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Tir tinh nira kim loai cua triazine g-C N, va g-C\N,
bién tinh voi H, Li va nguyén t0 nhom 2p

Pham Nam Phong”
Vién Vat ly Ky thudt, Truong Dai hoc Bach khoa Ha N¢i, 1 Dai Cé Viet, phuwong Bach Khoa, quan Hai Ba Trung, Ha N¢i, Viét Nam
Ngay nhan bai 19/7/2021; ngay chuyén phan bién 22/7/2021; ngay nhan phan bién 12/8/2021; ngay chip nhan dang 17/8/2021

Tom tiit:

Cacbon nito dang graphit g-C N, tir khi dwgce thwe nghiém phat hién, dic biét dwoc coi 1a mot vat liéu don 16p voi
tinh chét sit tir nira kim loai (half metal), da dwgc quan tAm nghién ciru siu rong trong linh vuc spintronics (di€én
tir hoc spin). Trong cong trlnh nay, tac gia trinh bay nghién ctru dwa trén tinh toan phlem ham mat do (Density
functional theory - DFT) vé chu truc dién tir va trat tu tir ctiia g-C N3 Y va vit liéu gan gili cla no la triazine g-C\N,
dugce bién tinh véi H, Li va nguyén t6 nhém 2p. Trwoce tién, tinh chat sat tir nira kim loai cia g-C N, duge lam sang
to, nhin manh ¢ momen tir spin dinh xit béi cac dién tir N-sp? pyridine. Tlep do, cac luge dd khac nhau duge dé xuét
dé bién ddi cAu trac nhirng vat liéu nay nhiam thu dwgec tir tinh linh dong, hwéng t6i irng dung tiém nang hon nira
trong spintronics. Vién dé then chét nim & tinh chéit héa hoc cua H, Li va nhirng nguyen t6 nhém 2p khac tai vi tri
N hay C gCN va nut khuyet ciia mang tinh the Pang chu y, trong mot s6 lwge do bao gom 2 nguyén tir hap phu & vi
tri nut khuyet tac gia da thu dwegc nhirng cAu tric vat liéu nira kim loai méi v0'1 ca 2 co ché tir dinh xir va linh dong

dong ton tai. Két qua nay dwoc dién giai thong qua mot birc tranh ly -

héa vé anh hwéng ciia hiéu trng chuyen dién

tich spin 1én cAu tric dién tir ciia nhirng vat liéu don 16p tién tién.

Tir khoa: h:‘ip phu, nira kim loai, phiém ham mit dg, triazine, tir tinh linh dong.

Chi s6 phén loai: 1.3

1. Dt van de

Ntra kim loai 1a mot trong nhitng vat liéu quan trong
v6i ing dung tiém ning trong linh vuc splntromcs [1-3].
Céu trac dién tir ciia ching cho thiy sy dong ton tai cta
ban chat kim loai voi mot dinh hudng spin va ban chét ban
dan v6i dinh hudng spin con lai [4]. Chinh ddc diém khac
thuong nay da dem lai nhiing ung dung thiét yéu nhu 1a
sinh (generation) va bom (injection) dong phan cuc hay cac
bo loc (ﬁltermg) spin [5]. Tu tinh cta cac nira kim loai bao
gOm ca st tir, feri tir va phan sit tir, hay 1a feri tir bu trir
hoan toan. Nhom vat liéu nay ciing thudc tim diém nghién
ctru cta linh vuce dang ndi 1én 14 spintronics phan sat tir [6-
11]. Tinh chit nira kim loai da dugc phéat hién trong nhiing
loai vat liéu khac nhau, nhu hgp kim Heusler [8, 12], don
16p MXenes [13] va cacbon nito dang graphit gCN [14-16].
Nhom vit lidu nay gan day dugce quan tdm nghién ciru sau
rong boi tinh chat da dang ciling nhu nhiing tng dung tién
tién khong chi trong spintronics [14] ma con nhu mot chat
xUc tac quang [17].

Vit liéu thuoc nhom gCN, nhu triazine g-C 4Nz, thu hat
su chu y tir goc dd nghién ctru co ban ciing nhu ing dung
trong spintronics véi dac trung ctia mot vat liéu don 16p
nira kim loai cting trat tyr st tir [15, 16] ké tir khi duoc tong
hop trong thuc nghiém [18]. Tinh chat dic biét d6 1a do cac
dién tr 2p v6i ham lugng 16n cac nguyén tir N trong mang
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cacbon gCN. Trong mdt nghién ctru gan day [19], nhom tac
giada dé xuét duoc cac luge dd thiét ké vat lidu voi H va cac
nguyén td nhom 2p nham bién d6i mang gCN ntra kim loai
nay thanh ban dan tir (magnetic semiconductor), 1a nhiing
vat liéu trong tam khac cia spintronics [1-3, 6, 7]. Phat hién
tha vi va quan trong d6 cho thay nhitng mdi lién hé ciu trac
dién tir va chuyén pha céu tric tir nira kim loai t6i ban din
tu trong vat liéu gCN, thong qua cac trang thai trung gian
goi 1a ban dan spin khong gap (Spin gapless semiconductor
- SGS), 16p vt lidu dong vai tro cdu ndi giita nira kim loai
va ban dan tir [9, 12, 13, 20-22].

Trong nghién ciru nay, tinh toan dua trén 1y thuyét DFT
dugc van dung dé nghién clru chu trac dién tir va trat ty tir
cua g-C,N; cung vat liéu gan giii véi n6 1a triazine g-C,N,
[23], duoc b1en tinh bang H, Li v6i cdc nguyén t6 nhom 2p
Tac gia tap trung vao bai toan bién tinh 2 vat liéu trlazme
g-C N, va g-C\N, nham thu duoc tir tinh linh dong ma van
bao ton dugc tlnh chit ntra kim loai quy gia. Muc tiéu cudi
cung la tim kiém trong sd cac cdu trac nira kim loai méi nay
nhiing ung vién htra hen vdi cd 2 co ché tir 1a dinh xtr va linh
dong dong ton tai, hudng téi img dung tiém nang hon trong
spintronics. Trong phan thir hai, phuwong phap nghién ctru
dugc trinh bay chi tiét voi cac tinh toan DFT va mo hinh vat
lidu. Phan tiép theo la nhitng dong gdp chinh cia nghién ctru
v6i cée chu triic vat liéu méi va ban ludn vé cau trac dién tir
nhan duoc. Tac gia dwa ra dién giai 1y - héa don gian cho
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Half-metallic magnetism in
triazines g-C N, and g-C N, tailored
with H, Li, and 2p elements
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School of Engineering Physics, Hanoi University of Science and Technology,
1 Dai Co Viet Street, Bach Khoa Ward, Hai Ba Trung District, Hanoi, Vietnam
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Abstract:

The graphitic carbon nitride g-CN,, since its
experimental realisation, and particularly being
proven a free - standing monolayer with half - metallic
ferromagnetism, has drawn growing research interest
in spintronics. Here, the author presents a study using
density functional calculations, on the electronic
structure and magnetic ordering of g-CN, and its
sister monolayer triazine g-C,N,, tailored with H, Li,
and 2p elements. Half-metallic ferromagnetism of
pristine g-C N, is first elucidated with an emphasis on
its localised spin magnetic moments due to pyridinic
N-sp* electrons. The author then proposes various
scenarios tailoring the structure of these two materials,
in order to induce itinerant magnetism therein, towards
greater potential applications in spintronics. The key to
that problem lies in the chemistry of H, Li, and other
2p atoms at the graphitic N or C and vacant sites of
our crystal lattices. Interestingly, in certain elaborate
scenarios involving pairs of 2p adatoms at the latter,
the author have obtained new half-metallic material
structures where both localised and itinerant magnetism
mechanisms coexisted. This result is explained in a clear
physicochemical picture where the effect of spin - charge
transfer shapes the electronic structures of these new
monolayers.

Keywords: adsorption, density functional, half - metal,
itinerant magnetism, triazine.

Classification number: 1.3

nhu’ng két qua thong qua co ché chuyén dién tich va tai sap
xép clia cac moémen tir spin. Két luan cung nhiing trién vong
nghién ctru duoc tom lugce trong phan cudi bai bao.

2. Phucang phap nghién cifu

Céc cau tric dya trén gCN trong nghién ciru duge ky
hi¢u boi cong thic HGC,N,AZ (hinh 1), v6i G la nguyén
tur (B C, N) tai vi tri gCN A tai vi tri nat khuyét mang tinh
thé, Z & trén A va H tai vi tri G(1). Hinh v& mo ta 2 trong
) nhiing cAu trac dién hinh nhu vay va tat ca déu duoc mod
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hinh hoéa véi 6 don vi (1x1). Bé cho ngan gon, doi chd khi
trinh bay thi phan mang GC,N, cua h¢ cling dugc ky hi¢u la
C,N, hay C\N, v6i G tuong ung la nguyén tir C hay N.

(A) g-C N,

ce@-ee@
MmMWIZON

(B) HC,N,

“Eo et

Hinh 1. O co’ s& cta g-C,N, va mét sé cau trac HGC,N,AZ dién
hinh.

(C) BC,N,CF

Tinh toan DFT trén co s& song phang duoc thuc hién véi
phiém ham PBEsol va HSE06 [24, 25], cai dat trong bd phan
mém hoa hoc tinh toan Quantum ESPRESSO [26]. Gia thé
Vanderbilt bao toan chuan tdi vu dugc lua chon trong cac
tinh toan véi nang lugng & ngudng 80 Ry [27]. O mo phong
duoc hodi phuc cAu trac t6i khi luc tac dung 1én cac nguyén
tir va g suat du nho hon céc gia tri ngudng 1a 107 au va
3 kbar. Bé day 16p chan khong ciia mo hinh khoang 19 A,
du dé mo phong cac hé 2 chiéu. Mién Brillouin dugc chia
ludi diém (12x12) trong céc tinh toan véi tham sé smearing
(‘gaussian’, tham s ning luong ‘degauss=0,005 au’) thich
hop cho 6 mo phdng (1x1) dam bao hoi tu nang luong toan
phan dén 1 mRy. Lu6i diém (24x24) dugc st dung trong
phan tinh toan khong tu hop (non-scf). Phan tich Bader
dugc su dung khi udc lugng dién tich riéng ph?m cua cac
nguyén tu trong 6 mang [28]. Mat d¢ dién tich va spin dugc
minh hoa nho chuong trinh VESTA [29], trong d6 dinh
hudéng spin lén/xuéng va gia tri (+/-) cia hiéu mat do dién
tich hay spin dugc minh hoa véi mau vang/la ma.

" 2, -
3. Ket qua va han luan

Vén dé then chdt nam & tinh chat hoa hoc cia H, Li va
nhitng nguyén t6 nhém 2p khac tai vi tri N hay C gCN va
nat khuyét cia mang tinh thé. Dé thiét ké vat liéu véi cau
trac dién tir va tinh chét tir mong mudn, can phai thir nghiém
nhiing lugc do bién tinh mot cach chi tiét. Trong mot nghién
ctru ¢6 hé théng vé cu triic dién tir va trat tu tir ca g- CN
bién tinh v6i H va nguyén t6 nhom 2p, tac gla da thanh cong
khi thu dwoc tinh chat ban din sit tir va nhat 1a phan st tir
trong mang gCN nay [19]. Cac thong sb ciu tric nhu hing
sb mang va d¢ dai lién két cuia cac vat liéu thu duge tir cac
lugce dd thiét ké trong nghién ctru dugc trinh bay ¢ bang 1.



Bang 1. Théng sé cAu tric cua cac hé niva kim loai HGC,N,AZ
khac nhau.

Cau tric a r r r r r

HG GC CN AN AZ

a-CN, 4,83 1,44 135

HC)N, 4,83 1,05 1,54 1,33

CN,Li 5,02 1,54 1,34 1,58
HC,N,LiF 4,87 1,07 1,56 1,33 1,92 1,59
C,N,BN 4,85 1,43 1,37 1,54 1,48
C,)N,BF 4,85 1,43 1,37 1,53 1,39
CN,CO 4,81 1,41 1,37 1,57 1,22
C,N,BO 4,78 1,42 1,35 1,59 1,29
BC,N,CF 4,89 1,44 138 1,50 140

8, g Tags Ton T VA I, trONG g 18 h3ng s6 mang cling cac do dai lién

két trong 6 co s& (don vi A).

CAu tric dién tir cua vat liéu géc g:C N, duge th‘é hién
0 hinh 2. Mat d¢ trang thai riéng phan (PDOS) gom co
cac obitan p_ lién két va phan lién két C-N gan gia tri ning
luong -4 va 3 eV (hinh 2A). Nam ngay bén dudi muc ning
luong Fermi la cac obitan C(1)- va N-p, khong tham gia lién
két. Pic diém khac biét dén tir cac dién tir N-sp? pyridine
v6i su bat dbi ximg giira cic trang thai spin 1én/xudng cia
chung, dan dén tinh chit nira kim loai va tir tinh. Mtrc ning
lwong Fermi nam ngay trong ving hoa tri voi phan cuc spin
- xubng biéu thi ban chat dinh x{r cia nhitng momen tir spin
dong gop vao tinh chét tir ciia mang tinh thé nay (hinh 2B).

(A) PDOS (B) Dai nang lwong

g-C4N3 total — ]
? spin-u ’\F‘;pz i k Sm

;>‘ 1 pin-up 2,5,6)-?5); ] R spin dovrznF -
c Wil 3 —
0 / > -4 .& 3

5 5

6 ] ]
-4 2 0 2 4 ?\ 7 |
E-Ef (eV) r K M r

Hinh 2. C4u tric dién tir cia g-C N, tinh toan véi phiém ham
PBEsol cho thay ré tinh chat sat tir nira kim loai do cac mémen
ttr spin dinh x&r N-sp?.

Tuong phan véi vat liéu nira kim loai nay la vat liéu don
16p gan giii cia n6 goi la triazine g-C,N, [23] voi d6 thi
PDOS trong hinh 3C. Nguyén tir C(1) trong 6 mang g-C N,
(hmh 1) dugc thay thé boi N trong triazine g- -CN, la mot
chat ban dan. Viéc thay thé s& bom mot dién tu vao mang
g-C,N;, hay nguoc lai la mot 16 trong vao mang g-C,N,
khi thay thé N(1) boi C [15]. Dién t/16 trong d6 sé chlem
obitan N-sp2. P6i xtng gitra trang thai spin - 1én/xudng cua
cac dién tir N-sp?* dugc khdi phuc, do d6 phan cuc spin cling
nhu tir tinh s& bi mét di.
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Trong cau trac BC ,N, (hinh 1), khac v6i C va N ¢ vi tri
gCN, nguyén tur B(1) khong con dlen tir p_ sau khi lai hoa.
Diéu nay phan 4nh mot dac diém ndi bat cua PDOS véi
obitan B-p_ gi¢ day phai nam & trén mirc Fermi (hinh 3E).
Bén canh d6, obitan N-sp truéc d6 nam thip hon obitan
N-p,, gio day bi bo trong, da di doi toi vi tri obitan B-p,.
DFT lai HSE cho dy doan 1a mot chat ban dan phi tu trong
khi phlem ham PBEsol du doan mot kim loai sét tir. B& rong
ving cAm theo phiém ham lai va dang PBEsol ¢6 thé khac
nhau dén hon 1 eV trong nhitng vat liéu nay, do vay viéc xac
dinh diing gia tri bé rong ving cim 1a tdi quan trong.

(A) )]
total —
2 N-p,
g1 15,605, z
! 12,0)-p
2 cj 3
5 0 N s
(o] 4 8
£ 1 8 -
2 _
4 2 0 2
E- Ef (eV)
© (D)
otal — HC4N3 total —
2 )b, 2 N-D,
—_ px,y o — Px,y
'; 1 ~'pz g 1 +"Pz I
0 N(1) v S\ A H -
<0 2 0 Y
%) %] ~
o 9] y/
E -1 E 1
2 2
4 2 0 2 4 2 0 2
E-Ef (eV) E-Er (eV)
(E) (F)
2 2
‘; 1 "‘> 1
L i
w 0 w 0
o} (¢}
o -1 o -1
a [
2 2

E-Eg (eV) E-Eg (eV)

Hinh 3. PDOS cua GC,N, (A, C, E) véi G la nguyén tir (C, N, B)
va cac hé dwoc hydro hoéa twong rng (B, D, F), tinh toan vé&i
phiém ham lai HSE cho 6 co s& nhan dwoc tir héi phuc cau
tric v&i phiém ham PBEsol.

C6 thé thay, tir tinh dinh x& 1a do cac dién tor N-sp?
pyridine, trong khi co ché xudt hién cua né lai dugc “bat/
tat” boi cac dién tir p, O vitri gCN cua vat lidu. Do vay, vai
tro cua hydro hoa ¢ vi tri d6 dugc cho la then chdt trong
viée tim kiém tir tinh linh dong. Trude hét, tac gia xem xét
triazine dugc hydro hoa HC N, (hinh 3D). Khi do ta cht
¥ t6i sy bién mat ctia obitan N -p, khong lién két nim ngay
bén dudi mirc Fermi. No bi loai ra khoi h¢ cac dién tr p ,
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dich chuyén vé phia obitan lién két pi C-N va gan hon vé
ban chit véi obitan lai hoa sp°. Ngoai ra, PDOS ciia HC N,
s& tuong dong véi g- -C,N,, 1a mét cAu hinh ddng dlen tu
v6i no. Bén canh do, cau truc HBC,N, dang dién tur véi

g-CN, va chu tric dién tir cta chung la tuong dong véi
nhau (hmh 3B). Sy khac biét chi dang ké & obitan H-B(1) co
nang luong thap hon so véi N-sp?, ma gio day lai 1a nguon
gbc cua tinh chét nira kim loai.

H¢ HC,N, (hinh 3F) cho thiy mot ddc diém méi dang
chu y trong cau tric dién tir cua n6. Muc ning lugng Fermi
nim trong vung dan véi phan cuc spin - 1én, duoc hinh
thanh chu yeu tir dign tr p, cia nguyén tu N va C trong 6
co s6. Didu nay thé hién ro tinh chét nira kim loai va tu tinh
linh dong, d6i lap véi nhitng momen tir spin N-sp? dinh xr
trong mang g-C,N,. Vat li¢u gbc nay 13 rang thuge vé nhém
M, trong khi cau truc HC,N, duoc xép vao nhom nira kim
loai M_[30].

Ta huéng sy chu y t6i vi tri khuyét cua mang tinh thé.
Nhiing nghién ctru trude d6 da chi ra rang, cau triac C NA
1a ban dan phi tir véi A 1a H [19] hay Li [31]. Vai tro cua
bién tinh voi Li cting dugc khao sat trong mot nghién ctru
triazine g-C,N, khac [32]. Trong sO cac céu trac vat lidu
duoc thlet ke BC N.A la SGS, hodc ban dan tir véi bé rong
ving cim hep [1 9] Va khong phai la ntra kim loai nén khong
duoc xem xét ¢ day.

(A) C,N,Li (B) HC,N LiF
C3Nyli total —

2 \ N(3.4,7) 2 |
1 i N(lc) - <1
S0 JU 3 |
5 O m 5 O 1
o i o}
o -1 1 o -1
a o

2 2

E-Ef (eV) E- Eg (eV)

Hinh 4. PDOS tir cac tinh toan vé&i phiém ham HSE cda 2 hé
ntra kim loai diép hinh véi tir tinh linh déng. (A) g-C,N, voi Li
tai vi tri r]L'Jt khuyét; (B) g-C,N,vai H tai vi tri N(1) va Li/F tai vi tri
nut khuyét.

Trong khi do, cac cdu tric C ,N,A voi A la H hodc Li
1a ntra kim loai véi tinh cht sit tu tuorng ddng véi HC N,
(hinh 4). Cac lugc d0 bién tinh vat lidu khac véi F va L1 tal
Vi tri khuyet va/hoac H ¢ vi tri G(1) ciia mang tinh thé, tat
ca duoc tap hop trong bang 2. Ciing cin chi ¥ ring, so voi
cac hé trang thai spin dinh x&r va moémen tir mang ban chat
linh dong, cac trang thdi mo rong hay phi dinh xur s€ chiu
anh huong 16n hon boi bién dang nén [33]. Thuc té cho théy,
hoan toan c6 thé thu dugc tir tinh linh dong trong nhing hé
khéc duoc bién tinh voi Li hay cac nguyén t6 nhém 2p tai
vi tri niit khuyét cua mang tinh thé. Hai trong s6 nhiing cau
trac nhu vay dugc thé hién ¢ hinh 4. Trong ca 2 truong hop,
su chuyén dién tich tir Li gay ra phan cyc spin, déc biét la
cua nguyén tia G(1) trong 6 mang co sd.
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Hinh 5. PDOS ciia C,N,AZ véi A=(B, C) va Z=(N, F, O) sir dung
phiém ham HSE (A, C, E) va PBEsol (B, D, F) (sy déng t6n tai
clia cac mémen i spin dinh x&r C(1)-p, va linh déng C- hay N-p,
dwoc minh hoa thém & hinh 6).

Tiép d6, xem xét kha nang phan cuc spin déi véi obitan
C(1) khong phan cuc trong vat liéu g-C N, gbc, voi cac
nguyén to B va C tai vi tri nat khuyet A. Cau truc CNAtr6
thanh kim loai phi ttr, tirc 12 nguyén tur A da thay d01 triét
dé cau trac dién tir cua mang g- -C,N, ban dau. Do vay, tac
gla trong doi rang vai tro clia no cung sé la then chot trong
viéc xac dinh tinh chét dién tur va tir ciia nhitng cdu trac vat
liéu mai nay.

Trong cau trac C ,N,BF hay C)N.CO véi F hay O tuong
u'ng o trén B hoac C ta1 vi tri A, tmh chat ntra kim loai quy
gia dugc phuc hdi ciing véi nhimg dic diém dang cha y
trong céu trac dién tir (hinh 5). Ca tinh chét nira kim loai va
tir tinh déu khong phu thudc vao su lua chon phiém ham.
Phan cyc spin chu yéu do cac dién tir p, khong chi cua cac
nguyén tr N ma con cua C (hinh 6) thay vi cta cac dién
tr N-sp® nhu trong vat li¢u gbe g-C,N,. Murc nang luong
Fermi twong Gng nam trong vung dan thay vi viung hoéa tri
ctia nhing vét liéu méi d6 va nhu thé tir tinh da dich chuyén
tir co ché dinh xr sang linh dong. Hon nita, dai ning luong
C(1) khong phén cyc spin trong g-C,N, gi¢ dy lai phan cuc
spin trong nhitng cau tric nay, dong gop khoang 15% vao
phan cyc toan phin cua hé (bang 2, hinh 5 va 6). Két qua
moi dang cha y nay cho thay cac momen tir spin dinh xr va
linh dong déng ton tai trong nhiing hé nhu vay.



(A) C,N,BF (B) C,N,

) €

Hinh 6. Mat d6 spin p_ cua C,N,BF va phan mang C,N,. Spin -
lén/xudng duwoc thé hién bing mau vang va la ma (gia tri mat déng
murc 1a 0,007).

Bang 2. Phéan tich Léwdin caa cac hé ntra kim loai HGC,N,AZ
khac nhau.

Chu tric  Pg Pc Py Py Py iy

g-C\N, 0,02 20,04 037 1,00/1,16
HC\N, 0,04 022 0,09 1,00/1,09
CN,Li 0,09 025 0,10 0,00 1,00/1,19
HCN,LiF -0,04 025 0,08 0,00 0,00 1,00/1,09
CN,BN 0,12 028  -001 -0,04 183 1,00/2,90
CNBF  -015 031 0,06 0,01 0,01 1,00/1,25
CNCO  -0,14 031 0,05 0,00 0,03 1,00/1,23
CNBO  -009 025 008 -001 007 1,00/1,18
BCN,CF -0,17 035 002 001 0,01 1,00/1,26

Pg> Pes Py Py vap,la (dlen tich) phan cuc spin cia méi nguyén t&r G,
C, N, /A va Z trong 6 co s& (hinh 1) v&i d6 tir hoa téng cong/tuyét dbi

mtotlabs (UB)

Tac gia chon cAu trac C ,N.BF lam dai dién va dua ra giai
thich don gian cho nhiing két qua chinh nay nhu sau: mat
do spin p_clia h¢ & hinh 6A dong vai tro bd trg sinh dong
cho cdu truc dién tir cia né trong hinh 5C va 5D. Mdmen tir
spin dinh x{r ciia cac dién tir N-sp? trong vit liéu gbc g-C N,
trude do (hinh 6B) gio day chu yéu dén tir cac dién tir C-p,
linh dong va mot phén tor cac dién tor C(1) dinh x. Ca 2
nguyén tir B va F trong 6 mang gan nhu khong c6 dong gop
vao phén cuc tong cong (cot p » P, cia bang 2). Vai tro cta
chung chi la gay ra sy chuyén dich co ché tu nhu vay.

Két qua nay duoc dién giai r6 rang hon nita thong qua
hi¢u mat do spin Ap_ (hinh 7A), dugc dinh nghia béng hiéu
s6 gilra mat do spin p_cua h¢ va cac phan mang cua no.
Ngoai ra, hiéu tng chuyén dién tich ciing duoc danh gia
thong qua hi€u mat do dién tich Ap, dugc dinh nghia mdt
cach tuong tu va minh hoa & hinh 7B. Khi thém nguyén
tr F vao cau tric ta thdy dién tich khoang le ciia B dugc
chuyén cho F (hinh 7 va bang 3), trong khi dién tich 2e con
lai dugc phan bd déu cho phan mang C ,N,. Hinh 7A, 7B va
mat cat (C, D) cho thay 13 su dich chuyén cta phan cuc tu
cic obitan N-sp? sang C-p,.
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(A) Ap (C N, + BF) (B) Ap(C,N, + BF)

(C) mit cit (0, 0, 1) ciia hinh (A) (D) mit cit (0, 0, 1) ciia hinh (B)

Hinh 7. Hiéu mat d§ spin Ap_ va dién tich *Ap tir C,N,BF va cac
phan mang cua né, gia tri (+/-) dworc thé hién bang mau vang/
la ma vé&i gia tri mat déng mirc 0,01. Cac mét cat twong (ng
va duwong dong murc thé hién két qua tét hon. 2Ap (A+B)=p (AB)-
P, (A)-p (B); *Ap(A+B)=p(AB)-p(A)-p(B).

Bang 3. Phan tich dién tich Bader.

CAu tric 4 4. 4y q, q,
CN, 3,79 1,47 7,60

C,N,BN 420 1,47 8,10 0,00 6,09
C,\N,BF 4,20 1,52 8,09 0,00 7,98
CN,CO 421 1,53 7,60 1,35 8,10

Qs 9c Gy 9, Va g, twong rng la sb dién t& (trung binh) thudc vé& nguyén
tr G, C, N, Ava Z (bang 2 va hinh 5).

Dién giai 1y - hoa ndy cing phu hop véi cac truong hop
khac nhu C,N,CO. Diém khac biét 1a C nhuong 2 dién tir
cua n6 cho O Do do, két qua véi P, Ap, Ap va PDOS sé
turong dong dbi véi 2 hé ndy va khong duoc thé hién ¢ day
(cling nhu d6i v6i 2 hé dang dién tir khac 1a C ,N,BO va
BC,N,CF). Truong hop dang luu y duy nhat la C JN.BN,
trong do dién tich 3e cia B dwoc chuyén toi 2 phan mang
C,N, va N v6i phén cuc spin ngugc nhau, dan t6i trang thai
co ban voi trat tu feri tir. Gia tri dién tich spin (dién tich ing
voi spin xuong/len) cua ching khoang -0,9 va 1,9, vi thé
gi4 tri momen tir tong cong/tuyét dbi s& 1a 1,00/2,90 (hinh
5, bang 2 va 3).

Co ché chuyén dién tich va tai sap xép ctia cdc mémen
tir spin néu trén ciing dua dén mot birc tranh 1y - hoa don
gian, giai thich cho mdi lién hé vé ciu trac dién tir trong cac
thiét ké vat liéu don 16p ban dan tir dya trén vat liéu ntra kim
loai triazine g-C,N, [19]. Cu thé, trong cau tric C .N;BN,
khi dugc hydro hoa ¢ vi tri C(1) s& thu dwoc mét nguyén
méu ban dan phan st tir HC N;BN. Nho H, chuyén dién
tich spin s€ dugc tang cuorng, véi gia tri xdp xi -1,8 va 1,8
cho 2 phén mang néu trén, dan dén gi4 tri mémen tir 3,6 uB
cua vat liu [19]. Vi 2 cAu trac con lai trong bang 3, tuong
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tmg s& thu dugc 2 ban dan tir ludng cuc 1a HC JNLBF va
HC,N,CO, nhimg vat liéu v6i phén cuc spin kha dao 1y tha
va hu'u ich trong spintronics [34]. Chu y rang, cac cau tric
HC,N,A tuong ing v6i A la nguyén tir B hodc C [19], c6 dac
tmng cau trac dién t cuia SGS dong vai tro trang thai trung
gian trong chuyén pha cau triic tir nira kim loai t6i ban dan tir
cua vat li¢u gCN nay.
4. Két luan

Téc gia da trinh bay nghién ctru vé tir tinh nira kim loai ctia mot
56 vét liéu don 16p dua trén cacbon nito gCN g-C N, va triazine
g-C)N,. Cac luge dd bién tinh vat liéu khac nhau vcn H, Li va
nguyen 6 nhom 2p duge dé xuét dya trén tinh toan DFT, nhim
thiét ké nhiing cu trac vat liéu 2 chiéu méi vai cu tric dién tir va
tlr tinh mong mudn. Bang cach lam séng to tinh chat sat tir nira kim
loai v&i moémen tur spin dinh xur clia cac dién tu N-sp® pyridine cho
thy vai trd then chot cia H, Li va nhitng nguyén to nhom 2p khéc
tai vi tri N hay C gCN ciing nhw nat khuyét ciia mang tinh thé. O
nhitng leoc d6 nhat dinh, véi H tai vi tri gCN va Li/F tai nat khuyét,
nghién ctru da thanh cong voi nhig cAu tric vt lidu nira kim loai
m6i mang tir tinh linh dong. Hon nira, v6i cdp nguyén tir cua nhing
nguyén to nhém 2p & vi tri nat khuyét, tac gia thu dugc nhiing cau
tric vat liéu nua kim loai méi ma ca 2 co ché tir dinh xit va linh
dong dong ton tai. Ket qué dang chi y nay duoc didn giai bang mot
birc tranh 1y - hoa vé anh huong cta higu (mg chuyén dién tich spin
lén cau trac dién tur cua chung. Nhimg vét liéu don 16p tién tién nay
¢o tiém nang rat 16n, tr goc do nghién ciru co ban va Gng dung,
hudéng t6i nhimg linh kién thé hé tiép theo cua spintronics.

Nghién ctru nay dugc tai tro boi Quy Phat trién Khoa hoc va
Cong ngh¢ Quoc gia (NAFOSTED) trong dé tai ma so 103.01-
2017.359. Tac gia xin tran trong cdm on.
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Nghién citu co' ché ghép mach va sulfo hoa
cia mang dan proton st dung trong pin nhién liéu hydro
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Tom tit:

Poly(ethylene-co-tetrafluoroethylene) (ETFE) ghép poly(styrene sulfonic acid) mang dién gidi polymer (ETFE-PEM) duwgrc tong
hop ghép mach khoi mao béi birc xa gamma tir nguon %Co thong qua 3 budc: (i) Chiéu xa, (i) Ghép polystyrene vao phim ETFE
(PS-g-ETFE) va (iii) Sulfo héa (ETFE-PEM). Co ché ghép mach va sulfo héa ciia ETFE-PEM véi mirc d ghép 22% va sulfo héa

93% dugc nghién ciru béi phd cdng hwomg tir hat nhan BC rin (solid “C NMR), phd hong ngoai bién 661 Fourier (FT-IR) va kinh
hién vi dién tir quét phat xa truwong (FE-SEM). Cac két qua cho thay, styrene dugc ghep vao polymer nén ETFE bang phéan lmg
pha v lién két o dwge gy ra béi cac goc twr do va tao thanh chudi polystyrene tren bé mét pha tinh thé. Cac styrene vao sau van
tiép tuc khuéch tén vao siu trong mang tir hai mit do sy chénh léch gradient ndng d9. Qua trinh ghép mach xay ra trén cé vi tri
C-H va C-F ciia mach polymer ETFE nén, nhung tai vij tri C-F nhiéu hon, trong khi dé cac phan 1rng sulfo hoa dé tao mang din
proton chi xay ra tai vi tri para trén vong thom cta polystyrene. Cac phéan @ng phuy, sin pham thir cap ciia qua trinh ghep va sulfo
hoa khong dwgc tim thay trén cac pho BC NMR, FT-IR thu dwgc, ching t6 cac qua trinh ghép, sulfo héa da dwoc kiém soat tot.

Tir khéa: ETFE, ghép mach birc xa, mang din proton, pin nhién liéu.

Chi 6 phén logi: 1.3

1. Md dau

Pin nhién lidu mang trao doi proton sir dung hydro la thiét
bi dién hoa chuyén nang luong phan tmg hoa hoc cia nhién liéu
hydro tai cac dién cuc thanh ning luong dién. Chu tao va nguyén
1y hoat dong ctia pin nhién li¢u hydro dugc trinh bay 6 hinh 1. Pin
nhién liéu cho hiéu suit cao nhét (khoang 65%) khi so voi cac
thiét bi dién hoa nhu siéu tu dién, pin sac... [1] nén phu hop cho
cac ung dung trong nguon dién dong phat cung cép trong hd gia
dinh, cac toa nha, bénh vién... Ngoai ra, pin nhién li¢u hydro con
duoc st dung nhu 1a ngudn cung cdp dién cho cac phuong tién
giao thong vén tai, dac biét 1a xe 6 to [2]. Mot cong bo trén tap chi
quéc té vé nang luong hydro dy doan dén nam 2035, xe 6 to chay
bang pin nhién liéu hydro trén toan cau s& chiém khoang 20% tng
s phuong tién giao thong va ting 1én dén 60% hodc cao hon vao
nam 2045 [3].

Thach thirc 16n nhat hién nay dé tmg dung rong rii pin nhién
liéu hydro nhu 1a mot ngudn ning lvong méi vao doi sdng 1a thiét
bi ndy phai ¢6 gia thanh canh tranh ciing v6i nhimg tinh chat ciia
mang dan proton (hay mang dién cuc polymer - PEM) ching han
nhu tinh dan proton, do bén co 1y, tinh tham thu khi thip, do bén
héa hoc va do bén nhiét cao... dé pin nhién li¢u hoat dong mot cach
6n dinh, 1au dai va hiéu qua. Vat liéu thuong mai mang dan proton
Nafion dang duoc sir dung phd bién nhat cho pin nhién liéu xe hoi
[4]. Tuy nhién, Nafion dang gap phai mot s han ché Ia tinh thim
thau khi qua mang cao, chi hoat dong trong khoang nhiét d¢ twong
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Pin nhién li¢u PEM
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Hinh 1. C4u tao va nguyén Iy hoat déng cta pin nhién liéu hydro.

dbi thap (<80°C) va co gi4 thanh cao. Hon nita, tai diéu kién hoat
dong khét khe hon (>80°C, do 4m RH<50%), tinh dan proton cua
Nafion giam xudng, dan dén 1am giam hi¢u qua hoat dong cta pin
[4]. P 14 1y do c6 rat nhiéu nghién ciru dang trién khai dé tim vét
liéu méi thay thé Nafion [5, 6]. Phim ETFE ¢6 tinh khang birc xa
va it bi khau mach do birc xa hon so véi PTFE, dan dén tdc do phan
ung trung hop ghép nhanh hon dang ké so voi PTFE [7]. Do do,
vat liéu mang dan proton ETFE-PEM tong hop bing phuong phap
ghép mach polymer khoi mao bing birc xa hat nhan 4 mét trong
nhling tmg vién tiém nang trong cac vt li¢u mang dan proton mai
dang duoc nghién ciru dé canh tranh v6i Nafion [8-11].

Phuong phap tong hop chiéu xa ghép mach khoi mao cac phan
{mg bang cach chiéu xa vat liéu boi bire xa hat nhan nén khong can
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Abstract:

Poly (styrenesulfonic acid)-grafted poly(ethylene-co-
tetrafluoroethylene) polymer electrolyte membrane (ETFE-PEM)
applied for fuel cells was prepared by radiation induced-grafting using
gamma-ray from Co source based on three steps (i) irradiation, (ii)
polystyrene-grafted  poly(ethylene-alt-tetrafluoroethylene)  (PS-g-
ETFE), and (iii) sulfonation (ETFE-PEM). Mechanism of grafting and
sulfonation of ETFE-PEM with grafting degree of 22% and sulfonation
degree-of 93% was revealed by solid “C nuclear magnetic resonance
(solid 3C NMR), Fourier transform infrared spectroscopy (FT-IR), and
field emission scanning electron microscopy (FE-SEM). The obtained
results indicated that the styrene was grafted on the matrix of ETFE
polymer by the © bond-breaking reaction which could be attributed
to free radicals and formed the polystyrene chain at the surfaces of
crystalline phases. The styrene migrated deep into the membrane due
to the concentration gradient. The grafting reactions occurred at sites
of C-H and C-F in the ETFE backbone but dominantly at the C-F sites
while the sulfonation took place at the para position of polystyrene. The
signatures related to side (secondary) reactions and by-products were
not observed in the spectra indicating that the graft polymerization
and sulfonation are well-controlled.

Keywords: ETFE, fuel cell, proton exchange membrane, radiation
induced-grafting.

Classification number: 1.3

thém bat ky hoa chit nao va co thé tong hop mau voi quy md 16n
trong thoi gian ngén tai nhiét 6 phong ma cac phuong phap tong
hop vt 1y, hoa hoc truyén thong khac khong thé so sanh [8-11].
Trong céc nghién ciru trude day, co ché ghép mach boi monomer
styrene vao polymer nén ETFE va sau d6 1a phan tng sulfo trén
phim da ghép mach dé tao thanh mang dan proton van chura dugc
1am 6 hoan toan boi cdc phuong phap quang phd nhu FT-IR hodc
Raman [10, 12, 13]. Ly do chu yéu cta tOn tai néu trén 1a pho FT-
IR cho qué nhiéu dinh chdng chap 1én nhau trong khi ph Raman
cho nén phong huynh quang rat 1on khién cho céc dinh dac trung
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ctia mAu bi chim sau trong nén phong, gay kho khan trong phan
tich pho va dinh danh céc lién két. D& vuot qua nhitng thich thirc
néu trén, trong nghién ctru nay, pho BC NMR ran da dugc st dung
bai vi pho nay rat nhay véi timg vi tri carbon trong mang (ngay ca
vOi ham lugng rat nho). Ngoai ra, pho *C NMR ¢6 do phan giai rat
tot, chi thé hién mot dinh ddc trung duy nhét cho ting vi tri carbon
nén rat thudt loi trong dinh danh hay phén tich pho. Lam sang t6 co
ché ghep mach trong phim ETFE ban dau c6 y nghla rat quan trong
trong viéc hiéu dugc co ché dong hoc cua qua trinh ghép mach,
do dai chudi ghép mach, phan bo ciia vat liéu ghép mach va sy
tuong tic ciia vat liéu ghép mach véi phim ETFE ban dau. Trong
khi do, xac dinh duoc co ché sulfo hoa trong phim polystyrene-
grafted poly(ethylene-alt-tetrafluoroethylene (PS-g-ETFE) co y
nghia quan trong trong viée hiéu duoc su phan b6 nhom -HSO, va
tinh dan proton cta mang. D6 1a co s¢ d€ cai thién muc d§ ghép
mach (GD), su phan b cta ching, rong hon 1a cai thién hiéu qua
hoat dong va do bén clia mang.

2. Thuc nghiém
2.1 Téng hop miu

Phim ETFE véi bé day 50 pm dugc mua tr Cong ty Asahi
Glass (Nhat Ban) c6 khi luong riéng 1a 1,74 g/em’, diém nong
chay tai 255-280°C, do bén kéo ¢ 23°C 13 47 MPa va d¢ gian dai
1a 300%. Cac tAm phim duogc chiéu xa bang tia gamma tr nguon
“Co voi suat lidu chiéu 15 kGy/gio va liéu chiéu 15 kGy trong
moi truong khi argon ¢ nhiét do phong. Sau khi chiéu xa, phim
duoc ngam trong dung dich styrene trong toluene & 60°C dé tao
thanh phim ETFE PS-g-ETFE. Sau d6, miu PS-g-ETFE duoc
ngdm trong axit chlorosulfonic 0,2 M trong 1,2-dicloroethane &
50°C trong 6 gio rdi rira sach bang nudc tinh khiét 6 50°C trong 24
gio dé thu dugc mang dan proton PSSA ghép mach ETFE (ETFE-
PEMs) [8-11]. Quy trinh téng hop mau dugc minh hoa & hinh 2.
GD duogc xac dinh nhu sau:

GD (%) = 100x(W,-W,)/W,

trong d6 W, va W, lan luot 1a khdi luong cta phim trude va sau
khi trung hop ghep

Trong bai bao nay, phim PS-g-ETFE va mang ETFE-PEM co
GD=22% dugc nghién cuu.

Styrene Phim ghep mach

g Hé—@— SO3H
]
Tia gamma —CH CISOsH — CHgy
Sulfo héa %
Phim ETFE %

Mang dan proton sulfo héa

Hinh 2. Quy trinh tdng hgp phim ghép mach PS-g-ETFE va mang dan
proton ETFE-PEM béng chiéu xa gamma tir nguén ©Co.

2.2. Thuc nghiém do mirc dj sulfo hoa va kha nang trao doi
ion (IEC)

Mic d¢ sulfo hoa duge xac dinh 1a ty 1¢ mol cua axit sulfonic
trén cac don vi monomer cua chudi polymer dugc ghép. Sulfo hoa
¢6 thé dugc xéc dinh bang cach sir dung két qua phan tich chuan
d6 bang cong thirc sau:



SD (%) = 0,01V, Mx100(100+GD)/(W,, xGD)

trongdo V, on 14 thé tich (ml) dung dich NaOH 0,01 M; W, 1a khéi
luong cua mang duge say chan khéng & 40°C cho dén khi gh1 nhan
duoc khoi lugng khong doi [9].

Trong bai bdo nay, ETFE-PEM c6 GD=22% va muc d¢ sulfo
héa c6 SD=93%. Kha ning IEC ciia mang dugc dinh nghia la mdt
mol cua nhom axit sulfonic trén trong lugng mang kho (mmol/g) va
dugc xac dinh bang cach st dung két qua phén tich chuén do ¢ nhiét
do phong. Cac mang ¢6 nhom sulfo (H*) dau tién dugc chuyén doi
thanh sulfonat (Na*) bang cach ngam trong dung dich NaCl nong
do 3 M trong nudce ¢ 50°C trong 7 gio. Luong HCI giai phong khoi
mang sau do dugc xac dinh bﬁng cach chuan do st dung dung dich
NaOH 0,01 M va mdy chuan d¢ ty dong (Hiranuma com-555). Do
d6, cac gia tri IEC c6 thé dugc xac dinh bang cach sir dung két qua
chuén d¢ boi cong thie sau:

IEC (mmol/g) = 0,01V, . /(W, ) [9].

Trong nghién ctu ndy, mang ETFE-PEM c6 gia tri IEC=1,4
mmol/g dugc st dung.

2.3. Thuc nghig¢m chudn bi méu bjt

Céc phim ETFE ban déu, phim ghép mach PS-g-ETFE va mang
dan proton ETFE-PEM dang ran dugc cat nho va cho vao ngan
chira hinh try rong bing thep khong gl cua th1et bi nghlen mau.
Phia trén mau dat mot qua cau thép, mau va qua cau thép ndm trong
ngan chita bang thép khong gi dugc gan vao mot thanh nghlen Cho
thanh nghién vao nito 1ong (77K) aé dong bang mau. Budc tiép theo
gin thanh nghién vao may nghién miu JEC. Sau do, thanh nghlen
chuyén dong 16n va xudng, 1am cho qua cdu thép bén trong nghién
mau thanh bot min (hinh 3).

Tryc nghién

Nito long

Binh chan khong

Ngan kin chira
mﬁu

Qua cau thép

Hinh 3. M6 hinh thiét bj nghién mau (A), may JFC va mau sau khi
nghién (B).

2.4. Thue nghi¢m do phé >C NMR rin

Phd 3C NMR ciia cac mau duoc do béng hé Bruker Avance III
400 MHz tai Vién Nang lugng Nguyén tir Nhat Ban (Chi nhanh
Takasaki). Hé do co tin s6 hoat dong 75,5 MHz va 300,1 MHz
tuong tmg cho *C NMR va 'H NMR. Méu khi do dugc dat trong
rotor ZrO, c6 duong kinh 4 mm. Tan s6 magic-angle spinning
(MAS) duoc thlet lap khi do 1a 10 kHz va nhi¢t d¢ cia mau la
298K. Tong s6 1an quét 600-2.500 dwgce thu nhan trén mot phd rong
23 kHz voi 4o tré 1ap lai 5 s dé co du thong ké. Trong nghién ciru
nay, ddu do BBF/1 H bing thong rong duogc sir dung. Ngoai ra, ki
thuat khir ghép '"H CP/MAS C ciia cac mau ciing duoc thyc hién
boi sy tuong tac ludng cuc vdi cac proton co d§ gidu cao bén canh
khién cho d9 rong dinh *C NMR duoc quan sat 1a kha rong (khoang
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10 kHz). Vi khoang dich chuyén hoa hoc rong (khoang 200 ppm
hodc 23 kHz) duoc quan sat, sy mo rong dinh phd *C NMR gay tré
ngai trong viéc phén tich tan sb cong huong theo do dich chuyén
héa hoc cua chung. Néu khong c6 sy loai bo ghép ludng cuc nay,
phd *C NMR va NMR rin noi chung khong cung cap thong tin cau
tric hitu ich. K thuat khir ghép diéu khién “l1t” spin proton tai toc
d9 du nhanh so véi tuong tac ludng cuc *C-'H, khi d6 dinh cong
huong dugc quan sét trong phd 3C NMR rén s& khong bi mé rong
do cac tuong tac ludng cuc spin hat nhan.

2.5. Thuec nghi¢m do phé FT-IR

Phé FT-IR dugc do boi méy quang phd hdng ngoai IR Affinity-1
v6i s6 1an quét pho 1a 64 va do phan giai 1a 4 cm trong viing tir 400
dén 7.000 cm'. Chu y ring, trong nghién clru ny, cac mau dugc
do dudi dang mang ran nén c6 thé do truc tiép ma khong can tron
voi KrB.

2.6. Thyc nghiém do FE-SEM

Vi anh cdu tric bé mit va mit cit ngang ciia mau ETFE-PEM
(GD=22%, IEC=1,4 mmol/g) thu dugc bang FE-SEM JSM-6700F
str dung ché d¢ do dién tir thir cAp ¢ dién ap gia toc 5 kV. Bandﬁu,
mang dugc ngam trong dung dich AgNO, 0,5 M (14 gio) dé gia
tang do twong phan mat dg dién ttr gilta cdc pha ua nudc chia nhom
PSSA va ky nudc ciia mach ETFE nén. Sau d6 , mang dugc rua bing
nude khur ion trong 1 ngdy ¢ nhiét do phong va say trong tu chén
khong ¢ 40°C trong 12 gio. Pé thu duoc anh mat cit ngang, dau
tién cac mau dugc nhing trong nhua epoxy va sau d6 cat lat bang
may microtome.

3. Két qua va ban luan
3.1. Két qud pho *C NMR rin

Hinh 4 trinh bay phd NMR khir ghép 'H CP/MAS C cua cac
méu ETFE ban dau, phim PS-g-ETFE (GD=22%) va mang ETFE-
PEM (GD=22%, IEC=1,4 mmol/g). Céu tao phan tir cia ETFE-
PEM dugc minh hoa ¢ goc trén bén phai cua hinh 4, trong do6 céac
nguyén tir carbon trén cac nhom chire duoc gan sb thir tu tir 1 dén
8, twong tmg vdi carbon thugc nhom CH, (1), CF, (2) trén mach
chinh ETFE va cac carbon thugc nhém chuc styrene (3-8). Pho C
NMR ciia mau ETFE ban dau thé hién 2 dinh cong huong déc trung
& khoang 23 ppm ddi v6i carbon gén véi hydro (CH,) va 120 ppm
voi flo (CF,). Cac dinh nay lan luot dugc ky hidu la Cl va C2 trén
phé. Pay la cac dinh cong huong dac trung cho cac nhoém chic
cua polyethylene-tetrafluoroethylene [14, 15]. Phép gan dinh cong
hudng cho cac carbon co thé dia vao hiéu img che chin ciia ching.
Vi F 13 nguyén tir c6 do 4m dién cao (x=3,98) nén khi lién két véi C
s& it doi dién tir hoa tri vé phia n6, lam giam sy che chan tir trudng
ngoai nén C lién két F cong huong tai ving truong thap va c6 do
dich chuyén hoa hoc 16n. Cac nguyén tir C lién két véi H bj che
chan nhiéu hon vi H c6 d¢ 4m dién thép (¥=2,2) nén cong huong
tai viing truong cao va co do dich chuyén hoa hoc nho. Pho ké °C
NMR trong nghién ctru nay chi co thé thuc hién mot kénh khir ghép
'H, trong khi khur ghép "F khong dugc thye hién. Do d6, dinh cong
huong cua carbon CH, ¢6 cuong do 16n vi duge khir ghép tot voi
'H, trong khi do, d1nh cong hudng cua carbon CF, tuong dbi rong
va co cuong do thap [16].
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Hinh 4. Phé "C NMR trang thai rdn cla cac mau ETFE ban dau,
phim PS-g-ETFE (GD=22%) va mang ETFE-PEM (GD=22%, IEC=1,4
mmol/g).

Pbi voi mau PS- £ -ETFE, ngoai 2 dinh C1 va C2 ctia ETFE
ban dau con ¢ sy xuat hién ciia cac dinh méi va dugc gn cho cac
carbon thugc nhom chire styrene dugc ghép mach. Bén trdi dinh
C1 xudt hién 2 dinh méi ¢ vi tri khoang 47 va 42 ppm, chiing lan
lugt duge gan cho carbon CH va CH, trén polystyrene va dugc
dat tén lan lugt 1a C3 va C4. Dya Vao cdu trac hoa hoc & hinh
4, ca 2 dinh C3, C4 déu ndm gan nhém rit dién tir CF va vong
benzene, nén sau khi ghép mach dinh C3, C4 cong hudng ¢ vung
trudng thip hon C1 va cd do dich chuyén hoa hoc cao hon Cl1
(ESC3 =43 s0 v6i 6.,=23 ppm). Ngoai ra, dinh C4 cong huong o
vung trudng cao horn dinh C3 (do C3 nim gan nhém CF) nén bi
rat dién tir manh hon C4 nim canh vong benzene. Cac dinh cdng
huong xudt hién bén trai dinh C2 thudc vé céc carbon cua vong
benzene. Vi tri khodng 129 va 147 ppm tuong ing voi cdc carbon
dugc ky hicu la C6-7-8 cua vong thom va C5 cho carbon khong
gan hydro. Vi¢c gan dinh nhu vay dya trén nghién ctru trude do ve
pho “C NMR cua PS (poly styrene) [17]. Sau ghép mach céc dinh
C1 va C2 khong c6 sy thay doi nhiéu vé d¢ dich chuyén hoéa hoc so
v6i mau ETFE ban dau, chimg t6 qua trinh ghép mach khong lam
thay doi nhidu vé lién két hoa hoc ctia mach polymer nén ETFE.

