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Khoa hoc Tu nhién n—

Pho 'H NMR ciia ddy phre chat [PtCl(eugenol-1H)(amin)]
(amin: pyridin, 4-Me-pyridin, quinolin, p-cloanilin, p-toluidin)

Trwong Thity Hing, Nguyén Thi Thanh Chi*
Khoa Hoa hoc, Truong Pai hoc Su pham Ha Nji
Ngay nhdn bai 7/10/2019; ngay chuyén phan bién 10/10/2019; ngay nhan phan bién 8/11/2019; ngay chép nhan ding 12/11/2019

Tém tit:

Phé 'H NMR ciia nim phurc chit ¢6 cong thirc [PtCl(eugenol-1H)(amin)] [amin: pyridin (2), 4-Me- pyridin A3),
qulnolln (4), p-cloanilin (5), p-toluidin (6)] trong dung mdi d -axeton va CDCl da dwge nghién ciru. Két qua cho
thay, trong dung moi d -cloroform cac phirc chit 2+5 cho hai bo tin hiéu on dmh theo thoi gian trng véi hai twong
tac lién phan tir manh (llen két hydro C1,C-H... CIPt(II) va lién Kkét halogen CLHC-CL...Pt(1I)) dbi véi 2, 3, 4 va hai
lién két hydro manh (lién Kkét ndi phan ttr NH,...CI- Pt(ll) va lién két lién phan tir CL,C-H...Cl-anilin) débi vei phlrc
chit 5. Trong khi dé, trong dung méi d, axeton phite chit 5 va 6 ¢6 chira cic din xuat cua anilin, xdy ra sw dong
phan héa nhém amin chuyen tir vi tri cis sang vi tri trans so v&i nhanh allyl ciia eugenol. Qua trinh chuyen doi nay

dat dén trang thai can bang sau 48 gio.

Tir khéa: amin, eugenol, "H NMR, lién két halogen, phirc chit cia platin(II).

Chi s6 phén loai: 1.4

Mé dau

Tir lau, platin va phirc chit cua né duoc biét dén voi
nhiéu tng dung quan trong, dién hinh la xtc tac trong tong
hop hitu co [1] va thuoc dicu tri ung thu trong y hoc [2, 3].

O Viét Nam ¢ nhiéu loai cay cho tinh dau véi ham
luong arylolefin rit 16n nhu tinh dau huong nhu chira
khoang 70% eugenol (EugH)... Mot s dan xuét ctia n nhur
metyleugenol, ankyl eugenoxyaxetat (ankyl la metyl, etyl,
n-propyl) dugc biét dén 1a nhitng hop chét ¢ cac hoat tinh
sinh hoc khac biét: dan du rudi vang hai cam, kich thich
sinh trudong & thyuc vat...[4]. Gan day, cac aryloleﬁn nay
da duoc hoat hoa lién két C-H thom trong cau phdi tri cia
Pt(IT) dudi dang cac phirc chat khép vong hai nhan dang
[PtCl(arylolefin-1H)], [5-7]. Phan tng gitra phirc chat khep
vong hai nhan nay voi cac amln khac nhau da tao ra mot sd
diy phic chat don nhén c6 céu trac tha vi voi cong thire
chung [PtCl(arylolefin-1H)(amin)] [5-9]. Tuy nhién voi
diy phtrc chit & d6 arylolefin 13 eugenol ¢6 hién tuong bét
thuong, d6 1a phd 'H NMR ciia mdt sd phirc chat trong
chting cho 1 bg tin hi¢u trong dung moéi d -axeton, con trong
CDCl, lai cho 2 bg tin hi¢u [8]. Do vdy, trong cong trinh
nay chung t6i tap trung nghién ciru phé 'H NMR ctia 5 phtrc
chat [PtCI(Eug)(amin)] (amin: pyridin (2), 4-Me-pyridin
(3), quinolin (4), p-cloanilin (5), p-toluidin (6)) trong dung
moi d -cloroform va d -axeton dé tim 10i giai thich cho hién
tuong bat thuong nay.

*Tac gia lién hé: chintt@hnue.edu.vn
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Thuc nghiém
Héa chit

Céac amin duoc st dung gdm pyridin, 4-Me-pyridin,
quinolin, p-cloanilin, p-toluidin cta hang Sigma - Alrich.
Céc dung méi axeton, etanol ctia Trung Qudc.

Tozng hop cac phirc chit

Céac phirc chit 2+6 dugc téng hop tir phic chat dau
[PtCI(Eug)], (1) dya theo phuong phap dugc mo ta trong tai
liéu [8] nhu sau: nho tir tr dung dich chira 0,2 mmol amin
vao 0,1 mmol phtc chét 1. Phan ung duoc thyc hién trong
axeton (4) hodc hon hop hai dung méi axeton - etanol (2,
3, 5, 6) 0 nhiét d phong. Sau 2 gio phan ung loc thu duoc
san pham két tua ddi véi 2 hodc thu dugc dung dich cua cac
phtrc chit 3+6. Bay hoi cham dung méi cta dung dich thu
duoc cac chét rin 3+6, rira san phém béng HCI, etanol lanh
va say kho. Cac phirc chat thu dugc c6 mau vang voi sic
d6 khac nhau v6i higu suat cao 81% (2), 92% (3), 95% (4),
50% (5), 83% (6).

Phuwong phap nghién ciru cdu triic

Phé cong hudng tir hat nhan cua cac phtc chat duge do
trén may Bruker AVANCE (500 MHz) v&i chat chuan la
TMS trong cac dung méi thich hop tai Vién Hoa hoc thude
Vién Han 1am Khoa hoc va Cong nghé Viét Nam.
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'"H NMR spectra of a series
of complexes [PtCI(Eugenol-
1H)(amine)] (amine: pyridine,
4-Me-pyridine, quinoline,
p-cloaniline, p-toluidine)
Thuy Hang Truong, Thi Thanh Chi Nguyen*

Faculty of Chemistry, Hanoi National University of Education
Received 7 October 2019; accepted 12 November 2019

Abstract:

The '"H NMR spectra of five complexes of the genenal
formula [PtCl(eugenol-1H)(amine)] (amine: pyridine
(2), 4-Me-pyridine (3), quinoline (4), p-cloaniline (5),
p-toluidine (6)) in d-acetone and CDCI, solvents were
studied. The result showed that in d -chloroform,
complexes 2+5 gave two stable over time sets of signals
which corresponded with two existence forms of the
complexes in the solution: two strong intermolecular
interactions (CLC-H...CIPt(Il) hydrogen bond and
CLHC-CL...Pt(I) halogen bond) for 2, 3, 4; and two
strong hydrogen bonds (NH,...CI-Pt(II) intramolecular
bond and CL,C-H...Cl-aniline intermolecular bond)
for 5. Meanwhile, in d-acetone solvent, complexes
containing aniline derivatives, 5 and 6, revealed an
isomerization, that was, the amine group transferred
from cis position to frans position compared with the
allyl group of eugenol. This conversion process reached
an equilibrium after 48 hours.

Keywords: amine, eugenol, halogen bond, 'H NMR,

platinum(II) complexes.

Classification number: 1.4
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Keét qua va thao luan

Viéc thay thé etylen trong mudi Zeise K[PtCl J(CH)]
bang eugenol (EugH) da tao ra phire chat K[PtCL,(EugH)].
Phtrc chét nay c6 thé d& dang chuyén thanh phic chét khép
vong hai nhan [PtCl(Eug)], (1) trong diéu kién ém diu [8].
Trong nghién ctru nay, phtc chat 1 tuong tac véi cac amin
di vong khéac nhau trong cac diéu kién thich hop (dé cap &
phan Téng hop cac phirc chat) da thu dugc cac phirc chat
trung hoa don nhan 2+6 nhu dugc chi ra trong hinh 1.

