau Great Belt [15].

Thirty  Céc thong sb Ky higu  Gid tri Pon vi
1 B¢ rong dim cau B 31 m

2 Do léch tam e 13,5 m

3 Khéi lugng trén mot don vi dai m 17,8x10° kg/m

4 Momen quan tinh Kkhéi trén mot don vi dai [ 2,173x10°  kgm’/m
5 Tén s dao dong ubn o, 0,62 rad/s

6 Tén s dao dong xodn o, 1,17 rad/s

7 PG can Lehr ubn @ 0

8 Do can Lehr xofn & 0

B6 tri cac tim mong v6i bé rong B =0,1B nhu nghién ctru
cta D.C.D. Arco va cs (1999) [3]. Su hiu qua cuia viéc lap
cac tAm mong 1én day cap & phia thuong luu va ha luu ludng
gié dugc trinh bay trong muc tiép theo.

4.1. Cdc tdm méng lip lén ddy cdp phia thwong luu
luéng gié - mé hinh A

Xét Idp tim mong vai sb luong n=1. Su bién thién tin s6
flutter va d6 can Loga dugc thé hién nhu trén hinh 4 va 5.
Van tdc gi6 to1 han 1a 41,5 m/s. Hi€u qua nang cao van tbe
gi6 to1 han 1a 3,49%.

0,15 \

N
L 01T
‘_‘_I.I.
0,05
0
20 40 60 80
U [m/s]

Hinh 4. Bién thién tan sé flutter f, theo van téc gié U. Mé hinh A (n=1).

10 20 30 40 50 60 70 80
U [m/s]

Hinh 5. Bién thién dé can Loga 6. theo vén toc gié U. Mé hinh A (n=1).
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Tiép tuc xét lap tim mong véi sé luong n=2. Sy bién
thién tan s6 flutter va dd can Loga dugc thé hién nhu trén
hinh 6 va 7. Van tdc gi6 téi han 1a 42,1 m/s. Hiéu qua ning
cao van toc gid t6i han 12 4,99%.

0,15 \

T 01}
W
0,05+t
0 . . .
20 40 60 80
U [m/s]

Hinh 6. Bién thién tin sé flutter f. theo van téc gi6 U. M6 hinh A (n=2).

10 20 30 40 50 60 70 80
U [m/s]
Hinh 7. Bién thién d6 can Loga 6, theo vén téc gié U. M6 hinh A (n=2).

Nhu vay, co thé nhan théy réng, viée bd tri cac tAm mong
1én day cap vé€ phia thuong luu cta ludng gid 1a khong co
hiéu qua cao.

4.2. Cdc tdm mong lip lén day cdp phia ha lvu luong
gio - mo hinh B

Xét ldp tim mong vai s6 lugng n=1. Sy bién thién tan sb
flutter va do can Loga duoc thé hién nhu trén hinh 8 va 9.
Van tbc gi6 to1 han 1a 47,1 m/s. Hi€u qua nang cao van tde
gi06 t6i han 1a 17,46%.

0,15t
T 01
“_LI.
0,05+
0 . , .
20 40 60 80
U [m/s]

Hinh 8. Bién thién tan s flutter _theo van téc gié U. Mo hinh B (n=1).
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Hinh 9. Bién thién dé can Loga &, theo vén téc gi6 U. Mo hinh B (n=1).

Tiép tuc xét lip tim mong vé6i sd luong n=2. Sy bién
thién tan sb flutter va do can Loga dugc thé hién nhu trén
hinh 10 va 11. Vén tbc gi6 téi han 1a 55,1 m/s. Hiéu qua
nang cao van toc gio t6i han 1a 37,41%.

0,15}
N
T 01
~‘_l.l_

0,05

0 i : i
20 40 60 80
U [m/s]

Hinh 10. Bién thién tin sé flutter f. theo van téc gi6 U. M6 hinh B (n=2).

0,4

10 20 30 40 50 60 70 80
U [m/s]
Hinh 11. Bién thién dé can Loga &, theo vén téc gié U. M6 hinh B (n=2).

5. Két luan

Bai béo da trinh bay mot cach bd tri mdi nhdm nang cao
van toc gi6é flutter t6i han, d6 1a lip cac tim mong 1én day
cap vé mot phia cia dam cau. Céac két qua mé phong sé cho
thay viéc lap cac tim mong 1én day cap vé phia thuong luu
cuia ludng gi6 1a khong hiéu qua. Trong khi dé, 1ap cac tim
mong 1én cac day cap vé phia ha luu cta ludng gié dem lai
hiu qua rd rét. Viée lép cac thm mong vé mot bén s& 1a mot
giai phép hiru ich khi s6 lugng cac tim mong bd tri 1én day
cap khong qua nhiéu. Cac nghién ctru trong bai bao c6 thé
mo rong ap dung cho mé hinh toan cau.

LO1 CAM ON

Nghién ctru nay dugc tai trg boi Truong Dai hoc Hang
hai Viét Nam trong dé tai ma so DT24-25.93. Cac tac gia
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Tinh toan trao doi nhigt tir cac hat dén be mit trao doi nhiét trong cong doan
[am ngudi cia say dwong tinh luyén bang phwong phap tang soi xung khi
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Tom tit:

Trong quy trinh siy kho vit li¢u, sau khi vat li¢u siy dat dén d9 Am mong mudn, buéc tiép theo 1 phai lam mat vat
liéu Vé nhiét do moi trwong bao quan. Trong thyc té, c6 nhiéu giai phap lam mat vit liéu, nhung phwong phap st
dung ong trao doi nhiét c6 chira moi chit 1am mat dugec coi 1a mot g1a1 phap hi¢u qua. Bai bao trinh bay tinh toan
truyen nhiét tu’ 16p hat dwong tinh luyen (RS) trang thai héa soi t01 thiéu dén bé mat trao doi nhiét. Nghién ctru da
lam sang té moi quan h¢ giira hé s0 trao doi nhiét ddi lwu cia hat say nong véi bé mat trao doi nhiét ciing nhw moi
twong quan ciia né véi kich thuée hat. Cu thé, déi véi hat dwomg RS ¢6 kich thuée <0,8 mm thi hé sé trao ddi nhiét
ddi lwu dwoc xac dinh 1a 251,17 W/(m2.K). Ngwoc lai, d6i véi cac hat ¢6 kich thwéc khoang 1,0 mm thi hé s6 trao doi
nhiét dwoc xac dinh 12 172,66 W/(m2K). Két qua nghién ciru cho thay, hé sé trao ddi nhiét doi lvu phu thude vao kich
thuée hat. Cac hat nhé hon ¢6 hé s6 trao déi nhiét ddi lwru 16n hon. Cu thé véi hat dwong RS, kich thuéc cic hat nhé
hon 20% so véi mau chuin thi hé s trao ddi nhiét doi lwu cao hon 45%.

Tir khéa: dwong kinh hat, hé s6 trao ddi nhiét ddi lru, ting séi xung khi, truyén nhiét.

Chi 56 phin logi: 1.3,2.5,2.10

Calculation on heat transfer from the particles to the heat exchange surface during
the cooling stage of refined standard sugar drying using the pulsed fluidised bed
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Abstract:

During material drying, after the material has been dried to the desired moisture content, the next step in the drying
process is to cool the dried materials to the storage temperature. In practice, there are many solutions for cooling
the material, but the method of using a heat exchange tube containing a cooling medium is considered an effective
solution. The article presents the calculation of heat transfer from the refined standard (RS) sugar granule layers in
the minimum pulsed fluidised state to the heat exchange surface. The study has clarified the relationship between the
convection heat transfer coefficient of the hot-dried granules and the heat exchange surface, as well as its correlation
with the particle size. Specifically, for RS sugar granules with a size equal to or less than 0.8 mm, the convection
heat transfer coefficient is determined to be 251.17 W/(m?K). Conversely, for particles with a size of about 1.0 mm,
the heat transfer coefficient is determined to be 172.66 W/(m?.K). The study results showed that the convective heat
transfer coefficient depends on the particle size. Smaller particles have larger convective heat transfer coefficients.
Specifically, with RS sugar particles, the particle diameter is 20% smaller but the convective heat transfer coefficient
is 45% higher.

Keywords: convective heat transfer coefficient, heat transfer, particle diameter, pulsed fluidised bed.

Classification numbers: 1.3, 2.5,2.10
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1. it van de

Phuong phap lam mat san pham db6i voi sy tang s01 sau
qua trinh sy, hiéu qua va tiét kiém dién tich lap dat 1a sir
dung cac bé mit truyen nhiét (BMTN) dit bén trong budng
say. Qua trinh truyen nhiét dién ra trong vung hoa tron gilra
hat da dugc sy va khong khi 1am mat thdi vao va bé mit
truyén nhiét c6 nhiét o thap [1]. Nghién ctru ctia J.C. Chen
(2003) [1] da dua ra mot phuong trinh xac dinh hé s trao
d6i nhiét giita cac hat va BMTN theo cong thirc sau:

q

a (T,-T.) (1)

a,, =
trong do: o 1a h¢ s6 trao d6i nhiét gitra cac hat va BMTN,
W/(m2.K); q 1a dong nhiét, W; a_1a dién tich bé mit tiép xuc,
m* T la nhiét d¢ cua bé mit truyen nhiét, K; T, 1a nhiét do
cua 10]3 hat, K. Trong phuong trinh nay, gia thlet rang khong
c6 sy chénh léch nhiét do dang ké gitta khong khi va cac
hat vat liéu.

Van dé truyén nhiét tir 6p hat sang BMTN ciing da nhan
duogc sy chu y dang ké tir cac nha nghién ctru khac. Theo
J.S.M. Botterill (1975) [2] va S.N. Oka va cs (2004) [3], cac
khia canh chinh cua hé s6 trao d6i nhiét (HSTN) giira cac
hat rin va BMTN da duorc lam sang t6: HSTN (o, ) 16n hon
nhiéu 1an so v&i hé s6 trao d6i nhiét d6i luu gitra pha hat va
pha khi. HSTN tang tuyén tinh v&i van toc khi 1am gia 1ong
cac hat va dat gia tri cuc dai 6 van tdc khi cao nhat trong 16p
hat. Hon nira, d§ 16n cuia HSTN nay bi anh hudng béi kich
thudc cua cac hat, gia tri nay giam khi kich thudc hat tang.

Theo J.R. Howard (1989) [4], ¢6 sy truyén nhiét nhanh
chong xay ra gitra 16p hat kho nong va khong khi lam mat,
dan dén giam nhiét do cua cac hat vat liéu. Didu nay din
dén cac hat duge 1am ngudi di mot cach nhanh chong. Cong
suét truyén nhiét tir cac hat vat liéu nong dén thiét bi trao
ddi nhiét lam mat phu thudc vao dién tich BMTN can thiét.

Nghién ctru nay nhim muc dich lam sang t6 su truyén
nhiét gitra 16p hat duong RS tang s61 xung khi voi BMTN,
ung dung trong lam mat va ngay cé trong say duong.

2, \iat liéu va phuong phap nghién cifu

He¢ s6 trao ddi nhiét gila cac hat rin gia long va BMTN
tiép xtic voi cac hat (o) gom 3 thanh phan co ban [4]: (i)
Su trao d6i nhiét xay ra khi cac hat vat li¢u gap BMTN (céc
hat tiép xuc ¢ dy va ngay lap tic duoc thay thé bang cac
hat méi). Thanh phan trao d6i nhiét nay dwoc goi 1a “hé sd
trao doi nhiét ddi luu pha hat” (at,): (ii) Trao d6i nhiét dién
ra gilta khong khi nong va bé mat nhan nhiét tuong mng,
duogc goi 1a “h¢ s6 trao doi nhiét dbi luu pha khi” (o, ); (i)
Trao ddi nhiét birc xa v0i hé sO trao d6i nhiét buc xa tuong
tmg (a_,). Do do, h¢ sO trao do6i nhiét tir cac hat sdy dén
BMTN ((x ) dugce biéu thi theo cong thrc:

abs - apc + agc + arad (2)
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Méi quan hé giita hé sb trao d6i nhiét va cac thong sb
cong nghé phu thudc vao loai hat cu thé, tinh chat nhiét cua
khi, ché d6 hoat dong cua 16p hat va trang thai cia 16p hat
[1]. Dé 1am 15 co ché truyén nhiét, timg thanh phan nay can
dugc kiém tra riéng biét.

2.1. Thanh phin déi lwu pha hat

Co ché truyén nhiét d6i luu dugc mé ta ¢ hinh 1.

Khéng khi néng Khong khi nong

— =
TN - i,
( Hatnho) = - 8
| e e = =
= ;g
;i . B
g Mang khi ’é'
(A) )‘;’Eg. (B) <

QU

m

Hinh 1. M6 ta mot hat néng tiép xtc véi bé mat lanh. (A) Cac hat &
xa bé mét, bd qua sy truyén nhiét; (B) Hat tiép xuc tai b& méat, hau hét
nhiét truyén qua I&p khi méng gan dwéng cong A-B.

Thyc hién xem xét mot hat riéng biét, ban dau ¢ nhiét do
cao, tlep xtc nhanh voi bé mit duoc lam mat trudce khi di
chuyén ra xa. Qua trinh nay 1ap lai lién tuc vdi cac hat khac.
Su tuong tac gilta cac hat ran va bé mat xay ra trong mot
khoang cach khi céac hat tlep xuc. N.A. Decker va cs (1981)
[5] da lam sang to dong nhiét truyén tir 16p hat sang BMTN,
xdy ra thong qua 16p khi ngan cach hat véi bé mit. Qua trinh
truyen nhiét ndy ngimg lai ngay khi mot hat di chuyén ra xa
cho dén khi mot hat méi tlep can bé mat. Luogng nhiét nhan
dugc tai BMTN bj anh hudng béi cac yéu t [4]:

(i) Thoi gian tiép xiic hat (v ) va tan sudt tiép xiic (f)):
Thoi gian tiép xic cang ngan va tan suat ti€p xlc cua cac
hat véi bé mat cang cao thi thoi gian trung binh dé dat duoc
chénh l&€ch nhiét do AT giita cac hat va bé mit cang 1on.

(ii) H¢ s6 dan nhiét cia pha khi: Khi c6 hé dan nhiét cao
hon cho phép nhiét truyén nhanh hon. Hé s6 dan nhiét cua
chat khi thip hon chét ran. Day ciing 13 yéu tb han ché trong
qué trinh truyén nhiét.

(iii) Nhiét dung riéng cua cdc hat: Nhiét dung riéng cia
cac hat cang lon thi nhiét dd cia chung cang giam trong qua
trinh tiép xuc. Do d6, thoi gian dé dat duoc chénh léch nhiét
d6 trung binh dang ké giita cac hat va bé mat dai hon.

(iv) Kich thiede cia cdce hat va sé lwong hat tiép xiic trén
mot don vi dién tich bé mat: Dién tich BMTN tiép xuc véi cac
hat cang 16n thi lugng nhiét nhan dugc tu bé mat truyén nhiét
cang 16n. Ngoai ra, néu cac hat tiép can va roi khoi bé mat
truyén nhiét theo cum hodc dum dang cac hat tinh (hinh 2)
cac hat nho hon c6 mat do tlep XUc cao hon va dudng truyen
nhiét qua 16p khi mong gan bé mit s& ngin hon. Do do, dé
ting cudng truyén nhiét giira 16p hat va bé mit, can phai co
c4c hat tinh v6i mat do cao nhit va kich thudc hat nho nhét.
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Diéu nay s& dan dén thoi gian tiép xtic ngin nhat va tan suat
tiép xtic cao nhat, két hop voi chit khi c6 d6 dan nhiét tdt
nhat. Hinh 2A minh hoa cac hat nhé véi nhiéu diém tiép
xuc, v6i hau hét bé mat hat tiép xic v6i bé mit phang. Hinh
2B cho théy, cac hat 16n véi it diém tiép xuc hon va it hat
tiép xtc voi bé mat phang hon.

Khong khinong i |- Khéng khi nong
-
-~
-~
L~
L~
L~
[~
[~
[~
-
5
(A) : (B)

Hinh 2. Minh hoa anh hwéng cua kich thwéc hat dén sé diém tiép
xuc va I&p khi day xuét hién giira cac hat va bé mat tiép xdc [4].
(A) Cac hat nhé vé&i nhiéu diém tiép xtc; (B) Cac hat 1on véi it diém
tiép xuc.

Mot s& mo hinh toan hoc d3 dugce dé xuat dé mé ta qua
trinh trao doi nhiét doi luu lién quan dén cac hat. Tuy nhién,
nghién curu cua S.N. Oka va cs (2004) [3] chi ra rang, cac
mod hinh ndy khong hiéu qua do thicu thong tin vé cac dicu
kién gan bé mat truyén nhiét va cac thong sd chinh, chang
han nhu thoi gian luu riéng cta cac hat va tan suat tiép xuc.

Khi 16p hat chuyén tir trang thai tinh sang trang thai soi
bot thi ty 16 U/Umg = 1 (U 1a vén tdc khi va Umg 14 véan toc
hoéa s6i toi thiéu) va hé s6 trao d6i nhiét tang lén, vi cac hat
di chuyén trong 16p khi (cac hat di dong hon). Sy hinh thanh
bong bong khi thuc diy su hoa tron cac hat trén khip 16p hat
va lam cho céc hat di chuyén vé phia BMTN.

Khi vén tdc khi tao ra mot 16p hat s01, hé sb trao ddi
nhiét tang va dat gia tri toi da ¢ van toc khi U/Umg trong
khoang 1,5 dén 2 [4].

Sau d6, hé sb truyén nhiét giam dan do dong chay cua
bot khi ngay cang tang, bao phi BMTN. Hi¢u ung nay la
két qua cua viéc khi lam cho 16p hat 16ng ra, chdng lai viéc
giam thoi gian luu tra cda hat do hién tugng s6i bot manh.

.
L

Vi tri bt diu xudt hién bot khi

>

Van toc khi hoa soi, U(m/s)

HSTN tir 16p hat dén bé mat (ay,)

U

Hinh 3. M6i quan hé gitra hé s6 truyén nhiét tir I&p hat dén bé mit

truyén nhiét va van téc khi dé gia 1éng cac hat nhém B trong phan
loai Geldart [4].

HOAHOC ISR

Theo S.S. Zabrodsky va cs (1976) [6], nhitng hién
tugng nay lién quan dén su tham gia cua thanh phan trao
d6i nhiét dbi luu cua pha khi anh huong dén hé so trao do6i
nhiét tir 16p hat s6i bot dén BMTN. Noi chung, rt kho dé
tach thanh phan khi d6i luu khoi thanh phan hat dbi luu,
nhung su tuong tdc nay bi anh huong bdi cac hat nhém B
(hinh 3), hat nhom B dugc mo6 ta boi D. Geldart (1972) [7].
Méi tuong quan gan dung cua S.S. Zabordsky va cs (1976)
[6] dbi voi gia tri lon nhat cta hé sd trao d6i nhiét tir lop hat
dén bé mat (o) trong diéu kién hat nhom B duoc thé hién
trong (phuong trinh 2) cho nhi€t do 16p hat duci 600°C, tiéu
chuan Reynolds & véan tdc hoa sbi toi thiéu 1a hon khoang
12,5 (Re, >12,5) va tiéu chuan Archimedes ciing nhé hon
khoang (Ar <26000). Nghién ctru ctia S.S. Zabordsky va cs
(1976) [6] nhan ra 600°C 13 nhiét d6 ma trén d6 thanh phan
truyén nhiét birc xa bit dau tré nén dang ké.

Theo céc thi nghi¢m dgqc thuc hién béi J.S.M. Botterill
va cs (1982) [8] trong di€u kién hoat dong hop 1y, gia tri
thuc té ctia h¢ so trao doi nhiét xap xi 70% gia tri duoc tinh
bang phuong trinh (3).

@y =35.8p,722,0d 7 &)
trong do: a la h¢ sO trao d6i nhiét ddi luu, W/(m?.K); p,la
khdi lugng riéng cua hat, kg/m?; A, 1a hé s6 dan nhiét cua
khi, W/(m.K); d 1a dudng kinh cta hat hinh cau, m.

Ddi voi cac 16p hat co tinh chit nhu nhom D trong phan
loai cua D. Geldart (1973) [9], v6i Reynolds, Re, . Vuot qua
12,5 va Archimedes, Ar 16n hon 26000. Nghlen clru cua
A.0.0. Denloye va cs (1987) [10] da cung cap mét phuong
trinh dé tinh gid tri 16n nhat ctia hé sb trao doi nhiét tir 16p
hat s6i tdi thiéu dén BMTN (a

pcmzu) :

a, =0843 A2 /d, (4)

Trong (4), yéu cau dudng kinh hinh ciu cua cac hat vat
liéu phéi 16n hon 0,8 mm va nhié¢t do cua 16p hat khong
duoc vuot qua 600°C, Remg phai 16n hon 12,5 va Ar phai 16n
hon khoang 26000.

2.2. Thanh phdn déi luu pha khi

Thanh phan truyén nhiét pha khi doi lwu (, ) dén BMTN
tro' nén quan trong khi kich thudc trung binh cua 16p hat 1on
hon 0,8 mm. Hon nita, né tr& nén quan trong khi ap suét
tinh ctia pha khi tang 1én, dan dén trang thai dong khi xung
quanh cac hat thay doi tir chay ting sang chay chuyén tiép
hoic chay réi. Nghién ctru ciia A.O.O. Deloye va cs (1978)
[10] d4 cung cap cac tuong quan thuc nghiém theo phuong
trinh 5.

azgc(dp)o’5 = 0,86/1gAr°’39 5)

Theo nghién curu cia J.S.M. Botterill va cs (1984) [11],
phuong trinh 5 cin duoc st dung mdt cach than trong vi
n6 dua trén két qua thi nghiém tir mot pham vi kich thudc
tuong déi hep va sy hién di¢n cua cac hat min c6 xu hudng
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han ché dong chay hdn loan trong dong khi thoi 1én. Didu
nay gitp giai thich nhitng phat hién cua L.P. Golan va cs
(1979) [12] trong bdi canh sir dung mot nhom céac hat c6
kich thudc 16n khac nhau. Sy thay doi kich thudc hat co tac
dong nho dén truyén nhiét.

2.3. Thanh phan birc xa

Theo V.A. Borodulya va cs (1983) [13], truyén nhiét do
bure xa tr¢ nén dang ké & nhiét 6 600°C. Viéc danh gia h¢ sO
truyén nhiét buc xa (a,,) O thé dat dugc bang cach két hop
hai phuong trinh toa nhlet co ban gom phuong trinh (6) va (7).

=aft,-t,) 6)
trong do: ¢, 1a mat do dong nhiét dbi luu (W/m?), 1, la nhiét
do khong khi nong (°C), ¢, la nhiét do hat (°C).

Ga =0 (T, ~T") (7)

trong do: ¢ 1a hé s6 buc xa phu thudc vao tinh chét buc
xa cua bé mat va hinh dang hinh hoc cua né; o 1 hing sb
Stefan-Boltzmann, ¢ = 5,67.10° W/(m>.K*); T la nhiét do
bé mit, °C.

Ngoai ra, theo J.R. Howard (1989) [4] c6 m{t cong thiic
dé tinh he sé trao doi nhiét btrc xa khac:

A ®)

amd

T T

trong do: ¢ lah¢ sb burc xa ctia bé mat, léy xép xi0,6 [4]; T
la nhiét @6 cua BMTN, K.

V.A. Borodulya va cs (1983) [13] da chiing minh réng, 2
thanh phan nay khong hoan toan doc 1ap, khong gidng nhu
truyén nhiét birc xa, mot ph:‘in nhiét bi mét vao trao ddi nhiét
dbi luu coa 16p hat va cac hat 16n hon bi anh hudng nhiéu
hon so véi cac hat nho hon.

Trong truong hop tmyen nhiét phire tap (hinh 4), mé ta
mot khéi cac hat dimg yén tiép xuc v6i bé mat lam mat. Néu
bé mit ctia cac hat nay c6 do phat xa bang 0 (khong burc xa),
6 nghia la khong c6 thanh phan truyén nhiét bic xa, toan
bd su truyén nhiét duge thuc hién thong qua lop khi gitra
c'hem (a) va diém (b) ctia bé mat bat ky hat nao tlep xuc voi
tam phang (hinh 4B). Tuy nhién, khi btc xa trén bé mit ciia
cac hat tang 1én, cac hat nay tré nén “nhin thdy duoc” trén
bé mit va bit dau truyen nhiét 1én vach thong qua truyen
nhiét buc xa. Do d6, nhiét d6 cuia cac hat nay bat dau giam
trong khi nhi¢t d§ cua cac hat trong 16p hat khong thay ddi.
Hon nira, néu ching ta xem xét mot hat tiép xtc voi vach
mot lan nita (hinh 4C), toan by bé mit cua hat s& bao gdm ca
truyén nhiét birc xa va dan nhiét qua 16p khi mong ngay bén
canh diém a va diém b, din dén nhiét do bé mat thap hon va
phan bé khac nhau (hinh 4B). Do d6, mic du toc do truyén
nhiét téng tur cac hat tdng 1én, nhung chi mét ph?m nho nhiét
duoc truyén qua 16p khi mong. Tém lai, vi toan b dién tich
bé mit cua cac hat dang buc xa, cac hat cang 16n thi phén
dién tich bé mit noi nhiét dugc dan qua khi trong khu vuc
diém a va diém b cang nho (hinh 4D).
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( ‘D céc hat 16n
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cac hatnho
(©) (D)

Hinh 4. Minh hoa anh hwéng cta truyén nhiét birc xa giiva hat va
bé mat truyén nhiét. (A) Vi tri cac hat nhé trang thai tinh; (B) Céc hat
I&n trang thai tinh; (C) Cac hat I&n c6 truyén nhiét dan nhiét va truyén
nhiét birc xa; (D) Hat I&n va hat nhé dan xen nhau.

Do d6, cac hat 16n c6 anh hudéng 16n hon dén co ché
truyén nhiét birc xa qua khe ho khi. Do phirc tap ting thém
khi c6 mot bong bong khi 1ién ké vai vach (hinh 5), trong do
BMTN hoat dong nhu mét dién tich bé mat cho céac hat 16n
hon so véi khi cac hat duoc sip xép tiép xuc v6i vach nhu
trong hinh 4A, nhung bong bong khi da bao phu cac hat dbi
lwu. Tt ca nhitng hiéu tng nay lam cho viéc dinh luong va
tach céac hat, bong bong khi tré nén khé khin khi giai quyét
theo dinh ludt nhiét dong lyc hoc thir nhat.

L~
Hinh 5. Anh hwéng ctia bong béng khi 1én bé mat hat [4].
2.4. Sw s6i héa cia cdc hat va vin téc lwu dpng t0i thiéu

Khi mot dong tac nhan khi thdi qua mot 16p hat theo
hudng vudng goc tir dudi 18n, trong trudng hop van toc khi
va ap sut thip, 16p hat van ¢ trang thai tinh (dugc giai thich
trong doan OA trong hinh 6).

Lop hat s6i cé bt
khi phan lop ngang L3

L&p hat chom soi gt sdi b cuon

LIJD hat tinh Lop hat sbi bot khi

6P,
; .
Ap(mm Hzo) —— ¥
sk 5 !
s e :
E Pﬁ Ap suat thay déi
&
&
=3
=] Al
= op hat tinh by el Van téc khi bé
A B C| matlép hat
0 Unt Ui U (mis)

Hinh 6. Biéu do thé hién cac trang thai khac nhau clia ting soi lién
tuc [4].
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Van tc khi tai giém nay la (U,). Khi van toc dong khi
tang dan, 16p hat ran bat dau gian nd, thé tich cua 16p hat
tang lén va cac hat l1an can bét dau di chuyén xa nhau. Tai
thoi diém nay, luyc ma sat gitia cac hat va lyc cua dong khi
can bang véi luc hp dan tac dung Ién cac hat. Thanh phan
théng dung cua lyc nén giita cac hat cach déu nhau bién
mat. L6p hat nay dugc goi 1a 16p soi toi thleu (U,p)» c6 nghia
la lop hat & giai doan nay c6 tinh chét giéng nhu chit long.
Van tbc khi di qua 16p hat tai thoi diém nay duoc goi la van
téc khi soi tbi thiéu \u, ) mo ta tai diém A trong hinh 6.
Theo S. Ergun va cs (1949) [14], khi dong khi thdi qua mot
16p hat c6 hinh dang bat ky (khong cau) thi:

- U U?

AP _150( mg) ﬂg mg +1 75( mg)pg mg (9)
H mg gmg (¢dm ) gmg ¢dm

va

AP=(1 —Emg)(/?p —Pg)gng (10)

trong do: d, 1a duong kinh trung binh ctia hat, m; ¢ 1a cau
tinh ctua hat AP 14 ton that ap sut dong khi qua 16p hat, N/
m s H la d6 cao 16p hat trang thai soi toi thiéu, m; & gla do
rong kh01 hat trang thai soi tbi thiéu; P, 1a khéi luong riéng
cua khong khi, kg/m?; My la d nhot dong luc hoc cua khi
qua 16p hat, m?/s; p 1a khéi lugng riéng cta hat, kg/m?®.

2.5. Moi twong quan ciia Remg va Archimedes (Ar)

Khi dong khi di qua mot khéi hat c¢6 hinh dang khong
cdu, tiéu chuan Reynolds (Re ) 6 trang thai 16p hat s6i tdi
thiéu dugc x4c dinh theo cong thuc

p g 'Umg '¢dm
Mg

Phuong trinh 12 mé ta mbi tuong quan giita tiéu chuan
Archimedes va Reynolds theo do rong cua 16p hat (e, ) o
van tde soi tdi thiéu u, ) dbi voi hat khong hinh cau [4]

Re = (11)

mg

l-¢
Ar=150( 5 ;"g)Remg+ 1’735 Re;, (12)
¢ gmg ¢8mg

Bén canh d6, phuong trinh 13 x4c dinh tiéu chuin
Archimedes cho hat ¢6 hinh dang bt ky:

P.8(p,—p)¢d,)

Hg

(13)

Ar =

Mat khac, C.Y. Wen va cs (1966) [15] da cung cap mot
cong thure thuc nghiém dé tinh toan do rong cua cac hat &
trang thai 16p hat soi tdi thiéu khi biét cau tinh cta hat:

(14)
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Thong qua cac phép bién ddi dugc trinh bay trong [16],
phuong trinh 15 da duoc thiét 1ap. Phuong trinh 15 1a mdt
phuong ,trinh thuc nghiém biéu dién mdi quan hé giira Re .
va Ar doi voi céc hat co kich thude trung binh 16n hon 100
um [4].

Re, =(33,7°+0,04084r)" -33,7 (15)

Ngoai ra, J. Baeyens va cs (1976) [17] ciing cung cip co
so dé xac dinh (Ar) cho cac hat ¢6 kich thude 16n hon 100
pm trong phuong trinh 16:

= 1650Re,, +24,5Re?, (16)

Vé ly thuyét, néu céc gia tri (g,,) va (d ) dugc xac dinh
thi PT9, PT10 va PT11 c6 thé duoc sir dung dé tinh U,
bang mdi quan hé giita Ar va Re .

£ 2 < < ~
3. Ket qua va ban luan

Phén trudc da gidi thiéu co so 1y thuyét va thao luan vé
cac dac tinh truyén nhiét trong 16p hat, bao gom cac hat kho
va khong khi néng, hudng téi BMTN tiép xtic v6i nhiét do
lam mat. Trong tim cua phan nay tip trung vao Gmg dung
thuc té cia co s& Iy thuyét nay dé tién hanh tinh toan trong
qua trinh sdy tang soi xung khi v6i dudong RS, cu thé 1a xac
djnh hé s trao déi'nhiét giita 16p hat siy va BMTN (o)
Két qua phan tich s6 li¢u thuc nghiém lién quan dén sy phan
b6 kich thudc ban dau cua hat duong RS sau qua trinh ly
tam lién tuc tai Nha may CASUCO (Can Tho) duoc thé
hién o bang 1.

Bang 1. Phan bé kich thwéc hat dwong tinh luyén tw nl]ién thu
dwoc sau qua trinh ly tam lién tuc cia Nha may CASUCO (Can Tho).

Miu 1 Miu 2 Miu 3
K‘iCh thu’é,c Ao 2 gA A 2 gA A 2 gA
sang (um) Khoilwgng Tyl¢  Khoilwong Tylé Khoilwong Ty l¢
© ) % (@ (%)
1500 0 0 0
1200 2,141 2,1 2,098 2,1 1,997 2
1000 20,572 20,5 21,201 21,2 18,105 18,1
800 63,944 64 62,199 62,2 63,004 63
600 11,646 1,6 11,51 11,5 13917 13,9
400 1,035 1 2,408 24 2,836 2,8
300 0 0 0 0 0 0
Téng 99,339 99,2 99,419 99,4 99,860 99,8

Lwu yv: K&t qua trén str dung can phan tich ctia Kern ADB 200-4 (Btrc)
véi thong sbé ky thuat trong lwong do téi da 220 g, d6 tuyén tinh +0,4
mg, sai s6 +0,0001 g, thoi gian 6n dinh 3,0 giay.

Bang 1 cho thiy, sy phan bd cta pham vi kich thugc hat
duong RS ty nhién trai dai tr 400 dén 1.200 um. Cac thong
s0 hinh hoc, nhiét vat 1y cua duong RS va khong khi nong
duogc trinh bay trong bang 2 [18-20].

Vi cac thong sd nay, hé sé trao di nhiét trong tang soi
xung khi doi véi duong RS dugce tinh toan nhu sau:
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Bang 2. Théng s6 khéng khi va vat ligu say.

Khéng khi Puong tinh luyén

Théng so Gid tri Thong s6 Gid tri

t,(°C) 80 d_(um) 892

p (kg/md) 0,994 B 0,488

p (kg/m.s) 2,096.10 p, (kg/m’) 1596,8

A (W/mK) 2,953.102 p, (kg/m?) 889

C, (kikgK) 1,008 ) 0,85
U, (m/s) 0,54

Dau tién, can kiém tra xem tiéu chuan Reynolds &
diéu kién héa soi téi thiéu c6 lén hon 12,5 va tiéu chuén
Archimedes c¢6 nho hon 26000, nhu di théo luan trong phan
2.5 hay khong. Thay thé cac gia tri duong kinh trung binh
cua hat RS (d_=892.10° m), ciu tinh cta hat RS (¢=0,85)
va cac thong so khong khi nong tir bang 2 vao phuong trinh
13 dé tim gia tri Ar:

6\3
0,994(1596,8—0,994)9,81(0,85.892.10 )

Ar = =
(2,096.107)

=15438,5

Thay gia tri ciia Ar=15438,5 vira duoc tim thiy trong
phuong trinh 16 dé xac dinh Re , tir nghiém cia phuong
trinh bac hai: 24,5Re;, +1650Re,, 15438 5=0. Két qua Ia,

Cong =56,12. Gia tri nay dap ung dleu kién [6] da néu trong
phan trudce.

Ngoai ra, c6 thé tinh Re . bang cach str dung mbi trong
quan thyc nghiém cua Baeyens va Geldart trong phuong
trinh 11 va phuong trinh 16.

pU,.d,$ 0,9940,54.889.10°.0,85
" 4, (2,096.107)

Re =19,35
Thay thé gid trj Re_ =19,35 dugc tim thdy tr phuong
trinh 11, ¢6 thé xac dinh dugc gia tri Ar tu phuong trinh 16:

Ar = 1650.19,35+24,5.19,35* =4110,85 -

So sanh véi cac didu kién duoc ap dung trong phuong
trinh tinh hé s6 trao doi nhiét tir 16p hat dén BMTN (o, )
cho cac hat duong RS thudc nhom B theo phan loai cua
Geldart nhu dugc trinh bay trong phuong trinh (1) va
phuong trinh (2), cac diéu kién Re  >12,5 va Ar 26000
dugc dap tng.

Két qua t1nh toan (Re ) va (Ar) thu dugc cho truong
hop tinh toan siy duong RS trong sdy tang so6i duong RS
véi kich thudc hat trong bang 1, duong kinh khoang 0,8 mm
(chiém 62% khéi lugng hat), cho phép tinh gid trj o, tlr

phuong trinh 3:
absmax — 35’ 8pp0,21g0,6¢dm-0,36 (3 ’)

@, =35,8.1596,8"20,02953",(0,85.892.10°) ¥ = 251,17 W/(m’K)

KHOA
&CONGHI\?GCI:-IE

67(7) 7.2025

s Khoa hoc Tu'nhién | Vat Iy; Khoa hoc Ky thuét va Cong nghé | Ky thuat vat ligu va luyén kim; Ky thuat thuc phé’m va do uéng

Ngoai ra, theo J.S.M. Botterill va cs (1982) [8], hé
s6 trao doi nhiét riéng c6 gia tri bang 70% hé s trao doi
nhiét t6i da (o). Vi vay, trong truong hop nay, gia tri
a, =0,7.251,17 = 175,82 W/(m’ K)-

Luu y: Cac thanh phan trao d6i nhiét d6i luu pha hat va
pha khi khong dugc tach ra, do do, trong truong hop tinh
toan cu thé, gia tri cua thanh phén (o, duoc dé cap o trén
thyc sy 1a thanh phan o, nhung khong c6 thanh phéan truyén
nhiét buc xa).

Ngoai ra, theo két qua phan loai kich thudc hat cua cac
hat dudong RS d¢é siy kho (bang 1), nguoi ta chi ra rang cac
hat co6 kich thudc lén hon 0,8 mm (thu¢c nhom D cua D.
Geldart (1972) [7D xap xi 24%. Do do, tlep tuc tinh toan
hé sb trao doi nhiét cho cac hat nhém D. Tuong ty nhu
tmong hop tinh toan cho cac hat nhém B ¢ trén, ching ta
tim thay céc gi tri ctia Re  va Ar, véi van toc hoa soi toi
thleu U,.=0,54 m/s, duong kmh hat trung binh d = 1,0 mm
va cau tlnh 9=0,85, chiing ta st dung (PT11), de tinh gid

tri cua Re .
. mg

0,994.0,54.889.107°.0,85

Re, =-1— " =2 221,76
< (2,096.10°)

Gia tri Ar dugc tinh tir phuong trinh 13:

0,994(1596,8—0,994)9,81(0,85.1,0.10'3)3
Ar = — =21752,5
(2,096.107°)

So sanh véi cac didu kién ap dung cho cac hat Nhom
D va 7theo tuong quan thuc nghiém . cua Zabrodsky,
c6 thé tinh dugc gia tri hé sO trao do6i nhiét cua pha hat
(0 ey ) theo phurong trlnh 4’, trong d6 cac gia tri cua duong
kinh trung binh (d ) va cau tinh ctia hat duong RS (¢) 12 1,0
mm va 0,85:

a, =0843 A2 /¢d,

Plrmax

)

0,843 (21752,5%1)(2,953.10%)
pemax 0,85(1,0.10%)

=131,01 W/(m* K)

Hé s trao d01 nhiét pha khi (a o) dugc tinh theo phuong
trinh 5” voi cau tinh 1 0,85 thi thu duge két qua nhu sau:

a, (¢d,)"* =0,86,4r"" (57
_ 0.86(2,953.107)(21752,5)""

- =41,65 W/(m>.K)
PR
(0,85(1,0.10 ))

gc

Do nhiét d6 khi va nhiét 6 hat thdp nén bo qua thanh
phan trao doi nhiét bure xa. Khi do, hé s6 trao doi nhiét ()
cho nhém D cua cac hat duong RS c6 gia tri trong phuong
trinh 1 la:

@, =a, +a, =131,01+41,65=172,66 W/(m* K)
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4. Két luan

Nghién ctru da st dung cac phuong trinh truyén nhiét co
ban duoc cong bd dé ap dung cho tinh toan truyén nhiét tir
16p hat nong kho sang bé mit trao ddi nhiét cua giai doan
lam mét ciia qua trinh sdy tang s6i xung dudong RS. Céc két
qua tinh toan mang lai nhimng két qua sau day:

Hé sb trao d6i nhiét giira tang so6i xung khi va bé mit
trao ddi nhiét cho cac hat duong RS c6 kich thude <0,8 mm
duogc tim thay 14 251,17 W/(m2.K).

Ddi véi cac hat duong RS ¢6 kich thude xép xi 1,0 mm,
hé sb trao d6i nhiét trong tang so6i xung khi giita 16p hat va
bé mat trao d6i nhiét c6 gia tri 172,66 W/(m2.K).

Hé sb trao ddi nhiét gilra cac hat hoa s61 xung khi va bé
mit trao d6i nhiét phu thudc nhiéu vao duong kinh hat.

Trong nghién ctru nay, thanh phan trao doi nhiét birc xa
dugc bo qua.
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Tong hop copolymer cau tric phan nhanh trén co s0'don vi dithienopyrrole
va triphenylamine bang phwong phdp ghép doi truc tiép trong diéu kién aerobic
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Tom tit:

Copolymer lién hop cAu tric phin nhanh duwa trén cic don vi monome dithienopyrrole va triphenylamine da dwoc
tong hop thanh cong véi trong lwgng phan tir khoang 6.242 g/mol va d9 da phan tan 1a 2,12 biang phwong phap triung
ngung ghép doi aryl truc tiép & diéu kién aerobic trong d6 sir dung dung méi dimethylformamide (DMF) tai 165°C
va sir dung hé xuc tac Pd(OAc), va axit pivalic trong moi trowong khong khi binh thwong. Copolymer phan nhanh
tong hop dwge phan tich cau tric héa hoc bang cac phwong phap phan tich pho bao gom: quang pho hong ngoai
bién d6i Fourier (FTIR), cong huwéng tir hat nhan proton ‘"HN MR). Khoi lwong phén tir ciia copolymer phian nhanh
dwoe xac dinh bang phwong phap do sac ky gel (GPC). Tinh chét quang hoc ciia copolymer phan nhanh dugc danh
gia qua phuong phap phéan tich pho tir ngoai - kha kién (UV-Vis) va pho phat huynh quang nham xac dinh gia trij
vung cam cuia copolymer. Ngoai ra, tinh toan ly thuyet ham méat d¢ (DFT) ciing dwoc ap dung nham nghién ciru mirc
nang lwong orbital va sy twong tac giira cac phan tir trong copolymer phan nhanh.

Tir khéa: cam bién huynh quang, copolymer, polymer din dién.