Déi voi pho *C NMR ciia mau ETFE-PEM, cac dinh cong
huong cia C1 va C2 khong c6 sw thay doi 1on vé vi tri do dich
chuyén hoa hoc. Tuy nhién, c6 thé quan sat thdy sau qua trinh
sulfo hoa, cuong d cua dinh C2 suy giam 1on va gan nhu chim
vao dinh C6-7-8 bén canh trong khi dinh C1 tuy cuong do c6 suy
giam nhung vén giit nguyén hinh dang dinh. Ngoai ra, c6 mot dinh
moi xudt hién tai ving cong hudng cua cac carbon vong benzene.
binh nay ¢ vi tri khoang 141 ppm va dugc gan cho carbon vong
thom gan v6i nhom chire -SO,H (dugc dét tén 1a C8). Vi dugc lién
két voi nhom -SO,H ¢6 dg am dlen cao nén dinh cong hudng C8 bi
tach ra khoi nhom dinh cua vong benzene va dich vé phia d¢ dich
chuyén héa hoc cao dé hinh thanh mot dinh riéng bit. Luc nay,
dinh cong hu(mg cua carbon thugc vong thom & vi trf khodng 128
ppm dugc gan cho cac carbon C6-7. Dinh cong hudng CS ¢6 su
dich chuyén nho vé ving truong thp khoang 151 ppm so vdi mau
ghép mach va la dinh c6 d¢ dich chuyen héa hoc 16n nhit trong cac
dinh ctia vong benzene. Vi¢c gan cac dinh cong huong duge tham
chiéu véi bang twong quan do dich chuyén hoa hoc NMR chung va
theo cac tai liéu pho NMR trang théi rin 13C cia polystyrene [18,
19], dugc xéc nhan lai bang cach so sanh voi pho *C NMR long
cho styrene/MAA copolymer [20].
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Viée so sanh céc phd *C NMR ctia mau ETFE ban dau, phim
PS-g-ETFE va mang ETFE-PEM cho thay, qua trinh ghép mach va
sulfo hoa da dugc thuc hién thanh cong Qua trinh ghep mach da
dua chudi styrene Vao trong mau va dugc gan vao vi tri C-H, C-F
nhung chu yéu 1én carbon cua CF,. Danh gia nay khong nhiing dwa
trén déac trung pho trinh bay ¢ hinh 4 ma con dua trén gia thuyét F
¢ béc s6 nguyén tir (Z) cao hon H nén tao ra goc tw do nhiéu hon
cho qué trinh ghép mach. Déy la két qua tuorng tac cua tia gamma
voi vat chat trong d6 twong tac ndy s€ ¢ ti€t dién cao hon cho
nguyen t6 ¢6 Z cao hon [21-23]. Qua trinh sulfo hoa da gin cac
g0c -SO,H vao vi tri carbon para trén Vong benzene. O day, cuong
do cac dlnh cong huong khong dugc dé cap va so sanh, boi ching
¢o su thay d6i 16n theo cac tham sb thuc nghiém, dac biét 1a phu
thudc vao sd 1an quét. Trén phd 3C NMR con c6 mot dinh nho xuat
hién tai vi tri dich chuyén hoa hoc khoang -2 ppm. Dy duoc xem
14 dinh nhiéu do sy quay mau trong qua trinh thuc nghiém.

Ché ¥ rang, cac phd 3C NMR trinh bay & hinh 4 khong phat
hién cac dinh la ngoai dinh C1-8 da dugc dinh danh. Hay noi cach
khéc, cac phan tmg phu hay cac san pham thir cap co thé loai
trir hodc thap hon ngudng do cia *C NMR. Két qua nay c6 thé
giai thich 1a do viéc chiéu xa dugc thuc hién 1a chiu xa trude,
trong moi truong c6 khi argon tai nhi¢t do phong nén da han ché
hay ngin can cac phan tmg Oxy hoa ciia phim chiéu xa voi moi
truong xung quanh. Ngoai ra, qua trinh thuc nghiém ghép mach
cling dugc thyc hién trong moi truong argon voi dung mai toluen
nén da ngan can cac phan tng thir cip sinh ra cc san pham phu.

3.2. Két qua pho FT-IR

Hinh 5 trinh bay phd FT-IR cta phim ETFE ban diu, phim
PS-g-ETFE v6i GD=22% va mang ETFE-PEM cung gid tri GD
tai vung so song 4000-450 cm'. Thong ké cac dinh hap thu dac
trung ciing duoc trinh bay chi tiét ¢ bang 1. Phd FT-IR cua phim
ETFE ban déu (hinh 5A) cho thiy, dao dong hoa tri bat dél xung
V (CH,) xudt hién tai s song 2.974 va 2.879 cm’. Dinh & s6 song
11452 e 1a dac trung cho dao dong bién dang 8(C-H). Trong khi
d6, ving ¢6 s6 song 1.000-1.300 cm™ dac trung cho dao dong cua
nhom CF,, CH va CH, [24]. Dao dong bién dang 3(-CH ,)co tan s6
hép thy ta1 sd song 669 va 513 cm’!
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Hinh 5. Phé FT-IR cta ETFE ban dau (A), phim PS-g-ETFE véi mirc
do6 ghép mach 22% (B) va mang ETFE-PEM vé&i mirc d6 ghép mach
22% (C).
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Sau khi ghép styrene vio phim ban dau ETFE nhu trinh bay &
hinh 5B, su xuét hién cua vong benzene dugc nhan théy bé'lng dao
dong hoa tri trong mat phing cua lién két C=C ¢ sb song 1.493
cm’! va dao dong hoa tri cia lién két C=C ¢ 1.601 cm™. Vong
benzene ¢6 mot vi tri nhom thé dugc dic trung boi cac dao dong
bién dang ngoai mit phing 5(C-H)*® & 700 va 758 cnr’. Dinh ¢ s6
song 3.026 cm! duge gan cho dao dong hoa tri v[=C-H] va dinh
2.924 cm! duge gan cho dao dong hoa tri v[C-H] cua vong thom
benzene. Bén canh do, cac dinh 3.099, 3.082, 3.059 va 3.001 ¢cm'
chua xac dinh duoc 1a dao dong cua lién két no. Tuy nhién, vi
trong vong thom benzene ciia styrene, lién két hydro véi carbon co
thé & céc vi tri khac nhau nhu othor, para va meta, nén rat co thé
céac dinh nay cling 12 dao dong hoa tri v[C-H] hoac v[=C-H] nhung
& nhitng vi tri s song khac nhau. Ngoai ra, khi so sanh dinh pho
dao dong bién dang (-CH,) ciia phim ETFE ban dau voi phim
PS-g-ETFE tang theo GD tai s0 song 669 cm, chiing t6i nhan
thdy su suy giam dang ké cuong do dinh dao dong bién dang 5(-
CH,). Su suy giam nay dugc giai thich la do tai vi tri nhom styrene
duorc ghép vao mach chinh cia phim ban ddu ETFE lién két cua
dao dong bién dang 8(-CH ,) da bi anh huong. Su thay doi cac
dinh pho cta phim PS-g- ETFE so v6i ETFE ban dau la co so dé
danh gid mtrc do ghép mach thanh cong ctia mang PS-g-ETFE. So
sanh v6i phd FT-IR cta phim grafted-ETFE do Chen va cs (2006)
[24] tong hop, céc dinh 3.099, 3.082, 3.059 va 3.001 cm! khong
dugc tim théy Bén canh do, céc vi tri cua dao dong bién dang
ngoai mdt phang 8(C-H)*» ¢ 700 va 758 em™ ¢4 sy chénh 1éch
dang ké vé s song. Co thé nhan thiy rang su khac biét nay chu
yéu xay ra ¢ cac dao dong cua lién két C-H trén vong benzene
ciia styrene. Diéu nay dugc giai thich la do monomer va dung
moi trong qua trinh téng hop mau khéac nhau [25]. béi voi phim
PS-g-ETFE c¢6 tic nhan khau mach [25], hon hop monomer sir
dung 1a styrene/divinylbenzene (DVB), 1,2-bis(p,p-vinylphenyl)
ethane (BVPE) va triallyl cyanurate (TAC). Nhiing dung m6i nay
cua styrene co tac dung tao ra phan ung khau mach trong mang bén
canh phan g ghép mach. D6i voi phim PS-g-ETFE trong nghién
ciru ndy, phan tmg khau mach dién ra khong dang ké do chiéu xa ¢
lidu rét thap (15 kGy) va thoi gian chiéu ngan (1 gio) [9].

Déi voi mang ETFE-PEM (hinh 5C), sy hip thy manh hon va
rong hon trong pham vi 1.000-1.300 cm™ dwgc quan sat thay, do
ving ndy chong chap rat nhiéu dao dong cua cic nhom lién két
nhu CF,, CH, CH,, S-O va S=0. Ngoai ra, dai rng trong pham
vi 3.000-3.600 cm™ va 1.500-2.000 cm” twong Ung dugc quy
cho sy hién dién cua dao dong hoa tri v[O-H] va dao dong bién
dang 8[H-O] trong cac phan tir nude lién quan dén cac nhom axit
sulfonic. Su xudt hién cua cac dinh c6 s6 song 1.412, 609 va 835
em! c6 ngudn gdc tir cac vong thom da sulfo hoa duge phat hién.
Trong khi do, mét s6 nhom mat di sau khi sulfo hoa nhu dao dong
bién dang ngoai mat phiang vong thom &(C-H)™ & vi tri s6 song
700 cm! (dinh dac trung cho benzene khi ¢c6 mdt nhém the) bidu
nay duoc giai thich 1a khi gan thém nhom - -HSO, vong benzene lic
ndy c6 2 nhom thé. Pong thoi, nhom thé thir 2 (-HSO ;) 1a nguyén
nhan xudt hién dinh dao dong hoa tri [C=C] tai 1. 412 cml, Sy
xuét hién dinh ¢ vi tri 1.412 emr! ciing 14 co s dé danh gia phim
PS-g-ETFE da dugc sulfo hoa thanh cong. So sanh véi phd FT-IR
ctia mang ETFE-PEM c6 tic nhan khau mach ciing cho két qua
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twong dong vé so dinh [24]. Tuy nhién, dai rong trong pham vi
3.000-3.600 cm™ va 1.500-2.000 cm™! twong ng dugc quy cho sy
hién dién cua dao dong hoa tri v[O-H] va bién dang 6[H-O] cua
nude ¢6 cuong do hap thu thap hon so véi két qua trong nghién
cuu nay. Piéu nay duoc giai thich 1a do sw chénh léch mat d6 mau
v&i chat nén, nhiét do séy mau khac nhau, dd Am moi truong va dic
biét 1a do tac nhan khau mach [24, 26].

Bang 1. Vi tri dinh cac nhém chic cia phim ETFE ban dau,
PS-g-ETFE ghép va mang ETFE-PEM véi GD=22%.

Loai lién két, nhom chirc  ETFE ban diu PS-g-ETFE ETFE-PEM
v(OH) 2 3.700-2.400
3.026 s
v(=C-H)
- 2.924 2.930
v,(CH,) 2974 2974 2974
v(CH) 2.879 2.881 2.881
5<(OH) - 2.000-1.600
1.601 1.599
v(C=C)
- 1.493 1.495
3(CH) 1452 1.450 1.454
v(C=C) - - 1412
v(CF) 1.400-1.000 1.400-1.000 1.400-1.000
v($=0) - - 835
758 775
3(C-Hyr
2 700 -
669 667 665
3(CH,)
2 513 507 507
v(S=0) : - 609

Hinh 6 trinh bay co ché ghép mach cua styrene vio phim ETFE
ban dau. Chu ¥ ring, trong nghién ctru nay, gamma tir ngudn “Co
phat ra ¢6 ning luong 1,17 va 1,33 MeV, tirc 1a rat 16n so voi ning
luong lién két hoa hoc cua C-C, C-H, va C-F (vai eV). Do do,
tuong tac cia gamma v6i ETFE chic chin sé ion hoa cac nguyén
tir va phan tir dé tao ra céc gbe tu do nham khoi mao cho cac phan
{mg ghép mach sau d6. Chi tiét hon, khi chiéu xa tia gamma véo
phim ETFE ban dau gy ra sy mat dién tir tai céc lién két C-F, C-H
va C-C, dan dén sy hinh thanh cdc gdc tir do trong ca pha tinh thé
va vo dinh hinh [24, 25]. Cac goc tu do trong pha v6 dinh hinh
linh dong hon so voi pha tinh thé do cu tric xép chat cua 2 pha
khac nhau. Sy linh dong hay hoat tinh hoa hoc manh cua cac goc
tw do trong pha vo dinh hinh dAn dén xu huéng nhan lai dién tir
clia chiing dé tr¢ thanh trung hoa. Do d6, thoi gian tii hop trong
pha v6 dinh hinh dién ra rat nhanh, trong khoang 107°-10 gidy
[27]. Con trong pha tinh thé, su chuyen dong chudi polymer bi han
ché manh nén cac gbc tu do co thé ton tai trong nhiéu ngay, thim
chi nhiéu tuan [28]. Hé qua 1a mat do gbc tu do trong pha tinh
thé nhiéu hon rat nhiéu Ian trong pha vo dinh hinh. Cac gdc tu do
nay ton tai bén trong céac pha tinh thé va ¢ bé mat dén ranh gidi
gitta pha tinh thé va v6 dinh hinh. Khi ngdm mang sau chiéu xa
trong dung dich styrene, tai pha v6 dinh hinh cua vét liéu styrene
khuéch tan vao sau trong mang theo co ché “ghép mach khuéch
tan”, dugc dé xuat boi A. Chapiro (1979) [27] nhu duge mé ta &
hinh 7. Styrene tiép tuc di chuyén Vvao siu trong mang dén bé mat
ctia pha tinh thé, noi chung gép cac goc tu do. Do cau tao phan tir

1n



memssssmsm Khoa hoc Tu nhién | Vat ly

cua styrene 1a s két hop cua ethylene va benzene nén né vira c6 tinh
chat cia mot alkene vira ¢6 tinh chit ciia vong thom benzene. Mat
khac, do lién két ctia nhom ethylene trong styrene yéu hon lién két
trong vong benzene nén cc goc tu do ETFE s& phd v& lién két nay.
Mot dién tur két hop voi goc tu do tao thanh mot cdp dién tur dung
chung duoc thé hién ¢ hinh 6. Dong thoi, dién tir con lai (yéu hon)
xuat hién trén mach nhénh cua styrene. Sy hinh thanh géc tu do tai
vi tri C-F cta polymer nén ETFE va sau d6 14 qué trinh ghép mach
ciing co thé trinh bay twong ty. Tuy nhién, gdc tu do tai vi tri C-F 1a
nhiéu hon C-H do F ¢6 bac s nguyén tir Z 16n hon. Hay néi cach
khéc, styrene duoc gia thuyét 1a ghép vao vi tri C-F nhiéu hon C-H
trén polymer nén ETFE.

[ T0
LD = G
LT !

TF Gice tlr do
- -
T T 1) »=¢ ex o
C—C—C— + —— c—(l',—
T, SR
Styrene I@ Phim ghép mach

Hinh 6. Phan (rng triing hop day chuyén styrene khoi mao béi goc tw do.

B mit Phim ghép mach
phim ghép

Ghép ban @u  Vangdwocghép

Gée tw do

Phim dwoc
chi€u xa

Phim ban déu

Hinh 7. Mé hinh mé ta co’ ché “ghép mach khuéch tan”.

Hinh 7 trinh bay mé hinh mé ta co ché ¢ ‘ghép mach khuéch tan”.
Sau khi cdc styrene (ban dau) ghép het cdc goc tu do tai bé mit cua
pha tinh thé, céc styrene vio sau van tlep tuc khuéch tan vao sau
trong mang do sy chénh 1¢ch gradient nong d§. Nhiing styrene vao
sau nay s€ phan (g v6i styrene truge ciing thong qua phan ng pha
v& lién két T va ctr thé tao thanh mot chudi polystyrene. Styrene
s& ngimg ndi dudi khi hoat tinh héa hoc cia cac dién tir yéu dan
hodc khi styrene khong thé khuéch tin vao mang duoc. Theo co
ché “ghép mach khuéch tan”, dugc dé sudt boi A. Chapiro (1979)
[27], diéu nay dugc giai thich nhu sau: ¢ mtc do ghép mach thép,
chudi polystyrene s& dudi ra, dan xen vio trong pha vo dinh hinh
cia polymer nén ETFE. Tuy nhién ¢ muc do ghép mach cao, chiing
s& day cac pha vo dinh hinh ctia polymer nén lim pha vo dinh hinh
gin két chat ché hon va mang bi cing phong. Céc phép do co hoc
da cho thdy, sw cing phong cia mang sau ghép mach. Khi pha vo
dinh hinh sép xép chat ché hon, dén mirc styrene khong thé khuéch
tan vao mang nita dugc goi 1a “gidi han thaim nhap” cua mang. Qua
trinh nay dién ra & ca 2 bé mit cta phim ETFE ban dau duoc thé
hién & hinh 7. Co ché dong hoc nay di dugc xac nhan béng thuc
nghiém nho phuong phép cong hudng spin electron [29] va nhiéu
xa tia X [30]. Trong truong hop ghép styrene vao phim ETFE, ngudi
ta d4 tim thdy chudi ghép PSSA duoc kéo dai trong cac pha vo dinh
hinh [26].
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Hinh 8 trinh by vi anh FE-SEM céu tric bé mit (A) va mit cat
ngang (B) clia mau ETFE-PEM (GD=22%, IEC=1,4 mmol/g). Sau
khi dugc ngadm trong dung dich bac nitrat, mach chinh ETFE va
mach ghép PSSA xuit hién dudi dang cac vung t6i va sang tuong
g nho d twong phan electron bd sung tir nhom trao ddi SO Ag.
Hinh 8A cho thay, c6 it su hién dién nhom PSSA tai bé mit trong
khi ¢6 sy ton tai dang ké luong PSSA doc theo tiét dién ngang cua
mau (hinh 8B). Sy phan bd ctia nhom PSSA 14 rong khap va lién tuc.
Két qua nay cho thay, nhom PSSA d khuéch tan tir bé mit vao bén
trong khéi mang ETFE nén. Hay noi cach khic, bing chig truc
tlep tir vi anh FE-SEM cho thy co ché “ghép mach khuéch tan” da
dién ra trong mang ETFE-PEM nhu d trinh bay 6 hinh 7.

Hinh 8. Vi anh FE-SEM c4u tric bé mit (A) va mat cit ngang (B) cla
mau ETFE-PEM (GD=22%, IEC=1,4 mmol/g).

Hinh 9 trinh bay co ché sulfo hoa phim PS- g -ETFE. Viéc biét
vi tri nhom -HSO, duoc thé vao vi tri ndo ciia vong benzene la hét
stc quan trong, b(n vi cdu triic hoa hoc khac nhau s& anh huong truc
tiép dén hiéu qua hoat dong cua mang. Nhu d biét, nhom -HSO,
s& lién két voi vong benzene cuia styrene thong qua phan ung the
Khi trong vong benzene da co mot nhom thé thi s& ¢6 2 vi trf ortho,
2 vi tri meta va 1 vi tri para dugc thé hién ¢ hinh 9. Vi tri ma nhom
-HSO;, ¢6 thé dinh huéng thé vao vong benzene 14 vi tri ortho va
para, bon vi ETFE 1a nhom day dién tu nén ta loai vi tri meta [31].
Nhu vay, néu -HSO, dugc thé mot cach ngau nhién (tirc la khong
¢6 sy uu tién) vao Vong benzene thi xac suat tao san pham thé ortho
s& gép d6i xdc sudt tao san phdm thé para. Tuy nhién, trong thuc t&
ty 1& dong phan ortho/para luén nho hon 2 va thim chi trong nhiéu
truong hop ty 1¢ nay nho hon 1. Nguyén nhan cho diéu nay la do
hiéu tmg khong gian va céc dién tir ciia nhom thé c6 sin trong nhan
benzene. Ngoai ra, kich thudc cta tdc nhan ai di¢n tu cﬁng anh
huong dén ty 1¢ nay. Nnom thé thir nhat c6 kich thude cang lon
hay tac nhan éi dién tr c6 kich thude cang 1on thi ty 18 dong phan
ortho/para cang giam. Do sy can trg vé mat khong gian khién cho
su tan cong cla cdc tac nhan ai dién tir vao vi tri ortho trd nén kho
khan hon [32]. Nghién ctru ndy dua ra 2 nguyén nhan dé két luan
rang nhom -HSO, dinh huéng thé vao vi tri para clia vong benzene.
Nguyén nhan thir nhat nhu d@ dugc trinh bay ¢ trén, vi nhom the
thir nhét cua phim PS-g-ETFE 13 ETFE ¢6 kich thudc rét 16n. Ly do

2 Fz>_<H2 H Ez_c}(Hz H
ch—c>— : “zc_°>_

orto orto
~HSO;3

meta meta meta
para

-S0;

Hinh 9. Phén (rng -HSO, thé vao mang PS-g-ETFE tai vi tri para.

12



thir hai dya trén viéc quan sat phd FT-IR ctia mang ETFE-PEM cho
théy, su xudt hién dinh ¢ s6 song 1.412 cm’!, dinh nay duoc xac dinh
cho kiéu dao dong ngoai mat phing ctia C-H trong vong benzene va
chi xudt hién khi dugc thé ¢ vi tri para “benzene para-diszubstituted”.
Piéu nay hoan toan phu hop véi nhitng béo cdo trude day [31, 32].

Mang ETFE-PEM (GD=22%, IEC=1,4 mmol/g) c6 mitrc d¢ sulfo
héa 93% duogc tong hop bang phuong phap ghép mach khoi mao
boi birc xa gamma tir ngudn “Co thong qua 3 bude (i) Chiéu xa, (ii)
Ghép mach (PS-g-ETFE) va (iii) Sulfo hoa (ETFE-PEM). Cac két qua
nghién ciru co ché ghép mach va sulfo hoa ciia ETFE-PEM boi °C
NMR, FT-IR va FE-SEM cho thiy, styrene dugc ghép vao polymer
ETFE nén bang phan g pha v& lién két 7 duogc gy ra boi cac goc
tu do va tao thanh chu01 polystyrene ban dau tai bé mat pha tinh thé.
Céc styrene vao sau Van tlep tuc khuéch tan vio sau trong mang do su
chénh léch gradient nong d9. Céc phan (g ghép mach xay ra trén ca
vi tri C-H va C-F trén mach polymer ETFE.nén nhung tai vi tri C-F la
nhiéu hon, trong khi phan tmg sulfo hoa dé tao mang dan proton chi
Xdy ra trén vi tri para cua vong thom polystyrene. Cac phan ng phu,
san pham thir cp ciia qua trinh ghép va sulfo hoa khong dugce tim thiy
trén cac phd thu duoc chimg to cic qua trinh ghép va sulfo hoa da
dugc kiém sodt tot trong mai truong chiéu xa c6 khi argon tai nhiét do
phong, ghép mach trong moi truong khi tro.
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v6i silica ¢6 nguon goc tir tro trau

Trin Nguyén Phwong Lan", Ly Kim Phung', Lwong Huynh Vii Thanh!,
Nguyén Hong Nam?, Tran Thi Bich Quyén', Lé Phan Hung®
"Truong Dai hoc Cén Tho, khu 2, dwong 3/2, phuong Xudn Khanh, qudn Ninh Kiéu, TP Cén Tho, Viét Nam

*Truong Dai hoc Khoa hoc va Cong nghé Ha Noi, Vién Han lam Khoa hoc va Cong nghé Viét Nam, 18 Hoang Quéc Viét, phuong Nghia Do, qudn Cau Giéy, Ha Néi, Viét Nam
STrwong Pai hoc Swe pham Ky thudt TP Ho Chi Minh, 1 V& Van Ngén, phwong Linh Chiéu, qudn Thii Pire, TP Ho Chi Minh, Viét Nam

Ngay nhén bai 2/8/2021; ngdy chuyén phan bién 4/8/2021; ngay nhan phan bién 27/8/2021; ngay chp nhan dang 31/8/2021

Tom tit:

Nghién ciru khao sit cac yéu to anh hudng dén qua trinh hip phu methylene blue (MB) trong nwéc gia thai bang zeolite NaX. Vat
liéu zeolite dworc tong hop tir tro trau (RHA) khong thong qua tién xir 1y nhim tin dung nguon phu pham ré tién va sin cé tai Viét
Nam. Cic yéu t6 anh hwong dén qué trinh hip phu nhw pH, ndng d9 dung dich MB, lrgng chét hip phu va thoi gian hip phu
da dwoce khao sat cu thé. Bén canh dé, caic mo hinh déng nhiét hz'lp phu Langmuir, Freundlich, Dubinin - Radushkevich, mé hinh
dong hoc hap phu gia kién bac 1 va 2 ciing dugce nghién ciru. Két qua la vat liéu zeohte NaX ¢6 kha niang hap phu MB v6i dung
lwrong hip phu cwe dai va hi¢u sudt hip phu lan lwgt 13 16,67 mg/g va 87,03% & pH 8, néng do MB 1a 15 mg/l, Kkhoi lwgng vat ligu
14 0,05 g va thoi gian hap phu Ia 30 phit. Qua trinh hip phu MB bing zeolite NaX phit hop v6i mé hinh hap phu Freundlich va
la qua trinh hép phu vat ly tudn theo mo6 hinh dong hoc gia kién bac 2. Vat liéu zeolite NaX c6 thé dugc tai sir dung 4 lin véi do
giam hi¢u suat hap phu 14 24,03%. Két qua cia nghién ciru cho thay tiém nang ting dung cua zeolite NaX trong xir Iy chit mau

hiru co'va la tién dé cho cac nghién ctru ve xit ly kim loai ning hay cac loai chét khi.

Tir khoa: hap phu, methylene blue, tro triu, zeolite NaX.
Chi sé phin logi: 1.3

1. Dat van de

Ngay nay, h¢ qua cua sy phat trién kinh té 1a moi truong song
ngay cang bi 6 nhiém nghiém trong hon, dién hinh 13 6 nhiém kim
loai ning, chét thai hiru co nhu thudc nhudm... Céc loai thudc
nhudm duoc sir dung phd bién 1a methylene blue (MB), methylene
orange, crystal violet, malachite green, congo red... la nhimg
ngudn chat thai gdy 6 nhiém nghiém trong dén méi truong nude. Vi
vay, viée xu ly céc loai thudc nhudm mot cach hop 1y voi gid thanh
ré 1a mot van dé dang quan tdm. Mot sb phuong phap xur ly pho
bién cho nganh cong nghiép sir dung thudc nhudm c6 thé ké dén
nhu két tiia hoa hoc, 6 oxy hoa bac cao (Fenton), keo tu, tham thau
nguoc, hip phu. Trong d6 phuong phap hap phy di dugc sir dung
rong i va cho thay hiéu sudt xir I cao véi gia thanh hop 1y [1].

Hang nim, luong triu thai ra tir qua trinh xay xat lia gao udc
tinh khodng 9 tri¢u tAn [2]. Pa sd tréu duoc sir dung nhu mat loai
nhién li¢u thay cho than va khi gas, tr d6 tao thanh mdt loai phu
pham khac 1a RHA.  Luong RHA con lai sau khi 6t chiém khoang

25% trong lugng tru ban dau va gay ra 0 nhiém méi truong. Day
14 ngudn nguyén li¢u tiém nang va ré tién co khoi lugng vo ciing
16n tai nudc ta. RHA ¢6 thé dugc tan dung 1am phan bon, vat
liéu xdy dung [3]. Tuy nhién, phan 16n RHA van dugc thai truc
tiép ra moi truong, gy lang phi ngudn tai nguyén. Do do, viéc
sur dung RHA dé tao ra cac vat liéu ¢6 gid tri s& gop phin bao vé
moi truong. RHA da dugce biét dén nhu 1a mot ngudn nguyén liéu
chtra phan 16n silica, cu the cac nghién ctru vé str dung trdu hodc
RHA lam nguyén li¢u daé tong hop cac vat liéu nhu silica, zeolite,

‘Tac gia lién hé: Email: tnplan@ctu.edu.vn
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cordierite... [4-6], trong d6 cac nghién ciru vé tng hop zeolite tir
RHA da dugc nhiéu nha khoa hoc dac biét chu y.

Zeolite 1a vét lidu vo co ¢o cau tric vi xop véi kich thudc
déng déu va di duoc nghién ctru rong rai. Céu tric cua zeolite
gom mang ludi lién két cua céc tr dién [SiO, |* va [AIO,J*. Cic
tir dién nay lién két voi nhau qua cac cau ndi oxygen tao nén mot
cau triic m& vé6i céc hoc trong [7], vi thé zeolite co nhiéu tmg dung
nhu héap phu, trao doi ion, chat xic tic cho mdt s phan tmg. Mot
so nghlen cuu nhu hap phu thubc nhudm MB, crystal violet, khi

0,, kim loai nang bang zeolite NaA va NaX [8-11] da dugc cong
b6 Trong céc loai zeolite nay, zeolite NaX thudc ho FAU véi kich
thude 16 rong 1én (khodng 8 A) [7 1 thé hién hiéu qué tich cuc
trong hap phu thudc mau hitu co, hép phy khi ‘hay kim loai néng.
Zeolite NaX co thé duoc tong hop tir cic ngudn hoa chat thuong
mai, cac nguén khoang tu nhién hodc cac loai phu phém trong san
xuét cong nghiép va nong nghiép nhur diatomite, cao lanh, tro bay,
va RHA [5, 8, 12].

Qua qua trinh lugc khao tai li€u, nhom tac gid nhan th?iy chua
co cong trinh nghién ctru nao vé xir Iy thudc nhuom MB bing
zeolite NaX tong hop tir RHA dugc cong bd ¢ Viét Nam. Tiép ndi
két qua nghién ctru ciia PL.T. Nguyen va cs (2021) [13], nghién
ctru nay nhim tim ra diéu kién t5i uu cho qua trinh xtr Iy MB trong
nude gia thai bing zeolite NaX, véi cac yéu t6 khao sat nhu: pH,
ndng do dung dich MB, lugng chat hap phu st dung, thoi gian hip
phu. Ban chét cia qué trinh hap phu va kha nang tai s dung cua vét
liéu NaX sau khi hap phu ciing dugc nhom nghién ctru danh gia.
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Abstract:

This work investigates some parameters affecting the adsorption
of methylene blue (MB) in synthesised wastewater using NaX.
Zeolite has been synthesised from rice husk ash (RHA) without
pretreatment to make use of cheap and readily available
by-products in Vietnam. The parameters affecting the adsorption
process such as pH, the concentration of MB, adsorbent dose,
and contact time were specifically investigated. In addition,
the adsorption isotherm models such as Langmuir, Freundlich,
Dubinin - Radushkevich, pseudo-first-order kinetic, and pseudo-
second-order kinetic were performed. The results showed that the
maximum adsorption capacity and efficiency of NaX on MB were
16.67 mg/g and 87.03%, respectively, at pH 8, MB concentration
of 15 mg/l, adsorbent dose of 0.05 g, and contact time of 30 min.
The adsorption of MB by NaX has followed the Freundlich model
and was physical adsorption fitted to pseudo-second-order kinetic.
Zeolite NaX was reused four times with a decrease of adsorption
yield by 24.03%. This study reveals the potential application of
NaX on the removal of organic dyes and future researches on the
removal of heavy metals or gases.

Keywords: adsorption, methylene blue, rice husk ash, zeolite NaX.
Classification number: 1.3

2. Phuong phap nghién ciiu

RHA duoc thu tir Cong ty C6 phan Nam Tién (Khu cong
nghiép Tra Noc, TP Can Tho). Hoa chat s dung gom 14 nhom
99% (Union Chemical Industry Company Ltd.), sodium hydroxide
96% (Xilong), hydrochloric acid 36-38% (Xilong), MB 98,5%
(Xilong), potassium fluoride dihydrate 99% (Sigma Aldrich),
disodium tetraborate decahydrate 99,5% (Merck), bromothymol
blue (Merck). Cac hod chit c6 nguén géc thuong mai va khong
can tinh ché trudc khi sir dung.
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2.1. Téng hop vit ligu NaX

Vit ligu NaX dugc tong hop tir RHA khong nung theo d1eu
kién t6i wu cuia nghién ciru PL.T. Nguyen va cs (2021) [13]. Péu
tién, RHA va dung dich NaOH dugc khuay ¢ 90°C trong 3 gio voi
ty 1€ ran long phu hop. Sau phan tng, hon hop duoe loc ria voi
nude cit va loai b can ran. Phan dung dich thu duoc chi yéu gom
Na,SiO,. Sau d6, thém tir tir dung dich NaAlO, vao dung dich trén
O 50"C va khuay dong nhat trong 2 gio. Sau kh1 dong nhat, hon
hop dugc gia nhi¢t 1én 90°C, gitr ¢o dinh nhiét d¢ trong 4 gio. Cudi
cung, hon hop duge loc, ly tdm va sdy dé thu duoc bot zeolite NaX.
Diéu kién phan tmg tong hop NaX: ty 1¢ mol SiO,:A1,0,=4, ty I¢
mol Na 0:A1,0,=10, thoi gian phan tng 4 gio, nhlet do phan ung
90°C Vé khéng gié hoa.

2.2. Hip phu MB ciia vit ligu NaX

Pién tich bé mit va diém dang dién ciia NaX dugc xac dinh
bing cach cho 25 ml dung dich KC1 0,1 M vao coc thuy tinh, dicu
chinh pH dung dich tir 3 dén 12 bang dung dich NaOH 0,01 M va
HC10,01 M. Can 0,2 g zeolite NaX cho vao cac ce thuy tinh. pH
cua dung dich dugc do sau 24 gi¢. Dién tich bé mit tai cac pH khac
nhau va diém ddng dién cua vat liéu dugc x4c dinh bang do chénh
1éch gitta pH trudc va sau cua dung dich [14].

Céc yéu to anh hlr(mg dén qua trinh hap phu MB clia zeolite
NaX duoc khao sat gom: pH (4-12), khdi luong vét liéu (0, 025-0,2
g), ndng do dung dich ciia MB (5-50 mg/l) va thoi gian hip phu
(15-120 phut). Khao sat sy anh hlr(mg cua pH dugc thyc hién bang
cach cho 30 ml dung dich MB ¢6 nong d¢ 20 mg/l vao binh tam
gie 250 ml, sau d6 diéu chinh pH cua dung dich tir 4 dén 12 bang
NaOH 0,01 M hogc HCI1 0,01 M. Cho 0,05 g vét li¢u zeolite NaX
vao binh va lic déu vai toe do 100 v/ph ¢ nhiét do phong trong 30
phut. Két thic thi nghiém, vat lidu duoc tach ra khoi dung dich
bing cach ly tim. Thyc hién tuong ty dbi véi cac yeu 6 con lai.
Do hip thy quang trong cdc mau dung dich sau qua trinh hép phu
duoc xac dinh bang phuong phap phén tich phd hp thu phan tir
(Ultraviolet-visible spectroscopy, UV-Vis model V730 Jasco) [15].

Dung luong hip phu (mg/g) va hiéu sudt hip phu (%) duoc xac
dinh theo cong thic (1) va (2):

(Co - Ce) xV
= e X (1)
H="C () @)

v6i C, (mg/1) 1a ndng do ban déu; C, (mg/l) 1a nong df ¢ trang théi
can bang; V (1) la the tich dung dich va m (g) 1a khoi lugng chat
hap phu.

2.3. Cdc mé hinh ding nhi¢t hdp phu va dong hoc hdp phu

MO hinh hép phu déng nhi¢t Langmuir, Freundlich va Dubinin
- Radushkevich duge s dung dé danh gia két qua cua qua trinh
hap phu MB bang zeolite NaX [16].

Dong hoc hip phu 1a mot bo thong sb quan trong trong viée ap
dung cac qué trinh hip phu vao xir ly nudc thai, dung dé dy doan
toc do tach chit 6 nhiém ra khoi dung dich. Vi thé, phuong trinh
dong hoc gid dinh bac 1 va 2 dang tuyén tinh da dugc su dung
trong nghién ctru nay [17].

19



memssssmsm Khoa hoc Tu nhién | Vat ly

2.4. Kha nang tdi sir dung ciia zeolite NaX

Vit ligu zeolite NaX dugc sir dung cho qua trinh hap phy MB
theo cac diéu kién tdi wu & cac khao sat trén. Dé khao sat kha
nang tai str dung, NaX duoc khudy trong dung dich NaOH 0,001
M trong 20 phit véi ty 1¢ ran:long = 0,05:25 (g/ml) [18]. Sau do,
NaX dugc say dén khoi lugng khong doi va tiép tuc duoc tai st
dung cho 1an hap phu MB tiép theo. Sau khi t4i sir dung lan 1, vat
liéu duoc giai hap phu va tai sir dung lan 2. Céc thi nghiém tai st
dung h?ip phu MB ctia zeolite NaX tiép theo dugc thuc hién nhu
da mo ta.

3. Két qua va ban luan

Vit liéu zeolite NaX téng hop co dién tich bé mat riéng
va kich thuéc 16 rong lan luot 1a 388,41 m¥g va 12,37 A.
Ngoai ra, két qua phan tich kich thudc hat cua zeolite NaX
cho thdy kich thudc hat chii yéu nam trong khoang 0,3-0,7 pm
va kich thudc hat trung binh tap trung & khoang 0,5 pm [13].

3.1. Xdc dinh di¢n tich bé mdt va diém ding dién ciia vt liéu

Diém dang dién 1a mot yéu 6 quan trong khi nghién ctru kha
ning hip phu cia vat liéu, vi vay viéc xac dinh thong sb nay 1a rat
can thiét. O pH thap (pH<3) vat li¢u zeolite thuong kém bén, do do
khoang khao sat duoc chon tir 3 dén 12 [14] (hinh 1).

ApH

4
3
2
1
0
0 2 4 6 8 10 14

1

2

pH

Hinh 1. Diém déng dién cua zeolite NaX.

Tur hinh 1 ¢6 thé xac dinh dugc diém dang dién cua vat liéu,
tai pH 6,6 thi gia tri ApH=0. Vay diém dang dién (pHPZC) cua vat
liéu zeolite NaX la 6,6, tai day bé mat vat liéu khong tich dién. Két
qué nay cho thay, 6 moi truong pH<6,6 bé mét vat liéu mang dién
tich duong va ngugc lai.

3.2. Anh hwéng ciia pH

Anhw huong cia pH dén kha ning hép phu MB ciia vt lidu
dugc thé hién trong hinh 2.
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Hinh 2. Sw anh hwéng cta pH dén kha nang hap phu MB cia zeolite
NaX tai khéi Iwgng vat liéu 0,05 g, ndng d6 dung dich 20 mg/l, th&i
gian hap phu 30 phut.
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Khi thay doi tir pH 4 dén 7 thi hiéu sudt hip phu va dung luong
hép phu hau nhu khong cé su chénh 1éch 16n. Tuy nhién, khi thay
d6i pH tir 8 dén 10, hiéu suat hap phu va dung luong hip phy ting
va dat cuc dai tai 83,77% va 10,05 mg/g. Hién tuong nay la do
trong moi truong acid (pH<7) cac ion H' s&€ canh tranh véi céac
phan tir cation MB dan dén lyc twong tac tinh dién giita MB va bé
mit vat liéu gidm dan [14, 17], do d6 hap phu MB tai cac khoang
pH 16n hon 7 s& tot hon. Tai cac khoang pH qué cao (pH 12), hiéu
suét va dung luong giam (76,31% va 9,16 mg/g), c thé 1a do trong
moi truong ¢ nhiéu ion OH, ¢6 su canh tranh cation MB gilta ion
OH- va zeolite khién vat liéu hip phu bi giai hap mot phan [18].
Nhin chung, zeolite NaX c6 kha nang hap phu dung dich MB &
moi truong acid va kiém vé6i hiu sut trén 75%. Pay 1a mot uu
diém cta vat liéu do qua trinh hap phu xi 1y nu6e thai nhiém thude
nhudm trong thyc té ¢6 thé & nhiéu khoang pH khac nhau.

3.3. Anh huéng ciia khéi lwong vit ligu

Su anh huéng cia khoi lwgng vét liu dén kha ning hap phy
MB cita vat ligu dugc thé hi¢n ¢ hinh 3.
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Hinh 3. Sw anh hwéng cua khéi lwong vat liéu dén kha nang hap phu
MB cua zeolite NaX tai pH 8, ndng d6 dung dich 20 mg/l, thoi gian
hép phu 30 phut.

Tir két qua co thé thay r?mg, hiéu suat hap phy tang dan tir
68,58 dén 96,64% va dung luong hip phu lai giam (tir 16,46 dén
2,90 mg/g) khi tang khdi lugng chat hip phu tir 0,025 dén 0,2 g.
Khi khi lugng chat hap phuy it (0,025 g), qua trinh hap phu xay
ra v6i sy khuéch tan nhanh chong cua cdc phan tr MB 1én bé mit
chat hap phu. Tuy nhién, vi khéi luong vét liéu con it nén chua
thé hip phu dang ké lugng MB co trong dung dich, dan dén dung
luong hap phu cao nhung hiéu sut lai thap [15, 19].

Khi ting khdi lwgng chét hap phu tir 0,05 dén 0,1 g, dung luong
hip phu lai giam tir 10,05 dén 5,07 mg/g nhung hiéu suét hip phu
thay dbi khong dang ké vi qua trinh hap phy dan dat dén can bang.
Hiéu suét tiép tuc tang dén 96,64% khi khoi lugng vat liu 1a 0,2
g, nhung dung luong hép phu giam con 2,90 mg/g. Khi tang kh01
luong vat ligu, tim hép phu dugc bo sung thém, dan den hi¢u suat
hap phu tang. T.S. Jamil va cs (2011) [8] da két luan rang, hiéu suét
Xt Iy MB ciia vat lidu zeolite tang nhanh khi thay d6i khéi luong
tir0,1 &én 0,3 g. Tuy nhién, khi tiép tuc tang khdi lugng vat li¢u tur
0,3 dén 1 g thi hiéu suit hip phu khong c6 su thay doi dang ké [8 I.
Két qua nay ciing twong tu v6i cac két qua nghién ciru da cong bd
[15,20]. Mic di dung lrong hap phu dat cyc dai khi st dung 0,025
g vat liéu nhung higu suét chi dat 68,58%. Do d6, dé xir ly dung
dich MB dat hiéu suat va dung lwong hip phu tdi wu, khoi lugng
vat liéu dugc chon 12 0,05 g.
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3.4. Anh hwdng ciia m%ng dp dung dich

Anh huong ciia ndng d dung dich dén kha ning hép phu MB
cua zeolite NaX dugc trinh bay ¢ hinh 4.

Hiéu sudt hip phu (%)
2
Dung lwgng hép phy (mg/g)

2 U

5 10 15 20 25 30
Nong d¢ dung dich ciia MB (mg/l)

Hiéu suit hdp phu —o—Dung lugng hép phu

Hinh 4. Sw anh hwéng ctia ndng doé dung dich dén kha nang hap phu
MB cua zeolite NaX tai pH 8, khéi lwong vat liéu 0,05 g, thoi gian hap
phu 30 phat.

Tir hinh 4 ¢6 thé danh gia duoc sy anh huong cta ndng do dung
dich dén kha ning hép phu MB ciia zeolite NaX. Khi ting nong
d¢ dung dich tir 5 dén 40 mg/1 thi dung lugng hap phu tang nhung
hiéu suét hip phu lai giam. Tai cac nong do tir 5 dén 30 mg/1, dung
luong hap phy ting tir 2,86 dén 13,26 mg/g nhung hidu suat xu
Iy MB giam 21,82% (tir 95,5 xuéng 73,68%). O nong do thap,
cac phan tir MB it ddn dén ching dé dang bi hip phu boi vat liéu
zeolite, nén hiéu suit hép phu cao. Khi tang néng d6 dung dich,
cac phan tir MB ton tai day ddc hon, da lap day cac tam hip phu va
gay nén sy kho khuéch tan MB 1én bé mat vat liéu. Bén canh do,
cac phan tr MB con lai trong dung dich c¢6 xu hudng canh tranh
v6i céc phan tir d3 dugc hip phu nén hiéu suat hip phu giam [15,
17, 21]. Do do, néng d6 dung dich la 15 mg/l da dugc lya chon.

3.5. Anh hwéng ciia thoi gian

Anh hudng cua thoi gian dén kha nang hap phu MB ctia zeolite
NaX duoc trinh bay ¢ hinh 5.
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Hinh 5. Sw anh hwéng cla thi gian dén kha nang hap phu MB cua
zeolite NaX vé&i pH 8, khdi lwong vat liéu 0,05 g, nong d6 dung dich
15 mgll.

Két qua hinh 5 cho thy, cac phan tir MB dugc hip phu nhanh
chong lén bé mit ctia vét liéu, hidu suat va dung lugng hép phu lan
lugt 13 76,66% va 6,90 mg/1 6 15 phit dau tién. Khi tiép tuc kéo dai
thoi gian tir 30 dén 120 phit, hiéu sudt hip phu va dung luong hap
phu dat trang thai can bang ¢ 87,03% va 7,83 mg/l. Thoi gian dat
can bang hap phu cua vét liéu zeolite 13 kha ngén (khoang 30 phut)
do céc phan tir MB dugc khuéch tin vao trong cdc 16 rdng ciia
zeolite NaX, din t6i cac tim hap phu dwoc lap dy. NaX st dung
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co dién tich bé mat riéng kha 16n (388,41 m?/g), giup tang khd
ning khuéch tan va tiép xtc ciia cac phan tir MB dén bé mit vat
li¢u so véi cac vat ligu cung loai khac [8, 13]. T.S. Jamil va cs
(2011) [8] da sir dung zeolite NaA va NaX dé xr Iy MB tir 5 dén
150 phut va cho thay thoi gian can bing hip phu t6i wu 13 60 phit.
Nhém tac gia ciing khing dinh NaX co dién tich bé mat riéng 1on
hon NaA nén hiéu qua xir Iy MB ctia NaX t6t hon.

3.6. Cin bang hép phu - cdc mé hinh hip phu ding nhiét

Dir liéu ctia cac md hinh hép phu dang nhiét nhu Langmuir,
Freundlich va Dubinin - Radushkevich dugc tinh toan dua trén
cac két qua thyc nghiém va duoc miéu ta & bang 1. Qua do, co
thé thay duoc su twong tic ciia cic phan tir MB va bé mat zeolite
NaX tai thoi diém can bang ¢ nhiét do khong doi [16]. Tir phuong
trinh duong ding nhiét Langmuir ¢6 thé xac dinh dugc q,,=16,67
mg/g, k =0,67 I/mg, R*=0,9843, trong khi cic tham sd cua
phuong trmh Freundlich la k. =5,69 /g, n=2,28 va R*=0,9936. H¢
sb hoi quy tuyén tinh cua ca hai mo hinh dang nhiét Langmuir
(R=0,9843) va Freundlich (R=0,9936) déu kh4 cao (bang 1).

Bang 1. Céc gia tri tham s6 clia cac phwong trinh dang nhiét.

Cic tham sb Langmuir  Freundlich  Dubinin - Radushkevich
k,_(I/mg) 0,67 - -

q,,, (mg/g) 16,67 - -

R? 0,9843 0,9936 0,7992

k. (I/g) 5,69 -

n - 2,28 -

B (mol*/J?) - - 0,075

E (kJ/mol) - - 2,58

Dong thoi, khi xem xét gia tri n duoc tinh toan tir phwong trinh
ddng nhiét Freundlich cho thiy n<10. Tir céc két qua trén, c6 thé
két luan rang qué trinh hap phu MB ciia vat liéu zeolite NaX tudn
theo ¢4 hai md hinh dang nhiét Langmuir va Freundlich, trong do
moé hinh Freundlich chiém wu thé do hé s6 R? cao hon. Nghién
clru vé qua trinh hfip phu MB cua zeolite chi ra rﬁng bé mit cua
zeolite dugc bao pht khong déng nhat vé mat ning luong, dan dén
sy phan bd khong déu cia cac phan tir MB tai cac vi tri hap phu
trén zeolite dd duoc trinh bay ¢ nhimng cong bd trude day [8, 22].
Tir mo hinh dang nhiét, ¢ thé két luan rang qua trinh hap phu MB
ctia zeolite NaX dién ra hiéu qua. Ngoai ra, gia tri ning lugng E
dugc tinh tr m6 hinh Dubinin - Radushkevich 1a 2,58 kJ/mol (<8
kJ/mol) cho thay qué trinh hép phu MB cta zeolite NaX phu hop
v6i qua trinh hap phu vat ly. Mot trong nhimg yéu t6 quan trong
gitip vat liéu zeolite NaX c6 thé hip phu vat Iy thuan loi d6 1a nho
vao dién tich bé mit riéng 16n va kich thudc 10 rong twong ddi 1on,
pht hop véi phan tir MB.

3.7. Dgng hoc hip phu

Bang 2 biéu dién phuong trinh dong hoc gia dinh bac 1 cua qua
trinh hép phu v6i R=0,7742 va q.=0,953 (mg/g). H¢ s hoi quy
tuyen tinh R? thip va sy khac blet gitta dung lugng hép phu cin
bang tinh toan so v6i dung luong hip phu can bang thuc nghiém
16n cho thay phuong trinh bac 1 khong phu hop véi qué trinh xtr
Iy MB cua zeolite NaX. Bang 2 ciing cho thdy phuong trinh gia

1
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kién bac 2 c6 R*=0,9998 va gia tri dung lwong hap phu can bing
tinh toan rat gan so véi gia tri dung lwong hdp phu can bang thyc
nghiém. Vi vay, phuong trinh dong hoc bac 2 phu hgp voi qua trinh
hap phu MB cuia zeolite NaX. Hé s6 goc ciia phuong trinh dong
hoc béc 2 (a=0,123) twong d6i nho, cho thay kha ning hap phy kha
tot clia zeolite NaX. Khi hé s6 goc cang nho thi dung luong hép
phu cia vét liéu cang cao. Dong thoi, hé s6 toe do hip phu k, ty 1€
nghich v6i dung lugng hap phu, k, cang nho dung luong hap phu
dugc trong thoi gian t cang 16m, toc d6 hap phu nhanh. Diéu nay
phi hop voi két qua thi nghiém khi k,=0,073 thi q =8,13 mg/g.