OH
OCH; 10

o Am
8
4 9 ‘/ \Pl Amm 4 9\)[/
c1 \ 2 § N
B
113CO H,CO i 6
H (2-6)

13 12

17
/n
lS 16 15 16

Qu1(4) p-ClAni (5) p-Tol (6)

(S

14 15 lé:

Py () 4MePy (3)

Hinh 1. So' d6 téng hop cac phirc chat 2+6 va cAu tric cua cac
amin (s0 chi vi tri trong Eug va amin dung cho viéc phan tich pho
'H NMR).

Céu trac cia cac phirc chat 2+6 di dwoc chimg minh
bang phan tich nguyén t6, pho IR, ESI-MS, 'H NMR va
phuong phap XRD (déi véi 2, 3, 6) trong tai lidu [8]. Két
qua cho thay, trong cac phirc chit nay, Eug phdi tri vai Pt(II)

qua C=C,; cta nhanh allyl va C5 cua vong benzen, amin
phdi tr1 VOl Pt(II) qua N va ¢ vi tri cis so voi nhanh allyl nhu
0 hinh 1. Tuy nhién, diéu dic biét 1a trén pho 'H NMR, bdn
phirc chat 2+5 cho hai bo tin higu khi do trong CDCI, va cho
mot b trong d -axeton, trong khi 6 cho mét b khi do trong
ca CDCI, va d -axeton. Su bét thuong nay budce dau dugce Iy
gidi co the do trong dung mdi CDCl, ton tai 2 trong tac lién
phén tir hydro va halogen manh glua dung moi va phire chit
nén 2-+5 ton tai dudi 2 dang trong dung dich [8]. DBé 1am rd
van d& nay, trude hét ching t6i quy két, phan tich phd do
trong CDCI, tai thoi diém méi pha ciia 2+6 (phd cia ching
trong axeton da dugc phan tich [8]). Céc tin hi¢u proton cua
Eug va amin trong cac phtic chét 2+6 dugc liét ké ¢ bang 1.
Hinh 2 dan ra mot phan phd ciia 5 trong dung moi CDCl, va
d -axeton lam vi dy.

ll)c is' 9+" 10trans',

e i)

J o agv toeis

a0 35 25
n

, ppm 45 44 43 42 38 37 36 35 3426 25 24 2

e e e e e T e W e e

(A) (B)
Hinh 2. Mét phéan phé 'H NMR cta 5 do trong CDCI, (A) va trong
d.-axeton (B)
(dAu * 1a tin hiéu vé tinh do "*Pt gay tach).



Bang 1. Tin hiéu 'H NMR cua 26 do trong CDCI, & (ppm), J,,, (Hz).
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Bugeno 1R [P(CI(Eug) i [PtCl(Eug) G
(EugH) ¥ (4MePy)] (3b/3a) (p-ClAni)] (5b/5a) €
9] (2.22) Int. 1.3/1 (€240) Int. 1/1 (p-Tob] (6)
Int. 1/1 o Int. 2/1 :
H3 678d  6,575/6,645 6,64 5/6,57 s 6,61 5/6,63 s 6,485/6,53 5 6,495
H5 6,63 dd )
H6 6764 S8, 45/7,125%,, 45 58253, 4571253, 45 72557225 7,14 br/7,15 br 7,035°, 41
H7 381s 3,808/3,81 s 3.813,79s 3.8253,77s 3,76 5/3,77s 376
OH 7305 5265/527s 5285/5265 5295/529s 6,80 br/6,82 br 5255
2,65d3J,,,109/ \ \ , \ \ \ .
HSa g R0 08 282d3,,902,63d3,,90  2,66d3,,95290d%, 95 242d%,,1022,57d,, 102 242d°], 110
9 ? !
HSb 3,86 dd/3,86 dd 3,85 0v/3,8 ov 3,91 dd/4,04 ov 3,59 dd/3,72 dd 3,44 dd
4,65 ov/ 9 2 3 2 2
H9 S SSemy 7 552m2, TA6mMA, T2 457Tm, 70 414m3 75/ 41m2,, 75
g ii
397d3,, 73 , , ) o ,
Horans 505466 413d2, 68394d%, 68 35Tovi, TI/AS60v 3,96, 71/3,49; d 3,67d
g i
Hieis  49d  3,65d2, T1/463 ov 459d%, TIB63d3, 70 372d%, 75/5,140v 339d21, 754284, 75 341d%,75
HI2 8,81dd/8,71 dd 8,62 /8,53 d 9,05 dd/7,90 dd 6,99d 691d
HI3 7,49 ov/747 ov 727 d17,25d 7,53 dd/7,49 br 731d 7,144
H14 7,94 /7,83 tt 8,34 41831 d - ;
H15 7,49 ov/T47 ov 7,27 d17.25d 7,94 /7,99 br 731d 7,144
H16 8,81 dd/8,71 dd 8,62 /8,53 d 7,68 m/7,74 br 6,99 d 691d
H17 2,455/2,41 s 7,91 ov 2,34s
, , HA(N): 4,59 /4,86 d H(N): 4,35 d
H khic H18: 9,21 br/7,99 br T dRe e d R e

Int: ty ¢ cuong do cua 2 bo tin hiéu.

Bang 1 cho thay, 6 chi cho 1 b tin hiéu trong khi 2+5 cho
2 by dugc ky hi¢u la a va b, sb luong cling nhu hinh dang
cac tin hi¢u 0 2 b la nhu nhau. Tin hi¢u cong huong cua cac
proton trong 2+6 do trong qCDCl3 c6 dic diém twong tw nhu
do trong d -axeton. Cuy thé 1a, hai proton H8 ¢ gugenol tu
do von 1a mét van d6i ¢ 3,29 ppm nhung trén pho 'H NMR
cua cac phic chét, chung thé hién bi hai tin hiéu riéng biét
duoc goi la H8a c6 dang van doi ¢ 2,42+2,90 ppm va H8b
co6 dang van do6i-doi o 3,44+4,04 ppm. Bén canh do, so véi
EugH tu do tin hiéu cong huong cua cac proton H9, H10cis,
H10¢trans déu thay ddi ca vé do chuyén dich hoa hoc (giam
manh véi AS = 0,38+1,83 ppm) va hinh dang (xuét hién tin
higu vé tinh v6i gi tri 2, = 65+73 Hz). Diéu, nay cho thay
Eug da phoi tri voi Pt(ll)ﬂ qua C=C, . Su phoi tri cua Eug
voi Pt(I1) qua C5 duogc the hién 1 ¢ su vang tin hi¢u cua HS
trén phd ctia 2+6, ddng thoi H3 va H6 déu c6 dang van don
trong khi & dang ty do chung c6 dang van doi, con H5 co
dang van do6i-doi. Bac biét ¢ tin hiéu cia H6 con quan sat
thay tin hi¢u vé tinh do 'Pt tach véi J ~ 43 Hz phu hop véi
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gia tri’J, . Su thay d6i tin hiéu cong hudng cta cac proton
nhanh allyl va thom ctia Eug trong 2+6 so vdi ¢ phoi tu
tir do cling tuong ty nhu & cac phirc chét ¢ ciu tric tuong
dong, [PtCl(arylolefin-H)(amin)] [5-9].

Bang 1 con cho thay xuit hién day du tin hidu cong
hudng proton ciia cac amin trong cau phdi tri ciia 2+6 va
chiing déu c6 do chuyén dich hod hoc thay ddi so véi & cac
amin tu do. Didu nay chimg té cac amin da phéi tri voi Pt(II)
trong cac phirc chat. Nhu vdy & phtic chit 6 ciing nhu ¢ hai
dang a va b ctia cac phirc chat 2+5, eugenol déu phéi tri véi
Pt(Il) qua C=C, , va C5, amin phdi tri voi Pt(II) qua N.