Chi s6 phén loai: 1.4,2.4,2.5

Synthesis of branched copolymer based on dithienopyrrole and triphenylamine units

by direct coupling method under aerobic conditions
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Abstract:

The hyperbranched conjugated copolymer based on dithienopyrrole (DTP) and triphenylamine (TPA) moieties
was successfully synthesised with an average molecular weight of 6242 g/mol and a polydispersity index of 2.12
via an aerobic direct arylation cross-coupling polycondensation using DMF as the solvent at 165°C and using the
Pd(OAc), and pivalic acid (PivOH) as a catalyst system in air. The obtained hyperbranched conjugated copolymer
has been characterised by its chemical structure via Fourier-transform infrared spectroscopy (FTIR) and proton
nuclear magnetic resonance ("H NMR). The average molecular weight of the hyperbranched conjugated copolymer
was estimated by the gel permeation chromatography method (GPC). The optical properties of the hyperbranched
conjugated copolymer have been evaluated via ultraviolet-visible spectroscopy (UV-Vis) and fluorescence spectroscopy
to identify the optical bandgap of the copolymers. In addition, the density functional theory (DFT) calculations were
also applied to study the orbital energy levels, molecular structure of the hyperbranched conjugated copolymer, as
well as the interaction between units in the copolymer.

Keywords: conductive polymer, copolymer, fluorescent sensor.

Classification numbers: 1.4,2.4, 2.5
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1. Gidi thiéu

Hién nay, van con hang tri¢u bai min rai rac khap noi
tai hon 60 quoc gia va ving lanh thd trén toan thé gioi
[1]. Cac chit nd chira cac hop chat ho nitroaromatic nhu
2,4, 6-trinitrotoluene (TNT), nitrobenzene (NB), axit picric
(PA)... Trong do, ¢6 PA - mdt loai axit hitu co manh, dugc
st dung dé lam thudc nd nhu cac hop chat nitroaromatic
khac (NACs - nitroaromatic compounds). N6 tham chi con
d& gay n6 hon ca TNT - loai chat n6 duoc dung nhiéu nhit
trong Thé chlen 1. Ngoai ra, v6i kha nang tan tot trong nudc,
PA gy ra mbi lo ngai v& 6 nhiém nudc ngam. N6 dugc
tmg dung rong rii trong nganh cong nghiép nhudém, ché
tao nhién liéu cho tén Itra cling nhu nganh duoc pham. Bén
canh nguy co gy nd, PA ciing dem lai mdi de doa 16n dbi
vé6i stic khoe cong dong, bao gdbm thiéu mau, gdy ung thu,
suy giam chirc ning gan thong qua qua trinh tiép xtc ngin
han cling nhu dai han [2].

Céc phuong phap phan tich khac nhau di dugc phat trién
dé phat hién cac hop chét nitroaromatic dua trén sac ky [3],
ampe ké [4], quang phd Raman ting cuong bé mait [5]...
Maéc du cac phuong phap nay c6 do nhay cao va gidi han
phat hién thip nhung lai yéu cau thiét bi dit tién, van hanh
phurc tap, thoi gian phan tich dai va tinh di dong kém. Cam
bién dua trén hién tuong dép tat huynh quang don gian hon
nhiéu. Do d6, thiét ké va tong hop cac vat liéu huynh quang
hitu co mé&i nham phat hién chét nd ho nitroaromatic nhan
duogc nhiéu sy quan tim [6]. Mot sé chat huynh quang hitu
co dd duge nghién ctru dé phat hién NACs bang phuong
phap dap tit huynh quang. Cac phan tir giau electron khac
nhau nhu benzo[k]fluoranthene [7], tris-imidazolium salt
[8] v61 nhom chirc anthracene da dugc bao cao la co kha
nang nhan biét PA mét cach chon loc. Ngoai ra, kha nang
phat hién pha hoi cia PA di thu duoc két qua véi PFMI-
NP, mgt dang polymer lién hop cAu tric nano [9]. Gén day,
cac phtrc hop boron dya trén imidazole c6 nhom chirc bac
ba da duoc bao cao co thé phat hién co chon loc PA [10].
Cam bién _huynh quang ¢ dang polymer rén ciing mang lai
két qua diy hitra hen trong diéu kién str dung hoi cua hop
chat nitrobenzen tuong tac voi vat liéu polymer ban dan
huynh quang dan dén giam kha nang dap tit huynh quang
cua polymer [11].

Céc polymer lién hop véi dic tinh tao mang tdt, dé ché
tao thong qua 16p phu quay cung déc tinh phat quang c6
thé t6i wu hoa cling dugce coi la vat liéu tién tién quan trong
trong nhimg ndm gan day vi tiém ning tng dung cua chung
trong linh vic cam bién, man hinh phat sang, té bao quang
dién... Polymer siéu phan nhanh, véi cau trac bat d6i xing,
c¢6 thé duoc coi 1a cau tric chuyén tiép cua dendrimer (cac
phan tir cdu trac dudi gai) va polymer mach thing. Chung
dat dugc cac wu diém nhu: d& téng hop, do hoa tan tdt, do
nhét thap, ciu trac ba chidu [12]. Do do, cac polymer siéu
phan nhanh duogc coi 1a san phdm phu hop cho ung dung
quy mé 16n. Nhu vay, polymer lién hop céu trac siéu phan
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nhanh, két hop dic tinh ban dan linh hoat véi cac dic tinh
doc dao cua cau tric siéu phan nhanh, c6 dugc kha nang
cho electron manh liét nho trang thai kich thich tai t6 hop,
tir d6 tao nén hiéu ing chudi phan tir, ting sy twong tac giira
polymer va chit phan tich, tr& thanh tng cir vién niang ky
cho mot loat img dyng cong ngh¢ cao nhur: didt phat quang
polymer (PLED), té bao quang dién polymer va dac biét la
cam bién huynh quang, phat hién chat nd ho nitroaromatic
[13].

Triphenylamine (TPA), do lién két don C—C c6 thé xoay
va cau tric khong gian ba chiéu lién hop giau electron
khong phing, cung xu hudng dinh vi dién tich cation tdt,
nén duoc coi 1a chit van chuyen electron hoan hao [14].
Dithieno[3,2-b:2",3'-d]pyrrole, véi cac don vi thiophene
giau electron dé cung cip cho chit phan tich. Ngoai ra, cdc
phan tu thiophene hoat dong nhu mot nhém lién két thuan
loi, lam gidm tré ngai khong gian gitta cac don vi cho va
nhéan dién tu, giup ting cuong sy dinh vi ctua cac dién tu
doc theo toan bo mach polymer lién hop. Do do, cac tac gia
tién hanh nghién ctru va phat trién copolymer lién hop cu
tric siéu phan nhanh mai dya trén DTP va TPA. Copolymer
tao thanh, véi tinh cht giau electron, s€ tao duoc tuong tac
manh mé v6i chat nhan ngheo electron, dat nén tang cho céac
cam bién phat hién NACs n6i chung va PA noi riéng.

2. Nguyén vat liéu va phuong phap nghién ciiu
2.1. Nguyén vit liéu

4-(2-ethylhexyl)-4H-dithieno[3,2-b:2°,3’-d]pyrrole (EH-
DTP) duoc tong hop sén, 1,3,5-Tris(4-bromophenyl)benzene
(TPA, 98%) c6 xuit xtr Fisher (M¥). Dimethylformamide
(DMF, 99%), tetrahydrofuran (THF; 99,5%), ethyl acetate
(EtOAc; 99%), toluene (99,5%), n-hexane (99,5%),
chloroform (CHCI3; 99,5%), methanol (99,8%), acetone
(99%) c6 xuét xir Fisher (My). Pd(OAc), (98%), P(2-
MeOCH,), (98%) co xuat xir AKSci (My); K,CO, (99%)
co xuét xu Acros (Bi).

2.2. Phwong phap nghién ciru

Phuong phap sic ky ban mong duoc dung dé dinh tinh,
xéc dinh s6 luong ciu tir trong mau phén tich. Sic ky thim
gel (GPC - Gel permeation chromatography) dugc dung
dé xac dinh khéi luong phan tir cta polymer. Trong lugng
phan tir ciia polymer dugc do bang may Polymer PL-GPC
50 cua Hang Polymerlab, may Polymer PL-GPC 50 c6 mot
dau do RI (Refractive index), su dung dung moi CHCI, véi
tbc d6 bom 1 ml/phut do & 25°C. Trong luong phan tu cua
polymer phan tich dugc so sanh vé6i chat chuan polystyrene.
NMR la mét phuong phap phén tich quang pho nhan biét
dugce ciu trac hod hoc cua _polymer. Pho cong huong tir hat
nhan 'H NMR duoc do bang may Bruker Avance AM500
NMR (burc) tai Phong Cong hudng tir hat nhan (NMR),
Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong nghé Viét
Nam, mau dugc hoa tan hoan toan trong dung méi can do
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(CDCL,) vei chat chuan tetramethylsilane (TMS) duoc do &
25°C, tan s6 500 MHz. Phé hong ngoai duoc do bang may
FT-IR Bruker Tensor 27 (Dtrc) tai Phong Thi nghi¢ém Trong
diém qudc gia Vat liéu Polymer va Composite. Mau dang
bot duoc tron véi KBr do véi tan sb quét 1a 256 scans voi
phén giai 4 cm™!, ving budc song khao sat 1a 400-4000 cm’!
& nhiét d6 phong. Pho tir ngoai kha kién dugc do bing may
Agilent 8453 UV-Vis, ph6 ctia mau polymer duogc ghi nhan
& dang dung dich c6 ndng d6 10° mol/I va dang mang phim.
Viéc phan tich dwoc tién hanh ¢ nhiét d6 phong (25°C), dai
song quét tir 190 dén 1100 nm. Quang phd huynh quang
(Photoluminescence) dugc do bang thiét bi do Cary Eclipse
(M%), phd clia miu polymer dugc ghi nhén ¢ dang dung
dich ¢6 ndong d6 10-° mol/l va dang phim ¢ nhiét do phong
(25°C), dai song quét tir 400 dén 900 nm.

2.3. Phdn urng to:ng hop polymer bdn din phin nhdnh
trén co so dithienopyrrole va triphenylamine (HCP(DTP-
TPA))

Diéu kién tong hop HCP(DTP-TPA) dugc tham khao va
t6i wu hoa dya trén nghién ciru vé tong hop polymer dua
trén N-perylene phenoxazine voi hiéu sudt phan ting 62%
trong thoi gian 24 gid [15-17]. Téng hop HCP(DTP-TPA)
theo con duong DATP & diéu kién aerobic. 2 monomer dugc
st dung véi ty 1€ EH-DTP : TPA = 2:1, phan ung duoc thuc
hién trong hé xuc tac Pd(OAc), (0,05 duong luong), P(2-
MeOCH,)3 (0,1 duong lugng) két hop v6i PivOH (1 duong
luorng) va sir dung base K,CO, v6i 20 duong luong dé tang
téc do phan tng, dung moi DMF 0 165°C, diéu kién aerobic
trong 3 gio. Chuan bi binh cdu 100 ml gin véi hé hoan luu,
thuc hién qua trinh hit chan khéng - kho binh - bom khi
N,. Cho lan luot cac chat sau vao: TPA (96,402 mg, 0,2
mmol), DTP (116,588 mg, 0,4 mmol), K,CO, (552,84 mg, 4
mmol), PivOH (20,43 mg, 0,2 mmol), Pd(OAc), (2,24 mg,
0,01 mmol), P(2-MeOCH,), (7,05 mg, 0,02 mmol) va 5 ml
dung mdi DMF. Hén hop du’oc dun hdi luu trong bé diu
6 165°C trong 3 gio. Khi da du thoi gian phdn ung, dung
gia nhiét va dé ngudi dén nhiét do phong. Hoa tan hdn hop
voi chloroform, sau do dem di tua trong methanol lanh, loc
chan khong va rtra phan rin qua cac dung mdi: methanol,
acetone, hexane. Cudi cung, sdy chan khong san pham trong
3 ngay, thu dugc chit rin mau nau.

3. Két qua va ban luan

Dudi didu kién aerobic va hé phan umg DATrP tir 2
monomer ban dau la dithienopyrrole va triphenylamine,
phan ng ghi nhan hién tuong d6i mau dung dich, qua trinh
d6i mau dién ra nhanh, chi sau mot khoang thoi gian ngan
khoang 10 phuat ké tir lc bat ddu phan ng, hé phan tmg tir
mau nau vang luc dau dan chuyén sang ndu dam. Sau céac
budce 1am sach va tinh ché, thu duoc 96,7 mg san phém mau
nau dat v6i higu suat dat 58,66%. So db tong hop copolymer
HCP(DTP-TPA) duoc trinh bay ¢ so do 1.
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So’ d6 1. Phan (rng tébng hop copolymer HCP(DTP-TPA).

Trong lugng phan tir ctia polymer duge danh gia bing
phuong phéap sic ky gel sir dung thiét bi PL-GPC 50. Mau
duoc chuan bi ¢ ndng do 1 g/l véi dung méi giai ly 1a THE,
tbc d6 bom 1 ml/phut ¢ 25°C, trong lugng phéan tir ciia
polymer phén tich dugc so sanh véi chat chuan polystyrene.
Két qua do sic ky gel dugc trinh bay ¢ hinh 1. Polymer
céu trac lién hop phan nhanh (HCP(DTP-TPA)) thu dugc
¢6 trong lugng phan tr 1a 6242 g/mol véi d§ da phan tan
(PDI) 1a 2,12.

M, = 2948 g.mol’!
M,, = 6242 g.mol’!
PDI=2.12

Cudng do thé (mV)

T T
400 500

Theoi gian lvu

T
300 600

Hinh 1. Gian dé phwong phap do sac ky gel ctia polymer HCP(DTP-
TPA).

Cac nhom chuce dac trung cia HCP(DTP-TPA) dugc xac
dinh qua phd FT-IR, mau dugc do & dang bot tron véi KBr, do
vé6i tan sd quét 1a 256 scans, do phan giai 4 cm™', vung budc
song khao sat tir 400-4000 cm™ & nhiét d phong (hinh 2).
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Ph FTIR ciia polymer HCP(DTP-TPA) ¢6 cac miii phd tai
vi tri 2856-2956 cm! dic trung cho dao dong mach nhanh
alkyl. Cac mili ph tai 1496-1595 cm! dic trung cho dao
dong lién két C=C trong vong aromatic. Cac miii pho tir
1264-1320 cm™ ddc trung cho dao dong C-N cia vong
pyrrole. Ngoai ra, cac miii phd tai 728 va 798 cm bicu
hién cho lién két C-S-C. Két qua do phd FT-IR cho thay, co
sy hién dién cua nhom chirc vong benzene, vong pyrrole,
vong thiophene va mach alkyl phu hop véi cac nhom chie
dic trung c6 trong phan tir. Tir két qua nay, nghién ctru tiép
tuc phan tich va xac dinh cau trac phan tir HCP(DTP-TPA)
thong qua phd 'H NMR.

&
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< 2926 47
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{C-H! Cldlf ol
""""" ? deformation
/ J
1513 1370 ____________________
Aromahc <
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1 1 PP I 1
3500 3000 2500 2000 1500 1000

Budrc séng (cm™)

Hinh 2. Phd hdng ngoai bién dbi Fourier ctia polymer HCP(DTP-
TPA).

Ph6 'H NMR ciia polymer dugc phan tich phu hop véi
ciu trac héa hoc cua polymer HCP(DTP-TPA). Do dich
chuyén cac miii phd ciing gia tri tich phan cta timg mii phd
pht hop véi s6 proton trong cong thirc cdu tao ciia polymer
HCP(DTP-TPA). Trong ph6 'H NMR ctia HCP(DTP-TPA),
mili phd “a” dic trung cho proton nam trén C thudc vong
benzene lién két tryuc tiép v6i C thude vong thiophene. Miii
phé “b” dic trung cho proton nam trén C & vi tri p thudce
vong th1ophene Miii phé “c” (6 =4,07 ppm) dac trung cho
proton nam trén C béc 2 (lién két truc tiép V0’1 N). Mili phé
“d” (8=1,98 ppm) dic trung cho proton nim trén C béc 3
cua mach nhanh alkyl. Miii phd “e” dic trung cho proton
nam trén C & vi tri ortho thudc vong benzene. Miii pho “f?
(6=7,55 ppm) dic trung cho proton nam trén C & vi tri meta
thudc vong benzene. Con lai 1a ving miii phé mach nhénh
alkyl group, trong d6 vung c6 gia tri tich phan 16,05 tuong
ing voi 8 nhom CH, ciia mach nhanh, ving c6 gia tri tich
phén 12,05 twong tng v6i 4 nhom CH, cu6i mach ctia mach
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nhanh. Ty 1¢ dong gép cua cac monomer trong HCP(DTP-
TPA) 1a 2:1, twong tmg voi ty 1¢ tich phén cua mii phA “c”
(8=4,07 ppm) va “f* (6=7,55 ppm). Két qua nay cho thay, ty
1¢ gitra 2 monomer la chinh xac so v6i thiét ké, , chimng to ca
2 monomer d lién két ding ¢ vi tri mong mudn, cling nhu
qué trinh polymer ghép d6i dugc thuc hién thanh cong trong
diéu kién aerobic. Phd 'H NMR ctia polymer HCP(DTP-
TPA) dugc trinh bay trong hinh 3.

CH, CH,

CDCLy

N h ¢ f \\_‘
/ \ i \ a @_ﬂ_/( \
m@‘l S .\H—

(CHy,C0

Alkyl group
|

55 50 45 40 35 30 25 20 15 10 05 00 -0

Do dich chuyén héa hoc (ppm)

65 60

Hinh 3. Phd cong hwéng tir hat nhan cua proton ctia polymer
HCP(DTP-TPA).

Tinh chit quang hoc cua polymer HCP(DTP-TPA)
dugc danh gia bang phuong phap UV-Vis trong cic dung
moéi khac nhau (ndng d6 khoang 10° M trong dung moi
CHCL,, hexane, toluene, THF va DMF). Ngoai ra, polymer
HCP(DTP TPA) duoc khao sat tinh hap thu UV-Vis dudi
dang mang phim (pha dung dich c6 nong do polymer la
3 gl trong dung méi CHCL,). Két qua phé UV-Vis cua
polymer HCP(DTP-TPA) dugc trinh bay trong hinh 4. Tu
phd UV-Vis, ¢6 thé thdy xuat hién ving hip thu rong tir 300
dén 600 nm, dugc cho 1a tir su chuyén dich ©-n* cua mach
lién hop. Hién tugng red-shift & dang dung dich la khong
16 rang khi thay ddi d6 phan cuc cua cac dung moi. Cuong
d6 hap thu I4n va ving hap thy cta copolymer & dang mang
phim cao hon cuong d6 va ving hip thu ciia copolymer
trong dung dich, nguyén nhan la khi 6 dang mang phim céac
phan tir polymer sip xép chat khit voi nhau hon va hiéu tmg
n-m stacking trong mach copolymer. Gia tri d rong vung
cdm (Eg) cua polymer HCP(DTP-TPA) duoc xac dinh 1a
2,38 eV.
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Hinh 4. Phé hép thu tir ngoai kha kién ctia polymer HCP(DTP-TPA).

Tinh chét huynh quang cua polymer dwoc phan tich bing
pho quang phat xa (PL - Photoluminescence spectroscopy) &
dang dung dich (ndng d6 10°M trong cac dung mdi CHCI,,
hexane, toluene, THF va DMF), dudi budc soéng quét
300-900 nm, budc song kich thich 1a 365 nm. Phd quang
phat xa cua polymer HCP(DTP-TPA) dugc trinh bay trén
hinh 5. Polymer phéat quang manh (xanh da quang) trong
dung moi THF > Toluene > DMF, dat dinh tai khoang budc
song 489 nm, ngoai ra con xuit hién ving dinh vai tai
khoang budc soéng 521 nm, dugc cho 1a anh huong cua ICT
va kha twong dong véi nhau trong cac dung dich. Nguoc
lai, kha nang phat quang trong dung m6i CHCI, va hexane
khong hi¢u qua.
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Hinh 5. Phd quang phat xa cia polymer HCP(DTP-TPA) & dang
dung dich.

‘ JHOAHOC _ [upyees

s Khoa hoc Tu nhién | Héa hoc; Khoa hoc Ky thuat va Céng nghé | Ky thuét héa hoc; Ky thuat vat liéu va luyén kim

Dé hiéu rd sy anh hudng ciia cau triac polymer dén tinh
chat quang cuia ching, tinh toan t6i wu hoa cu tric phan
tor HCP(DTP-TPA) duoc tién hanh thong qua phan mém
Gaussian, thyc hién tinh toan trén co s 1y thuyét ham mat
dd (density functional theory - DFT) véi ham B3LYP va
6-31G(d,p). Tdi uu hoa ciu triic phéan tir sir dung DFT gitip
udc tinh trudec mirc HOMO va LUMO cua céc copolymer,
du doan trudc cac goc lién dién gitta DTP va TPA, tor do
¢6 co so dé giai thich va so sanh véi cac két qua phan tich
thuce té.

N S,
@A) o

Hinh 6. Két qua tinh toan ly thuyét ham mat dd. (A) M6 hinh orbital
phan t&r & HOMO; (B) M8 hinh orbital phan t&r & LUMO; (C) Mé hinh
chuan hoa cau trac; (D) M6 hinh phan bo dién thé tinh dién bé mat.

Két qua hinh 6 cho thy, & trang thai HOMO, mat do
electron phan bd déu trén cac don vi DTP va TPA, sau khi
duoc kich thich 1én mic LUMO, céc electron dan chuyén
sang tap trung chu yéu trén cac don vi DTP. Bén canh do,
hinh 6D cho thdy dién thé tai cic don vi vong thiophene
(dac trung cho DTP) 1a cao hon, tir d6, c6 thé thiy rang ca
2 don vi DTP va TPA déu déng vai tro donor, trong d6 DTP
s& chiém uu thé hon trong vai trd truyén tai dién tir trong
mach polymer.

Goc lién dién gitta DTP va TPA 1a 24,48°, nhin vao hinh
6C co thé théy duoc su xodn nhe cia DTP, 1éch ra khoi
mat phfmg cua TPA. Tur @6, ta du doan dugc copolymer tao
thanh c6 céu trac khong phing, hiéu ng n-r stacking thap,
lam cho kha ning truyén tai dién tir lién phan tir khong duoc
t6t, nhung nguoc lai qua trinh phat trién mach s& it bi han
che.
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4. Két luan

Téng hop thanh cong polymer HCP(DTP-TPA) lién hop
phan nhanh cAu tric méi v6i hiéu suat dat duge gﬁn 60%
bang phuong phap DArP don gian va thoi gian phan tmg
nhanh trong 3 gid. Két qua do sic ky gel cho thy, qua trinh
téng hop ghép doi tao polymer thanh cong véi trong lugng
phan tir polymer dat 6200 g/mol. Két qua FT-IR, 'H-NMR
cho thiy, rang polymer téng hop cé cdu trac tir cac don vi
monomer va dd sach trén 99%. Ngoai ra, phan tich tinh chét
quang nho UV-Vis va PL, tinh chat dién héa CV cling cho
thiy tiém ning tmg dung ciia n6 trong OLED ciing nhu cam
bién ion va pin ning lwong mit trdi hiru co.

LO1 CAM ON

Nghién ctru ndy duoc tai trg boi Quy Phat trién Khoa hoc
va Cong nghé Qudc gia Viét Nam (NAFOSTED) theo dé
tai s6 104.02-2023.102. Céc tac gia xin chan thanh cam on.
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Nghién ctru kha néing loai bo bui min va vi khuan trong khong khi
bang thiét bi loc khong khi kiéu wot cai tién
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Tom tit:

Trong nghién ctru nay, khi ning loc bui min PM va vi khuén tir khong khi trén thiét bi loc khong khi kiéu wét cai
tién, bao gdm cac mé dun venturi dwgc bd sung cac diu cip 1ong dang phun swong, xyclon va 16i loc polypropylen
phii nano bac véi kich thuée mit loc 0,5 pm di dwoe khio sat t6i wu. Dung dich nano bac dwoc tong hop bing
phwong phap khir hoa hoc véi nong dd bac 1én téi 1006 ppm, kich thwéc hat nano bac khoang 10-25 nm. Cac théng
s6 diu vao bao gdm: s6 hrgng va vi tri cac diu phun swong trong dng venturi; nong do va kich thwéc bui min; nong
dd vi khuan anh hwong dén kha ning hoat dong ciia thiét bi da dwoc khio sat. Két qua thu dwoc cho thay, thiét bi
loc khong khi kiéu wét c6 kha ning loai bé bui min PM va tong vi khuin vé duéi mire cho phép ddi véi khong khi
sach. Thiét bi tao ra c6 kha ning ing dung xir Iy cic ngudn khong khi ¢é6 ham lwong bui min PM va vi khuin &
nhiém ¢ mirc cao.

Tir khéa: bui min, thiét bi loc khong khi kiéu wét, venturi, vi khuan, xyclon.

Chi sé phén logi: 1.4,2.4,2.7

Elimination of fine dust and airborne bacteria
using an improved wet-type air purifier
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Abstract:

In this study, the ability to filter fine particulate matter (PM) and bacteria from the air of an improved wet-type air
purifier, which incorporates a venturi module supplemented with mist spray nozzles, cyclone, and nano silver-coated
polypropylene filter media with a filtration pore size of 0.5 pm, was optimally investigated. A nano-silver solution was
synthesised using a chemical reduction method, achieving a silver concentration of up to 1006 ppm and nano-silver
particle sizes ranging from 10 to 25 nm. Key parameters such as the number and positioning of mist spray nozzles
in the venturi tube, concentration and size of fine dust particles, and bacterial concentration affecting the device’s
performance were thoroughly examined. The results obtained demonstrate that the wet-type air purifier device is
capable of removing fine PM dust and total bacteria to below the permissible levels for clean air. The resulting device
can exhibit potential applications in treating air sources with high levels of PM dust and bacterial pollution.

Keywords: bacteria, cyclone, fine dust, venturi, wet-type air purifier.
Classification numbers: 1.4,2.4, 2.7
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1. Dt van de

Cac tac nhan gdy 6 nhidm khong khi trong nha rat da dang
va phtrc tap, thuong dugc phan loai thanh ba loai chinh: bui min,
chét hitu co dé bay hoi va cac vi sinh vat gay hai nhw ndm mdc,
vi khuén va virus. Nhiéu nghién ctru di duoc tién hanh dé danh
gia kha nang xur ly cua cac cong nghé loc khong khi da dang doi
voi nhiing tic nhan gdy 6 nhiém nay, bao gdm cong nghé mang
loc, cong nghé mang loc két hop véi loc tinh dién, cong nghé
xiic tac quang, cong nghé plasma, cong nghé hap phu va cong
nghé loc bui u6t [1-7]. Véi sy da dang cia cac tac nhan 6 nhiém
khong khi, viéc sir dung mot cong nghé loc khong khi don 1€ c6
thé khong du. Mdi cong nghé déu ¢6 nhitng han ché riéng, vi du,
cong nghé mang loc khong kha nang loai bo chat hitu co bay hoi,
yéu cau thay thé mang loc dinh ky; cong nghé xic tac quang co
qua trinh xtr 1y chdm va c6 thé tao ra cac chit gy 6 nhiém phu;
cong nghé hip phu bang than hoat tinh khong thé loai bo cc hat
bui nho va phai thay than dinh ky; cong nghé plasma c6 chi phi
cao va khong thé phan hiy triét dé cac cht 6 nhiém [3-5, 8].

Trong céc cong nghé trén, cong nghé mang loc chu yéu dugc
str dung nhidu nhét & quy mé gia dinh va cong nghé loc bui u6t
duogc st dung chi yéu & quy md cong nghiép. Cong nghé mang
loc dugce su dung rong rai trong cac mdy loc khong khi quy mo
gia dinh. Tuy nhién, d6i voi moi truong khong khi ¢ ham luong
bui min cao, cong nghé nay khong phu hgp do nhanh chong gay
tic mang loc. Trong cong nghiép, thiét bi lam sach khong khi
kiéu w6t dd dugc ap dung rong rai, s dung nhiéu nguyén ly hoat
dong khac nhau. Mot trong s6 do 1a nguyén ly két hop thiét bi loc
khi kiéu uot - dang venturi truyen thong véi thiét bj tach long kiéu
xyclon truyén thong, phd bién trong cong nghiép dé loai bo bui
trong khong khi [9, 10]. Mac du phuong phap nay khong su dung
mang loc va co the ap dung ¢ nhing noi c6 ham luong bui cao
ma khong gap van dé tac nghén, nhung hiéu qua loai bo bui min
PM lai khong cao do cdu tric chua toi wu cta thiét bi & phan cung
cap 1ong str dung cac dau phun tia 1ong c6 kich thudc 16n, do do,
hiéu qua tiép xtc giira chit 1ong va bui trong khong khi con thap.

Pé cai thién hidu sudt loai bo 6 nhiém khong khi lién quan dén
bui mln va vi khuan, trong nghién ctru ndy, chiing toi da tién hanh
cai tlen thiét bi lam sach khong khi kiéu udt dua trén nguyén ly st
dung ong venturi truyén thong bang cach tich hop cac dau phun
long dang suong tai cac vi tri khéc nhau trén Ong venturi va sir
dung két hop 16i loc polypropylene 0,5 pm gin nano bac dé khir
khuan. Két qua 1a mot hé thong lam sach khong khi c6 kha ning
loai bo 6 nhiém bui min PM mét cach triét dé hon, dong thoi ciing
¢6 kha nang khir khuan, tao ra méi truong khong khi trong sach.

2. Nguyén vat liéu va phuong phap thuc nghiém
2.1. T 5ng hop dung dich nano bac

Hoéa chét st dung dé tong hop dung dich nano bac gom
c6: nudc cat, mudi bac AgNO, (PA, Shanghai Chemical Co,
Trung Qudc), chat 6n dinh PVP (Khdi lugng phén tir 400.000,
Sigma-Aldrich), chét khu NaBH, (Sigma-Aldrich), con tuyét
d6i (99,99%, Trung Québc).
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Quy trinh tong hop dung dich nano bac: Nho tir tir dung
dich A (0,8 g AgNO, hoa tan trong 50 ml H,0) vao dung dich
B (9,25 g PVP hoa tan trong 100 ml nude va 20 ml con) trong
dleu kién siéu am (may siéu 4m dau do, cong sudt 250 W, tn
s6 siéu am 20 khz) trong 30 phut, thu dugc dung dich C. Nho tur
tir dung dich khir D (0,37 g NaBH, hoa tan trong 330 ml H,0)
vao dung dich C & trén va tiép tuc siéu dm thém 5 phut. Dung
dich tao thanh duoc khudy trén méay khudy tir trong 30 phut (toc
d6 400 vong/phut) dé qua trinh khir bac ion tao thanh nano bac
dién ra hoan toan. Dung dich nano bac thu dugc c6 mau nau
dam va co néng d9 nano bac theo tinh toan 1a 1000 ppm.

2.2. Ché tao loi loc polypropylene gén nano bac

L&i loc polypropylene (PP) gin nano bac duoc ché tao tir
181 loc can polypropylene dugc sir dung trong cac may loc nudce
gia dinh, c6 kich thudc mat loc 13 0,5 micromet, chiéu cao 15
10 inches (xuat X{r tir may loc nu6c Aqua, Han Québc). Nano
bac dugc gan 1én 151 loc polypropylene bang cach bom tudn
hoan 1 lit dung dich nano bac da tong hop & trén qua cdc loc
chira 16i loc polypropylene, dén khi dung dich nano bac hoan
toan bj mat mau. Loi loc polypropylene da gén nano bac dugc
liy ra khoi cdc loc, dé rdo nudc tw nhién trong 24 gi va siy
kho & 80°C trong 24 gid. Nong d6 nano bac con lai trong dung
dich nano bac dugc phan tich theo cac khoang thoi gian 0, 15,
30 va 60 phtt bom tudn hoan dé xac dinh lugng nano bac da
dwoc gin 1én 151 loc PP.

2.3. Thi nghiém lgc khong khi

Cic théng s ky thudt chinh cia thiét bi loc khong khi kiéu
wot: Thiét bi loc khong khi kiéu udt duge thiet ké va cheé tao
vai cac thong so k¥ thudt chinh sau day:

Cong suat loc khi (thuc té): 50 m*/gio.

Quat hit gi6 cao ap: model CL40HS (Italia), cong suat cyc
dai 1,1 kW, tu dong dleu chinh ap suat va toc do thoi gio theo
muc do ton thit ap suét ciia hé thong (tir 0 dén 300 mbar).

Ton that ap suat cta thiét bj loc khong khi kiéu uét: 27,83
mbar.

Bom tang ap: Headon, HF-9200, Dai Loan (Trung Québc).
Diu phun suong: 6 béc phun swong s6 7 (TW8010).

Mé td cdu tao thiét bi loc khong khi kiéu wét: Thi nghiém
xu 1y bui min va vi khuén dugce thuc hién trén thiét bi loc khong
khi kiéu w6t trong hinh 1, cong suat 50 m*/gio, gom hai cum
xur ly chinh. Cum xur ly thir nhat 1a hop chira tim loc (10), gom
1 tim loc tho (101) va 1 16p loc than hoat tinh dé hip phu cic
chét hiru co d& bay hoi (VOCs). Kha nang xir Iy VOCs khong
duoc danh gia trong khuon kho nghién ciru nay.

Cum thir hai 13 mo-dun thiét bi venturi va xyclon ¢c6 chirc
ning giit lai bui va vi khuan tir khong khi, gdm hai phan chinh:
venturi va xyclon tach khi - 16ng. Hé thong phun suong dwoc
st dung dé tao ra chat long dang swong trong thiét bi, bao gdom
1 bom ting ap (3), 6 dau phun suong (6) dwoc bd tri & 6 vi



Khi ra

1

T =

F—.

T et
L

13

Loc bui min, vi khuan

101

w
- ———

Khi vao =mes 9 112

Khi vao =mes

Khi vao e

Hinh 1. Ban vé mo ta thiét bi loc khong khi kiéu wét. 1: Ong ndi
venturi va xyclon; 2: Quat hut gié cao ap; 3: Bom tang ap; 4: xyclon; 5:
Bé chira nuwdc tudn hoan; 6: Dau phun swong; 7: Léi loc polypropylene
gan nano bac; 8: V& may; 9: Hop chira tAm loc lién vé may; 10: Hop
chtra vat liéu loc/tAm loc; 101: Lwéi loc thd; 102: Than hoat tinh dang
hat; 11: B& phan nén thu venturi; 12: Ong that venturi; 13: Bd phan nén
mé venturi.

tri nhu hinh v€, ddm bao kha nang tiép xtic t6t nhat gira but,
vi khudn va khong khi trong mo-dun thiét bi venturi va 1 cde
loc chira 18i loc polypropylene (7) ¢6 kich thude mat loc 0,5
micromet gén vat liéu khir khuan nano bac. Céc bd phan dugc
két ndi voi nhau bang hé ong din chét long. Hé thong phun
suong két ndi véi thiét b loc khong khi kiéu u6t bang cach két
ndi bom tang ap (7) v6i bo phan chira chat long (5) va két ndi
cac dau phun swong (6) v6i thiét bi venturi. M6-dun thiét bi
xyclon tach bui udt co chirc ning tach 1ong va khi nhim thu lai
chit 1ong chira bui va vi khudn, dong thoi giai phong khi sach.

Quy trinh hoat déng cia thiét bi loc khong khi kiéu wot:
Khéng khi chira bui va vi khudn duogc dua vao thiét bi loc
khong khi kiéu w6t sir dung quat hat gié cao ap (2). Trude tién,
khong khi duoc qua ludi loc tho (101) va 1op vat li¢u than hoat
tinh (102) dugc bé tri gin voi bo phan chira (10) trén than vo
may dé loai bo cac di vat, cac loai soi bong, vai, [ong dong vat
¢6 kich thudc 16n va loai bo VOCs.

Khong khi chira bui va vi khuan sau khi loai bo VOCs tiép
tuc di vao mo-dun thiét bj venturi. Tai ddy bui min va vi khuan
s& tiép xuc va bi giir lai boi cac giot swong duoc tao ra tir hé
théng phun swong. Chat 1ong chira bui va vi khuén dugc tich
khoi dong khi & mo-dun thiét bi xyclon, cudn xudng dudi day
xyclon va vao bé chira chét long (5) bd tri bén dudi thiét b
venturi. Khong khi sach sau khi tich 16ng dwoc diy ra ngoai.

Bl}éng thir nghi¢ém c6 thé tich 1 m?, dugc luu thong khong
khi bang quat tron cong suat 0,6 m*/phut. Thiet bi loc khong
khi kiéu uot dugce dat trong budng. Cac bude hoat dong gom:
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(i) bat quat tron trong 5 phut, (ii) bat may bom phun swong, (iii)
bat quat hut cao ap. Quy trinh thi nghiém ddi chimg khong sir
dung may loc khong khi dugc thyc hi¢n twong tu nhu quy trinh
thi nghiém c6 st dung may loc khong khi, bé qua budc (ii).

Nghién cieu cdc yéu to anh huwong: Kha nang xi Iy bui min
PM va vi khuén cta thiét b loc khong khi kiéu w6t dugc toi uu
qua nghién clru cac yéu t6 anh huong gdm: (i) lugng long cung
cap vao thiét bi thong qua h¢ phun suong va vi tri cua cac dau
phun suong, (ii) nong do va kich thudc byi min va (iii) nong do
vi khuan trong khong khi.

Cac thi nghiém thay d6i lugng 1ong cung cép, vi tri cap long
qua cic dau phun suong duoc thuc hién bang cach su dung
diy du hodc co 1ap mot sé dau phun swong theo muc dich thi
nghiém. Cac thi nghiém khao sat néng d6 bui min va vi khuén
khac nhau dugc thuc hién bﬁng cach su dung khong khi thuc
ngoai troi va thyc hién ¢ cac thoi gian khac nhau. Thi nghiém
loc vi khuén theo thoi gian xu 1y khac nhau dugc thyc hién
doc 1ap (mdi thoi gian xir 1y 12 mot thi nghiém doc 1ap) trong
cung mot khoang thoi gian trong ngay (sang hodc chiéu), dam
bao ndng d6 vi khuén ban dau trong khong khi thay d6i khong
dang ké.

2.4. Cac phwong phap dic trung

Hinh théi va kich thudc hat nano bac dugc déc trung béng
phuong phap kinh hién vi dién tir quét (FE-SEM, thuc hién
trén may do Jeol JSM-7500F) va kinh hién vi dién tir truyén
qua (TEM, thuc hi¢n trén may do JEM 1010). N6ng do nano
bac trong dung dich dugc phan tich bang phuong phap quang
phd hap thu nguyén tir (AAS, thyc hién trén thiét bj Agilent
280Z AAS).

Tdc d6 loc khong khi bang may do toc do thoi khi TENMAR
TM-4001, bai Loan (Trung Quéc). Chi $6 bui min PM duoc
phan tich theo thoi gian thuc véi 3 loai bui min PMuy PM,,

bang may TSI 9306-V2, My. Nong d6 vi khuan trong
buong thir nghiém dugc phan tich theo phuong phap hut khong
khi (th1et bi liy méau khong khi Flora-100) day qua mang loc
da c6 san moi trrong nuoi cay (plate count agar). Thoi gian hit
mau 13 45 phit. SO lugng vi khuan trén mang loc dugc phin

tich bang phuong phap dém khuén lac.

)’ s A
3. Ket qua va ban luan

3.1 Igé't qua ché tao 16i loc polypropylene c6 kha ning
diét khuan

Két qua anh FE-SEM va anh TEM cua dung dich nano bac
str dung dé gin cac hat nano bac 1én 13i loc polypropylene dugc
thé hién trén hinh 2. Anh FE-SEM va TEM cho thdy sy ton tai
céac hat nano Ag kich thudc nano trung binh khoang 10-25 nm
va phén tan tuong ddi dong déu trong dung dich chira nano bac.

Mau xam cua 15i loc polypropylene 0,5 pm gin vat liéu
khu khudn nano bac trong hinh 3 cho thiy, nano bac da dwoc

gin lén trén bé mit cta vat liéu soi polypropylene. Ham luong
nano bac gin 1én 15 polypropylene dugc thé hién qua ndng do
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Hinh 2. Anh kinh hién vi dién t& quét va kinh hién vi dién tir truyén
qua ctia dung dich nano bac.

100 nm

bac trong dung dich ¢ thoi diém ban dau va sau cac khoang thoi
gian ciia qua trinh gan. Két qua bang 1 cho thy, nong do ban
dAu cua dung dich nano bac 1a 1006 ppm. Trong qua trinh ché
tao 161 loc polypropylene gin vat liéu khir khuan nano bac, him
lugng nano bac trong dung dich nano bac giam dan theo thoi
gian do nano bac dugc gin 1én 15i polypropylene nhd twong téc
gitta polypropylene va PVP (chit 6n dinh nano bac) [11]. Sau
30 phut, cac hat nano bac da gin gin nhu hoan toan 1én bé mat
cua 161 loc polypropylene, nong dé nano bac trong dung dich
chi con 0,074 ppm va giam khong dang ké (0,064 ppm) & 60
phut. Day co thé 1a ndng do cua ion bac tw do trong dung dich.
Két qua nay cho thdy, 30 phut 14 thoi gian t6i wu cho qua trinh
ché tao 15i loc polypropylene gén vat li¢u khir khuan nano bac.

Hinh 3. Li loc polypropylene 0,5 um trwéc (16i mau trang) va sau
(16i mau xam) gan vat liéu khir khuan nano bac.

Bang 1. Két qua phan tich ham lwong bac cia dung dich nano bac.

Thoi gian tudn hoan (phit) Nong dd bac (ppm)
Ban déu 1006,000

15 23,000

30 0,074

60 0,061

3.2. Két qui kho sdt khd ning xik Iy ciia thiét bj lpc khong
khi kiéu wot theo luu lwong long va vi tri dau phun swong

Théng s6 vé luu lugng long cdp dudi dang swong anh
huong nhiéu dén hiéu suit loc bui min cta thiét bi loc bui b%mg
phuong phap u6t sir dung cac thiét bi loc khong khi kiéu wot.
Trong nghién ctru nay so6 luong d4u phun suong (lién quan dén
luu lugng long cap vao) va vi tri dau phun swong trong mo-dun
thiét bi venturi dwoc khao sat.
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Két qua trong hinh 4 cho thdy, khi tang luu lugng cép long
bang cach sir dung s6 lwgng dau phun ting 1én, hiéu sut loc
bui min ting. Két qua tot nhat 1a trong trudng hop sir dung
ca 6 dau phun swong duoc thiét ké trong thiét bi venturi. Tuy
nhién, d6i véi viée st dung 3 dau phun canh (cac dau sb 2, 3,
6 trong hinh 5), hi¢u suét loc bui min khong tbt bé“mg s0 vOi
viéc str dung chi 2 dau phun & phan day venturi (cac dau sé 1,
2 trong hinh 5), mic du luu lugng 1ong cp khi sir dung 3 dau
phun canh dat 270 ml/phut, 16n hon so véi luu luong long cap
khi st dung 2 dau phun day, dat 225 ml/phat. Két qua nay cho
thay, khong chi luu luong cap 1ong c6 anh huong dén hiéu suat
loc bui ma vi tri ctia cac dau phun suong ciing dnh huong dén
hiéu suét loc bui.
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06 dau
(712 ml/phut)

—*—02 dau ddy, vitri 1,2 —=—03 dau canh, vitri 2,3,6
(225 ml/phut) (270 ml/phut)

Hinh 4. Két qua xtr ly bui min bang phwong phap wét theo sé
lwong dau phun swong.