Bang 2. Cac tham sé cta phwong trinh gia kién bac 1 va bac 2.

a b q, tinh todn (mg.g") Kk (phit') Kk, (gmg'.phit") R’
Bic1l -0,042 -0,048 0,953 -0,042 - 0,7742
Bic2 0,123 0,207 8,130 - 0,073 0,9998

3.8. Kha ndng tai sir dung ciia zeolite NaX
Kha nang tai str dung cua vat liéu dugc trinh bay ¢ hinh 6.
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Hinh 6. D6 thi thé hién kha nang tai st dung cua zeolite NaX.

Két qua hinh 6 cho thy, hiéu suat xir Iy MB ciia vat liéu sau
qué trinh giai hép phu nhin chung van kha cao (75,14-66,12% qua
4 lan tai sir dung). Hiéu suét hip phu chi chénh léch khoang 0,7%
& 1an 1 va lan 2. Khi so v6i hiéu suat hip phu ban dau thi hiéu suat
hép phu lan 2 giam khoang 13,65%. Hiéu sut hap phu chi dat
khoang 70,76-66,12% (1an 3 va lan 4) va dugc dy doan sé tiép tuc
giam ¢ nhitng 14n tai str dung sau. Do d6, ¢6 thy thay rang vat liéu
zeolite NaX c¢6 kha nang tai sir dung sau qua trinh hap phu MB, tuy
nhién hiéu qua cao chi & 1an 1 va 2. Khi tiép tuc tai s dung zeolite
NaX thi hi¢u suat hip phu s& giam.

Vit ligu zeolite NaX tong hop tir nghién ctru ¢6 kha ning hip
phu hiéu qua MB trong nudc gia thai voi dung lwgng hap phy va
hi¢u sudt hap phu lan luot 1a 16,67 mg/g va 87,03%. Diém ding
dién cua vat liéu ¢ pH 6,6 va qua trinh h?ip phu MB ctia vat liéu
cho thay hiéu qua & méi truong kiém. Cac didu kién t6i wu cho quéa
trinh hap phu MB 1a ¢ pH 8, ndng do MB 15 mg/l, khdi lugng vét
liéu 0,05 g va thoi gian hdp phu 30 phut. Két qua ciing cho thiy
qué trinh hip phu MB bang zeolite NaX phui hop vdi md hinh hip
phu Freundlich va hip phy vat 1}'/, cling nhu phu hop véi phuong
trinh dong hoc béc 2. Nhimg két qua trong nghién ctru cho thiy
tiém nang cua zeolite NaX trong hdp phu céc loai thude nhudm,
kim loai nang va chét khi.
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Khao sat moi lién quan ciia da hinh DNAHI rs12163565
voi bénh vo sinh nam ¢ ngwoi Viét Nam

Nguyén Thity Dwong" %, La Pirc Duy', Nong Vin Hai2
Vién Nghién ciru Hé gen, Vién Han lam KH&CN Viét Nam, 18 Hoang Qudc Viét, phurong Nghia D6, quan Cau Gidy, Ha Néi, Viét Nam
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Tém tit:

Vo sinh nam 13 mdt bénh anh hwéng t6i sinh sin & nam gi6i giy ra béi nhiéu yéu t6, gdm nhirng bat thuong vé di
truyén, cac roi loan mién dich hogc ndi tiét. Mot s6 nghién ciru di chirng minh da hinh gen DNAHI ¢6 lién quan véi
nguy co méic bénh vé sinh nam. Do d6, véi muc dich danh gia sy lién quan ciia da hinh DNAHI rs12163565 v6i bénh
v6 sinh nam & ngudi Viét Nam, cac tac gia da tach chiét DNA téng s0 ciia 213 mAu mau (110 miu bénh vé sinh nam
va 103 miu d6i chirng). Kiéu gen ciia da hinh rs12163565 dwgc xic dinh bang phwong phap PCR-RFLP. Sy phén
b6 kiéu gen ciia da hinh va mdi lién h¢ véi bénh v sinh nam dwoc phén tich bang cic phwong phap théng ké sinh
hoc. Két qua cho théy, suw phan b6 kiéu gen cua da hinh rs12163565 tun theo dinh luit Hardy-Weinberg (HWE)
(p>0,05). Tuy nhién, nhém nghién ciru khong tim thiy méi llen quan giira da hinh DNAH1 rs12163565 V0’1 nguy co
mac bénh vo sinh nam (p>0,05) é ngwoi Vlet Nam. Day s€ la tién dé quan trong cho cac nghién ctru vé moi lién quan

cia gen DNAH]I véi bénh v6 sinh nam & quan thé nguoi Viét Nam sau nay.

T khoa: DNAH1, PCR-RFLP, rs12163565, Viét Nam, vo sinh nam.

Chi s6 phén loai: 1.6

1. Dt van deé

Vo sinh nam da anh hudng téi cudc séng gia dinh cua
hon 20 triéu nam giGi trén toan cau va dang trd thanh mot
trong nhiing van nan stc khoe nghiém trong [1]. V6 sinh
nam c6 thé dugc gay ra boi nhiéu nhéan 6 khac nhau, gdm
bat thuong di truyén, cac rdi loan hé mién dich hodc hé noi
tiét, gidn tinh mach thimg tinh va cdc bénh nhiém tring
[2-4]. Trong do6, di dang ¢ dudi tinh trung 1a mdt nhan td
¢6 tiém ning cao gy ra vo sinh nam. Mot bénh nhan cé
thé c¢6 nhidu dang khiém khuyét khac nhau & dudi tinh
trung cung mot lic nhu sai 1éch cAu trac soi truc, khong
c6 thé doi trung tim va khong co ty thé [5]. Dot bién ¢
ho gen DNAH (Dynein axonemal heavy chain) gy khiém
khuyét & dudi tinh tring voi nhidu mie d6 khac nhau, dan
toi tinh trung di dang (teratozoospermia) hodc tinh trung
yéu (asthenozoospermia) [5-7]. Trong do, dot bién & gen
DNAHI1 duoc tim théy 0 bénh nhan vo sinh nam do tinh
trang yéu hodc dudi tinh trung xuit hién nhiéu kiéu bién
dang (Multiple morphologic abnormalities of the flagella -
MMAF) [5, 8, 9].

DNAHI (NM_015512.5) nam trén nhidm sic thé s 3
(3p21.1), c6 kich thudc hon 87 kb va ma héa cho mot chudi
nang cua enzyme ¢ phia trong dynein. DNAHI giup cho
lién két glu’a thé d6i phia ngoai va radlcal spoke (RS) tré
nén viing chic, con RS dong vai tro két nbi cac thé doi phia

“Tac gia lién hé: Email: tdnguyen@igr.ac.vn
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ngoai véi thé doi trung tam [10]. Dot bién gdy bénh ¢ gen
DNAHI c6 thé 1am mét hodc rdi loan chirc ning cta protein
DNAHI, din t&i su di chuyén vi tri ciia thé d6i trung tam
khoi vi tri ban dau [5]. Su khiém khuyét nay con c6 thé lam
yéu lién két gitra hai thé don trung tm, dan t6i céu trac bat
thuong “9+0” cua soi truc dugc phat hién ¢ cac bénh nhan
bi MMAF [11], va né ciing c6 thé lién quan t&i rdi loan van
dong nhung mao nguyén phat (Primary ciliary dyskinesia -
PCD) ¢ cac bénh nhan nit [10, 12, 13].

O Viét Nam, hién tai chua c6 nghién curu cu thé nao vé
da hinh DNAH]I 1s12163565. Chinh vi vay, chung t6i tién
hanh nghién ctru nay nhiam xéc dinh mdi lién hé cua da hinh
DNAH1 1512163565 (c.11402G>A) v6i bénh vo sinh nam &
quén thé nguoi Viét Nam.

2. Doi wigng va phueng phap nghién ciu
2.1. Péi twong nghién ciru

Nghién ctru bao gom miu mau cia 213 ci thé duoc
thu thap tir mot s6 bénh vién 16n & Viét Nam, trong d6 110
mau tr ngudi bi mic bénh vo sinh nam va 103 miu d6i
chimg (khong mac bénh vo sinh nam). Céc tiéu chudn dé lya
chon mau bénh bao gém: (1) Khong c6 con sau it nhit 12
thang khi quan hé vg chong khong sir dung bién phép tranh
thai va chua bao gio c6 con; (2) Puoc chan doan khong
¢6 tinh tring (azoospermia) hodc sb lugng tinh tring thap
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Abstract:

Male infertility is a disease that affects men’s fertility
caused by various factors including genetic abnormalities,
and immunological or endocrine diseases. Several studies
have demonstrated the correlation between DNAHI
polymorphisms and the risk of having male infertility. To
assess the association of DNAHI rs12163565 with male
infertility, we extracted total DNA from whole blood
of 213 Vietnameses, including 110 patients with male
infertility and 103 healthy controls. The genotypes of the
polymorphism were determined by PCR-RFLP method.
The distribution of genotypes and their relationship with
male infertility were analyzed by statistical methods.
The results indicated that DNAHI rs12163565 followed
Hardy-Weinberg equilibrium (p>0.05). However, no
association was established between the polymorphism
and male infertility in the three models (additive,
dominant, and recessive) (p>0.05). This study would
provide the knowledge about the association of DNAH1
with male infertility in Vietnamese population.

Keywords: DNAHI, PCR-RFLP,
rs12163565, Vietnam.

Classification number: 1.6

male infertility,

(ohgosperrma) (3) Pugc chan doan vo tinh khong do bé
tac (Non obstructive azoosprmia - NOA); (4) C6 bo nhiém
sdc thé binh thuong va khong bi mit doan & ving AZF
(Azoospermia factor); (5) Khong c6 bénh sir vé& cac bénh
gdy vo sinh nhu quai bi (1am teo tinh hoan), cdc bénh truyén
nhiém, hay nghién ma tiy. Cac mau d6i chimg duoc chon
tir nam gidi c6 it nhat mot con ma khong phai tim dén cong
nghé hd trg sinh san (Assisted reproductive technology -
ART). Tatca nhung dbi twgng dap ung du cac diéu klen trén
déu dong ¥ cung cap mau sau khi dwoc giai thich vé viéc
ldy mau. Nghién ctru nay duoc chap thuan boi Hoi dong
thAm dinh co s& cua Vién Nghién ctru H¢ gen, Vién Han 1am
KH&CN Viét Nam.
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2.2. Xdc dinh kiéu gen ciia da hinh DNAHI rs12163565

DNA tong s6 sau khi tach chiét tir mau méau st dung Kit
GeneJET Whole Blood Genomic DNA Purification (Thermo
Fisher Scientific Inc., Vilnius, Lithuania) dugc su dung dé
khuéch dai ving gen DNAH chira da hinh rs12163565 véi
cap mdi dic hiéu duoc thiét ké sur dung phﬁn mém Primer3
V01 trinh tuy nhu sau:

DNAHI-1s12163565-F: 5’-AGCCTGCCCAGCAACAAG-3’.
DNAHI1-1s12163565-R: 5’-TCCCATGGAACAAGCACAGAG-3’.

Thanh phan cta phan tng PCR bao gém: 1 pl Dream
Taq buffer (10X), 0,6 ul dNTP (2,5 mM), 0,2 ul mdi xudi
va nguoc (10 pmol), 0,05 pl Taq polymerase, 2 pul DNA (10
ng/ul) va H,0, tong thé tich 10 pl. Chu trinh nhiét cia phan
ung: 95°C/5 phut, 95°C/30 giay, 60°C/30 gidy, 72°C/30 giay,
72°C/5 phut (35 chu ky). San pham PCR (2 ul) dugc dién di
kiém tra trén gel agarose 1%.

San pham PCR dugc xir 1y bang enzyme Ecol301
(Thermo Fisher) ¢ nhiét d6 37°C trong 4 gid. Thanh phan
clia phan mg cit bao gdm: 0,3 pl buffer O, 0,1 pl enzyme
Eco1301, 3 ul DNA va 1,6 pl H,0, tong thé tich 5 pl. San
pham sau khi xur Iy dugc dién di kiém tra trén gel agarose
2%. Duya trén kich thudc va sé lugng cac bang DNA thu
duoc cta san pham PCR sau khi duoc xir 1y bang enzyme,
kiéu gen cuia da hinh rs12163565 s& dugc xac dinh (bang 1).

Bang 1. Sé lwong va kich thwéc cac biang san pham cét twong
rng v&i cac kiéu gen DNAH1T rs12163565.

Kiéu gen S6 lrgng biing DNA Chiéu dai bing (bp)
GG 1 108, 154

GA 2 108, 154, 262

AA 3 262

2.3. Gidi trinh tw Sanger

Dé kiém tra lai két qua cla phuorng phap PCR-RFLP,
khoang 10% s6 mau dugc chon ngau nhién dé tinh sach
bang GeneJET PCR Purification kit (Thermo Fisher) va
dugc giai trinh ty bing ABI PRISM 3500 Genetic Analyzer
(Applied Bio-systems, Carlsbad, CA, USA). Két qua thu
dugc sau khi giai trinh ty dugc dung dé so sanh véi trinh
tir tham khao cia DNAHI (NG _052911.1) bang phin mém
SnapGene Viewer.

2.4. Phén tich sé ligu

Viéc phan tich s6 liéu duge thuc hién trén phén mém
Microsoft Excel va R phién ban 4.1.1 [14]. Kiém dinh chi
binh phuong ()’) trong package “HardyWeinberg” [15] dugc
sir dung dé kiém tra trang thai can bang HWE ctia quén thé.
Thém vao d6, package “epitools” [16] duoc dung dé danh
gia sy lién quan gilra da hinh va bénh vo6 sinh nam trén 3 mo
hinh khac nhau, bao gém cong gop (additive model), trdi
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(dominant model), 1an (recessive model) va dugc udc tinh
bang chi s6 OR (odds ratio) v6i khoang tin cdy 95%. Tét ca
cac phép kiém dinh déu c6 tinh chét hai phia. Cac kiém dinh
duoc coi la co y nghia thong ké khi gia tri p<0,05.

3. Kétqua
3.1. Xdc dinh kiéu gen da hinh ciia DNAH1 rs12163565

Vung trinh tu dich chtira da hinh DNAH1 rs12163565
duoc khuéch dai béng PCR, st dung cdp mdi dic hiéu
DNAHI1-rs12163565-F va DNAH1-rs12163565-R. Két qua
dién di cho thay bang san phdm PCR sang rd va c6 kich
thudc dung dy doan. Sau d6, san pham PCR dugc cit bang
enzyme Eco1301. Két qua dién di san pham ciia mot s6 mau
dai dién cho thay, ¢ cac giéng 1, 2, 3, 4 ¢6 3 bing DNA
(108, 154 va 262 bp) tuong tng vai kiéu gen GA; gleng 5
c6 duy nhat 1 bang DNA (262 bp) twong tng véi kiéu gen
AA; giéng 6 xuat hién 2 bang DNA (108 va 154 bp) twong
g v6i kiéu gen GG (hinh 1).

bp M 1 2 3 4 5 6 bp
500—

300— +—262

200— —154

100— 108

Hinh 1. Anh dién di dai dién mot s6 san pham PCR cat bang
enzyme Ef:o130I. M: mgrker 1 I§b; gieng 1, 2, 3, 4: kiéu gen GA;
giéng 5: kieu gen AA; giéng 6: kieu gen GG.

Két qua xac dinh kiéu gen va tan so allele cua da hinh
rs12163565 cia 213 méu nghién ctru dugc thong ké &
bang 2. Ty 1& kiéu gen (GG/GA/AA) quan sat dugc trén
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Hinh 2. Kiém tra két qua ctia phwong phap PCR-RFLP bing
phwong phap giai trinh tw Sanger. (A) Kidu gen dang di hop GA
ctia mau ddi chivng; (B) Kiéu gen dang déng hop AA clia mau vo
sinh nam; (C) Kiéu gen dang ddng hop GG ctia mau dbi chirng.

3.2. Phan tich moi twong quan gita DNAHI
rs12163565 va bénh vo sinh nam

Chting t01 sir dung kiém dinh chi binh phuong (3 dé
danh gia mdi twong quan giira kiéu gen va tan s allele ctia
da hinh DNAH] rs12163565 v6i kha ning mac bénh vo sinh
nam. Két qua phan tich cho thdy, gi tri p thu duoc & ca 3 mo
hinh (cong gop, trdi, 1an) déu 16n hon 0,05, do d6 céc phép
kiém dinh khong c6 y nghia thong ké (bang 3). Nhu vy,
kiéu gen ciing nhu allele ctia da hinh rs12163565 khong lién
quan dén nguy co méc bénh v6 sinh nam & nhém dbi turong
nghién ctru.

Bang 3. Phan tich méi lién hé giira da hinh rs12163565 vé&i
bénh v6 sinh nam.

nhom bénh (30,9%/56,4%/12,7%) khong sai 1éch nhiéu so Mo hinh Nhém bénh (n, %) Nhom chimg(n,%) OR  95%CI  Gidtrip
o1 , o o 0/ ox 1o 1A ne
vO1 nhom chlr;r}g (37,8@/48,5 A)/}3,7 A;) va ty 1€ ngy cul}g M hinh cfng gip 0844
khoéng thay doi trén toan by nhom doi tuwong nghién ciu
: r A A 0, 0,
(34,27%/52,58%/13,45%). Khi so sanh tAn sé allele A (allele HEIH)  PETHN) 1,000
nho) & nhom bénh (0,409) véi nhém do6i ching (0,379),  Ga 62 (56,36%) 50 (48,54%) 0704 0387-1,275 0,242
chung toi khong nhaq thay su khac,ble'tﬂ dang ké nao. Phan 14 (12,73%) 14(13,59%) 0873 0,360-2,116 0,757
tich thong ké cho thay, su phan bo ki€u gen ctua da hinh s i
A . TR . 6 hinh trji
1s12163565 (G>A) tuan theo dinh luat can bang HWE trén o
cd nhom bénh, nhoém chiing va trén toan bo nhom doi tugng GG 34(30,91%) 39/(37,86%) 1,000
nghién ctru (p>0,05) (bang 2). Ngoai ra, két qua giai trinh  garan  76(69.09%) 64 (62,14%) 0735  0414-1300 0,285
tu bang phuong phép Sanger cia 10% mau chon ngau nhién I
X ) A , re , . 0 hinh lin
cho két qua nhat quan voi phuong phap PCR-RFLP (hinh 2).
x 5 S aA A . GG+GA  96(87.27% 89 (86,4% 1,000
Bang 2. Thong ké kiéu gen va tan so allele da hinh rs12163565. ( g (G64%)
. - AA 14(13,73%) 14(13,6%) 1,078 0482422 0851
Kiéu gen Tan 50 allele @ o
id tri
G A " G 1p Allele
Nhombénh (n=110) 34 (309%) 62(564%)  14(127%) 0391 0409 0114  + G 65 (59,09%) 64 (62,13%) 1,000
Nhom chimg (n=103) 39 (37.8%) 50(48,5%)  14(13,7%) 0,621 0379 08%6  + A 45 (40,91%) 39(37,87%) 0,881 0,505-1,530 0,649
Téng sb T3(3427%) 112(5228%) 28(1345%) 0,606 0394 0,195

+: tuan theo dinh luat HWE.

TAP CHI

HOA HOC

ONG NGHE I(} Nam 64(6) 6.2022

(%) s6 lwong ca thé (phan tram); OR: ty s6 odds; 95% Cl: khoang tin
cay 95%; p-value dwoc tinh bang kiém dinh Chi-square.
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4. Ban luan

Khiém khuyét & dudi tinh trung 13 mot trong cac nhan
t6 gdy vo sinh nam, c6 anh huong truc tiép toi qua trinh thu
tinh cta tinh tring. Pudi tinh tring 13 mot bo phan rat phirc
tap, dugc céu thanh boi hang loat protein khac nhau ma bat
ky bat thuong nao ciia ching ciing ¢6 thé anh huong dén
qué trinh I4p rdp va chirc ning cua dudi tinh trung. Pudi
tinh tring dong vai tro cbt 16i cho viée di chuyén cua tinh
trung bang viéc tao ra lyc dy dé tién vé phia trudc. Thanh
phén chinh ctia dudi tinh tring 1a soi truc, kéo dai sudt chiéu
dai cua dudi. Soi truc ciu tao boi 9+2 vi éng, bao gém mot
cap vi dng & gitra va 9 thé d6i vi éng & xung quanh theo
mot trat ty nhit dinh [17]. Chin thé déi phia ngoai déu c6
céc protein dynein dinh & mat hudng vao thé doi trung tam,
va & mat con lai [18]. Di dang ¢ dudi tinh trung do cac yéu
t6 ngoai sinh va ndi sinh bao gdm cac nhéan t6 di truyén cd
thé lam giam kha nang di chuyén cia tinh trang [19, 20].
DNAHI ma hoéa cho mdt chudi nang cua chudi enzyme &
phia trong ctia dynein - mot thanh phan cu tao nén soi truc
cua tinh trung. Su Véng mat cia protein DNAHI [am mat vi
tri dinh ctia RS3 vao thé d6i phia ngoai, din t6i viéc lién két
giita hai vi 6ng trung tdm bi yéu di [9], anh huong truc tiép
dén sy hinh thanh cua soi truc va cudi cung dan dén dudi
tinh tring xuét hién nhiéu kiéu bién dang (MMAF) va phat
trién khong binh thuong & bao dudi (dysplasia of the fibrous
sheath - DFS) [5].

Mot s nghién ciru gan day da tim thdy mot sé dot bién
0 gen DNAHI c6 lién quan tdi bénh vo sinh nam do céc
nguyén nhan khac nhau [9, 10, 21, 22]. Nghién ctru thuc
hién trén 200 bénh nhan khéng cé tinh trung nguoi Trung
Qudc di phat hién dugc 8 bién dbi cia DNAH] trén 6 bénh
nhan [23]. Trong do, 4 bién d6i da duoc cong bd tai cac
co s6 dir lidu thé giéi 1000 genomes va ExAC va 4 bién
d6i méi. 3 bién doi mai g.52430536del, g.52412620del va
2.52418050del gay dich khung doc cua protein, con bién
d6i ¢.6446T>G duoc du doan anh huong nghiém trong
dén chirc ning cua protein. Nghién ctru khac cua Y. Sha
va c¢s (2017) [9] da phat hién duogc mdi lién quan cua hai
dot bién trén DNAHI (c.11726_11727delCT, ¢.C7066T)
véi cac kiéu bién dang cua dudi tinh tring MMAF & quan
thé nguoi Han. Trong d6, dot bién c.11726 11727delCT
lam protein DNAHI ngin hon binh thudng va anh huong
nghiém trong t&i ving chudi ning ciia dynein ¢ dau C ciing
nhu ciu triic bic 3 cua protein nay [21]. Gan day, W. Yu va
¢s (2021) [24] d chi ra rang, dot bién ¢.11726 11727delCT
va da hinh DNAH] rs12163565 ¢6 lién két v6i nhau va kha
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ning ching ¢ cung ngudén gbc Nam A. Trong nghién ctru
nay, chung toi da xem xét su lién quan cia da hinh DNAH
1s12163565 véi nguy co mic bénh v6 sinh nam & ngudi Viét
Nam. Tuy nhién, két qua cho thay da hinh nay khong c6 lién
quan t6i bénh nhan vo sinh nam & tit ca cac mo hinh phan
tich (p>0,05).

£ ~
5. Két luan

Trong nghién ctru nay, st dung phuong phap PCR-RFLP
chung t6i dd xac dinh dugc kiéu gen cia da hinh DNAH]
1512163565 & quan thé nguoi Viét véi ty 16 kiéu gen GG/
GA/AA lan luot 1a 34,27%/52,28%/13,45%. Céc phan
tich thong ké dya trén dir liéu kiéu gen - kiéu allele cua
1s12163565 déu xac dinh da hinh nay khong lién quan dén
nguy co mic bénh vé sinh nam (p>0,05). Pé khing dinh
nhiing két qua nay, chung t6i s& tiép tuc mé rong nghién ciru
v6i s6 mau 16n hon & quan thé ngudi Viét Nam.

Cong trinh dugc hoan thanh véi sy tai trg tr nhiém vu
khoa hoc va cong nghé cip qudc gia do B6 Khoa hoc va
Cong nghé quan 1y (ma s6 60/19-DTHDL.CN-XNT). Cac tic
gia xin chan thanh cam on.
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Thanh phan, phan bo cac loai ve sau ho Cicadidae
(Hemiptera: Auchenorrhyncha) & khu vue Tay Bac Viet Nam
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Tém tit:

Trong nghién ctru nay, cac tac gia da thu thip dwoc 63 loai, trong do6 co6 15 loai chi ghi nhin c6 mat ¢ Viét Nam va mé ta 2
loai méi cho khoa hoc; 8 loai chi ghi nhén sy phin b & viing Tay Bic ma khong bit gip ¢ khu vuc khéc, gom: Eopycna
indochinensis (Distant, 1913), Gaeana vitalisi (Distant, 1913), Terpnosia rustica (Distant, 1917), Terpnosia mesonotalis
(Distant, 1917), Semia majuscula (Distant, 1917), Karenia hoanglienensis (Pham & Yang, 2012), Huechys tonkinensis
(Distant, 1917) va Scieroptera delineata (Distant, 1917). Cé thé néi, day 1a cac loai dic hiru ciia viing Tay Bic Viét Nam.

Tir khéa: B Canh nira - Hemiptera, phan bo loai ve sau ho Cicadidae, Ty Bic Viét Nam.
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The composition and distribution of
the Cicadidae family
(Hemiptera: Auchenorrhyncha)
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Abstract:

In this study, the authors collected 63 species, of which 15
species are only recorded in Vietnam, in which 2 species
are described new to science, 8 species are recorded only
distributed in the western north that is not found in other
regions, including: Eopycna indochinensis (Distant, 1913),
Gaeana vitalisi (Distant, 1913), Terpnosia rustica (Distant,
1917), Terpnosia mesonotalis (Distant, 1917), Semia
majuscula (Distant, 1917), Karenia hoanglienensis (Pham
& Yang, 2012), Huechys tonkinensis (Distant, 1917); and
Scieroptera delineata (Distant, 1917) it can be said, these
are endemic species of the northwest region, Vietnam.

Keywords: distribution of cicada species Cicadidae,
Hemiptera, Northwest Vietnam.

Classification number: 1.6

‘Tac gia lién hé: Email: luuhoangyencitb@gmail.com
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1. Md dau

Vung T4y Bic niam & phia nam cua day nti Hoang Lién
Son va song Hong, dugc coi 1a ranh gii phan tach giita
ving Tay Béc va Pong Béc Viét Nam. Dia hinh Tay Bic
hiém trd, c6 nhiéu khdi ndi va day ndi cao chay theo hudng
Tay Bic - Pong Nam. Day Hoang Lién Son dai téi 180 km,
rong 30 km, véi mot s6 dinh nui cao 2.800-3.000 m. Day nui
song Ma dai 500 km, c6 nhitng dinh cao trén 1.800 m. Gilra
2 day ndi nay la ving d6i nai thip va luu vuc song Pa (con
goi la dia mang song Da). Ngoai song Da 1a song 16n, ving
Tay Bic chi co séng nho va sudi gdm ca thuong luu song
Ma. Trong dia mang song Da con c6 mdt day cao nguyén da
voi chay sudt tir huyén Phong Thé dén tinh Thanh Hoa nén
¢6 thé chia nho thanh céc cao nguyén Ta Phinh, M¢c Chau,
Na San. DPong thoi ciing ¢ cac long chao nhu Dién Bién,
Nghia Lo, Muong Thanh [1].

D3 c6 nhiéu cong trinh nghién ctru vé khu hé dong vat voi
cac nhom nhu thu 16n, chim, ludng cu, bo sat va mot s6 ho con
trung. Tuy nhién, nghién ctru co ban vé phan loai hoc, dia sinh
vat hoc va khu hé hoc cac loai Ve sau ho Cicadidae ¢ khu vuc
Tay Bic con han ché va chua day du [2].

Trong nghién clru nay, chiing t6i da ghi nhan duoc 63
loai, thuoc 31 giéng, 11 tdc, 3 phan ho cua ho Cicadidae tai
khu vuc Tay Béc. Trong bai béao nay ching toi dua ra danh
luc va phan bd cta 63 loai Ve sau da ghi nhan dya trén mau
vat da ¢ va nhitng mau vat thu duoc trong mot s6 dot diéu
tra, khao sat thuc té hién dang dugc luu gitlr tai Bo tang Tai
nguyén rung Viét Nam, Bdo tang Thién nhién Viét Nam va
Bao tang Lich st Ty nhién Paris.
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2. Dia diém, théi gian va phuong phap nghién ciu

2.1. Pia diém: Nghién ctru tién hanh diéu tra, thu thap
mau vat tai mot sé6 Vuon qude gia (VQG) va Khu bao ton
thién nhién (KBTTN) ¢ Tay Bic nhu: VQG Hoang Lién
(Lao Cai), KBTTN Muong Nhé (Dién Bién), KBTTN Ngb
Luéng Ngoc Son va Thuong Tién (Hoa Binh), KBTTN
Muong T¢ (Lai Chau).

2.2. Thoi gian nghién ciru: Nghién ctu dugc thyc hién
tir thang 5/2015 dén thang 12/2020.

2.3. Phwong phdp nghién ciru: Thu thap vat mau dugc
thyc hién ban ngay bang vot con tring va ban dém bang
bay dén. Ngoai vat mau thu duoc & thuc dia, chiing t6i con str
dung thém nhiing mau vat da c6 dé phan tich, dinh loai nhitng
mau vat nay dugc thu & ving Tay Bic, hién dang duoc luu giir
tai Bao tang Thién nhién Viét Nam, Bao tang Tai nguyén ring
Viét Nam va Bao tang Lich st Ty nhién Paris.

Str dung hé théng phén loai ciia M.S. Moulds (2005) [3]
dé xay dung khoa dinh loai dén phén ho, toc, giéng va loai
cua ho Cicadidae.

3. Két qua va ban luan

Trong nghién ctru ndy, chung toi tién hanh diéu tra thu
thap mau vat ngoai thuc dia ¢ 5 khu vuc thudc 4 tinh nam
trong 4 d6i c6 mua dong lanh kho ciia ving Tay Béc gom:
VQG Hoang Lién (Lao Cai), KBTTN Muong Nhé (Pién
Bién), KBTTN Ngb Ludng Ngoc Son va Thugng Tién (Hoa
Binh), KBTTN Muong T¢ (Lai Chau). Trong qua trinh
nghién ctu, chung t6i da thu dugc 63 loai, thudc 31 giéng,
11 tdc, 3 phéan ho cia ho Cicadidae tai khu vuc Tay Bic nude
ta (bang 1).

Két qua bang 1 cho thiy, chiing t6i da phan tich va dinh
loai duogc 63 loai thudc ho Cicadidae thude 31 giéng, 11 toc,
trong d6 15 loai chi ghi nhan c6 mat ¢ Viét Nam, 8 loai chi
bét gip & khu vue Tay Bic ma khong bét gip ¢ noi nao khac
cua Viét Nam va 2 loai méi cho khoa hoc. So sanh voi tai
liu da cong bb trude day ctua Y.J. Lee (2008) [5], L.H. Yen
va cs (2017) [6], L.H. Yen va cs (2020) [7], H.T. Pham va
cs (2017) [9], két qua nghién ctru cia chung t6i dd md ta
2 loai moi cho khoa hoc 1a Macrosemia sapaensis. sp. nov
va Platylomia minhi sp. nov, ghi nhan thém 12 loai cho khu
vuc Tay Bic gdm: Chremistica sueuri (Pham & Constant,
2011), Cryptotympana aquila (Walker, 1850), Pomponia
linearis (Walker, 1850), Pomponia piceata (Distant, 1905),
Inthaxara flexa (Lei & Li, 1996), Platylomia bocki (Distant,
1882), Platylomia operculata (Distant, 1913), Dundubia
hainanensis (Distant, 1901), Tosena splendida (Distant,
1878), Mogannia hebes (Walker, 1858), Mogannia saucia
(Noualhier, 1896), Hea yunnanensis (Chou & Yao, 1995).
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Bang 1. Danh sach thanh phan loai va dic diém phan bd loai
thudc ho Cicadidae theo phan vung dia ly.

Phan bd ‘d{“':%
TT  Phan ho, tdc, gidng, loai d:-::. :
Tay Béc Vit Nam Thé gici “% ﬁoc
1 Phan ho Cicadinae
LI Téc Platypleurini

Hoa Binh, Lao Cai,

1 g:;;‘i’i”f”:"l’;‘fﬂ')’”""" ‘HBZ“ e, Lai Chau, Quang Nam, xg TS’\TF orp
cius, c: St , IN, ML
Ha Giang, Hoa Binh,
Vinh Phiic, Phii Tho,
2 Elatvpleua f’\i‘,’;;‘f’;'ﬂ gs’gg”" HB Ha Noi, Ha Nam, Nam VN, TQ,NB O
=5 Pinh, Quang Ninh, Hai
Phong.
Platypleura badia PO VN, TQ, AD,
3 (Distant, 1888) el L C ML.TL.MY ©
Eopycna indochinensis e .
4 Eopycna O, oy Leai Lao Cai VN (dic hiu) O
12 Tjc Cryptotympanini
Chremistica sueuri HoAB b AU
5 Chremistia v —— HB, bB Dién Bién, TP H6 VN o
(Pham & Constant, 2013) ety
3 Cryptotympana aquila Hoa Binh, Lang Son,  VN.L,TL.
(Walker, 1850) Quéng Tri ML, ML S o
Hoa Binh, Di¢n Bién,
5 Cryptotympana atrata HB, DB, Lai Chau, Quang Tri, ~ VN.NB,HQ, .,
(Fabricius, 1775) LC Quang Nam, Béc TQ,IN, T
Viét Nam
Yén Bii, Vinh Phiic,
s Cryptotympana holsti  LC, Leai, EI?" p‘?‘lll‘.a":.}.‘a;'l‘. VN, NTQ,
(Distant, 1904) HB ao G, 1ia Mol e PL,L.CB. O
. Nam, Ninh Binh, va
FEEEEE Thira Thién - Hué
Béc Kan, Ha Noi, Ha
Tinh, Hai Phong, Hoa
Binh, Lai Chau, Lang
Cryptotympana Son, Ninh Binh, Phi
° mandarina HB, LC Tho, Quang Binh, “\’4':'( [Qég'“’ o
(Distant, 1891) Quéng Nam, Quang b=o
Tri, Thanh Hod, Thira
Thién - Hué, Tuyén
Quang, Vinh Phic
Cryptoympana recta . BVN, TQ,
10 e Ty, HB Bic Kan, Hoa Binh 219 L.TL, O
L3 Toc Polyneurini
" o Angamiana floridula Ao R 2 <, BVN, NTQ,
1 Angamiana (Distant, 1904) HB, LC Hoa Binh, Lao Cai T o
Vinh Phiic, Hoa Binh,
- Formotosena  [ormotosena seebohm  HB,LC.  Lai Chau, Pién Bién, VN, TQ, o
> (Distant, 1904) DB, Leai Lo Cai, Thira Thién L. NB
- Hué
14 Tc Gaeanini
Phan toc Gaeanina
Gaeana vitalisi N N VN (dac
13 (Distant, 1913 %) Leai Lao Cai hiru) ©
Lao Cai, Yén Bai, Cao
Gacana Biing, Bic Kan, Lai .
7 Gaeana maculata Lcai, LC,  Chau, Dién Bién, Hoa 2:;”&/"\?‘ o
(Drury, 1773) DPB,HB  Binh, HANGL Quing  Np o
Ninh, Vinh Phtc, Lang b
Son, Thanh Hod
. Balinta delinenda . o Gt A
15 Balinta o LOS Leai Lao Cai VN, AP o
Phan toe Becquartinina
i Becquartina electa . Lang Son, Hoa Binh,
16 Becquartina (Jacobi, 1902) HB, LC Lai Chau VN, TQ, TL o
Ls Tpc Talaingini
Talainga binghami . Lao Cai, Pién Bién, TQ. VN, AB,
17 Tl (Distant, 1890) Leal, BBl 4y ok Hod, KonTum L, CP C
L6 Toc Cicadini
Phan toc Cicadina
Terpnosia chapana . o s hit
18 T ot Leai Lao Cai VN (ddc hi) O
. . Terpnosia rustica ) o Cai S .
19 Terpnosia (Distant, 1917%) Lcai Lao Cai VN (dac hiru) o
Terpnosia mesonotalis e .
20 i, oM Leai Lao Cai VN (dic hiu) O
2t (Walker, 1850) BB,LC  Thia Thién - Hue, BL.NB,PL,  ©
Pién Bién, Lai Chau
S, IN
Pomponia Pomponia piceata Cao Bang, Hoa Binh,
2 I
22 (Distant, 1905) HB. BB pien Bien, Lam Péng ¥ - NTQ ©
P i backanensi Béc Kan, Ha Giang,
23 Pl s 5000 HB,Leai  Hoa Binh, Lao Cai, VN, CB o
am ang, Phti Tho, Vinh Phiic
Purana guttularis . Béc Viét Nam (Lai A R, 242,
2 (Walker, 1858) CCRE Chau, Dién Bién) T ML, B ©
B i IN, MY, PH
. Purana Purana dimidia BUN R . °

(Chou & Lei, 1997)

% Purana samia TRV

(Walker, 1850) Biéc Viét Nam

VN, TQ,AD O

Phan téc Cosmopsaltriina

Leptopsaltria phra VN, L,CP

2 altria £ ca a4 Giang, Lao Cai
27 Leptopsaltria  (G00A /(TS Leai Ha Giang, Lao Cai o
) Inthaxara flexa . . Cha
28 Inthaxara (Lot & 14, 1996) LC Pht Tho, Lai Chau VN, NTQ o
Leipo Lcai, LC,  Lao Cai, Lai Chau, BVN, TQ,
29 subviridissima B HE Dion e Hoabih Lotr o
R i (Distant, 1913) d e >
Meimuna durga & < riae e VN, NTQ. L.
=0 (Distant, 1881) 1N Bachacan TL, AD ®
Phan téc Dundubiina
Haphsa nana DB, LC.  Dién Bién, Lai Chau, b
3 (Distant, 1913) HB Hoa Binh VNEEED ©
s . Lao Cai, Tuyén Quang, VN, NTQ,
32 Haphsa (’l’)“!’:”“""“ggg‘ 'E‘)‘g“ HB. | Hoa Bich) Dién Bidn) CB, TL, MY, O
istant, ) Pék Lik, Kon Tum AP
Haphsa conformis i via b
33 o T BVN Bic Vigt Nam VN (dic hiu) O
Sinapsaltria
34 Sinapsaltria annamensis BVN Biic Viet Nam VN (ddc hi) O

(Kato, 1940)
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Son La, Nghé An, VN, NTQ,

Macrosemia tonkiniana ~ SL, Lcai.

Theo Y.J. Lee (2008) [5], N.T. Nguyen va cs (2020) [8],

35 Macrosemis (Jac‘ob’i‘)l‘)US) DB‘ N l';;i\;n(":\:,é:én Bai, l;,F;I‘L, MY, o
. e faarovemia sapae Lo o wWaw g H.T. Pham va cs (2009) [10], s6 1oai ve sau ho Cicadidae da
sp. nov. méi)
’ Phi Tho, Vinh Phc, hi nhan va cung cip danh sach & Viét Nam 1a 111 loai, mién
n v 9
SN ¢,  NinhBinh, Thanh . L z A < .- N z . ~ ,
a7 (isant. 1563 e HeXemmopm iR o Bac Viét Nam 1a 81 loai, khu vuc T4y Bac ghi nhan sy ¢6
Chau, Hoa Binh - 5 N\ I3 \ ’ ’ 2 ~ A N
I o ot i e v Ta mat cua 52 loai, trong danh sach nay céc tac gia da dé loai
Platylomia operculata HB. BB, 40 Cai, Vinh “,m" A " X . . . . A <A A
* (Distant 1913) A S Pycna indochinensis (Distant, 1913) thudc giong Pycna, toc
3 ot Leai Lo Cai w0 Platypleurini, loai nay da dugc A.F. Sanborn (2020a) [4] m6
P NG Guing ta lai va chuyén sang giong Eopycna thue toc Platypleurini,
40 el Yo el nhu vay tén Pycna indochinensis (Distant, 1913) 1a tén dong
Trj‘ATh[la Thién - A a2 N . . . .
— Hué, Ouing Binh. vat cia loai Eopycna indochinensis (Distant, 1913), trong
a e PYN B viét Nam 1948 o nghién ctru nay chung tdi cap nhat lai tén khoa hoc cua loai
- Dundubia LeaiLe, Bhe N HiNeL  YNNTQ Eopycna indochinensis (Distant, 1913).
& ' HB Nghé An, Lao Cai,
(@i, 1331 Lai Chau, Hoa Binh > 1T . x , . N .. . . R
Phén ige Tosening Bang 2. Cau truc thanh phan loai ho Cicadidae tai khu vwc
Béc Kan, Tuycn Tay Bic.
ena melanoptera cai D e ENVING TR
3 (T‘(;\;;;lm 1826) " l‘:iB P Le ;\l -R‘B' WYL, © A
ena e BN ’ Giong Loai
Tosena Bai, Thai Nguyén A A
S TT Tén Toc - .
aa e e K DB Lo N i, V3" 1A © S0 lirgng Ty Ié (%) Solwegng Ty ¢ (%)
Phn tgc Psithyristriina 1 Platypleurini 2 6,45 4 6,35
- Ayuthia spectabile S . o
B (Distant, 1219).. w Ve \T/LN h:L 2 2 Cryptotympanini 2 6,45 6 9,52
46 Semia (B"';":“’:"’l/g‘l‘;;,j Lcai Lao Cai h‘_m)( = o o
17 Toc Moganniini 3 Polyneurini 2 6,45 2 3,17
i (Bisiant. 19300 o v Wy © 4 Gacanini 3 9,68 4 6,35
ogannia cyanea 2 A NI
48 é‘f}\‘/:‘kcn 18358 BVN Béc Viét Nam 2;_), TL,ML, O 3 Talaingini 1 3’23 1 1’59
. . i Dong Nai, Lao Cai, A g o
g  Megmih TR e 5?.\?2?:.‘9 pien Bien.  MNERT o 6 Cicadini 14 45,16 29 46,03
50 (Watker, 1858 M8 bongnar O MAB T © 7 Moganniini 1 323 5 7,94
VN,NTQ, .
5 Mosamesucs Lei HeGhymiwe LN o 8 Taphurini ! G0 4 37
TL
2 Z ; 9 Sinosenini 1 3,23 1 1,59
1 Phin hg Cicadettinae > b
w1 Tgc Taphurini .
) = R 10 Huechysini 2 6,45 8 12,70
52 Lemuriana Legiianalopicaly Leai Lao Cai VN,NE,AD O ’ ’
(Germar, 1830) N
s e sy PRIC  THEMGDE vy o 1 Tibicinini 1 3123 1 12
1.2 Téc Sinosenini e
- Tén, 31 100 63 100
54 Karenia ‘:‘P‘L’a‘&"“;"“;;’l"’zl’zgigi’; Lecai Lao Cai ;",Z)(dﬁc o i - . -
R o e Két qua bang 2 cho thay, toc Cicadini c6 sO lugng
e giong va loai nhiéu nhat la 14 giong (chiém 45,16% so
Son, Béc Kan, Thai A A N N ¥4 R A N
Newen VP, giong thu thap dugc) va 29 loai (chiém 46,03% tong so loai
Huechys sanguinea LC, BB, o EH R T L2EH b AShiEl A ¥ 4 A ) A
= (De Geer, 1773) HB,Lcai  oone N B e e Anr © thu thap duoc). Tiep dén, toc Huechysini thu thap dugc 2
Hai Duong, Thanh « K < K A « A “ e « K
Hueehys Hos. Nghe An. Quing giong (chiém 6,45% so6 giong) va 8 loai (chiém 12,70%
Conbe NGt Lai s0 loai); toc Gaeanini c6 3 giong (chiém 9,68% so giong).
P e RIS Tuy toc Gaeanini thu dugc so giong nhi¢u hon Moganniini,
* Discane, 1852) MBI Gunam am A Cryptotympanini va Huechysini nhung lai it s loai hon ca.
Dong, Ninh Thuin Typtoty P v uechnys g 14 SO 10 cac
- e e agcw W toc nay. SO loai thu th@p duoc trong moi toc tuong ung la
Scieroptera splendidula  Lcai, DB. l\/ﬂn‘:;l\(}:‘r‘l Hdﬂo‘d"g VN, TQ, 5’ 6 Vé 8’ lén luOt Chlém 7’94’ 9’5,2 Vé 12’70% téng Sé 10&1
58 CFamiotan. 1375 s E;i“gu'?}.i‘ﬁf‘)nﬂ“ A thu thap dugc. Toc Gaeanini c6 s6 loai bang so loai cua toc
3ia Lai, Lam Ddng .. y . \ . <A s A a
, Seteropera formosana Vi e ton s, VTG A, Platypleurini v6i 4 loai, chi€ém 6,35%. Hai toc Polyneurini
T seiepen | Gobmiat D1 T e S va Taphurini déu c6 sé gidng (2 gibng, chiém 6,45% tong
2 0
@ Scieroptera delineata o Lao Cai VN.L o A e < £ N \ . -k 0’ R X > N v
istan, 1917) s0 gidng) va s loai (2 loai, chiém 3,17% tong so loai) bang
Sz‘len«)ﬁlera crocea ., . BVN, ML, r A \ . \ . . . . . . \ . o . .
o Guer N, BVN b Vit Nam. NMY o nhau. Céc tdc con lai l1a Talaingini, Sinosenini va Tibicinini
- Sciempreragricnais i e i am —— chico 1 gi()ng (chi@m 3,23% tong so giong) va 1 loai (chiem
1 Phan ho Tettigadinae tj/ 1é 1’59% tf)ng 56 10é1)
HLI  Tpe Tibicinini )
6 e Kaoacntoroica . Ouinma T Thi oo o Tong s0 63 loai ve sau thu thap tai khu vuc Tay Bic

(Chou & Lu, 1997) Thién - Hué, Quang

Nam, Kon Tum

HB: Hoa Binh; Lcai: Lao Cai; DB: Dién Bién; LC: Lai Chau; VN: Viét Nam;
BVN: mién Béc Viét Nam; TQ: Trung Quéc; NTQ: Nam Trung Quéc; NB: Nhat
Ban; HQ: Han Quéc; IN: Indénéxia; ML: Malaysia; PH: Philippine; AD: An Do;
CB: Campuchia; TL: Thai Lan; MY: Myanma; L: Lao; BL: Bangladesh; BL: Bai
Loan; N: Nepan; S: Singapore; B: Bruney; SL: Syri Lanka; BH: Bhutan; O: Béng
Phuong; P: C6 Béc [4-12].
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thudc 31 gidng, trong do giéng Cryptotympana, Mogannla
va Scieroptera ¢6 s0 luong loai nhiéu nhét (5 loai, chlem
7,94% tong sb loai thu thap duogc). Tiép dén 1a cac gidng
Huechys, Dundubia, Haphsa, Purana, Pomponia, Terpnosia,
Platypleura (c6 3 loai, chiém 4,76% tong s6 loai thu dugc).
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Cac giéng Tosena, Platylomia, Meimuna va Gaeana c6 2
loi, chiém 3,17% tong s6 loai thu duge. Cac giong con
lai nhu: Pycna, Chremistica, Angamiana, Formotosena,
Balinta, Becquartin, Talainga... mdi giéng thu dugc 1 loai
(chiém 1,59%). Trong tong s6 31 giéng thu thap duoc &
khu vuc Tay Bic c6 17 giéng chi co 1 loi (chiém 54,84%),
sé gidng co 2 loai 1a 3 (9,68%) va sd giéng co 3-5 loai
(35,48%). Nhur vay, chi c6 hon 1/3 s6 gidng thudc ho Ve sau
¢6 kha nang phan ly loai cao (da dang loai), con hon mot
nira s6 gidng it phan ly loai.

Két qua nghién ciru cho thay, thanh phan loai ho Cicadidae
& khu vyc Tay Biéc rat da dang va phong phu, khong nhimg
vé s loai (chiém 6,93% sb loai trén thé gidi) ma ca vé sb
luong gidng (chiém 20,95% tong sé gidng cua thé gidi) [2].
Dong thoi, trong sé 63 loai thu duge co 15 loai ghi nhan &
Viét Nam, 8 loai didc hitu ctia ving Tay Béc va 2 loai méi
(chiém 23,81% s loai xuat hién ¢ khu vuc Tay Bic) (bang
3). Piéu nay cho thiy, ho Cicadidae & Viét Nam khong chi
da dang, ma con co nét riéng biét so v6i thanh phan loai ho
Cicadidae trén thé giGi.
Bang 3. So sanh thanh phan loai ve sau ho Cicadidae & khu
vwre Tay Bac véi vung dia ly dong vat hoc.

T Phén bb S6 loai T 16 (%)

1 Viing Dong Phurong va C6 Bic 2 3,18

2 Ving Dong Phuong 40 6349

3 Nam Trung Quéc 6 9,52

4 Vigt Nam 15 2381
Lodi méi 2 317
Ty Bie 8 12,70
Bic Viét Nam 5 794

Tong sb 03 100

Trong 63 loai & khu vuc Tay Bic, c6 2 lodi c6 su phan bd
rong & ca khu vuc Dong Phuong va Co Béc 1a Platypleura
kaempferi (Fabricius), Cryptotympana atrata (Fabricius); 37
loai c6 sy phan b6 ¢ Viét Nam va mot s6 nudc Vung Dong
Phuong; 6 loai ghi nhan phan bé & khu vyc phia Béc Viét
Nam va Nam Trung Qudc, gdm Katoa chlorotiea (Chou
& Lu, 1997), Scieroptera orientalis (Schmidt, 1918), Hea
yunnanensis (Chou & Yao, 1995), Inthaxara flexa (Lei &
Li, 1996), Purana dimidia (Chou & Lei, 1997), Pomponia
piceata (Distant, 1905); 15 loai chi ghi nhédn ¢ Vi¢t Nam
ma chua ghi nhan duoc ¢ cac nudc khac, trong do co 2
loai méi 1a Macrosemia sapaensis. sp. nov va Platylomia
minhi sp. nov., c6 8 loai chi ghi nhan ¢ khu vuc Tay Bic,
gém Eopycna indochinensis (Distant, 1913), Gaeana
vitalisi (Distant, 1913), Terpnosia chapana (Distant, 1917),
Terpnosia rustica (Distant, 1917), Terpnosia mesonotalis
(Distant, 1917), Semia majuscule (Distant, 1917), Karenia
hoanglienensis (Pham & Yang, 2012), Huechys tonkinensis
(Distant, 1917) ma chua ghi nhén & cac vung khac cua Viét
Nam ciing nhu trén thé gioi.
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4. Két luan

Nhu vy dén thoi diém hién tai ddy 14 danh sach diy du
nhit cta ho Cicadidae & ving Ty Bic, qua danh sach nay
chiing ta thdy thanh phan loai ho Cicadidae ¢ ving Ty Bic
rat da dang va phong phu. Trong s6 63 loai thu dwoc & ving
Tay Bic c6 8 loai ddc hiru (chiém 12,70% s6 loai xut hién &
ving Tay Bic), 2 loai méi cho khoa hoc. Diéu nay cho thiy,
ho Cicadidaed Viét Nam khong chi da dang ma con co nét
riéng biét so voi thanh phﬁn loai ho Cicadidae & Viét Nam
ciing nhu trén thé giGi.