Dé khing dinh cdu trac khong gian clia cic phic chat
26, tuc la khéng dinh amin & vi tri cis hay trans so voi
nhénh allyl, ching t6i lya chon do phd NOESY ciia 3 trong
d -axeton va 4, 6 trong CDCI, (cac chét c¢6 do tan tot hon
cd). Tuy nhién, cac chat van c6 do tan vira phdi trong dung
moéi do phd nén céac pic giao tng véi bd cd cuong do nhod
hon cua 4 trong CDCI, kh6 quan sat. Bang 2 li¢t ké céac pic
giao gifta tin hiéu cong huong ciia Eug va amin trén phd
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NOESY cua cac phirc chat va hinh 3 din ra mot phan phd
cua 4 trong CDCI, lam vi du.

Bang 2. Pic giao gitra tin hiéu cong hwéng cua Eug va amin trén
phd NOESY cua 3, 4, 6.

Phiic chit Pic giao giita Eug va amin

HO/H12 (4,76/8,60 ppm)

i) H10cis/H12 (3,75/8,60 ppm)

H9/H12 (4,54/9,05 ppm)
4 (CDCL) H10cis/H12 (3,72/9,05 ppm)
6 (CDCL,) H10trans/H*(N) (3,96/4,35 ppm)

Béng 2 cho thay giita cac tin hiéu cong huong cia Eug va
amin, chi c6 pic giao gilra tin hiéu H9, H10cis cuia Eug voi
H12 cua 4MePy trong 3 va H12 cia Qui trong 4 (pic giao A
va B trong hinh 3), con véi phirc chat 6 chi c¢6 pic giao ciia
H10trans véi HA(N) ma khong quan sat thiy pic giao nao
khac. Két qua nay cho thdy, trong dung dich do phd, amin
khong phai & vi tri trans 50 voi nhanh allyl trong cac phuc
chat ma phai & vi tri cis glong nhu cdu tric & dang rin ctia
ching d3 dwoc xac dinh bang phuong phap nhiéu xa tia X
don tinh thé [8] nhu chi ra & hinh 1.

1] T T T T
9,5 9,0 8,5 8,0 7,5

Hinh 3. Mét phan phé NOESY cua 4 (CDCL,).

Nhu vay, qua phan tich trén cho thdy trong tat ca cac
phtrc chat 2+6, Eug déu phdi tri véi Pt(IT) qua C=C ai VA C5,
amin phdi tri voi Pt(IT) qua N va & vi tri cis so voi nhanh allyl
trong ca dung mo6i CDCI, hay d -axeton. Viy tai sao khi do
trong CDCl,, 2+5 déu cho hai bo tin hiéu, con 6 chi cho mdt
b tin higu duy nhat? Phan tich gdn 2000 céu trac co chira
CHCI, hoac CH,Cl, trong Cambridge Structural Database
(CSD) Allen va dong nghiép [10] da chi ra rang, C-H cla
cloroform va diclorometan tao lién két hydro voi N, O, S,
halogen trong gan 200 ciu triic. Ngodi ra, lién két halogen
gitra phtrc chit loai trans- [PtX,(Alk,N-CN),] (X =Cl, B{) voi
CHI, cting da duoc phat hién trong [11]. B6i vay, co the giai
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thich hién tugng 2 bd tin hiéu cua cac phirc chét nhu sau:
v6i phirc chat 2+4, cloroform da st dung proton dé tao lién
két hydro véi phéi tr Cl trong phirc chat, sau d6 n6 ciing
tao lién két halogen vai ion Pt(IT). Do dé, trong cloroform
chung ton tai ¢ hai dang nhu dugc mo ta dai dién cho phirc
3 ¢ hinh 4. Hai dang cua phirc chét 5 lai khac, dang 5a chtra
lién két hydro ndi phan tir gitra phéi tir C1 voi proton ciia
nhém NH,, con dang Sb chua lién két hydro Cl...H-C giita
nguyén tir CI cua p-cloanilin va H ctia dung moi (hinh 4). S¢
di phtic chét 6 chi cho mot bo tin hiéu 1a do chi tao dugce lién
két hydro noi phan gidng nhu cia 5a ma khong tao dugc
kiéu giéng 5b do khong co nguyén tir Cl ndo khac nita trong
phén tir.

Dé tim hiéu 15 hon vé qué trinh hinh thanh 2 dang a
va b ctia 2+6, chung toi tién hanh do phd cua ching trong
CDCI, theo thoi gian. Két qua cho thay phd cua chung déu
khong dbi sau 24 gio. Piéu nay cho thiy qua trinh thiét 1ap
2 dang ctia cac phuc chit 2+5 dién ra nhanh va céc lién két
hydro, halogen dugc hinh thanh kha bén va 6n dinh trong
dung dich.

Trong dung moéi d -axeton 2+6 tai thoi diém méi pha
mau chi cho 1 b tin hi¢u, nhung liéu theo thoi gian ching
¢6 bién doi kh(“)ng9 Dé tra 10 cau hoi nay, chung t6i ciing
tién hanh do pho cua ching trong d -axeton theo thoi gian.
Két qua rat bat ngo 1a phurc chat 2, 3 (24 gio sau khi pha) va
phirc chat 4 (48 gio sau khi pha) khong ddi. Con phirc chat
5 va 6 bi bién ddi tao 2 bo tin hiéu ngay sau 6 gio pha mau,
hinh dang cac tin hi¢u ciing nhu ty 1€ cuong do 2 bd khong
d6i sau 48 gio. Hinh 4 ddn ra mot phan pho chong theo thoi
gian cta 3 va 5 lam vi du.

Sy bién d6i thanh 2 bo phd ciia 5 va 6 c6 thé dugc giai
thich do xay ra sy dong phan hoa chuyén cu hinh tir cis
(amin & vi tri cis so v&i nhanh allyl) sang trans (amin & vi tri
trans so voi nhanh allyl) tuong tu nhu da xay ra ¢ cac phiic
chét dang cis- [PtCl (piperidin)(amin)] (amin: p-nitroanilin,
p-iotanilin) khi do trong dung moi d, -axeton [12, 13], d&én
48 gio hé dat trang thai cAn bang cua 2 cAu hinh cis - trans.
Cho dén nay, trong nhiéu cong trinh nghién ctru vé phic
chat cuia Pt(II) cho thay, qua trinh dong phéan hoéa kleu nay
thuong xay ra voi phirc chét chira phdi tir 1a dan xuét cia
anilin va duoc do trong dung méi axeton [12, 13]. Didu nay
¢6 thé dugce 1y giai do cac din xuat cta anilin ¢6 tinh bazo
yéu, trong khi d6 axeton lai 1a dung méi c6 kha ning tao
phirc qua nhém C=0. Do d6, qua trinh chuyén doi cau hinh
xay ra thong qua san pham phl’Ic chit trung gian phbi tri 5
[PtCI(Eug)(amin)(d -axeton)]. Van dé nay s& duogc lam sang
t6 khi 6 sy hd trg sau rong hon cua céc nghién ciru vé tinh
toan lugng tir. Hinh 4, 5 thé hién ciu tric cua phuc chit3,5
trong CDCI, va phé chdng theo thoi gian cia 3 (hinh A), 5
(hinh B) trong d -axeton.
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Hinh 5. Phé chdng theo thoi gian cta 3 (hinh A), 5 (hinh B) trong
d.-axeton.