5
=

Déu phun /
swong }

Hinh 5. Bé tri cac dau phun swong trén mé-dun thiét bi venturi.

Hai vi tri dau phun suong & day c6 wu diém tao ra suong
trong ving thé tich hinh nén thu trude khi di vao ng thit c6
duong kinh nho. Nho thé, cac hat suong tao ra c6 thoi gian tiép
xtic v6i dong khi mang bui nhiéu hon. Viéc thu nho kich thuge
tir ving non vao ving dng that gitp ting toc do ciia cac hat
swong, ting do hon loan va lam ting kha ning tiép XUc cla cac
hat swong véi bui min. Déi véi truong hop st dung 3 dau canh,
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vi tri dau phun suong ¢ vi tri 3 va 6 nam doc vé mot phia trong
6ng thit, dac biét la dau phun & vi tri 6 b tri & g:‘in dau ra cua
ng thét, do d6 cac hat swong tao ra & ving nay c6 thoi gian tiép
xtic ngan vai khong khi chira buyi va vi khuan, vi thé, ¢6 thé da
khong ho trg duoc thém dang ké hiéu qua xtr 1y bui cho cac dau
phun suwong ¢ vi tri 2 va 3.

Két qua xir 1y bui min trong truong hop chi st dung hai dau
phun swong & cac vi tri khac nhau trong thiét bi venturi ciing
cho thdy 15 két qua di bién luan & phan trén. Theo thong tin
trong hinh 6, do trd Iyc cta hé dng phun suong, theo chiéu cao,
cac cdp vi tri phun suong b tri & dudi day (dau phun suong ¢
vi tri 1 va 2) cho luu lwong 1ong cap vao 6ng that ciia mo-dun
thiét bi venturi 16n hon so véi cac cip ddu phun suong ¢ gilra
(dau phun swong 6 vi tri 3 va 4) va ¢ dinh (dau phun swong & vi
tri s0 5 va 6). Hon nira, cap phun suong ¢ vi tri ddy s& cho kha
ning tiép xtic va thoi gian tiép xtic suong va bui min cao hon
so v&i cap ¢ gitta va cap ¢ dinh cia mo-dun thiét bi venturi, dan
t6i kha nang xt I bui min khi st dung cip dau phun suong ¢ vi
tri day tot hon nhiéu so v6i cac cip phun swong & hai vi tri giita
va dinh cta dng thit venturi nhu quan st thay trong hinh 6.

140

Néng dd PM, (ug/m?)
bR

B O ® © N
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N
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[=]

o 5 10 15 20 25 30
Theoi gian (phuat)

2 dau phun dinh
(170 ml/phut)

—m—2 dau day
(225 ml/phut)

—<—2 dau phun giira

(188 ml/phut)
Hinh 6. Két qua xtr ly bui min bang phwong phap wét theo vi tri
dau phun swong.

Cac két qua nhan dwoc cho thay, ddi véi thiét b loc khong
khi kiéu uét st dung céc thiét bi venturi va xyclon tach bui
dugc bd tri v6i 6 dau phun suong nhu trong nghién ciru nay, s6
lugng dau phun swong 1a 6 dau bé tri doc theo phan day nén
thu va 6ng thit cua thiét bi venturi, cho kha nang loc bui min
PM cao nhét. Hiéu qua loc bui min cua thiét bi co thé duge cai
thién hon nita bang cach ting s6 lugng dau phun swong b tri &
dudi day non thu va ¢ doc than dng that. Chiing toi tiép tuc cac
thyc nghiém st dung hé 6 dau phun nay dé danh gia kha nang
loai bo vi khuan khong khi bang phuong phép udt.

3.3. Két qua khio sit khi ning xi Iy ciia thiét bi lpc
khong khi kiéu wot theo nong do bui min

Dé tim ra khoang n6ng d06 bui min phu hgp cho thiét bi loc
khong khi kiéu w6t st dung cac thiét bi venturi va xyclon tach
bui, céc thi nghiém véi cdc nong do bui min PM, , khac nhau
da duoc nghién ctru (hinh 7). Két qua thu dugc cho thay, nong
d6 bui min PM, ; cang cao thi thoi gian xu ly s& lau hon. Tuy
nhién, thoi g1an xir 1y cho cac nong do bui min PM,  ban du
khac nhau vé dudi mic yéu cau dbi voi khong khi sach (<35
ng/m?) 1 rt ngan, chi dudi 3 phut.
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Hinh 7. Két qua loc bui min PM, bang phwong phap wét str dung
cac thiét bi venturi va xyclon tach bui theo néng dé bui min.

3.4. Két qua khio sit khd nang xi Iy ciia thiét bj lpc
khong khi kiéu wot theo kich thwoc bui min

Theo 1y thuyét, kich thudc hat bui min PM cang 16n thi
kha ning loc s& cang d& dang. Két qué trong bang 2 ciing cho
thay nhan dinh nay. Déi v6i loai bui min PM, | (kich thuge 10
micromet va nhé hon), toc do xir 1y khi su dung hé loc bing
phuong phap uét sir dung céc thiét bi venturi va xyclon tach

Bang 2. Anh hwéng cta kich thwéc bui min dén két qua loc bui
min bang phwong phap wét stiv dung cac thiét bi venturi va xyclon
tach bui.

pladician Loai bui min Nﬁng LT

(phut) o Cé* Khong™
PM,, 152 96 55 42 -

0 PM, | 119 82 48 33 125
PM,, 70 51 26 19 -
PM,, 27 17 15 15 -

3 PM, | 22 15 12 13 125
PM, 16 9 8 9 -
PM,, 13 10 9 10 -

5 PM, | 12 9 8 9 124
PM,, 8 6 6 6 -
PM,, 10 9 10 9 =

10 PM, | 9 8 9 8 124
PM, 6 6 6 6 =
PM,, 9 9 9 9 -

15 PM, | 8 8 8 8 125
PM,, 6 6 6 6 =
PM,, 9 = = = -

20 PM, 8 = = = 124
PM, 6 = = = -
PM,, 9 = = = -

30 PM, 8 - = = 124
PM 6 = = = -

1.0

*: C6 st dung; **: Khdng st dung thiét bi loc khdng khi kiéu wét (khong
bat bom phun swong).
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bui déu cho tdc d6 giam 16n hon so véi toe do xi 1y cac loai bui
min nho hon (PM, ; va PM, ). Két qua cting cho thay, khong
chi ¢6 kha nang xu ly t6t bu1 min PM, 5 thiét bi loc khong khi
kiéu uot sir dung cdc thiét bi venturi va xyclon tach bui c6 thé
xir 1y tot d6i voi bui min c6 kich thude nho hon (PM, ). Day
1a mot két qua nghién ciru rat dang chi y cia thiét b 1oc khong
khi kiéu w6t bang phuong phéap st dung cac thiét bj venturi va
xyclon tach bui da dugc lya chon trong nghién ctru nay.

3.5. Két qua khdo sdt khd nang xik Iy vi khudn ciia thiét bj
loc khong khi kiéu wot theo nong dp vi khudn

Bang 3. Két qua loai bé vi khuan bang phwong phap wot.

Nong dd vi khuén (cfu/m?)

;n;lm gian Thi nghiom L Thi nghi¢gm  Thi nghi¢gm
phiit) p " Thinghigm2 iRt
0 1067 869 755 1171
30 232 189 200 1168
- 44 27 35 1173
o 3 5 2 1177

*: Khong st dung thiét bi loc khong khi kiéu waét (khong bat bom phun
swong).

Két qua xir 1y vi khuan theo ca 4 lan thi nghiém véi nong
d0 vi khuén khéc nhau trong bang 3 cho thay, sau 30 phut véi
nong do khuan khoang 700-1000 cfu/m?, nong d khuén trong
budng thir nghiém giam xudng rat nhanh, chi con khoang 20%.
Sau 90 phut, vi khuén da bi loai bo trén 99%. Vi khuan c6 nhiéu
hinh dang va kich thuéc khac nhau, nhin chung kich thuéc ndm
trong khoang 0,1-100 micromet tuy chung loai [12]. Day la ly
do tai sao thiét bi loc khong khi kiéu uét co thé loai bo dugc vi
khuén, tuong tu nhu loai bé bui min trong khong khi. Céc két
qua danh gia, khao sat cho thdy, thiét bi loc khong khi kiéu w6t
cai tién da ché tao dugc rat hidu qua trong vi¢c loai bd byi min
va céc loai vi khuan c6 trong khong khi. Day la két qua co tinh
méi so v6i cac nghién ciru da biét vé cac loai may loc khong
khi kiéu uét da biét khong sir dung mang loc dang c6 trén thi
truong trong nudc va trén thé gioi.

4. Két luan

Thiét bi loc khong khi kiéu udt cai tién sir dung cac dau
phun swong cip long da duoc khao sat kha ning xt 1y bui min
va vi khuén trong khong khi véi hiéu qua xtr Iy cao. 6 dau phun
suong gan trén mo-dun thiét bi venturi voi kha ning cap long
712 ml/phut cho thiy kha nang xt Iy bui tot nhat. Cac dau phun
suong bd tri & phia nén thu, phan day va phan giira cua ong
thét venturi cho hidu qua xtr 1y bui tot hon so v6i cac dau phun
suong & phan dinh ng that venturi do t&i wu thoi gian tiép xtc
khi - 16ng. Kha ning xtr 1y bui min cua thiét bj loc khong khi
kiéu udt cai tién khong phy thude vao ndng do bui min va co
kha nang xur Iy bui min co6 kich thudc siéu nho (PM, ). Khong
nhimng thé, thiét bi loc khong khi kiéu udt ¢ kha nang xu Iy
vi khuén trong khong khi rat hiéu qua, c6 kha ning loai bo vi
khuén 1én téi 80% tong vi khudn sau 30 phut va loai bo gan nhur

HOAHOC ISR

hoan toan trong 90 phut. Kha nang loai bo ca bui min siéu nho
PM, , va vi khuén 1 dc diém dang cht ¥ cua thiét bi loc khong
khi kiéu udt cai tién trong nghién ctru nay so voi cac thiét bi loc
khong khi kiéu uot da biét.
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Dinh giA hign trang nui trong, toe do sinh trudng, ham hwong
va chét lwong carrageenan rong sun Kappaphycus alvarezii (Doty) ¢ Viet Nam
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1Vién Nghién ciru Hdi san, 224 Lé Lai, phirong Ngé Quyén, TP Hai Phong, Viét Nam
*Vién Hai dwong hoc, 1 Cau Dd, phwong Nha Trang, tinh Khanh Hoa, Viét Nam

Ngay nhan bai 19/3/2024; ngay chuyén phan bién 21/3/2024; ngay nhan phan bién 14/4/2024; ngay chip nhan ding 19/4/2024
Tom tat:

Nghe trong rong sun Kappaphycus alvarezii dang phai déi mat voi nhiéu vin de thye tién 1am suy glam dién tich,
nguon giong va san luong. Khio sat nam 2021-2022 cho thay, dién tich nudi trong rong sun dang din bi thu hep,
con khoang 345 ha. Tong san lwgng rong sun vi vay glam di dang ke, véi khoang 700 tin kho/nam Nguyen nhén suy
giam c6 thé den tir sur thiéu quy hoach, tir chét lwgng glong va diu ra thwong pham thiéu 6n dinh. Két qua nghién
ciru cho thay, toc do sinh trwéng rong sun twong dbi on dinh, trung binh dao dong tir 3,43+0,36 dén 3,67+0,42%/
ngay. Ham lwong carrageenan dao dong tir 41,56+2,25 dén 45,42+2,10% (khoi lrgng rong khd sach), sirc dong dao
dong tir 556,67+£25,17 dén 591,00+40,10 g/cm? va d9 nhat dao dong tir 93,10+17,06 dén 96, 00+25,51 cP. Theo nghlen
ciru nay, ham luwgng va chét lwgng rong sun hién tai kha tét, hoan toan dap rng tiéu chuan quoc gia vé yeu cau ky
thuéat dm véi carrageenan dung trong phu gia thuc pham Nghién ciru nay dong thoi cung cap thong tin vé hlen trang
nudi trong, san lwgng rong sun nhirng nam gan day, tao co sé khoa hoc dé danh gia va thiét 1ap quy hoach tong thé
nghé nudi trong rong sun tai Vit Nam.

Tir khéa: carrageenan, ham lwgng, hién trang trong, rong sun Kappaphycus alvarezii.

Chi s6 phén logi: 1.6, 4.6

Evaluating the cultivation status, growth rate, carrageenan content
and quality of Kappaphycus alvarezii (Doty) in Vietnam
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Abstract:

Kappaphycus alvarezii farming in Vietnam is currently facing several practical challenges that have led to a decrease
in area, seed availability, and output. The 2021-2022 survey shows that the area dedicated to farming has gradually
diminished to approximately 345 hectares. The total production has also significantly decreased to around 700 dry
tons per year. The cause of the decrease in farming area can be attributed to the lack of comprehensive planning,
poor quality of seaweed seeds, and insufficient stability in commercial output. Research findings indicate that the
growth rate of K. alvarezii remains relatively stable, with an average range of 3.434+0.36 to 3.67+0.42% per day.
The carrageenan content ranges from 41.56+2.25 to 45.42+2.10% (based on the weight of clean and dry seaweed),
while the gel strength ranges from 556.67+25.17 to 591.00+40.10 g/cm?, and viscosity ranges from 93.10+17.06 to
96.00+25.51 cP. The research indicated that the carrageenan content and quality of K. alvarezii fully comply with
national standards for technical requirements of carrageenan used in food additives. This study also provided an
overview of the current status of K. alvarezii farming and production in recent years, offering a scientific foundation
for evaluating and establishing a comprehensive master plan in Vietnam.

Keywords: carrageenan, content, cultivation status, Kappaphycus alvarezii.

Classification numbers: 1.6, 4.6
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1. Dat van de

Rong sun co tén khoa hoc la Kappaphycus alvarezii (Doty)
Doty ex P.C. Silva, thugc nganh rong dé (Rhodophyta), c6 ham
lugng k-carrageenan cao dugc s dung lam nguyén liéu chinh
trong cong nghiép thuc pham my pham, dugc pham va phan
bon hitu co. Rong sun ¢6 toc d9 sinh truong, phat trién nhanh,
sinh khdi co thé ting gap doi trong vong 15-30 ngay [1]. Thoi
gian thu hoach c6 thé dao dong tir 6 dén 12 tuan, tuy thudc
vao diéu kién nudi trong. Tuy nhién, thong thuong sau 8 tudn,
rong sun c6 thé dat chi s6 t6i uu cao nhat vé chit luong (ning
suat sinh khdi va carrageenan ciing nhu do bén cua gel) cho
thu hoach [2]. Hién nay, nhu ciu vé nguyén liéu thd va cac
san pham ché bién carrageenan dang ting cao, thuc ddy qua
trinh cong nghiép va thuong mai hoa loai rong bién nay. Ngoai
gia tri vé kinh té, rong sun con ¢6 tac dung 16n trong viée hap
thu cac yéu t6 dinh dudng, kim loai ning va cac yéu t6 gy 0
nhiém trong méi truong nudc bién. Nuoi trong rong sun ven
bién khong chi mang lai gia tri kinh té ma con gop phan cai
thién dang ké moi truong.

Trong nghién ciru nay, khai niém rong sun dugc dung dé chi
loai rong sun Kappaphycus alvarezii & Viét Nam.

Hé thong phén loai rong sun, theo M.D. Guiry va cs (2024) [3]

Nganh: Rhodophyta, Wettstein
Lop: Florideophyceae, Cronquist
Bo: Gigartinales, F. Schmitz
Ho: Solieriaceae, J. Agardh
Chi: Kappaphycus, Doty
Loai: Kappaphycus alvarezii (Doty) Doty
ex P.C. Silva, 1996
Tén trude day: Eucheuma alvarezii (Doty, 1985)
Tén thuong mai: Eucheuma cottonii hay Cottonii
Tén Vi¢t Nam: Rong sun

Hinh 1. Loai rong sun Kappaphycus alvarezii trong phd bién &
mién cac tinh mién Trung, Viét Nam. (A) Rong dwoc s dung dé
nhan giéng sinh dwéng, (B) Rong dwoc nudi badng phuong phap day
treo phao ndi trén bién.

O Viét Nam, rong sun dugc di nhp tir Philippines nhiing
nam 1993 vé trong tai mot sd tinh ven bién mién Trung
(hinh 1) [4]. Rong c6 cdu tric tan véi than hinh try tron hodc
hoi det va c6 nhiéu nhanh. Rong tron bong, phan nhanh tir gc
va phan chia cac nhanh phuy thanh byi. Rong tho, gion nhu sun,
hoi déo, moc diing, khoang céch gitta cdc doan phan nhanh tur
4 dén 10 cm. Mau sic rong bién doi nhanh chong va phu thudc
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nhiéu vao diéu kién moi truong. Than rong thudng c6 mau nau,
d6 hoac xanh phu thudc vao moéi truong sinh thai va didu kién
viing trong [5]. Rong c¢6 kha ning thich nghi tot véi diéu kién
khi hau ¢ Viét Nam va hién da tré thanh mdt trong nhiing d6i
twong nudi thuy san chu lyc, tao sinh ké bén vimg cho ba con
ngu dan nghéo ven bién trong nhiéu thap nién qua. Viing trong
rong tap trung 16n nhat 1a cac tinh ven bién mién Trung nhu
Ninh Thuén, Khanh Hoa va Pht Yén (cti) [6]. Tuy nhién, do
su bién dong cua céc yéu té moi truong, phat tr1en kinh té, xa
hoi, kéo theo su @6 thi hoa nén dién tich nubi trong ven bién
ngay cang bi thu hep. Poi song dan sinh di 1én, két hop véi su
kho khan tir nghé 1a nguyén nhan lam suy giam dién tich nuoi
tréng rong sun.

Trén thuc té Viét Nam hién cé khodng 10.000 ha mat nudc
¢6 thé phat trién thanh ving trong rong bién trong dlem lam
nguyén liéu phuc vu san Xuat cong nghiép. Nghé trong rong
sun thyc sy ¢6 tiém nang phat trién thanh mot nghé san Xuat
hang hoa 16n mang lai gia tri loi nhuan cao boi nhu cau tiéu
thy trong nudc va thé giéi ngay mot tang, san luong san Xuét
ra c6 thé hoan toan dugc thu nhan néu déap ung duoc tiéu chuin
nguyén liéu. Tuy nhién, nghé tréng rong sun trong nudc chua
thuc sy dugc quan tdm diing muac va chua thé phat trién xung
tam. Hau hét cac ving trong hién nay déu do ho ca thé va ty
phat. Gid tri cdy rong sun chua dugc dinh mirc mét cach hop
1y, quy hoach phat trlen nghé trong rong chua c6 hé thong va
dong bo. Dlen tich tréng rong sun hién nay ¢ Viét Nam con
kha khiém t6n. Tong dién tich udc tinh khoang 560 ha [6]. Bén
canh d6, nang sut san luong théap, dat 2-3 tan kho/ha [6]. Boi
Vay, rong sun thuong pham phuc vu san xuat trong nudc con
rat thiéu, khong du nhu cau tiéu thu néi dia. Hau hét cac cong
ty san xuét san pham tir carrageenan trong nudc déu phai nhap
khau rong nguyén liéu tir cac nudce khac trong khu vue. Nghién
ctru ndy dugc tién hanh nham danh gia hién trang trong va cung
cap dit liéu vé toe do sinh truong, ham lugng va chét luong cay
rong sun ¢ Viét Nam giai doan gan day. Tur do, dua ra khuyén
nghi nham phat trién nghé nudi rong sun mot cach bai ban, co
hé thong va dua cdy rong sun tré thanh mot trong nhitng do1
tugng thuy san chu lyc, khong chi phuc vu nhu cau san Xuét
trong nudc ma con phuc vu xudt khau.

2, Phuang phap nghién cifu

2.1. Phwong phdp danh gid hi¢n trang nudi trong va khai
thdac rong sun

Dé nghién ctru hién trang nudi trong va khai thac rong sun
o vung Viét Nam, phuong phdp danh gia nhanh c6 sy tham gia
ctia nguoi dan (Participatory Rural Assessment, PRA) duogc sur
dung dé thu thap thong tin, dir liu. Diéu tra, thu mau duoc thuc
hién béng cach chon lwa ngdu nhién va thu thap thong tin theo
phiéu diéu tra da thiét ké sdn theo ndi dung nghién ciru.

Piéu tra thu thip dit liéu thir cdp:

Do sb liéu thong ké vé hién trang nudi trong va khai thac
rong sun (K. alvarezii) chua dong b va day du, déc biét giai
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doan gan ddy dang c6 nhitng thay doi dang ké trong nghé trong
rong bién (2014 nay). Dé nim duoc buc tranh tong thé vé hién
trang nuoi trong va khai thac rong sun can thu thap dir liéu thur
cap tai cac vung trong ven bién. Thong tin vé dién tich, hién
trang trong va khai thac rong sun dugc tham khéo tir cac Chi
cuc Thuy san, cac bao céo, bai bao, dit liéu khoa hoc va bao cao
tong két dé tai nghién ciru.
Diéu tra thu thdp dir liéu so ccfp:

Diéu tra dit liéu so cap dugc tién hanh qua 2 dot khao sat
thuc té, vao thang 12 nam 2021 va thang 12 nam 2022 tai mot
s0 viing trong rong sun tap trung nhu Ghénh Réng (Binh Dinh
cii), ddm Cu Méng (Phii Yén cii), vinh Véan Phong va Cam
Ranh (Khanh Hoa cii), My Hiép, Khanh Hoi, Ca Na va Son
Hai (Ninh Thuén cii). Tai mdi ving khéo sat, thong tin vé rong
sun dugc phong van truc tiép thong qua b cau hoi diéu tra.
Théng tin thu thap bao gdm: ngudn gidng, hién trang trong va
khai thac san lugng, phuong thire thu hoach, so ché, bao quan,
cach thirc quan 1y va dinh huéng phat trién nghé rong sun tai
dia phuong. Ddi tugng phong van duoc bat dau tir ngudi trong
rong dén nguoi thu mua va doanh nghiép ché bién, thuong mai
rong sun. Phiéu diéu tra dugc thiét 1ap va tién hanh phong van
so bd dé diéu chinh cho phu hop trude khi thyc hién.

2.2. Phuwong phdp dinh gid toc dp sinh truwéng va chit
lwong rong bién

Banh gid toc dg sinh truong:

Thi nghiém trong rong dugc thiét ké nham danh gia toc
d6 sinh truéng, ham luong va chit luong rong sun tai ba ving
tréng la Van Phong, Cam Ranh (Khanh Hoa cii) va Khanh Hoi
(Ninh Thuén ct), tir thang 3 dén thang 4/2021. Rong duoc nuobi
trong trong cac 16ng luéi theo phuong phép gian treo phao ndi
dé han ché hao hut do séng gi6 va ca an rong. Long ludi dang
hinh hop ¢ cac canh day 1 1,5 m va chiéu cao 0,8 m lam bang
lu6i tAm véi mat luéi 1 cm. Mdi dia diém thi nghiém dwoc
bd tri lap lai 3 1an (3 16ng ludi) vai tong s6 90 khom rong (30
khom/lfmg ludi, c6 danh sé thr tu ddu cudi nhdm phuc vu cho
viéc thu s6 liéu). Chon moi khom rong co trong luwong ban dau
100 g tuoi. Cac khom rong bude noi tiép nhau vao diy rong
(@=2 mm) bang nilon mém. Khoang cach budc cac khom rong
vao day rong binh quan 20 cm. Cac day rong budc song song
nhau trong 6 16ng ludi, khoang cach cic day rong la 30 cm.
Gitr cac day rong cach mat nudc khoang 30 cm béng phao xop
binh ky 9 ngay mot lan can khéi luong timg bui rong sun dé
danh gia toc do sinh trudng.

Tdc 6 sinh truong vé khdi luong (L%/ngay) ciia rong sun
tai cac thi nghiém dugc tinh theo cong thirc ciia C.A. Penniman
va cs (1986) [7]:

L=[(W /W )"-1]x100
trong do: L 1a toc do tang trudng vé khoi lugng (%/ngay); W 1a

kh01 lugng rong ban dau (g); W, la khéi lugng rong sau t ngay
trong (g); t 1a thot gian nuoi trong (ngay).
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Phdn tich ham luong carrageenan:

Ham lugng va chit lugng carrageenan ctia rong sun dugc
phén tich vao cudi chu ky nudi dé tranh hao hut rong thi
nghiém. Khi thi nghiém két thic, rong dugc thu hoach, phoi
kho va tién hanh cho phan tich. Phuong phép xac dinh ham
luong carrageenan cua rong sun tuan theo mo ta cua S. Istini
va cs (1994) [8]. Cu thé: rong sun tuoi sau khi thu, dugc rua
sach bang nudc bién nham loai bo bun, san cat, cac loai rong
tap va sinh vat bam, 10i dem phoi kho. Rong khé dugc rira sach
va ngdm rira nuéc ngot nhiéu lan dé loai bo hét mudi va dem
séy ¢ nhiét 6 60°C dén khi dat khi lugng khong doi. Lay 20 g
rong sach mubi xtr Iy trong dung dich KOH 6%, theo ty 1¢ rong
so voi dung dich KOH 1a 1/20, ¢ nhiét d 80°C trong 3 gio.
Tlep theo, trung hoa bang axit H,S0, 5% trong vong 30 phut.
Cudi cung, rira sach rong bang nudc may nhleu lan cho dén
mbi trudng trung tinh. Rong xir Iy ¢ trén dugc ndu chiét trong
nude cat theo ty 18 rong chiét so voi nude ct 1a 1/50 ¢ nhiét do
95-100°C. Thoi gian nau chiét khoang 1-1,5 gio dén khi rong
nat va tién hanh loc léy dich. Dich chiét dugce cd dic béng cach
khudy bay hoi trén ndi cach thiy dén 1/2 thé tich ban dau. Pua
vao dich chiét da ¢6 dic con ethanol 96% véi ty 1¢ dich chiét:
c¢dn = 1:3 va khudy dinh ky. Tua carrageenan duoc tich ra bang
ly tim va sdy kho. Carrageenan kho dugc can, tinh ham luong
carrageenan trong rong sun theo ty 1é rong sach mudi.

Panh gid chdt lwgng carrageenan:

Chat lugng carrageenan cta rong sun duoc phan tich tuan
theo TCVN 10372:2014 [9]. Cu thé, mAu rong sun tuoi cudi thi
nghiém duoc tién hanh do strc dong bang cach st dung dung
dich 1,5% carrageenan trong nugc cat ¢6 bd sung 0,2% KCI, &
ngudng nhiét do ¢ 20°C. Do nhdt duoc do bﬁng cach st dung
dung dich 1,5% carrageenan trong nudc cat, & ngudng nhiét do
75°C. D¢ nhét va sic dong déu dugce tién hanh do bang may
RheoMeter, Model CR-500DX, Sun Scientific Co. Ltd. (Nhat
Ban).

2.3. Phwong phdp phan tich va xi¢ 1y sé liéu

Céc s6 liéu thu thép dugc tinh todn cac gia tri trung binh,
d6 léch chuan bang phan mém Microsoft Excel 2013, so sanh
su khac biét gitra cac nghiém thirc theo phuong phap phan tich
ANOVA mot nhan t6 véi phép thir Duncan bang phin mém
thong ké SPSS 22.0 ¢ mtc ¥ nghia (p<0,05).

3. Kétqua

3.1. Hi¢n trang trong va khai thic rong sun ¢ Viét Nam

Hién trang trong rong sun ¢ Viét Nam:

Két qua diéu tra hién trang trong rong sun trong nim 2021-
2022 tai cac tinh ven bién mién Trung cho thay dién tich va san
lugng dang giam di mot cach r6 rét. Rong sun hién tai chi con
trong tap trung tai vung ven bién Van Phong, Khanh Hoa cii

va viing bién ho tai cac xa ven bién: Ca Na, Khanh Hoi, Phude
Dién, Son Hai, tinh Ninh Thuén cii. Mot sb vung trong khac
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nhu Ghénh Rang (Binh Dinh cii), Ci Mong (Phu Yén cii) hay
Cam Ranh (Khanh Hoa cii) hién khong con canh tac. Mot s6
nguyén nhan chinh dan dén sy suy giam dién tich trong duoc
cho 1a thiéu ngudn cung tmg rong gidng chit luong, gia ca thi
truong dau ra rong thwong pham thap va thiéu on dinh, dugc
mua thi mat gia, lam giam dong luc theo dudi nghé ctia ngudi
dan. Bén canh do, sy phat trién nhanh cua cc nganh nghé kinh
té khac ciing kéo theo ngudn nhan lyc cta nghé rong bién. Sy
phat trién kinh té va du lich ciing lam giam déng ké dién tich
nudi trong rong ven bién.

Nhirg nam 1996-1997, rong sun dugc di trong thir nghi¢m
& mién Bic (Hai Phong va Quang Ninh) nhung hiéu qua khong
cao nén chua dugc nhan rong [10]. Nam 2020-2022, rong sun
duoc du nhap tréng tai khu vuc ddo Phét Co, huyén Van Pon,
tinh Quang Ninh. Mic du, dién tich trong con han ché nhung két
qué cho thay rong sun thich nghi va cho tiém nang phat trién tt
tai khu vyc nay. Két qua thyc nghiém tir Vién Nghién ctru Hai
san cho théy, rong sun dugc tréng thanh cong tai khu vyc ddo
Phét Co, huyén Van Dén, tinh Quang Ninh bang m hinh 1ong
lu6i két hop gian phao ndi HDPE. Rong thich nghi va cho tc
@0 phat trién tt nhat khi thoi tiét mat me, thuong tir thang 9
dén thang 12 va thang 3 dén thang 5 hang ndm. Than rong phat
trién 16n, tao thanh céc tan dai véi nhiéu nhanh nho phét sinh,
tdc do sinh truong trung binh 1én téi 5-7%/ngay, ning suat udc
tinh dat 20- 30 tén rong tuoi/ha cho mdt mua vu 3-5 thang. Khi
rong phat trién tot nhét, trong lugng co the gip d6i chi sau 20-
30 ngay nu01 trong. Tuy nhién, vio miia ning néng (cu01 thang
5 dén cudi thang 8) hodc mua lanh (cudi thang 12 dén thang 2),
rong kho phat trién va c¢6 thé chét hang loat.

Tai c4c tinh ven bién mién Trung, rong sun thich nghi tt
va duoc san xuit on dinh theo mua vu. Hiéu sut san luong thu
duoc héng nam c6 su bién dong phu thude nhiéu vao diéu kién
thoi tiét, moi truong nudi va chat luong ngudn gidng ban diu.
Rong sun co thé tréng duoc ¢ hiu hét cac thuy vuc ven bién,
dim ph4, viing vinh va ca cac dao ndi, noi co do sau 0,5-10 m.
Rong sun duoc trong pho bién theo phuorng phap day treo phao
ndi tai cac ving ven bién hoic tai cic ao dam dé g1u gibng (két
hop nudi thuong pham). Mua vu trong rong bién phu thudc
nhiéu vao vi tri dia ly va dac trung khi hau cta khu vuc. Tai
khu vyc vinh Véan Phong, tinh Khanh Hoa cii noi c6 dia hinh
vung, vinh kin, rong bién dugc luu giit va phat trién quanh
nam. Tuy nhién, miia mat (thang 10-4 nam sau) van thich hop
nhat dé trong va thu hoach rong sun, cac thang con lai trong
rong Bip st va rong sun gai dugc trong phd bién hon. Tai tinh
Ninh Thuan cii, rong sun dugc chia thanh hai mua tréng 10 rét.
Tai vung Tu Thién, Son Hai, Khanh Nhon noi c6 nudc troi va
mua gi6 trudng, rong sun duoc trong chinh vao thang 5-9 hing
nadm. Trong khi do, tai cac vung khac nhu Ca N4, Khanh Hoi,
Phudc Dién, rong thuong duge trong vao thang 10 dén thang
4 nam sau tai nhitng noi it chiu tic dong truc tiép cta song va
gi6 mua Dong Bic.
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Dig¢n tich va hinh thirc nudi trong rong sun:

Theo két qua thong ké so b, dién tich tiém ning cho trong
rong bién khu vuc ven bién Van Don (Quang Ninh) udc tinh
1én t6i 100 ha véi khoang 23 ho dan nudi trong thiy san ¢6
thé tién hanh trong rong. Nam 2022, khu vyc ven dao Phat Co
dang c6 khoang 2-3 ha do Hop tac xa Phat Co két hop véi Cong
ty C6 phan nhya Super Truong Phat trién khai thyc hién va co
khoang 8-10 ha phia ngoai ddo tinh tir bo do cac ho dan trién
khai nu6i tw phat. Cac h¢ gia dinh nu6i rong chu yéu két hop
v6i nudi hau trén gian phao ndi HDPE. Néu quy trinh nuéi 6n
dinh, tiém ning phat trién mo hinh rong thuong pham tai khu
vue nay la rat 1on (hinh 2).

Hinh 2. Rong sun dwoc trong bing 2 phwong phap. (A) phuong
phap gian phao ndi HDPE tai Van Bén, Quang Ninh, (B) phuong phap
day treo phao ndi khu viee Ca Na, Thuan Nam, Ninh Thuan.

Theo théng ké cua D.D. Thu va cs (2014) [4], téng dién tich
tréng rong sun tai cac tinh ven bién Viét Nam chi con khoéang
560 ha, cac vung trong 16n (>100 ha) gom c6 vinh Van Phong,
Cam Ranh (Khanh Hoa cil) va Son Hai (Ninh Thuén cii). Trong
d6 ving trong ¢6 dién tich 16n nhat voi khoang 200 ha tai vinh
Van Phong va Cam Ranh véi khoang 120 ha (Khanh Hoa cii).
Cac ving nudi khac c6 dién tich bé hon, nhur Song Céu, Phi Yén
hay Khanh Hoi, chi khoang 10-30 ha. Tuy nhién, theo 50 liéu
thuc t& diéu tra hién trang nudi trong rong sun trong hai nam
2021-2022 cho théy, hién tai ving trong rong sun dang bj thu
hep, viing trong 16n nhat con duy tri ¢ hai khu vic chinh Ia cac
xd ven bién tinh Ninh Thuén cii (Phude Diém, Ca N4, Son Hai,
Khanh Hoi va My Hiép) va khu vuc vinh Van Phong (Khanh
Hoa cii). Trong d6, khu vuc Van Phong c6 sy dan xen cta cac
loai rong sun, rong sun gai (Kappaphycus denticulatum) va rong
bap st (Kappaphycus striatus) theo mua vy thich hop. Loai rong
sun (K. alvarezii) chi dugc trong tir thang 10 dén thang 4 nim
sau va chiém khoang 90% san lugng ving trong. Tir thang 4



dén thang 9 chu yéu trong rong bap sii va rong sun gai, rong sun
chi dugc trong mot luong it (chiém 2-3% dién tich) véi muc
dich giir giong. Cac diém con lai nhu Ghénh Rang (Binh Binh),
Song Cau (Phu Yén) hay Cam Ranh (Khanh Hoa) hién khong
con nudi trong rong sun. Ba con ndng dén tai cac khu vuc nay
chuyén sang cac md hinh kinh té khac c6 thu nhap t5t hon. Mot
s6 ba con chuyén qua d4nh bét thity san xa bo, thu mua hai san
va mot s hién khong con lam nghé thuy san.

Theo khao sat, téng dién tich nudi tréng sun tai cac tinh
mién Trung dang bi thu hep, udc tinh chi con khodng 345 ha
trong nhiing nam gin day va khoang 70% san lugng rong sun
tap trung cha yéu tai ving ven bién Ninh Thuan (bang 1). Do
o, san lugng rong sun nudi trong thu duoc thap, chu yéu phuc
vu nhu céu thi truong trong nuge. Rong sun khé duogce thu mua
va cung cap nguyén liéu cho cac co s¢ ché bién mut, keo mém
va nudc udng tir rong bién tai Ninh Thuan va TP H Chi Minh.
Bang 1. Dién tich trédng rong sun (K. alvarezii) wéc tinh tai Viét

Nam theo cac nghién ctru va theo khao sat thyc té trong nim
2021-2022.

Dia phirong Vl;mg nudi Dién tich trong  Dién tich trong  Dién tich trong  Di¢n tich tréng
trong 2003 (ha)* 2006 (ha)** 2014 (ha)***  2021-2022 (ha)
QuingNinh ~ Van Don 10
i Hon Vin Phong 135 200 130
Cam Ranh 300 160 120
My Higp 350 100 4 45
Khénh Hoi 80 30 15
Ninh Thudn  Son Hai 290 100 75
E};uﬁ: Diém & 140 @ -
PhiYén  Song Ciu 100 100 10
BinhDinh  Ghénh Réng 5
Binh Thuin ~ Tuy Phong 110
Kién Giang ~ Phit Qude 30 10
Téng cong 780 1130 560 345

* H.Q. Nang (2004) [11]; **H.Q. Nang va cs (2007) [4], ***D.D. Thu va
cs (2014) [6].

Hién nay, chua c6 doanh nghiép truc tiép thu mua rong sun,
giao dich chu yéu thong qua cac thuong lai nén gia rong sun
kho6 thuong bién dong nhiéu. Nam dwgc mua thi gia giam va
nam mat mua LRV thé tang cao. Gi4 thanh nguyén li¢u rong
sun kho con thap, dao dong 35.000-45.000 dong/kg. Véi gia
thanh nay, mot mua vy nguoi nong dan thu hoach chi khoang
60-80 triéu dong/ha, thap hon nhiéu so véi viéc canh tac cac
loai rong va thuy san khac. Diéu nay anh hudng 16n dén hiéu
qua kinh té va tinh canh tranh trong san Xuét va trong rong sun.
Dién tich va san lugng trong vi vay khong 0 on dinh, ba con it
canh tac, dan dén dién tich va san lugng rong sun giam.

San lwong rong sun sau thu hoach:

Két qua diéu tra cho thay, san lugng rong sun nguyén li¢u thu
hoach tai c4c tinh ven bién mién Trung vao khodng 700 tan rong
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nguyén lidu kho (twong dwong khoang 56.000 tin rong twoi) trong
nhiing ndm 2021-2022 (bang 2). Theo do, cac tinh nhu Binh Dinh,
Phu Yén cil, hién khong ghi nhan nuoi tréng rong sun. Tai khu vuc
Cam Ranh (Khanh Hoa cii), voi dién tich khoang 120 ha da khong
con hoat dong, cac hd nuoi rong chuyen sang khai thac hai sdn va
nubi mot sb doi tuong c6 gia tri kinh té khac. San lugng rong sun
thu hoach dugc chu yéu dén tir cac ho nudi trong thudc vinh Van
Phong, huyén Van Ninh, tinh Khanh Hoa cii (khoang 210 tan kho)
va céc xd ven bién Ninh Thuan (khoang 490 tin kho). Khu virc
phia Bic, cu thé 1a ving tréng rong sun quanh déo Phit Co, Véan
Pon méi chi bude dau trién khai duoc hai mua vy, béi vy, san
lugng rong thu hoach chua dang ké véi khoang 2,1 tin rong kho
(twong duong 20-25 tan rong twoi).

Bang 2. Téng san lwong wéc tinh rong sun (K. alvarezii) tai Viét
Nam theo theo cac nghién ctru va theo khao sat thwc té trong ndm
2021-2022.

N e Nuintian i
Nam 2003 1200 H.Q. Nang (2004) [11]
Nim 2006 1500 2,035 2500 H.Q. Nang va cs (2007) [4]
Nim 2014 23 1200 D.D. Thu vi cs (2014) [6]
Nam 2021-2022 23 700 6 lidu khdo sit

Phutong thire thu hoach, so' ché va bdo qudn:

Thoi gian trong va thu hoach rong sun lién quan nhiéu dén
mua vy, ving trong va toc do sinh truong. Trung binh thoi gian
thu hoach rong sun khoang sau 60 ngay. Nguoi dan thuong thu
hoach vao ngay thoi tiét tot, ning nhiéu, khong mua. Rong ¢6
thé duoc tién hanh thu tia (thu timg phan) hoac thu hoan toan
phu thudc vao nhu cau cia nguoi trong rong. Rong thu hoach
duoc rira sach cac chat bam ban bang nudc bién, sau d6 loai
bo rong tap va céc tap chét khac trude khi tién hanh phoi kho.
Rong dugc thu trén cac thuyén thing, van chuyén vao by va
phoi trén cac bat nhya, phoi trén gian tre, gian ludi hodc phoi
ngay trén san xi mang, san gach. Ba con ngu dan phoi rong
bang phuong phap truyén thong, chi yéu bang anh nang mét
troi. Phuong phép don gian, d& thyc hién va c6 thé tién hanh &
moi noi. g day cua 16p rong phoi thuong <10 cm, rong dugc
trai déu, khéng von va dugc dao déu trong qua trinh phoi. Thoi
gian phoi rong tot nang thi 3 ngay, yéu nang thi 4 ngay. Trong
qué trinh phoi thuong tré mit rong 1-2 lan/ngay. Sau mot ngay
phoi, rong ngot di va duoc don lai dé 1ay dién tich tréng cho
luot phoi rong cta ngay hom sau.