Dua trén két qua nghién ctru nay, cac dit lidu va phan bd
dia ly sinh vat ctia cac loai Ve sau ¢ khu vuc Ty Béc va khu
vuc Dong Phuong da duge bd sung va hoan chinh hon. Day
1a nén tang cho cac nghién ctru siu hon vé hé thng sinh hoc
ctia cac loai Ve sau trong tuong lai.
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Khéo sat thue nghiém bién dang cua d?lrm lien hop thép bé tong
vGi mirc do lién két khang cat khac nhau

Lé Van Phwdc Nhan®, Bui Pirc Vinh, Lé Thai Son
Khoa Ky thudt Xay dung, Trwong Pai hoc Bach khoa TP Ho6 Chi Minh, Pai hoc Quéc gia TP H6 Chi Minh,
268 Ly Thuong Kiét, phwong 14, qudn 10, TP Ho Chi Minh, Viét Nam

Ngay nhan bai 30/6/2021; ngay chuyén phan bién 3/7/2021; ngay nhan phan bién 22/7/2021; ngay chip nhan ding 28/7/2021

Tom tit:

Chuwong trinh thi nghiém dwoc thwce hién trén hai dim lién hop thép bé tong, sir dung lién két khang cit dang
perfobond nhim khio sat bién dang ciia dam lién hop véi mire dd lién két khang cit khac nhau. Thép lam perfobond
va dam thép tiét dién T dwoc cit chung tir thép tim ma khong cin ndi véi nhau bang dwong han nhw khi ap dung
dbi véi tiét dién dam thép chir I. S6 16 lién két dwoce bo tri trong 2 dam lan lwgt 13 10 va 22 18 dé tao ra sw khac biét
vé mirc d9 lién két. Nghién ctru tip trung danh gia anh huéng ciia mire dd lién két dén bién dang ciia dAm lién hop.
Cic bién dang dwoc khio sat bao gdm: bién dang ciia ban bé tong, dAm thép va cia lién két perfobond. Két qua cho
thay, mirc dd lién két c6 anh hwéng dang ké dén cac bién dang ciia dam lién hop thép bé tong.

Tir khéa: bién dang truot twong ddi, dAm lién hop, hinh thai lién két khang cit perfobond, lién két khang cit, ing

X uon.

Chi s6 phén loai: 2.1

1. Dt van de

Nghién ctru ing xtr udn ctia dam lién hop thép bé tong
da duogc tién hanh boi nhiéu nha khoa hoc, véi cac lién két
khang cat truyén thong nhu lién két chdt (stud) hay lién két
thép goc va U. D6 1a cac lién két da dugc dua vao cac tiéu
chudn ciia nhidu nudc trén thé gidi. Riéng lién két khang
cét perfobond hién van chua dugc ap dung mot cach chinh
thong, tuy nhién nghién ctru vé dang lién két nay ngay cang
phat trién vi tinh hi€u qua cua lién két t mang lai. Khoi dau
1a cac nghién ctru nén déy trén cac mau nho nhim nghién
ctru kha nang chiu lyc cta lién két, sau do 1a cac thi nghiém
dugc thyc hién trén cac mau dam thyc nhim danh gia kha
ning tmg dung cta loai hinh lién két nay cho cau kién dam
lién hop thép - bé tong. M.R. Veldanda va cs (1992) [1] da
thuc hién thi nghiém nén déy trén 48 mau, sir dung lién két
khang cit perfobond nham khao sat tmg xir co hoc ciia loai
hinh lién két nay. Két qua cho thiy, lién két khang cat dang
perfobond c6 thé st dung hiéu qua cho dam lién hop thép -
bé tong. E.C. Oguejiofor va cs (1994) [2] da thyc hién trén
40 mau thi nghiém nén day dé nghién ctru anh huong cua
cac tham sb dén tng xir co hoc cua lién két khang cit dang
perfobond. Cac thong sé d6 1a s6 16 perfobond, khoang cach
cac 15, cbt thép ngang va cudong do chiu nén cua bé tong.
Tu d6, cac tac gia da dua ra cac cong thtic tinh kha nang
chiu cit cua lién két khang cat dang perfobond. Két qua
cho thdy, kha niang khang cit cua lién két perfobond ting
khi s6 16 lién két ting ciing nhur khoang cach ctia cac 16 nén
dat cach nhau it nhat 2,25 lan duong kinh 13. 1. Valente va
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cs (2004) [3] da nghién ctru Gmg xr cua lién két khang cat
perfobond st dung bé tong nhe véi muc ti€u chinh la mé
ta mg xur cua lién két, phan tich va so sanh su dong gop
cua cac thanh phén khéc nhau déi véi do trugt tuong ddi
giita thép va bé tong. Cac thong sb nhu: cuong do chiu nén
ctia bé tong nhe, cach b tri cdt thép va khoang cach cac 15
perfobond dugc khao sat dé so sanh két qua thu duoc voi
cac két qua thi nghiém ciia céc tac gia nghién ciru trudc khi
su dung bé tong thuong. J.D.C. Vlanna va cs (2008) [4, 5]
da tién hanh thi nghi¢m trén 12 mau nén day nham nghién
ctru tmg xtr két cau cua lién két khang cét dang perfobond
va T-perfobond dé khao sat kha ning khang cit, d6 dai cua
lién két va cac dang phd hoai. Két qua cho thiy, cac dang
lién két nay c6 kha nang mang lai tinh kinh te va la giai phap
hiéu qua cho viéc truyén luc cit trong két cdu lién hop.

Ngoai viéc thi nghiém trén cic miu nho nén day, cac
tac gia cling tién hanh thi nghiém trén cac mau 16n véi kich
thudc thyc, nhdm danh gia tng xir cua dam khi sir dung
cac lién két khang cat khi dam chiu uén. B.S. Jayas va
cs (1989) [6] da tién hanh thi nghiém 4 dam lién hop tiét
dién thyc dé nghién ciru ing xir uén va du doan kha ning
chiu tai cua dam lién hop str dung lién két khang cit dang
dinh chét. E.G. Oguejiofor va cs (1995) [7] tién hanh thi
nghiém 6 mau dam lién hop bé tong - thép sir dung lién
két khang cit perfobond voi muc dich nghién ciru tng xir
cua lién két khang cat trén tiét dién dam thuc va mdi lién
quan giira két qua khi nghién ctru trén dam thyc va mau thi
nghiém nén day. Trong do, s thép qua 15 lién két va hinh
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with different shear connection degrees
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Abstract:

The test program was carried out on two steel-concrete
composite beams using perfobond shear connectors in
order to investigate strains of steel-concrete composite
beams with different shear connection degrees. The
steel used for perfobond and steel girder with T inverse
section was cut together from steel plate without using
weld connection as applying to steel girder with I sec-
tion. Some holes settled in beams were 10 holes and 22
holes to create the difference of shear connection degree.
The study concentrated on evaluating the effect of shear
connection degree on the steel-concrete composite strain.
The observed strains included strain of concrete slabs,
the strain of steel girders, and strain of perfobond shear
connectors. The results showed that shear connection
degree significantly affected strains of steel-concrete
composite beams.

Keywords: bending behaviour, composite beam,
figuration, perfobond shear connector strain, shear
connector.

Classification number: 2.1

thai lién két duoc thay doi dé danh gia anh huong cua cac
thong s6 nay dén tmg xir uén cta dam. B. Uy va cs (2006)
[8] thuc hién nghién ciru anh hudng cia lién két khang cat
mot phan dén moment am. Thi nghiém da lam rd mot sb
khai niém quan trong va lam ndi bat nhitng loi ich khi su
dung lién Kkét khang cit mot ph?m dugc yéu cau. Dic biét,
thi nghiém cho thay rang, anh huong cua lién két khang cat
khong hoan toan dem dén kha ning xoay, khong lam anh
hudng nhiéu dén kha nang chiu luc cta dam. S.H. Kim va
cs (2014) [9] dd nghién ctru trén mau nén dé kiém tra img xir
ctia lién két khang cat dang Y-perfobond (perfobond dang
chir Y). W. Lorenc va cs (2014) [10] da nghién ctu trén 19
mau nén diy dé danh gia sic chiu tai cua phan thép dugc
b tri qua 16 perfobond. S.H. He va cs (2017) [11] da thuc
hién thi nghiém nén day don dbi véi cac lién két perfobond
dung vi vira co cuong do siéu cao (ultra-high performance
concrete - UHPC) trong cac mdi ndi cau 11en hop thép - bé
tong. Thi nghiém duoc tién hanh trén 24 mau dé tinh toan
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sir dung cho cac lién két trong cac mdi ndi cau. Anh hudng
ctia nhiéu thong s6 nhu lién két bé mat gitra ban perfobond
vGi bé tong, cac chdt lién két trong cac 18 va thé tich cua
cac soi trong UHPC 1én tng xir cta lién két duoc thao luan
mot cach sau hon. J.C. Gud va cs (2019) [12], da nghién
ctru thyc nghiém kha nang khang cit cia lién két khang cit
dang peforbond t6 hop bang thi nghiém nén day. Pong thoi,
moé phong phan tir hitu han duoc xdy dung dé mé phong thi
nghiém va nghién ctru sdu hon co céu trong subt qua trinh
gia tai. S.M. Kalantari va cs (2019) [13] dua ra phuong phap
co ban du doan sy lam viée cta lién két perfobond trong Kkét
céu lién hop. Nhiéu thong sé duoc xét dén trong viéc du
doan kha ning chiu lyc cua lién két trong khung lién hop.
Céc thong sb bao gdm: cuong do chiu nén cia bé tong, dién
tich cac chdt lién két, dién tich thép qua 15 va chiéu cao lién
két. L. Tian va cs (2020) [14] da nghién ciru kha nang khang
cit cua lién két perfobond sir dung xi mang két dinh cao.

O Viét Nam, T.H.V Chu va cs (2016) [15] d4 khao sat
thuc nghiém tng xir khang cat cua lién két khang cresbond
sir dung cho két cau lién hop thép bé tong. Pay 1a mot dang
lién két c6 hinh déng gidng véi lién két perfobond trude
day, ¢6 16 lién két mo va tiét dién 12 mot hinh elip. Cac van
dé duoc khao sat bao gém: kha nang chiu lyc, bién dang
trugt va anh hudng cua cic tham s6 dén tng xir co hoc
ctia lién két. J.H. Le va cs (2020) [16] dd nghién ctru thuc
nghiém Gng xir cia dam lién hop st dung lién két khang
cit crestbond. Nghién ctu dugc thuc hién trén 3 dam lién
hop str dung thép hinh chir I nham khao sat g xir uén qua
cac dai luong kha nang chiu lyc, bién dang truot tuong dbi
giita ban bé tong va dam thép, dang pha hoai dam. Trong
nghién ctru nay, dam thép su dung co tiét dién chit T nguoc,
thép lam perfobond dugc cat lién véi thép lam dim bang
CNC ma khong can sir dung lién két han. Viéc danh gia bién
dang ciia dim lién hop thong qua két qua thuc nghiém trén
hai dim c6 muc d6 lién két khac nhau nham danh gia anh
huong cta muc do lién két dén bién dang cua dam lién hop.

Dac trung vat liéu dung trong chuong trinh thi nghiém

Bé tong c6 mac C60/75 dugce sir dung cho 2 dim lién
hop, tiét dién thép hinh dang T nguoc co cing kich thude
nhung khéac nhau vé s6 15 lién két khang cit véi muc dich
tao ra su khac nhau vé mirc do lién két trong 2 dam. S6 18
lién két trong 2 dam lién hop thép bé tong 1an lugt 14 10
(ddm CB1) va 22 156 (ddm CB2). Tir thép tdm, dim thép tiét
dién T nguogc va perfobond dugc cét chung véi nhau bang
may CNC tao thanh mdt mot phan gén lién nhau ma khong
can dén duong han dé nbi lién két perfobond véi thép hinh
nhu thudng duoc sir dung ddi voi thép hinh chir 1. Lién két
perfobond c6 hinh dang chit 6-mé-ga (Q) ngugc. Hai dam
duogc thi nghiém v6i mé hinh 4 diém udn dé nhan dugc tmg
xir udn thuan tay trong doan nim giita hai diém dat tai tap
trung (bo qua trong lwong ban than dam).
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2.1. Bé tong

Thanh phan cap phdi bé tong duoc trinh bay ¢ bang 1
voi ty 1€ tuwong ung cua xi mang PC40, cat, d4, nudc, silica
fume, tro bay va phu gia giam nuéc. Hai nhém mau hinh try
(GC1 va GC2) D150xH300 dugc dic va duong hd trong
cung diéu kién va thoi diém véi mau dam. Cac thi nghiém
nén dé xac dinh tinh chit co hoc ciia mau bé tong sé duoc
tién hanh cung lac véi thi nghiém udn cac dam. Két qua nén
mau bé tong dugce trinh bay ¢ bang 2.

Bang 1. Thanh phan cét liéu trong bé tong C60/75.

Thanh phén Pon vi Khéi lrgng/m®
Xi mang PC40 kg 500,0

Cat song kg 607,0

Da nghién 10x20 kg 1023,0

Nude 1 170,0

Silica fume kg 18,0

Tro bay kg 70,0

Phu gia tang déo kg 6,50
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CBI1 16n hon khoang cach nay & CB2, do s6 16 lién két dugc
b tri khac nhau trong 2 ddm. Cac thong sé vé dam ciing
dugc mo ta ¢ bang 4. Hinh 2 minh hoa thép thanh dét trong
ban bé tong va thép thanh dat qua 16 lién két perfobond, hinh
3 minh hoa dam thép chit T nguoc va perfobond dugc cit ra
tir thép tAm bang may CNC.

(A) (B)
A
& S TR (HRTRT R R P R Ry
T 3 oA L4
BTN 0 1100 60
{ m | { m |
w0 W

B 1009 1009 109 108

ags

s

10
Hinh 1. Tiét dién dam lién ho'p thép - bé tong CB1 (A) va CB2 (B).

Bang 4. Cac thong sé ctia 2 dam CB1 va CB2.

Bang 2. Cwong do chiju nén cua bé tong.

Nhémmiu  Donvi Cwingdfnénmiutruf ,  Gidi han bién dang nén e, (%)
GCl MPa 60,40 2,055
GC2 MPa 6339 2,082

Dim Tiét dién Bé tong Chiéu day ban bé tong (mm) S lién két
CBI T264x200 C60 100 10
CB2 T264x200 C60 100 22

2.2. Thép hinh va thanh

Thép thanh c6 gan duong kinh 12 mm duoc bd tri ngang
qua 15 lién két va thép thanh duong kinh 10 mm v&i khoang
cach 150 mm duoc bd tri trong ban bé tong, gan voi bé mat
cua ban bé tong. Cac dac trung co hoc cia thép hinh va thép
thanh duogc trinh bay ¢ bang 3.

Bang 3. Cac thong sé cla thép hinh va thép thanh.

Théng sb Pon vi Thép thanh Thép hinh
Gi6i han chy f. MPa 330 250
Gi6i han bén f, MPa 500 390
Bién dang déo g %o 1,8 1,8
M6 dun dan hdi £ GPa 200 200

Chu thich: cac thong s6 khong thi nghiém dwoc st dung két qua do
nha san xuat cung cap.

3. Chuong trinh thi nghiém
3.1. Mdu thi nghi¢m

Hai dam lién hop thép - bé tong sir dung lién két khang
cit dang perfobond dugc ky hiéu 1a CB1 va CB2. Chi tiét
dam theo phuong doc va tiét dién ngang dugc thé hién & hinh
1, trong d6 s khoang cach giira cac 15 lién két trong dam
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g ]

Thép thanh trong
ban bé téong

Thep thanh trong
16 perfobond

Hinh 2. Thép thanh dwoc bé tri trong 16 perfobond va ban bé
tong.

Thép hinh tiét
dién T nguoc

Hinh 3. Cau tao cua thép hinh tiét dién T ngwoc va lién két
perfobond.
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3.2. Ldp ddt thi nghié¢m

Dam duoc thi nghiém c6 chiéu dai 4 m duoc dat trén 2
géi tua cach nhau 3,8 m, luc tac dung 1én dam truyén luc
tao ra hai lyc tap trung cho moé hinh thi nghiém dam 4 diém
ubn nhu ¢ hinh 4. Cac cam bién dang ké SG1, SG2, SG3
va SG4 duoc gin trén lién két khang cit perfobond tai vi tri
cach dau dam tuong tng 1a 560, 1280, 1650 va 2000 mm
(gitra dam) dé do bién dang cua lién két khang cat. Cac bién
dang ké SG5 va SG6 dugc gén vao mat trén va dudi cua ban
bé tong dé do bién dang ciia ban bé tong. Dé khao sat bién
dang cua dam thép, SG7 duoc ge“in vao mat dudi cua canh
trén dam thép, SG8 va SG9 dugc gan vao bung dam thép va
SG10 dugc gin vao mit dudi cia canh dudi dam thép. Hinh
5 minh hoa thyc té thi nghiém udn ctia dam lién hop véi cam
bién lyc c6 cap tai 1000 kN duoc str dung dé ghi nhan gia tri
tong luc udn tac dung 1én mau. Tat ca cac thiét bi duogc lip
dat, kiém tra va hiéu chinh trudc khi tién hanh thi nghiém.
Dit liéu thi nghiém duogc ghi nhan ty dong bé“mg hé may tinh
v6i tan suét 1 1an/giay.
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Hinh 4. So’ db thi nghiém dam 4 diém uén.

Hinh 5. Thi nghiém uén dam lién hop.

3.3. Quy trinh gia tdi

Thi nghiém udn cua dam dugc thuc hién véi quy trinh
gia tai da dugc huong dan theo Eurocode 4 [17], céac giai
doan gia tai dugc tién hanh nhu sau:

Giai doan 1: Tang tai tir 0 dén 40% P, v6i P 1 tai pha
hoai (1uqc tinh theo cong thirc cho b("yi' E(;4 [17], mGc do
lién két gia dinh 1a hoan toan, cac hé s6 diéu kién lam viéc
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ctia bé tong, thép hinh iy bang 1. Lap lai 2 1an viéc gia tai
trong giai doan nay.

Giai dogn 2: Tai dugc tang tai tir 10 dén 40% P . Viéc gia
tai nay duoc lap lai 25 1an voi muc dich khir cac bién dang
du trong thi nghiém. Vi vay, khi xir Iy két qua thu dugc, bién
dang trong giai doan 1 va 2 sé bi loai bo va khong dugc tinh
dén trong phan tich.

Giai dogn 3. Tang tai tir 10 dén 100% P va tiép tuc ting
tai cho dén khi dim bj pha hoai. Qué trinh gla tai thi nghiém
thé hién & hinh 6. Dit liéu do s& dugc luu lai mot cach lién
tuc trong sudt qua trinh thuc hién thi nghiém.
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Hinh 6. Quy trinh gia tai.
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4. Két qua thi nghiém va phan tich ng xi ciia dam

Bang 5 trinh bay két qua thi nghiém vé luc phé hoai,
bién dang tai mat trén va dudi ban bé tong, tai mat dudi cua
dam thép va cta perfobond tai vi tri gitta dam. Strc chiu tai
ctia ddm CB2 véi 22 10 lién két tang 27,5% so voi suc chiu
tai ciia dam CB1 véi 10 15 lién két.

Bang 5. Két qua thi nghiém.

Bién dang tai Bién dang tai Bién dang tai Bin dang cia litn két
Miu dim (l:N) mit trén cia bin  mét duoi cia ban it dudi ciacanh  khing et perfobond
bé tong (%) bé tong (%) dam thép (%) tai giita dam (%)
CBI 42879 1643 0,109 5574 0,130
(B2 6222 1,786 2,067 14370 0,004

): dat dwoc véi tai bang 550,8 kN, sau g|a tri nay bién dang ké bj dut
nén khéng thé nhan thém dwoc gia tri nao niva.

4.1. Bién dang trong dam lién hop

Bién dang cua dam lién hop dugc do boi cac bién dang
ké duogc gin trén bé tong 1a SG5 tai mat trén va SG6 ¢ mat
dudi cua ban bé tong. Céc bién dang ké SG7, SG8, SG9 va
SG10 duoc gin trén thép hinh nhu & hinh 4. Két qua nhan
dugc cho thiy, bién dang cta dim lién hop ting dan theo
cép tai, trong d6, mat trén cua ban bé téng cua dam CB1
chua dat dén bién dang gi6i han ciia bé tong va bién dang
mit trén ban bé tong cta dam CB2 dat 1,786%. tmg voi cap
tdi 550,8 kN (88,51% P ). Sau cAp tai nay, cam bién SG5 bi
dut nén khong thé nhan dugc cac gia tri bién dang tai mat
trén ban bé tong dim CB2 ké tir d6 (hinh 7 va 8). Puong
khéng (zero line) ciia 2 ddm déu ndm phia trén mat dudi ban
bé tong, déng nghia v&i viéc bién dang mat dudi cia ban bé
tong s€ chiu kéo.
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Hinh 7. Bién dang cta dam
CB1 qua tirng cép tai.

Hinh 8. Bién dang cta dam
CB2 qua tirng céap tai.

4.2. Bién dang ciia bin bé tong

Bién dang ctia ban bé tong dam CB1 va CB2 dugc khao
sat dua trén s6 liéu thu dugc tir bién dang ké SG5 va SG6
gan tai mat trén va dudi ban bé tong, két qua nay duoc biéu
din & hinh 9 va 10. Ca 2 dim c6 bién dang mat trén ban
bé tong 1a nén va bién dang mit dudi 1a kéo. Bién dang
mit trén ciia ban bé tong tmg voi tai phd hoai déu bé hon
giéi han bién dang nén cia bé tong C60 (& =2,082%o),
trong d6, bién dang nén tai mit trén ban bé tong dam CB2
la 1,786%o Trong khi do, bién dang & mat trén ban bé tong
trong dam CB1 chi 14 1,64%o. Hinh 11 so sanh bién dang cua
ban bé tong tai mat trén va dudi cua 2 dam CB1 va CB2.
O cung gia tri tai trong, bién dang mat trén ban bé tong ciia
dam CB2 nho hon CB1. Ung véi tai pha hoai ctia ddm CB1
(P =487,9 kN), bién dang tai mat trén ban bé tong dam CB2
1a 1,229%o, tirc 14 chi bang 74,8% so véi CBI1. Bién dang
mit dudi cia ban bé tong trong 2 dam khong chénh léch
nhiéu va déu la bién dang kéo. Cu thé, bién dang mit dudi
ban bé tong dam CB1 13 0,109%o, CB2 14 0,013%o, nhu vay
bién dang mat dudi cua ban bé tong dam CB2 bang 0,12%
so véi dam CB1. Bién dang mit dudi ciia ban bé tong dam
CB2 chuyén sang trang thai chiu kéo nhiéu hon so véi CB1.
Diéu nay c6 thé giai thich do kha ning khang cit cua lién
két perfobond trong dim CB2 cao hon so v6i CB1 da lam
cho ban bé tong kéo dai kha nang chiu nén, bé tong cham
pha hoai hon so voi CB1.
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Hinh 10. Bién dang tai mét
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TAP CHI

HOA HOC

ONG NGHE /It Nam 64(6) 6.2022

| Ky thudt dan dung: ky thuét kién tridc, ky thudt xdy dung...

700

600 S

500

400

Luc (kN)

—— S$G5-CB1
— = $G5-CB2
—— $G6-CB1
-== 8G6-CB2

300

200

100

Bién dang %o

Hinh 11. Bién dang tai mét trén va dwéi ctia ban bé téng dam
CB1 va CB2.

4.3. Bién dang ciia dam thép

Bién dang trong thép hinh ctia dam CB1 va CB2 duoc
khao sat thong qua cac bién dang ké SG7, SG8, SG9 va
SG10. Hinh 12 va 13 biéu din bién dang trong thép hinh tai
cac vi tri ctia bién dang ké. Bién dang cua thép hinh ting dan
theo su gia tang cua tai trong, ban dau bién dang van con
bé hon bién dang déo cua thép, sau d6 bién dang ting dan
tir thd chiu dudi cing va lan dan 1én phan bung thép hinh.
Hinh 14 trinh bay so sanh bién dang ctia thép hinh trong 2
dam tai cac vi tri bién dang ké SG7, SG8, SG9 va SG10.
Két qua cung cho thdy, tai vi tri gdn mat dudi ban bé tong
(SG7), bién dang ctia thép hinh trong dim CB1 hoan toan
chiu nén trong sudt qua trinh chiu tai, két qua nay chung to
do muc do lién két mot phan nén ddm CBI chua c6 dugc
mg x1r lién hop hoan toan. Trong khi do, tai vi tri nay, bién
dang thép hinh trong dam CB2 ban dau chiu nén, sau dé
chuyén sang trang thai chiu kéo khi cp tai bat dau 1on hon
500 kN va bién dang tai vi tri nay van bé hon bién dang déo
cua thép khi dam bj pha hoai. Diéu d6 cho thiy, vi tri nay
van con lam viéc trong giai doan dan hoi trong sudt qua
trinh chiu tai (hinh 14A). Hinh 14B cho thiy, bién dang ciia
thép hinh trong 2 dam CB1 va CB2 tai vi tri SG8 déu chiu
kéo, ciing mot muc tai tac dung bién dang trong thép hinh
tai vi tri nay trong dam CB1 bé hon CB2 va ca 2 dam déu
¢6 bién dang bé hon so véi bién dang déo cua thép. Tai vi
tri ndy, bién dang ctia thép hinh trong dam CB2 ciing bt
dau vuot qua bién dang déo ¢ mirc tai khoang 560 kN. Hinh
14C biéu dién bién dang cua thép hinh tai vi tri SG9. Tai vi
tri nay, bién dang trong thép hinh cua dim CB1 16n hon cia
CB2 khong déng ké va khi gan dat tai ti han cia dam CB1
thi bién dang tai vi tri nay cia 2 dam bt dau vuot qua bién
dang déo cua thép.

Tai vi tri diy dim (SG10), bién dang déo xuat hién véi
tai trong khoang 300 kN ddi voi dam CB1 va 480 kN d6i
v6i CB2. C6 thé thay, ving bién dang déo trong dim CB2
nhiéu hon ving bién dang déo trong CBI, gia trj bién dang
déo trong dam CB2 ciing 16n hon gié tri bién dang déo trong
CBI. Piéu nay duogc cho 1a do mirc do lién két khang cat
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(C) Bién dang tai SG9. (D) Bién dang tai SG10.

Hinh 14. So sanh bién dang cta thép hinh trong ddm CB1 va
CB2.

ctia dam CB2 16n hon so v6i CB1 nén c6 thé hinh thanh tmg
xtr udn déo tot hon, vi vay, stc chiu tai clia dam CB2 16n
hon CB1. Ung véi tai phé hoai cia ddm CB1, P =487,87
kN (=78,4% P_), bién dang tai mit duéi ctia canh dudi thép
hinh dam CB1 1a 5,574%o, CB2 1a 4,649%., ttc 1a bién dang
tai vi tri nay ciia thép hinh CB2 bang 83,4% so v6i CBI.
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4.4. Bién dang ciia perfobond

Hinh 15 biéu dién bién dang ctia perfobond tai vi tri giita
didm CB1 va CB2. Phan 16n trong sudt thoi gian chiu tai,
bién dang cua perfobond chu yéu chiu nén. Pén khi dam
gan bi pha hoai thi bién dang nay c6 xu hudng chiu kéo.
Diéu nay dugc cho 1 do dim bat ddu xuat hién vét nit, ban
bé tong bit diu mat dan kha niang chiu luc nén gia tri bién
dang cua perfobond bét dau d6i dau (tir nén sang kéo). Bién
dang ciia perfobond ting véi tai phd hoai ciia ddm CB1 va
CB2 lan lugt 14 0,13 va 0,004%o. Ung véi tai pha hoai dam
CBl, P, =487,87kN, bién dang ctia perfobond van con chiu
nén voi gia tri 1a -0,392%o.. Bién dang trong perfobond con
rat bé so voi bién dang déo cua thép. R& rang, dam lién hop
c6 mirc do lién két cao hon s& lam cho bé tong phia dudi
chua bi ntt nén dam thép va ban bé tong van con duy tri (g
xtr lién hop 1au hon so véi dam CB1.
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Hinh 15. Bié‘n dang cuia perfobond trong ddm CB1 va CB2 tai

vi tri gitra dam.
5. Két luan

Nghién ctru nay da phan tich anh huong cua mae do lién

két dén bién dang cta dam lién hop thép - bé tong sir dung
lién két khang cit dang perfobond. Két qua cho thiy, mirc
d6 lién két anh hudng dang ké dén bién dang ctia dam lién
hop. Lién két khang cit dang perfobond c6 mirc do lién két
cao hon s& cho bién dang trong ban bé tong, thép hinh va
perfobond bé hon, ddng thoi stic chiu tai ciing ting hon so
v6i dam c6 it 15 lién két perfebond hon, cu thé:

(1) Bién dang cta ban bé tong giam dang ké khi sd
luong 13 lién két tang. Tai thoi diém bi phd hoai, P =487,87
kN=78,4% P ,, bien dang cua mdt trén ban bé tong dam
CB2 bang 74,8% so voi bién dang ciia ban bé tong CBI;
bién dang mat dudi ciia ban bé tong CB2 bang 0,12% so v6i
bién dang mat dudi cua CB1.

(2) Bién dang trong thép hinh bé hon khi dam lién hop
¢6 s6 15 perfobond ting. Ung véi tai pha hoai cia dim CB1
(P, =487,87 kN=78,4% P ), bién dang tai mit duéi cia
canh dudi thép hinh dim CB2 bang 83,4% so voi bién dang



tai mat dudi CB1. Mat khac, v6i mac do lién két cao hon
s€ lam tang pham vi lam viéc déo cta thép hinh trong dam
lién hop.

(3) Bién dang trong lién két khang cit perfobond giam
khi murc d6 lién két tang. Tai vi tri gitta dAm, Gmg véi tai pha
hoai dim CBI (P,,=487,87 kN), bién dang ctia perfobond &
vi tri giltra dam trong CB2 van con chiu nén, trong khi bién
dang perfobond trong dim CB1 chiu kéo do mét phin bé
tong da bi nut.
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Nghién ciru, thiét ké robot thong minh
hinh dang giong ngwoi ho trg day hoc tiéng Anh

Lé Pinh Son", Hi Huy Hung, Nguyén Pinh Quin, Tran Vin An, Nguyén Thé Hung

Hoc vién Ky thudt Quan su, 236 Hoang Quéc Viét, phuong Cé Nhué 1, quan Bdc Tir Liém, Ha Ngi, Viét Nam
Ngay nhan bai 20/1/2022; ngay chuyén phan bién 24/1/2022; ngay nhan phan bién 14/2/2022; ngay chap nhan dang 18/2/2022

Tom tit:

Bai bao trinh bay két qua thlet ké hé thong co dién cho mgt robot thong minh hinh dang glong nguoi nhim h tro day hoc tleng
Anh. Robot ¢6 ngoai hinh gibng mot cau bé, cao khoang 1,2 m, niing 40 kg, gém phan thén trén voi 21 béc tu do (1 dau, 2 canh
tay, 2 ban tay, 1 khung long nguc) va 1 mo dun di dgng c6 3 banh xe da huo'ng H¢ thong diéu khién bao gom mot may tinh diéu
khién toan b9 hoat ddng ctia robot (tinh toan cac chuyen dong, nhan dang va dong b0 giong noi, nhan dang khudn mit, cir chi,
nhin ménh 1€nh tir trung tim glam sat, dleu khlen tir xa, thu nhn tin hi¢u tr cic microphone, camera, nhén va gu'l tin hiéu cho
bo diéu khlen mo dun di dong) va b dleu khlen phan than trén. Cac microphone, loa va camera dwgrc bo tri & dau va nguec clia
robot dé thue hién cdc chirc ning giao tlep bang giong néi, thu thap hinh dnh. Myt man hinh cim {ng dugc bo tri trudc nguce cua
robot cho phép robot cé thé twong tac voi nguoi va hién thi cac thong tin can thiét. Robot c6 kha nang giao tlep VOi nguoi bang
giong noi, thwe hién cac thao tac nhw chao héi, thé hién cdm xuc, biéu dién mia, hat, ing dung cho viéc h trg day hoc tleng Anh

trong truwdng tiéu hoc va ¢6 thé mé rong ding cho nhiéu \ing dung khac trong thuc té.

Tir khéa: robot day hoc tiéng Anh, robot hinh dang giong nguoi, robot thong minh.

Chi s6 phén logi: 2.2

1. Dét van dé

Hién tai, viéc ap dung cac ky thuat cong nghé cao cua cugc Cach
mang cong nghiép 1an thir 4 (CMCN 4.0) vio nhiéu linh vuc xi hoi da
mang lai nhimg loi ich to 16n, thiét thuc. Linh vye gido dyc dong vai
tro quan trong trong viéc gop phan xdy dung nén tang nhéan lyc cho cac
nganh nghé khéc. Thoi glan qua, nhiéu giai phap khoa hoc va cong nghé
da dugc ung dung trong gido duc thong minh nhu: cong nghé thong tin,
md hinh hoa, md phong... Trén thé giéi, & cac nude nhu My, Nhat Ban,
Han Qudc, Thuy S§, cac robot thong minh, hinh dang gidng nguoi di
duoc dua vao day ngon ngi tai céc trudng mAu gido va tiéu hoc. Cac
nghién ctru chi ra viée img dung robot trong ho trg day ngon ngir di dem
lai hiu qua cao, gitp hoc sinh phat trién cac ky nang ngon ngi nhanh
hon rat nhiéu [1]. O nudc ta, viéc ap dung cac robot thong minh gibng
nguoi vao day hoc tleng Anh cho hoc sinh tiéu hoc con han ché. Vi véy,
viéc dua robot vao ho tro giang day tiéng Anh s¢ gop phan nang cao chit
lwgng day va hoc tiéng Anh cho hoc sinh tiéu hoc.

Mot trong cc linh vue phat trién ciia CMCN 4.0 14 inh vue robot.
Robot phuc vu ngdy cang dugc (mg dung phd bién, chang ¢o thé tuong
tic, song chung va phuc vu con ngudi trong mét s6 hoat dong, mot so
cong vice cua doi song xa hoi. Theo Hi¢p hoi robot thé €161, robot phuc
vu duoc phan loai thanh loai phuc vu ca nhan va chuyén dung. Robot
phuc vu ca nhén str dung cho muc dich phi thuong mai, cac ung dung ca
nhan nhu: 1am viéc nha, chim s6c ngudi tan tat va nguoi gia, hd tro phuc
héi chirc ning, hd tro di chuyén Loai robot phuc vu chuyén dung dugc
dung cho myc dich thuong mai, lam viéc trong cic mdi truong déc biét,
nhu robot phuc vu trong cdc vién bao tang, trung tam trién 1am, xir Iy cac
sur cd trong cac nha may di¢n hat nhan...

Robot phuc vy thong minh hinh dang gi(f)ng ngudi, ¢o thé thye hién
mot s0 chire nang nhu con ngudi 1a san pham tich hop cua nhiéu linh
vuc k¥ thuat cong nghé cao, bao gom: co khi, dién, dién tir, tw dong hoa,

“Tac gia lién hé: Email: sonld@mta.edu.vn
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xu ly tin higu, 18p trinh nhing, quan tri co so dit li¢u, tri tu¢ nhan tao...
Vi vdy, vicc nghién clru, thiét ké, ché tao mot robot thong minh c6 hinh
dang giong ngudi, l'rng dung hd tro day hoc tiéng Anh c6 ¥ nghia lon
trong viéc lam chu cac k thuat cong ngh¢ cao, tao ra mot nén tang vé
hé thong diéu khlen hé théng phan mém twong tac tw nhién, gop phan
thiic day su phat trién, (mg dung ctia nganh cong nghé thong tin va thiét
ké, ché tao robot.

Bai béo trinh bay viée thiét ké mot robot thong minh, hinh dang
gibng ngudi thude dé tai khoa hoc va cong ngh¢ cap quéc giama s6 KC-
4.0.04/19-25, voi myc tiéu robot ¢6 thé hd trg day hoc tiéng Anh trong
trudng tiéu hoc.

2. Doi tuong va phuong phap nghién ciiu

Tinh todn, thiét ké robot thong minh hinh dang giéng ngudi ding
hd tro giang day tiéng Anh trong trudng tiéu hoc dua trén co s& nghién
clru, tich hop cac kién thirc tir céc linh vuc khoa hoc khac nhau. Trudc
hét, nghién ciru vé gido duc tiéng Anh tiéu hoc, tim sinh Iy tré em tiéu
hoc, chuong trinh tiéng Anh cia Bo Gido duc va Pio tao, cac hoat dong
day va hoc tleng Anh trong 16p hoc, nhimg giai phap dé nang cao chat
lu’ong day hoc tiéng Anh. Tlep dén nghién ctru, g dung, phat trién khoa
hoc va cong nghé thiét k&, ché tao robot, tir d6 dua ra céc phuong phap,
cong cu, chuong trinh, kich ban sir dung robot hd trg day va hoc tleng
Anh cho gido vién va hoc sinh nham nang cao chét luong hoc ngoai ngir
cua hoc sinh.

Robot thong minh hinh dang giong nguoi da va dang dugc nghién
clru, phat trién nhim dua vao phuc vu con ngudi trong doi song hang
ngay ¢ nhiéu linh vuc khéc nhau. Cac robot nay dugc thiét ké da dang
theo mtrc d9 tinh vi, phirc tap va dg thong minh khac nhau. Céc loai robot
¢6 hinh déng hoan toan giong ngudi, di chuyén bang 2 chan d dugc
nghién ctu va ché tao nhu: ASIMO [2], NAO [3], HPR-4C [4]... Ban
thiét ké hé théng robot ASIMO dugc thé hién nhu 6 hinh 1.
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Abstract:

This article presents the design of the mechatronic system for
an intelligent humanoid robot, which is employed for teaching
the English language. The robot’s appearance looks like a boy,
at 1.2 m tall and 40 kg weight. The robot consists of an upper-
body with 21 degrees of freedom, a head, two arms, two hands,
a ribcage; and a mobile platform with three omnidirectional
wheels. The control system consists of a computer that controls
the entire operation of the robot, including motion planning,
voice recognition and synchronization, face recognition,
gestures, receiving commands from the remote control and
monitoring station, receiving signals from microphones,
cameras, receiving and sending signals to the mobile module
controller and the upper body controller. Microphones,
speakers and cameras are located at the head and chest of the
robot to perform voice communication and image acquisition
functions. A touch screen is arranged in front of the robot’s
chest allowing the robot to interact with people and display
the necessary information. The robot can communicate
with people by voice, perform operations such as greetings,
expressing emotions, performing dances, singing, applications
for supporting English language teaching in primary schools
and has extensible for many other practical applications.

Keywords: English teaching robot, humanoid robot, intelligent
service robot.

Classification number: 2.2
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Hinh 1. Thiét ké hé thdng ctia robot ASIMO [2].
PK: diéu khién.
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Bén canh do, cc loai robot hinh déng gidng ngudi nhung ¢6
thiét ké di chuyén nho mo dun di chuyén dang cac banh xe nhu
Twendy-One [5], Pepper [6], Armar [7], Aila [8]... Thiét ké tong
thé robot Twendy-One duoc thé hién nhu ¢ hinh 2. Hé théng co
dién ctia cac robot thong minh hinh déng giéng nguoi rat phic tap,
do chung thuong c6 mdt lugng 1on cac bac tu do ¢ cac bd phan
khac nhau, dong thoi mat do thiét ké cua cac thiét bi rat cao. Cac
thiét bi bao gém céc co chu chép hanh, cam bién, mach diéu khién,
truyén thong, may tinh xir Iy cac thuat toan nhan dang moéi truong,
con nguoi, am thanh va hinh anh.

2 CCD camera

¢ e
- led xung quanh

Led hién thi

Cinh tay ( i
Thictrdon Y | Cic cam bién
Reity 2 .
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4 64 binh Omni

Hinh 2. Thiét ké hé thoéng cta robot Twendy-One [5].

Thong s6 ki thudt ciia hé thong robot Twendy-One dugc thé
hién ¢ bang 1.

Bang 1. Théng s6 ky thuat cta hé théng robot Twendy-One.

Gia tri
Téng s6 bac tu do 47 + cac banh di dong Omni
Tay 14 [dof] (7x2)

Tén thong s6

Ban tay 26 [dof] (13x2)

ch 3 [dof]

Bung 4 [dof]

Co céu di chuyén 4 banh da huéng Omni
Khéi luong 111 kg

Téng 13 cam bién (4 & mdi tay, 1 & mdi cb tay, 1
& dau, 1 & bung, 1 & dé)

Téng 562 diém (241 diém mdi ban tay, 54 diém
mdi tay, 26 diém & bung)

Cam bién Iyc 6 truc

Cam bién tiép xuc

Camera 2 céi

Cam bién siéu am 12 c4i xung quanh dé
0,75 m/s
34 kg

7 b (Pentium M 1,8 GHz)

Téc d6 di chuyén

Tai 16n nhat & 2 cb tay
S6 b diéu khién

Trong pham vi nghién ctru, cu tric cia robot dugc chon dé
thiét ké 1a dang robot hinh déng gidng ngudi nhu phan déu, cd,
than, 2 cnh tay, 2 ban tay va mot mo dun di chuyén bang cac banh
xe da hudng.

3. Noi dung nghién ciiu
3.1. Thiét ké hé théong co dién ciia robot

Kich thudc va hinh dang clia cac b phan trén robot dugc thiét
ké dua trén ty 18 va kich thudc giai phau cia co thé nguoi, co hiéu
chinh cho phu hop véi robot. 0 ph?m than trén, cac bac tu do cua
robot dugc lya chon va tinh toan dé dam bao robot ¢6 thé thao tac,
biéu dién gin gidng voi hoat dong cua con ngudi. O phan than
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dudi, m6 dun di dong dang banh da huéng dugc chon dé dam bao
kha nang di chuyén linh hoat trén nén phang ¢ khong gian hep
trong nha.

Thiét ké robot dam bdo hai hoa va cén bing gita chirc nang,
hinh dang, cong suit, trong lugng, kha nang ché tao cua robot.
Phan than trén cua robot gom dau va cac canh tay c6 du sé béc tu
do dé dam bao thao tac, biéu dat, bleu dién trong cac hoat dong ho
trg day hoc tiéng Anh. Phin di chuyén dam bao linh hoat, c6 kha
nang phat hién va tranh cac chudng ngai vét. Robot dugc tich hop
cac thiét bj va cam bién dé c6 thé tuong tac voi con nguoi bing
giong ndi, hinh anh, dap mg cic yéu cau trong hd tro gidng day
tiéng Anh cho tré em mot cach hiéu qua. Trong qué trinh lam viéc,
robot ¢ tuong tac voi ngudi nén ching dugc thiét ké dé dam bao
an toan cho nguoi sir dung. Robot ¢6 cac cam bién dé tranh va
cham v6i ngudi, cic bo phan ciia robot dugc thiét ké dé khong gay
nguy hiém cho ngudi sir dung. Ngoai ra, robot dugc thiét ké theo
mo dun héa dé dé dang thay thé, phat trién, ning cap cac thiét bj va
tinh nang ma khong can thiét ké ché tao lai nhiu bd phan.

Thiét ké tong thé robot: Hoc sinh tiéu hoc ¢6 do tudi tir 6 dén
11, chiéu cao trung binh tir 110 dén 150 cm, cén nang tur 20 dén
42 kg. Do vay, kich thudc va hinh dang bén ngoai cua robot dugc
tinh toan, thiét ké twong duong véi kich thudc va hinh dang ciia
hoc sinh tiéu hoc nhim dam béao su phu hop va than thién khi robot
twong tac v6i hoc sinh. Ngoai ra, tim 1y hoc sinh tiéu hoc 13 to mo,
hiéu dong, kha nang tap trung hoc tap khong cao nén thiét ké robot
dam bao duoc su hép dan va an toan.

Robot dugc thiét ké co ngoai hinh gidng mot cdu bé, cao
khoang 1,2 m, khéi 1u’0ng khoang 40 kg. Robot bao gdm phan
than trén glong nguoi va than dudi 1a mot mo dun di dong. Phan
than trén co tong cong 21 bac tu do, bao gom 1 than trén; 2 canh
tay, mdi canh tay ¢6 6 bac tu do; 2 ban tay, mdi ban tay ¢ 3 bac tu
do: 1 dAu c6 3 bac tu do. M6 dun di dong c6 3 banh xe da hudng
aé robot ¢6 thé di chuyén tyr do trén mat phing nim ngang. Thiét
ké t6ng thé cua robot dugc thé hién & hinh 3.
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Hinh 3. Thiét ké tdng thé cha robot.

Céc thiét bj ¢ khéi lwgng 16n hau hét duoc b tri ¢ san mo dun
di chuyén dé trong tdm ctia robot & vi tri thap nhat c6 thé, dam bao
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sy on dinh khi di chuyén. Phan khung két cdu chinh ctia robot dugc
thiét ké bang nhom hop kim, ¢6 khoét 16 dé giam khoi lugng. Cac
chi tiét ngoai hinh, vo dugc thiét ké dé c6 thé ché tao béng cong
nghé in 3D.

Thiét ké phan than dwdi va mé dun di chuyén cia robot: Mo
dun di dong cho phép robot di chuyén twong tac voi méi truong va
con nguoi. Tinh linh hoat di dong cua m6 dun di dong phu thudc
vao loai banh xe va viée b tri cac banh xe. Cac mé dun di dong co
thé sir dung cac banh xe da huéng (nhu mecanum, omni) dé c6 thé
di chuyén theo bt ky huéng nao ma robot khong phai thuc hién lai
quay vong nhu v6i cac banh xe thong thuong. Cac m6 dun di dong
dung banh da huéng thuong duge st dung dé tang cuong kha nang
di dong trong nha cta robot.

Mo dun di dong cta robot dugc thiét ké ¢6 3 banh da hudng,
duoc din dong boi 3 dong co DC servo ¢ gin vai cac hop giam
toc hanh tinh, nho cac banh da huéng ma robot co thé di chuyén
linh hoat theo cic hudng khac nhau. Nguon va cc mach diéu
khién cuia mo dun di chuyén duoc b tri bén trong dé cia mo dun
di chuyén. Dé 1ap ban d6 duong di, tranh chudng ngai vit, dam bao
an toan tranh va cham, xung quanh mé dun di chuyen dugc trang
bi céc cam bién quét lade, hong ngoai, siéu dm va tiép xac (hinh 4).

Hinh 4. Thiét ké phan than dw&i va mé dun di chuyén.

Thiét ké phan dau robot: Dau robot dugc thiét ké tao hinh véi
du cac by phan nhu: mat, mii, miéng, tai. Doi mat 1 tim diém cua
khuon mat, thé hién nhiing thong diép va biéu cam quan trong.
Mit robot dugc thiét ké voi cac dén LED, ¢ thé thay doi hinh anh
hién thi theo trang thai biéu cam cua con nguoi. Cac camera duge
b4 tri bén trong cic mit ciia robot tai cac vi tri quan sat giong nhur
mat nguoi. bé léy tin hi¢u am thanh phuc vu cho viéc nhan dang
va déng bo giong nodi, mdt mach cac microphone dinh hudng am
thanh dugc b tri trong dau ciia robot. Ngoai ra, thiét ké con danh
khong gian trong dau robot dé o thé b tri cac thiét bj nang cap
thém khi can thiét. Thiét ké phan dau robot hinh dang giéng ngudi
duoc thé hién & hinh 5.

Hinh 5. Thiét ké dau robot.
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Diu cua robot ¢ 3 bac tu do. Trong do, bac tu dq tht nhat cho
phép hién thue hoa cac cur dong xoay quanh truc c6 va quan sat
xung quanh dé mo rong tim nhin; bac ty do thur hai cho phép robot
c6 thé ngang va gat dau, nhin Ién va nhin xudng; bac tw do thi ba
cho phép dau robot ¢ thé lac sang trai va phai.

Thiét ké phan than trén ciia robot: Khung két cau phan than
trén c6 dang hinh chit nhét duoc ge‘in chic chdn vao tdm eo trén,
cac bd phan khac nhu canh tay, dau, cac thiét bi dién diéu khién
duoc lip trén khung nay. Phan nguc bao gdm man hinh trong tac
duoc bo tri ¢ trude ngyc dé hién thi cac thong tin trang thai cua
robot va cac thong tin gitip cho viée tuong tic voi con nguoi. My
tinh didu khién trung tam, mach ngudn, hién thi ngudn, quat tin
nhit, loa, nit dimg khan cép cung duge b6 tri & trong nguc va
bung cta robot. Dé phat hién cac dbi trong, cic cam bién siéu am
duogc dat tai nguc va bung cua robot (hinh 6).

Hinh 6. Thiét ké phan than trén.

Thiét ké canh tay robot: Canh tay la mot trong nhitng bo phén
quan trong nhét trong thiét ké robot thong minh hinh déng giong
ngudi, s6 bac ty do cua canh tay quyét dinh tinh linh hoat cta no.
bé dép tng kha nang hoat dong trong khong gian thao tac, canh
tay can c6 6 bac tu do. Thiét ké canh tay can dam bao khdi luong
nho, md men quan tinh thap va do cimg cao. Do véy, két cau cia
céanh tay robot chu yéu duogc lam b?lng vt liéu ¢ khéi luong nhe,
d6 bén dam bao. Trong 6 bac ty do cia mdt canh tay robot c6 3
bac tu do ¢ khdp ba vai, 1 bac ty do khdp khuyu tay va 2 bac tu
do ¢ khdp ) tay. Mdi bac ty do duoc dan dong boi mot dong co
DC servo. Viéc tinh toan mo men cac dong co duoc tién hanh dya
vao viée tinh cac thong s dong luc hoc nhu md men quan tinh cia
cac khop, vi tri khoi tam thong qua phan mém thiét ké, két hop v6i
téc; d6 quay 16n nhét cia cic khop. Thiét ké canh tay robot dugc
thé hién 6 hinh 7.
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Hinh 7. Thiét ké canh tay robot.