Trong bai bao nay, phé 'H NMR trong dung moi d-
axeton va CDCI, cta nam phuc chat dang [PtCl(Eug)
(amin)] ((amin: pyridin (2), 4-Me-pyridin (3), quinolin (4),
p-cloanilin (5), p-toluidin (6)) di dwoc nghién ctru. Két qua
cho thiy, trong dung méi cloroform, cac phtrc chat 2+5 déu
cho 2 b tin hiéu khong bién ddi theo thoi gian tmg vai 2
dang ton tai cia mdi phirc chét trong dung dich. Dang 2a, 3a,
4a c6 tuong tac hydro ngoai phan tir manh gitia proton ctia
dung moi va phoi tir Cl cta phire chat [CLC-H...CIPY(ID)],
dang 5a lai tng voi lién két hydro ndi phan t&r manh giira
proton nhom NH, ctia p-cloanilin véi phoi tir CI [NH,...Cl-
Pt(1I)]. Con 2b, 3b, 4b ton tai twong tac halogen ngoai phan
tor manh gitta Cl cua dung in va ion Pt(II) [CLHC-CI...
Pt(11)], dang 5b rng vai lién két hydro ngoai phan tir manh
gitia Cl cta p-cloanilin voi H ctia dung mdi. Trong dung
moi axeton, phtrc chét 5, 6 (chtra dan xudt cia anilin) xay ra
su dong phan hoa chuyén tir cau hinh & d6 amin & vi tri cis
sang trans so voi nhanh allyl, va 2 dang nay dat trang thai
can bang sau 48 gid sau khi pha miu.
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Tom tit:

Ca phé 12 mot trong nhirng loai dd udéng phd bién nhit trén thé giéi. Rang 1a mdt cong doan quan trong trong qua
trinh san xuit ca phé, boi rang tao nén mui vi va hwong thom dic trung ciia ca phé. Bén canh dé, trong qua trinh
rang mét 50 hop chit khong mong mudn cﬁng ¢6 thé duge tao thanh, nhw cac hop chat hydrocacbon thom da vong
(PAHs). Trong nghién ciru nay, 15 hop chit PAHs da dwgc phén tich trong mot so san pham ca phé rang, ca phé hoa
tan cia Viét Nam va mot so nwéc lam doi chirng. Tong ham lwgng cac PAHs dwgc phén tich trong ca phé rang Viét
Nam dao dfng trong khoang 3,20-143 pg/kg va trong ca phé hoa tan la 1,30-14,9 pg/kg. Trong do, benzo[a]pyren
(BaP) dworc phit hién thiy & ca phé rang véi ham lu’(rng cao nhit 1a 1,2 pg/kg va khong phat hién déi véi mau ca phé
hoa tan. So sanh véi quy dinh cua Uy ban chau Au vé ham lu’o’ng tdi da cho phép cua BaP va nhém PAH, trong cic
ché pham tir thwe vat, tat ca cac miu ca phé da phan tich déu c6 ham lwong PAHs dgc hai 6 mirc thap h(rn gidi han
cho phép. Dua trén ham lugng PAHSs trong cic miu ca phé, nhém nghién ciru dwa ra danh gia rii ro strc khoe khi
str dung ca phé. Theo d6, cac mau ca phé & Viét Nam ¢6 HQ<1 va ILCR<1.10%, c6 nghia l1a ngudi tiéu dung ca phé
6 Viét Nam an toan khi tiép xiic véi PAHs cé trong cac loai ca phé dwgc phan tich.

Tir khéa: ca phé hoa tan, ca phé rang xay, GC/MS, PAHs.

Chi s6 phén loai: 1.4

Gidi thiéu

Hydrocacbon thom da vong (PAHs) 1a cac hop chit c6
hai hodc nhiéu vong thom hgp nhét, duoc tao ra trong qua
trinh ddt chay khong hoan toan cac chét hitu co [1]. Chung
dugc tao ra bdi cac qua trinh ty nhién va nhan tao [2]. Trong
nhiéu nghién ciru, PAHs d4 dugc phat hién véi nong do vét
& nhiéu dbi twong mau khac nhau nhu nudc mat [3], dét [4],
khong khi [5], tra [6], ca phé [7, 8], trai cay, rau, thit va cac
san phém cua chiing [2]. Bén canh do, mdt s6 PAHs duoc
biét dén 1a hop chét c6 thé gay ung thu va c6 anh hudng xau
dén stc khoe con nguoi nhu benzo[a]pyrene va anthracene
1a nhimng chat gay kich v ung da tryc tiép; trudng hop tiép xuc
lau dai vi PAHs c6 thé 1am giam chirc nang mién dich, ton
thwong gan va than, duc thay tinh thé; phu nit mang thai
tiép xuc véi PAHs c6 thé gy sinh non, di tat tim ddi voi
thai nhi [9]. Trén co so su c6 mat phé bién va tinh chét doc
hai, Co quan bao vé moi truong Hoa Ky (US EPA) da dua
PAHs vao danh sach chat doc uu tién [10]. Dé danh gia toan
dién sy c6 mat cua cac hop chit PAHs trong thuc phém, chi
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so PAH, duoc Uy ban chau Au dua ra, chi s6 nay bao gom

tong cua 4 PAH: benz[a]anthracene, benzo[b]fluoranthene,

benzo[a]pyrene (BaP) va chrysene [11]. Trong do6, benzo[a]

pyrene la hop chat dugc quan tim nhét, bai no duge xép vao

danh sach chat doc gay ung thu ¢ nguoi [12]. Ham luong toi

da cho phép trong cac ché pham tir thyc vat ciia BaP 1a 10
ng/kg va PAH, 1a 50 png/kg [13].

Ca phé 1a mét trong hon 100 loai cay nhiét déi va cay
bui thudc loai Coffea [14]. Hién nay, ca phé 1a loai d6 udng
dugc tiéu thy phd bién thi tu trén thé gisi [15]. Trong giai
doan tir nam 2015-2016, tong san luong ca phé toan thé gidi
dat hon 9 triéu tan, voi doanh thu dat 21 nghin ti USD [14].
Riéng d6i véi Viét Nam, téng san lugng nam 2016 1a 1,76
triéu tan va c6 90-95% trong sé d6 dwoc xuat khau [16]. Ca
phé duoc chimg minh c6 thé mang dén hiéu qua chéng lai
mot sb loai bénh nhu bénh Parkinson, Alzheimer, rdi loan
tiéu hoa, rdi loan chtrc ning gan [17]. Bén canh do, ca phé
con giup tinh than tinh téo, thay d6i tim trang [17] nho ¢
chtra cac chét chéng oxy hoa, chét khir géc tu do nhu cafein,
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Abstract:

Coffee is one of the most popular beverages in the world.
Roasting is an important step for the production of coffee,
because the roasting creates the flavour and aroma of
coffee. However, the roasting process can form some
undesirable compounds, such as polycyclic aromatic
hydrocarbons (PAHs). In this study, we analysed 15
PAHs in some roasted and instant coffee products of
Vietnam and some other countries for comparison. The
results showed that the total content of PAHs analysed
in Vietnamese roasted coffee ranged from 3.20 pg/kg to
143 pg/kg, and that of instant coffee ranged from 1.30
pg/kg to 14.9 ng/kg. In which, benzo[a]pyrene (BaP) was
detected in roasted coffee with the highest concentration
of 1.2 pg/kg and not detected in instant coffee samples.
Compared with the European Commission’s regulation
on maximum permissible levels of BaP and PAH, in plant
products, all coffee samples had the level of toxic PAHs
lower than the allowable limit. Based on the content of
PAHs in coffee samples, the health risk was also assessed
for inhabitants using these coffees. Accordingly, coffee
samples in Vietnam had HQ<1 and ILCR<1.10, which
means that coffee consumers in Vietnam were safe when
exposed to PAHs in the examined coffee products.