Khi phoi rong khong dugc phoi qua day, thuong khoang
5-10 cm va thuong tré mit rong dé rong kho déu. Trong
qué trinh phoi rong, thuong han ché nudc mua hay nudc
ngot. Ban dém, ngudi dan thuong don thanh déng va phu
bat dé che suong, che mua. Sau khoang 3 ning, rong kho
va xuét hién mot 16p mudi trang trén bé mit than rong. Sau
do, g& bo cac ddy budce, rac, giii sach cat, mudi rdi cho vao
bao dong thanh tung kién. Rong kho, duoc thu va cho vao
bao tai, dé noi thoang mat, ké trén ké gd cach nén nha, cich
tuong 20 cm dé tranh am mdc (hinh 3).

a4
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Hinh 3. Phwong thirc thu hoach va phei rong sun trén gian lwéi tai
khu vre nudi ven bién: (A) Khanh Hoi, Ninh Thuan va tai bé ndi khu
vuc (B) dao Phat Co, Van Bén, Quang Ninh.

3.2. Toc d@é sinh truwong, ham lwong va chit lwong
carrageenan

Toc do sinh trucng:

Dé danh gia toc do sinh trudng rong sun, cc thi nghiém
dugc thiét 1ap tai ba viing nudi trong diém Van Phong, Cam
Ranh (Khanh Hoa) va Khanh Héi (Ninh Thuén). Téc d6 sinh
truong duge theo ddi voi chu ky 9 ngay mot lan duogc tién
hanh thong qua cach do vé khdi lugng cta rong sun tai cac
dia diém thi nghiém (bang 3). Két qua nghién ctru cho thiy,
tdc d6 tang truong trung binh cta rong sun dugc nudi trong
tai ba vung thi nghiém khong co nhiéu khéc biét, bién dong
cung xu thé va dat ngudng trung binh 16n hon 3%/ngay.
Téc do sinh trudong cao nhat dat duge & tuan thir hai (ngay
thtr 10-18), dat ngudng 4,30+0,46 dén 4,71+0,52%/ngay
va thip nhat ¢ tuan tht bay (ngay thir 37-45), dat ngudng
2,42+0,24 dén 2,67+0,21%/ngay & ca ba ving nghién ctru.
Su phét trién cuia rong theo timg chu ky quan sat 1a khac biét
va c6 su bién dong 1o rét. Tbc d6 sinh trudng cla rong sun
tai cac diém nghién ctru Van Phong, Cam Ranh va Khanh
Hoi déu co xu hudng ting manh & giai doan hai tuan dau
(sau 18 ngay) khi rong bat dau duoc nu6i trong tai cac vi tri
tién hanh thi nghiém. Tuy nhién, & cu01 chu ky nudi (ngay
thir 28-36) rong c¢6 xu hudng binh 6n va bat dau phat trién
cham lai. Pac biét, sau 5 chu ky theo doi (ngay thi 37-45),
rong cho téc do sinh truong thap nhat véi mirc trung binh
dat muc 2,42+0,24 dén 2,67+0,21%/ngay.

Bang 3. Téc dd sinh trwéng (%/ngay) tinh bing khéi lwgng theo
thei gian nudi trong (mean+SD) tai cac dia diém tién hanh thi
nghiém.

Dia diém Van Phong Cam Ranh  Khanh Hoi

Thoi gian

Ngay 1-9 2,97°+0,25 3,28%+£0,33 3,15°+0,17
Ngay 10-18 4,30°+0,46 4,71°40,52  4,49°+0,44
Ngay 19-27 4,18+0,45 4,2640,58  4,14*+0,39
Ngay 28-36 3,29°+0,41 3,58°£0,34  3,42°+0,27
Ngay 37-45 2,42°+0,24 2,54°+0,33 2,67°+0,21
Trung binh 3,43+0,36 3,67+0,42 3,57+0,30

*: Cac chi¥ cai khac nhau (a, b, c) trén cung mot cot thé hién sw
khac biét théng ké véi phép ther Duncan (véi p<0,05).
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Khi méi di nhap vé Viét Nam, rong sun dugc tréng tai
khu vuc nudce sau Son Hai, Ninh Phudc, Ninh Thuén, ving
nudc nong Pam Nai, Ninh Hai, Ninh Thuan va vung nudc
ndéng ven Pam Thay Triéu thugc cac xa Cam Nghia, Cam
Phuic, Cam Ranh, Khanh Hoa. Téc d¢ ting trudng ctia rong
sun dao dong 7-9%/ngay vao thang 6 va dao dong 5-6%/
ngdy vao thang 1-7, nhung giam xudng dudi 4%/ngay vao
thang 8 (mua nong) [12]. Téc do ting trudng ciing dugc
ghi nhan voi 6,1%/ngay theo két qua ghi nhan khi di trong
rong sun tai mot s tinh mién Trung nhirng nam sau do va
1én t&i 8%/ngay trong mo hinh trong rong sun K. alvarezii
luan canh trong ao, dia nuoi tom ven bién tai khu vuc nay
[13, 14].

Tuy nhién, ghi nhan thoi gian gan day cho thiy toc do
sinh trudng rong sun nudi trong ty nhién tai ving ven bién
mién Trung c6 xu thé suy giam, dat 2,47%/ngay tai khu vuc
dam Bay, Nha Trang, Khanh Hoa cii v6i ba dot trong thang
2-5/2012, thang 6-8 va thang 9-11/2012 [15]. Téc do sinh
trudng rong sun tai vung ven bién hé thén Khanh Hoi, xa
Tri Hai, huyén Ninh Hai, tinh Ninh Thuén cii, binh quan chi
dat 2,13+0,34%/ngay [16] trong thoi gian trong tir thang
11/2010 dén thang 04/2011 va dao dong 3-6,2%/ngay tai
céc tinh ven bién Ninh Thudn, Khanh Hoa cii trong thoi gian
thi nghiém tir thang 4 dén thang 5 nam 2014 (hinh 4) [6].

Hinh 4. Thi nghiém danh gia téc doé tang trwéng, ham lwong va
chét lwong rong sun tai viing ven bién mién Trung, Viét Nam. (A)
Thiét ké 16ng lwi, (B) Budc day treo rong theo tirng 6 16ng thi nghiém;
(C), (D) Nudi tha va theo ddi sinh trwdng rong sun.

Téc d6 sinh truong trung binh ciia rong sun trong nghién
clru nay thap hon nhiéu so voi giai doan dau di nhap rong
sun vé trong tai Viét Nam. Tuy nhién, toc do sinh trudng
trung binh c6 phan nhinh hon mét s6 nghién ciru trong giai
doan gan day. Sy khac biét nay dén tir phuong phép tién
hanh thi nghiém. Rong sun trong thi nghiém dugc bd tri
trong 0 léng ludi dé han ché sy x4m hai tir cac ddi tuong
dong vat an rong. Boi vay, két qua nay hoan toan twong



thich v&i nghién ctru trudce déy, khi tién hanh nudi rong sun
béng 0 16ng lu6i, han ché duoc sy xAm hai tir cac lodi ¢4 an
rong tai khu vic vinh Cam Ranh (Khanh Hoa cii). Theo két
quéa nghién ctru trude do, tbe do sinh trudong rong sun tbt
nhat, dat dugc 3,25%/ngay voi 16ng lué6i 6 kich thude mét
ludi 2a=5cm. Téc do sinh truong nay cao hon han so voi
rong sun trong khong qua 6 16ng ludi, chi dat 2,57%/ngay
[17]. Két qua nay ciing trong dong v4i nghién ciru thiét
1ap mé hinh trong rong sun tai khu vuc dao Pha Quy (Binh
Thuén cil), v6i toe d6 tang truong dat 3,74+0,19 [18]. Didu
nay cho thdy, rong sun trong cho tdc do sinh truong tot va
6n dinh hon nhiéu néu han ché dugc tac dong tir dich hai.

Ham luong va chat lwong carrageenan:

Ham luong va chit luong carrageenan duoc xem 1a
tiéu chi quan trong dé danh gia chat lugng rong sun. Trong
nghién cuu nay, ham luong (tinh theo % rong kho sach),
suc dong (g/cm?) va d6 nhdt (cP) duoc phan tich dé danh
gi4 chat luong rong trong thuong pham Két qua phan tich
cho thdy, viing trong c6 anh hudng dén ham luong nhung
khong anh hudng dén chét lugong carrageenan. Cu thé, ham
luong carrageenan (tinh theo % khdi lugng rong kho sach),
dao dong tir41,56+2,25% (tai Cam Ranh) dén 45,42+2.10%
(Khanh Hoéi) (bang 4). Tuy nhién, sy sai khac vé ham luong
carrageenan la khong qué 16n gitta cadc vung thi nghiém.
Bang 4. Ham lwong va chéat lwgng carrageenan rong sun thwong
pham tai mét sé vung nghién ctru.

Dia diém Ham luong (%/w rong kho sach)  Sirc dong (g/cm?) D§ nhét (cP)
Vin Phong 43,27%+1,94 576,67+35,12 91,10417,06
Cam Ranh 41,562,25 591,00%+40,10 95,67+12,66
Khanh Hoi 454242,10 556,67+25,17 97,07425,51

*: Cac chlr cai khac nhau (a, b) trén cung mét cot thé hién sw
khac biét théng ké véi phép thér Duncan (v&i p<0,05).

Ham lugng carrageenan rong sun trong nghién clru nay
co gia tri tuong duwong vdi ham lugng carrageenan cua rong
sun tr@)ng tai Khanh Hoa thoi gian dau di nhap, 40,2-51,9%
trong lugng kho sach va hoan toan tuong dong véi ham luong
carrageenan thu dugc trong nghién ctru tdi wu hiéu sudt tich
chiét carrageenan rong sun tréng tai Ninh Thuan cii, dat
48,31% trong lugng rong kho sach hay twong dong véi ham
lugng carrageenan clia rong sun trong tai ving bién ho thon
Khanh Hdi, xa Tri Hai, huyén Ninh Hai, tinh Ninh Thuan cii,
dat 42,18-44,95% trong luong kho sach [12, 16, 19].

So véi mot sb nghién ciru vé ham luong carrageenan rong
sun tai Viét Nam, két qua nghién clru ndy ndm trong ngudng
dao dong 30-46% trong luong rong kho sach [13]. Tuy nhién,
két qua nghién ciru nay co phan thap hon khi so sanh véi nghién
cuu ve carrageenan rong sun tai Khanh Hoa va Ninh Thuén
cli, giai doan thang 4-5, nam 2014, ham lugng trung binh cua
carrageenan, dao dong 51-56% trong lugng rong kho sach [20].
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Chiét lugng carrageenan thu dugc thé hién thong qua stc
dong va do nhét. Chat lugng carrageenan trong nghién ciru nay
¢6 su bién dong so vdi cac nghién clru trude day, cu thé strc
dong dao dong tir dén 556,67+25,17 dén 591,00+ 40,10 g/cm?
va do nhdt dao dong tur 91,10+£17,06 dén 97,07+25,66 cP theo
cac diém thi nghiém (bang 5). Sy sai khac vé chat lugng va do
nhdt cla carrageenan trong nghién cru nay so vdi cac nghién
ctru khéc c6 thé dén tir phuong phép tién hanh do va cach thirc
phan tich mau.

Nhin chung, ham lugng va chét lugng carrageenan cua rong
sun trong nghién ciru nay kha tot, dam bao theo tiéu chuan
qubc gia vé carrageenan ding trong phu gla thuc pham voi
ham lugng cho phép dao dong 15-40% khdi lugng chét kho,
chét lugng carrageenan khong nho hon 300 g/cm? va do nhét
khong nho hon 5 cP, theo TCVN 10372:2014 [9].

4. Mot s thuan loi va kho khén ciia ngheé trong rong sun tai
\iét Nam

Nghé nudi trong rong sun ¢ Viét Nam 1 nghé c6 trién vong
kinh té boi nhu cau ngay cang tang cac san pham tir rong bién
nhu thuc pham duoc phdm, my pham va _phan bon hiru co.
Nghe nuoi trong rong sun thuong it phai diu tu, ky thuat don
gian nhung can nhiéu cong cham soc. San lugng rong sun kho
nhiéu ndm dat ngudng cao, mang lai gia tri kinh té va co hoi
viée lam cho ba con nong dan va thic day su phat trién kinh
té dia phuong. Viéc nudi trong rong bién con déng gop vai trd
quan trong trong viéc bao v¢ va cai tao moi truong nudc o cac
viing nudi trong thity san, dic biét trong bdi canh 6 nhiém moi
truong va bién dbi khi hau ngay cang gia ting. Trén thuc té, tir
khi di nhap vao Viét Nam, rong sun (K. alvarezii) da tao nén
mot nghé mai, gitp ba con ngu dan ving ven bién Ninh Thuan
va Khanh Hoa va mot s6 dia phuong 1an can c6 dugc sinh ké
bén vimg va thoat nghéo.

Nhitng niam gan day, nudi trong rong sun hién dang gip
nhiéu kho khin véi cac tac dong tir bién doi khi hau va 6 nhidm
mbi trudng, tir suy thoai ngudn rong gidng dén thiéu 6n dinh
gia ca thi truong. Diéu kién thoi tiét bat loi, cac sinh vét dich
hai nhu c4 tap an rong, bao gio, nudc 1i co thé cudn troi hodc
lam dut gdy, gop phan lam san luong rong thuong pham bi hao
hut mot cach nghiém trong. Thoi tiét ning nong bat thudng
kéo dai va nhiét do cao lam rong kém sinh trudng, teo than,
tan lui va c6 thé chét tréng. O nhiém moi truong tao diéu kién
cho bénh rong phat trién, rong bam, rong ky sinh va bénh nhiin
than. Bén canh do, phuong thirc canh tac truyén thong bing
cach nhéan g10ng sinh dudng lién tuc gop phan lam suy giam
nang suét va téc do sinh truong cia cdy rong sun. Nhiéu mua
vu, nang sudt udc tinh chi dat 7-10 tin rong kho/ha sau thoi
gian trong 6 thang. Gia rong sun thuong pham thip va phu
thudc nhiéu vao viée thu mua cia thuong l4i ciing 1a mot trong
nhimng nguyén nhan lam cho viéc cung tmg, san xuat rong sun
bi thu hep. Cac hd nudi trong rong bién thuong xuyén roi vao
tinh trang duoc mua thi mat gia, dan dén ngudi dan nudi trong
rong bién khong dugc dam bao hiéu qua kinh té. Nhiéu gia dinh
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tham chi chiu thua 15 hodc khong ¢6 vén dé tiép tuc dau tw, phai
tim kiém cong viéc khac dé muu sinh hodc chuyén doi sang cac
doi tugng khac c6 gia tri kinh té cao hon.

5. Két luan

Rong sun 1a d6i tuong thuy san giau tiém ning trong phat
trién kinh té, x0a d6i giam nghéo cho néng dan céc tinh ven
bién. Hién nay, nghé trong rong sun hién dang bi suy giam
manh ca vé dién tich 14n san lugng. Bén canh sy tac dong cta
6 nhiém moi truong va bién d6i khi hau, ngudn gidng di nhap
theo thoi gian dan bi thoai hoa, dan toi toc do sinh truong va
san luong thu hoach ngay cang thap Piu vao va diu ra san
pham thiéu On dinh. Nguoi dan hau hét canh tac tu phat va c6
thé bi thua 15. Cong tac quy hoach, quan Iy va phat trién nhom
loai nay chua duge quan tdm dung muc. Boi véy, dién tich va
san luong nudi trong ngay cang bi thu hep. Dé c6 thé phat trién
va on dinh nghe trong rong sun, can ¢6 sy quan tam, hd trg
dung mirc cta cac don vi quan ly, nha khoa hoc va nguoi 1am
chinh sach. Ciy rong sun cin dwoc tip trung nghién ctru phat
trién va khai théc t6i da loi ich.

Theo tinh thin ciia Quyét dinh sb 339/QD-TTg ngay
11/3/2021 [21] ciia Thit tuéng Chinh phu phé duyét Chién luoc
phat trién thuy san Viét Nam dén nam 2030, tim nhin dén ndm
2045, can thiét phai xay dung mot hé théng dong bo tir cong
tac dinh hudng quan ly, sy quan tdm cua cac doanh nghi¢p san
Xudt va sy gop ste gop tri tué cua céc nha khoa hoc ciing nhur
cong st cua ngudi dan lao dong. Xy dung mot chién lugc
dong bo sé thuc diy phat trién dwoc chu01 gia tri san phim fr
rong bién. Trong do, giai phap cung cép cho nguoi dan nguon
giong chat lwong, ho tro k¥ thuat canh tac, két ndi thong tin, 6n
dinh déu ra san phém va toi wu hoa san xuét sé mang lai hiéu
qua kinh té bén viing cho nganh rong bién trong nudc.

LO1 CAM ON

Nghién ctru nay 1a mot phan két qua cua & tai: “Nghién
ctru img dung cong nghé cao trong san xuat gidng va cong nghé
trong rong cho nang suat, chat luong carrageenan cao ¢ mién
Trung”, do Vién Nghién ctru Hai san tién hanh va dugc tai trg
kinh phi bai Bo Nong nghiép va Moéi truong. Tac gia xin tran
trong cam on.
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Anh huéng ciia di’éu kién say dén chat lwong bt
tr gao Huyet Rong (Oryza sativa L.)
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Tom tit:

Gao Huyét Rf)ng, con duoc biét 1a gao dé, dwoc danh gia 1a mgt trong nhirng gléng gao c6 gia trj dinh duwdng dac
biét cao. Hi€én nay, nhu cAu sir dung gao do6 dwéi dang bot ngay cang gia tang, dic biét nhim da dang héa san pham
va nang cao gia trj dinh dudng. Piém ndi bat cia gao Huyet Rong ¢6 chira hoat chit sinh hoc anthocyanin véi tinh
chit chong oxy héa manh va tiém ning trong viéc phong ngira, hd tro diéu tri ung thw, bénh tim mach ciing nhw
nhiéu bénh Iy khac. Nghién ctru duge thye hién nham xac dinh nhiét d9 say (60-80°C) va d9 Am dirng (4-12%) trong
qua trinh ché bién nhim duy tri ham lwong anthocyanin cao va chit lwong tét. Két qua nghién ciru cho thiy, bot
gao Huyét Rong siy & 70°C va d9 am dirng 8% c6 kha ning duy tri duwgc khoing 25% ham lwong anthocyanin (2,50
mg/100 g cbk) so véi ham lwong anthocyanin ban dau, sw trwong né (6,33 ml/g) va kha nang hoa tan (10,40%) tot.
Nghién ciru nay ¢6 y nghia khoa hoc va thue tién quan trong, gop phan dinh hwéng @wng dung bt gao Huyet Rong
trong phat trién cac san pham thue pham chirc ning va thue pham giau gia trj dinh dudng.

Tir khéa: anthocyanin, bt gao, do a Am dirng, gao Huyet Rong, say gao.
Chi 56 phén logi: 2.10, 4.6

Effects of drying conditions on the quality of powder
from Huyet Rong rice (Oryza sativa L.)
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Abstract:

Huyet Rong (blood dragon) rice, also known as red rice, is widely regarded as one of the rice varieties with
exceptionally high nutritional value. Currently, there is a rising demand for the use of red rice in powdered form,
particularly to diversify and enhance the nutritional profile of food products. What makes Huyet Rong rice especially
valuable is its content of bioactive anthocyanins with potent antioxidant properties and potential for the prevention
and treatment of cancer, cardiovascular diseases, and other illnesses. This research was conducted to determine
the drying temperature (60-80°C) and final moisture content (4-12%) during processing to maintain high levels of
anthocyanin and good quality. The results indicated that huyet rong powder, dried at 70°C with a final moisture
of 8%, retained about 25% of anthocyanin content (2.50 mg/100 g on a dry weight basis) compared to the initial
anthocyanin content, expansion capacity (6.33 ml/g), and high water solubility capacity (10.40%). This study has
significant scientific and practical value, contributing to the orientation of Huyet Rong powder application in the
development of functional foods and nutritionally rich food products.

Keywords: anthocyanin, drying rice, final moisture, Huyet Rong rice, rice powder.

Classification numbers: 2.10, 4.6
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1. Dat vén dé

Gao Huyét Rong la gidng lta dic san, sinh truong va phat trién
tt tai ving Pong Thap Mudi. Gao Huyét Rong 14 loai gao ¢6 gia
tri dinh dudng cao, hat mau do nau, bé doi hat gao van con mau
hong bén trong, com ngon va ¢ vi thom [1]. Ngoai céc thanh phan
chinh nhu glucid, lipid va protein, gao Huyét Rong con chira céc
vitamin va khoang chét. Gao do c6 nhiéu loi ich sirc khoe do ham
luong chit xo cao va dic tinh chdng oxy héa cua n6 co thé gitp
gidm chi s6 dudng huyét Gl [2]. bay la nguon lyong thuc thay thé
phi hop cho ché d an ung hang ngay cua bénh nhan ticu dudng
loai 2. Két qua nghién ctru cong bé gin ddy ghi nhan gao Huyét
Rdng ¢6 chira 10,03 mg/100 g (cbk) anthocyanin va khi ngam véi
nuée (ty 16 1:2) sau 12 gio thi ham luong nay c6 thé tang 1én 15,02
mg/100 g (cbk) [3]. Tuy nhién, anthocyanin la hop chat khong 6n
dinh va rat nhay cam voi mot s6 yéu to nhw pH, nhiét d9, anh sang,
oxy, st hién dién cua enzyme va cac ion kim loai. Do do, cac cong
doan ché bién nhiét nhu: hép, séy, chan..., cic san phém tur nguén
nguyén liéu nay gap nhiéu kho khin trong viée duy tri ham luong
dinh dudng, dac bi¢t 1a ham lugng anthocyanin.

Trong nhimg ndm gan day, nguoi tiéu dung ngdy cang quan
tm dén san pham gao d6 n6i chung va gao Huyét Rong ndi riéng,
boi gia tri dinh dudng ma loai thyc pham nay mang lai. Trong do,
san phim bot gao chiém nhidu sy quan tAm cta nguoi tiéu ding.
Tuy nhién, hién nay viéc su dung bot gao chi dung lai ¢ vic da
dang hoa san pham bing viéc két hop gao voi cac loai bot khac
nhu: hat sen, yén mach, dau xanh... nhung chua that sy quan tdm
dén sy bién doi chat luong ciia gao Huyét Rong trong timg cong
doan ché bién; trong do, cong doan c6 tac dong cla nhiét do theo
thoi gian ché bién nhur qué trinh sy s& anh huong dang ké dén sy
hao hut vé céc thanh phan chit dinh dudng; dic biét 1a ham luong
anthocyanin [4]. Do d6, hudng nghién ctru tap trung xac dinh danh
huong diéu kién sdy dén chat luong bot tir gao Huyet Rong nhim
duy tri chat lugng bot gao, cai thién gia tri san phdm, dap tmg nhu
cau ngdy cang cao cua nguoi tiéu dung.

2. Iat liéu va phuong phap nghién ciu

2.1. Vit ligu

Gao Huyét Rong (trong tai tinh ’D(‘A)ng Thap) duogc thu mua
va phan phoi tai‘vu’a gao Nhi Ten, s0 5, duong Chau Van Liém,
phuong Ninh Kiéu, TP Can Tho.

2.2. Phwong phdp nghién ciru

2.2.1. Chudn bi mau thi nghiém

Gao Huyét Rong sau khi thu mua dugc tién hanh logi bo cac hat
¢6 mau sac kém déc trung, mot, vo trau va cac tap chat khac (néu co).

Quy trinh ché bién bot gao Huyét Rong ga0 Huyét Rong —
vo sach — ngdm — lam rao nudc — hap — say — xay min (kich
thudc 16 ray 80 mesh) — bot gao Huyét Rong.

2.2.2. B tri thi nghiém

Thi nghi¢m duoc bé tri ngu nhién véi 2 nhan t(’:)wVé‘l 3 lan lap
lai. Nhér} t0 qhié} do say (60—80"~C) va nhan t6 do am dung (4-
12%). Tong s6 mau: 3x3x3=27 mau.
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Gao Huyét Rong sau khi dugc vo sach, ngdm véi nude (ty 16
nguyén ligu:nude=1:2, trong 9 gid ¢ nhiét do phong) [3]. Sau khi
ngdm gao dugc vét ra, lam rao va dugc hap trong 30 phit. Gao
Huyét Rong sau khi hip duoc trai déu trén 3 vi sy, tién hanh siy
ddi luu (Memmert UF55, 53L, Buc) véi 3 muc nhiét d§ 60, 70
va 80°C d6 4m dimg thay d6i & 3 mirc 4, 8 va 12% am. Theo doi
sau 30 phut, khi dat d6 4m khao sét, tién hanh nghién thanh bot
bing may nghién kho Yamafugi 2500. Bot sau xay s& duoc riy qua
thiét bi rdy bot ¢6 kich thude 16 Tudi 1a 80 mesh. Bot gao Huyét
Rong duoc danh gia chat lugng thong qua cdc chi tiéu: ham luong
anthocyanin, cdc thong s6 mau sac, sy thoat a am su truong no va
kha nang hoa tan.

2.3. Phuwong phdp phén tich

Xéc dinh ham luong anthocyanin bang phuong phap pH vi
sai [5].

Su trrong nd dya trén phuong phap cua J.A. Robertson va cs
(2000) [6]. Can 0,2 g miu kho (W) duoc tron voi 10 ml nude cét
trong ong ly tim 15 ml. Sau khi can bing & nhiét do phong trong
18 gio. Ghi lai thé tich ling chiém boi mau (V). Kha ning truong
no dugc tinh theo cong thirc sau:

SC (ml/g) = 100

Kha ndng hoa tan theo phuwong phdp cua R. Dong va cs
(2020) [7]. Can 0,1 g mau kho (W) duoc tron vdi 5 ml nude cat
trong 6ng ly tim 15 ml. Sau d6, hon hop dugc tron 6 90°C trong 30
phut trong bé diéu nhiét (trdn 30 gidy sau mdi 5 phut) va ly tim &
3.000 vong/phut trong 20 phut. Phan ndi duoc thu gom, siy kho &
105°C va can khéi luong (W).

WS (%) = 100

Gia tri (L*, a*, b*) dugc ap dung theo phuong phdp do mau
CIELAB [8].

Do am dimg dugc xéc dinh cu thé nhu sau, mau phan tich dugce
sdy theo nhiét d khao sat, ctr 30 phat ldy mau xéc dinh do a am, qua
trinh 1dp lai cho dén khi dat dugc d6 4m mong muén.

2.4. Phwong phap xir ly sé ligu

Thi nghiém duogc b6 tri ngau nhién véi 3 lan lap lai. Céc két
qua dugc thé hién dudi dang trung binh cua 3 lan 1ap lai = d9 léch
chudn. Két qua dugc thong ké, phan tich phuong sai, kiém dinh
LSD & mirc y nghia 5% bang chuong trinh Statgraphics Centurion
16.1. S6 liéu biéu thi 1 gia tri trung binh cta cac nghiém thuc.

3. Két qua va ban luan

3.1. Anh huwing ciia nhiét d¢ dén sw thay doi dm d@g ciia gao
Huyét Rong theo thoi gian sdy

Duong cong giam dm thé hién trong hinh 1 cho thay, trong
ctng mot nhiét do sdy, thoi gian sy ty 1& nghich véi do am trong
vt lidu sdy. Qua trinh ndy c6 thé duoc giai thich 1a do khi sdy
trong khoang 60°C, kha nang di chuyén 4m trong khéi nguyén liéu
cham, khi tang nhiét do say kha nang di chuyén am tang Ién do d6
ting kha nang khuéch tan am.



©60°C BM70°C AB0°C

y(60°C) = 130.20e 0907
R2=0.9839

¥(70°C) = 127.06e 0%
R?=0.9862

y(80°C)= 102.3e200%
R*=0.9966

D6 am (%) theo CBK
8

200 300 500
Thei gian say (phit)

Hinh 1. Bwéng cong say déi lwu (60, 70 va 80°C) clia gao Huyét Réng.

Bén canh do, cung do 4 am trong nguyén liéu thi nhiét do sdy cang
cao s rit ngan thoi gian sdy dang ké. Két qua ciing duoc ghi nhan
twong tu khi say bot khoai lang rudt vang [9], bot dinh dudng tir
khoai lang tim két hop chudi xiém [4]. Trong giai doan dau cua qua
trinh sdy, nudc trong nguyén liéu chu yéu la nuoc ty do nén dé  bay
hoi; cang vé cubi qua trinh sdy nude trong nguyén liéu chu yeu la
nude lién két kho bay hoi. Khi sdy san pham & 60 phut diu, 4m
bdc hoi nhanh; trung binh khi sdy & 60, 70 va 80°C ¢ thé tich 4m
lan luot 8,0; 10,1 va 14,5%. Két qua duoc ghi nhan tuong tw trong
khoang 200 phut dau, ddy chinh 13 giai doan sy ding toc va do 4m
giam nhanh chong tir 50% xuéng‘ gan 15%; giai doan sy tiép theo
1a giai doan giam tdc, ham luong am tu do con lai trong nguyén liéu
rt thip, chinh vi thé cin rat nhiu thoi gian dé dua tir 12% vé 4%
am; cu thé, 60°C (150 phat), 70°C (120 phut) va 80°C (110 phut).
Dé lya chon duoc diéu kién siy phu hop (nhiét d9, thoi gian), cac chi
tiéu lién quan dén chat luong ctia gao Huyét Rong can duoc theo ddi.

3.2. Anh huéng ciia nhi¢t @9 va dj im dirng dén sy thay doi
anthocyanin ciia gao Huyét Rong

Ham luong anthocyanin tai nhiét do séy va do 4m dung khac
nhau duoc trinh bay & hinh 2. Nhiét d6 siy va do dm ding trong
bot gao Huyét Rong déu anh huong truyc tiép dén ham lwong
anthocyanin, nhiét do sdy nguyén liéu cang cao thi sy suy giam
anthocyanin cang nhleu Thong qua két qua trinh bay ¢ hinh 2 cho
thay, sy 70°C dén do 4m dimg 8% la thong s thich hop dé thu
duoc luong anthocyanin cao nhét (2,505 mg/100 g cbk) va thép
nhét 6 80°C dén 4% am (1,102 mg/100 g). Nhiét d9 sy thuc pham
phit hop nham duy tri ham lugng anthocyanin cao la khoang 60-
70°C. O nhiét do cao hon, anthocyanin dé dang bi phan huy trong
qué trinh x@ 1y nhiét. Do do, su giam tong lugng anthocyanin khi
tang nhi¢t do s?iy trong khoang 70-80°C. O nhiét d6 60°C, luong
anthocyanin tong s thap hon & 70°C. Diu nay co thé 1a két qua
ciia qua trinh xr 1y nhiét kéo dai, vach va mang té bao bi pha vd,
polyphenol trong dich trich ting théng qua qua trinh sdy. Két qua
tlr nghién ctru ny tuong tu voi mot s6 két qua nghién ctu trude
day da ghi nhan nhiét do 1a yéu t6 anh huong tryc tiép dén ham
luong anthocyanin trong nguyén li¢u [10]. Ngoai ra, nghién ctru
ciia N.D. Tan va cs 2019 [4] ciing xé4c dinh sdy bot khoai lang tim
¢ 70°C duy tri ham lwgng anthocyanin ¢ mure cao (0,183%).

O nhiét do siy khong doi, ham luong anthocyanin tang khi
d6 am dimg dat 8% so v6i do am dimg 12%. Anthocyanin 13 hop
chat hoa tan trong nuoc, vi vy, co thé mot lugng anthocyanin da
dugc hoa tan trong do a am cua mau. Do do, anthocyanin trong bot
gao v6i do Am thip hon c6 thé dugce chiét xudt cao hon nhiéu bang
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Hinh 2. Anh hwéng nhiét do sy va dé6 4am dirng dén ham lwong
anthocyanin cutia bot gao Huyét Réng. Di liéu duoc trinh bay dudi
dang trung binhdd léch chuan cta 3 1an 13p lai. Céc trung binh nghiém
thtrc c6 cing chi cai di kém trong dd thi thi khang khac biét cé y nghia
théng ké (p<0,05).

phuong phap trinh bay. Do am nguyén liéu sau sdy 8% am khong
chi thu dugc ham lugng anthocyanin cao trong bdt ma con it tén
that anthocyanin trong qué trinh gia nhiét khi so voi bot co dg a am
4va 12%. Viée glam d0 am nguyén licu xudng 4% rit kho khan va
phai kéo dai thoi gian sy, anthocyanin s& bi phan hiy; dong thoi,
ning luong tidu ton ting, hiéu qua kinh té giam.

3.3. Anh huéng ciia nhigt dp va dp am divng dén dp trwong
né va kha nding hoa tan ciia gao Huyét Rong

Két qua khao sat anh huong ctia nhiét d6 va o am bot dén kha
nang truong nd trinh bay ¢ hinh 3.

(A)

B70°C
B80°C

D6 truong no (ml/'g)

Hinh 3. Anh hwéng cua nhiét dé say va do am dirng dén dé treong
né& (ml/g) (A) va do hoa tan (%) (B). D liéu dworc trinh bay dwdi dang
trung binh+dd léch chuan ctia 3 14n 13p lai. Cac trung binh nghiém thirc
¢6 cuing chi¥ cai di kém trong db thi thi khéng khac biét cé y nghia théng
ké (p<0,05).

Két qua & hinh 3A cho thay, do truong ng ting theo do dm tir 4
dén 12% am tai cung gid tri nhiét dg; do truong nd ting manh tir 6,17
dén 7,08 ml/g (& 60°C); 5,92 dén 6,40 ml/g (& 70°C) va 5,33 dén
6,33 ml/g (¢ 80°C). Mat khdc, khi tang nhiét do tir 60 dén 80°C tai
ciing gia tri 6 Am dimg thi sy truong nd ciia bot gao giam. Ngoai ra,
kha nang truong nd ty 18 thuan véi chi sd hap thy nude [11]. Nhiét
d sdy tang, phan tng Maillard xay ra manh hon, ham lwong chat xo
khong hoa tan giam din dén giam kha ning hap thu nude cia miu
[11], dong thoi khi d6 4m tang thi kha ning hap thu nu6e ting [12].

Kha nang truong nd va do hoa tan con bi anh hudng boi ty 1¢
amylose/amylopectin va kich thuéc hat. Khd nang truong nd ty
1¢ nghich v6i ham lugng amylopectin, trong khi do hoa tan lai ty
1¢ nghich voi ham luwong amylose [13]. Bén canh d6, ham lugng
amylose ting theo nhiét do say [14], nhw vay, khi nhiét do sdy ting
thi d6 hoa tan giam. Két qua nghién ctru nay hoan toan phu hop voi
chc nhan dinh trén. Cy thé, ddi voi miu co do 4m 4%, khi say ¢ 60,
70 va 80°C thi kha nang hoa tan giam lan luot 1a 21,39; 21,16 va
17,78%. Mit khéc, tai cing mot thong s6 nhiét do, khi do am ting,
d0 hoa tan lai giam.
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Mit khac, hinh 3B con cho thiy, & do 4m thip (4%) co kha
ning hoa tan tot hon do am 12% ¢ cling nhiét do, co khac biét
¥ nghia thong ké (p<0,05) so véi diéu kién sdy & nhiét do 70 va
80°C. Tuy nhién, ¢ nhi¢t d6 60°C kha nang hoa tan & do am 4%
khéc biét khong c6 ¥ nghia thong ké (p>0,05) so voi d6 am 8§ va
12%. Cu thé, kha nang hoa tan dat gia tri cao nhat 21,39% khi séy
& nhiét do 60°C, do am dimg 13 4% va thap nhit & nhiét do 70°C,
d6 am dimg 12% 13 6,92%.

34. Anh huwéng ciia nhiét d va dj im dirng dén cic thong sé
mau séc clia gao Huyet Rong theo thoi gian sdy

Anh huong ciia nhiét 6 va do 4m dimg dén céc thong sé mau
sac cua gao Huyet Rong theo thoi gian sdy dugc trinh bay ¢ bang 1.

Bang 1. Anh hwéng cua nhiét do va dé6 Am dirng dén mau sic cla
b6t gao Huyét Rong.

Nhiét d9 (°C) D) am (%) 1L a* b*
4 69,56+0,15% 9,420, 11k 8,2+0,15%
60°C 8 67,9120,27° 9,67+0,00° 8,05+0,07¢
12 67,15:0,49¢ 10,94+0,05° 9,14+0,10¢
4 72,66+0,20° 9,5+0,21¢ 8,8140,20°
70°C 8 69,11:0,36" 9,540,201 8,1+0,10¢
12 66,710,15¢ 10,37+0,11° 8454037
4 72,9240,21° 9.41+0,08¢ 8.4540,19°
80°C 8 69,230,49° 9,630,10 8,5+0,16°
12 64,79+0,04¢ 10,5+0,08° 8.9:0,04

Ghi chu: *trung binh+STDEV (n=3). Cac gia tri trung binh c6 cuing chir cai di
kém trong cting mét cot thi khong khac biét cé y nghia théng ké & muc 5%.

Két qua ¢ bang 1 d ghi nhan mau do (gia tri a*) thé hién tot
G 12% am tai ca 3 mic nhigt d6 khao sat, trong d6 & nhigt d6 say
60°C dat gia tri a* cao nhét (10,94). Tir s6 liu bang 1 chi ra, khi
sdy san phim & cac mitc nhiét dg (60, 70, 80°C) va do a am dimg
khac nhau (4, 8, 12%) thi mau sac (L*, a*, b¥) ctia san pham khac
biét ¢6 ¥ nghia thong ké (p<0,05). Nhin chung, khi do 4m dimg
cang thap, thoi gian say dai thi L*, b* ting, a* gidm liam san pham
sang mau hon.

Nhu vdy, bén canh kha nang duy tri cac hop chat c6 hoat tinh
sinh hoc, dac tinh hoa Iy phu hop cua gao Huyet Rong sau khi xtr
Iy & cac didu kién khac nhau, cac thong s6 mau sic ciing la mot
trong nhing chi tiéu quan trong dé d4nh gia chat luong san pham
cudi cung. Ngoai anthocyanin, thi proanthocyanidin thuong duge
quan sat thay trong trdi cdy va ngii coc c mau tir do hong dim dén
do nhat, 1a chat quyet dinh chinh mau do nau cua san pham bot.
Bai vi, gao do dac trung boi mot lugng 16n procyanidin oligomeric
chiém 60%, con anthocyanin va cac hop chat khac chiém luong
it hon nhidu & mirc <9% [15], nén san pham mong mudn co kha
ning giit duoc sic to do cang nhidu cang tot. Tuy nhién, sic td
anthocyanin kém bén & nhiét do cao. Nhiét do trén 70°C s& gay ra
su phan hity va mat mau anthocyanin nhanh [16]. D6i khi nhiét do
tang con dan dén phan tmg Maillard ctia cac duong (dic biét khi co
mit oxy), lam anthocyanin hoa nau. Pong thoi, anthocyanin con 1a
séc t6 hoa tan trong nudc; thé nén, khi giam am cang nhiéu thi viéc
thit thoat anthocyanin cang nhidu.
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4. Két luan

Gao Huyét Rong c¢6 ham luong dinh dudng cao va can dbi,
chtra nhiéu hop chét 6 hoat tinh sinh hoc cao nhw anthocyanin. Dé
nang cao chit luong dinh dudng, céi thién duoc kha ning truong
nd, hoa tan ctia bot tr gao Huyét Réng, diéu kién séy 0 70°C vado
am dimg 8% duoc cho 13 thong sd phi hop véi do trwong né (6,33
ml/g), kha ning hoa tan tot (10, 40%), ham 1u0'ng anthocyanin
(2,50 mg/100 g cbk). Két qua nay la tién dé cho vidc da dang hoa
cac san pham tir gao Huyét Rong.
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Dac diém lam sang, can lim sang viém phoi
nhiem Mycoplasma pneumoniae mang gen khang macrolid ¢ tré em

Nguyén Thi Thanh Phiic’, Trin Thanh Ti, Phung Thi Bich Thuy, Vii Thi Tam, Phan Ngoc, Nguyén Thuy Dung,
Hoang Thi Thanh Mai, Tran Thi Sinh

Bénh vién Nhi Trung wong, 18/879 La Thanh, phwong Lang, Ha Noi, Viét Nam
Ngay nhan bai 14/1/2024; ngay chuyén phan bién 18/1/2024; ngay nhan phan bién 5/2/2024; ngay chip nhan dang 12/2/2024
Tom tit:

Nghién ctru nhim xéc dinh dic diém 1am sang va cin ldm sang cia viém phéi nhiém Mycoplasma pneumoniae (MP)
mang gen khang macrolid ¢ tré em. Nghién ctru dwogc thye hién trén 103 tré mic viém phdi nhiém MP trong thoi
gian tir thang 7/2021 dén thang 6/2023 tai Bénh vién Nhi Trung wong. Poan gen 23S rRNA chira dot bién khang
macrolid dwgc nhin ban bing phan tng khuéch dai chudi gen (PCR), sau d6 dwoc giai trinh tw DNA. Két qua cho
thiy, ty 18 nhiém MP mang gen khang macrolid 13 69,9%, trong dé dot bién diém A2063G va A2064G chiém ty 1¢ 1in
luot 12 98,6 va 1,4%, khong phat hién thay dot bién C2617. Triéu chirng 1Am sang thlm’ng gap 1a ho dom (94,4%) va
s0t (51,4%). Lactate dehydrogenase (LDH) ¢6 xu hwéng ting cao hon ¢ nhom viém ph01 nhiém MP mang gen khang
macrolid. Tén thwong trén phim X-quang ngurc thang hay gap nhit 1a tham nhiém phe nang va dong dac, chiém ty
18 14n Irgt 13 50 va 45,8%. Nghién ciru cip nhit thong tin dé hé trg tw vén sir dung khang sinh mdt cach hop Iy trong
qua trinh diéu tri viém ph01 o tré em.

Tir khéa: dot bién, khang macrolid, Mycoplasma pneumoniae, viéem phoi.

Chi s6 phén loai: 3.1,3.2

The clinical and paraclinical characteristics

of Mycoplasma pneumoniae pneumonia with macrolide-resistant genes in children

Thi Thanh Phuc Nguyen®, Thanh Tu Tran, Thi Bich Thuy Phung, Thi Tam Vu, Ngoc Phan, Thuy Dung Nguyen,
Thi Thanh Mai Hoang, Thi Sinh Tran

Vietnam National Childrens Hospital, 18/879 La Thanh Street, Lang Ward, Hanoi, Vietnam
Received 14 January 2024, revised 5 February 2024, accepted 12 February 2024

Abstract:

This study aimed to determine the clinical features and paraclinical characteristics of pneumonia caused by
macrolide-resistant Mycoplasma pneumoniae (MP) bacteria in children. The study involved 103 children with
pneumonia infected by MP from July 2021 to June 2023 at the Vietnam National Children’s Hospital. The 23§
rRNA gene segments containing the macrolide resistance mutation were amplified using polymerase chain reaction
(PCR) and subsequently subjected to DNA sequencing. The results of this study showed that the prevalence of
macrolide-resistant MP was 69.9%, with A2063G and A2064G mutations accounting for 98.6 and 1.4%, respectively,
while no C2617 mutation was detected. Common clinical symptoms included productive cough (94.4%) and fever
(51.4%). Patients with macrolide-resistant Mycoplasma pneumoniae exhibited higher serum lactate dehydrogenase
(LDH) concentrations. The most common lesions on chest X-rays were alveolar infiltrates and consolidation, with
proportions of 50 and 45.8%, respectively. The study updates information to guide the rational use of antibiotics in
the treatment of pneumonia in children.