Thiét ké ban tay robot: Ban tay robot giong ban tay ngudi a
mot trong nhitng bo phan co thict ke khé va phirc tap. P9 linh hoat
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ctia ban tay cang cao thi d9 phrc tap cang 1on. Trong ban thiét ké,
céc ban tay cua robot dugc thiét ké c6 3 bac tu do, gém 1 béc tu do
O ngon cdi va 2 bac tu do 6 cac khop trén cdc ngon cua ban tay. Ban
tay robot duoc thiét ké don gian hoa bang cach cho cic ngén nho
chum lai. Vi thiét ké nay, ban tay robot c6 thé dong mé, thuc hién
cac thao tic don gian nhu co, dudi, cam, nam (hinh 8).

Hinh 8. Thiét ké ban tay robot.
3.2. Thiét ké hé thong diéu khién ciia robot

Robot thong minh giéng ngudi bao gdm nhiéu bd phan nhw mé
dun di chuyén, céc canh tay, ban tay, ¢o... Hé thong diéu khién cua
robot 1a mot hé thong co tinh phirc tap, tich hop cao, doi hoi phai
dat dugc nhiéu tiéu chi k¥ thuat dong thoi nhu: dam bao tich hop
hé thong cdc may tinh nhung dam nhiém viéc giao tiép bang t1eng
néi, xr Iy anh két hgp voi hanh dong; diéu khién dugc moi chuyén
dong ctia mot hé thong ¢6 nhidu dong co dan dong khac nhau; xir
1y duogc tit ca céc tin hiu khac nhau tir cac cam bién; dam bao sy
truyén thong giao tiép nhanh va chinh xac, kha ning ké thira va
phat trién, dong thoi phai gon nhe va an toan.

Hinh 9 mb ta thiét ké so bo cua hé théng didu khién trén robot
bao gom 1 méy tinh c6 chirc ning diéu khién toan b hoat dong cua
robot nhu tinh toan céc chuyén dong cho cac bd phan ciia robot, xir
ly tuong tac tiéng noi, nhan dang hinh anh, nhan ménh Iénh tr by
diéu khién tir xa, thu nhén tin hiéu tir cac microphone, cameara va
thong qua giao tiép TCPROS/UDPROS nhan va gui tin hiéu didu
khién cho bo diéu khién phan than trén va dudi.
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Bo diéu khién phan than dudi gbm mot may tinh dam nhiém
viée diéu khién mo dun di dong, bao gom viéc nhan va xu ly dir
liéu tir cac cam bién quét lade, dinh vi, dinh hudng, cam bién an
toan phat hién chudng ngai vat, dong thoi didu khién cac dong co
DC servo dan dong & cac banh xe thong qua céc drivers. B9 diéu
khién phan than trén dam nhan viéc diéu khién phan than trén ctia
robot, bao gom viéc nhan va xu 1y tin hiu tir cac cam bién phat
hién chudng ngai vat ¢ nguc va bung cia robot, cac cam bién can
bang, tiép xtc; diéu khién 21 dong co & cac canh tay, ban tay va co
ciia robot, ddng thoi hién thi céc trang thai cuia robot. Robot con co
cac microphone, loa va camera dugc b6 tri ¢ dau va nguc dé thuce
hién cac chire ning giao tiép bang tiéng néi, thu thap va xir Iy hinh
anh. Céc thiét bi nay duoc két ndi v6i may tinh chu trén nguc ciia
robot. Mot man hinh cam (mg dugc b4 tri trude nguc cua robot
dé hién thi phan mém giao tiép, diéu khién, twong tac gitta nguoi
va robot, cling nhur cac trang thai cua robot. HE thong diéu khién
ngoai robot bao gdm mot tram méy tinh diéu hanh, giam sat va mot
b tay cam diéu khién tir xa. Hé thong ngudn dién cua robot ¢6 thé
cung cp ning lugng cho robot hoat dong lién tuc trong it nhat 6
tiéng ddng hd, c6 kha nang tu bao vé ngat ngudn khi xay ra cac su
c6 dé dam bao an toan.

3.3. Sin phim nghién ciru

) Phién ban robot duoc thiét ké trong bai béo di dugc ché tao,
lap rap va thu nghiém. Céc thong s0 ky thuat quan trong cua robot
dugc thé hién ¢ bang 2.

Bang 2. Thong s6 k§ thuat cta robot.

Théng sb Gia tri Don vi tinh
Kich thudc robot (rgng x siu x cao) 520x480x1260 mm

Trong lugng 40 kg

Piu (3 béc tu do) 1 cai

Canh tay (6 bac tu do) 2 cai

Ban tay (3 bac tu do) 2 cai

Mb dun di chuyén 1 Mo dun
Banh Omni 3 banh

Téc d6 di chuyén 16n nhit 0,5 m/s

Ngudn dién 24 vDC

Trong qua trinh thir nghiém, h¢ thong co, dién, diéu khién cua
robot hoat dong 6n dinh, dap umg dugc cac chue nang va yéu ciu
co ban d& ra. Hinh 10 thé hién hinh anh viéc thu nghiém robot
tuong tac tiéng Anh véi tré em.

4. Két luan

Bii bao di trinh bay viéc tinh toan, thiét ké chi tiét hé thong
co dién cuia robot thong minh c6 hinh dang giong nguoi, tmg dung
cho viéc day hoc tiéng Anh cho hoc sinh tiéu hoc. Robot dugc thiét
ké c6 hinh dang giong mot cdu b¢, dam bao kha nang di chuyen
thuc hi¢n cac thao tac glong con nguoi. Thiét ké da tich hop day
du phan cung cua hé thong dién, diéu khién, hé thong cam bién,
truyén thong. Nghién ctru ddm bdo viéc thiét ké, ché tao, mo dun
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Hinh 10. Thr nghiém robot tu’o'ng tac voi tré em bang tiéng
Anh.

hoa, tir @6 cho phép nang cép, phat trién san pham theo cic dinh
hudéng ung dung khac nhau.

Mot trong nhitng hudng tiép theo d6 1a thiét ké, ché tao dé ting
céc tinh ning cua robot. Khdp hong va eo ctia robot duge thém céc
bac ty do, cho phép robot co thé chi ngudi, di chuyén phan than
trén linh hoat hon.
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Ham lwong, sw bién thién va moi twong quan t6i phwong tién giao thong
co' gioi dwong bo ctia PAHS trong bui mat dwong ¢ Ha Noi
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2Phong Thi Nghiém Trong diém cong nghé phdan tich phuc vu kiém dinh chat lwong moi truong va an toan thuc phtfm, Truong Dai hoc Khoa hoc Tw nhién, Dai
hoc Qudc gia Ha Ngi, 334 Nguyén Trdi, phuong Thanh Xudn Trung, qudn Thanh Xudn, Ha Ngi, Viét Nam

Ngay nhén bai 14/6/2021; ngay chuyén phéan bién 27/5/2021; ngay nhan phan bién 30/6/2021; ngay chip nhan diang 8/7/2021

Tom tiit:

Trong bui mét dwong tai Ha Noi (n=27), trung | binh t(;ng ham lweng 16 hgp chit hydrocacbon thom da vong (PAHs) la
1.226 ng/g, nam trong khoing 532-2.276 ng/g. Tong do doc TEQ,,, cia 16 PAHs trung binh la 121,58 ng/g, dao dong trong
khodng 35,36-322,22 ng/g. Trong 16 PAHs, cac hop chit chiém ty le cao nhit lin lwgt 1a Pyr (16,4%)>BbF (14,0%)~Fluth
(14,0%)>BghiP (12,3%)>Phe (7,9%), nhung BaP déng gép dén 52,6% nong do doc, tlep dén 13 DahA (15,9%) va BKF (14,2%).
Trong cic mAu bui mit dwong & Ha Noi, ty 1¢ cac PAHs dic trung nhu: Fluth/Fluth+Pyr 12 0,46+0,04; 60% gia tri BaA/Chr
trong khoang 0,27-0,49 va IcdP/BghiP 0,40+0,11 cho thay, cic nhém chit trong bui c6 nguon goc chinh tir cic phuong tién co
gi6i c6 dong co st dung nhién li¢u. Ham lwgng PAHS trong bui mit duwong pho cia Ha Noi trong nhirng nim vira qua c6 chiéu
hudng giam (khodng 10%) mac du lwgng xe c§ tham gia giao thong ting. Pitu nay cho thay, thanh pho Ha Noi quan ly cic
phuong tién co gii va giao thong dwong bd c6 xu hwéng tot hon, giam lugng khi 6 nhiém phat thai ra méi trwomg nhw PAHs.

Tir khéa: bui mat dwong, Ha Noi, PAHs.
Chi 56 phin loai: 2.4

1. Dt van de

Bui mit dudng 14 hon hop céc hat rén thudc nhidu nguén khac
nhau (nhu dat, cét...), tir cac cong trinh xy dung, do sy mai mon
mat duong va phanh xe; sy lang dong khong khi kho va uét; manh
vun cta thyc vét va nhiéu nguon khac tir hoat dong cong nghlep,
néng nghiép. Bui dudng, dac biét 1a bui do thi, chira nhiéu chat 6
nhiém hitu co nhu PAHs, hydrocacbon du mo... dugc phat thai
tir cac phuong tién giao thong va thyc tién hoat dong duong bo
[1]. PAHs 1a nhom chit ¢6 chita s6 vong benzene lién hop trong
phan tir tir 2 vong tré 18n, duoc biét dén 1a nhom chat 6 nhiém lau
dai, phat thai khong cha dinh, c6 kha ning gdy ung thu... [2]. T6
chirc bao vé méi truong My (US EPA) di liét ké 16 nhom chit
PAHs pho bién trong méi truong va thuong dugc quan tric theo
doi. Trong d6, Benzo[a]Pyrene (BaP) la mot hop chat hydrocacbon
thom dién hinh ¢6 kha ning gdy ung thu va dugc xép vao nhom
1 (co do doc cao nhat trong cic hop chét trong PAHS), voi hé
s doc twong dwong (TEF) 14 1. Trong co thé, dudi tic dong cia
cac enzyme, PAHs bi chuyén hoa thanh céc hop chit PAHs-diol,
rdi tao thanh hop chat PAHs-diol epoxide. Chat nay phan tmg voi
nhom NH, cua axit amin trong phan tir ADN va tao nén ADN bi
161, tir 6 gy ra céc khdi u va dan dén ung thu [3].

PAHs 14 chét 6 nhiém khong mong mudn dugc tim thiy 6 nhiéu
noi trong moi truong do sy phat thai khong chu dinh tr ty nhién va
hoat dong cua con ngudi (chu yéu tir @6t nhién lidu hoa thach, sinh
khdi, rac thai va san xuat nhya duong. . ). Nhleu nghién ciru da xac
dinh PAHs trong bui trén duong c6 nguon gdc tir cac phuong tién
giao thong sir dung nhién liéu dau mo, 16p cua cic phuong tién co
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gi6i, 16p phu trén mit duong (nhya asphalt) va diu dong co bi rd
ri dugc tich liy vao bui dwong [1]. Cung véi d6, nhidu nghién ctru
danh gia ham luong PAHs trong bui dudng & mot sb tinh, thanh
phé mién Bic Viét Nam nhu: E.E. Mon va cs (2019) [4] tai Ha
Noi, Quang Ninh; L.H. Tuyen va cs (2014) [5] tai Ha N¢i, Hung
Yén; H.Q. Anh va cs (2019) [6-8] tai Ha Noi, Thai Nguyén, Hai
Phong, Bic Giang va Ha Nam da duoc thye hién. Céc tac gia da
dua ra mot brc tranh kha day @i vé ham luong, thanh phan, nguon
gbe ciing nhu nhing anh huong dén st khoe cua nguoi dan dbi
v6i nhom hop chat PAHs va alkyl-PAHs co trong bui duong tai
cac khu vuc do.

Ha N6i 1a mot thanh phd phat trién va qua trinh do thi hoa didn
ra nhanh chéng trong nhitng nim gan ddy da din dén nhiéu van
dé vé 6 nhiém méi truong. Chat luong moi truong khong khi ludn
trong tinh trang vuot ngudng cho phép tai mot s6 vi tri trong thanh
phd nim vira qua [9]. Pé dong gop vao viée quan 1y chat lugng
mdi truong cua thanh phé va cap nhat nhiing $0 liéu v& ham luong
PAHs trong bui duong nhitng nim gan day, nhom tac gia da tiép
tuc thu thap mau bui mit dudng cua Ha Noi va c6 nhitng danh gia
v& ham luong, su bién d6i va mdi trong quan t6i phuong tién giao
thong cta thanh pho.

2. Vat liéu va phuong phap nghién ciiu
2.1. Héa chit

Cac dung dich chuén dugc mua tr Hang Ehrenstorfer, LGC
(Puc) bao gom: PAH Mix 63 nong do 1.000 mg/ml pha trong
dung moi toluen gom 16 PAHs theo US EPA: naphthalene
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Abstract:

The average concentration of 16 PAHs in street dust in Hanoi
(n=27) was 1,226 ng/g, ranging from 532 to 2,276 ng/g. The
total toxic equivalent amount of 16 PAHs, in comparison with
BaP, TEQ, , was 121.58 ng/g on average and varried in a range
of 35.36 and 322.22 ng/g. Amongst 16 analysed PAHs, the most
abundant compounds were Pyr (16.4%)>BbF (14.0%)~Fluth
(14.0%)>BghiP (12.3%)>Phe (7.9%). However, BaP occupied
up to 52.6% of the toxic equivalent amount, followed by DahA
(15.9%) and BKF (14.2%). In Hanoi street dust, the ratios of
some special PAHs such as Fluth/Fluth+Pyr (0.46+0.04); BaA/
Chr in a range of 0.27-0.49 (occupied 60% of the dust sample
amount), and IcdP/BghiP (0.40+0.11), showed that the main
emission source of PAHs in Hanoi road dust was from traffic
vehicles using gasoline. The PAHs concentrations in street dust
in Hanoi tended to be reduced up to approximately 10% in
the observation for a few recent years despite the increasing
traffic vehicle volume of the city. That means the better traffic
vehicles and road management in Hanoi, the lesser emission of
toxic organic pollutants, especially PAHs, to the ambient air.

Keywords: Hanoi, PAHs, street dust.
Classification number: 2.4

(Nap), acenaphthylen (Acy), acenaphthen (Ace), fluoren (Flu),
phenanthren (Phe), anthracen (Ant), fluoranthen (Fluth), pyren
(Pyr), benzo[a]anthracen (BaA), chrysen (Chr), benzo[b]
fluoranthen (BbF), benzo[k]fluoranthen (BKF), BaP, indeno[1,2,3-
cd]pyren (IcdP), dibenz[a,h]anthracen (DahA), benzo[ghi]
perylen (BghiP); hon hop céc chat dong hanh SR-PAH Mix 33
¢d ndng d6 2.000 mg/ml gdm: naphthalen-d8, acenaphthylen-d10,
phenathren-d10, chrysen-d12, perylene-d12 trong toluen dé kiém
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sodt sy mat mét ciia timg mau; dung dich ndi chuén (IS) pyrene-d10
c6 nong d6 200 mg/ml trong isooctan. Cac hoa chat khac nhu:
dung méi diclometan (DCM), n-hexan, axeton va cyclohexan;
mudi NaCl, Na,SO, khan va silicagel 60 chat lugng phén tich (PA)
va sic ky (GC) cua Hang Merck (Drc).

2.2. Thu thip méu bui mdt dwong

Mau bui duoc lay trén cac truc dudng chinh trong thanh phd
Ha Noi. Tai cac vi tri thu mau, bui dwong duoc l'éiy b?mg choi quét
v6i dién tich 1 m2 cach 1é dudng 0,5 m. Mau bui (27 méiu) dugc
thu thap trong thang 8-9 nam 2019. Méu sau khi liy dwgc goi vao
gidy nhom sach va mang vé phong thi nghiém, sang qua rdy 0,5
mm dé loai dat, da va rac. Mau duoc luu trong tl lanh sau trude
khi phan tich. Danh sich mu va ban d6 timg vi tri thu thap mau
bui dugc thé hién ¢ bang 1.

Bang 1. Vi tri ldy mau bui tai Ha Nai.

TT  Diadiém Kyhiéu  Vidp Kinh dj

I VinMidu HNOL 21028429 105836225
2 Daihoc Quéc gia HaNoi - Xuan Thuy, Chu Gidy ~ HN-02  21.03668  105.785

3 BuudiénHaDong HN03 20973682 105.77876
4 CiuDifn HNO4 21041454 105762

5 Dudng Nguyén Van Cr (Gia Lam) HNOS 21053958 105887596
6 DénQuin Thanh HN-06 21043069 105836172
7 Truong Dai hoc Thing Long HN-07 20975331 105.815531
§  Hoang Qubc Vit - Budi HN0S 21046692 105806223
9 NgituMaiDich HN-09 21035886 105780655
10 Congty C6 phn bong dén phich mude Rang Pong ~ HN-10 20.98906 105.808504
11 Truong Dai hoe Lugt Ha Noi HN-11 21021831 105.809491
12 Quiclys HN-2 21017306 105944082
13 Gim chuvuot quéc 19 5 - quic 19 1 HN-13 21024749 105.929278
14 Nit giao quéc 19 5 - quic 19 1 HN-14 21024299 105.92998
15 Congvién Hoa Binh HN-I5 2106431 105.786318
16 NgituSo HN-16 21002306 105.819179
17 Bénxe Nubc Ngim HN-17 20965761 105842307
18 Vongxoay Lé Quang Dao HN-18 21.010591 105.772973
19 ChuVinDién HN-19 20951682 105844

20 Ngitr Keangnam HN-20 21017712 105.783182
21 Nam chu Vinh Tuy HN21 2099967 105871117
22 NgituVong HN-2 2099713 105841365
23 NgituTrau Quy HN-23 21021181 105937888
24 ChuGidy HN-24 21030604 105.800617
25 Nam ciu Chuong Duong HN-2S 21036961 105.853641
26 Duong Thanh Nién HN-26 21047727 105837433
27 CiuThanh T HN-27 20981472 105891255

2.3. Xir Iy méu

Mau bui duge xur Iy trude khi phan tich trén thiét bi sic ky.
Mau (1 g) dugc cho vao chai thuy tinh ¢4 nip véi dung tich 100
ml 5 g mubi Na, SO, khan va 50 pl héon hop chat dong hanh Mix
33 nong d6 2 ppm duoc thém vao lo c6 chira mau bui. Mau duogc
chiét voi 40 ml DCM bang méy lic trong 1 gio. Phan dich chiét
duoc phan tach véi mau bang may ly tim trong 5 phit & toc do
1.500 vong/phut. Phan dich phia trén dugc gan va loc qua 16p mudi
Na,SO, khan vao binh cau 250 ml. Phan cin bén dudi duogc chiét
tlep 2 1an véi 40 ml DCM nhu trén. Dich chiét cua 3 1an duoc gop
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lai trong binh cdu 250 ml, thém 20 ml dung méi n-hexan va c6 vé
khoang 2 ml bang thiét bi c6 quay chan khong. Dich chiét dugc
lam sach trén cot silica gel 1,5 g va PAHs dugc rira gidi bing 15
ml hdn hop dung moi DCM:n-hexan véi ty 16 1/9 vé thé tich. Dich
rua giai cudi cung duge 6 can xudng du6i 1 ml bang khi nito,
thém chét ndi chuan pyren-d10 va dinh mtrc 1 ml bang dung méi
n-hexan trude khi phan tich trén thiét bi GC.

2.4. Phén tich

16 PAHs trong nghién ctru nay duoc dinh tinh bdi thoi gian luu
va manh pho dic trung; dinh lugng bang phuong phap ndi chuin
voi pyrene-d10 trén thiét bi phan tich sac ky khi khdi phé GC/MS
2010 (Shimazu, Nhat Ban). Trong 16 PAHs, 5 chit dong hanh (SR)
va 1 chét ndi chuén (IS) duoc tach trén cot Rtx-5 (60 m x 0,25 mm
x 0,25 pm) cua Hang Restek (M¥). Diéu kién phén tich chi tiét cac
PAHs nay tuong ty nhu da dugc trinh bay trong nghién clu cla
N.T. Quynh va cs (2020) [10].

Kiém soét va dam bao chét lugng (Quality Assurance/Quality
Control: QA/QC): dé kiém soat chat lugng cua qua trinh phan tich,
chat dong hanh ludn dugc thém vao timg miu trude khi mau dugc
chuén bi. Mau tre‘ing, 1ap va thu hdi (thém chuén PAHs) ludn dugc
thuc hién trong mdi mé. Hiéu suat thu hoi dat 54-106% dbi véi
hdn hop chat dong hanh trong cdc miu that va 70-124% voi mau
thu hoi. Pudng chun c6 hé s6 trong quan R%>0,995 trong khoang
nong d9 1-200 ng/ml. Gidi han phét hién cua thiét bi d6i véi cac
PAHs 12 0,11-0,27 ng/ml. Gidi han phat hi¢n cta cac PAHs trong
mau bui tir 0,11 dén 0,27 ng/g.

3. Két qua va ban luan
3.1. Ham lwgng PAHs trong bui mat dwong tai Ha Nji

Ham Iugng cua 16 PAHs trong bui mat duong ciia Ha Noi
thu thap nam 2019 nam trong khoang 532-2.276 ng/g, trung binh
1a 1.226 ng/g (hinh 1). Hau hét, cac diém ldy mau (27 diém) tai
cac dudng phd voi mat do giao thong cao. Két qua phan tich ghi
nhan, ham lugng tong PAHs>2.000 ng/g ¢6 3 diém, 1.000-2.000
ng/g 17 diém va <1.000 ng/g c6 7 diém. Diém co ham luong
PAHs cao hon han cac diém khac 14 tai duong Thanh Nién trudc
d&n Quan Thanh (HN-06), nga tu Keangnam (HN-20), phé Ha
binh va trudc cira Cong ty C6 phan bong dén phich nudc Rang
Pong (HN-10). Mot sb diém c6 ham lugng PAHs phan tich
duogc trong bui mat duong thip nhat 14 gan cong vién, san vin
dong nhu: duong Xuan Dinh gin cong vién Hoa Binh (HN-15),
vong xoay Le Quang Dao gan san Van dong My Dinh. Ngoai trir
diém lay mau gan bén xe nude ngam (HN-17), nhin chung, ham
lugng tong PAHs trong bui chénh léch khoang 4 14n giita diém
¢6 ham luong thip nhit va diém ¢6 ham luong cao nhat. Sy phat
sinh va c6 mdt PAHs trong bui mit duong c6 thé dén tir nhiéu
ngudn khac nhau, nhung nhiéu nhat I tir cac phuong tién co gioi
tham gia giao thong (bao gdm khi thai va 16p bi mai mon), bé
mat duong, cach quan ly do thi (nhu quét don, hit bui hay rua
duong...). Tuy nhién, nhiéu nghién ctru dd khing dinh, nguon
phat thai chinh PAHs vao bui dudng 1a qua sy dét nhién liéu cua
dong co xdng va sy mai mon cua 16p xe [1, 4, 6].
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Hinh 1. Ham lwong tdng 16 PAHs trong bui mat dwéng tai cac
vi tri lay mau.

3.2. Danh gia dp doc twong dwong so voi BaP

Do doc cua mdi chit hoa hoc noi chung va PAHs noi riéng
tily thudc vao cdu tao hoa hoc ciia timg chét. Trong nhom hop
chét thom da vong thudng xuyén dugc theo doi, hop chat duoc
biét dén nhiéu vi co do doc cao va kha nang gay ung thu ¢ nguoi,
dong vat la BaP. BaP dugc xép vao loai chit co do doc cao nhét
v6i hé sb doc 1a 1. Pé uée luong mirc nguy hiém cua nhém chat
doc ddi voi cong déng, nguoi ta duya vao néng do6 chat do duoc
nhan voi hé s6 doc twong tmg khi so sanh voi chat doc nhit, ¢
day la BaP. I.C.T. Nisbet va cs (1992) [11] da dua ra cac TEF ing
v6i BaP va dugc thé gioi chép nhén dén nay dé uée lugng do doc
cta nhom chit PAHs trong cac ddi tuong mau moi truong va thuc
pham khac nhau. Bang 2 trinh bay ham luong va d¢ doc tvong
dwong so véi BaP ctia 16 PAHs trong 27 mau bui tai Ha Noi.

Bang 2. Ham lwong PAHs va dé doc twong dwong véi BaP

(TEQ,,;) trong bui mat dwong Ha Néi.
~ HamIwong TEQ,,, (ng/g) (n=27)
TT Hopchat trung binh TEF
(ng/g) (n=27) Trung binh ~ Min Max
1 Nap 19,7 0,001 0,02 0,00 0,05
2 Acy 12,0 0,001 0,01 0,00 0,03
3 Ace 8,2 0,001 0,01 0,00 0,03
4 Flu 12,8 0,001 0,01 0,00 0,04
5 Phe 96,9 0,001 0,10 0,02 0,29
6 Ant 12,2 0,01 0,12 0,01 0,49
7 Fluth 172,2 0,001 0,17 0,08 0,32
8 Pyr 201,5 0,001 0,20 0,09 0,46
9 BaA 59,8 0,1 5,98 1,89 13,31
10 Chr 111,5 0,01 1,11 0,49 2,43
11 BbF 172,8 0,1 17,28 5,55 34,37
12 BKF 57,3 0,1 5,73 1,44 15,71
13 BaP 64,0 1 64,00 19,40 139,72
14 IcdP 60,2 0,1 6,02 2,17 14,23
15 DahA 19,3 1 19,30 3,50 97,84
16  BghiP 151,4 0,01 1,51 0,72 2,90
Téng 1.231,8 121,58 35,36 322,22

Nhin chung, téng d6 doc TEQ, , cua 16 PAHs trong bui mit
duong tai Ha N¢i trung binh 1a 121,58 ng/g, dao dong trong
khoang 35,36-322,22 ng/g. Trong tong d6 doc cua 16 chit, BaP
déng gop dén 52,6% nong do doc, tiép dén 1a DahA 15,9% va
BbF 14,2%. Trong cac két qua nghién ctru truge ddy, trung binh
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tong TEQ,,, trong bui mat duong ¢ Ha Noi ciia Mon va cs (2019)
[4] (thu thap mau nam 2012, n=6) la 162 ng/g; L.H. Tuyen va cs
(2016) [12] (thu thap mau nam 2011, n=24) 1a 117 ng/g (6,5-546
ng/g); H.Q. Anh va cs (2019a) [6] (thu thap mAu ndm 2016, n=10)
trong khodng 81 dén 850 ng/g, v6i sw dong gop chu yéu cua BaP
va DahA. So sianh TEQ, , trong bui dudng ctiia mt s0 nude va
viing lanh tho trong khu Vuc nhu Dai Loan (173 ng/g), Myanmar
(42 va 43 ng/g ung voi Yangon va Pathein), Kumamoto, Nhat
Ban (31 ng/g) [4], Ha Nam, Trung Qudc (1.100 ng/g) [13], Bic
Kinh, Trung Qudc (90-1.330 ng/g) [14], mic TEQ, , trong bui
mat duong 6 Ha Noi trong nghién ctru nay cao hon cua Myanmar,
Nhat Ban, thép hon Dai Loan, Trung Quéc, va thép hon mtrc an
toan do T6 chirc méi truong Canada dua ra d6i v6i chat lugng dat
TEQ,,, 1a 600 ng/g [6, 14].

3.3. Sw phin bé cic PAHs trong bui mat dwong tai Ha Nji

16 PAHs trong 27 méau bui mat duong tai Ha Noi da dugc phan
tich va danh gia ty 1¢ phan tram ting don chat va theo s6 vong
thom trong phan tu. Két qua dugc biéu dién trong hinh 2. Trong 16
PAHs, céc chét chiém thanh phan cao nhat 1 Pyr (16,4%)>Fluth
(14,0%)~BbF (14,0%)>BghiP (12,3%)>Phe (7,9%). Cac PAHs
con lai déu chiém ty 1¢ trung binh rat nho c& 1% (Nap, Acy, Ace,
Flu, Ant va DahA) va 5% (BaA, BkF, BaP va IcdP). Ty 1€ cua cac
PAHSs hoi khac so voi cac nghién ctru trude do cua L.H. Tuyen va
cs (2014, 2016) [5, 12], H.Q. Anh va cs (2019a) [6], nhung chiém
thanh phan chinh vin la Pyr, Fluth, BbF, BghiP va Phe. Tinh theo
50 vong benzen trong phan tu, nhom PAHs c6 4 vong chiém ty
1& 16n nhét (44%), tiép dén l1a nhom PAHs ¢6 5 vong (26%) va 6
vong (17%) va thép hon ca 1a nhém ¢6 3 va 2 vong thom.

10
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Hinh 2. Ty Ié phan trdm tirng PAHs (A) va theo sé vong thom
(B) trong mau bui.

Nhiéu nghién ctru dua vao ty ¢ cac PAHs dac trung dé dua
ra ngudn goc PAHs c6 mit trong mau. Mot trong nhimg ty 18
PAHs thuong dung dé x4c dinh ngudn thai PAHs tir cac nhién
liéu d6t 1a Fluth/Fluth+Pyr [4, 6]. Ty 1é nay >0,5 cho thiy ngudn
phat thai tir dong co diesel, ty 18 <0,5 cho thay ngudn phat thai tir
dong co co st dung xang. Ty 1¢ Fluth/Fluth+Pyr trung binh trong
cac mau bui dudng ciia Ha Noi 1a 0 A6+0,04. S6 mau bui co ty
1¢ Fluth/Fluth+Pyr tr 0,4-0,5 1a 21 mau, trong khi 6 mau co gia
tri >0,5 dén 0,55. Két qua nay twong tu nhu nghién ctru vé bui
duong Ha N§i ndm 2012 va 2016 cua E.E. Mon va cs (2019) [4]
(0,47£0,03), H.Q. Anh va cs (2019a) [6] (0,46). Chung to, PAHs
trong bui dudng ciia Ha Noi c6 nguon gdc khong thay doi tir cac
phuong tién co gidi co sir dung xang 1a chi yéu. Ngoai ra, trong
nghién ctru cua T.T. Hien va H.V. An (2013) [15] st dung 2 ty
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s6 BaA/Chr va IcdP/BghiP dé xac dinh ngudn phat thai PAHs tir
dong co su dung xang hodc diesel. 60% gia tri BaA/Chr trong cac
mau bui duong tai Ha Noi trong khoang 0,27-0,49 biéu thi cho su
phat thai tr dong co st dung xang va 20% gia tri BaA/Chr trong
khoang 0,49-0,66 dac trung cho su phat thai tir dong co diesel. Ty
s0 IcdP/BghiP trong cac mau la 0,4%0,1 cho théy, cac PAHs sinh
ra tir dong co st dung nhién liéu 1a xang. Nhu vy, két qua nghién
ciru khing dinh thém ngudn gde PAHs trong bui mat duong tai Ha
Noi ¢co nguon gdc tir cac phuong tién giao thong sir dung xang la
chinh, tlep dén 1a dong co diesel va cic yéu t khac nhu sy mai
mon 16p xe, bé mat duong.

3.4. Sw bién thién PAHs trong bui mdt dwong tai Ha Npi

Ham luong PAHs trong bui mat duong ¢ Ha Noi ciia mot )
nam gén day duoc thé hién ¢ bang 3. Nhin chung, ham lugng
PAHs trong bui ndm 2019 cta nghién ciru thap hon so véi cac
nam tir 2011 dén 2016. Tong PAHs (gdm ca ankyl-PAHs) cao
nhét trong nghién ctru cia L.H. Tuyen va cs (2016) [12] (thu
thap mau nam 2012-2013) 1a 1.900 ng/g (gié tri trung binh ciia
23 PAHs, dao dong trong khoang 530-4.700 ng/g) va 1.756
ng/g (trung binh ciia 16 PAHs). Nam thu thap mau bui 2011,
2012 va 2016 cua céc tac gia L.H. Tuyen va cs (2014) [5], E.E
Mon va cs (2019) [4], H.Q. Anh va cs (2019b) [7] cho théy,
khoang nong do PAHs trong bui mit duong dao dong khac
nhau, nhung dudng nhu twong ty nhau véi gi4 tri tong ndng do
16 PAHs la 1.356-1.400 ng/g. PAHs trong bui mat duong ndm
2019 ciia nghién ctru nay thap hon ham luong trung binh 16
PAHs nam 2012 (1.226 so voi 1.400 ng/g bui).

Bang 3. Ham lwong PAHs trong bui mat dwéong tai Ha Noi twv
nam 2011 dén 2019.

Ham lrgng PAHs trong mau byi (ng/g)

Thii diém o Sb : T ligu

thu thip mAu miu PAHs [rumgbinh  Trungvi  Khoing Tong 16 tham khao
(nglg) (ngle)  (nglp) PAHs

Thang 1/2011 425 1.500 1275542 1376 [5]

Nam 2012 6 16 1.400 max3.300 1400  [4]

Nim2012-2013 16 23 1.900 530-4700 1756 [9]

Thang 892016 18 19 1.500 830-5.000 135 [7]

Thang 892016 18 34 1.800 1.100-5.500 M

Thang 9/2019 21 16 1.226 1.103 5322.276 1226 Nghién ciru nay

3.5. Moi twong quan giita PAH va lwgng xe co gidi tai Ha Nji

PAHSs trong bui mat duong tai Ha Ngi theo nghién ciru nay va
cac nghién ctru trude la do sy phat thai cia cac phuong tién giao
thong sir dung xdng la chii yéu. Ciing gidng nhu cac thanh phd 16n
cua ca nudc, thu d6 Ha Noi co toc do phat tr1én nhanh, nhung co s
ha ting khong phat trién theo kip. Su un tic giao thong khong chi
vao nhitng gio cao diém ma co thé xay ra bét cir lic nao do mat do
giao thong 16n, duong phd chat hep. .. Xe may ludn 1a phuong tién
chinh cta nguoi dan Ha Noi [16]. Theo sb liéu tong két [17-20]
(hinh 3), udc lugng ndm 20219 s6 xe méay dat 5,7 triéu, ting hon
1,6 1an so véi nam 2010. Xe 6 t6 1a phuong tién chiém wu thé sb
2 sau xe méy tai thanh phd Ha Noi. S6 xe 6 to tinh dén quy 1 ndm
2019 dang ky hoat dong trén dia ban Ha Noi la 739.000 (tang 2,4
14n so v6i ndm 2010).
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Théi diém thu thap miu
Hinh 3. Méi twong quan gitba lwong xe 6 td, xe may va ham
lwong PAHs trong bui mat dwong & Ha Noi.

Su gia tang cac phuong tién co glm 6 su dung nguyén liéu
dau mo c6 thé 1am phat sinh thém céc cht 6 nhiém vao moi truong
khong khi, trong d6 c6 PAHs. Két qua nghién ctru hién nay va
nhitng nam trude vé PAHs trong bui duong c6 chidu huéng giam
(hinh 3), mdc du cac phwong tién giao thong ¢ thanh phd van ting.
Ham lugng trung binh tong 16 PAHs trong bui cac ndm 2010, 2012
va 2016 tuong tu nhau, c¢d 1.400 ng/g va giéim khoang 10% trong
nam 2019 (1.226 ng/g). Sy giam ndy co thé do cach quan ly cic
phuong tién co gidi co chleu huéng tot hon trong thanh phd nhu xe
may cil, xe ba gac it xuat hién trén duong phd, xe tai khong duoc
vao thanh pho tai cac gio cao diém... Ngoai ra, cac hing xe ciing
dra ra nhiéu k¥ thuat méi gitp giam kha ning phat khi thai nhu: xe
¢6 chirc ndng tit méay khi tam dimg, dong co dét nhién ligu tot hon
va céc bo loc khi thai cé xtc tac dé hap thu triét dé khi thai hon...

4. Két luan

Bui mit duong 13 mot trong nhimg ddi tugng moi truong thong
qua d6 danh gi4 chat lugng moéi trudng khong khi do thi. PAHs
trong bui mat duong 1a chat 6 nhidm phat thai tir dong co cua
phuong tién giao thong co str dung xang la chu yéu va chiém thanh
phan chinh 1a cic PAHs vdi s vong benzen trong phén tir 1a tir 4
dén 6 vong. P doc twong duong véi BaP cia 16 PAHs trong bui
mat duong tai Ha Noi trong nghién ctru nay ¢ muc trung binh so
véi cac nude trong khu vure va thap hon tiéu chuan (TEQBaP 600
ng/g) cua T6 chirc moi truong Canada dua ra ddi v6i chit luong
dat. PAHs trong bui mat duong ciia thanh phd Ha Noi 6 chiéu
hudéng giam so véi cac ndm trude day, mic du lugng xe co gidi
tham gia giao thong ting. Diéu nay chimg t6, sy quan 1y giao thong
dudng bg trong ndi d6 Ha Noi ¢6 chiéu hudng bt hon, giam lugng
khi 6 nhiém phat thai ra moi truong nhu PAHs.
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Nghién ciru ché tao va danh gia kha ning hap phu mot s0 ion kim loai ning
cta vat liéu hydrogel copolyme ghép khau mach bire xa

Nguyén Trong Hoanh Phong’, Nguyén Hﬁng Hoang, V(’)~H2‘1 Tuyét Hanh,
Lé Van Toan, Lé Xuan Cwong, Pham Bao Ngoc, Nguyén Thanh Binh

Vién Nghién ciru Hat nhdn, Vién Nang lwong Nguyén tir Viét Nam, 1 Nguyén Tir Luc, phirong 8, TP Pa Lat, tinh Lam Pong, Viét Nam
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Tém tit:

Trong nghién ciru nay, ky thuét chiéu xa dwgc sir dung dé ché tao vt liéu hydrogel copolyme AAc-g-PVP véi cac ty I¢ axit acrylic
(AAc) va polyvinyl pyrrolidone (PVP) khac nhau. Két qua nghién ciru cho thay, vat liéu hydrogel copolyme vé6i thanh phin AAc/
PVP=3:1 (w/w) cho ham lwgng gel tao thanh cao nhit (94,88%) va d truwong nwéc 4 g/g khi chiéu xa véi liéu xa 20 kGy. Kha niing
hip phu cic ion kim loai Pb%, Cu?*, Mn?* va Cd* ciia copolyme ciing di dwoc khao sat. Két qua cho thiy, sw hap phu cac ion
kim loai ctia vit liéu copolyme phit hop véi mé hinh hap phu diang nhiét Langmuir véi hé s twong quan cao (R>>0,99). Dung
lrong hip phu cue dai (q,,,) cia vt liéu copolyme | ddi véi Pb**, Cu?*, Mn?* va Cd* lan lwgt 13 222, 244, 167 va 170 mg/g. Vit liéu
hydrogel copolymer AAc- g-PVP ché tao dwoc c6 tiém nang wng dung daé hap phu xit ly ion kim loai ndng trong nwéc.

Tir khéa: AAc-g-PVP, copolyme, ghép birc xa.
Chi s6 phin logi: 2.4

1. Dt van dé

Mot trong nhiing nhu cau thiét yéu cho sy song con cua con
nguoi 1a nude. Chat lugng nguon nude la vo cung quan trong doi
v6i stee khoe va su phat trién ciia con ngudi. Cac hop chat dong,
cadmium, chi va cac ion kim loai nang thudc loai doc t6 tich liy
sinh hoc bén [1], dugc duy tri trong moi tnrong o dang cac hop
chat hitu co, v6 co, ion déu 1a cic doc to nguy hiém. Lam sach
nguon nudc bang cach tich cac ion kim loai ning theo phuong
phép hap phy 1a phuong phap don gian, hiéu qua cao so véi cac
phuong phép thong dung nhu két tua hoa hoc, loc co hoc, trao ddi
ion, dién phan va tham thdu ngugc. Phuong phap hap phu c6 nhiéu
uu diém nhu chi phi thép, dé van hanh, img dung duoc cho nhiéu
nguon nuée 6 nhidm. Van de cai tién chat luong vat lleu hép phy
1 ¢bt 161, co tinh chat quyét dinh dén chét lugng nguon nudc va
gié thanh.

Nhiing ndm g?m day, cac loai vat li¢u hép phu ban cht polyme
chirc ndng nhu: polyme y sinh, polyme phan hily sinh hoc, polyme
bén nhiét, polyme ap dién, polyme hap phu dang duoc tap trung
nghién ctru. Pinh hudng ché tao va tmg dung vét liéu copolyme
bang ky thuat biic xa trong xir Iy nudc thai chira kim loai ning
dang rat dugc quan tim vi hiéu qua va sy than thién moi truong.
Phuong phép diéu ché copolyme bang ky thuat chiéu xa dugc cho
1 hidu qua nhat do ¢ tinh uu viét sau: toc do phan ung nhanh, c6
thé kiém sodt toc do phdn ung, va dac bi¢t 1a khong can st dung
chit xtic tic nén san pham thu dugc co do sach cao [2-4]. Trong
cong trinh nay, cac tac gia trinh bay két qua nghién ctru vé kha ning
hép phu céc ion kim loai va kha ning khang khuan cua vét liéu
copolyme chita nano bac diéu ché bang ky thuét chiéu xa gamma
Co-60 tir AAc va PVP.

“Tac gia lién hé: Email: sharahio@yahoo.com
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2. Vat liéu va phuong phap nghién ciu
2.1. Nguyén vit liéu va héa chit

PVP khéi luong phan tir trung binh ~360.000 g/mol (Sigma,
My¥); AAc d9 tinh khiét 99,9% (Merck, Btic). Cac hoa chét tinh
khiét ding cho phan tich st dung truc tiép khong tinh ché lai:
CuCl,, MnCl,, PbCl,, CdCl,, HNO,, NaOH.

2.2. Diéu ché copolyme AAc-g-PVP bing ky thudt ghép birc xa

Copolyme AAc-g-PVP dugc tong hop bang phan tng tring
hop gdc tu do dudi tic dung ciia birc xa gamma Co-60: hoa tan 10
g PVP trong 90 ml nu6c cat, khudy déu bang may khudy co véi
toc do 250 vong/phit. Dung dich dugc khudy lién tuc trong 5 gio
roi 1am ngudi dén nhiét do phong. Sau do thém tir tir mot luong
AAc vao dé dat cac ty 16 AAc:PVP (w/w) 1a 0:1, 1:1, 2:1 va 3:1.
Khudy Qéu bing méy khqu co voi tde do 500 vong/phut trong 60
phut. Hon hop sau khi khudy dugce chia nho vao céc tai PE, sau do
chiéu xa trén thiét bj chiéu xa gamma chamber 5000 ¢ khoang lidu
xa 0-25 kGy. Mau sau khi chiéu xa dugc sdy kho ¢ 40°C dén khdi
luong khong doi [5, 6].

2.3. Khdo st anh huong ciia liéu chiéu xq dén ham lugng
gel tgo thanh cia copolyme AAc-g-PVP

Céc mﬁu’copolyme kho duge ngém trong nude cét trong 12
g0 6 80°C, lay ra va rira bang nude nong dé loai bo phan hoa tan,
sau do say kho dén khoi lugng khong doi ¢ nhiét do 40°C [7]. Ham
luong gel tao thanh dugc tinh theo cong thirc sau:

Gel (%):ﬂxloo ()

trong d6 W, va W lan Tugt 1a khdi lugng mau kho sau va trudc
khi chiét.
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Abstract:

In this study, irradiation technique was used to produce
copolymer AAc-g-PVP with different ratios of acrylic
acid (AAc) and polyvinyl pyrrolidone (PVP). The results
showed that copolymer hydrogel with AAc/PVP ratio 3:1
(w/w) had the highest gel content (94.88%) and water
swelling degree was found to be 4 g/g at an adsorbed
dose of 20 kGy. The ability to adsorb Pb**, Cu**, Mn*,
and Cd** ions of copolymer have been carried out. Results
on adsorption isotherm models show that the adsorption
of ions of the copolymer is consistent with the Langmuir
adsorption model with a high correlation coefficient
(R*>>0.99). The maximum adsorption capacities are
244, 222, 167, and 170 mg/g for Pb**, Cu**, Mn*, and
Cd*, respectively. The AAc-g-PVP copolymer hydrogel
material has potential applications for adsorbing heavy
metal ions in water.

Keywords: AAc-g-PVP, copolymer, radiation crosslinked.
Classification number: 2.4

2.4. Khio sdt anh hwong ciia liéu xa dén g trwong nwéc ciia
copolyme theo thoi gian

Do truong nude bio hoa (TNBH) duge x4c dinh bang phuong
phap Tea Bag [7]: can 1 lugng copolyme da tinh sach M, cho vao
thi vai khong thim nude o khéi lugng 1 M, ngam truong trong
nude 24 gio. Sau do dé rao nude hodc thim nuoc bang gidy thdm
cho tdi khi khong con thay nude nho giot va can khdi luong (M,).
Thi nghiém lap lai 3 Ian, lay két qua trung binh. D6 TNBH cua vat
li¢u dugc tinh theo cong thirc:

TNBH(%) = 22=x100

)

2.5. Khdo sdt khd nang hép phu ion kim logi ciia copolyme ¢
cdc lieu chiéu xa khdc nhau

Can 0,1 g copolyme rdi cho vao binh tam gidc 250 ml chita
100 ml dung dich ion Cu** ndng d6 300 mg/l, khudy véi toe do
250 vong/phut, thoi gian khudy 150 phit. Dung dich sau khi
khuéy duoc loc va xac dinh néng dd Cu?* con lai trong dung dich
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bing phuong phap AAS trén may quang pho hip thy nguyén tir
Shimadzu A4-6800 (Nhat Ban). Tién hanh thi nghiém tuong tu véi
cac ion Pb*, Mn?", Cd*'.

Hiéu suit hip phy duoc tinh theo cong thirc:

HY% = Lo=C) 100
Co

@)

trong do C, la ndng d¢ ion kim loai ban dau trong dung dich (mg/1),
C.la ndng do ion kim loai con lai trong dung dich (mg/I).

Dung lugng hép phu dugc tinh theo cong thirc:
(Co—Ce)V
e = We “4)
trong do q_ 1a luong ion kim loai bi hép phu (mg/g); C_la néng do
ion kim loai ban dau trong dung dich (mg/l); C, la nong do ion kim
loai con lai trong dung dich (mg/1), W 13 khdi lwgng chat hap phu
da dung (g); V la thé tich dung dich (1).

2.6. Khio st anh huéng ciia thoi gian va pH dén kha ning
hdp phu cdc ion kim logi ciia copolyme

Can 0,1 g copolyme AAc-g-PVP rdi cho vao binh tam giac 250
ml chira 100 ml dung dich ion Cu? ndng d6 300 mg/l, khudy 6 tc
d6 250 vong/phut, thi nghiém véi thoi gian khudy khac nhau 30,
60, 90, 120, 150, 180 va 240 phut. Dung dich sau khi khuéy duoc
loc va xéc dinh ndng d6 Cu®* con lai trong dung dich bing phuong
phap AAS. Tién hanh thi nghiém twong tu véi cac ion Pb**, Mn%,
Cd>.

Can 0,1 g copolyme kho vao binh tam giac co chira 100 ml
dung dich Cu? nong d6 300 mg/l. Khudy trén méay khudy tir v6i
tdc d6 250 vong/phit, chinh pH dung dich ndm trong khoang 2-6,
tiép tuc khudy trong trong 180 phut. Dung dich sau d6 duoc loc
tach hydrogel copolyme va xac dinh nong d6 Cu®* con lai trong
dung dich bang phuong phap AAS. Tién hanh thi nghiém twong tu
v6i cac ion Pb*, Mn*, Cd*. Céc dung dich HNO, 0,1 va 0,01 M;
NaOH 0,1 va 0,01 M duoc ding dé hiéu chinh pH.

2.7. Nghién ciru mo hinh ding nhi¢t hap phu giiva copolyme
voi cdc ion kim logi ngng

Dé hiéu rd sy twong tac giira vat lidu hap phu va chat bi hip
phy, m6 hinh dng nhiét Langmuir [8, 9] duoc sir dung nhdm lam
rd hon céc thong tin cta qua trinh hap phy giita copolyme voi céc
ion kim loai Pb*", Cu?*, Mn*" va Cd*".

2.8. Xir Iy 56 liéu thuc nghi¢m

Két qua danh gia va xt 1y s6 lidu bang phan mém SPSS 16.0.
Sir dung phén tich phuong sai mot yéu t6 voi mie tin cdy 13 95%
(p<0,05).

3. Két qua va ban luan
3.1. Anh hwing ciia liéu xq t6i ham lwgng gel tgo thanh

Anh hudng cua lieu hép thu birc xa dén ham lugng gel tao
thanh véi cdc ty 1¢ AAc:PVP khéc nhau dugc trinh bay ¢ hinh 1.
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Hinh 1. Anh hwéng cua liéu xa t&i ham lwong gel tao thanh.

Két qua cho théy, liéu xa ¢6 anh hudng rat 16n dén ham luong
gel tao thanh. Ham luong gel tao thanh ting theo lidu xa trong
khoang 5-20 kGy va ham lugng AAc su dung. Tuy nhién, khi ¢
khoang lidu xa trén 20 kGy mtc d6 hinh thanh gel co xu hudng
bdo hoa, tham chi co truong hop suy giam. Nguyén nhan ¢6 thé
dugce Iy gidi 1a khi ¢ khoang liéu xa 5-20 kGy qua trinh khau mach
birc xa dién ra va ham luong gel tao thanh bat dau tang, nhung
& khoang liéu xa trén 20 kGy qué trinh khau mach birc xa va cat
mach birc xa copolyme xay ra dong thoi véi mire do khéc nhau,
dan dén ham luong gel tao thanh bi han ché va c6 thé suy giam.
Cu thé, trong khoang liéu xa tir 5-20 kGy ham lugng gel tao thanh
tang dan, dat 94,88% tai liéu xa 20 kGy ddi véi miu copolyme c¢6
ty 18 AAc:PVP 13 3:1 (w/w) va khi tang lidu xa 1én 25 kGy ham
luong gel tao thanh suy giam, chi dat 93,75%. Diéu nay ciing phu
hop véi nghién ctru ciia N.C. Dafader va cs (2012) [10].

3.2. Anh hudng ciia liéu xa t6i dp truong nwdc ciia copolyme

Anh huong cula litu xa dén do truong nudc cua vat ligu
copolyme ty 1¢ AAc:PVP 3:1 (w/w) theo thoi gian dugc trinh bay
0 hinh 2.
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Thoi gian (gio)

Hinh 2. Anh hwéng cla liéu xa dén dd trwong nwéc cha
copolyme theo th&i gian.

Két qua hinh 2 cho thiy, d6 TNBH ciia vt liéu copolyme gidm
khi lidu xa ting, ting theo thoi gian truong va dat trang thai bio
hoa sau 15 gio. Cu thé, d0 TNBH ctia vét liéu copolyme chiéu xa
5,10, 15,20 va 25 kGy sau 15 gio lan luot 13 22, 11,9, 4 va 3 g/g.
biéu nay cho th?iy, khi chiéu xa & lidu xa cao mirc d6 khau mach
cang 16n va 1am han ché kha ning truong nudc ciia vat liéu.
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3.3. Hiéu sudt hip phu ion kim logi ciia copolyme & cdc liéu
xa khdac nhau

Hiéu suédt hdp phu cac ion kim loai Pb*, Cu®', Mn?* va Cd?*

néng d6 300 ppm cua copolyme chiéu xa véi céc lidu xa khéc nhau
trong 150 phut duoc trinh bay ¢ hinh 3.
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Hinh 3. Hiéu suét hap phu ion kim loai ctia copolyme.