Keywords: GC/MS, instant coffee, PAHs, roasted coffee.
Classification number: 1.4
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trigonelline, axit chlorogen, cafestol, kahweol [18] va cac vi
chét ¢6 loi nhu maggé, kali, vitamin E va niacin [19].

Quy trinh san xuit ca phé trai qua rat nhiéu cong doan
phtrc tap, c6 thé ké dén mot sb cong doan chinh nhu: hai,
phéan loai, phoi kho, rang, xay, dong goi. Trong do, rang 1a
cong doan quan trong nhit, rang tao nén mau sac, mui thom
va huong vi, va 1a khau quyét dinh chét lugng cua ca phé.
Theo Hiép hoi ca phé Hoa Ky (NCA), dya vao mau sic va
thoi gian rang c6 thé chia ca phé thanh 4 loai gdm: rang
nhat, rang vira, rang dam vua va rang dam. Trong qua trinh
rang, mot s6 hop chét hitu co trong ca phé co thé bi dt chay,
cung v6i sy 6 nhidm mai trudng trong qué trinh siy kho
1a nhitng nguyén nhan chinh din dén sy c6 miat cia PAHs
trong ca phé [20].

Pé xac dinh sy c6 mit, ham lugong cua cac PAHs trong
ca phé cua Viét Nam ciing nhu ¢ nhitng ude tinh vé mirc
d6 rui ro t6i sirc khoe cua cac hop chit nay, nghién ctru da
tién hanh thu thap mot s san pham ca phé thwong mai ciia
Viét Nam dang ban tai céc si€u thi. Bén canh d6, mot s6 san
pham ca phé rang va ca phé hoa tan ctia mot sé nudc ciing
duoc thuc hién trong nghién ctru dé lam dbi chung.

Vat liéu va phuong phap nghién ciiu
Héa chit

Dung dich chuin gbc PAH Mix 63 nong d6 1000 pg/
ml pha trong dung méi toluen gdm 16 PAHs theo US EPA.
Hoén hop céc chat déng hanh SR-PAH Mix 33 ¢o néng
d6 2000 pg/ml gdm: naphthalen-d8, acenaphthylen-d10,
phenathren-d10, chrysen-d12, perylene-d12 trong toluen dé
kiém so4t sy mat mat cua timg mau, dung dich noi chuén
(IS) pyrene-d10 c¢6 nong d6 200 pg/ml trong isooctan. Tat
ca cac dung dich chudn trén déu dugc mua tir hang Dr.
Ehrenstorfer, LGC, Ptic. Cac dung méi diclometan (DCM),
n-hexan, axeton va cyclohexan mudi NaCl, mubi Na SO,
khan va silicagel 60 chat lwong phan tich (pa) va sic ky
(GC), cua hang Merck, Dtic.

Thu thdp mdu ca phé

Mau ca phé dugc thu thap tai cac siéu thi & Viét Nam,
Thai Lan, DBtc va Nhat Ban trong khoang thoi gian tir thdng
7/2018 dén thang 4/2019. Mau ca phé rang va ca phé hoa tan
ctia Viét Nam 14 céc san pham thudc cac thuong hiéu phd
bién khéc nhau trén thi truong, gdm 6 mau ca phé hoa tan va
17 mau ca phé rang dam va rang vira. Cac mau ca phé rang
va hoa tan ctia Thai Lan (3 mau), Pirc (6 mau) va Nhat Ban
(2 miu) dugc mua dai dién. Danh sach céc loai ca phé phan
tich dugc trinh bay chi tiét trong bang 1. Cac mau ca phé
rang déu & dang bot va ca phé hoa tan 1a loai nguyén chat
100% la ca phé. Cac mau ca phé rang cua Puc dugc mua
nguyén hat va dugc xay nho ¢d 0,5 mm trude khi phan tich.
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Bang 1. Danh sach mau ca phé hoa tan va ca phé rang dwoc thu

thap.
STT Kyhiéu  Xutxir Tén miu Thwong hiéu
Mau ca phé hoa tan
1 IVCO1 King Black Coffee TNI Viét Nam
2 IvVC02 King Expresso Coffee ~ TNI Viét Nam
3 IVC03 Nescafe Nestle Viét Nam
4 IVC04 G7 Trung Nguyén Viét Nam
5 ICV05 Nescafe Red Cop Nestle Viét Nam
6 IVC06 Black Coffee Dakmark Viét Nam
7 ITCO1 Nescafe Red Cop Nestle Thai Lan
8 ITC02 Nescafe Gold Nestle Thai Lan
9 ITCO03 Classic Blend Select Moccona Thai Lan
10 IGC1 Gold Selection Tchibo buc
Miu ca phé rang xay
1 VCO1 Expert Blend 1 TNI Viét Nam
2 VC02 Trung Nguyen Coffee ~ Trung Nguyén Viét Nam
3 VCo03 Robusta Mé Trang Viét Nam
4 VC04 Moka Coffee Mai café Viét Nam
5 VCo05 Ngon Coffee Mai café (rang ddm)  Viét Nam
6 VC06 Truyén thong Highland (rang ddm)  Viét Nam
7 VCo7 Moka Highland Viét Nam
§  VCO8  Royal Specal PhicLong (fng v Nam
dam)
9 VC09 Phuong Vy Coffee Phuong Vy Viét Nam
10 VC10 Arabica M’Ja Viét Nam
11 VCI1 Nescafe Viét 1 Nestle Viét Nam
12 VCI2 K Coffee Filter Phuc Sinh Viét Nam
13 VC13 Hazelnut flayour Con Séc Viét Nam
14 VCl14 Chocolate Phuc Long Viét Nam
15 VCI5 Expert Blend 3 TNI Viét Nam
16 VC16 Coffee Filter Dakmark Viét Nam
17 VC17 Ocean Blue Mé Trang Viét Nam
18 GCo1 Vulkan-Bohnen Tchibo buc
19 GC02 Kenya Malazi Tchibo buc
20 GC03 Colombia Fino Tchibo buc
21 GC04 Guatemala Grande Tchibo buc
22 GCO05 Latin Bio Tchibo buc
23 JCO1 Café Nhat vo den Nhét Ban
24 1C02 Café Nhat vo vang Nhat Ban
AP CHi
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Tdch chiét PAHs tir mdu ca phé hoa tan va ca phé rang
xay: mau ca phé (khoang 1 g) dugc cin vao cac dng thiry
tinh c¢6 ndp 40 ml. Thém 25 pl hdn hop chat dong hanh
SR-PAH (1 ppm) va chiét lic bang 20 ml DCM trong 1
gid. Phan dich chiét duoc phan tach v6i mau bang may ly
tam trong 5 phut véi toc do 1500 vong/phit va duogc loc
qua 16p mudi Na SO, khan vao binh cau 250 ml. Qua trinh
chiét duoc 1ap lai thém 2 lan nhu trén. Dich chiét cua 3 lan
duoc gom lai, ¢ vé khoang 2 ml bang thiét bi c6 quay chan
khong trude khi duge 1am sach bang cot sic ky thdm thiu
gel (GPC) chira chat hip phu Bio-Bead S-X3. 120 ml hdn
hop dung méi DCM:n-hexan (1:1, v:v) phan doan 1 dugc
loai bo chat mau, chat béo va himg lai 120 ml, hdn hop dung
moi phan doan 2 dugc cho vao binh cau 250 ml. Mau duoc
¢6 can dén 2 ml bang thiét bi c6 quay chan khong. Sau do,
dich chiét tiép tuc duoc lam sach trén cot silicagel 1 g. Mau
duoc rira giai bang 12 ml hdn hop dung méi DCM:n-hexan
(1:9, viv). Cudi cuing, mau dugc ¢ can Xuéng dudi 0,5 ml
bang khi nito, thém chat noi chuan pyren-d10 va dinh mirc
0,5 ml bang dung moi n-hexan rdi dem phan tich GC.