Keywords: macrolide-resistant, mutation, Mycoplasma pneumoniae, pneumonia.

Classification numbers: 3.1, 3.2
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1. Dt van de

Viém phoi 1a bénh Iy thudng gip & tré em, c6 ty 18 méc va tir vong
hang dau ¢ tré em Viét Nam ciing nhu trén toan thé gii. Trong cac
cin nguyén gay viém phdi ¢ tré em, Mycoplasma pneumoniae (MP)
la tac nhan gdy bénh quan trong, chiém 16-23% & nhom tré trén 5
tuoi [1].

Viém phdi do MP ¢6 bénh canh 1dm sang da dang. Macrolid 1a lya
chon du tay diéu trj bénh nay, tuy nhién tan sudt st dung macrolid
cang cao thi nguy co khang thudc cang 1én. Tir nhitng nam 2000,
nhiéu nghién ctru d chi ra tinh trang khang macrolid ctia MP ngay
cang cao, chiém ty 1€ trén 50%, co su khac biét vé triéu ching 1am
sang va xét nghiém & hai nhém viém phoi do MP mang gen va khong
mang gen khang macrolid [2-5]. Tai Viét Nam, chua ¢ nghién ciru
ndo vai s luong 16n bénh nhan viém phdi do MP mang gen khang
macrolid. Vi vay, chiing t6i thyuc hi¢n nghlen ctru danh gi4 dac diem
ldm sang, can lam sang cta viém phdi nhiém MP mang gen khéng
macrolid trén 103 tré¢ em diéu tri tai Bénh vién Nhi Trung wong dé
hiéu 16 vé tinh trang va dic diém ciia MP mang gen khang macrolid
0 tré em Viét Nam.

2. Doi tuong va phuong phap nghién ciiu
2.1. Poi twgng

Bénh nhéan viém phdi dugc chan doan nhiém MP bang k§ thuat
real-time PCR duong tinh, tir 1 thang dén 15 tudi nhap vién tai Trung
tam Quoc t€, Bénh vi¢n Nhi Trung wong tir thang 7/2021 dén thang
6/2023.

2.2. Phuwong phdp nghién ciru
Nghién ciru tién ciru.

2.3. Phwong phdp chon miu
Mau thuén tién.

2.4. Phdn teng khuéch dai chudi gen theo thoi gian thuc (real-
time PCR)

Mau dich ho hép ciia tré (dich ty hau, dich ndi khi quan) duoc
thu nhan va str dung dé tach chiét vat chit di truyén theo kit MagNA
Pure 96 DNA trén h¢ thong may MagNA Pure 96 System ctia Hing
Roche Diagnostics (Thuy S7). Sau khi tach chiét, DNA duoc st dung
1am khuén cho phan tng real-time PCR da mdi dé phat hién 7 loai
vi khuén gay bénh duong hé hap, trong d6 M. pneumoniae, bing kit
Allplex™ PneumoBacter Assay (Seegene - Han Qudc). Phan tich két
qua MP dwong tinh hay 4m tinh dya trén phin mém Seegen Viewer.

2.5. Phin trng khuéch dai chudi gen va gidi trinh tw DNA

Gen 23S rRNA chira cac dot bién khang thude macrolid ciia
M. pneumoniae dwgc nhan ban bang ky thuat PCR st dung khuén
DNA tinh sach theo phuong phap da mo ta ¢ trén. Sau do, doan gen
dich duoc giai trinh ty trén hé théng may ABI 3500, két qua trinh ty
gen duoc phan tich dé phat hién (co hay khong) cac diém dot bién tai
cac vi tri 2063, 2064, 2617 khang macrolid trén gen 23S.

2.6. Phdn tich va xir 1y 56 liéu
S lidu thu thap dugc nhap va phén tich bang phin mém SPSS 20.0.
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2.7. Dao dirc nghién ciru

Nghién ctru dwgce hoi dong dao dirc trong qghién ciruy sinh hoc
Bénh vién Nhi Trung wong phé duyét theo Quyét dinh s6 2296/BVN-
TU-HDDD ngay 18 thang 11 nam 2021.

3. Két qua

Trong thoi gian nghién ctu, ching t6i da thu thap duge 103 bénh
nhan chia thanh 2 nhom mang gen va khong mang gen khang macrolid.

= Gen khang macrolid duong tinh = Gen khang macrolid am tinh

Hinh 1. Ty 1&é nhiém Mycoplasma pneumoniae mang gen khang
macrolid.

Ty 1¢ bénh nhan mang gen khang macrolid 1a 69,9% (72/103
bénh nhén) va khong mang gen khang macrolid 1a 30,1% (31/103
bénh nhan) (hinh 1).

Bang 1. Phan bb loai dot bién diém khang macrolid trén gen 23S &
bénh nhan nhiém Mycoplasma pneumoniae.

Loai dt bién S6 lwgng mang dot bién (n) Ty 1§ (%)
A2063G 71 98,6
A2064G 1 1,4
2617 0 0

Téng 72 100

Trong sO 72 bénh nhan mang gen khang macrolid, c6 71
bénh nhin mang gen dot bién A2063G, 1 bénh nhan mang gen
dot bién A2064G, khong c6 bénh nhan nao mang gen dot bién
C2617 (bang 1).

Bang 2. Triéu chirng lam sang viém phdi nhiém Mycoplasma
pneumoniae.

Mang gen khang Khong mang gen
Triéu ching macrolid khing macrolid p
Tile(%) n Tile(%) n
Khongho 2 2,8 1 3,2
Ho Hokhan 2 2.8 2 6,5 0,673
Ho dom 68 94,4 28 90,3
Khong 67 91,3 27 87,1
Kho tho 0,025
Co 5 6,9 4 12,9
. Khong 35 48,6 13 41,9
Sot 0,533
Co 37 51,4 18 58,1
Kho khé Khong 45 62,5 19 61,3
0,908
Co 27 37,5 12 38,7
Rales 4m 2 Khong 32 444 18 58,1
bé . 0,227
& Co 40 55,6 13 41,9
Rales rit Khong 39 54,2 21 67,7 03
ngdy2bén (g 33 458 10 323 ’
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Ho dom va sot 1a hai triéu chimg thuong gip ¢ ci hai nhom
bénh nhan. Ty 16 ho dom va sét & nhom mang gen khang macrolid
lan luot 13 94,4 va 51,4%, tvong dwong & nhom khong mang gen
khang macrolid (90,3 va 58,1%) (bang 2).

Bang 3. Sé lwong bach ciu va néng do C-reactive protein & bénh
nhan viém phdi nhiém Mycoplasma pneumoniae.

Mang gen Khéng mang gen
Chi s5 xét nghiém khing macrolid khang macrolid
no TR%) n TV (%)
BC<10 47 653 23 74,2
BC (G/1) 0,374
BC>10 25 347 8 25,8
CRP<6 22 30,6 5 16,1
CRP (mg/l) 0,127
CRP>6 50 69,4 26 83,9
Téng 72 100 31 100

*: BC: Bach ciu, CRP: C-reactive protein.

Bénh nhén c6 chi s bach cau >10 G/1 6 nhom mang gen khang
macrolid 1a 34,7%, con nhom khong mang gen la 25,8%. Nguoc
lai, bénh nhan c6 chi s6 CRP >6 mg/l & nhém mang gen khang
macrolid 1a 69,4%, trong khi d6 nhém khong mang gen 1a 83,9%.
Tuy vay, su khac biét gitra hai nhom vé chi s6 BC va CRP khong
c6 tinh thong ké (bang 3).

Bang 4. Nong dé lactate dehydrogenase va ferritin huyét thanh &
bénh nhan viém phdi nhiém Mycoplasma pneumoniae.

Mang gen khing Khong mang gen
Chi s6 xét nghiém macrolid khang macrolid

(n=48) (n=11)
Lactate dehydrogenase (U/l) ~ 350,8+72,4 321,7472,7 0,17
Ferritin (U/1) 123,0£76,0 139,6+63.4 0,53

Néng d6 LDH huyét thanh & nhém mang gen khang macrolid
cao hon nhom khong mang gen, khong c6 sy khac bi¢t c6 y nghia
thong ké gitra 2 nhom (p=0,17). Tuong tu, nong do ferritin huyét
thanh khong co su khac biét co y nghia théng ké gilta 2 nhom
(p=0,53) (bang 4).

Bang 5. Hinh anh X-quang ngwc thang & bénh nhan viém phoi
nhiém Mycoplasma pneumoniae.

Mang gen khing Khong mang gen khing
Tri¢u chirng macrolid macrolid P
n Ty Ié (%) n Ty I¢ (%)
Thim nhiém ~ Khong 36 500 19 61,3 0292
phé nang Co 36 50,0 1 387 ,
Thim nhiém ~ Khong 56 7138 24 774 0968
ke Co 6 22 7 26 ’
Khong 39 542 18 58,1
Dong dac 0.715
Co 33 45,8 13 419
Tran dich Khong 0 972 30 96,8 |
mang phoi o ) 28 1 32

HOAHOC ISR

Tham nhiém phé nang, dong dic 1a ton thuong X-quang
hay gip nhit & tré viém phdi nhiém MP. O nhom mang gen
khang macrolid, ty 1¢ thAm nhiém phé nang, dong déac lan luot
la: 50,0 va 45,8%. Trong khi do6 ty 1¢ ndy & nhom khong mang
gen khang macrolid thép hon, chi 1a 38,7 va 41,9%. Tuy vay,
su khéc biét ctia hai chi s nay giira hai nhom khong c6 y nghia
théng ké (bang 5).

4. Ban luan

Macrolid 1a khang sinh dau tay trong diéu tri viém phdi do
MP. Truéc niam 1999, khong c6 truong hop nhiém MP mang
gen khang macrolid nao dugc béo céo trong s6 296 nghién ctru
riéng biét trén toan thé gidi [6]. Ty 1& nhiém MP mang gen
khang macrolid dugc bao cao ¢ Buc va Phap kha thép, 1an luot
la 3 va 9,8% [7, 8]. Nguoc lai, cac nghién ctru tir Trung Qudc
gin day cho thiy, hon 80% vi khuan MP phan lap duoc tir tré
bi nhiém khuén dudng hé hap cip c6 kha nang khang macrolid
[9, 10]. O nghién ciru ciia chung t6i, ty 1¢ bénh nhan nhiém vi
khuin MP mang gen khang macrolid kha cao, 1én téi 69,9%
(72/103 bénh nhan), trong khi ty 1& vi khuan khong mang gen
khéang macrolid 1a 30,1% (31/103 bénh nhan). Sy gia tdng tinh
trang khang macrolid cta vi khuan MP 1a hdu qua cia viéc
stt dung cac khang sinh nhém macrolid rong rai trong diéu tri
viém phoi & tré em.

Tinh trang khdng macrolid & vi khuan MP c6 lién quan t6i
dot bién ¢ 23S rRNA hoic protein ribosome L4 va L22. Dot
bién diém & 3 vi tri (2063, 2064, 2617) ciia 23S rRNA gen da
duoc bao cao 1a ¢6 lién quan dén sy phat trién tinh trang khang
macrolid cta vi khuan MP. Trong do, dot bién A2063G duoc
ghi nhan 1a dot bién phd bién nhét ¢ vi khuan MP mang gen
khang macrolid, tiép theo 1a dot bién A2064G [6, 11]. Nghién
cru clia ching toi cling c6 két qua twong dong voi cac nghién
ctru trude ddy, chi ra loai dot bién gen khang macrolid phd
bién nhit 1a A2063G, chiém 98,6% (71/72 bénh nhén), dot bién
A2064G chi chiém 1,4% (1/72 bénh nhan) va khong c6 bénh
nhan ndo mang gen dot bién C2617. Nghién ciru trude day
cling ghi nhén két qua tuong tu, vdi 100% dot bién A2063G
ma khong c6 dot bién nao khac duoc ghi nhan [12].

Vé dic diém lam sang, ho dom va sot 1a triéu chimg co ning
hay gap. Ty 1€ nay ¢ nhom mang gen khang macrolid trong
nghién ctru cia chiing to1 lan luot 1a 94,4 va 51,4%, khong co
su khéc biét théng ké gita 2 nhom. Két qua nay ciing tuong tur
voi két qua cta mot s6 nghién ctru khac trén thé gioi. Trong
chuong trinh gidm sat qudc gia vé vi khuan MP khang macrolid
& My nam 2015-2018, khi so sanh vé triéu chimg 1am sang
0 hai nhom MP mang gen khang macrolid va nhay cam véi
macrolid cho thiy triéu chimg s6t duoc ghi nhin ¢ ca hai nhém
voi ty 1€ 62,9% trong nhom MP mang gen khang macrolid va
60,4% trong nhom MP con nhay cam voi macrolid, sy khac
biét khong co ¥ nghia thong ké [13]. Nghién ctru trude d6 timg
thye hién tai Bénh vién Nhi Trung wong ghi nhén ho, sOt 1a cac
tri¢u chimg co ning hay gip nhat & bénh nhan nhiém MP vdi ty
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1 1an luot 98,9 va 95,5% [14]. Kho khé, rale 4m va rale rit ngay
la nhitng triéu chiing thuc thé hay gap voi ty 1¢ lan luot 1a 37,5,
55,6 va 45,8% & nhom mang gen khang macrolid. Tuy nhién
khong c¢6 sy khac biét vé céc triéu ching nay giita hai nhom.

Lién quan t6i cac chi s6 can 1am sang, s6 lugng bach
cau trong nghién ctru clia ching t6i c¢o 34,7% bénh nhéan co
tinh trang ting s6 lugng bach cau ¢ nhom mang gen khang
macrolid, nhung khong c6 su khac bi¢t so voi nhom khong
mang gen khang macrolid (p=0,374). Nghién cuu cua E. Lee
va cs (2017) [12] ciing nhan thdy khong co su khac biét vé s6
luong bach cau giita hai nhom (p=0,319). Tuong tu, khong co
su khéc biét vé chi s6 CRP>6 mg/l & nhém mang gen khang
macrolid (ty 1€ 69,4% bénh nhan) va & nhém khong mang gen
khang macrolid 1a (ty 1€ 83,9% bénh nhan), véi gia tri p=0,127.
Két qua nay twong ty véi két qua trong nghién ctu cua
L.T.H. Hanh (2017) [14] va nghién ctu cua P.V. Hoa (2019)
[15] ghi nhan ty 1¢ bénh nhan viém phoi do MP ¢6 tang CRP
méu lan lugt a 71,4 va 67,2%.

Mot s6 chi s6 can 1am sang khac nhu LDH, ferritin huyét
thanh, va X-quang nguc thing ciing da dwgc phén tich trong
nghién ctru cua ching toi. Tuy nhién, ca ba chi sé nay déu
khong c¢6 su khac biét mang tinh thong ké giira hai nhom. Cu
thé, nghién ctru cia A. Lu va cs (2015) [16] xac dinh LDH
huyét thanh c6 thé duoc st dung 1am dau 4n sinh hoc cho viéc
du doan tinh trang viém phdi do MP khang macrolid. Trong
nghién ctu cua chung t6i, mic du néng do LDH huyét thanh
cao hon 6 nhom mang gen khang macrolid, nhung sy khac biét
khong ¢6 ¥ nghia thong ké (p=0,17). Chi s6 ferritin huyét thanh
cta nhém bénh nhan viém phdi ting cao hon ¢ y nghia so
v&i nhom chig va so véi giai doan phuc hdi. Nghién ciru cua
chiing t6i ghi nhan nong d¢ ferritin huyét thanh khong co su
khéc biét c6 ¥ nghia thong ké giira hai nhom (p=0,53). Tén
thuong hay gip nhét trén phim X-quang nguc 14 tham nhiém
phé nang, dong dic phdi & nhém mang gen khang macrolid vai
ty 1€ 1an luogt 1a 50 va 45,8%, nhung khong c6 su khac biét gitra
2 nhém mang gen va khong mang gen khang macrolid. Két qua
nay tuong tu voi nghién ciru ctia L. T.H. Hanh (2017) [14] ghi
nhan t6n thwong hay gap nhét 1a dong dac phoi (chiém 60,7%)
va hay gdp bén phai (42,9%).

5. Két luan

Trong céc bénh nhan viém phdi nhiém MP, ty 1¢ mang gen
khang macrolid chiém da s6 (69,9%) v6i ty 18 dot bién cao nhit
12 A2063G. Tuy nhién triéu chimg 1am sang va cac chi s can
lam sang nhu s6 lugng bach cau, néng do CRP, LDH, ferritin,
X-quang nguc thang khong c6 su khac biét co y nghia thong
ké gitra 2 nhom mang gen va khong mang gen khang macrolid.
Cac triéu chimg thong thuong bao gdm ho dom (94,4%) va
st (51,4%). Dong thoi, LDH c¢6 xu huéng ting trong nhom
bénh nhan viém phdi do MP ¢6 gen khang macrolid. Xét vé ton
thuong hinh dnh X-quang ngyc thang, tham nhiém phé nang va
dong ddc chiém ty 18 1an luot 1a 50 va 45,8%.
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Nghién ciru da hinh 4G/5G gen PAI-1
¢ phu nir co tién sir say thai, thai chét Iuu lién tiép
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Tom tit:

Muc tiéu: Nghién ctru da hinh 4G/5G gen PAI-1 (ma héa Plasminogen activator inhibitor-1) & phu nir c6 tién sir sfly thai,
thai chét lwu lién tiép. P6i twong va phwong phap nghién ciru: Nghién ciru mé ta cit ngang ¢6 doi chimg, thwe hién trén
75 phu nir tirng sy thai hogc thai chét lvu lién tiép (nh6m bénh) va 75 phu nir khée manh (nhém ching) tai Trung tim
Di truyén 1am sang va H¢ gen, Bénh vién Dai hoc Y Ha Ngi. Két qua: Céc kiéu gen 4G/5G va 4G/4G gen PAI-1 c6 tAn suit
cao hon ding ké &' nhém phu nir ¢6 tién sir sﬁy thal, thai chét luu lién tlép (12‘111 Tugt 12 35 va 10%) so véi 6 nhém chu’ng 24
va 3%) (p=0,029). Dic biét, nhirng nguwdi mang kiéu gen chira alen 4G (bao gdm 4G/4G hoic 4G/5G) c6 nguy co say thai
lién tlep cao gip 2,28 lan so véi nguoi mang kiéu gen 5G/5G (C195%:1,15-4,52; p=0,017). Két luan: Nghién ciru nay xac
nhiin moi lién quan c6 y nghia thong ké giira alen 4G va cac kiéu gen mang alen nay cua gen PAI-1 voi nguy co siy thai
va thai chét luu lién tlep Dic biét, day la dir liéu cu the, doc lap voi tu01 me, cing co vai tro cia da hinh 4G/5G trong co
ché bénh sinh & quan thé phu nir Viét Nam, gop phan lap day khoang trong dir li€éu khu vue va sang lgc, tw van di truyen

Tir khod: da hinh 4G/5G, PAI-1, siy thai lién tiép, thai chét luu lién tiép.
Chi sé phén loai: 3.1, 3.5

Study of 4G/5G polymorphism of the plasminogen activator inhibitor-1 (PAI-1) gene

in women with a history of recurrent pregnancy loss
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Abstract:

Objectives: To investigate the 4G/5G polymorphism of the PAI-1 gene (encoding plasminogen activator inhibitor-1)
in women with a history of recurrent pregnancy loss. Subjects and methods: A cross-sectional case-control study
was conducted on 75 women with a history of recurrent pregnancy loss (case group) and 75 healthy women (control
group) at the Center for Clinical Genetics and Genomics, Hanoi Medical University Hospital. Results: Regarding
PAI-1 gene polymorphism, the 4G/5G and 4G/4G genotypes of the PAI-1 gene were significantly more frequent in
the group of women with a history of recurrent pregnancy loss (35 and 10% respectively) compared to the control
group (24 and 3%) (p=0.029). Specifically, individuals carrying the 4G allele (including 4G/4G or 4G/5G genotypes)
had a 2.28 times higher risk of recurrent pregnancy loss compared to those carrying the SG/5G genotype (95% CI:
1.15-4.52; p=0.017). Conclusions: This study demonstrates a statistically significant association between the 4G/5G
polymorphism of the PAI-1 gene and an increased risk of recurrent pregnancy loss. These results are based on age-
adjusted analyses, underscoring the potential pathogenic role of this polymorphism in Vietnamese women, helping
fill a regional data gap and screening, and genetic counselling.

Keywords: 4G/5G polymorphism, PAI-1, recurrent pregnancy loss, recurrent stillbirth.
Classification numbers: 3.1, 3.5

“Tac gia lién hé: Email: doanthikimphuong@hmu.edu.vn

‘ %HI\?GCI:-IE 67(7) 7.2025 956



Khoa hoc Y - Duoc | Y hoc co sé; Cac linh vuc khédc cla khoa hoc y - dugc

1. Dt van de

Sy thai va thai chét luu lién tiép dwoc Hiép hoi Sinh san va
Phéi hoc chdu Au (ESHRE) nim 2018 dinh nghia la hai lan mat
thai tro 1én, khong can lién tiép [1]. Ty 16 phu nit sy thai, thai chét
luu lién tiép hai 1an va ba 1an tré Ién lan luot 14 1,9 va 0,7% [2].
Nguyén nhan say thai, thai chét Iwu lién tlep da dang bao gom bat
thuong di truyén, noi tiét, giai phau nhiém tring va réi loan dong
mau [3]... Trong thai ky, hé thong dong méau ctia ngudi me o xu
hudng hoat dong manh hon binh thuong dé chuén bi cho viée cam
mau sau sinh. Tuy nhién, & mot s6 phu ni, tinh trang ting dong
méu nay co thé vuot muc sinh 1y, din dén nguy co hinh thanh
huyét khdi, gay réi loan huyét khéi tinh mach va can trg tuan hoan
nhau thai [4]. Mot trong nhiing yéu t6 di truyén quan trong tham
gia Vao co ché dong cam méu va dugc xem 1a nguyén nhan gay
ra 16i loan tang dong 1a da hinh don gen PAI-1. Gen PAI-I tao ra
mot cht trc ché quan trong trong hé thdng tiéu soi huyét. Chét nay
kiém soat qua trinh déng va tan méu bang cach tre ché cac chat
hoat héa plasminogen nhu tPA va uPA. Mot da hinh pho bién ciia
gen PAI-1 1a da hinh 4G/5G, nam 6 ving promoter gen nay va cé
anh huong tryc tiép dén chirc ning ctia gen PAL-1. Alen 4G thiéu
vi trf gan yeu 6 e ché nén lam tang hoat dong phién ma cua gen
PAI-1, dan dén ndng do protein PAI-1 trong huyét tuong cao hon.
Néng d6 PAI-1 cao s& (rc ché qua trinh tiéu sgi huyét, lam cho cuc
méu dong khé bi phan hay, tir d6 ting nguy co hinh thanh huyét
khéi va anh huéng dén luu thong mau dén thai nhi. Nguoc lai, alen
5G lién quan dén muc do biéu hién thdp hon [5]. Ngoai lién quan
dén sy thai va thai luu, da hinh 4G/5G cua gen PAI-1 con dugc ghi
nhan ¢6 méi lién hé voi nhidu bénh 1y khac do rdi loan déng méau
nhu nhdi mau co tim, huyét khdi tinh mach sau, tién san giat, lam
n01 bét vai trd lam sang tiém ning ciia da hinh nay. Cdc nghién ciru
vé da hinh 4G/5G gen PAI-1 6 phu nir c6 tién sir say thai va thai
chét Iuu lién tiép di duoc thuc hién rong rai ¢ nhiéu quan thé trén
thé gidi. ‘Tuy nhién, cac két qua cong bd van cho thay su khong
ddng nhét va nhiéu tranh cai. bang chu y, phan tich tong hop ciia
X. Liu va cs (2015) [6] d chi ra ring, moi lién quan ¢4 y nghia
thong ké gitta da hinh 4G/5G va tang nguy co sy thai va thai chét
Iuu lién tiép chu yéu dugc tim thiy & nguoi da tring (OR=2,23),
trong khi khong rd rang & nguoi chau A (OR=1 AT, p=0,18). Su
khac biét dang ké nay giita cac nhom dén toc lam n01 bét nhu ciu
cap thiét vé cdc nghién ctru chuyén biét cho timg quan thé. Trong
bdi canh do, dit liéu cu thé vé da hinh 4G/5G gen PAL-1 & quan thé
phu nir Viét Nam con chua day du. Chinh vi vdy, chung t6i tién
hanh nghién ctru nay nham danh gi4 da hinh 4G/5G gen PAI-1 &
phu nif ¢6 tién sir sdy thai va thai chét luu lién tiép tai Viét Nam,
qua do xac dinh y nghia 1am sang cua da hinh gen nay va gop phin
lam rd vai trd clia nd trong sy thai va thai chét luu lién tiép trong
quéan thé dic thi nay.

2. Doi tuong va phuong phap nghién ciiu
2.1. Déi twong

Nghién ciru bao gom 150 phu ntr trong do tudi sinh san (18-45
tu01) trong d6 75 ngudi ¢6 tién st sdy thai hodc thai chet luu lién
tiép (nhom bénh) va 75 nguoi khoe manh khong c6 tién sir bat

HOAHOC ISR

thuong thai nghén (nhom chimg). Tét ca déu dwgc xét nghiém da
hinh gen P4I-1 4G/5G tai Trung tam Di truyén lam sang va H¢ gen,
Bénh vién Dai hoc Y Ha Noi.

Tiéu chudn lya chon: Nhoém bénh: Phu nit trong do tudi sinh
san co tién si sy thai hodc thai chét lwu lién tiép tir hai lan tro 1én,
mang thai ty nhién, c6 diy du dir liéu lam sang va xét nghiém can
thiét va ty nguyén tham gia nghién ctru sau khi dugc giai thich 1o
vé muyc dich va quy trinh thye hién.

Nhém chimg: Sinh con khoe manh ngay lin mang thai dau
tién. Khong co tién sur say thai, thai chét luu hodc mang thai di tat.

Tiéu chudn logi trir nhom bénh: Bat thuong ciu tric co quan
sinh san (tir cung, budng trimg...), cdc bénh 1y mién dich nhu hoi
chimg antiphospholipid, HIV/AIDS, rdi loan ni tiét (hormone
kich thich nang trimg -FSH, hormone hoang thé hoa - LH bat
thuong), bit thuong di truyén (bao gdm nhidm sic thé do vo
chdng, tinh dich do bét thuong, dut gdy DNA tinh tring >30%).

Tiéu chudn logi trir (4p dung cho cd hai nhém): Bénh 1y man
tinh: dai thao dudng, ting huyét ap, tim mach, suy gan, suy than,
bénh 1y tam than, trudng hop thai ngoai tir cung, thai trimg, thai di
tat hodc dinh chi thai c6 chi dinh y khoa, khong co day du dit liéu
phuc vu nghién ctru hodc khong dong ¥ tham gia.

2.2. Thiét ké nghién cieu

Nghién ciru mé ta cit ngang co dbi chimg.
2.3. Phurong phdp chon miu

Chon mau thun tién.

2.4. Tién trinh nghién civu

Méu ngoai vi (2 ml) duoc thu vao éng EDTA tir tat ca dbi
tuong nghien ciru. T mdi méu, 200 pl duoc ding dé tich chiét
DNA bang bo kit QIAamp DNA Blood Mini Kit (Qlagen) theo
huéng dan nha san xuat. DNA thu dugc dugc kiém tra nong do
va d¢ tinh sach bang may NanoDrop dé dam béo chét luong phan
tich.

Dé xac dinh da hinh 4G/5G cua gen PAL-1 st dung bo kit
Realtime PCR SNP-Express-RT cua Hang Lytech (Moscow, Nga).
Chay song song mau bénh phdm va cdc miu chimg kiém dinh bao
gdm chimg am khong c6 DNA, chimg dong hop tir khong c6 da
hinh, chimg di hop tir va chimg ddng hop tir da hinh. Phan (g
PCR dugc thyc hién trong thé tich 30 ul, gdm 25 pl Master Mix
(Tagman probe FAM, HEX, mdi F, mdi R, dNTP, Taq polymerase)
va 5 ul DNA méu (500 ng). Hé thdng sir dung probe TagMan véi
FAM (xanh lam) ddc hi¢u alen 4G va HEX (xanh 14 cay) dac hiéu
alen 5G; tin hi¢u huynh quang phat ra khi co su khuéch dai alen
twong Gmg. Chu trinh PCR gdm: bién tinh ban dau 95°C trong 15
phut, 25 chu ky (94°C - 30 giay, 62°C - 1 phit, 72°C - 1 phut) va
kéo dai cudi ¢ 72°C trong 15 phit. Tin hi¢u huynh quang dugc ghi
nhan khi ngudng chu ky (Ct) xuat hién truée chu ky thir 30. Phan
tich da hinh gen dugc thuc hi¢n trén may Biorad CF96 (M¥).
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Sau khi xéac dinh kiéu gen, dit liéu dugc xr Iy bing phan mém
SPSS 26.0. Déi vdi cée bién lién tuc nhu tudi me, kiém dinh ¢ doc
lap duoc sir dung dé so sanh trung binh giita cac nhom. Céc bién
phan loai nhu phan b6 kiéu gen va tan suat alen dugc phan tich
bing kiém dinh Chi-square nham so sanh ty 1¢ giita cdc nhom;
trong trudng hop c6 bt ky 6 nao co gia tri ky vong dudi 5, kiém
dinh chinh xac Fisher s€ duoc ap dung thay thé. Nguong y nghia
thong ké dugc xac dinh voi gia tri p<0,05. Mbi lién quan giita da
hinh 4G/5G cta gen PAI-] va nguy co siy thai hodc thai chét luu
lién tiép dugc danh gia thong qua ty s6 chénh (odds ratio - OR)
kém theo khodng tin cay 95% (confidence interval - CI).

2.5. Quan ly dir li¢u va dao dirc trong nghién ciru

Nghién ctru dugce thuc hi¢n tai Trung tdm Di truyén lam sang
va Hé gen, Bénh vién Pai hoc Y Ha Noi voi su chap thuan ciia linh
dao Bénh vién va phé duyét boi Hoi déng dao duc Truong Dai hoc
Y Ha Noi va Bénh vi¢n. DT li¢u nghién ctru dugc bao mat, chi
st dung téng hop cho muc dich khoa hoc va cham séc strc khoe,
khong cong b thong tin c4 nhan. Viée thuc hién nghién ciu tuin
thii ding muc tiéu, khong gdy nguy hiém cho ngudi bénh va sin
sang cho kiém tra, gidm sat tir c4c co quan co thim quyén.

3. Két qua va ban luan
3.1. Ddc diém tuoi ciia nhom nghién ciru

Bang 1. Bac diém tudi ctia nhém nghién ciru.

Nhom nghién ciru

Nhom bénh Nhom chirng
Tudi (n=75) (n=75) P
Trung binh + SD 31,45+5,67 32,30+4,16
Nho nhit 21 23 0,287
L6n nhét 45 42

Két qua bang 1 cho thay, nhém phu nit ¢6 tién sir siy thai/thai
chét luu lién tiép c6 tudi trung binh la 31,45 (SD=5,67), dao dong
tir 21 dén 45 tuoi. Nhoém chimg (phy nit khoe manh) ¢6 tudi trung
binh cao hon (32,30 tudi, SD=4,16), trong khoang 23 dén 42 tuoi.
So sanh nhém bénh ¢6 do tudi phan b6 rong va da dang hon nhom
chung. Tuy nhién, gia trj p=0,287>0,05 lam rd sy khac biét vé tudi
giita hai nhom khong c6 y nghia thong ké.

3.2. Két qud xét nghiém Realtime PCR

Amplification B Amplification m

0 10 20 0 49 0 10 20 30 4@
Cyeles [ Log Scale Cycles [ Log Scae

Hinh 1. Puong cong khuéch dai trong xét nghiém Real-time PCR
xac dinh da hinh gen PAI-1 4G/4G va 5G/5G.
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Hinh 1 cho thiy duong cong khuéch dai thu duoc tir phan
ung Realtime PCR nham phat hién da hinh 4G/5G gen PAI-1.
Biéu dd bén trai thé hién tin hiéu khuéch dai cia miu mang
kiéu gen 4G/4G, voi dudng cong mau xanh lam ting manh sau
khoang chu ky thtr 20, cho thy sy tich lily san phim PCR 13
rét. Tuong tu, biéu do bén phai minh hoa phan tmg PCR cua
kiéu gen 5G/5G, cling véi tin hi¢u khuéch dai dac trung voi
duong cong mau xanh 14.

Amplification E
: .

amp LT T

A !
T t t

0 10 20 30 40

Cycles [ Log Scale

Hinh 2. Pwéng cong khuéch dai trong xét nghiém Realtime PCR
xac dinh da hinh gen PAI-1 4G/5G.

Hinh 2 cho thay hai duong cong khuéch dai xuat hién rd sau
khoang chu ky thir 20, phan anh sy hién dién cla ca alen 4G va
5G. Két qua kiéu gen di hop tir 4G/5G duge xac dinh nho hai
duong cong khuéch dai dic trung.

3.3. Sw phén bé ciia kiéu gen va alen PAI-1 6 nhém nghién ciru

Bang 2. Kiém dinh Hardy-Weinberg trong nhém chirng.

Tén suit Ténsuit  Tén suit Tén suéit
Kiéu gen quan sat quansat 1y thuyét Ij thuyét 2 p

(n) () (m) (%)
5G/5G 55 733 54 72,25
4G/5G 18 24 19 25.5

0,0711 0,965

4G/AG 2 2,7 2 225
Tongcong 75 100 75 100

Két qua bang 2 cho thay, trong nghién ctru nay, kiéu gen cua
75 ¢4 thé thugc nhom chimg phan tich kiém dinh trang thi can
bang Hardy-Weinberg. Két qua cho thy, tin sudt quan sat cua
cac kiéu gen 5G/5G, 4G/5G va 4G/4G lan luot 1a 73,3; 24 va
2,7%; trong khi do, tan suét 1y thuyét tuong img theo phan bd
Hardy-Weinberg la 72,25; 25,5 va 2,25%. Phép kiém dinh Chi
binh phuong (¥?) cho gia tri > = 0,0711 vdi p=0,965, 16n hon
ngudng y nghia 0,05. Do do, khong c6 sy khéc biét c6 y nghia
thong ké giira tin sudt kiéu gen quan sat dwoc va phan b ky
vong theo Hardy-Weinberg.
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Bang 3. Phan b6 kiéu gen PAI-1 trong nhém nghién ctru.

Nhom nghién cdu  Nhom bénh  Nhém chirng Tén
(n=75) (n=75) g

Kiéu gen n % n % n % '
5G/5G 41 55 55 73 96 64
4G/5G 26 35 18 24 44 29 0,029
4G/AG 8 10 2 3 10 7

Két qua bang 3 cho thay, su phan b kiéu gen c6 su khac
nhau gitra nhém bénh va nhom chimg. Kiéu gen 5G/5G xuit
hién & 73% nhom chung va 55% nhoém bénh. Trong khi do,
kiéu gen 4G/5G chiém 35% ¢ nhom bénh va 24% & nhom
chiing; kiéu gen 4G/4G (da hinh dong hop tir) xuit hién 6 10%
nhom bénh, cao hon so voi nhom chiung chi 3%. Sy phan b6
cac kiéu gen giira hai nhom nghién ciru co su khac biét ¢ y
nghia thong ké vai p=0,029.

Bang 4. Mé6i lién quan giira da hinh gen PAI-1 4G/5G va 4G/4G v&i
nguy co’ say thai, thai chét lwu lién tiép.

Nhom nghien cftu (G, o benh Nhém chimg OR

p
2 = = 0,
Kiéu gen (n=75) (n=75) CI95%
4G/4G va 4G/5G 34 20 228

0/ .
5G/5G 41 55 (1C1159_5 %: 0,017
Téng 75 75 4,52).

Két qua bang 4 cho thiy, trong nhém bénh, 45,3% mang
kiéu gen chira alen 4G (4G/4G hoidc 4G/5G), trong khi ty 16 nay
0 nhom chiing chi 1a 26,7%. Nguoc lai, ty 1¢ kiéu gen 5G/5G ¢
nhém chiig cao hon dang ké so v6i nhom bénh (73,3% so voi
54,7%). Phan tich 1am r& phu nit mang alen 4G c¢6 nguy co sdy
thai hodc thai chét luu lién tiép cao gap 2,28 lan so véi ngudi
mang kiéu gen 5G/5G (OR=2,28; CI 95%: 1,15-4,52). Khoang
tin cdy khong chira gia tri 1, chimg t0 mbi 11en quan nay co y
nghia thong ké. Ngoai ra, gia tri p=0,017 (<0,05) cang cung ¢o
thém két luan rang, alen 4G cua gen PAI-I'la mjt yeu td nguy
co dang luu y trong nhom phu nir c6 tién st sdy thai hodc thai
chét Iuu lién tiép.

Bang 5. Nguy co sy thai, thai chét Iwu lién tiép véi tan sé alen 4G
va 5G cua da hinh gen PAI-1.

Nhom nghién ciru  Nhom bénh  Nhom chig Téng

@15 (=75 OR
coss% P
Kiéu alen 2 %oom % no %
4G 42 28 22 15 64 213 2263
(C195%: 0,005
5G 08 72 18 8 236 T |y

Két qua bang 5 cho thay, tan suét alen 4G trong nhom bénh
14 28%, cao gan gép doi so voi nhom chimg (15%). Nguoc lai,
tan sudt alen 5G ¢ nhom bénh (72%) thap hon dang ké so voi
nhom chimg (85%). Phan tich nguy co cho thay, phu n& mang
alen 4G c6 nguy co gip say thai va thai chét luu lién tiép cao
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gip 2,263 lan so voi ngudi khong mang alen nay (OR=2,263;
CI 95%: 1,272-4,025). Khodng tin cdy khong chira gid tri
1, khing dinh mdi lién quan 1a co ¥ nghia thong ké. Gia tri
p=0,005 (<0,05) khang dinh sy khac biét nay khong phai do
ngiu nhién, va con c6 ¥ nghia cao hon SO voi phan tich kiéu
gen. Diéu nay nhan manh alen 4G la yeu t6 di truyen lién quan
dén tang nguy co sdy thai hodc thai chét luu lién tiép trong quan
thé nghién ciru.

3.4. Ban lugn

Say thai, thai chét luu lién tiép khong chi gy ra hau qua
vé mit thé chat, ch’fmg han nhu chay mau hodc nhiém tring,
ma con co thé dan dén cac van dé tim ly nghiém trong nhu lo
au, tram cam, rdi loan cang thing sau chin thuong va tu tir [7].
Tuy nhién, khoang mét nira cac trudng hop van chua duge hiéu
0 nguyen nhan [8] Thuc trang nay thuc déy viée tim hiéu sau
hon vé cac yéu t6 nguy co di truyén, chang han nhu gen quy
dinh yéu t6 dong mau. V&i vai trd cua PAI-1 1a mot yeu t6 diéu
hoa qua trinh dong mau, nghién ctru nay khao sat moi lién quan
cta da hinh 4G/5G gen nay v6i nguy co sy thai va thai chét
lwu lién tiép.

Két qua phan tich kiéu gen 6 nhom ching gdbm 75 cé thé cho
thay, phan bd ba kiéu gen 5G/5G, 4G/5G va 4G/AG tuong dbi
phu hop véi phan bé 1y thuyét theo cin bang Hardy-Weinberg.
Gia tri kiém dinh Chi binh phuong rat nho (32=0,0711) va gia
tri p cao (p=0,965), vuot ngudng ¥ nghia thong ké 0,05, cho
thay khong c¢6 su khac biét co ¥ nghia giira phan bé kiéu gen
quan sat dugc va phan b ky vong. Piéu nay cho phép két luan
rang, quan thé nhom ching dang & trang thai can bang Hardy-
Weinberg - mot diéu kién quan trong phan 4nh sy 6n dinh di
truyén va tinh dai dién ciia nhom chimg trong nghién ciru. Viée
nhém chimg dat trang thai can bang gitp cung cb do tin cay
clia cdc phan tich so sanh gitta nhém bénh va nhom chung.
Tuy nhién, do kich thudc mau con gidi han, nghién ctru & quy
md 16n hon s& can thiét d x4c nhan tinh 6n dinh nay mot cach
toan dién hon. Sy phéan b kiéu gen PAL-I cho thay sy khac
biét co ¥ nghia thong ké gitra nhom phu nit c6 tién st siy thai,
thai chét luu lién tiép va nhom ching (p = 0,029). Cu thé, ty
1é kiéu gen 4G/4G ¢ nhom bénh cao hon dang ké so v6i nhom
chimg (10% so vé6i 3%), trong khi kiéu gen 5G/5G phd bién
hon 16 rét & nhom ching (73% so vai 55%). Dang chi y, ty
1é kiéu gen 4G/5G & nhom bénh ciing cao hon nhém ching
(35% so v6i 24%). Két qua nay cho thay, sy hién dién cia alen
4G (& ca trang thai di hop va dong hop) c6 thé lién quan dén
nguy co bénh Iy dang nghién ctru. So sanh véi nghién cuu cua
F. Shakarami va cs (2015) [9] tai Iran, ty 1¢ kiéu gen 4G/4G
trong nghién ctru nay cao hon (17% so véi 10%), ty 1¢ 5G/5G
thap hon (33% so v&i 55%), su khéac biét co thé do yéu té chung
toc hodc dic diém dan sb. Két qua cta ching t6i gop phan bod
sung bang chimg cho méi lién quan giita da hinh 4G/5G cia
gen PAI-1 va nguy co sy thai, thai chét luu lién tiép. Phan tich
bang 4 ghi nhan phu nit mang alen 4G (4G/4G hoac 4G/5G) ¢
nguy co say thai hodc thai chét Iuu lién tiép cao hon 2,28 lin



s0 v6i ngudi mang kiéu gen 5G/5G (OR=2,28; CI 95%: 1,15-
4,52; p=0,017). Biéu nay chi ra mdi lién hé c6 ¥ nghia thong ké
va khang dinh alen 4G 1a yéu 6 di truyén gép phan ting nguy
co huyét khéi nhau thai va rdi loan duy tri thai ky. Két qua
nay phu hop véi cac nghién ctru trude d6 quy mé 16n trén thé
gi6i. Dién hinh 12 phan tich tong hop ciia M. Maghsudlu va cs
(2024) [10] véi1 23 nghién ctru (4.284 ca bénh, 3.549 ca chiing),
khi phén tich theo mé hinh di truyén troi (két hop ca 4G/4G va
4G/5G so v6i 5G/5G), nguy co sdy thai lién tiép tang 2,31 lan
(OR: 2,31; KTC 95%: 1,81-2,93).