Két qua hinh 3 cho thay, khi liéu xa tang tir 5 1én 20 kGy thi
hiéu suét hip phu cac ion kim loai cta vét liéu copolyme tang. Két
qua nghién ctru cling cho thay, copolyme chiéu xa 6 liéu xa 20 kGy
c6 hidu sudt hap phu cao nhét doi véi cac ion kim loai Pb*, Cu®,
Mn?* va Cd>* lan luot 1a 48,16, 59,50, 37,05 va 33,59%. Mit khac,
copolyme chiéu xa & liéu xa 25 kGy cho hiéu sudt hip phu thap
hon. Nguyén nhan c6 thé 1a & lidu xa cao hon 20 kGy mat do khau
mach cao, d6 trurong nude giam 1am han ché sy hip phu céc ion
kim loai cua vat liéu.

3.4. Anh hwdng ciia thoi gian tiép xiic dén kha nang hﬁ'p phu
ciia vit liéu

Anh hudng cia thoi gian tiép xtc dén kha ning hap phu cic
ion kim loai Pb¥, Cu?", Mn* va Cd** ndng d6 300 ppm cua vat
liéu copolyme ty 18 AAc:PVP 3:1 (w/w), lidu xa 20 kGy dugc trinh
bay ¢ hinh 4.
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Hinh 4. Anh hwéng cua thoi gian tiép xtc dén kha nang hap
phu cua vat liéu.

Két qua hinh 4 cho théy, hiéu suét hép phu cua vat liéu
copolyme tang theo thoi gian tiép xtc va dat trang thai bao hoa ¢
180 phut, sau khoang thoi gian nay hi¢u suit hap phu cua vét liéu
o6 tang nhung khong dang ké. Cu thé, hiéu suat hap phu céc ion
kim loai sau 180 phtt ctia copolyme tuong itng véi cac ion kim loai
Pb2, Cu?*, Mn?* va Cd* lan luot 1a 48,96, 59,78, 37,32 va 34,11%.
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3.5. Anh huwing ciia pH dén khd ning hap phu ciia vt liéu

Anh huong cua pH dén kha nang hép phu cua vat liéu copolyme
ty 1¢ AAc:PVP 3:1 (w/w), licu xa 20 kGy, thoi gian hap phu 180
phut trong khoang pH 2-6 dugc trinh bay ¢ hinh 5.
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Hinh 5. Anh hwéng ciia pH dén kha nang héap phu cua vat liéu.

Két qua hinh 5 cho thay, hiéu sudt hap phy cac ion kim loai
cua vat liéu tang khi pH tang trong khoang 2-5. Khi tang pH 1én
6 thi hiéu sut hap phu cia hau hét copolyme ¢6 xu huéng giam
nhe. Nguyén nhan ¢6 thé 1a, khi pH thap thi ion H* trén bé mat
chat hap phu gia tang, diéu nay gdy nén tuong tac tinh dién manh
gitta bé mit chit hap phu tich dién duong lam can trd sy twong tic
tinh dién gitra cac nhém chue trong phan tr copolyme vdi cac ion
kim loai Pb*, Cu*", Cd** va Mn*". Ngugc lai, khi pH>6 thi c6 sy
canh tranh hap phu giira ion OH- dién ra & bé mit chit hip phu va
trong dung moi, 1am giam kha ning hép phu ciia copolyme. Nhu
vay, pH~5 1a thich hop cho qua trinh hép phu cac ion kim loai ctia
vat li¢u copolyme.

3.6. M6 hinh ding nhiét Langmuir

Trén co so cac diu kién: ty 18 AAc:PVP, lidu xa, thoi gian hip
phu va pH t6i wu da x4c dinh duoc, tién hanh khao sat qua trinh
hép phu céc ion kim loai Pb*, Cu?*, Mn?* va Cd>* véi ndng do ban
dau khac nhau Ién copolyme. Dang tuyén tinh ciia phuong trinh
Langmuir d6i véi cac ion kim loai dugc biéu dién ¢ hinh 6.

7r
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6 [ y=0,006x+0,5579 R=09948
§ | Y00045x03762 R=0.9979 o
¥=00041x+02295 R=09962 . g+

0 200 400 1.000
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Hinh 6. Dang tuyén tinh cua phwong trinh Langmuir déi vé&i
cac ion kim loai.

600

Tir céc két qua khao sat & phuorng trinh dfmg nhiét Langmuir,
xay dung dugc d6 thi quan h¢ giita (C/q) va nong do dau C, (hinh
6), ddng thoi tir cac phuong trinh tuyén tinh, xac dinh duoc hép
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dung cuc daiq__cua copolyme dbi véi céc ion Pb*, Cu?, Mn* va
Cd? 1an luot la 222 244,167 va 170 mg/g. Vi gia tri hé sb twong
quan cao (R%>0,99) cho thiy sy hap phu cac ion kim loai ciia vat
liéu copolyme phtt hgp véi md hinh hap phy dang nhiét Langmuir.

4. Két luan

Sir dung k¥ thuat ghép birc xa va khau mach ddng thoi AAc
16n phan tir PVP dugc thuc hién trong khoang lidu xa 5-25 kGy.
Ham luong gel tao thanh phu thude vao liéu xa va dat 94,88% tai
liéu xa 20 kGy. D9 trrong nude bao hoa cua vat ligu copolyme ~4
g H,0/g copolyme. Sy hip phu cdc ion cua vét liéu copolyme phu
horp v6i mo hinh hap phu ding nhiét Langmuir voi hé s6 tuong
quan cao (R2>0,99). Két qua nghién ciru ciing x4c dinh dugc dung
luong hap phu cuc dai q,,, cua vat ligu copolyme dbi voi Pb¥,
Cu?, Mn? va Cd* lan hro“[ Ta 222,244, 167 va 170 mg/g. Ché tao
vit lidu copolyme AAc-g-PVP bang ky thuat chiéu xa sir dung dé
hép phu ion kim loai ning trong nude ¢6 tinh kha thi img dung cao.
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Tong hop va tinh chat quang cia vat ligu huynh quang ¢-ALO, pha tap Mn*
phat xa d6 d4m tmg dung cho dén LED chiéu sang chuyén dung cy trong

Nguyén Vin Quang’
Truong Pai hoc Sw pham Ha Ngi 2, dwong Nguyén Van Linh, phuong Xudn Hoa, TP Phiic Yén, tinh Vinh Phiic, Viét Nam
Ngay nhédn bai 25/1/2022; ngay chuyén phan bién 28/1/2022; ngay nhan phan bién 1/3/2022; ngay chip nhan ding 4/3/2022

Tém tit:

Bot huynh quang phat xa dé o-Al,O,:Mn** duoc ché tao bang phuong phap dong Kkét tiia va thiéu két ¢ nhiét d¢
1000-1500°C trong khong khi. Anh hu'()’ng ciia nhlet do thiéu két va ndng do Mn** dén tinh chit quang cuia vat liéu
dwge nghlen ciru. Két qua XRD chi ra rang, céu tric tinh thé AL O, mang tinh thé luc gidc co cau tric khong glan
R.C. Phé kich thich ton tai 2 viing hip thu véi 2 buée séng cu’c dal tai 399 va 568 nm, dwgc gin cho sy chuyén
d1ch ning lugng ‘A, (F)—»“T () va ‘A, (F)—T, [(F). Dudi buéc séng kich thich 399 va 568 nm, bot huynh quang

a-ALO,:0,1% Mn* phat ra anh sang mgu dé manh 6 bwéce séng 694 nm do chuyen mirc ning lwgng 2Eg—>“A Mot
dén LED d6 dwgc ché tao bang cach phi bot ALO,:0,1% Mn** 1én chip violet nam trong vung anh sang doé dam Tw
nhirng Kkét qua thu dwgc cho thay, a-ALO, Mn4+ co tiém nang trong san xuéit LEDs phat xa do chiéu sang chuyén
dung cho ciy trong.

Tir khéa: phat xa d6 dam, phwong phap dong két tia, ting truong thue vat, a-ALO,:Mn*".
Chi s6 phén logi: 2.5

1. Dat van de 2. Thuc nghiém va phuong phap nghién ciiu

Anh sang anh huong 16n dén qua trinh ting truéng cua
cdy trong boi né rat can thiét cho qua trinh quang hop [1,
2]. Diép luc cua cdy trong hip thu anh sang trong ving
nhin thdy gém: anh sang xanh dwong (425490 nm), do
(620700 nm) va do xa (700+740 nm) [1-3]. a-ALO, co6
nhiéu tinh chit wu viét nhu: tinh chét co hoc tét, dn dinh vé
mdt hod hoc va khong doc hai. Bac biét, a-Al O, dé dang
pha tap v6i cac kim loai chuyén tiép va nguyén t6 dat hiém.

Trong s6 cac kim loai chuyén tiép, ion Mn** phat quang
manh cho phat xa vung dé 660+700 nm va do xa 700+740
nm tuy thudc vao mang nén nod tuong tac. Ba c6 cong trinh
nghién ctru bot huynh quang AL O, pha tap Mn*" cho phét
xa ving do [4]. Tuy nhién, chua c6 cong bd nao nghién ciru
tiém nang tng dung cho LED ting trudng thuc vat.

Trong nghién ctru nay, bot huynh quang a-AlO, pha tap
Mn*" phat xa mau do da dugc ché tao bang phuong phap
ddng két tia két hop v6i thiu két nhiét trong moi trudng
khong khi. Anh huéng cua nhiét do thiéu két dén cau trac
mang tinh thé, kich thudc hat, tinh chat quang ciing nhu dnh
hudng ctia ndng do pha tap Mn*" da duoc nghién ciru dé tim
ra néng d6 t6i vu. Pic biét, thir nghiém ché tao LED phat
xa anh sang do st dung vt liéu ALO, pha tap Mn*" va chip
viloet 410 nm ciing duoc nghién ctru. Cac két qua sé duoc
thao ludn chi tiét & phan sau.

*Email: nguyenvanquang83@hpu2.edu.vn
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2.1. Thuc nghiém

Vat liéu huynh quang pha tap a-Al,O;Mn*" dugc tong hop
bang phuong phap dong két tua két hop v6i thiéu két nhiét
trong khong khi sir dung céc tién chit sau: AI(NO,),.9H,0
>98% (Slgma) dung dich Mn(NO,), ndéng do 48 52%
(Sigma); NH, nong d6 25% (Sigma).

Quy trinh téng hop dwoc thyc hién nhu sau: du tién
Al(NO,);.9H,0 va Mn(NO,), dugc hoa tan trong nudc cat 2
lan va khuay o nhiét do phong tao hon hop dong nhét (dung
dich A). Sau d6 chuén bj dung dich NH, 2 M vao che thuy tinh
(dung dich B). D6 tir tir dung dich A vao B thu dugc két tia.
Tiép theo sy kho két tua & 180°C, 3 gidr trong khong khi. Cubi
cung nung két tia kho ¢ nhiét d6 1000-1500°C, 5 gio trong
khong khi (bang 1).

Bang 1. Khéi lwong cac chat tdng hop bot huynh quang
a-ALO_:Mn*,

Mn* AI(NO,),.9H,0 Mn(NO,),
(% mol) ©® )
0,05 25,4959 7
0.1 2548314 14
03 2543212 )
0,5 25,3811 70
0.7 2533 98
10 25,2535 140
1,2 25,2025 168
1,5 25,126 210
19
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Abstract:

Red-emitting  0-ALO;:Mn*  fluorescent powders were
prepared by co-precipitation method and sintered at 1000
to 1500°C in the air. Effects of sintering temperature and
Mn*" concentration on the optical properties of the materials
were investigated. The X-ray diffraction (XRD) showed that
the crystallinity of ALO, belonged to hexagonal with R,C
space group. The excitation spectrum consisted of two broad
intense bands centered at 399 and 568 nm and was assigned to
‘A, (F)—>“T (F) and ‘A, (F)—>“T (F) transitions, respectively.
Under the excitation wavelengtﬁs of 399 and 568 nm, the
0-ALO,:0.1% Mn*" phosphors emitted efficient red light at
694 nm caused by ’E —>“Azg transition. A red LED is made by
coating AL O,:0.1% Mn** powder on a violet chip located in the
deep-red light region. These results showed that a-Al,O,:Mn*
has the potential to produce red LED lightings for plants.

Keywords: co-precipitation method, deep-red emitting, plant
growth, a-AlL O :Mn*.

Classification number: 2.5

|
Céc phan tmg tong hop 0-ALO,:Mn* gom:

AI(NO,), + 3NH, + 3H,0 — AI(OH), + 3NH,NO,
Mn(NO,), + 2NH, + 2H,0 — Mn(OH), + 2NH,NO,
AI(OH),. Mn(OH), + 0, — ALO,:Mn* + H,0

2.2. Phuong phdp nghién ciru

Hinh thai bé mit ciia vét liéu duoc quan sat boi kinh hién vi
dién tir quét phat xa truong (FE-SEM, JOLL LSM - 7600F), cau
tric tinh thé duoc xac dinh bang gian do nhifu xa tia X (XRD,
Rigaku D/MAX-2500) c6 bude song t6i A, =1,5406 A, goc quét
20-70°. Nghién ctu tinh chat quang thong qua phép do phd huynh
quang (PL) va pho kich thich huynh quang (PLE) str dung thiét bi
quang phd NanoLog (Horiba Jobin Yvon) ¢6 ngudn kich thich 1
dén Xenon véi cong suat 450 W. Cac mau khao sat duge do & nhiét
d6 phong.

3. Két qua va ban luan
3.1. Céu triic tinh thé
Cac mau XRD cua vat liéu o- -Al, 0, ‘Mn** thiéu két &

1000-1500°C, 5 gi¢ trong khong khi va the chuan JCPDS
#46-1221 duoc thé hién & hinh 1.
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Hinh 1. XRD cua vat li¢u a-Al,0,:Mn* thiéu két & 1000-1500°C,
5 gio trong khong khi.

Két qua hinh 1 cho thdy, da xuét hi¢n dinh nhidu xa &
cac goc 20=25,511, 35,115, 37,697, 52,371, 57,471, 59,659,
60,999, 65,426 va 68,126 g vai cac mit phing (012), (104),
(110), (113), (024), (116), (122), (214) va (300) ciia cu tric
tinh thé Hexagonal a-ALO, (JCPDS#46-1221). Két qua nhan
dugc cho thay, khong co sy 1éch dinh nhieu xa boi vi ban kinh
cia AIP* (0,535 A) va Mn* (0,53 A) khong c6 sy khic biét nhau
nhiéu [5-9]. Ngoai ra, quan sat két qua hinh 1 khong thdy cac
pha tinh thé khéc, diéu nay ching t6 vat liéu thu duoc don pha.

Kich thudc tinh thé (D) dugc tinh theo cong thirc ctia Scherrer:

)

_ Ka
- B.Cos6

trong d6 K: hing s6 (0,9); A: budc song téi XRD (A=1,54 A); B:
ban d9 rong dinh nhiéu xa cuc dai.

Két qua tinh kich thudc tinh thé trung binh tuong tmg voi
mit phang (113) cta vat liéu khi thidu két ¢ nhiét do 1000-
1500°C dugc thé hién & bang 2.

Bang 2. Kich thwéc tinh thé trung binh cla a-Al,0,:0,1%Mn*
thiéu két & nhiét doé 1000-1500°C, 5 gi& trong khéng khi.

Nhiét dg (°C) Kich thude (nm)
1000 38,702
1100 38,789
1200 39,627
1300 40,771
1400 41,661
1500 42,497

Két qua bang 2 cho thay, kich thudc tinh thé ting khi nhiét
d6 thiéu két tang va kich thudc trung binh 16n nhat dat ~42,497
nm, g véi mau nung & 1500°C, 5 gid trong khong khi.

3.2. Tinh chit quang ciia vit liéu

PLE va PL: Két qua PLE va PL A1,0,:0,1% Mn*" thiéu két
& 1500°C, 5 gid trong khong khi duoc thé hién ¢ hinh 2.
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Hinh 2. Két qua PLE cua ALO.:0,1% Mn* tai bwéc séng 694
nm (A) va PL AL,O,:0,1% Mn* tai bwéc séng 399 va 568 nm (B).

Quan sat hinh 2A cho thay, khi kich thich tai budc song
694 nm phd hap thu ¢ 2 ving 320460, 480600 nm dat cuc dai
& bude song 399 va 568 nm. Nguyén nhan ving hap thu nay 1a do
su chuyén muc ndng lugng *A, (F)—*T, (F) va “A, (F)—T, (F)
[9-11].

Két qua hinh 2B cho théy, khi kich thich bing budc song 399
va 568 nm nhan dugc pho phat xa dinh cao nhat & 694 nm, nguyén
nhan dinh phét xa Ia do sw chuyén nang luong °E —*A,_trong ion
Mn*. Két qua nhan duoc ciing chi cho ring, ngoai dinh phat xa 694
nm con quan st dugc cac dinh nhidu xa khac v6i cuong do yéu hon
0 658, 668,705 va 713 nm [9-11]. Nguyén nhan cua cac dinh phat
xa nay la do chuyén mic nang lugng spin cam 2Eg—»“A va lién
két vai sy chuyén tiép dugce hd trg phonon ciia ion Mn** [12 13].

Dua vao gian do Tanabe - Sunago tinh duoc ty 1& Dg/B theo
phuong trinh sau:

E(*Azg— *Tyg) )

10

Dy =

E(4A2g—>4T2g) 12 nang lugng chuyén muc 4 A2g _’4ng

Dg _ 15(x-8) 3)

B x2-10x

<= E( *Azg— 4T1g)D—E( *Azg— *Tog) )
q

E(‘A,,—~*T,) 1d ning lugng chuyén mitc ‘A, —*T, . T PLE ¢

hinh 2 va phu’(mg trinh (2-4) tinh dugc D 1754 38 cm , X=2,32,

/B 2,32>2.3 [14]. Vay ion Mn** trong mang tinh thé Al O, chiu
tac dong truong tinh thé manh nén phd dang vach hep (hmh 3)
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Hinh 3. Gian dé Tanabe - Sunago cua ion Mn* trong trwéong
tinh thé a-Al0..
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Anh hurong cua nhiét do dén tinh chat quang cua vat liéu: Nhit
do thiéu két anh huong dén chat luong tinh thé ciing nhu kha ning
thay thé ctia ion Mn* vao ion AP trong tinh thé ALO,. Vi vy,
nghién ctru anh hudng cua nhiét d6 dén tinh chat quang 1a can thiét.
Hinh 4 thé hién PL clia mau AL0,:0,1% Mn* kich thich tai budc
song 399 nm khi thiéu két o 1000 1500°C 5 gio trong khong khi.
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Hinh 4. PL cua vat liéu ALO,.:0,1% Mn* kich thich tai buwéc
séng 399 nm khi thiéu két & nhiét dd khac nhau.

C6 thé thiy, phd PL ciia cac mau & nhiét do 1000-1500°C, 5
gio trong khong khi c6 hinh dang gibng nhau. Tuy nhién, cuong do
PL c6 sy thay doi, ¢ nhiét do thiéu két 1000-1200°C thi cuong do
huynh quang van kha yéu, cuong d6 huynh quang manh hon khi
thiéu két & 1300°C, tang kha manh khi nhiét d¢ thiéu két & 1400°C
va dat cuc dai & 1500°C. Néu tién hanh thiéu két & 1600°C thi vat
liéu bi nong chay. Su tdng cuong do huynh quang khi tdng nhiét do
thiéu két dugc giai thich la do chét lwgng tinh thé tot hon va kha
ning thay thé AI** bang Mn* trong mang nén ALO, tang Ién [15].

Anh huwéng ciia nong g dén tinh chdt quang ciia vt liéu: Nong
d9 ion pha tap cing anh huong manh dén tinh chat quang cia vat
liéu. Hinh 5 1a két qua PL cua vat lidu ALO,:x%Mn* (x=0,05-1,2)
thiéu két 6 1500°C, 5 gior trong khong kh1 kh1 kich thich tai budce
song 399 nm.
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Hinh 5. PL cua vat liéu ALO,:x%Mn*" (x=0,05-1,2) thiéu két &
1500°C, 5 gi® trong khong khi khi kich thich tai bwéc séng
399 nm.

Két qua hinh 5 cho thay, cuong do huynh quang thay d6i nong
do khi tang nong d¢ pha tap tur 0,05 dén 0,1%, cuong do huynh
quang giam khi tiép tuc ting nong do va cuong do huynh quang rit
yéu khi nong do pha tap Mn*" ¢ 1,2%.
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Dé giai thich co ché dap tit huynh quang theo nong do, tinh
khoang t6i han Rc, néu Re<5 A s& ¢6 su tuong tac giita cdc ion
Mn*[9]:

3v
XN (5)

trong do X 1a nong d6 pha tap t6i han; N 1a sb phdi tri trong 6
co s0; V Id thé tich 6 co so. Trong vat liu AL,O,:0,1% Mn*,
V=293,9A°, X =0,1% va N=6. Thay cic gia tri vao phuong trinh
(5) tinh dwoc Rc=9,4 A, In hon 5 A nén khong c6 sy truyen ning
luong giita cac ion Mn* [9]. Do @6, nguyén nhan dap tit cuong do
boi nong do 1a do twong tic da cuc giita cac ion Mn*".

3
Rc~2R=2(

Pé tmg dung ché tao LED anh sang do cho chiéu sang cdy
trong, bot huynh quang AL 0,:0,1% Mn** duoc tron véi silicon va
phu trén 410 nm chip LED H1nh 6 1a két qua phd dién quang cua
LED dugc ché tao sir dung bot huynh quang ALO,:0,1% Mn* phu
trén chip 410 nm. Két qua hinh 6 cho théy, kh1 bot dugc phu trén
chip 410 nm da xuét hién dinh phéat xa 694 nm va nhimg dinh phat
xa khac v6i cuong do yéu hon.
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Hinh 6. Phé dién quang ctia LED khi ph bét ALO,:0,1% Mn*
1én chip 410 nm.

Toa d6 mau cta bt ché tao dugc voi x=0,721, y=0,278 va
anh phat xa d6 dam khi stir dung dong dién 60 mA dugc thé hién
6 hinh 7.
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Hinh 7. Toa dé mau cua bét ALLO,:Mn**0,1% thiéu két & 1500°C,
5 gio’ trong khéng khi.
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Cac két qua nhan duoc chi ra ring, bot huynh quang ALO_:Mn*
¢ tiém nang trong viéc ché tao LED phat xa anh sang do cho chiéu
sang nong nghiép.

4. Két luan

Bing phuong phép dong két tua két hop voi thiéu két nhiét,
nghién ciu da tong hop thanh cong vat liéu a-Al,0, pha tap Mn*,
XRD chi ra rang, vét lidu o- -AlLO, don pha cau truc hexagonal Voi
cau trac khong gian R,C. PLE tal budc song 694 nm cua vat licu
hap thu cuc dai ¢ 2 dmh 1a 399 va 568 nm. Vat liéu phat xa manh
nhit ¢ dinh 694 nm, ngoai ra con quan sat thdy cac dinh phat xa
v6i cuong do yéu hon ¢ 658, 668, 705 va 713 nm. Méu cho cuong
d6 huynh quang va kich thich huynh quang cao nhét la ALQ, pha
tap Mn** 0,1% va thiéu két nhiét & 1500°C.
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Nghién ctru xir Iy nwde thai ché bién banh trang quy mo san xuat
ho gia dinh bang mo hinh loc dong ngwgc bun sinh hoc
Vii Thi Minh Chau'*, Nguyén Trong Hié¢p', Lé Thu Thiiy?

!Chi nhénh phia Nam, Trung tam Nhiét doi Viét - Nga, 3 dwong 3/2, phwong 12, Quan 10, TP H6 Chi Minh, Viét Nam
2Trwong Pai hoc Tai nguyén va Moi trwong Ha Ngi, 414 Phii Dién, qudn Bdc Tir Liém, Ha Ngi, Viét Nam

Ngay nhan bai 29/11/2021; ngay chuyén phan bién 2/12/2021; ngay nhan phan bién 21/12/2021; ngay chp nhan dang 24/12/2021

Tom tit:

Bai bao gidi thiéu két qua nghién ciru xi ly nwoe thai ché bién banh trang quy mo san xuit ho gia dinh béng mo hinh
loc dong nguwge bun sinh hoc (USBF - Upflow sludge blanket filtration) trong phong thi nghlem cong suit 108 I/ngay.
dém. Bun hoat tinh sau 12 ngay hoat héa dat mat dd vi sinh vat 2,8x10"" CFU/ml, SV30 (thé tich bun ling) 380 ml/l
va SVI (thé tich bun thwong) 116,6 ml/g. Thi nghiém xir Iy nwéc thai trong phong thi nghiém véi cac thong sé van
hanh da dwoc khéao sat nhu: DO (6xy hoa tan) =2,5, pH=7, COD (nhu ciu oxy héa hoc) diu vao khoang 1.000 mg/l,
thoi gian luu 16 gio cho hiéu suit xir Iy TSS (tong rin lo lieng), COD va BOD, (nhu cau dxy sinh hgc) lan lwot twong
irng 1 72, 91 va 95%, dat tiéu chuin cjt B theo QCVN 40:2011/BTNMT.

Tir khéa: bé USBF, buin hoat tinh, nwéc thai ché bién banh trang, xir Iy nuéc thai.

Chi sé phén loai: 2.7

Research on the treatment of rice paper
processing wastewater on a household scale
by Upflow sludge blanket filtration model
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3/2 Street, 12 Ward District 10, Ho Chi Minh City, Vietnam
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Abstract:

This paper presents wastewater treatment from the rice paper
processing at the household level using the Upflow sludge
blanket filtration (USBF) model. The research team set up the
experiment at the laboratory level with a capacity of 108 l/day.
After 12 days of activation, the activated sludge reached:
microbial density 2.8x10" CFU/ml, sludge volume SV30 380
ml/l, sludge volume index SVI 116.6 ml/g with tested parameters
including DO=2.5; pH=7; COD=1,000 mg/l, and testing duration
of 16 hours. The treating performance was relatively high with
total suspended solids TSS, COD, and BOD, of 72, 91, and
95%, respectively. The quality of treated wastewater met the
standards in Column B, the Vietnamese National Regulation for
Industrial Wastewater Quality (QCVN 40:2011/BTNMT).

Keywords: activated sludge, rice paper processing wastewater,
USBF tank, wastewater treatment.

Classification number: 2.7
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1. M6 dau

Banh trang la mot san pham dic thi cta Viét Nam dugc ché
bién tir ‘nguyén liéu chinh la bot mi, gao va mudi. Mot 6 lang nghé
san xuat banh tring noi tiéng khap mién Béc, Trung, Nam nhu ling
banh Kinh Giao (Hai Phong), Ké (Bic Giang), P6 Luong (Nghé
An), Tam Quan (Binh Dinh), Trang Bang (Tay Ninh), Cu Lao May
(Vinh Long), Phit Hoa Dong (TP HO Chi Minh)... Lang nghé banh
trang xa Phi Hoa Dong c6 149 co s, ho dan truc tiép tham gia san
xuat. Tuy nhién, cac ho dan tai lang nghé chua co bién phap xir ly
chat thai pht hop, hiéu qua tir hoat dong san xuat banh trang. Dic
biét, chét thai tir hoat dong trang banh cua cac hd san xuat nho van
duoc xa tryc tiép vao cong thoat nudc dan sinh [1]. Theo khao st
20 ho san Xuat ciia nhom téc gid, cong doan vo, ngam gao, bot roi
vai va qua trinh v¢€ sinh dung cy, nha xudng, may moc da thai ra
mot lugng nude dang quan tam, thanh phan chi yéu 1a cac hop
chit hitu co & dang hoa tan hodc lo limg c6 kha nang phéan hiy sinh
hoc. bBac biét, nudce thai tir hoat dong trang banh cua cac hd san
xuét (trung binh khoang 3+5 m¥/ngay) vin duoc xa tryc tiép ra moi
truong xung quanh. Nudc thai san xuat banh trang & xa Phu Hoa
Bong c6 gid tri BOD; 1a 472+2.132 mg/l, COD 938+4.930 mg/l
va TSS 316+1.098 mg/l [2]. Ty 1¢ BOD,/COD 16n hon 0,5 nén rat
thich hop dé xir Iy bang phuong phap smh hoc [3].

Do céc hd san xuat nim rai rac nén nude thai cua ling nghé
khé thu gom tap trung. Dia hinh déc tir hudng tay sang dong va do
cao dia hinh 13 5+10 m so véi myc nude bién [4], nén kho c6 thé
trién khai xir Iy nudc thai bang phwong phap sinh hoc trong diéu
kién tw nhién. Dé dam bao vé sinh an toan thuc phém, khu san xuét
tach biét han véi khu nha 6, chin nudi bo sira va chin nudi ting
gia (néu ¢6), vi vAy nudc thai san xut banh trang kho tron chung
v6i cac dang nude thai khac dé tang ham luong N va P ty nhién.
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Hién nay c6 nhiéu phuong phép khdc nhau duge sir dung trong
xtr Iy nude thai chira ham lugng chét hitu co cao. Trong d6 , phuong
phdp (mg dung cong ngh¢ sinh hoc dang dugc sir dung phd bién
nhét trong hau hét cac h¢ thong xur 1y nude thai, dac biét la nude
thai chira ham lugng cht hiru co dé phan hiy nhu nu6e thai lam
banh trang. Mot s0 nghién ciru vé kha nang xir Iy nudc thai do san
Xuat banh trang bang USBF - cdng nghé dugc sir dung phd bién
@& xur 1y nu6e thai do thi, ché bién thiy san ciing nhw sinh hoat
da dugc thuc hién ¢ Viét Nam [5-8]... Trong do, nghién clru cla
L.H. Viet va cs (2013) [8] 8] vé xir Iy nudc thai banh tréng xuét khau,
cac khau san xuét tir tiép nhan nguyén liéu den khau cudi cung la
dong goi déu thuc hién trén day truyén tién tién nén luu lugng va
gi4 tri mot s6 chi tiéu trong nudc thai 6n dinh: COD khoang 1.267
mg/l va BOD; la 825 mg/1. Dé nudc dau ra dat quy chuan QCVN
40: 2011/BTNMT cot B, tac gia da két hop xur 1y keo tu truge khi
Xu ly sinh hoc. Tuy nhién, gia tri mot so chi tiéu nude thai lang
nghé dao dong 16n: COD 900+ 4.000 mg/l, BOD, 643+2.355 mg/l,
ngoai ra trong qua trinh san Xuét cac h¢ gia dmh con b sung dau
an, mudi va mot sd chat phy gia lam trang c6 tén thuong mai nhur
Star Fresh 9, TiO,. Do vy, ching t6i thyc hign nghién ctru xu ly
nudc thai ché blen banh trang quy md h¢ gia dinh tai lang nghé xi
Phu Hoa Dong bang m hinh cong nghé USBF cai tién.

2. Phuony phap thi nghiém
2.1 Ld'y mdu va phan tich trong phong thi nghiém

Nuéc thai dugc lay vao budi trua sau khi qué trinh trang banh
hoan thién va bao quan theo TCVN 6663-3:2016 [9]. Mot sb chi
tiéu dugc phan tich theo QCVN 40:2011/BTNMT bao gom: PH,
TSS, BOD,, COD, N tong (N), P tong (P), 6 méan va mot sd chi
ticu phan tlch trong qua trinh xtr Iy 1a DO, SV30, ran lo limg trong
hon hop bun long (MLSS) va ran lo lung bay hoi trong héon hop
bun 1ong (MLVSS). Méau dugc phén tich tai phong thi nghiém theo
céc quy trinh huéng dan boi cac Tiéu chuan Viét Nam vé phan tich
nudc thai (bang 1).

Bang 1. Cac chi tiéu va phwong phap phan tich.

Chi tiéu Phuwong phap Phurong tién, thiét bi

pH TCVN 5979:2007 May do pH Horiba F-72G

DO TCVN 7325:2016 Sension 156 Multiparameter Meters

D§ mén [10] SMEWW 2520 B, C:2017 May do do man Apel SM-802

SV30, SVI[10] SMEWW 2710 C&D:2017[8]  Cdc chin phéu 1.000 ml

TSS, MLSS id i thay ti 0t cha
s ESemT
N TCVN 6638:2000 TOC-L Shimadzu

P TCVN 6202:2008 Thiét bj UV-Vis Thermo serie 300

COD [10] SMEWW 5220C:2017 Bép pha méu Velp, buret tu dong

BOD, TCVN 6001-2:2008 Chai BOD, ti it BOD, Velp

Matdg visinhvit — TCVN 4884-1:2015 Méy dém khuén lac Colony counter 560 suntex

2.2. Nuéi tgo bun hoat tinh

Buin hoat tinh hiéu khi dugc nudi cdy tai Phong thi nghiém Phan
tich Moi truong, Chi nhanh phia Nam, Trung tdm Nhiét doi Viét -
Nga. Hai lit bun hoat tinh dugc nudi trong bé kinh ¢6 bo sung 20 1
nude thai di dugce pha lodng theo ty 1¢ 1:1, diéu chinh pH vé 7 va
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b6 sung N,, P, ding ty I¢, suc khi lién tyc 24/24 v6i ham lugng DO
2,0+4,0 mg/l Thém 1 ml mdi dung dich mudi MgSO,.7H,0 (22 5
g/l), CaCl, (27,5 g/l) va FeCl 6H,0 (0,25 g/l) vao 1.000 ml mau
nudc thai bénh trang va tron déu. Nuéc thai trong thung sau khi da
duoc thay dinh ky mdi ngay mot 1an vao mét gior ¢é dinh cho vi sinh
vét thich nghi. Téng dan thé tich nu6c thai da dugc pha lodng theo ty
16 1:1 theo thoi gian dén khi dau ra dat chuan thi bit d4u ting dan tai
luong COD dau vao dén khi khong can pha lodng nudc thai. Theo
ddi cac thong s6 pH, DO, SV30 dat 200-400 ml/1, SVI dat 100+150
ml/g, MLSS dat 2.000+3.500 mg/l va MLVSS dat 0,65+0,8 thi qua
trinh hoat hoa bun thanh cong [3].

Van hanh bé USBF: nap bun vao bé va thém nude thai theo
dung cong suét hoat dong vai cac thong sb khao sat pH, DO thoi
gian luu, gia tri COD. Nam ngay dau thay nuée dinh ky mdi ngay
mot 1dn vio mot gidr ¢d dinh, sang ngay thir 6 bit dau van hanh cho
chay hé théng lién tuc, phén tich céc thong s6 nudc thai dau ra: pH,
TSS, COD, BOD,, N, va P (3 1An mdi thi nghiém).

2.3. B tri thi nghiém

Nude thai ché bién banh trang dwgc thu thap tai ho san xuét
banh trang dién hinh ¢ lang nghé Phu Hoa Dong, huyén Cu Chi
(TP Hb Chi Minh). Nudc thai ¢6 N va P thap khong dam bao ty
1¢ BOD_N:P 1a 100:5:1 nén phai b0 sung them P tr 2,33 mg DAP
(trong 2 33 mg DAP ¢6 0,42 mg N) va 39 mg Urea trén 1 | nudc thai.

Mo hinh bé thi nghiém dua trén mé hinh bé USBF c¢6 céi tién
cho phu hop véi dac thu nude thai dugc trinh bay ¢ hinh 1. Mat
khac, do lam lugng N, trong nudc thai thip so v6i COD nén khong
¢6 qua trinh thiéu kh1 dé phan nitrate, chinh vi vay ngan thiéu khi
ndy sé& lép thém thanh suc khi. Ngan loc bun sinh hoc dong nguoc
ciing duoc diéu chinh thiét ké bang cach Lip thiét bi gat bun va hoan
luu bin sao cho van hanh trong phong thi nghiém duoc thuan loi dé
bun khong bi chét. Vi vay, mo hinh s& diéu chinh thanh 2 ngan hiéu
khi va 1 ngén loc bun sinh hoc dong ngugce [8].

+ Theé tich hitu dung bé hiéu khi 72 1 chia lam 3 ngén, kich thudc
dai x rong x cao la 750x215x450 mm.

+ Bé ling co day hinh chép nguoc, thé tich hitu dung 16 1, ¢ lap
mot stepping motor va bom bun dugc cai dat ty dong.

Khado sat sy thich nghi ctia bun va hiéu qua xu ly: SV30, mét do
bun, chi s0 COD, thoi gian luu nude.
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Hinh 1. So’ dd nguyén ly hoat dong ctia bé USBF va USBF cai tién.
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3. Két gua va ban luan

3.1. Két qud khio sdt va thanh phdn méu nwée thii ¢ mot
50 ho gia dinh

Mau nude thai duoc thu thap tai 20 ho gia dinh (c6 quy mo hon
200 kg san pham/ngay) cia lang nghé banh trang Phu Hoa Pong vao
khoang thoi gian 9+12 gid sau khi hoat dong trang banh két thuc.
Lang nghé banh trang c6 dia hinh phan bd khong nhiéu kénh rach,
céc ho san xuét lai tach xa nhau nén nude thai phan tan dan dén kho
thu gom va xtr Iy tap trung, nha xudng san xudt tach riéng véi khu
sinh hoat cta gia dinh, duong nudc thai san xuét di riéng (trung binh
khoang 3+5 m/ngay) dugc gom tp trung qua bé ling nhiéu ngan
roi cho tham xudng dat. Céc chat 6 nhidm c6 trong nudc thai banh
trang dwgc phan tich 1p lai 3 1an va két qua dugc trinh bay ¢ bang 2.

Bang 2. Gia tri mot sé chi tiéu 6 nhiém c6 trong nwérc thai banh trang.

T oH Dymin  COD BOD, N, P TSS BOD,/
@)  (mg) (mg) (mg) (mgh) (mg) COD
Hol 36:0,10 024000 2600546 1740885 1520,6 3,680,10 62429 0,67
Ho2 475006 390,06 400044 2670440 17:12 478006 961£15 0,67
Ho3 400,10 190,06 3.500£36 2355+48  19:12  40:0,10 7098 0,67
Ho4 39:006 04£006 3.000:26 2.030:73  21x1,5 39£0,06 4077 0,68
Ho 5 SA:006  43:010 900£10  643£12 18209 544006 152%6 0,71
Ho6 444000 020,00  2.800£35 1.866+67 25:16 44010 508£18 0,67
Ho7 350,06 19£006  1.510£36 102536 15£13 358006 190£7 0,68
Ho8 494006 470,10 3.150#44  1.990£128 22417 49+006 39715 0,63
Ho9 36:0,10  05£0,06  2.170£26 132035 1814 3,640,100  419£10 061
Ho 10 444023 130,00 1330:26  830+40  13:11 442023 3026 0,62
Ho 1l 47006 39006 2370+44  1.580:106 23:19 47+006 28248 (0,67
Ho 12 3,8£0,00  29+0,15  1170£53 720450 12410 38006 21810 0,62
Ho 13 508006 110,10 2440540 1.530:46  20£13 524006 326516 0,63
Ho 14 38:0,00 124006 950826 670£17 15210 380,10  221£17 0,71
Hy 15 354006 16£000 3260£53 1.870+61 19£13 35006  674£23 057
Ho 16 4,6£0,10 074006 1.280+44 770435 16513 46:0,10 335416 0,60
Ho 17 410,12 09+0,06 1520435 890439 1811 410,12 278220 0,59
Ho 18 434012 234006 2270485  1460£53  21£12 434012 4535 064
Ho 19 434006 250,10  3.180£70  1990£95 24£13 434006 77331 0,63
H)20 40£0,10 070,06 183046 1130£58  17£13 408010 53822 0,62
QCWVN
40:2011/BTNMT, 5,59 - 150 50 40 6 100
ctB

Qua khao sat mot s ho san xuat banh trang ¢ lang nghé cho
thdy, nudc thai san xudt banh trang chi yéu ¢ cong doan vo, ngam,
loc gao, trang banh va vé sinh dung cu nha xudng; cac chi tiéu
pH, COD, BOD; va TSS déu khong dat quy chuan cho phép cua
QCVN 40:2011/BTNMT c6t B: pH 3,5+5,4 (quy dinh 5,5+9);
BOD; 643+2.355 mg/l (quy dinh 50 mg/I); COD 900+4.000 mg/l
(quy dinh 150 mg/1) va TSS 152+961 mg/l (quy dinh 100 mg/l).
Chi tiéu COD vuot chudn cao nhét xap xi 27 1an va TSS cao nhat
vuot 7 lan. Ty 1& BOD,/COD 16n hon 0,57 do nude thai chira thanh
phan hitu co cao nén xu 1y nudce thai nay bang phuong phap sinh
hoc 1a phu hop. Riéng gid tri N, va P, déu nam dudi ngudng va
khong dat ty 16 BOD_:N:P la 100 5:1, do do trong qua trinh xr 1y
can bo sung N tir phan Urea va P tir phan DAP. Két qua vé thanh
phan mot s6 chat 6 nhiém trong nudce thai banh trang cua nghién
ciru nay twong dong vai [2].
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3.2. Két qud nuéi tao bin hoat tinh

Nudc thai dau vao chon 6 ho s6 7, vi dy 1a ho san xuét 6n dinh
nhét. Sau khi diéu chinh gi4 tri pH=7 bang dung dich NaOH (10%)
thi COD=1.438 mg/l, BOD,=927 mg/I, N, va P, lan lugt diéu chinh
v& 46 va 9, 3 mg/l dé dat ty 1¢ dinh duofng BOD :N:P 1a 100:5:1
dugc nudi cdy tao bun hoat tinh. Céc chi s6 cua bun trude va sau
mot s ngay nudi cdy dugc thé hién ¢ bang 3.

Bang 3. Mot s chi tiéu co trong nwéc thai nudi tao bun hoat tinh.

Thoi gian Bandiu 2ngiy d4ngdy 6ngdy 8ngdy 10ngdy 12ngiy
Mat dg vi sinh vat

3.8x10"  32x10°  9,9x10° 4,8x107  7,3x10° 9,6x10° 2,8x10"
(CFU/ml)
SV30 (ml/l) 395 105 120 150 190 245 380
MLSS (g/l) 3,56 0,38 0,56 0,87 LIS 2,18 3,26
SVI 111,0 2763 2143 1724 1652 1124 1166

MLYVSS (g/) 2,81 0,17 0,2 0,32 0,72 1,59 248
MLVSS/MLSS 0,79 0,45 0,36 0,37 0,54 0,68 0,76
pH 8 71 7,2 74 1,1 8 8,1

Két qua bang 3 cho thiy, sau khi nudi va thich nghi bun hoat
tinh mat do vi sinh vét ting dan theo thoi gian, & 6 ngay dau vi sinh
vt dang ¢ giai doan thich nghi nén tang truong khong dang ké. Tur
ngay tht 10 dén 12, s6 luong vi sinh vat ting tnmng rat nhanh,
dat 2,8x10"" CFU/ml, twong dwong v6i mat do vi sinh vét ctia bun
duoc lay tir nha méy bia (3,8x10" CFU/ml).

Ciing v6i d6 1a cac thong s6: SV30, MLSS, pH ciing ting din
tir ngay thtr 2 @én 12. Chi s6 SVI 30 ngay tht 2 dén 8 con cao do
vi sinh vat dang thich nghi v6i nu6c thai méi, dén ngay thir 10
va 12 dat 112,4 va 116,6, bun ling t6t. Bun c6 thé dua vao xir Iy
nude thai san xudt banh trang (hinh 2). Két qua nay ciing phu hop
v6i cac nghién ctru [6, 7]. pH tang dan trong 12 ngay nuéi bun do
c6 céc hoat dong phan hity hop chét carbohydrate nhu tinh bot,
duong, céac loai axit hitu co (lactic)... cua cdc vi sinh vat va qua
trinh vi sinh vét sr dung céc hop chat chira nito tao thanh NH,',
CO,,CH,...va dan 6n dinh 6 ngay thir 10 va 12. V& cam quan, bun
co mau nau do mui dat, bong bin 16n, lang nhanh va d¢ két dinh
tt c6 thé dua vao xir Iy nudc thai san xuat banh trang (hinh 2).

Hinh 2. Hé théng xtr ly nwérc thai banh trang.
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3.3. Anh hwéng cia mot 56 yéu 16 dén kha ndng lam sach
nudc thdi

Trude khi vén hanh hé thong xr Iy nudc thai can dam bao duy
tri mot s0 thong so co ban nhu: DO, pH, COD dau vao, thoi gian
hru... [3].

Ty 1¢ thanh phan nguyén liéu san xuat banh trang khong c6
dinh ma tuy thudc vao don dat hang. Chinh vi vy, nudc thdi san
xuét ciing luon bién dong theo qua trinh san xudt banh, COD dau
vao s& dugce diéu chinh dé cac me thi nghiém dugc tuong dbi dong
deu.

Anh huweong ciia ham heong DO: Oxy 1a chat can thiét cho qua
trinh 6xy hoa va sinh trudng cia vi sinh vat hiéu khi. Vi vay, dé
dam bao cho bé hiéu khi c6 kha nang dxy hoa chit hitu co v6i hiéu
suét cao phai dam bao cung cap 6xy day dii va lién tuc cho vi sinh
vit sinh truong va phat trién. Xac dinh ham luong DO thich hop
cho xir 1y nudc thai san xuat banh tring bang cong nghé USBF
1,5+4,0 mg/l cho cing mot mau nudc thai c6 COD dau vao 1a
khoang 1.015£16 mg/1.

Bang 4. Anh hwéng ciia DO téi hiéu suét qua trinh xd ly.

DO (mg/l) COD vao (mg/l) COD ra (mg/l) Hi¢u suét (%)
1,5 164+5,6 83,8+0,55
2,0 147+£3,5 85,5+0,34
2,5 122+3,5 88,0+0,34
1.015+16
3,0 120+4,0 88.,2+0,39
35 128+3,6 87,4+0,36
4,0 146+2,6 85,6+0,26

Két qua bang 4 cho thay, dai DO 2+4 mg/l thi nuéc dau ra déu
dat loai B QCVN 40:2011/BTNMT va ¢ ham lugng DO 2,5+3
mg/] thi hiéu suit xir Iy dat cao nhat 88% véi MLSS 1a 3,26 g/l.
Tuy nhién, dé tiét kiém ning luong chung t6i chon ndng d6 DO
o muc 2+2,5 mg/l. Tac gia L.H. Viet va cs (2013) [8] nghién cliu
xtr Iy nude thai ché bién banh trang cua Xi nghiép Xuat khau véi
DO>3 mg/l, pH 7,0+0,0, thoi gian luu 14 gio thi hiéu qua xt 1y
COD dat trén 92% voi MLSS khoang 4 g/1.

Anh hwéng ciia pH: Tién hanh véi mau nudc thai ¢ gia tri pH
dao dong trong khoang 6+8,5 cung gia tri COD dau vao.

Bang 5. Anh hwéng cuia pH téi hiéu suat qua trinh xir ly.

Két qua bang 5 cho thiy, gia tri pH tdi wu 1a 7,0+8,0 thi nudc
thai dau ra c6 COD dat QCVN 40:2011/BTNMT cot B va khi
pH=7,0 hi¢u suét xir 1y dat 88%. Vi vdy, diéu chinh nu6c thai dau
vao ¢6 pH 7,07,5 dé hidu qua xir 1y tot va tiét kiém hoa cht. L.H.
Viet va cs (2013) [8] kiém soat gia tri pH thi nghiém tai 7 dé xir ly
nuée thai banh trang. L.T.C. Chi va cs (2018) [6] kiém soat gi4 tri
pH thi nghiém ¢ 6,5+7,0.

Anh huéng ciia COD dau vao: Xac dinh khoang gia tri cia
COD dau vao dé hé thong khong bi qua tai va dat hiéu sudt xir Iy
cao nhat. Tién hanh vi cac COD dau vao khac nhau nhung 6 ciing
diéu kién thuc nghiém 500+1.500 mg/I.

Bang 6. Anh hwéng ciia COD t&i hiéu suat qua trinh xir ly.

COD vao (mg/l) COD ra (mg/l) Hiéu suit (%)
500 56+2,1 88,9+0,4
750 86+3,6 88,6+0,5
1.000 118+3,2 88,2+0,3
1.250 148+6,1 88,1+0,5
1.500 193+4.4 87,5+0,3

Két qua bang 6 cho thy, khi dau vao COD cang cao thi hi¢u
sudt xir Iy cang giam, COD dau vao 1 1.500 mg/1 thi nudc thai sau
xUr Iy khong dat c6t B theo QCVN 40:2011/BTNMT. Gia trj COD
dau vao 1a 1.250 mg/l, nudc thai dau ra bat dau cham ngudng trén
loai B. Vi vdy, nhitng nghién ctru tiép theo COD dau vao khuyén
cao nén nho hon 1.250 mg/l v6i mo hinh nay. Khi nude thai co gia
tri COD 16n hon 1.250 mg/l nén xt ly bang hé thong xr 1y yém khi
trude nhu UASB dé tan thu nang lwong (CH,) ma it anh huong dén
N, va P dang con thicu.

L.H. Viet va cs (2013) [8] nghién ctru xu 1y nudc thai banh
trang v6i gid trf COD ddu vao khoang 1.372 mg/l, dau ra 114 mg/l,
hi¢u suat dat 92%; V.K. Hanh va cs (2018) [7] xir Iy nu6c théi sinh
hoat véi gia tri COD dau vao khoing 640 mg/l, dau ra 85 mg/l,
hiéu suét dat 83%, T.T. Canh va cs (2006) [5] nghién ctiu xu ly
nudc thai do thi vdi gia tri COD dau vao khodng 500+700 mg/I,
dau ra COD dat t6i da 40 mg/l, hidu suét dat 92%; L.T.C. Chi va
cs (2018) [6] nghién ctru xir 1y nudc thai ché bién thiy san véi gia
tri BOD, d%lu vio cao nhat khoang 250 mg/1, BOD; dé}l ra cao nhit
60 mg/1. Tat ca cac nghién ctru nay, COD va BOD, dau ra déu dat
QCVN 40:2011/BTNMT cot B.