Tdch chiét PAHs tir mau nudéc ca phé pha phin: can 20
g ca phé rang da dugc xay nhd cho vao phin pha ca phé,
thém 100 ml nude 100°C vao phin. Lfiy 10 ml nudce ca phé
pha phin cho vao phéu chiét. Thém 25 ul hdn hop chat dong
hanh (1 ppm) va 20 ml KOH 20%, rdi lic trong 20 phut.
Mau duge chiét bang 50 ml DCM, lic trong 20 phat. Qua
trinh chiét dugc ldp lai hai 1an. 20 ml dung dich NaCl 5%
duoc cho vao dich chiét DCM dé rta luong kiém con du.
Phan dung dich chiét duoc loc qua mubi Na,SO, vao binh
cau 250 ml va duogc c6 v€ khoang 2 ml bang thiét bi co
quay chan khéng. Dich chiét sau d6 dwoc 1am sach bang cot
silicagel 1 g, c6 can va thém chét noi chuén nhu déi véi mau
ca phé rang va ca phé hoa tan.

Phan tich

15 PAHs dugc xac dinh trong nghién ctu nay la:
acenaphthylen (Acy), acenaphthen (Ace), fluoren (Fle),
phenanthren (Phe), anthracen (Ant), fluoranthen (Flu), pyren
(Pyr), benzo[a]anthracen (BaA), chrysen (Chr), benzo[b]
fluoranthen (BbF), benzo[k]fluoranthen (BkF), benzo[a]
pyren (BaP), indeno[1,2,3-cd]pyren (IcdP), dibenz[a,h]
anthracen (DahA), benzo[ghi]perylen (BghiP). Cac cdu tir
PAHs duoc dinh tinh bdi thoi gian luu va manh phé dac
trung, dugc dinh luong bang phuong phép ndi chuan voi
chat ndi chuén 1a pyrene-d10 trén thiét bi phan tich GC/MS
2010, Shimazu, Nhat Ban. Diéu kién hoat dong ctia hé sic
ky: ¢ot BPX-5 [60 m x 0,25 mm 1.D., 0,25 pm], ché d6 bom
mau chia dong; thé tich bom 2,0 pl; thoi gian bom méu 1



phut; nhiét do céng bom méu 260°C; chuong trinh nhiét do:
60°C (2 phut), ting 210°C véi tbe dd 30°C/phit, tang 310°C
toc do 5°C/phut (gitr 310°C trong 15 phut); khi mang heli
voi tbe dd 1,5 ml/phtt, diéu kién hoat dong cua khdi phé:
nhiét do nguén jon 230°C, nhiét d6 detector 300°C, ché do
quan sat ion chon loc (SIM - selected ion monitoring mode).

Pudng chuin dugce 1ap theo phuong phap ndi chuan, véi
7 diém chuén c6 ndng d6 cac PAHs trong khoang 1+200 ng/
ml, néng d6 ndi chuén 100 ng/ml, cac dudong chuén déu c6
hé s6 trong quan tir R=>0,99. Gidi han phat hién cua thiét bi
ddi véi cac PAHs 12 0,10-0,16 ng/ml. Gidi han phat hién cua
cac PAHs trong mau ca phé rang va ca phé phin 1a 0,03-0,06
ng/kg. Bé kiém soat chat lugng clia qua trinh phan tich, chat
dong hanh luén duge thém vao timg mau trude khi mau
dugc chudn bi. Mau tring, mau lip va mau thu hoi (thém
chuéin PAHs) luon duoc thyc hién trong mdi mé mau. Hiéu
suat thu hdi cua hdn hop chat dong hanh dat tir 52-98%,
trong cac mau that va mau thu hoi 72-104%.

Ddnh gia riii ro sirc khoe

Danh gia rii ro stc khoe con ngudi qua dudng an udng
duoc dua trén mirc dd tiéu thu hang ngay-Estimated Daily
Intakes (EDI). EDI 1a lugng wdc tinh ctia mot loai hoa chat
dugc dua vao co thé hang ngay ma khong gy anh huong
¢6 hai tdi1 strc khoe con nguoi, duge thé hién trén mot trong
luong co thé. Theo huéng din cua US EPA [21], EDI duoc
tinh theo cong thure (1).

EDI = (C, x IR ) / BW (1)

Trong d6: C . 1a ham lugng trung binh cia PAHSs (ng/g
khoi lugng kho) trong cac mau ca phé, IR  1a lugng ca phé
trung binh hang ngay moi nguoi tiéu thy (g/ngudi/ngay) va
BW la trong luong trung binh cia nguoi Viét Nam (kg).

Doi véi nhoém chat PAHs, dé danh gia rai ro t6i stic khoe
con nguoi ¢6 tiéu thy san pham chira PAH, nguoi ta st dung
2 chi sb rui ro khong gay ung thu va c6 kha ning gy ung
thu. Do 1a cac chi sé: thuong sb rui ro - Hazard Quotient
(HQ) va chi s6 rui ro gdy ung thu - Incremental Lifetime
Cancer Risk (ILCR). Trong nghién ctru nay, luong PAHs
dugc dua vao co thé con ngudi dua trén luong PAHs co
trong ca phé hoa tan va luong PAHs duogc thdi ra tir ca phé
rang vao nudc ca phé pha phin.

Rui ro khong ung thu: rui ro khong ung thu do tac dung
khong gay ung thu ctia PAHs trong ca phé dugc xac dinh
boi thuong sb rui ro khong gay ung thu (HQ), dugc tinh
theo cong thue (2).

HQ = EDI / RfD (2)
Trong d6: EDI mure d6 tiéu thy hang ngay (mg/kg/ngay);
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RfD I liéu tham chiéu (mg/kg/ngay).

Rui ro ung thu: rii ro ung thu dugc danh gia dua trén
chi s6 rui ro gay ung thu (ILCR) 1a kha ning con ngudi c¢6
thé bi hinh thanh ung thu trong su6t 70 nam do tiép xuc véi
chit co thé gdy ung thu. ILCR dugc tinh theo cong thirc (3).

ILCR = EDI x CSF 3)

Trong d6: EDI la mac d6 tiéu thy hang ngay (mg/kg/
ngay); CSF 1a hé s6 do dbc ung thu (mg/kg/ngay) .

Két qua va thao luan
Ham lwong PAHs trong méu ca phé rang xay

Ham luong 15 PAHs dugc phan tich trong mau ca phé
rang Viét Nam va mot s nuéc duoc trinh bay trong hinh
1C. Két qua cho thiy, trung binh tong ham luong cua 15
PAHs trong mau ca phé rang vira tai Viét Nam 1a 52,8 ng/
kg, v6i gia tri thap nhét 1a 3,20 pg/kg va gi tri cao nhét 1a
127 pg/kg. D6i véi mau ca phé rang dam, trung binh ham
luong tong 15 PAHs 1a 114 pg/kg, cao hon hai lan so véi
mAu ca phé rang vira. Pidu nay ching té ca phé rang dam
st dung nhiét d6 cao hon va thoi gian dai hon khi rang [22],
tuong ng v6i luong PAHs duoc tim thiy trong ca phé rang
dam nhiéu hon so véi ca phé rang vira. Trong khi d6, ham
lugng trung binh ctia 15 PAHs trong cic mau ca phé rang
cua Puc 1a 206 ug/kg va ctia Nhat Ban 1a 351 pg/kg, cao
hon nhiéu lan so véi mau ca phé Viét Nam.