Tir bang 5, chung t6i ghi nhan tan suét alen 4G cao hon 1o
rét & nhom bénh (28%) so vdi nhoém ching (15%), voi mirc
nguy co ting 2,263 lan (CI 95%: 1,272-4,025; p=0,005). Phan
tich theo tin suét alen mang lai goc nhin bd sung, gop phan
khang dinh rang khong chi kiéu gen, ma ban than alen 4G ciing
c6 gia tri tién lugng nguy co. Bén canh d6, két qua nay ciing
¢6 xu hudng nhat quan voi cic nghién ctru hién tai, nhu cia
M. Maghsudlu va cs (2024) [10] trong d6 alen 4G lién quan dén
nguy co sy thai va thai chét luu ting hon 1,55 14n so v6i ngudi
khong mang alen nay, voi y nghia théng ké cao (p<0,001).

Miic du tudi me 1a mot yéu té nguy co da duge ghi nhan 16
ddi voi mat thai, két qua nghién ctru dua ra khong c6 su khac
biét ¢6 ¥ nghia thong ké giita hai nhom vé d6 tudi trung binh
(p=0,287). Piéu nay gitp két ludn vé mdi lién quan giira da
hinh 4G/5G va say thai va thai chét lu’u hen t1ep khong bi anh
huong boi sy chénh 1éch tudi - mot yeu t6 c6 thé gy nhiéu tiém
an. Hon nita, khoang dao dong d¢ tudi rong trong nhém bénh
phan anh tinh da dang ciia quan thé chiu anh hudng, cung cb
gia thuyét ring yéu to di truyén nhu alen 4G c6 thé dong vai
tro nguy co doc lap.

Nghién ctru ciia chung t6i ¢6 mot s6 diém manh dang ghi
nhén. Trude hét, thiét ké nghién ciru cit ngang c6 ddi chimg
duoc Iya chon phu hop véi muc tiéu so sanh nguy co gilia
nhom bénh va nhom chimg, gitp 1am 16 mdi lién quan gitra da
hinh 4G/5G gen PAI-1 va nguy co sy thai, thai chét luu lién
tiép. Tiéu chuén lya chon va loai trir dugc xay dung chat ché,
gbp phan han ché cac yéu t6 gdy nhidu nhu bat thuong giai
phau, ndi tiét, mién dich hay bénh 1y di truyén. Nghién ctru
ciing tién hanh phan tich toan dién dua trén ca kiéu gen va tan
suat alen, cho phép danh gia méi lién quan di truyén mot cach
toan dién. Tuy nhién, nghién ctru van c6 mot s6 han ché, déang
chi y 1 ¢& mau con nhé va chi tap trung vao mot gen don lé
ma chwa xem xét sy twong tac voi nhitng gen mi héa cac yéu
t6 lién quan dén qua trinh dong mau khac nhu F2, F5, FGB
hay ITGB3.

Tém lai, nghién ctru cung cap thém bang chimg khang dinh
alen 4G va cac kiéu gen chira alen 4G ctia PAI-1 1a yéu t6 nguy
co di truyén dbi v6i sdy thai, thai chét luu lién tiép. D con mot
s gioi han, nhung két qua nay 1a co sé quan trong dé tiép tuc
nghién ctru sau hon trong tuwong lai.
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4. Két luan

Nghién ctru nay da xac dinh duoc mdi lién quan c6 y nghia
thng ké giita alen 4G va cac kiéu gen mang alen nay ciia gen
PAI-1 véi nguy co sy thai va thai chét luu lién tiép ¢ phu
nfr Viét Nam. Mic dii cac nghién ctru trén thé gioi dﬁ néu ra
mbi lién hé nay, nhiing phat hién ciia chiing t6i cung cp bang
chung cu thé va cung cd vai tro cua da hinh 4G/5G nhu mot
yéu t6 nguy co di truyén trong quan thé Viét Nam, noi dit lidu
con han ché. Két qua nay ¢6 y nghia 1am sang tiém ning trong
viéc hd trg danh gia nguy co va tu van cho céc trudng hop mat
thai tai dién.

TAI LIEU THAM KHAO

[1] A. Youssef, L. Lashley, S. Dieben, et al. (2020), “Defining recurrent
pregnancy loss: Associated factors and prognosis in couples with two versus
three or more pregnancy losses”, Reprod. Biomed. Online, 41(4), pp.679-685,
DOI: 10.1016/j.rbmo.2020.05.016.

[2]S. Quenby, I.D. Gallos, R K. Dhillon-Smith, etal. (2021), “Miscarriage
matters: The epidemiological, physical, psychological, and economic costs of
early pregnancy loss”, The Lancet, 397(10285), pp.1658-1667, DOL: 10.1016/
S0140-6736(21)00682-6.

[3] H.B. Ford, D.J. Schust (2009), “Recurrent pregnancy loss: Etiology,
diagnosis, and therapy”, Rev. Obstet. Gynecol., 2(2), pp.76-83.

[4] Z. Tavoli, M. Mohammadi, A. Tavoli, et al. (2018), “Quality of life and
psychological distress in women with recurrent miscarriage: A comparative
study”, Health Qual. Life Outcomes, 16, DOI: 10.1186/s12955-018-0982-z.

[5]1 Q. Zhang, Y. Jin, X. Li, et al. (2020), “Plasminogen activator
inhibitor-1 (PAI-1) 4G/5G promoter polymorphisms and risk of venous
thromboembolism - a meta-analysis and systematic review”, Vasa - European
Journal of Vascular Medicine, 49(2), pp.141-146, DOI: 10.1024/0301-1526/
a000839.

[6] X. Li, Y. Liu, R. Zhang, et al. (2015), “Meta-analysis of the
association between plasminogen activator inhibitor-1 4G/5G polymorphism
and recurrent pregnancy loss”, Med. Sci. Monit., 21, pp.1051-1056, DOL:
10.12659/msm.892898.

[7] E. Kuhlmann, P. Scharli, M. Schick, et al. (2023), “The posttraumatic
impact of recurrent pregnancy loss in both women and men”, Geburtshilfe
und Frauenheilkunde, 83(1), pp.88-96, DOI: 10.1055/a-1916-9180.

[8] N. Yu, J. Kwak-Kim, S. Bao (2023), “Unexplained recurrent
pregnancy loss: Novel causes and advanced treatment”, J. Reprod. Immunol.,
155, DOL: 10.1016/j.jri.2022.103785.

[9] F. Shakarami, M.T. Akbari, S.K. Zare (2015), “Association of
plasminogen activator inhibitor-1 and angiotensin converting enzyme
polymorphisms with recurrent pregnancy loss in Iranian women”, Iran J.
Reprod. Med., 13(10), pp.627-632.

[10] M. Maghsudlu, Z. Noroozi, E. Zokaei, et al. (2024), “Systematic
review and meta-analysis of association between plasminogen activator
inhibitor-1 4G/5G polymorphism and recurrent pregnancy loss: An update”,
Thrombosis Journal, 22, DOI: 10.1186/s12959-024-00612-9.



DOI: 10.31276/VIST.67(7).61-66 Khoa hoc Néng nghiép | Trong trot; Céng nghé sinh hoc trong néng nghiép, thly sdn

Nghién ctru diéu ché nguyén liéu cho phan bén 14 silica
tir natri metasilicat pentahydrat va tro trau
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Tém tit:

Trong nghién ciru nay, nguyén liéu cho phan bén 14 silica dang keo dugc diéu ché tir natri metasilicat pentahydrat
va tro trau. Cac yéu t6 anh huong dén d9 6n dinh ciia san phim keo silica gdbm: d9 pH, toc d9 dong ciia dung dich
thity tinh qua cdt trao doi ion va nhiét dd gia héa da dwoc khio sat. Két qua cho thiy, dai pH phi hop dé thu dwoc
dung dich keo silica 6n dinh 12 9-10. Nhiét d gia hoa dé san pham dat su 6n dinh la tir 70 dén 90°C. Piéu kién t6i wu
dé diéu ché san pham dwoc xac dinh 1a tai pH 9, toc dd chay trung binh 100 ml/phit va nhiét do gia héa 70°C. Sau
6 thang luu triv & diéu kién thwong, dung dich keo silica vin trong sudt, kich thuéc hat 16n hon ban diu nhung vin
duéi 10 nm. Kich thwée va két cau hat keo nhw vay gitip cAy trong dé dang hap thu dé phat trién.

Tir khéa: keo silica, nano silica, nhiét do gia hoa, pH, trao ddi cation, tro triu.

Chi s6 phén loai: 4.1, 4.6

Preparation of raw material for silica foliar fertiliser

from sodium metasilicate pentahydrate and rice husk ash

Thi Thu Hien Doan'", Nho Lan Nguyen', Van Duc Hoang', Xuan Vinh Tran!,
Thi Phuoc Vu!, Thi Men Nguyen', Thi Kim Dung Nguyen?

!nstitute for Radioactive and Rare Elements, Vietnam Atomic Energy Institute, 48 Lang Ha Street, Lang Ward, Hanoi, Vietnam
’Nuclear Training Center; Vietnam Atomic Energy Institute, 140 Nguyen Tuan Street, Thanh Xuan Ward, Hanoi, Vietnam

Received 21 November 2023; revised 25 December 2023; accepted 28 December 2023
Abstract:

In this study, the raw material for colloidal silica foliar fertiliser was prepared from sodium metasilicate pentahydrate
and rice husk ash. The factors affecting the stability of colloidal silica products, including pH, flow rate of the aqueous
glass solution through the ion exchange column and aging temperature, were investigated. The results showed that
a pH of 9-10 was suitable to obtain the stable colloidal solution. The aging temperature to achieve the stability of the
product ranged from 70 to 90°C. The optimal experimental conditions for preparing the colloidal silica product were
determined at pH 9, the average flow rate of the solution through the ion exchange column was 100 ml/min, and the
aging temperature was 70°C. After 6 months of storage under normal conditions, the colloidal silica product was still
transparent, the particle size was larger than the original but still below 10 nm. The colloidal silica product has such
a colloidal particle size and colloidal structure, making it easy for plants to absorb for growth.

Keywords: aging temperature, cation exchange, colloidal silica, nano silica, pH, rice husk ash.
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1. it van de

Cong nghé nano d dugc phat trién nhanh trong thoi gian gan
day va tng dung cua né trong ndng nghiép dang thu hut nhiéu sy
quan tim cua céc nha khoa hoc va quan Iy nham giam thiéu st
dung hoa chat nong nghiép va 6 nhiém moi trudng [1]. Phan bon
14 nano silica dang dugc ky vong nhu mot trong nhiing giai phap
hitu ich cho sur phat trién nong nghiép xanh va bén viing [2]. Trong
thuc tién canh tac, cho dén gan day silica con chua dugc coi 1a
chat dinh dudng can bd sung cho cay trong [3]. Tuy vay, silic lai
14 nguyén t6 can thiét ddi voi sy phat trién khoe manh cua nhiéu
loai thyc vat, dic biét 1a ddi véi cac loai cdy than thao c6 ham
luong silic cao nhu: lta, ngd va mia. Thiéu silic anh huong dén
kha ning sinh truong, phat trién cua cy trong, tham chi lam cho
cay bi yéu, dé b anh hudng boi cdc tic nhan gdy bénh [4]. Sy tich
Ly silic trong 16p té bao biéu bi, gitp ciy chong chiu tot hon voi
ndm bénh [5]. Két qua nghién ciru trén nhiéu loai cdy trong chimng
to ham luong silic cao trong cdy c6 anh hudng tich cuc dén kha
nang khang sau bénh [6, 7]. Silic cing anh hudng dén viéc tong
hop lignin ctia cdy. Chang han, truong hop vach té bao cuia ré cay
lua mi khong c6 silic, ham lugng lignin bi sut gidm va ty 1¢ cdc
phenolic gia tang [8]. Déac biét dbi voi cay lta va ngii coc, silic
gitip 14 moc thing dimg hon, giam d6 nga do mua gio, ting cudong
quang hop, tang hi¢u lyc va hi¢u qua ctia phan bon hoa hoc cling
nhu phan bon hitu co [9, 10].

Silic rét pho bién trong ty nhién va ton tai ¢ nhiéu dang, chu
yéu ¢ dang dioxit silic, hay silica (Si0,). Phén tir SiO, khong ton
tai don 1¢ ma lién két lai vi nhau thanh phan tir rt lorn Silica co
hai dang céu tric 1 dang tinh thé va vo dinh hinh [11]. Trong tu
nhién, silica ton tai chi yéu & dang tinh thé hodc vi tinh thé (thach
anh, canxedon, d4 mé ndo...), nhung da s0 silica té)ng hop nhan tao
déu duoc tao ra ¢ dang bot hodc dang keo (colloidal silica) va c6
céu tric vo dinh hinh [12]. Tuy nhién, khong phai dang silic nio
cdy ciing ¢6 thé hap thu dugc. Cac nghién clru gan day cho thiy
rang, viéc hip thu silic qua 14 hiéu qua hon qua ré va silic ¢ dang
axit silicic (H,Si0,) d& duoc cay trong hap thu nhét, nén thuong
dugc dua vao phan bon 14 dudi dang keo nano silica cho nhiing cay
than thao nhu laa mi, lua gao, khoai tay, ngd va mot sd loai cdy an
qua nhu chanh leo va céc loai dua...[4, 13]. Kha nang hép thu silic
clia cdy trong ciing khac nhau, phu thuge vao giong cay va nong
do cua axit silicic hoa tan trong dat canh tac [14]. Trong cing ty 18
cua axit silicic hoa tan, Ita hap thu cao hon dau 10-20 lan. Nhimng
cay trong ctng ho thi sy hap thu silic ty 1¢ thuan v6i ham lwong
axit silicic hoa tan trong dat [4].

Cho dén nay, dung dich keo silica duoc san xudt bang nhiéu
phuong phép khac nhau nhu vi nhii twong dao nguoc, dot chay
bang ngon Iira nhiét do cao, phuong phap sol-gel [15]... Phuong
phép vi nhil twong dao ngugc tmg dung dé tao ra cac 16p phu 1én
cac hat nano dé gin cac nhom chirc ning khac nhau, nhung co
nhuoc diém 14 chi phi cao va kho loai bo cac chét hoat dong bé mit
trong san pham cudi cung. Phuong phép sol-gel da duoc st dung
rong rai trong viéc dicu ché keo silica tir dung dich thiy tinh dé san
xudt vat liu silica do c6 kha ning tao ra cac san pham tinh khiét
va dong nhat [15]. Mot s6 phuong phap hoa hoc khac da duoc
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phat trién dé didu ché keo silica, duoc (g dung rong ri vi dé theo
doi va kiém soét cac thong so quy trinh, ciing nhu chat lugng san
phim. Trong d6, phuong phap Stober cai tién ciia Werner Stober
da tong hop cac hat silica hinh cdu va don phan tan véi kich thudc
mao quéan tir 5 dén 2.000 nm tir dung dich con silica alkoxides co
mat chat x{ic tic amoniac [16], duogc chitng minh 14 vu viét hon so
v6i cac hé thong xUc tic axit thuong tao ra cdu tric gel.

Trong nghién ctru gan day ciia Vién Nghién ctru Khoa hoc
mién Trung phdi hgp véi Vién Cong nghé Xa hiém, vat ligu nano
silic (Nano orthosilicic acid) da dugc tong hop va tich hop vao
phan bon hiru co vi sinh da chirc nang tir phy pham ché bién sin
phuc vu canh tac sn bén viing tai Viét Nam. Két qua cho théy,
dung dich thuy tinh tir tro trdu v6i higu sudt hoa tich 55% va san
phém nano silica thu dugc bé“mg phuong phap két tua trong trudng
cao ¢6 thé tmg dung 1am phan bon silic cho cdy trong [17]. Két
qué ciing cho thdy, d6 6n dinh ciia dung dich keo silica phy thudc
vao kich thude cac hat SiO,, do d6, viéc nghién clru dua ra cac giai
phap tang tinh 6n dinh ciia dung dich keo silica rat duoc quan tam,
dé co thé ap dung san pham vao thuc tién.

Trong nghién ctru nay, phuong phap trao ddi cation ding nhya
cationit axit manh (H') di dwoc 4p dung dé diéu ché keo silica tir
dung dich thuy tinh thu dugc tir natri metasilicat pentahydrat va tro
trdu lam nguyén liéu cho phan bén 14 & quy md phong thi nghiém.
Cac didu kién t6i wu dé diéu ché keo silica dd dugc khao sat.

2. Viat liéu va phuong phap nghién ciiu
2.1. Thiét bi va héa chit

Thiét bi: H¢ thiét bj phan tmg diéu ché dung dich thuy tinh
tir natri metasilicat pentahydrat va tro trdu 4p sudt cao, c6 dung
tich 1am viéc 20 lit gia nhiét ngoai (ding gas), hé théng khudy 2
ting, hé thong diéu khién nhiét do (hinh 1A); 2 cdt trao doi ion
(hinh 1B) bao gdm 6ng nhyra ®22x100 cm v6i dung tich nhya kho
t0i da 25 lit/cot, hé thong van, éng dan, ludi bay hat nhua, nhya
trao doi cation Amberlite IR120H v6i dung lugng trao d6i 1,95
eq/l. Cac thiét bi duoc sir dung tai Vién Cong nghé¢ Xa hiém: tu sa”iy
Binder ED115 (CHLB Diic); thiét bi do pH Laqua-PH1100 Horiba
Scientific (Nhat Ban); thiét bi do pH cam tay Hanna (Romania);
thiét bi phan tich quang pho phat xa nguyén tu plasma (ICP-OES)
Horiba Scientific (Nhat Ban).

Mot s6 thiét bi phan tich chuyén dung khéc: Thiét bi phan tich
hat LitesizerTM 500 ANTON PAAR tai Vién Khoa hoc Vat liu
(Vién Han 1am Khoa hoc va Cong nghé Viét Nam), thiét bi quang
phd hdng ngoai bién doi Fourier (FTIR) Affinity - 1S Shimadzu
(Nhat Ban) tai Khoa Hoa hoc, Truong Dai hoc Khoa hoc Ty nhién,
Dai hoc Quéc gia Ha Noi.

Hoa chat, vat liéu: Natri metasilicat pentahydrat: Na 0.
Si0,.5H,0 co 22% SiO, va 26% Na,0 (VREC, Viét Nam); tro
trau chua 80-90% SiO, (VNCOMEX Viét Nam); nhya cationit
Amberlite IR120H (Dupont Dow, dugc phan ph01 tai Trung
Qudc); H,S0, 95-98% (Xilong Scientific, Trung Qudc); dung dich
amoniac 28% (GHTECH, Trung Qudc).
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(A) ®)

Bong 1o

Dingco

Biiy nhya

Hinh 1. Hé thiét bj diéu ché dung dich thiy tinh ap suat cao va hé cét trao
d6i ion. (A) Hé thiét bi didu ché dung dich thly tinh 4p suét cao; (B) Hé cot
trao déi ion.

2.2. Thuc nghiém

Dung dich thuy tinh tir natri metasilicat pentahydrat va tro trau
¢6 ty s6 mol (molar) (SiO,/Na,0, x) bing phuong phap phan tmg
ap suét [17] theo phuong trmh sau:

Na,0.5i0, + SiO, (tro tréu) + H,0 — Na0.xSi0,

trong d6: gia tri x nam trong khoang 3 dén 3,8 tiy thudc vao ap
suat du (2+4 at) va nhiét o (122+143°C).

Dung dich thily tinh nay duoc doi qua cot trao doi cation
Amberlite IR120H dé diéu ché dung dich keo silica theo phuong
phap trao di ion. Tai ddy, ion Na* ¢6 trong dung dich nudc thiry
tinh dugc thay thé bai ion H'. Nhyra sau d6 duogc tai sinh bang dung
dich axit sulfuric [18]. Quy trinh thuc nghiém gom 4 budc nhu mo
ta theo so d6 hinh 2.

SMS, tro triu
Gia nhiét i
trong néi cao _ }Ch“'; 0 Pha loing,
ip ( f‘ft) loc
(142°C, 4 at) phu
v
N z Trao d6i qua
g::f ltln::l Ondinh |, <ot nhya
danh id dung dich cation axit
£ manh (H+)

Hinh 2. So’ d6 diéu ché keo silica.
Chi tiét cac bude thue hién nhu sau:

Bude 1: Cho lan lugt 17 lit nuée, 6.360 g natri metasilicat
pentahydrat va 6.000 g tro trau da dugc sdy kho vao thiét bi phan
tmg chiu ap. Gia nhiét dé 4p sudt ting lén den khi dat 4 at (tvong
du'orng 142°C) thi nngg Lic nay ap sudt van tiép tuc tang dén
gan 6 at. De hé thiét b tlep tuc khudy trong 1 gid 30 phit, sau do
giam 4p xubng dudi 1 at bang cach xa van ha dp. San pham dung
dich thuy tinh thu dwogc, dugc dé lang vai ngdy, tach gan lay phan
dich phia trén, thu duoc khoang 20 lit san pham dung dich thuy
tinh trong sudt.
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Budc 2: Pha loang dung dich thiy tinh véi nude theo ty 1€ 1:6,
loc qua gidy loc, roi dan dung dich nay chay qua cot chira nhua
trao d6i cation axit manh (H) vdi toc do 100-150 ml/phut dé tao ra
dung dich axit silicic 6 dang dung dich keo. 2 ¢4t trao doi ion dugc
b tri lam viéc luan phién. Mot cot thuc hién trao doi ion, cot con
lai s& tai sinh nhya trao doi bang dung dich H,S0, 5%. Dung dich
axit silicic sau khi qua ¢t trao ddi catlon co pH~6 [19] dé tao gel
do do, ngay sau khi didu ché phai dugc on dinh bang cach dua vé
moi trudng kiém va gia hoa bang nhiét.

Budc 3: On dinh san pham: dung dich san pham ngay sau khi
diéu ché duoc diéu chinh pH & céc gia tri khao sat: 7,5; 8,5; 9; 9,5;
10 va ¢b dinh gia nhiét & 70°C. Thi nghiém danh gia anh huong
cua nhiét d¢ gia hoa dugc thyc hién ¢ pH 9, nhiét d§ 50, 60, 70,
80 va 90°C; thoi gian gia hoa tir 2 gio dén 3 gio. 10 mau san phim
(bang 1) twong (g v6i cac diéu kién ché hoa khac nhau dugc phan
tich va danh gia.

Bang 1. Danh sach cac mau.

Tén miu M1 M2 M3 M4 MS M6 M7 M8 M9 MI0

pH 75 85 9 95 10 9 9 9 9 9

Nhiét do giahoa("C) 70 70 70 70 70 50 60 70 80 90

Budc 4: Phan tich va danh gia san phim: Ham lugng SiO , trong
san pham dugc x4c dinh bang phuong phap ICP-OES. chh thude
hat nano silica trong dung dich keo duoc xac dinh bang phuong
phap tan xa anh sang trén thiét bi phan tich hat LitesizerTM 500
ANTON PAAR. Ciu tric san pham dugc phan tich bang phuong
phép quang phd hong ngoai bién d6i Fourier (FTIR).

Tat ca cac mau duoc luwu trit tai phong thi nghi¢m o diéu kién
thu(mg trong vong 6 thang. Sau 6 thang, cidc mau duoc kiém tra
bang truc quan dé so sanh V(n mau ban dau. Cac mau sau khi luu
duoc xem 1a 6n dinh néu van giir dugc trang thai long va khong
thay d6i nhiéu vé mau sic. CAc san phém bi dong rdn va c6 mau
trang duc la khong 6 6n dinh. Trir cac mau da bi doi mau va dong
ran, cic mau con lai dugce dua di phan tich kich thudc hat va ham
lugng SiO,.

< L -
3. Ket qua va ban luan

3.1. Xdc dinh no”‘ng dj Si0, trong dung dich san phtfm keo
silica

Dung dich thiy tinh diéu ché tir natri metasilicat pentahydrat
(san pham phu ciia Cong ty Co phan hda chit hiém Viét Nam
(VREC)) va tro triu sau khi qua loc c6 mau trong subt. Két qua
phén tich thanh phan Si0, va Na,O trong sin pham dung dich thf~1y
tinh thu dugc la: 26,98% SiO,, 8,70% Na,O. Trong khi d6, mau
dung dich thuy tinh cong nghip trén thi truong Viét Nam c6 ham
luong Si0, 36,32% va 13,7% Na,O. Nhu vy, dung dich thuy tinh
diéu ché tu natri metasilicat pentahydrat va tro trau trong nghién
ctru ndy ¢ thé dugc Vlet nhu sau: Na,0.3,25i0,. H,0. Dung dich
thiy tinh nay co ty s6 mol, x=3,2, cao hon so vdi san pham cong
nghiép 6 ty s mol, x=2,7.



Dung dich thiy tinh d@ duogc pha loang (voi nude) theo ty 1€
1:6 doi qua cdt cationit dang axit manh (H") tao ra dung dich axit
silicic (pH 6-7) theo phuong trinh phan ting:

H,S0, + Na,0.3,2 Si0,+ H,0 — Na,SO,+3,2 HSiO,
Na,Si0, + H,80, + nH,0 = Na,S0, + $i0,.nH,0

Qua trinh nay xay ra trong cot trao doi ion giira dung dich
nude thay tinh d dugc pha loing véi nhya trao ddi cation dang
axit manh (H"). Khi phan tmg hoa hoc dién ra ciing chinh la tao ra
méam két tinh (S10,). Két qua cta thuc nghiém 1a gidm thiéu nong
dg Na va tao ra san pham keo silica. Dung dich keo silica sau khi
didu ché trong subt, c6 nong do Si0, dat 3,8%.

Phuwong phap trao ddi ion co do chon loc cao, do vay, do sach
cua dung dich san pham s& dugc dam bao. Ngoai ra, voi 16p nhya
trao doi day (gan 100 cm), céc két tia néu co s& duogc giit lai trong
16p hat nhya nay va duoc rira tréi trong qud trinh tai sinh nhya. Do
vy, san phim thu dugc khong mau, trong sudt ding v6i ban chat
keo nano silica c6 kich thudc hat nhé (<10 nm). Tuy nhién, voi
dung dich c6 do bam dinh cao nhu dung dich thuy tinh thi cac hat
nhua trao déi c6 thé bi giam kha nang trao doi. Vi vay, dung dich
thiy tinh phai dugc pha loang va hat nhya cation axit manh (H")
dé tang hidu qua trao doi.

3.2. Xdc dinh ciu triic ciia dung dich keo silica

Pé xac dinh cAu tric cua san phém, mau dung dich keo silica
duoc phén tich trén may quang phd hong ngoai bién ddi Fourier
(FTIR) (hinh 3). Dai pho dugc quét & ché do hap thy trong pham
vi 4.000 dén 400 cm'.

Két qua FTIR trong hinh 3A va 3B cho théy, ph hp thy rong
va manh quan sat dugc ¢ 3.298 va 3.311 cm™ la do dao dong hoa
tri ciia cac phan tr OH-, nude va Si-OH. Cac pic quan sat duge ¢
1.638 va 1.639 cm™ la do dao dong cta phan tir nudc va silanol
OH. Pinh rong 1058 cm cho thiy dao dong bién dang cia lién két

(A)

04/14/2023 10:00:40 PM
Instrument: FTIR Affinity - 1S

-

Department of Inorganic Chemistry, HUS-VNU [E sHIMADZU

%T

90

80

70

60

3298.42-

40

e e e NS
3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 cm-1

Comment:

File name: D:IR 20231Vo co\A Son\A Son 2813 mau nuoc'M3 1ispd
No of Scans: 20
Intensity Mode: %
Min: 400 em-1
Resolution: 4 [em-1]
Atmosphere Correction: OFF

VaTransmittance
Max: 4000 cm-1

s Khoa hoc Néng nghiép | Trong trot; Céng nghé sinh hoc trong néng nghiép, thdy sén

Si-O-Si. Dinh nho quan sat duge ¢ 937 cm' a lién két Si- O Sidac
trung trong mang Si-O,. Dai xuét hién & khoang 456 cm, ctng
cho thy cac dao dong dac trung cta lién két Si-O-Si. Vi cac két
qua phan tich pho FTIR nhu trén, co thé khang dinh trong dung
dich san phém ¢ ton tai axit silisic. Trén bé mit san phém keo
silica co nhiéu nhom chire chira nude. Didu nay s 1am ting kha
nang tan cua keo silica va ting ham lugng axit silisic trong dung
dich, thuan lgi cho vi¢c stt dung l[am phan bon 1a.

3.3. Anh huéng ciia pH, toc dj chéy ciia dung dich thiiy tinh
qua cft trao doi ion va nhiét dp gia hoa den kich thwoc hat keo
va sw on dinh cua keo silica

Dung dich axit silicic sau khi qua cot trao doi ion 1a mt dung
dich keo c6 pH khoang 6-7, chira 3,8% SiO, bao gdm céc hat ¢6
duong kinh nho hon hodc bang 3-5 nm. Dung dich keo ¢ trang thai
khong 6n dinh va dé tao gel sau mot khoang thoi gian ngin dudi
6 gio [20]. Nhiéu nghién ciru da chi ra ring, do pH 1a yéu t6 anh
huong rat 1on dén do on dinh cia dung dich keo silica. Cac hat
nano silica dang keo hinh thanh khi cac phan tr H,SiO, tuong tac
tao thanh lién két siloxane Si-O-Si vdi cac phan tu khac Bé mit
clia cac hat chira cac nhom silanol Si-OH khéng lién két. Khi pH
<8, O trén bé mat hat nay hinh thanh lién két v6i H trén hat kia,
lién két Si-O-Si hinh thanh gitta cac phan tu, tir do lam tang kich
thude cua hat. Khi céc hat phat trién dén kich thudc mong mudn,
dung dich c6 thé dugc 6n dinh bang cach ting d6 pH dé ngan chin
st phat trién thém cta hat. Khi pH tang (pH>8), cac hat nano bi
ion hoa va déy nhau, ngan chdn vi¢c cac hat lién két v6i nhau tao
thanh hat 16n hon. Két qua 1a céc hat co d6 on dinh vé kich thudc.
Khoang pH dé dung dich keo silica dat dugc do on dinh tot 1a 8,0-
10,5 [20]. D¢ dat dugc d6 pH nay can b sung cua dung dich kiém
(thudng 1 natri, kali hoac liti), hodc duoc on dinh bang amoniac.

Mot yéu t(”:) khac cling tac dong dén do 6q dinh cta dung dich
keo silica la tég d6 dong chay qua cot trao doi cation va nhiét do
gia hoa [21]. Toc do dong chay cua dung dich thuy tinh pha loang

(B)
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Hinh 3. Phé hdng ngoai bién dbi Fourier cia mau san pham keo silica: (A) khi mai diéu ché va (B) sau 6 thang.
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qua cot cationit fiuqc khao sat tai 100 va 150 ml/phﬁt, sau d(} diéu
chinh pH tir 8 dén 10, va gia nhit gia hoa tir 50 dén 90°C. Két qua
céac nghién ctru nay dugc thé hién trong bang 2.

Bang 2. Khao sat anh hwéng cia téc doé dong trao dbi cation va
nhiét dé gia hoa.

Nongdy  BjpH Tée d dong chay (100 mUphit)  Tde d9 dong chay (150 mliphiit)

kibm Keo

%) s Tt S0 Gi'C 7C 8PC IPC S0C 60'C TPC 8FC 9FC
00 3 dumgdich  pioggy 340 Bi gelsau 34 gio

keo silica
0,03 9

0,04 10

Dung dich long 6n dinh sau 6 théng ~ Dung dich long on dinh sau 6 thang

Dung dich Iong on dinh sau 6 thing ~ Dung dich Iong on dinh sau 6 théing

Két qua do kich thudc hat ¢ cac Irlﬁu duoc dié}u chinh pH 6 7,5;
8,5;9;9,5; 10, twong ng vdi cac mau tod M1 dén M5, dugc trinh
bay ¢ hinh 4.

12 11.62 =
27 San phim méi
10 Sau 6 thang
E
E g
=
=]
=}
£ 6 5_.1
E 3.4
g 41> 2.78 3_.37 316 3.02 a2
2 |
a /
7:5 8.5

pH

Hinh 4. Anh hwéng ciia pH dén kich thwéc hat va sw én dinh cla
keo silica.

Hinh 4 cho thiy kich thudc hat trung binh cua tat ca cac miu
tir M1 dén M5 déu ndm trong khoang tir 2 dén 10 nm. Piéu nay
giai thich tai sao dung dich keo silica thu duoc lai trong sudt. Dung
dich phan tan hat nano silica c6 kich thudc hat nho (<10 nm) thi
khong mau, véi kich thudc hat trung binh (10-20 nm) thi bt dau
¢6 mau tréng do anh sang bi tan xa nhidu hon, con khi kich thude
hat 16n (>20 nm) thi dung dich s& c6 mau tring duc [22].

Ngay sau khi diéu ché, kich thu6c hat cua tit ca céc san
phim dung dich keo silica kha dong déu va <5 nm (hinh 4).
Tuy nhién, theo thoi gian dnh hudng cua pH dén d6 6n dinh cua
dung dich keo tr¢ nén 1o rét. O pH 7,5 mau M1 bi bién doi trang
thai, dong gel (hinh 5A) va hoa rin sau mét thoi gian bao quan
(hinh 5B). Diéu nay xay ra 1a do & pH<8, c4c hat két tu voi nhau dé
tao thanh hat 16n hon. Qua trinh d6 1dp lai cho dén khi dung dich
keo 1ong ban dau chuyén din sang dang rin. Cac mau con lai véi
pH 8,5-10 cho thiy, c6 mdi twong quan chit ché giita do pH va sy
thay di kich thudc hat sau 6 thang. Khi pH cang tang, su thay doi
kich thuéc hat cang giam. Mau M2 véi pH 8.5, sau thdi gian bao
quan, kich thudc hat da tang Ién trén 10 nm va dung dich trd nén
duc hon so véi luc dau (hinh 5C). Cac mau con lai déu trong sudt
v kich thude hat van bé hon 10 nm (hinh 5E).
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(A) (8)

Hinh 5. Trang thai keo silica sau 6 thang lwu triv. (A) Gel toan bg; (B) Héa
ran khi tiép xdc lau véi khdng khi; (C) Gel mét phan; (D) Mau duc hon; (E) Keo
16ng, trong suét.

Tdc d6 dong chay cua dung dich nudc thiy tinh qua cdt trao
doi theo khao sat khong cho thdy sw anh huong rd rang nao dén
su hinh thanh va d6 on dinh cua dung dich keo silica. Vi quy mo
phong thi nghiém, 5 lit san pham/cho mot mé sén xuat, the do chay
trung binh dugc Iya chon l1a 100 ml/phut thi can 50-60 phut/mé,
phi hop vé6i diéu kién thuc nghiém.

Vi¢e khdo sat anh huong cua nhiét d§ gia hoa dén kich thudc
hat nano silica cua san pham dung dich keo véi cic mau tir M6
dén M10. Khi d6, cac mau keo silica da duge didu chinh dén pH9
bing dung dich amoniac ngay sau khi diéu ché va gia nhiét ¢ cac
mirc khac nhau. Dung dich keo silica mdi san xudt ¢6 trang thai
twong ddi dong nhat (khong mau, trong sudt), kich thudc hat trung
binh nhu nhau va khong bi thay ddi khi thay dbi nhiét do gia hoa
(hinh 6).

14 9 12,01 [ ] San pham mai
=2 saue thang
12 4
E
E 10 4
=
£
2 8-
g
= 6+ 5,1
:é ]
= 44 3,37
2 251 2.35 2.4 251 2.69 2,73
g ’ | ’_% ////
o T ' : o’
50 60 70 80 90

Nhiét dé gia hoa(>C)

Hinh 6. Anh hwéng clia nhiét o gia héa dén kich thwéce hat va sw
6n dinh cua keo silica.

Két qua hinh 6 cho thiy, nhiét do gia hoa da anh huong dén
kich thudc hat sau 6 thang. Khi nhiét d gia hoa tang 1én, hat on
dinh hon va kich thudc hat it thay doi trong qua trinh bao quan
(6 thang). Qua trinh gia hoa gitp cai thién cdc déc tinh cua hat
nano silica nhu toc do co, mat do va dién tich be mit riéng. O nhiét
d6 gia héa 50°C (miu M6), san pham khong 6n dinh va bi gel hoa
sau 3-4 ngay luu trit. Mdu M7 ciing chuyén sang duc (hinh 5D) véi
kich thu6c hat 12,91 nm sau mot thoi gian. Cac mau con lai ¢6 kich
thude hat ting nhe nhung van nho hon 10 nm, do vay, cic mau nay
van trong sut sau 6 thang luu tri.



Cac két qua trén ching to rang, san pham keo silica sau khi
dwoc didu chinh pH vé mdi truong kiém trong khoang 9-10
va gia hoa ¢ nhiét do 70-90°C c6 do 6n dinh cao, kich thudc
hat nho, dung dich trong sudt va c6 thé luu trit trong it nhét 06
thang. Nghién ctru didu ché keo silica [22] dung dung dich thuy
tinh cong nghiép va diéu chinh pH dung dich keo bang KOH
da cho thdy rang, dung dich phén tin hat nano silica dat trang
thai 6n dinh véi khoang pH tir 9 dén 12,5 va nhiét 46 gia hoa
t6t nhat trong khoang 60-95°C. Nhu vay, két qua diéu ché dung
dich keo silica thu dwoc tir nghién ctru nay khé trong dong vai
cac tac gia trudc [23].

Pé tién hanh didu ché san pham dung dich keo silica véi
quy md 16n hon ding 1am nguyén lidu cho phan bén 14 thi yéu
t6 gia thanh san phim ciing can duoc xem xét voi cac yéu td
ky thuat.

4. Két luan

San phdm dung dich keo nano silica diéu ché bang quy trinh
tai nghién ctru nay c6 nong do SiO, 3,8%, cu tric duoge xdc
dinh ¢ dang axit silicic, sau khi diéu chinh pH ¢ khoang 9-10
va gia hoa ¢ 70-90°C cho d6 6n dinh cao. San pham dung dich
axit silicic chira cac hat c6 kich thudc nho (<10 nm). Diéu kién
t6i uru dé san xuét dung dich keo nano silica 1 toc d6 dong chay
qua cot cationit 100 ml/phut, diéu chinh pH cta dung dich dén
9 va gia hoa ¢ nhiét d6 70°C dé dam bao tinh on dinh.
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Tom tat:

Chudi gia (Musa spp. ) la cdy an trai mang lai gla tri kinh té cao cho nguoi nong dan trong chu01 6 huyén Trang Bom, tinh Bong
Nai (cii). Tir 2019 dén nay, dién tich trong chudi gia thim canh ngay cang mé rong, tiém 4n nguy co bung phat dich bénh, lam
giam niang suit. Bénh héo vang hai ciy chudi gia dang dwgc xem 1a bénh gay hai niang nhit. Nghién ctru nay da thu thap miu
bénh, phan ldp, xac dinh cac dic diém hinh thai, dinh danh phén ti viing ITS va két luan dugc tac nhin gy bénh l1a Fusarium
oxysporum f.sp. cubense (Foc). Khao sat cac ddc tinh sinh hoc ciia Foc cho thiy, nAm phat trién t6t nhat trén méi truong PDA,
6 nhiét dd 25-30°C, pH 6-7, cho lwong bao tir (bao tir I6n va bao tir nhé) nhiéu nhit (2,0x10° bao ti/ml). Két qua liy nhiém bénh
trén cdy chudi gia tr6ng tr cay nudi céy mo cho théy, phwong phap tu6i tran dich bao tir (mat so bao tir 10° bao tir/ml) véi lidu
lwong 15 ml/1 kg gia thé trong cho két qua lay nhiém bénh nhanh véi cac triéu chirng bénh dic trung nhit. La bi héo vang dat
diém tir 1 dén 3 véi ty 18 50-75% va sy doi mau bén trong than cii dat diém 4-5 véi ty 18 50-90% (sau 20-30 ngay chiing) thé hién
rd & ¢ bén ngoai cay va bén trong than ci, ré chudi.

Tir khod: chuoi gia “Cavendish”, Fusarium oxysporum f.sp. cubense, héo vang, Trang Bom - Dong Nai.
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Abstract:

Cavendish bananas (Musa spp.) are a high-value agricultural crop for people in the Trang Bom district of Dong Nai province
(before). From 2019 to the present, the area of intensive banana cultivation has expanded, posing a potential risk of spreading
the Fusarium wilt disease, decreasing productivity. Cavendish Fusarium wilt (yellow) was considered one of the most destructive
diseases of bananas. By morphological and biological description combined with sequencing of the ITS gene region, the causative
agent of Cavendish banana Fusarium wilt disease was identified as Fusarium oxysporum f.sp. cubense (Foc). A survey of the
biological characteristics of Foc shows that the mushroom was grown optimally on a PDA medium at temperatures ranging from
25 to 30°C, pH 6 to 7, producing the highest spores (microspores and macrospores) with 2.0x10® spores/ml. Disease infection on
tissue-cultured Cavendish banana plants results show that inoculating spore suspension with 10® spores/ml into tissue-cultured
bananas at a dose of 15 ml/1 kg of substrate is the method of infection that produces a fast infection with recognisable symptoms.
The yellow wilted leaves scored 1-3 with a rate of 50-75%, and discolouration inside the tuber scored 4-5 with a rate of 50-90%
(after 20-30 days of inoculation) was shown on both the outside of the plant and inside the tuber and banana roots.

Keywords: Cavendish, Fusarium oxysporum f.sp. cubense, Fusarium wilt, Trang Bom - Dong Nai.