Anh huéng ciia thoi gian heu mede thai: Xac dinh khoang thoi
gian luu nudc thai dé hiéu suat xt 1y 1a cao nhat va bude tiép theo

pH COD vao (mg/l) COD ra (mg/l) pH LA A A L L A K N e X
la thiét ke cong suat xu ly thyc té cua hé thong. Tien hanh véi mau
i =G ol nude thai ¢ cung gia tri COD dau vao nhung ¢ thoi gian luu khac
6,5 208+7,2 6,5 nhau, dao dong tr 6 dén 18 gio, két qua dugce trinh bay ¢ bang 7.
6.8 14942 6,8 Bang 7. Anh hwéng cua thoi gian lwu t6i hidu sudt qua trinh xir ly.
7,0 1.015+16 124+4,5 7,0
o Thoi gian lwu (gio)
e
75 139+7,0 73 6 8 w1z 4 16 18
8,0 144+6,1 8,0 CODra(mgl) 307£14 28589  254¢11 190£5  158£10 307¢14 2859
8.5 156+8,7 85 Higusudt (%) 69314 71,5:09 74,611 8105 84210 693£14 71,5:09
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Két qua ¢ bang 7 cho thiy, thoi gian duoc khao st trong
khoang 6+18 tiéng, thoi gian luu cang dai hidu qua xu 1y cang
tang 1én. O thoi gian luu 16+18 tiéng nudce thai dau ra dat QCVN
40:2011/BTNMT c6t B. Chon thoi gian phu hop cho mo hinh
nay 1a 16 tiéng dé co thé ting cong sudt xtr 1y. Theo nghién clru
cta mot s tac gia nhu V.K. Hanh va cs (2018) [7] thoi gian luu
10 gio, L.H. Viet va cs thoi gian luu 14 gio [8] khi xtr ly cac doi
tuong nudc thai khac nhau la nudc thai sinh hoat va nudc thai
banh trang thoi gian lwu thong thuong khoang 10+14 tiéng.

3.5. Két qud vgn hanh bé USBF

Sau khi t6i wu mot s6 yéu to anh huong dén kha ning lam
sach nudc thai va nudi bun hoat tinh thich nghi t6t s& dua vao hé
thdng USBF vén hanh véi cac thong s6 DO=2,5, pH=7, COD dau
vao khoang 1.000 mg/1, thoi gian luu 16 gio.

Bang 8. Gia tri mot s6 chi tiéu trwéc va sau xi ly.

QCVN 40:2011

Chi . a Higu sudt
STT | Ponvi Pauvao Paura BTNMT

tieu N (%)

(c0t B)

1 pH - 7,1£0,2 8,0£0,2 5,59 Dat
2 TSS  myl 135,7£7,8  38,2£3,5 50 72
3 COD mg/l 1.004£61  103£23 150 91
4 BOD, mg/ll 65822 44,5433 50 95
5 N, mg/l 14,6+0,6  8,0+02 40 Dat
6 P, mg/l 1,93+0,2 382435 6 Dat

Qua trinh van hanh bé USBF ci tién trong 12 ngay theo doi
voi cac thong sd van hanh nhu trén thi hidu qua xir Iy cia bé dat
duogc duoc thé hién ¢ bang 8. Hiéu sudt xir Iy TSS trung binh ¢
khgéng 72,COD 91, BOD, 95%, P, dat quy chuﬁn., Nhu vay, hiéu
suat xtr Iy cac chat 6 nhiém trong nude thai san xuat banh trang la
kha cao, nudc dau ra dat chuén theo QCVN 40:2011/BTNMT cot
B vé chat luong nudc thai cong nghidp. Két qua nghién ctru nay
pht hop véi mot s6 tac gia da nghién ciru trude ddy vé tng dung
cong nghé USBF nhu L.H. Viet va cs (2013) [8] khi xt ly nude
thai banh trang san xuét theo quy mo cong nghiép luu luong va
cht lugng 6n dinh chua keo tu béng PAC hiéu suét xur ly BOD;
va COD dat tuong ung 91 va 92%; V.K. Hanh va L.H. Viet (2018)
[7] xu ly nudce thai sinh hoat hi¢u suat xir ly BOD, va COD dat
tuong ung 85 va 83%; T.T. Canh va cs (2006) [5] xu ly nudc thai
do thi hiéu sudt xir 1y BO]?5 va COD da~t tuong tmg 90 va 85%.
Mot s6 nghién clru cho thay, vdi cdc mau nudc thai co déac tinh
twong tu nhu nudc thai sinh hoat dién hinh thi hiéu suat xir 1y
BOD, va COD dat tuong tng 82,2 va 85,7% [11, 12].

£ ~
Két luan

Buin hoat tinh ban d4u dugc thich nghi nhanh trong 12 ngay
nudi tao v6i dic tinh cia nude thai lang nghé banh tring, & ngay
thir 12 mat do vi sinh vat dat 2,8x10" CFU/ml, SV30 380 ml/l,
SVI 116,6 ml/g chimg t6 bun da dugc hoat hoéa thanh cong.
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Mo hinh USBEF cii tién ngin thiéu khi thanh ngan hiéu khi
voi nguyén 1y dong chay ngugc c6 16p bun lo lung phu hop cho
xtr Iy nu6e thai lang nghé san xudt banh trang. Hiéu qua xu ly
nudc thai ¢6 TSS, COD va BOD, dat QCVN 40:2011/BTNMT
(cot B). Vi vay, co the két ludn bé USBF cai tién rat thich hop cho
xir Iy nude thai ché bién banh trang quy mé san xuit ho gia dinh
khi COD nh¢ hon 1.500 mg/I.

L01 CAM ON

Nghién ctru nay duoc hoan thanh véi su hd tro clia dé tai:
“Nghién ciru cong nghé vi sinh xir 1y nudc thai lang nghé banh
trang quy mo hd gia dinh” thuc hi¢n tai Trung tam Nhiét doi Viét
- Nga. Céc tac gid xin tran trong cam on.

TAI LIEU THAM KHAO

[1] Ho Chi Minh City Department of Agriculture and Rural Development
(2019), Official Dispatch No. 1053/CCPTNT-CD.

[2] IHU Digital Library (2020), “Research on the phosphate processing
ability of Bacillus subtilus bacteria isolated from seafood processing
wastewater”, http://opac.iuh.edu.vn/TraCuuTaiLieuSo2XemChiTiet.
aspx?1d=104402, accessed 20 October 2020

[3]L.D. Pham (2017), Wastewater Treatment Technology Using Biological
Methods, Education Publishing House, 198pp.

[4] N.V. An, N.H. Anh, T.V. Son, et al. (2020), “Proposed zoning of
environmental functions in Cu Chi district, Ho Chi Minh City”, Environment
Magazine, 3, p.30-37 (in Vietnamese).

[5] T.T. Canh, T.C. Tan, N.Q. Nga, et al. (2006), “Research on urban
wastewater treatment using biotechnology combined with USBF reverse flow
filtration”, Journal of Science and Technology Development, 9(7), pp.66-67
(in Vietnamese).

[6] L.T.C. Chi, TK.N. Thao, T.V. Anh (2018), “Determining the kinetic
parameters of microorganisms in a continuous flow activated sludge tank
model for treating seafood processing wastewater products”, CTU Journal of
Science, 20(2), pp.90-96 (in Vietnamese).

[7] V.K. Hanh, B.T.T. Thuy (2018), “Application of biotechnology based
on the principle of upflow with suspended sludge layer (USBF) to treat
domestic wastewater on a laboratory scale”, Transport and Communications
Science Journal, 5, pp.66-72 (in Vietnamese).

[8] L.H. Viet, L.T. Soan, V.M. Quang, et al. (2013), “Research on
wastewater treatment of rice paper processing using USBF tanks”, CTU
Journal of Science, 29, pp.23-30 (in Vietnamese).

[9] National standards (2016), TCVN 6663-3:2016 - Water Quality -
Sampling - Part 3: Preserving and Processing Water Samples.

[10] Ministry of Natural Resources and Environment (2011), National
Technical Regulation on Industrial Wastewater QCVN 40:2011/BTNMT.

[11] A. Naghizadeh, A.H. Mahvi, R. Saeedi, et al. (2010), “Upflow
sludge blanket fltration (USBF): an innovative technology in activated sludge
process”, Iran J. Public Health, 39(2), pp.7-12.

[12] APHA (2017), Standard Methods for the Examination of Water and
Wastewater.

91



s Khoa hoc Ky thuat va Céng nghé | Céng nghé nano DOI: 10.31276/VIST.64(6).58-63

Nghién ciru ‘ché tao nano selen (K)n,dinh trong f-glucan tan nwdoc
bang phuwong phap chiéu xa gamma Co-60

Nguyén Thi Dung"2, Trin Pirc Trong', Nguyén Thanh Vii', Nguyén Trong Nghia', Lé Quang Luin*

Trung tam Cong nghé Sinh hoc TP H6 Chi Minh, 2374 quéc 19 1, khu phé 2, phwong Trung My Tdy, qudn 12, TP H6 Chi Minh, Viét Nam
2Khoa Khoa hoc Sinh hoc, Truong Pai hoc Néng Lam TP Ho Chi Minh, khu phé 6, phuwong Linh Trung, TP Thii Pikc, TP Hé Chi Minh, Viét Nam

Ngay nhén bai 3/8/20021; ngay chuyén phan bién 5/8/2021; ngay nhan phan bién 27/8/2021; ngay chép nhan ding 31/8/2021

Tém tit:

Dung dich keo nano selen (SeNPs) on dinh trong f-glucan tan nwéc cé kich thwée hat 64,9-110,1 nm da dwgc ché tao thanh cong
bing phuong phap chiéu xa tia gamma (Co-60). Liéu chuyén héa bio hoa ciia dung dich Se** ¢ cac nong d9 40, 60, 80, 100 va 120
ppm dwoe x4c dinh lan lwot 13 4, 6, 8, 10 va 12 kGy. Dic trung céu triic va kich thuéce hat ciia ché pham sau khi ché tao dwoc
x4c dinh bing pho hong ngoai (FTIR) va tan xa anh sang dong (DLS). Két qua dat dugc cho thdy, khi ting nong d9 p-glucan tir
11én 4% hodc d9 pH trong miu chiéu xa tir 5 1én 10 d lam thay doi khong nhiéu vé kich thuéc hat nhung c6 anh hwéng manh
dén st phan bo kich thude hat trong sian pham Kich thwéc hat ciia ché pham héu nhw khong gia ting sau 60 ngay bao quan &
0 va 4°C nhung c6 ting nhe sau 30 ngay lwu giir ¢ nhiét d§ phong. Thém vao d6, ché phim SeNPs/f-glucan ché tao dugc 6 hoat
tinh khang oxy héa cao hon nhiéu so véi vitamin C & cung nong dj va hoat tinh nay c6 xu hwéng gla tang theo thoi gian phan
u’ng Ché pham SeNPs/f-glucan ¢6 kich thuwéc hat cang nhé thi kha nang khang oxy hoa cang cao. Két qua nghién ciru ciing cho
thay, ché pham SeNPs/f-glucan ché tao bang phwong phap chiéu Xa rit c6 trién vong rng dung trong linh vuc my pham va thue

pham bao vé strc khée.

Tir khoa: khang oxy hoa, nano selen, tia gamma, f-glucan tan trong nwéc.

Chi sé phin logi: 2.9

1. Dit van de

Selen 14 nguyén t6 vi luong quan trong, rit can thiét cho nguoi
va dong vat. N6 c¢6 anh hudng lon dén céac hoat dong sinh hoc
nhur cac hoat tinh chong 6xy héa, chong ung thu, khang vi rat, vi
khuén, dic biét la hoat tinh tang cuong mién dich. Selen co mit
trong co thé tuy voi ham luong rit thép nhung lai dong vai tro vo
ciing quan trong dbi voi strc khoe. Sy thiéu hut selen c6 thé dan
dén mot s bénh nghiém trong nhu ung thu, tim mach va roi loan
hodc tre ché midn dich. Viéc bd sung selen voi lidu thip co thé
lam gia tang hodc phuc hdi cac chire nang mién dich [1, 2]. Nhiéu
nghién ctru di chimg minh ring, nano selen (SeNPs) ¢6 doc tinh
rat thip, trong khi hoat tinh sinh hoc cao hon so véi cac dang vo
co va hiru co khac [3, 4].

Hién nay hau hét cac nghién ctru dé tao san pham nano selen
chu yéu ap dung cac phuong phép truyén thong vdi cc tac nhan
vat 1y (str dung nhiét do, vi séng, ap sudt...) [5-7], hoa hoc (st
dung hoa chét) [8, 9], hodc sinh hoc (st dung dich chiét thuc vat, vi
sinh vat...) [10, 11], nén kich thudc hat tao thanh trong san _phém
thuong 16m, n6ng do, @o déng déu va do tinh khiét cua san pha”im lai
khong cao, df)ng thoi vin con ton du cac chat khir trong san phim.
Trong khi d6 ché tao nano selen bing phuong phap chiéu xa duoc
cho 1 ¢6 nhidu wu diém, nhu d6 khur dong déu nén tao san pham
co do dong nhét cao, khong st dung chit khir nén do tinh khiét
cao, d& dang diéu chinh kich thudc hat va ndng d san pham, vi thé
c6 thé tao san pham on dinh nhu mong muén, dé trién khai & quy
mo 16n [12]. Thém vao do, f-glucan 1a mot nhom polysaccharide
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phé bién trong nhiéu loai vi sinh vat va thuc vat, da va dang duoc
quan tim do ¢6 nhiéu hoat tinh sinh hoc quy nhu: chong 6xy héa,
hd tro ting cuong chirc ning mién dich, Grc ché t& bao ung thu,
khang viém, bio vé gan va gidm cholesterol. Mic du di ¢ mot sb
cong trinh nghién ciru ché tao nano selen trong va ngoai nudc s
dung chitosan, oligochitosan, dextran, carboxymethyl cellulose...
lam cht 6n dinh [8, 12, 13], nhung hau nhu chua c6 cong trinh
ndo cong bd vé viée sir dung f-glucan lam chat 6n dinh trong ché
tao nano selen, dic biét ché tao bang phuong phap buc xa. Chinh
vi vdy, viéc sir dung f-glucan tan nude lam chat 6n dinh trong ché
pham nano selen hira hen nhiéu trién vong tmg dung, vi san pham
s& c6 hiéu tmg két hop giira nano selen va polysaccharide quy nay
trong huéng tmg dung chdng 6xy hoa va mién dich, tir d6 dinh
hudng 1am nguyén ligu trong san xuat thyc pham bao vé sirc khoe.

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

f-glucan tan trong nudc tich chiét tir thanh t& bao ndm men
theo quy trinh duoc cong bd ciia N.T. Long va cs (2019) [14] do
Trung tim Cong nghé Sinh hoc TP HO Chi Minh cung cap. Selenium
dioxide; 2,2-azinobis  (3-ethylbenzothiaoline-6-sulfonic  acid)
(ABTS); K,8,0,... 1a san pham tinh khiét cita hang Scharlau (Dirc).

2.2. Phwong phdp nghién ciru

Ché tao SeNPs/B-glucan bang phiwong phdp chiéu xa: Dung
dich Se*/2% p-glucan véi cac nong do Se** 1an luot 1a 40, 60, 80,
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Abstract:

The colloidal solutions of selenium nanoparticles (SeNPs) stabilised
in water-soluble f-glucan were successfully prepared by the gamma
ray (Co-60) irradiation method. The saturation dose for complete
reduction of solutions contained 40, 60, 80, 100, and 120 ppm Se*
were determined at 4, 6, 8, 10, and 12 kGy, respectively. The structural
characteristic and particle size were analysed by Fourier transform
infrared spectrophotometer (FTIR) and Dynamic light scattering
(DLS). The obtained results showed that the increase of f-glucan
concentration from 1 to 4% or pH of sample from 5 to 10 caused a
slight change of particle size but strongly affected the particle size
distribution in the product. The particle size of the product was almost
unchanged after 60 days stored at 0 and 4°C conditions, but a slight
increase was observed in the sample stored at room temperature after
30 days. In addition, the antioxidant activity of SeNPs/f-glucan was
much higher than that of vitamin C at the same tested concentration
and this activity was increased by the increase of reaction time. The
smaller particles size in the product displayed the higher antioxidant
activity. These results indicated that SeNPs/f-glucan prepared by
irradiation method is a very promising product for application in the
fields of cosmetic and functional food.

Keywords: antioxidant, gamma ray, selenium nanoparticle, water-
soluble f-glucan.

Classification number: 2.9

100 va 120 ppm duoc chiéu Xa trén ngudn gamma Co-60 (GC-
5000, BRIT, An D9) véi licu xa 2-14 kGy & suat lieu 10 kGy/gio
dé ché tao SeNPs/f-glucan.

Xdc dinh liéu chiéu xa chuyén héa béo hoa: Liéu xa chuyén
héa bio hoa 1a licu chiéu xa ma tai d6 toan bo Se* bi khir thanh Se”
dugc xac dinh trén co so phan tich ham luong ion Se** con lai trong
dung dich sau khi chiéu xa theo phwong phap ciia M. Mathew va
¢s (2006) [15].

Khdo sat anh hwong nong dé Se**: Dung dich Se*'/p-glucan
v6i cac nong do Se** lan luot 1a 40, 60, 80, 100 va 120 ppm dugc
6n dinh trong dung dich f-glucan tan nuéc 2% (w/v) dugc tao ra
bing cach phéi tron 2 dung dich stock Se** 800 ppm va f-glucan
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tan nude 10% theo ty 1€ phu hop. Chiéu xa cac dung dich nay véi
céc lieu xa chuyén hoa bao hoa dé ché tao SeNPs/f-glucan.

Khao sat anh hwong cia nong o chdt on dinh: Mau Se*/p-
glucan v6i nong do Se** 1a 80 ppm 6n dinh trong 1, 2, 3 va 4%
S-glucan dugc chiéu xa liéu 8 kGy.

Nghién ciru dnh hwong cia pH: Dung dich Se*/f-glucan véi
ndng do Se** 1a 80 ppm duoc on dinh trong dung dich f-glucan ¢6
ndng d6 13 2% (w/v) & didu kién pH 13 5, 6, 7, 8 va 9 va chiéu xa
0 8 kGy.

Khdo sdt do on dinh ché pham theo thoi gian bao qudn: Mau
SeNPs/f-glucan sau khi chiéu xa duoc luu trit & cac didu kién 0,
4va 25°C (nhiét d§ phong). Kich thudc hat SeNPs ctia dung dich
SeNPs/f-glucan dugce x4c dinh sau 30 va 60 ngay luu trir.

Xéc dinh dic trung ciia san pham: Phd hong ngoai (FTIR) cia
mau SeNPs/f-glucan duge xéc dinh trén may FTIR-4700 (Jasco,
Nhat Ban) trong khoang s6 song 4000-500 cm™ ¢ dang vién nén
v6i ty 18 3 mg mau/100 mg KBr. Kich thudc va phan bd kich thuée
ctia hat SeNPs trong mau dugc xac dinh bang phuong phép tin
xa anh sang dong (DLS) trén may Zetasizer Nano ZSP (model
ZEN5600, Malvern, Anh) & 25°C st dung ngudn laser 632,8 nm
v6i chi s6 khiic xa 1a 1,590 va hé s6 hap thy 0,01.

Xac dinh hoat tinh khang oxy hoa: Hoat tinh khang 6xy hoa
dura vao kha ning bt gdc ABTS" ciia SeNPs/f-glucan theo phwong
phép ctia P. Chen va cs (2007) [16] sir dung méau blank 1a nudc cat
va mau d6i chimg 1a f-glucan tan nudc 2%. Hoat tinh bat goc tu do
duoc tinh theo cong thire: H (%) = (1 - A/A ) x 100. Trong do: A
va A_lan lugt 12 do hdp thu ctia mAu thir va mu doi chimg & bude
song 734 nm.

3. Két qua va ban luan
3.1. Anh huong ciia m%ng dp Se** dén kich thwéc hat SeNPs

Chiéu xa 1a phuong phap hiru hidu dé khr cac ion kim loai nhu
bac (Ag"), dong (Cu?"), vang (Au*) tr vé dang dang nano kim loai
(Ag°, Cu’, Au’), trong d6 e-aq, H' va OH" sinh ra trong qua trinh
chiéu xa s& khtr Se* thanh Se® [12, 16]. S. Remita va cs (2005) [17]
cho rang, liéu xa toi thiéu dé khir I mM kim loai hoé tri I tir dang
ion vé dang bdo hoa dién tich 1a ~1,67 kGy, tuy nhién gia tri nay co
thé tang 1én khi trong dung dich phan tng ¢6 chira cac hop chat co
kha ning phan tmg véi goc tu do e, H va OH" nhu linoleic acid,
chitosan... Cho dén nay ¢ rat it ng11ién ciru img dung birc xa dé
ché tao SeNPs dugc cong bd, dic biét 1a ché tao SeNPs 6n dinh
trong f-glucan hau nhu chua dugc nghién ciru. Nghién ciru nay sir
dung p-glucan tan trong nude lam chat 6n dinh. Két qua xac dinh
liéu xa bdo hoa va mau sdc cla san phém dugc thé hién & hinh 1
va 2. Két qua tir hinh 1 cho thy, liéu chuyén hoa bio hoa (1a lidu
chiéu xa ma tai d6 toan bo Se** dwoc khir thanh Se?) cia cac dung
dich Se* & cc nong do 40, 60, 80, 100 va 120 ppm lan luot 1 4,
6,8, 10 va 12 kGy, mau sic ciia dung dich SeNPs/f-glucan chuyén
dan tir cam sang do cam khi ndng do SeNPs tang tir 40 1én 120
ppm (hinh 2). Két qua nay kha phii hop v6i két qua nghién ciru
di cong bd cua S. Remita va cs (2005) [17], L.T.A. Nhien va cs
(2018) [18] cling nhu cua N.Q. Hien va cs (2018) [12].
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Hinh 1. Liéu chuyén héa bao hoa ctia mau c6 ndng dé Se** ban
dau khac nhau.
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Hinh 2. Mau SeNPs/B-glucan cé néng dd Se* ban dau khac
nhau sau khi chiéu xa.
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Hinh 3. Phé FTIR cia mau SeNPs/B-glucan cé ndéng do Se*
ban diu khac nhau.
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3.2. Dic trung ciia ché phcfm SeNPs/f-glucan ché tao bﬁng
phwong phap chiéu xq

Céc dic trung ciia ché pham SeNPs/f-glucan ¢ céc nong do
40-120 ppm ciing duoc phén tich trén co s¢ phd FTIR nhu & hinh
3. Két qua tir hinh 3 cho thdy, phé FTIR clia cic mau SeNPs/f-
glucan 6 hién tuc)’ng dich chuyén dinh hap thu ciia lién két (- OH)
tai sO song 3383 cm! cua dung dich f-glucan dbi chimg sang s6
s6ng cao hon 14 3390 cm! va dinh hap thu dic trung cho lién két
(-COO) tai vi tri 1640 cm ctia dung dich f-glucan déi chimg sang
s song 1647 cm trong mau SeNPs/f-glucan. Diéu nay cho thiy
SeNPs tao thanh céc lién két tinh dién cua céc hat SeNPs véi cac
phan tir cua chat on dinh f-glucan qua cac nhom (-OH) va (-COO).
Két qua nghién ctru nay kha twong dong véi cac cong bo clia A.A.
Menazea va cs (2020) [19] va N.Q. Hien va cs (2018) [12] khi cho
rang, SeNPs sau khi duoc tao thanh d& dang tao lién két hydro véi
céac phan tu polysaccharide nhu dextran, chitosan, carboxymethyl
chitosan va dugc 6n dinh trong mang luéi cta ching.

Birc xa la mot phuwong phép dugc cho 1a c6 uu thé trong viée
ché tao cac ché pham nano c6 kich thuéc hat nho va dong déu hon
cac phuong phap hoa hoc va sinh hoc [12]. Thong thuong, kich
thudc hat nano trong trong mau sau khi ché tao tang ty 1€ thuan vai
ndng d6 mudi ban dau. Trong nghién ctru ndy, phuong phap DLS
dugc st dung dé xac dinh kich thudc hat ctia cic miu SeNPs co
nong do khac nhau va két qua duogc trinh bay & hinh 4. Két qua tir
hinh 4 cho thdy, kich thudc hat SeNPs ting dan khi ting dan nong
d0 Se*" trong mau, cu thé & ndng do Se*" ban dau 1a 40 ppm, kich
thudc hat SeNPs trung binh 1a 64,79 nm. Tuy nhién, khi gia ting
ndng do Se** trong miu lén 60, 80, 100 va 120 ppm thi kich thudc
trung binh hat SeNPs ciing tang 1én tuong ung la 71,74, 92,02,
96,71 va 110,1 nm. Trong d6, mau c6 nong d6 nong do Se* ban dau
14 80 ppm thi phan b kich thuéc hat hep hon va tap trung cha yéu
trong khoang 80-100 nm. Két qua nay twong ddi phi hop véi cong
b6 cua X. Jia va cs (2015) [20] khi cho rang, cac hat SeNPs duoc
tao thanh & dung dich c6 ndng d6 Se* ban dau cao ¢ xu huéng két
cum nhiéu hon dan dén kich thude hat trung binh s€ 16n hon so vai
cac hat SeNPs & dung dich c6 ndng do Se* ban dau thp.
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Hinh 4. Kich thwée hat ctia mau SeNPs/B-glucan ché tao & cac néng do Se* ban dau 1a 40 (A), 60 (B), 80 (C), 100 (D) va 120 ppm (E).
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3.3. Anh hwoéng cua m;ng do p-glucan dén kich thwéc
hat SeNPs/p-glucan

Nong d6 chét 6n dinh c¢6 anh huéng rat nhiéu dén kich
thudc hat ciia hé keo nano va thong thuong khi ting nong
dd chat on dinh thi s& c6 tac dung lam giam kich thudc hat.
Két qua xac dinh anh huéng ciia ndong do chit 6n dinh dén
kich thuéc hat cia mau SeNPs duogc trinh bay trong hinh 5.
C6 thé thiy, mau SeNPs 6n dinh trong 1% f-glucan c6 kich
thudc hat trung binh 1a 95,39 nm va c6 phén bé rong trong
khoang 20-300 nm. Cac hat phan bd tap trung & khoang 80-
150 nm. Trong khi cdc mau SeNPs 6n dinh trong 2 va 3%
[-glucan c6 kich thudc hat trung binh tuong ung 1a 92,02 va
85,44 nm, tap trung & khoang phan bd hep 50-190 nm. Khi
tiép tuc ting nong do S-glucan 1én 4% thi kich thudc trung
binh cua hat trong mau SeNPs giam nhanh xudng con 83,02
nm nhung phan bé lai rong hon (30-200 nm). Nhur véy kich
thudce trung binh cua hat SeNPs giam dan khi gia ting nong
do chat 6n dinh f-glucan trong mau. Diéu nay c6 1& 1a do khi
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Hinh 5. Kich thwéc hat SeNPs trong mau SeNPs/B-glucan & cac
néng dé chét 6n dinh B-glucan khac nhau. A, B, C, D: mau c6 ndng
dd B-glucan Ian luotlala 1, 2, 3 va 4%.
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tang nong do S-glucan lam ting mat do mang ludi bao boc
SeNPs, lam SeNPs kho két cum lai v6i nhau, dan dén kich
thudc hat SeNPs giam dan. Két qua nay kha twong dong voi
céc két qua da cong bd ciia N.N. Duy va cs (2021) [13] khi
ché tao SeNPs/oli gochitosan, sy hinh thanh lién két Se-O gitra
SeNPs va oligochitosan lam 6n dinh SeNPs trong mang ludi
oligochitosan.

3.4. Anh huéng ciia pH dén kich thuwéc hat SeNPs/p-glucan

Su thay ddi ciia kich thudc hat trong mau SeNPs//-glucan
ché tao ¢ cac diédu kién pH khac nhau trong nghién ctru nay
duoc trinh bay trén hinh 6. Co thé d& dang nhan thay rang
kich thudc trung binh cua hat nano phu thudc kha nhiéu vao
d6 pH ctia mau va c6 xu huéng giam khi pH tang tir 5 1én 7 va
sau d6 giam manh hon khi pH tang 1én 9 va 10. Cu thé, kich
thudc hat SeNPs 1an lugt 1a 92,02, 91,56, 90,05, 89,83, 81,52
va 76,13 nm, twong (mg véi cac khoang pH ctia mau 1a 5, 6,
7,8, 9 va 10. Tuy nhién, khi ting dan pH ciia dung dich keo
SeNPs/f-glucan, phan bé kich thudc hat trong mau SeNPs ¢6
xu huéng rong hon va pH~5,0 c¢6 do phan b hep va tap trung
nhét. Nguyén nhén c6 thé 1a do su gia ting do truong nd cua
phan tir f-glucan trong dung dich ¢6 pH cao hon, dan dén céu
trac mang ctia chat 6n dinh bi long I¢o. Trong cong b6 clia X.
Jia va cs (2015) [20] ciing cho thay ring, ,B glucan tach chiét
tir qua thé ndm hwong (Lentinus edodes) c6 vai trd quan trong
ddi véi sy on dinh va phén tan cta SeNPs trong dung dich.

3.5. Do on dinh ciia SeNPs/f-glucan sau khi ché tao

Do 6n dinh cua keo SeNPs/f-glucan dugc khao sat trong
vong 2 thang & diéu kién nhiét d6 khac nhau dugc trinh bay ¢
hinh 7 va 8. Két qua hinh 7 cho thy, sau 30 ngay thi cic mau
SeNPs/f-glucan bdo quan ¢ nhi¢t do 25 va 4°C c6 sy gia ting
kich thu6c hat. Cu thé, kich thudc hat cia mau bao quan &
25°C 14 114,5 nm (tang 22,48 nm) va kich thudc hat ctia mau
bao quan ¢ 4°C 1a 100,9 nm (tang 8,88 nm). Tuy nhién, khi
bao quan méau & 0°C thi sau 30 ngay c6 kich thuéc hat hau nhu
khong thay d6i va o phan bé kich thudc hat thay doi rét it so
v&i mau SeNPs/f-glucan sau khi ché tao.
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Hinh 6. Kich thwéc hat SeNPs trong ché pham SeNPs/B-glucan & cac pH khac nhau. A, B, C, D, E, F: mau c6 dé pH twong &ng 1a 5, 6, 7,

8,9, 10.
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Hinh 7. Kich thwé'c hat SeNPs trong ché pham sau 30 ngay bao
quan & diéu kién 25°C (B), 4°C (C) va 0°C (D) so vé&i kich thuwéc
hat SeNPs sau khi ché tao (A).

Két qua phan tich kich thuéc hat SeNPs cua ché phdm
sau 60 ngdy bao quan & cac didu kién khac nhau (hinh 8)
ciing cho thiy kich thuéc hat ciia mau SeNPs/f-glucan bao
quéan & nhiét do 25 va 4°C sau 60 ngay lan luot 1a 132,3 nm
(tang 40,28 nm) va 106,3 nm (tang 14,28 nm). Bdi véi miu
bao quan ¢ 0°C thi sau 60 ngay kich thudc hat 1a 97,15 nm
va chi ting 5,13 nm so v&i SeNPs/f-glucan ban dau. Tuy
nhién, d6 phan bd ciia miu SeNPs/f-glucan bao quan & 0°C
sau 60 ngay hau nhu khong thay d6i. Két qua nay kha phu
hop véi cong bd ciia N.N. Duy va cs (2021) [13] khi cho
rang, kich thudc SeNPs trong SeNPs/oligochitosan dugc
béo quan ¢ 27°C tang nhanh hon & 4°C. Nhom tac gia cling
thong béo ring, SeNPs/oligochitosan trg nén khong 6n dinh
sau khi bao quan hon 28 ngay va chuyén sang két tua den
sau 42 ngay bao quan ¢ 25°C.
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Hinh 8. Kich thwéc hat SeNPs trong ché pham sau 60 ngay
bao quan & didu kign 25°C (B), 4°C (C) va 0°C (D) so véi kich
thwére hat SeNPs sau khi ché tao (A).
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3.6. Hoat tinh khang oxy hoa cia dung dich keo
SeNPs/f-glucan

Phuong phap khao sat kha ning bat gbc tw do ABTS la
mot phuong phap thuong dugc sir dung dé danh gia hoat
tinh 6xy hoa. Két qua khao sat hoat tinh khang 6xy héa ciia
mau SeNPs/f-glucan c6 kich thudc hat khac nhau dugc thé
hién ¢ hinh 9. Két qua cho thiy, hoat tinh khang 6xy hoa cta
ché pham SeNPs/f-glucan giam khi kich thuéc hat SeNPs
tang va san pham c6 kich thudc cang nho thi hoat tinh chéng
6xy hoa cang cao. Cu thé, sau 1 gio phan tmg, hoat tinh
chong 6xy hoa ciia ché pham SeNPs/f-glucan ¢ nong do 10
ppm va kich thudc hat ~64,79 nm dat 58,06% nhung giam
Xuéng con 41,36% khi kich thudc hat tang 1én 71,74 nm va
giam con 32,11% khi kich thudc hat tang 1én 92,02 nm. Khi
tiép tuc tang kich thudc hat 1én 96,71 va 110,1 nm thi hoat
tinh khang 6xy hoa tiép tuc giam tuong tmg con 20,7 va
11,13% (thap hon ascorbic acid & cing nong d9). Khi ting
thoi gian phan tmg 1én 6 gio thi hoat tinh khang 6xy hoa
ctia mau SeNPs/f-glucan co kich thudc 64,79 nm dat 100%.
Trong khi d6, cac mau c6 kich thudc hat 71,74, 92,03, 96,72
va 110,1 nm thi can thoi gian dé phan ung khang 6xy hoa
dat 100% lan luot 1a sau 12, 18, 24 va 48 gio. Diéu nay cd
thé giai thich dwoc 1a khi & ciing mot ham lwong nhung kich
thudc hat nano selen cang nho thi hi¢u mg bé mit ciing ting
1én, dan dén hoat tinh chong 6xy héa tang. Tir nhitng két qua
trén co thé thay mau SeNPs/f-glucan c6 kich thudc hat cang
nho thi hoat tinh chéng 6xy hoa cang cao. Két qua nay kha
phu hop véi nghién ctiru ctia N.Q. Hien va cs (2018) [12] khi
cho SeNPs/dextran ¢6 ndng d6 25 ppm (d~74 nm) phan tmg
v6i ABTS® trong 60 phut cho hoat tinh chéng oxy hoa 1a
78% va dat 100% & ndong d6 100 ppm trong 5 phit.
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Hinh 9. Hoat tinh khang 6xy héa ctia SeNPs/B-glucan cé kich
thwéc hat khac nhau.

C6 thé thay viéc gia ting hoat tinh khang 6xy héa cia
ché pham SeNPs/-glucan la sy khéc biét dang chii y va co ¥
nghia quan trong trong tng dung thuc tién. Mic du vitamin
C ¢6 hoat tinh khang 6xy hoa manh nhung lai kém bén, rat
dé bi 6 0xy hoa boi cac gbc tu do co mit trong khong khi. Tur
nhitng ket qua trén c6 thé thdy, SeNPs 1a hoat chat chong
oxy hoa rit tiém ning voi nhitng wu dlem nhu bén, kho bi
0xy hoda, hoat tinh dugc duy tri lau va on dinh. Chinh vi vay
néu bo sung vao co thé theo dudng udng thi hoat chat nay sé
khong bi mat hoat tinh hoan toan & da day. Pay 1a mot trong
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cac wu diém cua SeNPs dugc quan tam, chi y nhiéu nhét va
ciing dugc xem nhu la chit co hoat tinh chong 0xy hoa rat
hiéu qué va tiém ning dé san xudt cac san pham chong Ooxy
hoéa g dung trong linh vuc my phim va thyc phdm chuc
nang.

4. Két luan

Di ché tao thanh cong ché pham SeNPs 6n dinh trong
f-glucan tan trong nuéc bang phuong phap chiéu xa Co-60
va xac dinh duoc lidu chuyén héa bao hoa cua cac dung dich
Se** & cac nf“)ng do 40, 60, 80, 100 va 120 ppm lan luot 1a
4, 6, 8, 10 va 12 kGy. Kich thudc hat SeNPs giam tr 95,39
xudng 83,3 nm khi ting nong do f-glucan tir 1 1én 4% va
giam tir 92,02 xudng 76,13 nm khi ting d6 pH trong mau
tir 5 1én 10. Kich thudc hat ctia ché pham hau nhu khong
tang sau 30 ngay bao quan ¢ 0°C va 4°C nhung c6 tang nhe
sau 60 ngay luu giir 6 nhiét d6 phong. Hoat tinh khang 6xy
hoéa ciia SeNPs/f-glucan cao hon nhiéu so véi vitamin C &
cling nong do va c6 xu hudng ting theo thoi gian phan tmg.
SeNPs/f-glucan c6 kich thudc hat cang nho thi kha nang
khang 6xy héa cang cao. Két qua nghién ciru nay cho théy,
ché pham SeNPs/f-glucan che tao bing phuong phap chiéu
xa ¢ tiém ning ung dung rat tot trong my pham va thuc
pham bao vé strc khoe.

LO1 CAM ON

_ Nhom nghién ctru xin tran trong cam on S6 KH&CN TP
H6 Chi Minh da tai tro kinh phi cho nghién ctru nay (Hop
dong s6 100/2019/HD-QPTKHCN ngay 23/12/2019).
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Tom tit:

Trong nghién ciru nay, tac gia trinh bay két qua ché tao thanh cong vat li¢u hat cacbon nano (CDs) bing cach thiiy nhiét hat dau
xanh & cac nhi¢t d) khac nhau. Cic miu ché tao 6 nhi¢t do 180, 200 va 220°C déu cho théy hi¢u tmg phat quang dic trung cia
CDs va pho phat quang (PL) phu thugc vao bwéc song kich thich. Cung véi viée gia tang nhiét d9 thily nhiét, phd hip thu ciing
cho thay st mé rong dinh pho dac trung tai vi tri ~280 nm. Két qua phan tich so liéu thwe nghiém nhan thay, nhiét do c6 anh
hwong rod rét dén phan b6 kich thwée hat va gia trj hi¢u suat lwgng tir ciia CDs. Khi nhiét dg gia tang, kich thwéc hat trung binh
ting tir 9,0 1én 13,8 nm, dong thoi gia tri higu suat lwgng tir ting ty 18 tir 3,50 dén 12,18%. Két qua nghién ciru 1a co s¢' dé toi wu
tinh chét quang ciia vat liéu CDs cho cic img dung cu thé trong twong lai.

Tir khéa: CDs (hat cacbon nano), hat diu xanh, hiéu suit lweng tir, thiy nhiét.
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Abstract:

In this study, the authors presented the successful fabrication
of carbon nanoparticles (CDs) by the hydrothermal
carbonisation of mung beans at different temperatures. Samples
fabricated at 180, 200, and 220°C showed the characteristic
photoluminescence (PL) effect of CDs, excitation-dependent
PL. The broader UV peaks were detected as the reaction
temperature was increased with a characteristic peak at ~280
nm. Notably, the experimental data showed that reaction
temperature clearly influenced the particle size distribution
and quantum yield (QY) of the obtained CDs. The particle
diameter increased from 9.0 to 13.8 nm as the temperature
increased. Together, QY proportionally increased from 3.50
to 12.18%. The work is therefore expected to provide new
information in the adjustment of the optical properties of the
obtained CDs for functional applications in the future.

Keywords: carbon nanoparticles (CDs), hydrothermal method,
mung bean, quantum yield.

Classification number: 2.9
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1. Dt van de

Trong nhiing thap ky qua, su phat trién nhanh chong cua khoa
hoc nano va cong ngh¢ nano da tac dong dén hau hét cac linh vuc
nhu sinh hoc, y hoc, dién tu, luong tir anh sang, nang luong... [1,
2]. Trong {mg dung sinh hoc, vt lidu phat quang - chdm luong tir
ban dan thudng duoc sir dung dé 1am cac dau do, chup anh va danh
d4u sinh hoc [3]. Tuy nhién, sy c6 mat cia mot s6 kim loai nang
nhu cadimi, chi trong vét liéu néu trén dan dén nhiing lo ngai vé an
toan, co thé gay doc dél v0i con nguoi va tac dong khong tot dén
moi truong [4-9]. Mot sb giai phap khic phuc doc tinh tir kim loai
ning nhu boc bé mit vat liéu bang silica hay polymer da dugc thyc
hién. Tuy nhién hiéu suét luong tir ciing nhw qua trinh ché tao ton
kém da din dén nhimg han ché nhat dinh [10, 11].

K& tir 1an dau tién dugc phat hién vao nim 2004, vat liéu phat
quang CDs da cho thdy nhing wu diém ndi troi nhu tinh phat
quang 6n dinh, doc tinh thép, tinh twong thich sinh hoc tot va quy
trinh ché tao than thién v6i moi truong [12]. O kich thude xap xi
10 nm, CDs con dugc goi 1a chédm luong tur cacbon [13]. Cu tric
vét liéu C-dot gom 15i la khdi ciu cacbon lai hoa sp¥/sp’ ¢ dang vo
dinh hinh hodc tinh thé, bao boc bén ngoai l1a cac nhom chuc [1,
14]. Véi sy xuat hién da dang cac nhom chirc bao quanh, vat li¢u
cacbon nanodot ¢6 kha ning tan tot trong nudc va tuong tac voi té
bao, d& dang két hop véi céc co chit dé phuc vu cho céc img dung
trong sinh hoc. Nhitng diéu nay d cho thay, C-dot 1a vat liéu day
tiém ning, thay thé cho cac vat liéu phat quang truyén thong g
dung trong sinh hoc [14].

Trong tmg dung chup anh sinh hoc (bioimaging), bén canh tinh
6n dinh quang hoc va tinh bén viing trong bao qudn thi hi¢u suét
luong tir cua vét liéu ciing 13 mot tham sb rat quan trong dé 0 thé
thu dwoc anh huynh quang co chit luong cao [15]. Mot sb cong
bd true day cho thdy, tinh chit quang ndi chung, gia hiéu suat
luong tir va kich thudc ctia hat CDs néi riéng c6 thé dugc thay doi
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mot cch dang ké khi ché tao bang phuong phap thuy nhiét [16-
18]. Day la ky thudt ché tao sir dung nudc ¢ ap suat va nhiét do
cao nhim tao ra sy phén huy nhi€t hoa cac vat li¢u co ngudn goc
tir sinh khéi [19]. Uu diém cia phuong phap nay la sy don glan
de thue hién va ¢6 thé dp dung v6i nguyén liéu ddu vao ¢o ngudn
goc tw nhién ciing nhu 1a hoa chat [20]. Tuy nhién, v6i nd luc dé
cai thién phuong phap ché tao, hudng dén sy than thién voi moi
truong va han ché sur dung héa chat trong qua trinh tong hop CDs,
cc vat licu co ngudn gdc tir t nhién dugc xem 1a ngudn cung cap
tién chat 1y tuong.

Trong nghién ciru nay, ching t6i dua ra két qua ché tao CDs
voi cac tinh chat quang, cau trac vat liéu va kich thude hat dugce
khao sat mot cach chi tiét. St dung hat dau xanh lam nguyén li¢u
dau vao, ching toi nhan thay kich thudc hat va gia tri hiéu suat
lugng tir ¢o sy thay doi 16 rang khi thuy nhiét ¢ nhiét do 180, 200
va 220°C. Su dung dung dich Quinine sulfate lam déi chung, nhan
thdy co su gia ting dang ké gia trj hiéu sudt lwong tir khi thay
d6i nhiét do thiy nhiét. PL, phd hap thy va phd hong ngoai cua
CDs ciing da duoc khao st trén cac thiét bi chuyén dung. Két qua
nghién ciru 14 co s& nhim danh gia céc tham s6 quang hoc ciing
nhu dinh hudng cho céc ing dung trong twong lai cua vt li¢u CDs
duoc tong hop tir hat dau xanh.

2. D twong va phuong phap nghién ciiu
2.1. Quy trinh ché tao CDs

Hinh 1 mé ti cac bude chinh trong quy trinh ché tao CDs.
Cu thé, hat d4u xanh sau khi mua tai siéu thi dia phuong da duoc
ching t6i lya chon lai nham dam bao sy twong dong vé kich thudc
cling nhu mau sic bén ngoal Cac hat dau sau do dugc rua 2 lan
bang nude cat 2 lan va say kho. Tiép theo, 8 g hat dau xanh dugc
nghién nho (hinh 1A) va hoa véi 80 ml nude cat 2 lan. Sau do,
hon hop duoc cho vao binh Teflon va thiy nhiét trong 4 gioy (hinh
1B). San phim thu dugc 14 dung dich mau nau sau khi binh dugc
dé nguoi dén nhiét do phong. Cudi dung, dung dich duoc cho qua
gidy loc, ly tim ¢ toc do 14000 vong/phut trong 10 phit va bao
quan trong phong ti dé dung cho céc thi nghiém tiép theo. Hinh

r fAfﬂ

Thiy nhiét
4 gior
180 °C
200 °C
220°C

Hinh 1. Quy trinh ché tao vat liéu CDs tir hat dau xanh. (A) Hat dau
xanh duwoc nghién nhd va (B) cho vao binh thlly nhiét; (C) San phdm CDs
duéi anh sang dén LED c6 bwdc séng dinh 1a 420 nm; (D) Mau sic cla
cac dung dich CDs véi cac nhiét do thay nhiét la 220, 200 va 180°C sau
khi loc va ly tam dwéi anh sang mat trov.
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1D 1a anh chyp mau sic cua dung dich chira CDs duogc thily nhiét
tai nhiét d 220, 200 va 180°C.

2.2. Thiét bi iing dung dé phén tich

Phd hép thu UV-Vis dugc do trén h¢ do Genesys 10S UV-Vis
(Thermo scientific, My). PL dugc thuc hi¢n trén hé do Fluorolog
FL-22 (Horiba, Nhat Ban). H¢ do FTIR Affinity-1S (Shimadzu,
Nhat Ban) duoc chung t6i st dung dé do phd hdng ngoai. Céu tric
pha cua vat liéu CDs dugc x4c dinh dya trén phd nhidu xa tia X
thyc hién bai hé do D8 Advance (Bruker, Dtic) vai goc quét tir 10
dén 70°. Hinh thai hoc va kich thuée CDs dugc quan sat bang kinh
hién vi dién tir truyén qua JEOL JEM-1400 (JEOL, Nhat Ban).

2.3. Xdc dinh higu sudt lrgng tiv

Hiéu suit luong tir cua dung dich cacbon nano dugc xac dinh
bing phuong phap so sanh [21]. Quinine sulfate v6i gia tri hiéu
sudt luong tr (QY) 0,54 duge pha loang trong dung dich axit
H,S0, ¢6 nong d6 0,1 M (chiét suat n=1,33). Trong khl d6, dung
dlCh CDs dugc pha loang trong nude cat 2 lan (chiét suat n,=1,33)
[22]. Bdn gié tri ndng do khac nhau ciia mdi dung dich duoc chuén
bi dé ghi PL tai-budc song kich thich 320 nm. Tuong tng, gia tri
do hép thy tai bude song nay ciing dugc ghi lai sao cho diéu kién
d6 hap thu nho hon 0,1 dugc dam bao [21]. Cudi cung, dién tich
dudi duong cong PL cta cac dung dich duoc tinh tir 350 dén 600
nm dé xay dung dudng chuén cing véi gia tri do hap thu tai budc
song 320 nm.

< Lo -
3. Ket qua va ban luan

Phép do phé nhiéu xa tia X clia cic mau thiy nhiét tai cac nhiét
do 180, 200 va 220°C dugc mo ta trén hinh 2(A, D, G). Két qua
cho thay, mot dinh rong & vi tri goc 26~12,7°, ddy 1a dinh nhiéu xa
dac trung cua ho mat (001) cua 16p graphite oxide [23]. Hinh 2(B,
E va H) 1a anh kich thudc hat cta dung dich chira CDs dugc chup
bing kinh hién vi dién tir truyén qua. Két qua phan tich phan b6
kich hat mo ta trén hinh hinh 2(C, F, I) cho thay, viéc thay doi nhiét
do thiry nhiét c6 anh huong truc tiép dén kich thude trung binh cia

3
:‘_,- |
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Hinh 2. Phd nhiéu xa tia X (A, D, G), anh TEM (B, E, H) va dé thi mé
ta phan bé kich thwée hat (C, F, 1) ciia dung dich CDs ché tao dwoc
khi thay nhiét hat dau xanh & cac nhiét do twong (rng la 180, 200 va
220°C. Thanh dinh c¢& anh TEM c6 gia tri 50 nm.
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hat CDs thu dugc (xem bang 1). Quan sat hinh anh TEM cuia cac
mau thity nhiét tai cac nhiét d khac nhau c6 thé théy cac hat phan
bé 101 rac va khong két dam. O nhiét tai 180°C, hat c6 kich thudc
trung binh la 9,0 nm. Déi véi mau ¢ nhiét o 200 va 220°C, duong
kinh hat trung binh tang lén 11,5 va 13,8 nm. Pang chu y, ¢ nhi¢t
d6 220°C ¢6 sw xuét hién cua mot s6 hat kha 1én ndm trong ving
tlr 20 dén 40 nm. Nhimng két qua nay cho thay, nhiét d9 thuy nhigt
ting dan dén lam ting kich thudc ciia cac hat CDs tao thanh.

Trong nghién ctru trude day, M.M. Titirici (2013) [24] da cho
thy su phiic tap clia cac phan (g ¢6 thé xay ra trong qua trinh
thity nhiét vét liéu dau vao la glucose, carbohydrates, cellulose hay
14 sinh khdi (rom). Thong thudng, tién trinh cic phan tmg xay ra
trong qua trinh thuy nhiét s€ theo cac budc khu nudc, trung hop,
tao vong thom va cacbon hoa [18, 24]. Mot s san pham hoa tan
dugc trong nude nhu duong va axit hitu co cling dugc hinh thanh
voi ham lugng cao trong diéu kién nhiét do thiyy nhiét thip nhung
giam manh ¢ nhiét 6 cao [18]. Trong tién trinh phan tmg néu trén,
nhiét d6 cao tao didu kién thudn loi cho qua trinh cacbon hoa [18].
Noi cach khac, chudi phan tmg xdy ra trong qua trinh thily nhiét s&
dién ra hoan toan khi nhiét d¢ ting, dan dén hinh thanh céu tric hat
cacbon. Khi thiy nhiét tai nhiét do cao, cac hat nho c6 xu hudng
két dam dé hinh thanh cac hat kich thudc 16n hon [25]. Két qua
da duoc cong bé trude ddy ciing cho thiy xu hudng twong tu, khi
nhiét d¢ thuy nhiét tang, cac hat 16n s€ dugc hinh thanh [25, 26].