Ngoai ra, trung binh ham lugng PAH, tim thiy trong cac
mau ca phé rang vura 1a 2,30 pg/kg va mau ca phé rang dam
la 3,33 pg/kg. Trong khi do, trung binh ham lwgng PAH,
trong ca phé rang cia Puc dao dong trong khoang 5,99 pg/
kg va cua Nhat Ban 1a 7,32 pg/kg (hinh 1B). PAH, trong
mau ca phé cia Viét Nam van thap hon cta Puc va Nhat
Ban nhung su chénh 1éch d6 giam dang ké so vai téng 15
PAHs. BaP, chit doc nhat trong nhom PAHs, khong dugc
phat hién thdy & ca phé Nhat Ban, phat hién thdy & ca hai
loai ca phé rang vira va rang dam voi ham lugng trung binh
déu xap xi 0,23 pg/kg va thip hon trong ca phé cua Puc
(hinh I,A). Tuy nhién, so sanh h?lm luong BaR va PAH, theo
cong bo cia Uy ban chau Au vé ham lugng t6i da cho phép
(GHCP) trong céac ché pham tir thuc vat cho thay, tat ca cac
mau ci phé rang cia Viét Nam, Dirc va Nhat Ban déu co
ham lugng thip hon muc gidi han cho phép.

Ngoal ra, dé danh gi4 tiém nang doc hai ciia PAHs trong
timg mau, tong nong do PAHs thuong dugc biéu thi qua
tong do doc twong duong so voi benzo[a a]pyrene (BaP ).
BaP la chat c6 kha ning gy ung thu trong s6 cac PAHs v0’1
he s6 doc hal TEF 1a 1 [23] Gia tri BaP_, dugc tlnh cho
mdi PAH tir ndng do trong mau (CPAH) nhan véi hé s6 doc
turong duong clia chat d6 (TEFPAH,).
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Hinh 1. Ham lwgng BaP, PAH, va téng 15 PAHs trong mau ca phé rang cta Viét Nam va mét sé nwéc (ug/kg).
BaPeq = Z(BaPeqi) = 2(CPAH, x TEFPAH,) 100%
Trén co s& néng do trung binh ctia cac PAHs tim théy
X . A s N ~ 9 ~ ~ o
trong cac mau ca phé Viét Nam, Buc va Nhat Ban da phan 80%
tich c6 thé tinh duge tong dd doc twong duong cua tong -
PAHs trong timng d6i tuong mau (bang 2). e %
B [y
Bang 2. Téng dd doc twong dwong ciia PAHs trong cac mau ca oy
phé rang (pg/kg). = 40%
Tong d¢ doc BaPeq (ng/kg) 2004
STT PAH TEF Ca phé Viéet Nam Ca phé nwéc ngodi
Rang vira Rang dam  Durc Nhat Ban 0
o T
1 Acy 0,001 0,005 0,010 0,017 0,037 .
VI -Rang WVN- Rang Whit Ban
2 Ace 0,001 0,001 0,003 0,004 0,010 dam vira
3 Fle 0,001 0,005 0,017 0,023 0,050 _ _ _ _
4 Phe 0,001 0,022 0,048 0084 0,153 ®3vong M4vong ©3vong M6vong
5 Ant 001 0,027 0,031 0,070 0,068 Hinh 2. Ty Ié phan tram PAHs c6 3, 4, 5, 6 vong thom trong mau
6 Fu 0001 0,007 0,015 0032 0,048 ca phé rang.
7 Pyr 0,001 0,007 0,014 0,030 0,039 L
. R i . G e Su phan bo phan tram cua cac nhém PAHs trong ca phé
5 Chr* 0’01 0 ;)11 0’01 : 0’009 0’017 Viét Nam rang vura, rang dam va ca phé rang cua Dtrc, Nhat
0 —— 0 0 AT 5 Ban g?m tuong déng nhau. Trong cac mau ca phé rang do,
" - i e a0l6 0060 d cac hop chit PAHs c6 ba vong thom trong phan tu (bao
" T e e e o gém: Acy, Ace, Fle, Phe va Ant) chiém tr 66 dén 73%, tiép
" w0 - L e > dén 1a nhém PAHs véi bdn vong thom (bao gém: Flu, Pyr,
4 DA 1 o o iy " BaA, Chr) chiém tir 26 dén 32% va chi chiém 1-2% véi cac
s BghiP 001 d d 0.007 d PAHSs c6 5-6 vong thom trong phan tir (bao gém: BbF, BKF,
) BaP, BahA, IP, BghiP) (hinh 2). Sy tao thanh cac PAHs lién
Téng BaPeq 0,428 0,580 1,901 0,987

*:nhém PAH, (BaP + CHR + BaA + BbF)

Téng d6 doc twong duong trong cac miu ca phé rang cia
Viét Nam rang vira va rang dam, ctia Puc, ciia Nhat Ban c6
gia tri 1an luot 12 0,428; 0,580; 1,901 va 0,987 (ng/kg). Két
qué cho thay, d6 doc trong cac mau ca phé rang vira cia Viét
Nam 1a thap nhit, tiép do 1a rang ddm cta Viét Nam, rang
ctia Nhat Ban, va ca phé rang cua Puc 1 mau c6 do doc
tuong duong cao hon.
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quan dén nhidu yéu t6 nhung dic biét 1a nhiét d6 rang ca
phé. Theo nhom tac gia S. Orecchio [8], cac san pham ca
phé thuong mai thudng duoc rang & nhiét d6 thip (<250°C)
va v6i nhiét do trén 260°C méi xuét hién cac PAHs phan t&
lugng cao.

Ham lugng PAHs trong nwdc ca phé pha phin

Khong giong nhu ca phé hoa tan, ca phé rang dugc pha
véi nude, loc bo can va su dung nude ca phé dé ché bién va
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thuong thirc. Trong nghién ctru nay, dé danh gia rii ro t6i
stuc khoe con nguoi khi st dung ca phé rang (hay ca phé
pha phin), chiing t6i tién hanh phan tich lugng PAHs dugc
giai phong ra trong qua trinh pha ca phé rang. Dya trén ham
luong PAHs xac dinh trong ca phé rang ban diu, chung toi
chon mot s6 mau ca phé rang Viét Nam dé danh gia luong
PAHs hoa tan tir bot ca phé vao nude. Két qua PAHs duoc
giai phong ra khdi ca phé rang duoc trinh bay trong bang 3.
Luong PAHs dugc théi ra tir ca phé rang dao dong tir 17-
49% va voi gia tri trung binh 1a 33%. Gia tri trung binh nay
s& duoc dung dé tinh sy phoi nhidém cta ngudi Viét Nam khi
tiéu thu ca phé rang.

Bang 3. Phan tram PAHSs théi ra nwéc tir ca phé rang.