Classification numbers: 4.1, 4.6
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1. Dt van de

Dong Nai la dia phuong dimg dau ca nude vé dién tich trong
chudi vai 13.149 ha, chiém 8,53% dién tich toan qudc va 70% ving
Pong Nam Bg. Cay chudi & Dong Nai dugc thu hoach quanh nam,
tap trung vu chinh tir thing 9 dén thing 5 ndm sau, 1a mot trong 24
cay trong chu lyc cia dia phuong. Tong san lugng udc dat khoang
350 nghin tan, trong do, ty 1 qua tuoi tidu thy ni dia 15%, dua vao
ché bién 5%, xuét khau 80-85%. Trong 5 nim qua, dién tich trong
chudi ¢ tinh tang tir hon 7,3 nghin ha vao nam 2016 1én hon 13,1
nghin ha vao nam 2021 [1]. Cay chudi 6 Dong Nai phan bé trén khip
céc dia ban trong tinh, v6i ning suét trung binh khoang 40-45 tin/ha
va san luong wdc tinh 450.000 tan/nam, trong d6 co hon 80% xuat
khau voi gidng chudi duge trdng phd bién 13 gibng chudi gia Nam
M. Huyén Trang Bom hién c6 dién tich trong chudi hon 3.000 ha,
gan bang 50% dién tich chudi tinh Pong Nai, dugc trong nhiéu tai
céc xd Thanh Binh, Bau Ham, Séng Thao... Chudi dugc xuat khéu
sang Trung Qudc, Han Quoc Nhét Ban, Malaysia, trong d6 chu yéu
1a thi truong Trung Qudc, mang lai gid tri kinh té cao cho nguoi
trong. Giai doan 2019-2022, gi4 chudi ¢ huyén Tring Bom luon &
mitc cao. Vi loi nhuan cao, ngudi dan khong luan canh chuyén doi
cay trong nén nam bénh dé lan truyén qua cac vu. Pac biét 1a nim
Fusarium spp. gdy bénh héo vang chubi 1a mot bénh phd bién trén
cay chudi [1]. Thang 8/2023, hon 10 ha chubi ¢ Trang Bom da bi
bénh héo va chét do Fusarium spp., nhiéu ho trong chudi da phat
hién bénh héo vang rai rac, tuy nhién chua co thong ké cu thé vé tinh
hinh thiét hai do bénh giy ra. Bénh thuong gy hai & tat ca cac giai
doan sinh truong ciia cdy nhung ning nht 1a giai doan cdy truong
thanh, ra hoa, tao qua din dén cy bi héo vang va chét. Tac nhan gay
bénh héo vang dugc cho 1a do Fusarium oxysporum f.sp. cubense
gy ra. Ndm nay di duoc phan loai dua vao gidng chudi ky chi bao
gém Foc 1, Foc 2, Foc 3 va Foc TR4, trong d6 Foc TR4 dang 1a tac
nhan gy benh phd bién Y nhidu vung trong chudi trén thé 8o, ¢d
bao tir chong chiu c6 thé ton tai dén 30 nam, c6 thé lan truyén nhicu
ving [2], vi thiét hai 16n t6i 94 ty USD trén toan thé gidi [3]. Nghién
clru ndy xac dinh tic nhan gy bénh héo vang trén gidng chudi gia,
céc ddc diém sinh hoc, sinh thai cua tic nhan ndm, xac dinh phuong
phap ching nhiém 1am tién d& cho cic nghién ciu tiép theo vé bién
phép phong trir bénh tai huyén Trang Bom, tinh Dong Nai.

2. Vat liéu va phuong phap nghién ciiu
2.1. Vit ligu

Maiu cdy chudi bénh gdm than gia, cii chudi, r& chudi bj bénh
héo vang thu tai huyén Trang Bom, tinh Dng Nai. Méu lay dya
trén triu chung bénh cua cay, bén trong than cay bo mach d6i mau,
thay di tir mau vang nhat ¢ giai doan dau dén mau do sim hodc gan
nhu den ¢ giai doan sau. Bén ngoai cdy, 14 gia héo va vang quanh
mep. Ld vang cd thé vin dung ding hogc xep xudng & y cuong 14. Doi
khi 14 van xanh, trir nhimg dom trén cuong 14 nhung van gay. Nhimng
chiéc 14 ra xudng than gia, cudi cing, tit ca céc 14 déu kho va rung
[4]. MAu bénh hai thu thap dua theo phwong phép diéu tra co ban
(phuong phép nghién ctru bao v¢ thyc vat ciia Vién Bdo vé Thuc vat
va QCVN 01-38:2010/BNNPTNT: Quy chuan k thuat quc gia vé
phuong phéap diéu tra phat hién dich hai cdy trong) [, 6].
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Mbi truong nudi cdy gom: WA (20 g agar, 1000 ml nudc),
PDA (200 g khoai tay, 20 g agar, 20 g dextrose, 1000 ml nuéc),
OMA (20 g yén mach, 20 g agar, 1000 ml nuéc), CLA (5 g la cim
chudng, 20 g agar, 1000 ml nugce), SNA (1 g KH,PO,, 1 g KNO3,
0,5 ¢ MgS04.7H,0, 0,5 g KCl, 0,2 g D-glucose, 0 2 g D-sucrose,
20 g agar, 1000 ml nuée), SM (0,2 g G-glucose, 10 g cao chiét
ndm men, 10 g potassium acetate), dugc hép tiét trung ¢ 121°C/1
atm/20 phiit va phan phdi vao dia petri duong kinh 90 mm.

2.2. Phuwong phdp nghién ciru

Phdn Idp mau: Mau m bénh dwogc cit thanh mau nho 0,3- 0,5
cm, khu trang bé mit bang ethanol 70°, dé kho trong buong cdy
v0 tring, cdy 1én moi truong WA. Sau 3-5 ngay, cit chuyén sang
mdi truong PDA, 1 ¢ 25°C. Dya theo nghién ctru cua L.P. Vicente
va cs (2014) [7 7] dé tao cic miu nudi cdy don bao tir thudn nht,
cat miéng thach & ria soi ndm (kich thudc 0 ,5x1 cm) sau 3-4 ngdy
nuéi, cho vao dng Falcon chira 10 ml nudc cat vo tring, lic trong
vai phut. Sau do, cac don bao tir dugc tach ra dudi kinh hlen Vi soi
n01 va cy chuyen 16n moi trudng PDA, i 2-3 ngay, trit mau trong
4ng nghiém dé phuc vu cho nghién ctru.

Dinh danh bing hinh thdi: Dic diém hinh thai cia mau ndm
nhu sgi ndm, bao tir (tiéu bao tir, dai bao tir, bao tir chéng chiu)
dugc quan st va do kich thudc trén kinh hién vi, mo ta hinh thai,
mau sdc tan nim dua theo cong bo cua Moore va cs (1995) [8].
Mui dic trung tao ra khi nudi cdy nim trén méi truong com 1a co
s6 xac dinh chung nim. Cay chuyén khéi soi ndm (~1 cm®) vao
binh erlen chira méi truong com 250 ml (hdp khir tring, dat & 25-

27°C). Sau 10 ngay nudi cy s& kiém tra mui dac trung. Miu nim
tao ra mui aldehyde thudc ching 4, néu khong c6 mui aldehyde
thudce ching 1 va 2 [9].

Binh danh bing sinh hoc phéan ti: Dya theo nghién ctru cia
M.A. Dita va cs (2010) [10]. Ching nim Foc dd cit don bao
tir, dugc ly trich DNA, khuéch dai voi cap mdi ITS1 va ITS4,
dién di trén gel agarose. Phan tmg PCR thyc hién voi cdp moi
ITS1 (5- TCCGTAGGTGAACCTGCGC-3y) va ITS4 (5-
TCCTCCGCTTATTGATATGC-3y). Chu trinh nhiét bién tinh
DNA ¢ 95°C trong 2 phut, tiép theo 1a 35 chu ky ctia 95°C 30 gidy,
68°C trong 30 giay, 72°C 1 phut va 1 chuky ¢ 72°C trong 10 phut,
DNA thu dugc s& duoc bio quan ¢ 4°C. Mau nim dugc g giai
trinh tu trén vung ITS tai Cong ty TNHH Genlab.

Nghién ctru anh huong cua mot so yéu 16 dén su sinh truong va
phat trién ciia Foc gay bénh vang la hai cay chudi gia:

+ Thi nghiém dnh hudng cua céc loai moi truong dinh dudng
dén sw phat trién ciia ndm gdm PDA, OMA, CLA, SNA. Mbi
nghiém thte lap lai 3 lan.

+ Thi nghiém anh hudng cua pH: 4,0; 5,0; 6,0; 7,0; 8,0; 9,0.
Thi nghi€m dugc thyc hién trén dia petri chita moi truong PDA voi
3 lan lap lai/nghiém thirc.

+ Thi nghiém anh huong ctia nhiét d6 1én sy phét trién tan nam:
15,20, 25, 30, 35 va 40°C. Thi nghiém thyc hién trén dia petri chia
mdi trudng PDA véi 3 lan lip lai/nghiém thurc.
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Chi tiéu theo ddi: Theo ddi dudng kinh tan ndm sau 2, 4, 6
ngay nudi cay, thoi gian xuat hién va dém so lugng bao tir duge
hinh thanh.

S6 lugng bao tir duoc dém bang budng dém hong ciu Thomas
(buc) va tinh theo cong thirc:

S6 luong bao tir/I ml = s6 bao tir trung binh/6 x d6 pha lodng
x 10*

trong d6: thé tich budng dém 10* cm® (1 cm’=1 ml).

Danh gia kha nang gdy bénh cia chung Foc da phan ldp lén
cdy chudi gia nudi cdy mo:

+ MOi truong SM sir dung dé tao bao tir: Cdy tan nam c6 dudng
kinh 0,5 cm d& nudi 5 ngay trén PDA vao binh erlen 250 ml, bo
sung 2 g dich chiét dau xanh. U t6i trén may lic, toc do 130 vong/
phiit & 25+2°C trong 6-10 ngay. Dém va diéu chinh dén mat s6 108
bao tu/ml.

+ Chuan bj hat bap nhiém nam: Cay tan ndm (1 cm®) dwgc nudi
cdy trén PDA 5 ngay vao binh erlen chira 200 g hat bap da hap khur
tring, 0 & 25°C, sau 7-10 ngay ndm xam nhidm vao hat bap. Diéu
chinh mat s4 bao tir dat 10% bao tir/g va tién hanh ching.

+ Cay giéng chung bénh 13 gidng chudi gia nudi ciy mo, cy tir
bich mo s& trong 1én gia thé da khir tring, cdy c6 3-5 14, chiéu cao
dat 8-12 cm s& bd tri thi nghiém. Cac nghiém thirc b tri theo kiéu
hoan toan ngiu nhién don yéu t6. Cay sau chung dit trong buong
ching 6 26+2°C, d6 am tuong ddi 60-80% trong 24 gio, duy tri
tudi nude dé cung cap nude cho cay, dat cdy trong chau dé tranh ro
ri dich bao tir va tranh lay nhiém chéo [11].

+ Nghiém thtc tao vét thuong, cay chudi duoc rira sach béng
nudc, cat tia cac ré thira 1/3 khoi luong ban du (1-3 cm tinh tir
dau ré), ngam 30 phut trong dung dich bao tir tao diéu kién cho
mam bénh xdm nhép va giit cho cdy c6 du nudc cho dén khi trong.
Sau khi ldy cay ra khoi dung dich bao tir dé cay kho 10 phut va
trong [11].

+ Dit, cat vang sir dung trong cac nghiém thire duoc hip thanh
trung 2 lan.

BG tri thi nghiém: Thi nghiém gdm 6 nghiém thirc, mdi nghiém
thirc 1ap lai 10 cay.

NT1: Béi chimg khong ching ndm c6 tao vét thuong vao ciy;

NT2: Béi chimg chung ndm Fusarium oxysporum (mau dugc
luu trit tir phong thi nghiém) c6 tao vét thuong vao cy;

NT3: Ching chubi bing dich bao tir ¢6 tao vét thuong & cdy,
cdy duoc trong vao dit;

NT4: B6 sung hat bap da nhiém Foc vao gia thé dat, khong tao
vét thuong cho cay;

NTS5: Chiing bao tir chdng chiu (10% bao tir/ml) vao dat, khong
tao vet thuong cho cay;
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NT6: Tuéi truc tiép dich bao tir (15 ml - 108 bao tir/ml) vao dat,
khong tao vét thuong.

Chi tiéu theo dbi: Theo ddi va ghi diém céc triéu chimg va tién
trién ctia bénh hang ngay sau 10, 20, 30 ngay ching. Panh gid mirc
d6 nghiém trong cta bénh va ty 1¢ méc bénh duya theo nghién ctru
cua N.Y. Moore va cs (1993) [9].

Cay duoc kiém tra bén ngoai va bén trong khi bi théi rira hoan
toan hodc khi 75% s0 14 chuyén sang mau vang va ket thic ¢ 1
thang sau khi chiing.

Céc trigu chimg bén ngoai bao gdm: Ty 1¢ 1a vang hay héo
(dugc cho diém theo thang diém tir 1 dén 4), trong do:

Cép 1=0<x<25% khong, 14 dudi xut hién 14 vang;

Cép 2=25<x<50% 14 dudi va mot s6 14 non chuyén vang;
Cép 3=50<x<75% tit ca 14 déu vang;

Cép 4=75<x<100% cay chét.

Triéu chimg bén trong (cat doc & than ré (cu) ciia timg céy).
Dung danh gia muc d§ nghiém trong cua bénh (dugc danh gia
tryc quan theo thang diém 1-6), trong d6: 1=Khéng doi mau & cu;
2=x<5%, phan ct nhiém 1a cac diém riéng biét; 3=5<x<30% phan
cii mau ndu do; 4=30<x<50% phan cti mau nau do; 5=50<x<90%
ph?ln cu mau nau do; 6=cdy bi muc hoan toan x<90%.

2.3. Phwong phdp xit Iy 56 liéu

Céc s6 liéu thi nghiém duogc xir Iy bang phin mém Excel 2016
va danh gia bang cac phuong phap thong ké phan tich bién lugng
(ANOVA).

£ 2 < < ~
3. Ket qua va ban luan

3.1. Két qud phén IGp tic nhin géy bénh héo ving hai chuéi
gia tai huyén Trang Bom, tinh Dong Nai

Tir 6 miu cdy chudi bénh véi triéu chimg 14 héo vang hodc toan
b0 14 cta cay bi héo vang, kho dugc lfiy ¢ giai doan cay co bu@)ng
v cdy chua c6 budng, di phan lap duoc 5 miu ndm 6 dic diém so
b6 gidng Fusarium spp. Trong d6, 2 miu nim thuan da phan lap tir
vi tri ¢t chudi va 1 miu nim phéan 1ap duoc tir ré chudi dwoc tién
hanh dinh danh. Két qua quan sat mo bénh nhan thay, tit ca cac
cy bi bénh c6 mach dan bi chuyén mau nau do cho dén nau den &
than cu, than gia, ré va be 14 (hinh 1).

Hinh 1. Triéu chirng chudi bi bénh héo vang tai huyén Trang Bom, tinh
Dong Nai. (A) Triéu ching trén cay, 1a chuyén vang; (B) Nt than gia & gan
gbe; (C) Triéu chirng trén cd; (D) Triéu chirng trén ré; (E) Triéu chirng trong
than gia.
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Hinh 2. Dac diém hinh thai mau nAm DN1.1 (A), DN1.2 (B), DN1.3 (C). (a) Mat trén tan ndm; (b) Mat dwoi tan ndm, trén PGA sau 7 ngay nudi cdy; (c) Bao ti

I6n; (d) Bao t& nhd, (e) Soi ndm, (f) Bao tlr vach day. Thanh ty 16=25 pm.

3.2. Xdc dinh tén loai Fusarium oxysporum f.sp. cubense
gdy bénh héo vang chuoi gia bang mé td hinh thai

Ba miu nédm d phén 14p dugc quan sat va md ta dic diém hinh
thai (hinh 2). Tan nim c6 toc dg sinh truong khd nhanh, duong
kinh dat 85 mm sau 7 ngdy nu6i cdy trén moi truong PGA & 25°C.
Tan nam ¢6 hinh tron, c6 vong tron dong tam, mat trén tan ném c6
mau tring bong, mit dudi c6 mau trang, gan tim c6 mau tim den
(miu DN1.1), mau tim hoa ca (mau DN1.2), mau tim nhat (miu
DN1.3). Bao tir 16n (macroconidia) c6 dang tir thing dén hoi cong
hinh Iudi liém 3-5 véch ngan (da sb 3 vach ngan) (hinh 3), kich
thudc 24,6-40,2x2,2-4,3 um (trung binh 28,2+3,6x3,28+0,45 pm,
n=30), bao tir nho (microconidia) don nhan hinh oval, mét s6 kéo
dai hinh try khong c6 vach ngan, co kich thudc tir 6-8,5x2,4-5 pm
(trung binh 7,03+0,96x 3,33£0,66 pm, n=30), bao t vach day co
véch day hinh tron dén oval, kich thuéc 4,2-9x4,1-9,2 pum (trung
binh 7,18+0,62x6,9+1,75 pum, n=30).

Hinh 3. Bao ttr I&n 5 vach ngan (A) va 4 vach ngan (B). Thanh ty
16=25 pm.

Hinh 4. Tan nAm mau DN1.1 (A), DN1.2 (B), DN1.3 (C) trén moi
trwong CLA.

Trén moi truong CLA (hinh 4) soi ndm moc day trén 14 cdm
chudng, bao tir nho khdng c6 vach ngan, kich thude dong deu, bao
tir vach day c6 hinh tron hodc hinh oval, c6 vach ngan day, hinh
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thanh dang don 18, theo cap hodc co thé dugc tim théy trong cum,
chudi ngén, xuat hién ¢ dau soi ndm hodc moc xen k& trong sgi
nam, hinh thanh nhiéu sau 2-4 tuan, kich thudc 4,1-16,2x3,7-13,0
pm (trung binh 7,9£2,3x7,1£1,9 pm, n=30).

Theo N.Y. Moore va cs (1993) [9], K.G. Pegg va cs (1996)
[12], cac tic gia da nudi ndm gy benh heo vang chudi trén moi
truong com. Sau nuoi cay 10-15 ngay, néu ndm c6 thé hién mau
sdc tir hong nhat téi tim va tao chét thom aldehyde s& thudc ching
Foc TR4, néu khong tao chit thom aldehyde s& thugc chung Foc
1 hodc Foc 2. Trong nghién ctru nay, 3 mau F oxysporum dugc
nudi cy trén moi truong com, sau 10 ngay, nAm pht trién va lam
cho moi trudng com chuyén sang mau tim nhat va ¢c6 mui thom
aldehyde bay ra khi cam quan bang khiru gi4c (hinh 5).

Hinh 5. Ba mau ndm DN1.1 (A), DN1.2 (B), DN1.3 (C) dwoc nubi cay
trén méi trwong com.

Mic du phuong phap dinh danh dya trén hinh thai van déng
vai trd quan trong trong chén doan bénh thuc vét cua cac loai
Fusarium, nhung phuong phap chan doan sinh hoc phén tir tién
tién co thé gitp phan loai & cip do dudi loai. Trong thuc té, d&
dang phén 1ap duoc nhidu loai ndm Fusarium khac nhau tir mau
cdy bi nhiém bénh. Do do, chan doan dua trén phan ting chudi
polymerase (Polymerase Chain Reaction - PCR) c6 do nhay
phan tich cao trong viéc phan biét cac chung F oxysporum [13,
14]. Ving ITS duoc khuéch dai va giai trinh tuy bang cip moi
ITS1 (5’- TCCGTAGGTGAACCTGCGC-3’) va ITS4 (5°-
TCCTCCGCTTATTGATATGC-3". So sanh trinh ty vung ITS véi
cac mau nam Foc trén GenBank ctia NCBI cho thy, ving ITS ciia
3 mau nm Fusarium spp. da phan 1ap co sy trong dong 100% véi
loai Fusarium oxysporum f. sp. cubense (mi so truy cap GenBank
MN830364) (hinh 6).
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Hinh 6. Gel dién di san phdm phan (rng chudi polymerase ctia cac
mau nam. (M) 1a thang chuan; giéng 1, 2, 3 1a mau ndm phan lap duoc,
giéng Neg la dbi chirng am, Pos la déi chirng duong.

Nhu vay, két hop gitta mo ta hinh thai, sy tao mui aldehyde
trén moi truong com va két qua trinh tw ving ITS cta 3 miu
Fusarium spp. da phan 1ap trén cdy chudi bi bénh héo vang tai
huyén Trang Bom, tinh Pdng Nai 14 loai Foc dya theo nghién ctru
ciaN.Y. Moore va cs (1993) [9] va Z. Lin va cs (2008) [14] Khi
nghién ciu vé bénh héo vang trén cdy chudi tiéu 6 mot so tinh
phia Biéc nhu Vinh Phuc, Pha Tho, Hung Yén, Lao Cai, Ha Noi.
Nghién ctru cia T.N. Hung va cs (2020) [15] ciing da két luén,
tic nhan gay bénh héo vang trén cy chudi tiéu 1a do Foc TR4.

3.3. Mt sé dic diém sinh hoc ciia Fusarium oxysporum
f.sp. cubense gdy bénh héo vang chuoi gia tai huyén Tring
Bom, tinh Dong Nai

Sw phdt trién ciia Foc trén méi truong dinh dwdng: Vi cac
mau phan lap déu 1a Foc nén ching DN1.1 dugc chon dai dién
cho nghién ciru tiép theo. Dic diém hinh thai ciia ndm Foc trén
cac moi truong khac nhau c6 sy khac biét (bang 1). Soi nim
moc nhd cao trén mdi truong PGA, tiéu bao ti hinh bau duc
hodc hinh oval, khong c6 hodc c6 mét vach ngan, kich thude
dong déu, s lwong nhidu. Trén moi trudng OMA va SNA, soi
nim mau tréng, moc mong, bao tr nho khong cd vach ngan, kich
thudc dong déu. Trén moi truong CLA, soi ndm moc day trén la
cam chudng, bao tr nho khong ¢ vach ngan, kich thude dong
déu, hinh thanh boc gia thuan loi cho viéc giam dinh. Trén moi
truong PGA, OMA, SNA, bao tir 16n ¢6 3-4 vach ngan, s0 lugng
bao tir 16n it nhung hinh dang va kich thudc khong dong déu.
Trén méi trudng CLA, bao tir 16n ¢6 3-4 vach ngin, sb luong
nhiéu, hinh dang va kich thudc dong nhit. Méi truong PGA,
OMA, SNA c6 s6 luong bao tir vach day it, hinh cau, kich thudc
khong dong déu. Méi trudng CLA c6 sb luong bao tir vach day
nhiéu, bao tir thuong hinh thanh don 1€ hodc theo cdp, kich thudc
khong dong déu.

Anh huong cua nhiét do dén su phat trién ciia Foc: Cac mau
Foc trong nghién ciru nay co thé phat trién ¢ nhiét do tir 15°C
dén 35°C, tuy nhién & mirc nhiét d6 15°C va 35°C nam phat trién
rat yéu. Nhiét do tot nhat cho ndm Foc phat trién 1a 25-30°C
dat 82,5-83,3 mm sau 6 ngay nudi c?iy. O muc 40°C ndm khong
phat trién (bang 2). Két qua nghién ciru cta S. Groenewald va
cs (2006) [16] vé sinh thai hoc cia nim gdy bénh héo vang
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Bang 1. Anh hwéng ctiia méi trwong dinh dwdng 1én sw phat trién
cua Fusarium oxysporum f.sp. cubense.

Duongkinh  Téc d9 ting . Mitsbbao
- A . Ngdy xudt .
Maoi tinnamsau6 ftrudmgtrung 2. tEsaull g g
] AP N ..~ hiénbdoti Dic diém tan nam
fruong  ngay nudi cay  binh 24 gior (agiy) ngay (bao
(mm) (mm) W tam)
M3t trén tan nim mau trﬁng, 501 ndm
PDA 843058 14,1£0,04 3 2,0x10° bung Ién rét day, mt dudi o thm c6
mau tim dam
OMA 3405 137004 4 20l MAvtEn fn pim cd miu ting o
nam thua, xop, mat dudi mau trang
Tén ndm miu tring nhat, moc thra,
SNA  TSPHOSE 126004 4 g imam bémchdl moc chim vio b¢
mét moi truong, mét dudi mau tring,
tm hoi hong nhat
Tén ndm miu tring nhat, soi nim
CLA 763058 1272004 4 1,0x10°  manh thua  ia, tin ndm mau tring

manh, soi moc bong day 0 tim

o 18

chudi cho thdy, toc do ting trudng cia cic ching Foc trong éng
nghi¢ém khac nhau, sy tang trudng bi gidi han ¢ 10 va 35°C,
khong quan sat thiy sy tang truong & 40°C, t6i wu nhit & 25°C.
Trong khi d6, L.T. Loan va cs (2023) [17] cong bé, nhiét do t5i
uu cho Foc TR4 phat trién 13 20-30°C, nhiét d6 t6i thich 1a 25°C.
O nhiét d6 40°C, khong quan st thiy sy phat trién ciia Foc TR4.
Bang 2. Anh hwéng clia nhiét d6 t&i sw phat trién cta Fusarium
oxysporum f.sp. cubense.

Pung kinh tin nim sau cic ngay nudi cdy (mm)

Nhiét d (°C)

2 ngay 4 ngay 6 ngay
15 10,5% 18,2 27,0¢
20 13,0° 29,00 45,54
25 242¢ 48,5 82,5
30 30,2¢ 58,0° 83,3
35 8,50° 9,0° 11,0°
40 0° 0° 0°
CV (%) 28 2,0 1,8

Trong cung moét ¢t cac gia tri trung binh co ky ty theo sau khac nhau
thi cé sw khac biét c6 y nghia (p<0,05).

Anh hieong ciia pH dén sie phat trién ciia Foc: Két qua bang
3 cho thay, Foc c6 kha ning phat trién trong pham vi pH rong
tir 4 dén 9. Tuy nhién, nim sinh truong va phat trién manh nhat
o muc pH 6-7 véi tan nim moc day, soi nam phat trién manh,
bong 16n khoi mat thach, sau 6 ngdy nudi cay dwong kinh tan
nam dat tr 83,5-86,3 mm. O pH 8,0 tan nam phat trién manh,
day c6 sy xuat hién ca tiéu bao tir va dai bao tir, mat s0 bao t
dat 1,0x10° bao ti/ml. O pH 4-5 tan ndm van phat trién, sqi
nim moc ap sat vao mat thach, tuy nhién chi co tiéu bao tir xuat
hién v6i mat sb thap (1,0x10% bao t/ml, pH 4,0) va mat 62
loai bao tir thap (2,0x10* bao tir/ml, & pH 5,0). Theo Z. Li va cs
(2017) [18], Foc co thé phat trién trén mdi truong nhén tao &
pham vi rong, voi pH t6i wu 1a 7,5.

n



Bang 3. Anh hwéng cia pH téi sw phat trién cia Fusarium
oxysporum f.sp. cubense.

Duromg kinh tén/m‘im sau
DopH  cdcngiy nudi cy (mm)  Bag tir (quan sit sau 10 nghy nudi ciy)
2ngay 4ngay 6ngay
4 205 425  67,0°  Chicdtiéu bao tir xudt hién, mat o 1,0x10% bao tivml
5 240F 448 702 Xuit hién tiéu bao tir va dai bao tir, mat s 2,0x10° bao ti/ml
6 30 605 83,5 C6suxuit hign cia tiéu bao tir va dai bao tir, mat s6 5,0x10 bao tir/ml
7 3320 583 863 Tiéu bio tir va dai bio tir, mét s6 cao 2,0x10° bao tir/ml
8 305 56,0°  840°  Xuithién tiéu bao tir va dai bo tir, mat s6 1,0x10° bio tir/ml
9 254 545 807 Chiryéu tiéu bao tir xudt hin, it s6 thép 1,0x10° bao tirml

Ve 29 25 30

Trong cung mét cot, cac gia tri trung binh co ky tw theo sau khac nhau
thi co sw khac biét c6 y nghia (p<0,05).

Trong khi d6, nghién ctu ciia K.G. Pegg va cs (1996) [12]
vé mot sb tinh chét hoa hoc cua dat nhu do pH, ham luong
chat hiru co, kali, ph6t pho, nito, magié 1a nhitng yéu tb chinh
gop phan vao tinh man cam ciia cdy chubi voi bénh héo vang
chudi. Tuy nhién, trong nghién ctru cua J.F. Djeugap va cs
(2023) [19], nhiét d6 tang truong va pH t6i wu cho tit ca F
oxysporum f.sp. cubense phan 1ap ¢ phia tdy Cameroon la
25°C va pH 6.

3.4. Danh gia khd nang gdy bénh cua Fusarium
oxysporum f.sp. cubense lén cdy chuoi gia cdy mo trong nha
lwei bang cac phwong phadp chiing bénh

Ngoai trir NT1 va NT2, khong gy bénh cho cdy chudi
md, tit ca 5 nghiém thirc khac déu giy d6i mau bén trong than
cti va thé hién triéu chimg bén ngoai, nhung két qua lay nhidm
rat khéc nhau giita cac phwong phap dwoc ap dung. NT3 nhiéu
cdy phuc hoi sau 2 tudn, c6 thé thiy biéu hién bén ngoai nhu

Bang 4. Ty lé bénh sau khi ching & cac ngay theo do6i dwa theo
thang diém.

Ngay sau chiing (ngay)
10 2 30
W o Thang Tile  Tylethan Thang — Tyle  Tylethan Thang Tyle  Tyle thin
AL diém likéo réfci)  diem lihéo réfci)  diém lihéo 16 (ci)
(lihéo  ving  nhiom (lihto  ving  mhiem  (lihéo  ving  nhiem
vang-ci (%) bénh vang-ci (%) bénh vang-ci (%) bénh
i den) (%) udu den) (%) v den) (%)
NT1
O/C i) 0 0 00 0 0 0-0 0 0
NT2
(BlC 0-0 0 0 00 0 0 0-0 0 0
F. oxysporum)
NT3 0-0 0 0 12 QB 35 50-75 5090
NT4 0-0 0 0 34 575 <50 34 50-75 30-50
. . <90
NTS 0-2 0 < 34 2575 <50 36 5015
(cAy muc)
NT6 12 IVATIEEN) 35 575 5090 46 b

100 (cdy muc)
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héo, vang 14 ¢ cay do tac dong cit tia ré, cac triéu chimg bén
ngoai & nhimg ngay dau cho két qua khong déng tin cay, mic
du tao vét thuong dugc xem la déu hiéu truc tiép cho su dé
nhiém mam bénh [20]. Trong khi, & NT4 cho két qua thu dwoc
khong nhét quan giita cc cay. NT6 tudi dich bao tir 1én dat
tréng chudi, thé hién céc triéu ching bénh dién hinh bao g6m
héo, vang la cling nhu sy d6i mau cua than ré véi ty 1€ cao
sau khi ching bénh va trong truong hop nghiém trong la cay
chét (bang 4).

Két qua thu dugc trong nghién ciru nay khéa twong dong
v6i két qua ching bénh trong nghién ctru cia G.B. Fernando
(2020) [21]. Trong qué trinh lay nhiém, 10 cay duoc lap lai
cho 1 NT, tuy nhién c6 nhimg cdy triéu chimg bén ngoai thé
hién tat ca cac 14 con xanh, be 14 ngoai khong xut hién mach
nau do, tuy nhién, khi cit than cu théy mach nau do xudt hién.
Diéu nay cho théy, néu chi dua vao triéu chiing thé hién bén
ngodi cdy dé diéu tra, van co thé bo sot nhing ciy dang mang
mam bénh. Trong qué trinh quan 1y vuon chudi, rat kho dé xac
dinh vuon cay nhiém bénh néu cay chua thé hién triéu chiing

bén ngoai (hinh 7).
200 nigedy Mk ui““

.-"] )

T

Hinh 7. Dién bién bénh biéu hién trén la va than cu cay chudi gia
cidy mé sau 10, 20, 30 ngay ching Fusarium oxysporum f.sp.
cubense.

Nhu vay, trong cac phuong phap chung bénh 4p dung,
phuong phéap tudi tran dich bao tir (NT6) vai lugng 15 ml/1
kg gia thé (mat s6 108 bao tir/ml) cho két qua lay nhiém bénh
nhanh véi cac triéu chung bénh dac trung nhét thé hién ¢ ca
bén ngoai cdy va bén trong than ci, r& chudi.
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Sau khi ching bénh, dé kh?mg dinh tac nhan gay bénh la
Foc da ching, tién hanh tai phan lap tac nhan tir cic cdy bi
bénh. Két qua cho thdy, tac nhan nim phén lap sau khi ching
¢6 dic diém hinh thai gidng nhu miu ndm chung ban dau
(hinh 8).

Hinh 8. Mau cay bénh sau khi chiing dworc tai phan lap kiém tra
mam bénh.

4. Két luan

Bing md ta hinh thai va sinh hoc két hop giai trinh tw ving
gen ITS, di x4c dinh tac nhan gdy bénh héo vang chubi gia
(Musa spp.) tai huyén Trang Bom, tinh Pong Nai 13 Fusarium
oxysporum f.sp. cubense. NAm phat trién tot nhat trén moi
truong PDA, ¢ nhiét do 25-30°C, pH 6-7, sinh ra lugng bao
tir (bao tir nho va bao tir 16n) nhidu nhat (2,0x10°® bao tir/ml).

Trong cac phuong phép 1y nhiém bénh trén ciy chubi gia
cay mo, phuong phap tudi tran dich bao tir (mat s bao tir 108
bao tir/ml) véi liéu lugng 15 ml/1 kg gia thé trong cho két qua
lay nhiém bénh nhanh véi cac triéu chiing bénh déc trung nhét
(14 bi héo vang dat diém tir 1 dén 3 véi ty 18 50-75% va sy doi
mau bén trong than cu dat diém 4-5 vé6i ty 1€ 50-90% (sau 20-
30 ngay chung) thé hién & ca bén ngoai ciy va bén trong than
¢, ré chudi.
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Tom tit:

Nghién ciru diic tinh dit chua phén va min ving ven bién dé danh gia sw thich nghi cdy trong (lia, lac c6i) va loai
thity sén (6c¢ lac, ca rd phi) va so sanh hiéu qua tai chinh hé thong canh tic tong hop va lia doc canh. Thi nghiém
dwgc bd tri trén dit rugng anh hwéng khé han va xdm nhip min & 2 ving sinh thai ciia tinh Kién Giang (cii). Két
qua cho thiy, yéu t6 phén - min ¢é anh hwéng dén cac thanh phin va ning suit lia vu dong xuan. Ciy lic céi phat
trién t6t trong diéu ki¢n pH va d9 min ciia thi nghi¢ém, nhung niing suit mia khé thip hon mua mua. Oc lic thich
nghi tot trong diéu kién thi nghiém nén ty 1¢ sdng dat 53-79%. Sw ting trong clia ca rd phi tir 0,45 dén 0,96 g/ngay,
nhung ning suét ca con thip (226-541 kg/ha) do ty 1¢ ca song thap (30-36%). Phan tich hi¢u qua tai chinh toan phan
cho thay, hé thong canh tac két hop mang lai hiéu qua cao hon ddc canh 2 vu lia/nim. Loi nhuin hé thong canh tac
két hop cao hon hia (262-268 tri¢u dong so véi 22-40 triéu dong/ha/nim). Vi vy, sir dung dat da dang vang ven bién
dé trong lac c6i, két hop nudi ¢ va ca rd phi gitp ting thu nhip nong h ¢ cac dia phwong nghién ciru.

Tir khéa: doc canh laa, hé thdng canh tac két hop, hiéu qua tai chinh, sir dung dat da dang.
Chi s6 phin logi: 4.1, 4.7
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Abstract:

Research on the characteristics of acidic and saline soils in coastal areas to evaluate the adaptation of crops
(rice, sedge) and aquatic species (snails, tilapia), and compare the financial performance of integrated farming
systems and rice monoculture. The experiment was conducted on the field land affected by drought and saltwater
intrusion in two ecological regions of Kien Giang province. The results showed that acidity and salinity factors affect
the rice yield of the winter-spring crop. The sedge plant (Cyperus malaccensis) grew well under the pH and salinity
conditions of the experiment, but sedge productivity in the dry season was lower than in the rainy season. Snails
(Pila gracilis) adapted well to experimental conditions, so the survival rate reached 53-79%. The weight gain of
tilapia (Oreochromis niloticus) was from 0.45 to 0.96 g/day, but fish yield was still low (226-541 kg/ha), due to a
low survival rate (30-36%). Analysis of overall financial efficiency showed that the integrated farming system was
more effective than 2 rice crops/year. The profit of the integrated farming system was higher than that of rice
(262 to 268 million VND compared to 22-40 million VND/ha/year). Therefore, diversified land use in coastal areas to
grow sedge plants, combined with raising snails and tilapia, increased household income in the research sites.

Keywords: diversified land use, financial efficiency, integrated farming system, rice monoculture.

Classification numbers: 4.1, 4.7
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1. Dat van de

Van @& dwoc quan tim hién nay 1a sy chuyén dich da
dang cac hé théng canh tac (HTCT) két hop giita cac loai
cdy trong, vat nudi va thiy san ¢ cip nong hd ving nong
thon khu vue chau A. Cac ho néng dan quy m6 dién tich dat
nho co6 thé da dang hoat dong san xuat dé tang ngudn thuc
phim gia dinh hodc kinh doanh c6 thém ngudn thu nhap
[1, 2]. Khu vuc Pong bang séng Ctru Long cua Viét Nam
duoc biét nhu mot vung sinh thai rat thuan loi cho san xudt
laa nén san luong gao xuit khau vao top 5 thé giéi [3]. Tuy
nhién, doc canh cay lua st dung nhiéu phén bon hoda hoc va
hoa chat tic dong x4u dén moi truong sinh thai nong nghiép
[4, 5] va anh huong dén su da dang sinh hoc. Riéng tinh
Kién Giang, noi c6 dién tich dét trong lta 16n nhét khu vuc
Ddng bing séng Ctru Long, nhung canh tac laa & ving ven
bién ludn bi tac dong boi nhidu yéu té nhu: kho han thiéu
nudc tudi, nudc man xam nhap, dich hai, suy thoai dét san
xuét do tac dong ciia bién doi khi hau ngay cang tram trong
[6]. Nam 2016, dién tich 1Ga bi thiét hai do kho han va man
trén dia ban tinh Kién Giang khoang 30.000 ha, ning suit
giam 1 tan/ha [7, 8].

Viéc ap dung bién phap luan canh cay lta véi cac cay
trong khac co thé cai thién tinh chit dit Ita [9, 10], nhung
mirc d6 tham canh va ting s6 vu/nam ciing 1am méi truong
d4t bi nhi®m man nhiéu hon [11]. Dic biét, viéc lam dung
nhiéu hoa chat phong trir bénh thity san, lugng thirc in
cong nghiép gay 6 nhiém moi truong ngdy cang nghiém
trong [12, 13]. Vi vy, mot s6 viung nudi trong thuy san ven
bién gdp rat nhiéu kho khin [14]. Nhidu nghién ctru cho
thiy, viéc tmg dung thyuc vat thay sinh nhu: c6 vetiver, cy
thuy trac (ho lac), luc binh va beo tai twong c6 kha nang
xtr Iy dugc ngudn nudce bi 6 nhidm [15, 16]. Cuy thé, cay
lac coi (Cyperus malaccensis Lam, 1791) phat trién t6t &
ving dat ngap nude bi nhidm phén, do man 4-8%o [17, 18],
c6 kha nang cai thi¢n nudc thai chira NH," va PO,* [19].
Péi tuong tiém ning 1a ca ro phi (Oreochromzs mlotzcus
Linnaeus, 1758) c¢6 thé nudi ¢ nhimg ving nhiém man dén
20%o [20], hay nudi ghép vdi cac loai ca khac trong rudng
laa [21]. Trong khi quin thé loai éc lac (Pila gracilis Lea,
1856) sdng ¢ nhiéu loai thity vuc khac nhau [22, 23] va
rat da dang trong cac hé sinh thai c6 d6 man 3% [24]. Tuy
nhién, loai ¢ nay chua dugc nghién ctru sau [25, 26] va co
rét it nghién ciru vé cac yéu t6 anh huong dén su phan bd
bc vung Bong bang song Ctru Long [27, 28]. V1 vay, can co
nghién ciru HTCT két hop nham bao vé ngudn loi thity san
ban dia, gop phan ting thu nhap cho nong ho ving Pong
bang song Ciru Long.

Muc tiéu nghién ctru nay 1a phan tich cac dic tinh dat
ving ven bién, danh gia cac chi tiéu nong hoc va ning suit
(cay lta, lac c6i, ca va c lac) trén dit nhiém phén man va
so sanh hiéu qua tai chinh HTCT két hop tai 2 ving sinh thai
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khac nhau trong tinh Kién Giang. Két qua cua nghién ciru
nay nham dap g cac nhu ciu chuyén dich co cdu 2 vu lua
theo hudng ning cao hiéu qua san xut trong bdi canh tac
d6ng cua bién dbi khi hau.

2. Déi tuong va phuong phap nghién ciiu
2.1. Déi twong

Déi tugng duoc nghién ciru 1a cy lua, cay lac coi, be lac va
ca 16 phi. Cac ddi tugng nay c6 kha ning thich nghi ¢ ving sinh
thai phén man nén dugc bb trf thuc nghiém trén dat rudng canh
tac 2 vu lua/nam. Nghién ctru dugc thyc hién ¢ vung Tu gidc
Long Xuyén va vung tdy nam séng Hau cua tinh Kién Giang.
Nhiing ving sinh thdi ndy bi nhiém phén va man nén khong
thuan loi cho canh tac lua va co nhiéu su thay ddi bat dinh cua
bién d6i khi hau nhu: khé han thiéu nuée ngot, ngdp Iii va xam
thue nudc man mua kho.

2.2. Phwong phdp nghién ciru

Tai mdi ving sinh thai, thi nghiém dugc b tri theo ddi
trong mot nam (tir thang 4/2022 dén thang 4/2023). Thé thiic
b6 tri hoan toan ngau nhién & 2 nghiém thirc gdm: HTCT két
hop (cay lac coi - dc lac - ca 1o phi) va hé théng doc canh
2 vu lta/nam (d6i ching) va ¢6 3 lan lap lai. Quy mo dién
tich mdi 16 thi nghiém la 150 m? (10x15 m), ¢6 dién tich bo
muong bao xung quanh (chiém 15%); muong 14 noi tra an
cho b¢ va ca khi thiéu nudc trén rudng lac cdi, bo bao quan ly
nudc gitta cac 10 thi nghiém (bo cao 0,6 m, muong sau 0,6 m
varong 0,8 m).