Phé hfip thu UV-Vis va PL clia cac mau da duoc do trén cac
méy chuyén dung dé khao sat cac dic tinh quang hoc. Quan sat
pho hip thu ¢ phia tréi cac hinh 3(A, B, C) chung ta c6 thé thdy kha
rd dinh nam tai vi tri ~270 nm, ddy 14 dinh dic trung cho chuyén
doi m-* cua lidn két C=C & 16i cacbon [27, 28]. Hinh dang phd
hép thu cho thay khi nhiét do thuy nhiét ting, ving phd hap thu
ctia lién két C=C c6 xu huéng mo rong va khong rd rang. Hinh
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Hinh 3. Phd hap thu cta dung dich chira CDs v&i dinh hép thu
bwéc séng 270 nm dic trwng cho chuyén d&i n-n* cuia lién két
C=C (phia bén trai) va PL cua CDs khi dwoc kich thich & cac
bwéc séng 300-460 nm (phia bén phai) (A, B, C) va phd héng
ngoai ctia CDs khi thay nhiét & cac nhiét dé khac nhau (D).
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4 mb ta chi tiét két qua phan tich nhan dinh nay. Cu thé, két qua
lam khép gitra duong thye nghiém (nét lién mau den) va dudng ly
thuyét (nét dut mau do) voi gia thiét vi tri dinh him Gaussian nam
1an can 270 nm (chuyén doi n-n* ctia lién két C=C ¢ 15i cacbon) va
330 nm (chuyén doi n-n* ciia lién két C=0 & bé mit hat cacbon) da
dugce thye hién [27, 28]. Co s danh gia viéc lam khép $6 liéu dva
trén hé s Pearson r (Pearson’s r) [29, 30]. Trong do, hé s Pearson
r déu cho gia tri twong quan manh, dat 0,9986, 0,9989 va 0,9909
tng vai nhiét o thuy nhiét 1a 180, 200 va 220°C. Dya vao d6, do
rong phd (FWHM) ctia ham Gaussian tai ving lién két C=C cua 16i
cacbon di duoc trich xuét. Két qua cho thdy, ving phd hap thu co
st md rong khi nhiét do thuy nhiét tang, co gia tri 1an luot 50, 62
va 70 nm tmg v6i nhiét d¢ thuy nhiét 180, 200 va 220°C. Nguyén
nhan nhu di phén tich ¢ trén, khi thay nhiét & nhiét do thip qua
trinh cacbon héa khong xay ra hoan toan, dan dén cdu tric cua hat
CDs chua hoan chinh va c6 d6 on dinh thap, két qua 1a pho hap thu
s& thé hién rd va khong bi md rong, nghién ctru duge phan tich kha
chi tiét trong tai liéu tham khao [18].
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Hinh 4. Két qua lam khép giira dwéng thwe nghiém (nét lién
mau den) va dwong ly thuyét (nét dirt mau do) véi gia thiét vi
tri dinh ham Gaussian nam lan can 270 nm (chuyén d&i n-n*
cua lién két C=C & 16i cacbon) va 330 nm (chuyén d&i n-n* clia
lién két C=0 & bé mat hat cacbon) (A, B, C) va két qua tinh toan
dé rong phé (FWHM) ctia ham Gaussian tai viing lién két C=C
cuia 16i cacbon va hé sé Pearson r trng v&i nhiét do thay nhiét
180, 200 va 220°C (D).

PL trén hinh 3(A, B, C) (phia bén phai) cua tat ca cac mau déu
cho théy hiéu ng déc trung cta vat ligu CDs do 1a PL phuy thugc
budc song kich thich. Khi thay doi budc song kich thich tir 300
dén 460 nm (budc dich chuyén 1a 20 nm), dinh PL cua dung dich
ciing dong thoi thay doi tir 410 (anh sang tim) dén 510 nm (4nh
sang xanh 14 cdy). PL c¢6 c6 dang dai rong. Trong do, vi tri dinh
PL phuy thude vao budc song kich thich va co khuynh hudng dich
vé phia budc song dai khi ting budc song kich thich. Co ché vat



Iy giai thich cho hién twong nay van dang con tranh luan, phan 16n
cac cong bo déu cho rang, cac chuyén doi quang hoc xdy ra la do
st lai hoa trang thai bé mdt giira 16i cacbon va cac nhom chure [31].

Bén canh d6, chung t6i ciing da thyc hién phép do phd hong
ngoai nhim x4c dinh mot cach dinh tinh sy xuét hién cac nhom
chire trén bé mat 18i cacbon. Phd hong ngoai trén hinh 3D cho thay
dai hdp thy rong dic trung cua cc nhom chic O-H trong ving
3300-3500 cm [32]. Céc dinh xuat hién tir 2700 dén 2900 cm’,
twong Ung vdi dao dong kéo gidn ciia nhom chire C-H [33-35].
Binh ¢ vi tri 1639 cm™! ing véi dao dong kéo gidn ctia nhom chire
C=0 [30-32]. Vi tri dinh 6 ~1400 cm' xuat hién do dao dong kéo
gidn bat di xtmg cua nhom C-O-C [36]. Két qua do phd hong
ngoai cho thiy sy xut hién cua cac nhom chirc hydroxyl, cacbonyl
trén bé mit cua 161 CDs sau qua trinh thiy nhiét hat du xanh.

Hinh 5(A, C, E, G) mé ta két qua do PL cua dung dich CDs va
Quinine sulfate (QS). Tuong g, duong chuén duoc xdy dung tir
do hap thu va dién tich PL cta 2 loai dung dich trén dugc mo ta
& hinh 5(B, D, F, H). Két qua trich xuét s6 liéu tinh toan tir phan
mém Origin cho thay, hé s6 Pearson r ciia CDs thity nhiét tai cac
nhiét d¢ 180, 200, 220°C va QS cho gia tri lan lugt1a 0,9, 0,8, 0,9
va 0,9 [29, 30]. Hé sb Pearson r cho thdy mi twrong quan tot giira

(E)

== Qg Bich W rdrg 8 C.

Yy i Dty Sk OO0 el @O C, o 1 — Enary Gt i e )
e D b D ey 8 -2 By i O g 49 €
2 | e Dy S D e B4 C, = " e By ok S g 4, |
| v Dy ik O e B C, | 5 i.‘*:ﬁ'
i
-
o
- - v v G 9 -
R F o it A Budc $6na (nm)
Buc sbng (nm) (F)
® o 186 220°C .
Pzt 180°C g |
5 S oes '
= J0EY g |
2 .
a 3—!!5- L)
gaees
| s 3 Hi 58 ghe m = 47773300
¥ 0 gl m = TATER000 B 7ES Hi 85 b gy R° = 0,528
4 28E51 i 05 iy B s 0 TS . P .
3 | 4 38 Pason 1 00132 &} 1 Hj 85 Pyarson ¢ = 04068
opoe 0009 0810 00T 0012 0812 e D%Tép!hvﬁ] 24
% hip tha (A)
©) e (g o o g 25,
© —— g 0 el 0 2008 e Dby i O e 80, 7
[T e gy ik O g B8 5, |

+— Do ik S0 g 45, |
Qg GOy g 8.5, |
v G ich COu g 85, |

e Db K 08 Al S8.C, |

=
®

Cudng df phat quang
- -
8

B0ES @
g”“ g-nn . ’
o - §
.E?G{! 4
g = im:r .
g 0ES b aff ghhe m = 15008500 § Hilt 546 e m, =21 16TH000
g i 6 I gy R = 080637 O BOES 4 iy o quy =0, DBBEZ
O BEE ok sl Pearson r = 0 B5283 : e Pearsan r=0,085K1
oG | 00 GG 00a 0.01 002 0,03 0.04
D6 hiip thy (A) B0 hip thu (A)

Hinh 5. PL ctia CDs ché tao tai cac nhiét do 180, 200, 220°C & 4 gia tri
ndng dé (A, C, E) va dwdng chudn mé ta méi lién hé gitra dién tich
PL va do hap thu ctia CDs (B, D, F); PL cua Quinine sulfate & 4 gia tri
ndng dé (G); dwdng chuin mo ta méi lién hé gilva PL va do hap thu
cua Quinine sulfate (H).
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gi4 tri thuc nghiém va duong tuyén tinh, vi vay hé sd goc thu dugc
duge str dung cho qué trinh tinh todn hi¢u suat lugng tu. Két qua
tinh toan chi tiét duoc ghi trong bang 1.

Bang 1. Sé ligu do hép thu va dién tich PL cta CDs va Quinine
sulfate (QS); s6 liéu hiéu suat lweng ttr va kich thwérc hat trung
binh cta dung dich CDs & cac nhiét do thuy nhiét khac nhau.

Dung dich Quinne sulfate Dung dich CDs Dung dich CDs Dung dich CDs

8o thity nhiét tai 180°C thty nhiét tai 200°C thty nhiét tai 220°C
Dihipthy o gy Dbty DO DOMI
tai burdc song PL‘ tai birde song PL‘ tai burdc song I tai burdc song Pi
320 nm 320 nm 320 nm 320 nm
0,0460 7671000 0,0084 251400 0,0210 556700 00176 057700
0,0578 9379000 0,012 271600 0,0241 646300 0,190 803800
0,0677 12290000 00122 91500 0,0045 718300 0,0209 909600
00729 13130000 0,0128 320000 0,0331 64700 00043 996600
Hiéu sut lugmg i (%) 350 38 12,18
Duang kinh hat trung binh (nm) 9,0 115 138

Tur 86 liéu c6 duoc trong hinh 5(B, D, F, H), hi¢u suit luong tu
cua CDs dugc xdc dinh bang cong thure sau [21]:

ov=a% () (33)

trong d6: QY 1a hiéu suat lwong tir ciia CDs; m 1a hé s goc cua
duong chudn mo ta mdi lién hé gitta do hap thy va dién tich PL
cia CDs; n Ia chiét suat dung dich CDs; chi s0 R tmg véi gia trj
ciia dung dich chuan 1a Quinine sulfate. Két quéa tinh toan cho:

. _054(13723000) 1337\ oo
Qrsoec = 054\ 377575000/ \1,332) =
. _054(15008500) 1337\ e
Qz000c = 054\ 377575000/ \1,332) =
Y _054<47773300) 133%) e
Qzzocc = 054\ 377679000/ \1,332) =

Nhur vay, hiéu suat lugng tir ciia dung dich CDs sau khi thity
nhiét hat dau xanh ¢ cac nhiét do 180, 200 va 220°C c6 gia tri lan
luot 13 3,50, 3,82 va 12,18%. Két qua nghién ciru cho thay, viéc
thay doi nhiét do thuy nhiét c6 anh huong truc tiép dén gia tri hiéu
sudt luong tir [16, 18]. So sanh véi céc tién chit khac da cong bd
nhu: mudi nén chdy (QY=0,8%), bot graphite (QY=1,0%), Pectin
cam quyt (QY=1,1%), Gelatin (QY=1,7%), c6 (QY=2,5%), bot ca
phé hoa tan Nescafé (QY=5,5%) hay vo tri dua héu (QY=7,1 %)
ta thdy rang, di chua dugc thy dong hoa bé mit, gia tri hidu suat
lugng tu cua CDs thu dugc khi thiy nhiét hat ddu xanh ¢ nhiét d§
220°C van la kha cao [16, 37-42].

4. Két luan

Nghién ciru da tong hop thanh cong vét liéu CDs phat huynh
quang da séc tir ngudn nguyén liéu tw nhién la hat ddu xanh. Két
quéa nghién ctru vi cdu triic cho thy, CDs c¢6 kich thudc trung binh
tang dan tir 9,0 dén 13,8 nm khi nhiét do thuy nhiét ting tir 180
dén 220°C. Hidu suét luong tu cua vat liu CDs dat gia tri cao nhat
12,18% tai nhiét d 220°C. Két qua nghién ciru cho thiy, CDs ¢6
thé dugc ché tao thong qua qua trinh cacbon hoa cac chét hitu co
c6 trong hat dau xanh khi 4p dung phuong phap thuy nhiét. Bay c6
thé dugc xem nhu tién dé dé ap dung giai phap hitu ich, chon lya
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ngudn nguyén liéu dau vao than thién voi moéi trudng khi ché tao
CDs. Trén co s6 két qua dat dugc, cac nghién ctru tiép theo s€ duogc
tién hanh chi tiét hon nhim dénh gi4 cac dic tinh vat Iy cta hé vét
ligu nay ciing nhu xem xét nhimg tmg dung cu thé trong timg linh
vuc phu hgp, nhu chup dnh huynh quang hay vat li¢u phét quang.

LO1 CAM ON

~ Nghién ciru ndy dugc tai trg boi dé tai khoa hoc va cong nghé
cap bo ma so B2021-DHH-05. T4c gia xin chan thanh cam on.
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Anh hwéng ciia nhiét do bao quan dén chat lwong
qua nhan long Hung Yén

Nguyén Thi Hanh*, Nguyén Vin Hung

Vien Cong nghé Sinh hoc va Cong nghé Thuc phém, Truong Dai hoc Bach khoa Ha Noi, 1 Dai Co Viét, qudn Hai Ba Trung, Ha N¢i, Viét Nam

Ngay nhdn bai 21/1/2022; ngay chuyén phan bién 24/1/2022; ngay nhan phan bién 14/2/2022; ngay chip nhan dang 18/2/2022

Tom tit:

Muyc dich clia nghién ctru la lya chgn dwge nhiét do thich hgp dé bio quén qua nhén 16ng Hung Yén sau thu hoach. Qua nhin
sau khi thu hai & d chin thich hop dwgc lam sach, dé rao, bao géi bing tii LDPE c6 duc 15, sau d6 bio quén & nhiét dé thép (5,0,
7,5, 10 va 12,5°C, sai ) £0,5°C). Cac chi tleu chét lwgng nhu: hao hyt Kkhéi lwgng tw nhién, ty 1€ théi héng, rung qud, ham luwgng
chét kho hoa tan tong s0, axit hiru co tong 50, polyphenol tong s, hoat d§ enzyme polyphenoloxydase (PPO) va peroxidase (POD)
dwgc danh gla dé xac dinh su bién déi chat lrgng qua. Két qua cho thay, & 10°C qua nhan long Huwng Yén cé thé bao quan dwoc
20 ngay ma van giir dugc chét lwong tot. Cu thé, hao hut khoi lwong tyr nhlen 1a 10 104%; ty le rung qua va th01 hong lin lugt 1a
1,57 va 1,48% so véi mau ban dau; ham lwgng chit kho hoa tan tong s6, axit hitu co tong s va polyphenol tong s0 dat lin lwgt

12 17,7°Bx, 0,52% va 126 ng GAE/ml.

Tir khéa: bao quan, Hung Yén, peroxidase, polyphenoloxydase, qua nhan.

Chi 6 phén loai: 2.10

1. Dt van de

Céy nhan (Dimocarpus longan) thudc ho Bd hon (Sapindaceae),
14 loai cdy an qua c6 pham vi thich img hep, chi yéu phét trién ¢
ving Pong Nam A. Cac nu6c c6 dién tich va san lugng qua nhan lon
1a Trung Qudc, Thai Lan, Viét Nam...

Qué nhén sau thu hai thudng bi nau hoa vo qua, mat nudc va dé
bi hu hong, tao moi truong thuan 1gi cho vi sinh vat, nhat 1a trong
diéu kién khi hau néng 4m cta Viét Nam. Dé kéo dai thoi gian sir
dung ciing nhu giit duoc chat luong cia qua, nguoi ta thuong bao
qudn qué nhan ¢ nhiét do thfip nhdm han ché sy bay hoi nudc, vo
hoat cac enzyme nhu PPO va POD gay ndu hoé vo qua. Dong thoi,
& nhiét do thap, cc phan (g sinh hoa trong qua dién ra cham hon,
qua s& duy tri duoc chat lugng von co ciia n6 [1-3].

Nhu vay, mot trong nhimg yéu td quan trong anh huong dén
chét luong qua nhan sau thu hoach 1a Iya chon nhiét d§ bao quan
hop 1y. Trong nghién ctru nay, chiing t6i khao sat mot so chi tiéu
chat luong ctia qua nhin 16ng Hung Yén & céc nhiét do bao quan
khéc nhau, dé tir d dua ra nhiét do bao quan thich hop nhat ddi
voi loai qua nay.

2. Nguyén liéu va phuong phap nghién ciiu
2.1. Nguyén li¢u

Qua nhan dwoc chon thuge gidng nhan 1ong ban dia dwoc trong
va thu hoach tai mét s6 vuon nhin ¢ thon Ha L&, xid Pa Lo, huyén
An Thi, tinh Hung Yén. Qua nhéan duoc léy mau vao chinh vu thu
hoach thang 7 va 8 ndm 2018, 2019, ¢6 do tudi 165-170 ngay ké
tr khi ra hoa.

Qua duoc thu hai nhe nhang vao budi sang khi thoi tiét kho rio.

“Tac gia lién hé: Email: hanh.nguyenthi@hust.edu.vn
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Dung kéo cit canh, bo bot 1a. Xép qua vao trong thing xdp duc 15
va van chuyén vé phong thi nghiém. Qua dugc b tri thi nghiém
trong ngay. Tién hanh rira bang nudc sach, dé rao, sau do bao goi
bing thi LDPE day 0,04 mm c6 duc 15 (duong kinh 16 3 mm) truée
khi bao quan lanh.

2.2. Phuwong phdp nghién ciru

Phirong phdp bé tri thi nghiém. cac mau thi nghiém dugc bao
quan ¢ nhiét d¢ 5 (ky hiéu M1), 7,5 (M2), 10 (M3) va 12,5°C
(M4), khéi lugng 20 kg/mau, bao goi 1 kg/thi. Cac chi tiéu chat
lu’o‘ng duoc danh gia gdm: khdi lu(mg, ham luong chét kho hoa
tan tong s6, ham lugng axit tong s6, ham lugng polyphenol tong
50, hoat do enzyme PPO va POD, ty 1¢ rung qua, ty 1¢ thoi hong.
Tién hanh theo ddi mau trong 20 ngay bao quan, tan suat phan tich
mau 5 ngély/l?m. Mobi thi nghiém duoc 1ap lai 3 lan va ¢ cung mot
thoi diém.

Phwrong phap phdn tich cac chi tiéu co Iy va sinh ly qua:

Xac dinh hao hut khéi luong tu nhién: b?mg cach can khdi
luong cua qua trude khi bao quan va ¢ mdi lan theo ddi biang can
k¥ thuat (49 chinh xac 0,001 g); 4 hao hut khéi luong tu nhién 1a
ty 1¢ phan trdm chénh léch khdi lugng ctia mau tai thoi diém phan
tich so v6i miu ban dau (%).

Xac dinh ty 1¢ thoi hong (%): 14 ty 1& phan trim khéi lugng qua
bi hong trén khdi lvong qua ciia mau ban dau véi khdi luong mau
khong thap hon 1.000 g.

Xac dinh ty 1€ rung qua (%): la ty 1¢ phan tram khoi lugng qua
bi rung khoi cudng trén khéi lwgng qua cia mau ban dau voi khoi
luong miu khéng thap hon 1.000 g.
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Abstract:

The purpose of this study was to choose the appropriate
temperature for postharvest storage of Hung Yen
longan fruits. The fruits were firstly harvested, cleaned,
and dried. After that longans were packaged in a Low
density polyethylene bag with holes and stored under
cold temperatures of 5.0, 7.5, 10 and 12.5°C (£0.5°C).
A survey was conducted for quality indicators such
as weight loss, total soluble solids, total organic acids,
total polyphenol, polyphenoloxydase, and peroxidase
activity. The results showed that, at 10°C, Hung Yen
longans can be preserved for 20 days and still maintain
their good quality. Specifically, the natural weight loss
was 10.64%; the rate of fruit drop and rot was 1.57 and
1.48%, respectively. Total soluble solids, organic acids,
and polyphenol content were 17.7°Bx, 0.52%, and 126 pg
GAE/ml, respectively.

Keywords: Hung Yen, longan,
polyphenoloxydase, preservation.

Classification number: 2.10

peroxidase,

Phiwrong phap phan tich cdc chi tiéu hod hoc:

Xac dinh ham luong chat kho hoa tan tong s (°Bx): s dung
khuc xa ké Atago Model PAL-a (Code 3840) thang do 0-81%.

Xéc dinh ham lugng axit tong s: theo phuong phap chuan do
bang NaOH 0,1 N. Trong d6, xac dinh d¢ axit chuan d¢ trong qua
nhan biéu thi theo axit citric (g/).

Xac dinh ham lugng polyphenol tong s6 theo TCVN 9745-
1:2013.

Xéc dinh hoat d§ enzyme PPO: phuong phép trich ly va xéc
dinh hoat d§ enzyme PPO duogc thuc hién dya theo Kobkiat va cs
(2014) [2]. Ly 2 g thit qua nghién nho trong 20 ml dung dich dém
phosphatkali pH=6,2 trong 5 phut. Sau d6 ly tam 5 phut ¢ 9.000
vong/phut, 20°C va thu nhan phan dich ndi 1a enzyme tho. Chuan
bi hon hop phan tmg 2 ml gdm: 1,3 ml dém phosphate kali pH=7,5,
0,2 ml catechol 0,2 M va 0,5 ml enzyme tho. Hon hop duoc giit
trong 5 phut & 30°C, sau do do do hip thu quang phd & budc song
420 nm bing méay quang pho. Mau kiém chimg gom 1,3 ml dém
phosphate kali pH=7,5 va 0,2 ml catechol 0,2 M (hinh 1).
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1/20, H:0

OH 0 Further
;_Ap reactions Colored
Catalyzed by products
OH  polyphenol oxidase 0
Catechol o-quinone

Hinh 1. Co ché phan trng héa nau ctia enzyme PPO.

Mot don vi hoat d§ enzyme PPO (UfAbs/ml*tht) duoc xac
dinh 13 luong enzyme gay ra sy thay doi 0,01 do hap thu trong
mat don vi thoi gian (1 phut), hoat d6 enzyme dugce tinh theo cong
thirc:

A= AAbs

e — *. 0
0L v, o (Abs/ml*phut)

trong d6 AAbs 13 két qua do d9 hép phu OD; At 1a thoi gian phan
g (5 phut); V| 1a the tich enzyme dem phdn g (0,5 ml).

Xac dinh hoat luc enzyme POD: phuong phép trich ly va xac
dinh hoat d6 enzyme POD dugc thuc hién twong tu PPO [2]. Tién
hanh thu nhan enzyme tho. St dung guaiacol lam chét nén. Chuén
bi hdn hop phan tmg 2,5 ml gdm: 2,3 ml dém natri axetat pH=6,0,
0,05 ml guaiacol 0,1%, 0,05 ml H,0, 0,1% va 0,1 ml enzyme tho.
Ong chira hdn hop phan tmg dugc u trong 5 phit ¢ trong bé on
nhiét 30°C va do hép thu duge do & 470 nm. Mau kiém chung gém
¢6 2,3 ml dém natri axetat pH=6,0, 0,05 ml guaiacol 0,1%, 0,05 ml
H,0, 0,1% (hinh 2).

ocH ocH
OCH; 3 3

OH 0-0
Peroxidase
+ 4 H,0, _
O 0-0 O

OCH,

+ 8H,0

4 Guaiacol

OCH;

Tetraguaiacol (niu tim)

Hinh 2. Co’ ché phan rng tao tetraguaiacol nau tim cia enzyme
POD.

Mot don vi hoat d§ enzyme POD (U=Abs/ml*phut) dugc xac
dinh bing luong enzyme gy ra sy thay doi 0,01 do hap phu trong
maot don vi thoi gian, hoat 40 enzyme POD dugc tinh theo cong
thire:

A= AAbs

= *phi
001+ v, (Abs/ml*phut)

trong d6 AAbs 1a két qua do do hip phy OD; At Ia thoi gian phan
g (5 phut); V, la thé tich enzyme dem phan tmg (0,1 ml).

Két qua thi nghiém dugc phan tich ANOVA va kiém dinh LSD
(5%) bang phan mém thing ké SAS 610.
3. Kétqua

3.1. Anh huéng ciia nhiét @ bio qudn dén dj hao hut khoi lirgng
tw nhién va ham lwgng chdt kho hoa tan tong so ciia qud nhdn

Két qué theo ddi do hao hut khéi luong tu nhién va ham lugng
chat kho hoa tan tong s6 dugc thé hién ¢ hinh 3.

10
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Hinh 3. Anh hwéng ctia nhiét dé dén do hao hut khéi lwong tw
nhién va ham lwong chéat khé hoa tan téng sé ctia qua nhan
trong th&i gian bao quan.

Két qua hinh 3 cho thy, qua nhin dugc bao quan & 10°C (M3)
¢6 d6 hao hut khéi luong tu nhién thép hon cac mau con lai. Sau 20
ngay bao quan, d hao hut khéi luong ty nhién cia M3 12 10,64°Bx,
trong khi cua M2 1a 13,21°Bx, M4 1a 18,41°Bx va M1 1a 19,39°Bx
(cao nhat) Su thay d6i vé ham lugng chat kho hoa tan tong sd ciing
¢ chiéu huong tuong tu. Miu M3 ¢6 gi4 tri ham luong chit kho
hoa tan tong sb cao nhat (17,70°Bx), sau d6 1a M2 (17,50°Bx), M1
(17,30°Bx) va thap nhat 1a M4 (17,20 °Bx) sau 20 ngay bao quan.

3.2. Anh hwéng ciia nhiét dp bio qudn dén ham luong axit
hitu co va polyphenol ciia qud nhan

Két qua vé anh huong cia nhiét do bao quan dén ham lugng

axit hitu co va polyphenol tong s6 ctia qua nhan dugc thé hién &
hinh 4.

——M1 —=—M2 M3 M4 150—=—M1 —=—M2 M3 M4
08 = =
Tos \§ <
s 07 3 = E
200,65 <
B} e S
5 00 + - £
2 0.55 2
£ \ =
£ 05 b3 g
Z 045 :
04 1 110
0 5 10 15 20 0 5 10 15 20
Thoi gian (ngay) Thoi gian (ngay)

Hinh 4. Anh hwéng chia nhiét do dén ham lwong axit hiru co’ va
polyphenol ctia qua nhan trong th&i gian bao quan.

Axit hitu co trong nhan chu yéu 1a axit malic, tartaric. Ngoai
ra con mot s6 axit hitu co khac nhu oxalic, citric va succinic [4].
Két qua hinh 4 cho thay, trong qué trinh bao quan, chi sb axit giam
dan theo thoi gian bao quan do chiing 14 co chét cho cac hoat dong
trao di chat cua té bao. Tuy nhién, su suy giam nay khong gidng
nhau ¢ cac nhiét d bao quan. Cu thé, lugng axit hitu co bao quan
¢ 5°C giam con 0,47 g/l, 6 7,5°C gidm con 0,5 g/l, ¢ 12,5°C gidm
con 0,43 g/l va giam cham nhat 1a M3, & 10°C giam con 0,52 g/l
sau 20 ngay bao quan.

Két qua hinh 4 ciing cho thay, ham lugng polyphenol tong s
cua qua nhan bao quan ¢ cac diéu kién nhiét o khac nhau déu
giam trong thoi gian theo ddi, nhung mic do giam c6 khac biét.
Ham lugng polyphenol tong s6 ctia vo qua nhan ¢ diéu kién 5°C
giam manh hon so vdi qua nhan dugc bao quan ¢ cac nhiét do khac
(tir 146,71 xudng 117,98 pg GAE/ml). Cu thé, mau M4 con lai
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119,46 ng GAE/ml, M2 123,25 ug GAE/ml va M3 ¢4 gia tri cao
nhat 1a 126 pg GAE/ml.

3.3. Anh hwéng ciia nhigt dp bio qudn dén hoat dp enzyme
PPO va POD ciia qud nhan

Két quad nghién ciu vé éqh hudng cua nhiét do dén hoat do
enzyme PPO va POD duoc thé hién ¢ hinh 5.

M1 —=—M2 M3 M4 ——M1 —=—M2 M3 M4

Hoat d§ enzyme POD (U)

Thai gian (ngay)

5 10
Thai gian (ngay)

Hinh 5. Anh hwéng cta nhiét do dén hoat dé6 enzyme POD va
PPO cuia qua nhan trong th&i gian bao quan.

Két qua hinh 5 cho thay, hoat lyc ctia enzyme POD va PPO
ting trong thoi gian bao quan. Tuy nhién, ¢ didu kién nhiét do
10°C téc d ting chdm hon so voi cic mau con lai. Sau 20 ngay
bao quan, hoat Iuc enzyme PPO va POD cua M3 lan luot 1a 36,84
va 32,71 U. Mau ting manh nhét1a M1, v6i gid tri hoat luc enzyme
PPO va POD lan luot 1a 43,26 va 40,07 U.

3.4. Anh huéng ciia nhiét d bio quén dén 1 Ié rung qud va
théi héng ciia qud nhan

Ty 1é rung qué va thdi hong 1a nhitng chi tidu rat quan trong dé
danh gia sy bién doi chat lwong ciia qua nhan khi bao quan. Két
qué danh gia dugc thé hién & bang 1.

Bang 1. Anh hwéng cta nhiét dé bao quan dén ty 1é rung qua
va théi héng clia qua nhan trong th&i gian bao quan.

Thoigian T§ Ié ryng qu (%) 1§ 1 thii hing (%)

bdo quin

(g woow M M w I
0 0 0 0 0 0 0 0 0

5 0154002 0 0 0 0364001 029002 028:002 031001
10 098502 0386002 0185002 079001 105:003 09:001 086001 094003
15 ITHO0L LIH000 064001 145002 155003 131002 1286000 1354003
0 2001 263001 LS00 265000 208002 1504003 148003 15400

Két qua bang 1 cho thdy, ¢ nhiét do thp, ty 1é rung qua va
thdi hong cia cd 4 miu déu khong dang ké ¢ nhing ngay dau
bao quan. Sau 20 ngay theo ddi, ty 18 rung qua va théi hong &
5°C lan lugt 1a 3,21%0,01% va 2,08%0,02%; 7,5°C lan luot 1a
2,63%+0,01% va 1,50%%0,03%; 10°C lan lugt 1a 1,57%+0,01% va
1,48%=0,03%, 12,5°C lan luot 1 2,65%=0,02% va 1,54%0,02%.
Nhu vy, miu bao quan & 10°C ¢4 ty 18 thdi hong va rung qua thap
nhét sau 20 ngay bao quan.



Nhan 14 loai qua c6 16p vo twong ddi day nhung bé mit vo xu
xi, gitta cac t& bao cua 16p vo lai ¢ nhidu khe hé. Diéu nay lam
cho hién twgng bay hoi nuéc dién ra nhanh chong & qua nhan sau
thu hai, day 1a nguyén nhan chinh lam cho khdi lwong qué bi hao
hut, vo qué bi kho va chuyén sang mau nau. Ngoai ra, no con gy
ra nhitng r6i loan sinh 1y, giam kha ning khang vi sinh vét ctia qua,
thiic d4y qua trinh sinh hoa... lam cho qua mau chéng bi hu hong,
giam chat lugng cam quan va dinh dudng cta qua. O diéu kién bao
quan nhiét d6 10°C cho két qua tot hon trong viéc han ché su bay
hoi nudc va ho hdp ciia qua nén hao hut khoi luong thp hon khi
bao quan ¢ cac nhiét do con lai. Két qua nghién ctu cua B. Yang
va cs (2008) [5] cling da ghi nhan sy giam rat nhanh cuong do ho
hap cua qua nhan néu bao quan ¢ nhiét d9 10°C va cuong do ho
hép s& ting rat nhanh néu bao quan ¢ diéu kién nhiét do thuong
(nhiét do cao vi thuong nhan thu hoach vao mua he), nhom tac
gia ciing khang dinh néu bao quan ¢ nhiét do thip hon qua s& mat
nude nhiéu hon, din dén khoi lugng ty nhién cta qua giam manh.

Trong qué trinh bao quan, cac hoat dong ho hdp va trao dbi
chat ciia qua van tiép tuc dién ra. Diéu d6 din dén ham luong chat
kho hoa tan tong s6 giam. Céc thanh phan nhu duong, axit va cac
san pham trao doi chét trung gian déu tham gia vao qua trinh sinh
1y, sinh hoa dé cung cdp ning lugng nhiam duy tri hoat dong song
binh thuong cta qua va stra chita nhitng sai hong néu c6 trong té
bao. Mat khac, nhan thugc loai qua ho hap khong dot bién nén
khong tiép tuc chin sau thu hoach, dan dén ham lugng chat kho
hoa tan tong s6 giam. Anh hudng cta nhiét do dén sy bién doi ham
luong chét kho hoa tan tong sd, axit tong sb ciing da dugc B. Yang
va cs (2008) [5] chi ra khi d4nh gia tic dong cuia nhiét do dén dic
tinh Iy hod cta qua nhén trong thoi gian bao quan. Nhiéu két qua
nghién cuu cling chi ra, ham lugng cac vitamin (déc biét 1a vitamin
C), axit hitu co tong so ciing giam nhanh khi kéo dai thoi gian bao
quan hodc luu trir qua & diéu kién khong tot [6, 7].

Polyphenol hién dién ch yéu 6 v6 qua nhin. Chiing bi 6xy hoa
nhanh chong dudi tdc dung cua anh sang, 6xy khong khi, enzyme
PPO, POD... Piéu nay c6 anh hudng 16n dén sy bién mau vo qua
nhin trong qué trinh bao quan. O diéu kién thudng, qua nhan bj
bién mau hoan toan chi sau 3-4 ngay [4]. S¢ di c6 hién twong nay
la do qua bi ton thuong lanh, da pha v& sy ngan chan té bao, cho
phép PPO ndm trong luc lap va cac plastid khac phan tmg v6i chat
nén phenol nam trong khong bao, sau do 6xy héa phenolics dé tao
thanh polyme nau, POD ciing c6 thé tham gia vio qua trinh nay [6].

Su gia ting vé hoat do enzyme khi bao quan lanh nhat [a & 5°C
14 do cac yéu tb tac dong nhu: nhiét do thap la nguyén nhan gy
ton thuong lanh d6i voi nhan din dén enzyme duoc giai phong
hoat dong tdt hon v6i co chat. Mat khac, sau thu hai hé enzyme
trong qua nhan nhu POD, PPO va beta-glucanse hoat dong manh
m¢é, trong do sy hoat dong ctia POD va PPO thuong lam cho vo
qua nhan bi sim mau, nau hoa va cui nhan giam dg tring, enzyme
beta-glucanse 1am cho qua va cui bi mem tao diéu kién thuan loi
cho sy xdm nhdp va hoat dong ciia ndm mdc, nim men v sau cling
14 cac vi sinh vat gy thdi hong [5].
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Két qua nghién ctru da chi ra bao quan qua nhin ¢ 10°C thi
mot s6 chi tiéu chat lugng cta nhin giam cham hon khi bao quan
& cac nhiét do con lai. Piéu do cling c6 nghia 10°C 1a diéu kién
thich hop dé bao quan qua nhan tuoi. S. Shi va cs (2013) [8] da
tién hanh nhing qua nhén trong dung dich chitosan 2%, sau d6 bao
61 bang bao bi duc 16 r6i bao quan & nhiét do ¢ 10°C, qua nhin
bao quan bang phuong phap nay co thé dam bao chat lugng trong
thoi gian 20 ngay.

Dong thoi, & nhiét d bao quan thap di han ché hoat dong ciia
enzyme, din dén han ché hién tugng rung qua. O diéu kién nay da
han ché dugc hoat dong ciia vi sinh vt giy thdi hong qua nhan.
Qua nhin 13 loai qua ¢6 kha ning hu hong cao do bi nhiém nim
mdc va céc vi khudn gy thbi hong. Trong d6, hu hong hay gip
nhit gy ra boi Botrydiplodia sp. va Geotrichum candidum [1].

5. Két luan

Bao quan 6 nhiét do thap c6 kha ning kéo dai thoi gian bao
quan ctia qua nhén 16ng Hung Yén. Bao quén qua nhin ¢ 10°C co
hiéu qua tot trong viée duy tri chét luong cua qua nhan. Sy hao hut
khéi luong ty nhién giam di; han ché sy bién d6i cua mot s chi
tiéu hoa sinh nhw ham lugng chat kho hoa tan tong so, axit tong
sd, polyphenol tong s6 va hoat luc cua céc enzyme POD va PPO,
ngan ngira hién tuong rung qua va thdi hong trong sudt thoi gian
bao quan. Két hop v6i bao goi qua va bao quan lanh c¢6 thé kéo dai
thoi gian sir dung ctia qua nhan dén 20 ngay ma cac chi tiéu chat
lugng van duge dam béo, trong khi mau bao quan con lai chi duy
tri duoc chat lugng 10-15 ngay.
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QUY DINH VE BAI B DANG Til TREN TAP CHi

Yéu cdu chung

Bai bo gUi dang trén Tap chi phai la bai béo nguyén thuy (chua dugc cong bo trude do). Tac gia khong dugc gli dang bai béo trén céc
tap chi khac cho dén khi cé quyét dinh xét duyet clia Ban Bién tap.

Bai bao dai khong qua 10 trang (bao gom céa béang biéu, ghi chd, tai liéu tham khéo va phu luc); font chii: Times New Roman; ¢& chii 13;
khé gidy A4, 18 trén 2 cm, 1& dui 2 cm, 18 trai 3 cm, 1& phai 2 cm.

Bai béo gli qua Hé thong gUi bai truc tuyén tai dia chi https:/b.vjst.yn/index.php/ban_b/about/submissions hodc c6 thé glii truc
ti€p dén Tap chi (Phong 507, s6 113 Tran Duy Hung, phudng Trung Hoa, quan Cau Gidy, Ha Noi, Viét Nam) hodc qua hom thu dién t:
khoahocvacongnghevietnam @most.gov.vn.

Céu triic clia céc loai bai bao khac nhau c6 thé thay déi tly theo loai hinh nghién ctiu va ni dung clia bai bao. Sau day Ia chi tiét cac
thanh phan chinh clia bai béo.
Ténhaibao

- Tén bai béo dudgc viét béng tiéng Viét va tiéng Anh, trén trang dau cla bai bao, in dam, khong gach chan hay viét nghiéng.

- Tén bai béo phai ngén gon, rd rang va phu hgp véi ndi dung bai béo.

- Phia dudi tén bai bao la tén tac gid khong viét chic danh va hoc ham, hoc vi. N&u ¢6 nhiéu tac gi& lam viéc & cac co quan khéc nhau thi
tén tac gia dugc danh s (*2-) & phia trén. D&u hoa thi (') chi tac gia lién hé, dugc viét & cudi trang dAu tién clia bai béo.

Khi liét ké co quan cong tac clia tac gid, cAn néu rd tén cd quan va dia chi cd quan (s6 nha, tén dudng, phudng, quan, thanh phé, quéc
gia) bang tiéng Viét va tiéng Anh.

Tom tat

Tom tat bang tiéng Viét va tiéng Anh (khoang 160-250 tlr). Néu dugc myc dich, phuang phap nghién ctu chinh, két qua nghién cuu va két
luan chli yéu. Tu khoa bang ca tiéng Viét va ti€ng Anh theo thi ty alphabet (it nhét 3 ti khoa). Chi s6 phan loai (theo hudng dan).

1.Datvan d6/Dan nhap/Ma ddu

_ Dinh nghia van dé; tom Iugc van dé nghién clu da dugc cong b trong va ngodi nudc, néu myc tiéu nghién ciu va gidi thich sy la chon
dé tai va myc tiéu nghién ctu dé thay dugc tinh thai sy, tinh khoa hoc va su cén thiét clia van dé nghién ciu.

2.6 tuong/Vat ligu va phuong phap nghién ciu

Dai tugng nghién ctiu can trinh bay tiéu chuén Iya chon, dic diém déi tugng nghién ctu. )

Phuang phap nghién ctu can néu rd cach tiép can nghién ctiu, loai hinh nghién ctu, phuong phép do ludng, cong thtic tinh ¢ mau, phuang
phap x{i Iy s6 lidu, mo ta ki céc kj thuat tién hanh trong nghién cliu; cac quan diém, Iap luén, y kién tranh luan, cac dan ching...

3.Ketqud

Trinh bay ddy dd, khach quan céc két qua thu dugc sau nghién ciu, cac két qua nay phdi phuc vu cho myc tiéu nghién ctiu. Cac s6 liéu
phéi chinh xéac va khdp véi nhau. )

Phan két qua nghién ctiu chi trinh bay céc két qua nghién cuiu clia dé tai, khong gidi thich, so sanh va ban luan.
A4.Ban luan (phan nay c6 thé gop véi phan két qua)

ChU y€u ban luan cac van dé lién quan dén muyc tiéu dé tai.

Nhén xét, danh gia mot céach khach quan céc két qua nghlen cliu, ¢6 so sanh véi céc tac gid khac dé khang dinh hoac phli dinh nhiing hiéu

biét da co, qua d6 néu dugc nhiing diém mdi va déng gép clia dé tai. B

Dy béo hudng nghién cu tiép va kha nang ting dung cac két qua nghién ciu vao thyc tién.
5. Ketluan

Néu két qua nghién ctiu chii y&u clia dé tai c6 tinh khai quat lién quan dén muc tiéu nghién ctiu, dé xuét cac van dé tiép tuc nghién ctu.
L0 CAiM ON (néu co)

Téc gia cdm on céc t6 chiic/ca nhan da tai trg kinh phi hodc hd trg cho nghién ciu.
Phu lue (néu co)

Diéng tai bang sd liéu, thong tin dé hd trg thém cho ndi dung bai bao.
Chii thich v tai ligu tham khdo

Chi thich dugc dénh so theo thii tu xuét hién (2%~ ) va dugc trinh bay ngay 6 cudi trang viét (footnote).

Céc tai liéu tham khao dugdc danh sé theo thi tu xuat hién dé’_chi dan ching dugc trich dan 6 dau trong bai béo. S6 thi ty dugc danh trong
ngoac vu()ng, vi du: [3] v6i mét hoac [2, 5, 7-9] véi nhiéu s6 chi dan.

Luuy:

- DGi véi trich d&n trong bai bao: tai liéu tham khao c6 nhiéu hon mét tac gia chi dé tén tac gia dau tién va cong su, viét tat Ia cs, vi du: T.V.

Nguyen va cs (ndm xuét ban) [thd tu trong danh muyc tai liéu tham khao].

- DGi v6i danh myc tai liéu tham khéo cudi bai: tai liéu tham khéo béng ti€ng Anh, cac tai liéu khong phai tiéng Anh cén dugc dich sang tiéng
Anh va chu thich & cudi cau, vi du: (in Vietnamese), (in French)...

- Tai liéu tham khao 1a cac dudng link can b3 sung ngay truy cap.

Téc gia (Nam xudt ban), “Tén tai liéu dugc trich dan”, Tén ngudn, tap(so) trang/so trang/trang dau-trang cudi (néu o), s6 DOI (néu co),

URL (néu c6), ngay truy cap (ghi ré ngon ngi nao néu khong phai tai liéu béng tiéng Anh).

Téc gia: |3 tac gid/cac téc gia clia tai liéu dugc tham khao, trich dén: ligt ké day dl tén tac gia (chi viét tat dua Ién trudc) vai nhiing tai lieu
tham khéo c6 <3 tac gia; liét ké 3 tac gia dau tién va theo sau la “et al.” khi c6 tii 4 tAc gia trg 1én.

Nam xu&t ban: nam xudt ban cla tai liéu dugc tham khao, trich dan.

Tén tai liéu dugc trich dan: 1a tén bai béo, chudng/phén séch.. (chi viét hoa chii cai ddu, tru tén riéng va sau ddu hai chdm), viét trong
ngoac kép. . ) )

Tén ngué‘n c6 thé 1a tén tap chi, tén sach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc in nghiéng), viét hoa chii cai dau
tién cla moi tii chinh.

Tap(s6): danh cho nguon trich la tap chi, sach hodc cac xuat ban pham khac (phan nay in dam).

Trang/so trang/trang d4u-trang cudi phan anh nai cu trd cla tai liu dugc trich dan trong tai liéu nguén. \

Neq ¢6 22 tai liéu tham khéo do cung tac gid dau tién va cung ndm cong bd, thi cac tai liéu tham khao nay can dugc dénh du a, b.. sau
ném xuét ban (vi dy: 1986a, 1986b...). ) ] ) ) )

NEu c6 mot s6 tai liéu tham khao o cling 1 bai béo dugc trich dan c6 s6 trang khac nhau thi can trich dan thém s6 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 cau khic
- Bai viét khong dat yéu ciu, Toa soan khong tra lai ban thao.

- Bai viét ch| dugc dang khi phan bién nhan xét vé chat lugng bai bao déng y y cho dang.
- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gém ca phan tém tat) cho Ban Bién tap Tap chi.

Quy dinh nay dp dung tif ndm 2022 tré di.

PHAN LOAI LINH VUC KHOA HOC

_L_L_L_L_L_L_L_L_L.d
CENDO RN

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
nhién

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

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc giao duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t& va x4 hoi
. Théng tin dai chdng va truyén thong

Lich st va khao ¢6 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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Tr tinh nira kim loai cia triazine g-C N, va g-C,\N, bién tinh véi H, Li
va nguyén to nhém 2p.
Pham Nam Phong

Nghién ctru co ché ghép mach va sulfo héa cia mang din proton sir
dung trong pin nhién li¢u hydro.

Pinh Trin Trong Hiéu, LAm Hoang Hao, Tran Thanh Danh, Tran Hoang
Long, Nguyén Tién Cudng, Tran Vin Man, Truong Thi Hong Loan, Tran
Duy Tép

Xir Iy methylene blue bing zeolite NaX véi silica c6 ngudn gbc tir tro
triu.

Trin Nguyén Phuong Lan, Ly Kim Phung, Luong Huynh Vii Thanh,
Nguyén Hong Nam, Tran Thi Bich Quyén, Lé Phan Hung

Khio sat mdi lién quan ciia da hinh DNAHT rs12163565 véi bénh vo
sinh nam ¢ nguoi Viét Nam.
Nguyén Thuy Duong, Li Dirc Duy, Nong Vian Hai

Thanh phan, phan bd cdc loai ve siu ho Cicadidae (Hemiptera:
Auchenorrhyncha) ¢ khu vue Tay Bac Viét Nam.
Luu Hoang Yén, Pham Hong Thai, Bui Thu Quynh

Khio sat thue nghiém bién dang ciia dAm lién hop thép bé tong véi
miure do lién ket khang ciat khac nhau.
Lé Van Phudc Nhan, Bui Pire Vinh, Lé Thai Son

Nghién ciru, thiét ké robot théng minh hinh ding giéng ngudi hd trg
day hoc tiéng Anh.

Lé Pinh Son, Ha Huy Hung, Nguyén Dinh Quén, Trin Vin An, Nguyén
Thé Hung

Ham lwong, sw bién thién va mdi twong quan téi phwong tién giao
thong co giéi dwong bo ciia PAHs trong bui mat dwong & Ha Noi.
Nguyén Thily Ngoc, Truong Thi Kim, Phan Thi Lan Anh, Duong Hong
Anh, Phung Thi Vi, Pham Hung Viét.

Nghién ciru ché tao va danh gia kha ning hip phu mdt s6 ion kim loai
ning cua vat liéu hydrogel copolyme ghép khau mach birc xa.

Nguyén Trong Hoanh Phong, Nguy&n Hong Hoang, V& Ha Tuyét Hanh, Lé
Vin Toan, Lé Xuan Cudng, Pham Bao Ngoc, Nguyén Thanh Binh

Téng hop va tinh chit quang ciia vét liéu huynh quang a-ALO, pha
tap Mn*" phat xa dé dam éng dung cho dén LED chiéu sang chuyén
dung cay trong.

Nguyén Vin Quang

Nghién ctru xir Iy nuwéc thai ché bién banh trang quy mé san xuit h
gia dinh bang mé hinh lgc dong ngwgc bun sinh hoc.
Vi Thi Minh Chau, Nguyén Trong Hiép, Lé Thu Thuy

Nghién ciru ché tao nano selen én dinh trong f-glucan tan nwéc bing
phwong phap chiéu xa gamma Co-60.

Nguyén Thi Dung, Tran Bic Trong, Nguyén Thanh Vi, Nguyén Trong
Nghia, L& Quang Luan

Anh hwéng ciia nhiét do thity nhiét tinh chit quang ciia dung dich hat
cacbon nano dugc che tao tir hat dju xanh.
Ng6 Khoa Quang

Anh hwéng ciia nhiét dg bio quén dén chét lwgng qua nhan 10ng Hung
Yén.
Nguyéen Thi Hanh, Nguyen Van Hung

G Half-metallic magnetism in triazines g-C,N, and g-C,N, tailored with H,
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Li, and 2p elements.
Nam Phong Pham

Study on the mechanism of graft polymerization and sulfonation of
proton exchange membranes for fuel cell.

Tran Trong Hieu Dinh, Hoang Hao Lam, Thanh Danh Tran, Hoang Long
Tran, Tien Cuong Nguyen, Van Man Tran, Thi Hong Loan Truong, Duy Tap
Tran

Removal of methylene blue using zeolite NaX with silica derived from
rice husk ash.

Nguyen Phuong Lan Tran, Kim Phung Ly, Huynh Vu Thanh Luong, Hong
Nam Nguyen, Thi Bich Quyen Tran, Phan Hung Le

Study on the association of DNAH1 rs12163565 with male infertility in
Vietnamese individuals.
Thuy Duong Nguyen, Duc Duy La, Van Hai Nong

The composition and distribution of the Cicadidae family (Hemiptera:
Auchenorrhyncha) from Northwestern in Vietnam.
Hoang Yen Luu, Hong Thai Pham, Thu Quynh Bui

Experimental observation of steel-concrete composite beam with
different shear connection degrees.
Van Phuoc Nhan Le, Duc Vinh Bui, Thai Son Le

Researching and designing an intelligent humanoid robot for teaching
English language.

Dinh Son Le, Huy Hung Ha, Dinh Quan Nguyen, Van An Tran, The Hung
Nguyen

Concentration, variation, and correlation with traffic vehicle volume of
the pollutants - polycyclic aromatic hydrocarbons (PAHs) in street dust
in Hanoi.

Thuy Ngoc Nguyen, Thi Kim Truong, Thi Lan Anh Phan, Hong Anh Duong,
Thi Vi Phung, Hung Viet Pham

Research on synthesis and evaluation of heavy metal ions adsorption
capacity of radiation crosslinked graft copolymer hydrogel.

Trong Hoanh Phong Nguyen, Hong Hoang Nguyen, Ha Tuyet Hanh Vo, Van
Toan Le, Xuan Cuong Le, Bao Ngoc Pham, Thanh Binh Nguyen

Synthesis and luminescence properties of deep-red emitting Mn** doped
a-Al O, for professional LED grow light.
Van Quang Nguyen

Research on the treatment of rice paper processing wastewater on a
household scale by Upflow sludge blanket filtration model.
Thi Minh Chau Vu, Trong Hiep Nguyen, Thu Thuy Le

Study on preparation of selenium nanoparticles stabilised in water-
soluble f-glucan by gamma Co-60 irradiation.

Thi Dung Nguyen, Duc Trong Tran, Thanh Vu Nguyen, Trong Nghia Nguyen,
Quang Luan Le

Effect of reaction temperature on optical properties of carbon
nanoparticles derived from mung bean.
Khoa Quang Ngo

Effects of preservation temperature on the quality of Hung Yen longan
fruits.
Thi Hanh Nguyen, Van Hung Nguyen
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