2.2.1. Phén tich cdc chi tiéu méi truong dat

Chi tiéu phan tich dat thuc hién tai rudng thi nghiém vao
2 thoi diém (trude khi bd tri thi nghiém va sau khi thi nghiém
két thuc) voi cach thire nhu sau: trudc thi nghiém, mdi nghiém
thirc 14y 3 mau theo hinh chéo goc (mau 1 diém giita va 2 mau
& 2 dau dudng chéo cach bo rudng 3 m). Cong cu lay mau la
khoan dét chuyén dung cho ca 2 nghiém thirc. Thoi diém sau
thi nghiém, phuong phéap ldy mau tuong tu dot 1 véi tong 03
mau dat/nghiém thire. M6 ta phiu dién dét tai thoi diém lay
mau va ghi nhan hién trang canh tic trén dong rudng. Cac mau
dat dem vé phong thi nghiem duoc phan tich céc chi tiéu gom:
d6 pH, EC, dam tong s6 (%N), lan tong (%P,0,), kali trao doi
(%K, 0) va chit hitu co (%).

2.2.2. Phuong tién va kyj thudt trong liia

Mua vu hé thu, tir thang 4 dén thang 9 va vu dong xuan tir
thang 10 dén thang 4 nam sau. Gidng lua ST24 dugc sir dung
voi mét do sa 80 kg gidng/ha. Cong thirc bon phan 100 N-50
P,0,-30 K,O, dugc bon ¢ 3 thoi diém (10, 25 va 45 ngay sau
khi sa). Quan ly myc nude trong rudng lia 5-10 cm va phong
trr sdu benh theo bién phap quan ly dich hai tong hop (IPM)
Trong mdi 16, chiéu cao cay lta va s6 chdi do dém ¢ thoi diém
thu hoach trong khung méu 0,5x0,5 m ¢ 2 dia diém khac nhau.
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M>bi khung méu, ldy ngau nhién 100 bong tach hot dé phan tich
thanh phan ning suét (trong luong va 4m do hat); phan con lai
dem tach hot (siy & 40-45°C) can va do am do (14%) quy vé
ning suat (tin/ha).

2.2.3. Phwong tién va ky thudt trong cdy lac coi

Dit rudng dugc cay sdu 15-20 cm va bira/xdi toi dat 2 1an.
Muia vy trong & vu he thu (thang 4) va thu hoach 14n 1 vao thang
10. Sau do, tiép tuc cham séc & vu déng xun va thu hoach lan
2 vao thang 4 nam sau. Gidng lac c6i bong nau dugce sir dung
trong thi nghiém vdi mat do tréng 25x30 cm, v6i mdi khom
cdy 3-4 ranh. Cong thtrc bon phan mdi vu: 240 N-32 P,O.-
150 K,O va bon luc 5 ngay, 30 ngay sau khi trong va trudc
thu hoach 30 ngay. Nudc tu6i chii dong dé giit mat rudng 4m,
sau khi trong 20 ngay ting myc nude rudng 1én 15-30 cm trong
thoi ky sinh truong. Cha dong phong trir bénh ndm vang va sau
duc than trén lac céi. Thu hoach lac ¢oi chin (hoa chuyén mau
nau, ngon héo dan, than chuyén mau vang 6ng). Thu hoach cit
sach gdc va gitt lac coi tuoi dé dé ché khi ché bién. Céc chi tiéu
ndng hoc cdy lac c6i gdm: chidu cao (cm) lac thu hoach; dudng
kinh than (mm), tong s tiém hitu hiéw/m? Ning suét tuoi thu
riéng 1 m%16, can khi lugng (kg/m?), dem ché va phoi kho dé
tinh ty 1¢ kho/twoi (%), quy vé ning suit/ha.

2.2.4. Phuong tién va ky thudt nuéi cd ro phi

Ca gidng r6 phi tha vao ruong lac cdy lac coi duoc trong
20 ngay, véi mat do 1 con/m? mat nudc, trong luong ca tha
7-8 g/con. Ca nudi khong bd sung thirc an dé danh gia kha ning
khai thdc ngudn thirc in ty nhién trong ruéng. Thudng xuyén
theo ddi dich bénh trén c4 dé co giai phap phong trir hidu qua
tung dich bénh. Thu hoach ca sau khi thu hoach lac c6i va lua;
theo hinh thtrc thu tia cac loai ca dat gid tri thurong pham dé ban
(kich thudc va trong lugng). Nhiing loai ¢4 nho tiép tuc nudi
va cham soc trong vu nudi thir 2. Céc chi tiéu theo ddi ¢4, gdm
trong lugng luc tha va thu hoach dugc dung dé tinh toc do tang
truong (g/ngdy), ty 18 séng (%) va ning suat (kg/ha).

2.2.5. Phiong tién va ky thudt nuéi oc lac

Gibng dc lac co khdi lugng 6 g/con duge tha vao rudng lac
¢o1 duogc tréng 10 ngay, vdi mat d6 10 con/m? mat nudc. Oc lac
tha nuoi khong bo sung thém thire in dé danh gia kha nang khai
thac ngudn thtrc an tw nhién trong rudng. Thuong xuyén theo
dai dich bénh dé phong trir hidu qué cho timg dbi tuong dich
hai. Thu hoach éc sau khi thu hoach lac c6i va lua theo hinh
thrc thu tia cac loai dc 16n dat gid tri thuong phém dé ban (kich
thude va trong luong). Nhitng loai 6¢ nho duoc tiép tuc nudi
va cham soc & vu nudi thir 2. Chi tiéu theo ddi dc lic bao gom:
kich thudc (chiéu rong do bang thudc kep sai sb 0,01 mm)
va khi lugng (can dién tir 2 s6 thap phan). Tinh toc do ting
truong tuyét dbi (g/ngay), ty 16 séng (%) va ning suat (kg/m?).
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2.3. Phin tich sé ligu

Ghi nhan cac chi phi dau tu cho hé théng canh tic bao gom:
cong lao dong, vat tu, nhién li¢u va thué may moc thiét bi.
Tong thu nhap (ndng suét cdy trong va vat nudi) va dau ra san
pham ¢ thoi diém thi truong tiéu thu. Tat ca cac sb lidu thi
nghiém déu dugc phén tich thong ké (gi tri trung binh, d6 léch
chudn, sai s) theo thé thtrc hoan toan ngiu nhién. Trong dé, sir
dung phuong phap phan tich phuong sai ANOVA va phép thu
T-test dé so sanh sy khac biét giira cac gia tri trung binh.

3. Két qua va ban luan
3.1. Piic diém dit thi nghi¢m

Dia diém thi nghiém 1, dai di¢n vung tdy nam séng Hau
thudc huyén Chau Thanh (vi tri tir 9°50° dén 10°5° vi d6 Bic;
va 105°7° d@én 105°17 kinh d6 Poéng); dia hinh thip dan vé
phia song Cai Bé nén mua mua ngap lii 15 ngdy, muc ngap
héng nam 0,5-0,7 m, bi nuéc man xdm nhdp vao mua kho.
M0 ta phau dién dit va chi tiéu phan tich trong phong thi
nghiém (bang 1) 14 loai dat phti sa kém phat trién, ¢ thuan thuc
15-50 cm, & d6 sau 55 cm xudt hién vét liéu sinh phen (pH 3,7),
mua khé nudc man tran trén bé mat va thim ngang (2,5%o).
Muia mua ndng d6 mudi ¢ ting dat mat giam, nhung trong kénh
muong anh hudng cua phen (d6 pH 4,2-5,5) gay kho khan cho
sén xuit.

Pia diém thi nghi¢m 2, dai di¢n vung Tu giac Long
Xuyén thudc huyén Hon Dit (toa do 103°23” kinh do Dong va
9048’27 vi d6 Bic); dia hinh thdp dan vé phia bién Ty nén
anh huong ngap 1 hiang nam 0,3 m. Phan tich phdu dién dat
cho biét loai dat phu sa ¢ thanh phan co gioi ning (ty 18 sét
cao), dét thuan thyc 15-45 cm, ¢ d6 sdu 50 cm xuét hién vat
liéu sinh phen (pH 3,2-4,2). Dit nhiém man trong mua kho do
tham ngang vi nam trong khu dé bao, do man 2,5-2,8%o. Mua
mua nong do mu01 & tang dat mt giam, nhung d¢ sau >50 cm
nong d mudi van cao va anh huong phén gy khé khan cho
san xuit nong nghiép.

Bang 1. Phan tich dat & thoi diém (trwéc va sau) thi nghiém tai 2
dia diém nghién ctu.

Chéau Thanh Hon Dit
i HTCT két hop Lia 2 vu HTCTkéthgp  Lita 2 vu

Truoe — Sau Truede Sau Truoe  Sau Truoc — Sau

(2022) (2023) (2022 (2023) (2022)  (2023) (2022) (2023)
pH 370 366 381 417 363 407 328 417
EC(mslem) 3,99 171 386 374 444 138 396 350
Pomin(ppt) 255  LI0 247 239 284 088 253 260
Ntongsd (%) 006 024 028 024 017 02 016 020
Ptongsd (%) 013 026 0,15 022 027 021 033 020
Ktraoddi (%) 058 087 06l 077 036 068 093 024
Hiuco(%) 286 862 527 736 603 814 882 419

Ghi chu: S6 liéu phan tich dAt tir phong thi nghiém thang 4/2022 va
thang 4/2023.
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Két qua phan tich dat trude thi nghiém & ca 2 dia diém déu
cho thdy dét c6 do phi tiém tang cao (bang 1). O diém Chau
Thanh, dam tong s6 0,16-0,28%; lan tong s6 0,13-0,15%; kali
trao d6i 0,58-0,61%; ham lugng hitu co kha cao (2,86-5,27%).
Tuong tu, diém Hon Dat, dam téng $6 0,16-0,17%: 1an téng $6
0,27-0,33%; kali trao d6i 0,36-0,93%; ham lugng hitu co kha
cao (6,03-8,82%)

Két qua phan tich dit sau 1 nim & ca 2 dia diém cho thay,
d6 phi dat déu dwoc cai thién tot hon (bang 1). Cac chi tiéu
dinh dudng dat 6 HTCT két hop déu dugc cai thién tot hon
canh tac la. Cu thé, 6 mdn déu giam (tir 2,5%o Xuéng 1%0) &
ca 2 dia diém so v6i canh tac laa (giit khoang 2%o); ham lugng
% dam, 1an va kali duoc cai thién tang hon rudng canh tac lua.
Dic biét, chit hitu co tang kha (tu 2,86 1én 8%). biédu nay cho
thay HTCT két hop khong nhimng cai thién d6 pH va mén trong
dat, ma con cai thién do phi dat t6t hon canh tac lua 2 vu/ndm.

3.2. Phan tich chi tiéu néng hoc
3.2.1. Chi tiéu néng hoc doi véi cdy hia

Két qua phan tich ¢ vu lta hé thu cho thdy, khong khac
biét cc chi tiéu ndng hoc va ning suat lua giita 2 dia diém thi
nghiém (bang 2), nhung c¢6 khac biét & vu déng xuan. Chiéu
cao cy liic thu hoach & diém Chau Thanh thap hon diém Hon
Dit (104 so voi 117 cm) va sd bong/m? ciing thap hon (303
so voi 459 bong). Mac du trong lugng hat 100 bong khong
khéc biét, nhung ning sudt hat & diém Chéu Thanh thap hon
Hon it (5,10 so vai 7,63 tin/ha). Két qua ning suat lua & thi
nghiém nay la pht hgp v6i nghién ciru cua P.T. Vii va cs (2020)
[29] va cac thanh phan ning suat lua & diém Chau Thanh thap
hon diém Hon Dét.

Bang 2. Cac chi tiéu néng hoc cay lua vu hé thu va déong xuan & 2
dia diém thi nghiém.

Chi tiéu Chau Thanh Hon Dit Khac biét
1) Vi hé thu

- Cao cdy (cm) 112,718 115,7+£2,6 ns
- 86 bong/m? 407,7+143 368,3+25.9 ns
- Trong lugng hat 100 bong (g) ~ 118,5+6,8 126,3+4,5 ns
- Niing sudt (tan/ha) 4,83+0,33 4,63+0,19 ns
2) Vu dong xudn

- Cao cay (cm) 104,0£0,6 1174435 &
- S6 bong/m? 303,0+12,5 458,7£9,3 EE
- Trong lugng 100 bong (g) 168,8+5,6 166,5+4,2 ns
- Niing sudt (tAn/ha) 5,10£0,06 7,63£0,19 **

Ghi chu: ns: khdng cé khac biét, *: khac biét & mirc 5% , **: khac biét &
mic 1% qua kiém dinh T_test.

3.2.2. Chi tiéu néng hoc doi véi cdy lac céi

Két qua phén tich cac chi tiéu néng hoc vu 1 (bang 3) cho
thay, khong co sy khac biét vé chicu cao cay (145-146 cm),
trong lugng tuoi (8.922 so véi 11.793 g/m?), trong lugng khd
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(2.489 so véi 2.333 g/m?) va tong sinh khdi kho (24,9 so voi
23,2 tin/ha) giita 2 diém thi nghiém. Tuy nhién, c6 khac biét
chiéu rong cdy (diém Chau Thanh 16n hon diém Hon Dat: 3,47
so voi 2,84 mm); ty 1€ (%) kho/tuoi ciing cao hon (28 so v6i
20%). Két qua nay cho thiy, kich thudc ciy lac coi ¢ diém
Chéau Thanh 16n hon Hon Dt nén ning suét c¢6i ciing cao hon
(24,9 so vai 23,2 tan/ha).

Bang 3. So sanh cac chi tiéu néng hoc cay lac céi & 2 dia diém thi nghiém.

Vul Vul
Chi tiéu : :

Chiu Thinh ~ HonDit ~ Khdcbiét ~Chiu Think  HonBidt  Khdc bigt
Cao cdy (cm) 145,673 1447444 ns 182,1£2.3 169349  *
Réng céy (cm) 34H013 28404 ¢ 4254020 318009 ¢
80 cay/m? 783:67 1321498 ® 458249 661£50 ¥
Trong lugng tuoi (g/’) 892241415 117934818 ns 10.153£1.148  8.187+337  ns
Trong lugng kho (g/m?) 24894321 232159 ns 13284148 1693139 s
Tyl (%) kholtwoi ~ 282¢1,1 197:04  * 132£12 207413 @
Ning suit (tin/ha) U321 B39 s 1328148 1693139 ns

Ghi chu: ns: kh(?ng c6 khac biét, *: khac biét & mirc 5% , **: khac biét &
muirc 1% qua kiém dinh T_test.

Két qua phén tich vu 2 cho thay, kich thu6c cay &
diém Chau Thanh déu 16n hon ¢ diém Hon Dat, mic du
mat do cay/m? thi ngugc lai. Cu thé, chiéu cao cay diém
Chau Thanh cao hon Hon Dét (182 so véi 169 cm), chiéu
rong cay 4,3 mm (cao hon 3,2 mm), nhung sO ciy/m? thap
hon (458 so voi 661 cdy). Trong lugng tuoi va kho khac
biét khong y nghia thong ké (10.153 so vé6i 8.187 g/m?;
va 1.328 so voi 1.693 g/m?, tuong (ng), nhung ty 1€ (%)
kho/twoi diém Chau Thanh thap hon Hon Dat (13,2 so vdi
20,7%) nén tong sinh khdi kho khong khéc biét nhau (13, 3
so voi 16,9 tan/ha). Két qua nay tuong duong nang suét
20,6 tAn/ha/vu [30] va phu hop lac coi trong tai huyén Cang
Long, tinh Vinh Long [31, 32]. S liéu nay cho thay, cay lac
trong & Chau Thanh c6 kich thudc 16n hon & Hon Dét. Cay
lac céi kich thudc 16n s& mang lai gia tri kinh té cao hon
trong khai thac sir dung nganh tiéu thii cong nghiép nhu: 1iy
soi, dét chiéu va nguyén li¢u dan lat khac.

3.2.3. Chi tiéu néng hoc doi véi oc lac

Két quad phan tich ¢ bang 4 cho thay, kich thudc, trong
lwong va toe do ting truong ¢ nudi & 2 dlem thi nghiém
khong khac biét nhau. Trong lugng 6c giéng lic tha
6 g/con, sau 150 ngay nudi thi trong luong thu hoach binh
quan 13 g/con, toc do tang truong khoang 0,05 g/ngay. Ty
1¢ séng & diém Chau Thanh cao hon ¢ diém Hon Pat (79%
s0 Vi 53%) nén nang sut thu hoach ciing cao hon (1.020
s0 v0i 647 kg/ha). Su tang truong ¢ lac & thi nghiém nay
thip [33], do Oc nudi khong bo sung thém thirc dn ma tan
dung ngudn thirc an ty nhién san c6 trong rudng lac coi. Ty
1¢ song cuia dc ¢ thi nghiém nay ciing thap (53-79%) nén
nang sudt dat thip.
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Bang 4. Khéi lwong, chiéu rong, ty 1é séng va ning suat éc & 2
rudng thi nghiém.

Chi tiéu Chau Thanh Hon Dt Khac biét
Mat d¢ nuoi (con/m?) 10 10 ns

Trong lugng ban dau (g/con) 6,00+0,2 6,330,1 ns

Trong lugng thu hoach (g/con)  12,67+0,67 12,67+1,67 ns

Chiéu dai thu hoach (mm) 32,57+0,22 33,67+0,88 ns

Chiéu rong thu hoach (mm) 24,80+0,11 24,30+0,67 ns

Tang trudng (g/ngay) 0,05+0,01 0,04+0,01 ns

Ty 16 song (%) 78,5+10,5 52,847,1 ns

Niing suét (kg/ha) 1.020+92,9 647+53,2 *

Ghi chu: ns: khdng cé khac biét, *: khac biét & mirc 5% , **: khac biét &
mirc 1% qua kidm dinh T_test.

3.2.4. Chi tiéu néng hoc doi véi cd ré phi

Két qua phan tich ¢ bang 5 cho thdy, c4 o phi nudi &
diém Chau Thanh tang truong tot hon diém Hon Dat. Mat
d6 ca nudi, trong luong ca gidng va thoi gian nudi tuong
duong nhau, nhung trong lugng ca thu hoach & Chau Thanh
cao hon & Hon Dit (150 g/con so v6i 76 g/con), kich thudce
¢4 16n hon (dai 20 cm so v&i 17 cm) va toe do tang trong ca
cao hon (0,96 g/ngay so v6i 0,45 g/ngay). Do vay, ning suit
c4 & diém Chau Thanh cao hon ¢ diém Hon Dat (541 so voi
226 kg/ha) do ty 1¢ song cua ca cao hon (36 so v6i 30%).
Mic du, tée do ting truong ca ro phi & thi nghiém nay thap
hon 1,09+0,33 g/ngay [34, 35], nhung ca tang trudng nhanh
va sinh san tot trong mdi trudng nuwdc man.

Bang 5. Trong lwong, chiéu dai, ty 1é séng va ning suét ca ré phi
nudi & 2 rudng thi nghiém.

Chi tiéu Chéu Thanh Hon Dt Khac biét
Mat d6 nuoi (con/m?) 1,0 1,0 ns

Trong lugng ban dau (g/con) 7,0£0,2 8,0+0,1 ns

Thoi gian nudi (ngay) 150 150 ns

Trong luong thu hoach (g/con) 150,3+20,5 76,0£1,5 *

Chiéu dai than (cm) 20,00,6 16,8+0,3 <

Tang trong (g/ngay) 0,96+0,13 0,45+0,01 e

Ty 16 séng (%) 36,4415 29,7+1,1 *

Ning sudt (kg/ha) 541,4£52,1 226,1+10,7 &

Ghi chu: ns: khdng cé khac biét, *: khac biét & mirc 5% , **: khac biét &
merc 1% qua kiém dinh T_test.

3.3. Phén tich hi¢u qua tai chinh toan phén

Két qua phan tich higu qua tai chinh toan phan tai 2 dia
diém thi nghiém cho thay, HTCT két hop déu mang lai hi¢u
qua cao hon doc canh 2 vy lta/nam (bang 6). O diém Chau
Thanh, lgi nhuan HTCT két hop thu dwoc cao hon canh tac
laa (267,5 triéu so v6i 21,7 triéu dong/ha) do tong thu nhép
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cao hon (433,3 so véi 72 triéu dong/ha), mic du téng chi
phi san xuat & HTCT c6 cao hon (165,8 so vdi 50,3 tridu
ddng/ha). Tuong ty, ¢ diém Hon Dét ciing cho thiy, HTCT
két hop mang lai 1gi nhuan cao hon doc canh lua (261,7 so
v6i 40,1 triéu/ha) do tong thu nhap cao hon (429,2 so voi
90,7 triéu dong/ha), tdng chi phi dau tu ciing cao hon (167,5
s0 v&i 50,6 triéu dong/ha). Két qua phan tich nay cho biét,
HTCT két hop trén ving dat nhiém phén min dang mang lai
hiéu qua kinh té cao hon doc canh lta hién nay.

Két qua nay cing cb thém rang, sir dung da dang ngudn
tai nguyén dit ngap nudc (nudi ca, dc va cy lac coi) dong
gop tang muc thu nhap hing nim ho gia dinh dia phuong
[36-38]. Hon nita, cay lac coi co tam quan trong khi la
ngudn cung cip thuc pham, thirc an gia stc, nguyén li¢u
lam thuéc, cung vdi cac nguyén liéu xay dung, dét tham va
lam nudc hoa & cac viing chau Phi va chau A [39]. Nhu vay,
céc nghién clru tap trung vao viéc chuyén d6i HTCT két hop
v6i rudng lta dé giam bt rui ro trong san xuat, sip xép lai
theo thir bac cta hé sinh thai nong nghiép nén dugc dua vao
khung sinh ké bén viing trong tuong lai.

Bang 6. So sanh hiéu qua tai chinh giiva hé théng canh tac két hop
v&i chuyén canh lGa & 2 dia diém thi nghiém (triéu déng/ha/nim).

Chéu Thanh Hon Dt
MW g T
1) Tong chi 165,75£2,88 5034059 **  167,50+2,59  50,64+1,68 **
- Vittu 52,5040,00  28,640,00 **  52,50:0,00  28,64£0,00 **
- Lao dong 8475£123  750:025 **  85000:878  7,500,72  **
- Thué may 2850+1,67 1420034 **  30,000£1.790 14,50£0,96 **
2) Tong thu 43326:41,04 72,03:278 *¥* 42920427,03 90774275 **
3) Tong lginhudn 267,5143821 21,69+2,19 **  261,72+2447 40,13£132 **
4)Tysut1oivn  2,61:020  2.86:0,08 ns  256x0,12  3,58+0,05 **

Ghi chi: ns: khdong cé khac biét, *: khac biét & mirc 5% , **: khac
biét & mirc 1% qua kiém dinh T_test. (gia lua thoi diém thj trudong
7.200 ddng/kg & Chau Thanh va 7.400 ddng/kg & didm Hon DAt; gia lac
c6i kho thoi diém 10.000 ddng/kg; gia éc lac thwong pham thoi diém
40.000 ddng/kg; gia ca thwong pham thoi diém 25.000 déng/kg).

4. Két luan

Dit thi nghiém c6 céc chi tiéu pH, EC, ¢ man va miic
d6 dinh dudng phu hop cho céy lua, lac céi, dc lac va ca 1o
phi sinh trudng phat trién tét. Hé thong canh tac két hop cai
thién d¢ pH, gidm d man, taing ham lugng dam, lan, kali va
chét hiru co trong dét so v6i canh tac 2 vu lia/nam.

Mirc do phén va min khong anh huong nhiéu dén cac
chi tiéu néng hoc va niang suét la ¢ ca 2 diém thi nghiém
trong vu he thu (mua mua), nhung danh hudng canh tac lta &
vu dong xuan (mua kho). Cuy thé, ning suét laa ¢ diém Chau
Thanh bi anh hudng nhiéu hon ¢ diém Hon Dét (dat 5,10 so
v6i 7,63 tAn/ha).
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Cay lac coi phat trién tot trong diéu kién pH va do man
ctia thi nghiém. Trong lac c6i & diém Chau Thanh c6 kich
thudc 16n hon ¢ diém Hon D4t (ca chiéu cao va chiéu rong
cay). Oc lac nudi & diém Chau Thanh c6 ty 1& séng cao hon
& diém Hon Dt (79 so voi 53%) nén ning suét ¢ thu hoach
cling cao hon (1.020 so véi 647 kg/ha). Trong luong ca 1o
phi thu hoach & Chau Thanh cao hon & Hon Bt (150 so véi
76 g/con), kich thudc ca lon hon (dai 20 so voi 17 cm) va
toc do ting trong ca cao hon (0,96 so v6i 0,45 g/ngay). Do
Vay, nang sudt ca ¢ diém Chau Thanh cao hon ¢ diém Hon
Dat (541 so véi 226 kg/ha); do ty 1¢ sdng ctia ca cao hon (36
s0 v6i 30%). Phan tich hiéu qua tai chinh toan phan giira 2
HTCT tai 2 dja diém thi nghiém cho thiy, HTCT két hop
déu mang lai hi¢u qua cao hon doc canh 2 vu lua/nam. O
diém Chau Thanh, loi nhuan HTCT két hop thu duoc cao
hon lua 2 vu (267,5 so véi 21,7 triéu déng/ha). Tuong tu, &
diém Hon Pét thi HTCT két hop mang lai lgi nhuan cao hon
doc canh lua (261,7 so véi 40,1 triéu/ha). Két qua phan tich
nay cho biét, HTCT két hop trén ving dat nhiém phén man
dang mang lai hi¢u qua kinh té hon doc canh Itia hién nay.

Nhom tac gia kién nghi nén st dung da dang ngudn tai
nguyén dit ngap nudc ven bién dé nudi ca, két hop véi dc
va loai cay thiy sinh (nhu: lac c¢6i) lam tang thém thu nhap
hang nam ho gia dinh ¢ dia phuong nghién ciru. Tuy nhién,
can nghién ctru dénh gia thém céc chi tiéu moi truong nude
va dat & cac nam tiép theo dé c6 b s6 lidu phuc vu danh gia
xac thuc hon trong thoi gian téi.

LO1 CAM ON

Nghién ctru dugc thuc hién tir kinh phi cua dé tai cép Bo
“Nghién ctru va xay dyng mé hinh canh tac tong hop bén
vitng cho dat chuyén canh Ita bi nhiém phén man tai ving
ven Dong bang song Ciru Long” mi s6 B2022-TKG-06
bang ngudn ngin sach nha nude. Nhom tac gia xin trén
trong cam on.
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Ténbai bao

- Tén bai bao dugc V|et bang tleng Viét va ti€ng Anh, trén trang du cla bai béo, in dam, khdng gach chan hay viét nghiéng.

- Tén bai béo phai ngan gon, rd rang va phu hop véi ndi dung bai bao.

- Phia dudi tén bai b4o 1 tén tac gia khong viét chiic danh va hoc ham, hoc vi. N&u ¢é nhiéu tac gia 1am viéc & cac co quan khac nhau thi
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Tom tit
Tom tt bang tiéng Viét va tiéng Anh (khoang 160-250 tif). Néu dugc myc dich, phuong phap nghién ctiu chinh, két qua nghién ciiu va két
lu&n chi y&u. Tu khoa béng ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhat 3 tii khoa). Chi sd phan loai (theo hudng dan).

1.Datvén dé/Dan nhap/Md dau

_ Dinh nghia van dé; tom qug van dé nghién cuiu da dugc cong bé trong va ngoai nudc, néu muc tiéu nghién ctu va giai thich sy lya chon
dé tai va myc tiéu nghién ctu dé thdy dugc tinh thdi sy, tinh khoa hoc va su can thiét clia van dé nghién cuu.

2. Dol tuong/VAt ligu va phuong phap nghién ciiu

Dai tugng nghién cuiu can trinh bay tiéu chuén lya chon, déc diém déi tugng nghién ciu.
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phap x{ Iy 6 liéu, m ta ki cac ky thuat tién hanh trong nghién ctiu; cac quan diém, lap luan, y kién tranh luan, cac dn chiing...

3.Kétqud

Trinh bay day dd, khach quan céc két qua thu dugc sau nghién ctu, cac két qua nay phai phuc vu cho myc tiéu nghién ctu. Cac s6 liéu
phai chinh xac va khép véi nhau.
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4.Banludn (phan nay cé thé gop vai phan két qua)

Chd yéu ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhan xét, danh gid mot cach khach quan céc két qua nghlen clu, c6 so sanh véi cac téc gia khac dé khéng dinh hoac phii dinh nhiing hiéu

biét da c6, qua dé néu dugc nhitng diém méi va déng gép clia dé tai. }

Du bao hudng nghién ciu ti€p va kha nang Ging dung céc két qua nghién clu vao thuc tién.
5. Kétluén

Néu két qua nghién ctu chli y&u clia dé tai ¢ tinh khai quat lién quan dén muyc tiéu nghién ctu, dé xuét cac vén dé tiép tuc nghién cuiu.
LG1 CAM ON (néu co)

Téc gia c&m on cac t6 chuic/ca nhan da tai trg kinh phi hodc hé trg cho nghién ciu.
Phu lue (néu co)

Ding tai bang s6 liéu, thong tin dé hé trg thém cho néi dung bai béo.
Chii thich va tai ligu tham khdo

Chi thich dugc dénh s theo thd tif xuat hién (22~ ) va dudc trinh bay ngay & cudi trang viét (footnote).

Cc tai liu tham khao dugc danh s6 theo thii ty xuat hién dé_chi dan chuing dugc trich dan & dau trong bai béo. S6 th( ty dugc danh trong
ngogc vuong, vi dy: [3] véi mot hogc [2, 5, 7-9] véi nhiéu s chi dan.

Luu y:

- Dai véi trich dn trong bai bao: tai lieu tham khao c6 nhiéu hon mét tac gid chi dé tén téc gia dau tién va cong sy, viét tat 1a cs, vi du: T.V.
Nguyen va cs (nam xuat ban) [th(f ty trong danh myc tai liéu tham khéo].

- D4i véi danh myc tai liéu tham khao cudi bai: tai liéu tham khéo bang tiéng Anh, céc tai liéu khong phai ti€ng Anh can dugc dich sang tiéng
Anh va chd thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai lidu tham khao 1a cac dudng link can b8 sung ngay truy cap.

Tac gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap(so) trang/so trang/trang dau-trang cudi (néu c6), s8 DOI (néu co),
URL (néu c6), ngay truy cap (ghi rd ngdn ngi nao néu khong phéi tai liéu bang tiéng Anh).

Téc gid: 1a tac gid/céc tac gia cla tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gid (chi viét tit dua Ién trudc) véi nhiing tai liéu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tli 4 tac gia trg I&n.

N&m xuét ban: ndm xuét ban cla tai liéu dugc tham kho, trich dan.

Tén tai liéu dugc trich dén: 1a tén bai bao, chudng/phan sach.. (chi viét hoa chii cai dau, trii tén riéng va sau d&u hai cham), viét trong
ngoac kép. .

Tén ngué‘n c6 thé Ia tén tap chi, tén sach, hay tén tai liéu gdc cla tai liéu dugc trich dn (phan nay dugc in nghiéng), viét hoa chii cai dau
tién clia mai tu chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hogc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang dau-trang cudi phan anh nai cu trd cla tai liéu dugc trich dén trong tai liéu nguon.

NEu c6 22 tai liéu tham khao do clng tac gia dau tién va cling nam cong ba, thi cac tai liéu tham khao nay can dugc danh dau a, b.. sau
nam xudt ban (vi dy: 1986a, 1986b...). ) )

Néu c6 mot s6 tai liéu tham khéo c6 cung 1 bai bao dugc trich dan cé s6 trang khac nhau thi can trich dan thém sé trang, vi du: A. Amber
(1982, p.39).

Chi tiét vui long xem thém tai: https:/b.vjst.vn/index.php/ban_b/quy-dinh-bai-viet.
Céc yéu cdu khac

- Bai viét khong dat yéu céu, Toa soan khong tra lai ban tho.

- Bai viét chi dugc dang khi phan bién nhan xét vé chat lugng bai bao dong y cho dang.

- Ban quyén: tac gia dong ¥ trao ban quyén bai viét (bao gom ca phéan tém tat) cho Ban Bién tap Tap chi.
Quy dinh nay ap dung tif ndm 2022 trd di.
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PHAN LOAI LINH VUC KHOA HOC

Toan hoc va théng ké

Khoa hoc may tinh va thong tin
vatly

Hoéa hoc

Khoa hoc trai dat va méi trudng
Khoa hoc su séng

Khoa hoc nano

Khoa hoc tinh toan

Cac Iinh vic khac cua khoa hoc tu

Khoa hoc ky thuat va cong nghé

Ky thuat dan dung: ky thuat kién
ky thuadt x@y dung; ky thuét

két cdu va do thi; ky thuat giao

théng van tai; ky thuat thuy Igi; ky

thuat dia chat cong trinh

Ky thuat dién, ky thuat dién tl, ky

thuat thong tin

Ky thuat cg khi, ché tao may

Ky thuat héa hoc

Ky thuat vat liéu va luyén kim

Ky thuat y hoc

Ky thuat méi truéng

Céng nghé sinh hoc cong nghiép

Céng nghé nano

. Ky thuat thuc phdm va dé uéng
. Céac Iinh vyc khac clia khoa hoc

ky thuat va cong nghé

Khoa hocy - duge

Y hoc co s6

Y hoc lam sang

Y hoc du phong

Dugc hoc

C4c linh vuc khac cta khoa hoc
y - dugc

Khoa hoc nény nghiép

Tréng trot

Chan nudi

Thay

Lam nghiép

Thay s&n

Cong nghé sinh hoc trong nong
nghiép, thly san

Céc linh vuc khac cta khoa hoc
noéng nghiép

Khoa hoc xa hoi va nhan van

Tam ly hoc

Kinh té€ va kinh doanh

Khoa hoc giao duc

Xa hoi hoc

Phap luat

Khoa hoc chinh tri

Pia Iy kinh t6 va x4 hoi

Théng tin dai chling va truyén théng
Lich st va khao ¢ hoc

. Ngbén ngl hoc va van hoc

. Triét hoc, dao dtc va tén giao

. Nghién ctiu vé khu vuc va quéc té
. Cac linh vuc khac cta khoa hoc

xa hoi va nhan van
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Téng hop va dng dung vit liéu t6 hgp Gr/CNTs/AuNPs trong cam
bién dién héa nhim xic dinh ndng d9 du lwgng thude bio vé thue vat
fenitrothion.

Cao Thi Thanh, Nguyén Thi Huyén, Pham Véan Trinh, Nguyén Vin T, Pham
Thanh Binh, Lé Thi Quynh Xudn, Nguyén Ngoc Anh, Liong Triic Quynh Nedn,
Vii Xudn Hoa, Hiroya Abe, Nguyé~n Van Chuc

Téng quan cic phwong phéap va cong nghé do do min trong nwéc hién nay.
Lé Nguyén Ngdn, Nguyén Vin Ha, Biii Minh Theng, Tran Van Danh, Ngé Hodng
Nhdt Vi, Neuyén Minh Nhdt, Bdng Thi My Dung, Poan Pirc Chdanh Tin, Bing
Mdu Chién

Nang cao vén tbc gié toi han cho cau nhip 16n bing cich Iip cac tim mong
1én cac day cap ve mot phia ciia dam cau.
Tran Ngoc An, Vii Thi Khanh Chi, Nguyén Thién Thanh

Tinh toan trao ddi nhiét tir cac hat dén bé mit trao ddi nhiét trong cong
doan 1am ngudi ciia sy dwong tinh luyén bing phuwong phap ting sbi
xung khi.

Pham Quang Phu, Bui Trung Thanh, Lé Anh Dirc

Téng hop copolymer ciu triic phan nhénh trén co sé don vi dithienopyrrole va
triphenylamine bing phwong phap ghép dbi truc tiép trong diéu kién aerobic.
Trdn Pire Chau, Tran Lé Hai, Nguyén Quéc Viét, Luu Hodng Tam, Nguyén Hiwu
Tdm, Nguyén Tran Ha

Nghién ciru kha niing loai bd bui min va vi khuén trong khong khi bang thiét
bi loc khong khi kiéu wét cai tién.

Mai Thi Xuan, Nguyen Thi Nhiém, Poan Thi Hai, Pham Thi Héng, Tran Quang
Vinh

Danh gia hién trang nudi trdng, toc do sinh trwdng, ham lwong va chit lrgng
carrageenan rong sun Kappaphycus alvarezii (Doty) ¢ Viét Nam.

Lé Thanh Ting, Tran Mai Pirc, D6 Anh Duy, Nguyén Vin Nguyén, Lé Trong
Nghia, Trwong Vin Tudn, Tran Vin Huynh

Anh huéng cia didu kién sy dén chit lwong bot tir gao Huyét Rong
(Oryza sativa L.).

Tran Chi Nhén, Nguyén Ngoc Han, Vé Thi Hoang Oanh, Phan Tan Tai, Lé Uyén
Nhi, 6 Thi Tuyét Nhung

Dic diém 1am sang, cAn lam sang viém phéi nhiém Mycoplasma pneumoniae
mang gen khang macrolid ¢ tré em.

Nguyén Thi Thanh Phiic, Tran Thanh Ti, Phing Thi Bich Thuy, Vii Thi Tém, Phan
Ngoc, Nguyén Thup Dung, Hodng Thi Thanh Mai, Tran Thi Sinh

Nghién ctru da hinh 4G/5G gen PAI-1 & phu nit ¢ tién sit siy thai, thai chét
lwu lién tiép.

Nguyén Thanh Huyén, Luong Thi Lan Anh, Vii Thi Ha, Ta Dinh Durc, Trinh Thi
Qué, Podn Thi Kim Phiong

Nghién citu diéu ché nguyén lidu cho phan bén 14 silica tir natri metasilicat
pentahydrat va tro triu.

Podan Thi Thu Hién, Nguyén Nho Lan, Hoang Vin Pirc, Tran Xudn Vinh, Vii Thi
Phitée, Nguyén Thi Mén, Nguyén Thi Kim Dung

Nghién ctru tiac nhan Fusarium oxysporum f.sp. cubense giy bénh héo vang
hai cdy chudi gia tai huyén Trang Bom, tinh Pdng Nai (cil).

Tran Thi Vén, Nguyé~n Thi Ngoc An, Van Thi Thién Thu, Dinh Qudc Toan, Phan
Thi Phuong Trang, Lé Pinh Dén

Danh gia hé théng canh tac két hop trén ving dit chua phén va xdm nhip

nwée min tai vimg ven bién tinh Kién Giang.
Vo Van Ha, Huynh Ba Di

G Fabrication and application of Gr/CNTs/AuNPs hybrid material in
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electrochemical sensor for determining the concentration of fenitrothion
pesticide residues.

Thi Thanh Cao, Thi Huyen Nguyen, Van Trinh Pham, Van Tu Nguyen, Thanh
Binh Pham, Thi Quynh Xuan Le, Ngoc Anh Nguyen, Truc Quynh Ngan Luong,
Xuan Hoa Vu, Hiroya Abe, Van Chuc Nguyen

Review of current methods and technologies for measuring water salinity.
Nguyen Ngan Le, Van Ha Nguyen, Minh Thang Bui, Van Danh Tran,
Hoang Nhat Vi Ngo, Minh Nhat Nguyen, Thi My Dung Dang, Duc Chanh Tin
Doan, Mau Chien Dang

Improving the critical flutter wind speed of long-span bridges by
installing flaps on one side of the hangers.
Ngoc An Tran, Thi Khanh Chi Vu, Thien Thanh Nguyen

Calculation on heat transfer from the particles to the heat exchange
surface during the cooling stage of refined standard sugar drying using
the pulsed fluidised bed.

Quang Phu Pham, Trung Thanh Bui, Anh Duc Le

Synthesis of branched copolymer based on dithienopyrrole and
triphenylamine units by direct coupling method under aerobic conditions.
Duc Chau Tran, Le Hai Tran, Quoc Viet Nguyen, Hoang Tam Luu, Huu Tam
Nguyen, Tran Ha Nguyen

Elimination of fine dust and airborne bacteria using an improved wet-
type air purifier.

Thi Xuan Mai, Thi Nhiem Nguyen, Thi Hai Doan, Thi Hong Pham, Quang
Vinh Tran

Evaluating the cultivation status, growth rate, carrageenan content and
quality of Kappaphycus alvarezii (Doty) in Vietnam.

Thanh Tung Le, Mai Duc Tran, Anh Duy Do, Van Nguyen Nguyen, Trong
Nghia Le, Van Tuan Truong, Van Huynh Tran

Effects of drying conditions on the quality of powder from Huyet Rong
rice (Oryza sativa L.).

Chi Nhan Tran, Ngoc Han Nguyen, Thi Hoang Oanh Vo, Tan Tai Phan, Uyen
Nhi Le, Thi Tuyet Nhung Do

The clinical and paraclinical characteristics of Mycoplasma pneumoniae
pneumonia with macrolide-resistant genes in children.

Thi Thanh Phuc Nguyen, Thanh Tu Tran, Thi Bich Thuy Phung, Thi Tam Vu,
Ngoc Phan, Thuy Dung Nguyen, Thi Thanh Mai Hoang, Thi Sinh Tran

Study of 4G/5G polymorphism of the plasminogen activator inhibitor-1
(PAI-1) gene in women with a history of recurrent pregnancy loss.
Thanh Huyen Nguyen, Thi Lan Anh Luong, Thi Ha Vu, Dinh Duc Ta, Thi Que
Trinh, Thi Kim Phuong Doan

Preparation of raw material for silica foliar fertiliser from sodium
metasilicate pentahydrate and rice husk ash.

Thi Thu Hien Doan, Nho Lan Nguyen, Van Duc Hoang, Xuan Vinh Tran, Thi
Phuoc Vu, Thi Men Nguyen, Thi Kim Dung Nguyen

Studying Fusarium oxysporum f.sp. cubense wilt disease on Cavendish
banana in Trang Bom district, Dong Nai province.

Thi Van Tran, Thi Ngoc An Nguyen, Thi Thien Thu Van, Quoc Toan Dinh, Thi
Phuong Trang Phan, Dinh Don Le

Evaluation of integrated farming system on acidic soil and saltwater
intrusion in the coastal area of Kien Giang province.
Van Ha Vo, Ba Di Huynh
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