PAHs trong PAHs trong PAH théi ra
Ky higu miu ca phé rang dich pha tir ca phé rang
(ng/ke) (ng/kg) (%)
VC-06 103,2 17,8 17
VC-07 64,8 32,0 49
VC-08 95,7 28,0 29
VC-09 78,5 26,5 34
VC-10 116,5 39,3 34
Trung binh
91,7 28,7 33

(n=5)

Ham lwong PAHs trong méu ca phé hoa tan

Ham luong cta cac PAHs dugce quan tim trong mau ca
phé hoa tan dugc trinh bay trong bang 4. Ham lugong 15
ciu tor PAHs trong mau ca phé hoa tan ciia Viét Nam dao
dong tir 1,30-14,9 pg/kg, thap hon nhiéu so véi ca phé rang
vira va rang dam. So sanh véi ca phé Thai Lan, tong PAHs
duogc phan tich trong cic mau ca phé hoa tan cua Viét Nam
cling thap hon nhiéu so véi mau ca phé hoa tan cua Théi
Lan (79,4-121 pg/kg) va cao hon mau ca phé hoa tan cua
buc (0,92 ng/kg). bac biét, dbi v&i miu ca phé hoa tan BaP
khong phat hién thay trong tit ca cac mau. Tong ham luong
PAH, trung binh trong mau ca phé hoa tan Viét Nam, Dirc
va Thai Lan lan luot ¢6 gia tri 1a 0,25; 0,04 va 0,47 pg/kg.
Céc gia tri nay déu thap hon mirc gi6i han cho phép cua Uy
ban chau Au. Ham luong cic PAHs trong ca phé hoa tan
dugc tim thdy thip hon trong ca phé rang lién quan dén quy
trinh san xuat. Ca phé hoa tan dwoc san xudt tir ca phé rang
qua cong doan trich ly bang nudc néng dé hoa tan nhing
chat c6 thé tan dugc trong bot ca phé vao nudc, sau d6 dung
dich trich ly dugc c6 dac va séiy kho trudce khi cho thém mot
s6 huong lidu.
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Bang 4. Ham lwong PAHs trong ca phé hoa tan cua Viét Nam va
mot s6 nwéce (ug/kg).

Ca phé hoa tan Ca phé hoa tan nuéc ngoai
PAHs Viét Nam (n=6)  Thdi Lan (n=3) Dirc (n=1)

TB (min- max) TB (min-max) TB (min-max)
Acy 0,13 (nd-0,63) 7,24 (3,44-11,26) 0,17
Ace 0,04 (nd-0,21) 5,57 (4,14-6,84) nd
Fle 0,55 (nd-1,87) 18,93 (16,49-22,24)  nd
Phe 2,47 (nd-5,21) 43,90 (35,44-53,19) 0,59
Ant 0,43 (0,14-0,77) 1,80 (1,34-2,24) 0,04
Flu 1,07 (0,29-1,56) 10,67 (9,90-11,97) 0,07
Pyr 1,52 (0,39 -4,17) 10,02 (8,46-12,19) nd
BaA* nd nd nd
Chr* 0,25 (nd-0,53) nd 0,04
BbF* nd 0,47 (nd-0,81) nd
BkF nd nd nd
BaP* nd nd nd
IcdP nd nd nd
DahA nd nd nd
BghiP nd nd nd
Téng PAH . 0,25(nd-0,53) 0,47 (nd-0,81) 0,04
Tong PAHs 6,46 (1,30-14,9) 98,6 (79,4-121) 0,92
BaP 0,013 0,158 0,008

eq

*:nhém PAH, (BaP + CHR + BaA + BbF)

Tuong tu nhu ca phé rang, tir nong do trung binh cua
cac PAHs tim thay trong cac mau ca phé Viét Nam, Duc
va Thai Lan tinh duoc t6ng d6 doc twong duong cua PAHs
(BaP_ ). Két qua cho thay, tong do doc twong duong trong
mau ca phé hoa tan Thai Lan 1a 16n nhat c6 gia tri 1a 0,158,
tlep do6 1a cua Viét Nam voi gia tri 0,013 va tong do doc
tuong duong trong mau ca phé hoa tan ciia Plic ¢6 gid tri
thap nht 1a 0,008.

Dadnh gid riii ro khi sir dung ca phé

Theo Vién Dinh dudng qubc gia, can niang trung binh
cuia nguoi Viét Nam la 51,09 kg [24]. Lugng tiéu thu ca phé
rang cua nguoi Viét Nam trong nam 2018 1a 0,99 kg/nguoi/
nam [25] va ca phé hoa tan 1a 0,24 kg/nguoi/nam [26]. Theo
US EPA, liéu tham chiéu qua duong miéng - Oral reference
dose (RfD) ctia BaP dugc quy dinh 1a 3.10*mg/kg/day [27].
Qua céc s0 lidu c6 dugc tir trong nghién ctru ndy, ca ca phé
hoa tan va ca phé rang c6 gia tri thuong s rai ro HQ dao
dong tir 5,6.107 dén 2,5.10, thip hon nhiéu lan, nghia 1a rui
ro khong ung thu tir viéc sir dung ca phé dbi véi nguoi tiéu
ding Viét Nam ¢ mirc an toan khi sir dung cac san pham ca
phé nay. Mat khac, danh gia rui ro gay ung thu khi st dung
cac loai ca phé trong nghién ciru, ILCR ¢6 gia tri lan luogt 1a
1,7.1071% 7,5.10° va 1,0.10°® dya theo Cuc Chét luong moi
truong Michigan - Michigan Department of Environmental
Quality (DEQ), hé s6 d6 déc ung thu - Cancer slope factor
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(CSF) dbi v6i BaP dugc quy dinh 1a 1,0 (mg/kg/ngay)' [28].
So sanh v6i quy dinh ciia BO Y té Canada, cac gia tri nay
thdp hon gi6i han cho phép (<1.10%) [29], c6 nghia 1a rui ro
ung thu khi sir dung ca phé cta ngudi tiéu dung Viét Nam
1a khong co.

Két luan

PAHs da dugc xac dinh trong mot s mau ca phé rang
vira, rang dam va ca phé hoa tan cua Viét Nam dang ban
trén thi truong va so sanh voi ca phé cia mot s6 nude. Ham
luong trung binh cua tong 15 PAHs trong miu ca phé Viét
Nam nhu sau: ¢ phé hoa tan 13 6,46 pg/kg (tir 1,30 dén 14,9
ng/kg), ca phé rang vira 1a 52,8 pg/kg (tir 3,20 dén 127 pg/
kg) va ca phé rang dam la 114 pg/kg (tir 95,7 dén 143 pg/
kg). Trong cac PAHs duoc phan tich, chi yéu phat hién thay
cac PAHs vdi s6 vong benzene trong phén tir thap, chiém
66-73% la cac PAHs véi 3 vong thom. So sanh két qua
PAHs trong ca phé ctia mot s nudc cing duge ding trong
nghién ciru, ham luong PAHs trong cic mau ca phé cia Viét
Nam thip hon ca phé ciia Ptc, Nhat Ban, Thai Lan thé hién
qua tong do doc trong duong cua PAHs (BaP ). Cac gia
tri PAH, va BaP cua tat ca cac mau ca phe cua Vlet Nam va
nugce ngoai déu nho hon ham lugng toi da cho phép trong
cac ché pham tir thuc vat ciia Uy ban chau Au (PAH,: 50
pg/kg, BaP: 10 pg/kg). Tir ham lugng PAHs c6 trong mau
ca phé hoa tan va nudc ca phé pha phin Viét Nam, budc dau
nghién ctu da dua ra cac danh gia rui ro t61 suc khoe con
nguoi do PAHs gay ra khi str dung céc loai ca phé nay. Theo
d6, rai ro khong ung thu va rai ro ung thu ddi véi ngudi tiéu
dung ca phé ¢ Viét Nam déu & mirc an toan khi tiép xtic voi
PAHs c6 trong mét s6 san pham ca phé dugc nghién ciru.
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thém bién va bii bién chi yeu cau tao béi cat két san ho, da ran san ho phan bd xung quanh ddo. Sw pha hily diang
ké ciia séng bién vao swon mii lira va 16p phit bazan d hinh thanh cic dang dia hinh 1y thii ven ddo nhu: vich bién,

hang bién, bo' bién da, thap da...,

trong dé hap din nhit la vach bién Hang Cau - Chua Hang, noi dé 16 mit cit ciu

truc nui lira va quan hé dia tang gitra d4a vun nui lira pha trén cac 16p cat két san ho.

Tir khéa: cui lao B Bii, ci lao Ré, dia mao, dia ting, Ly Son.

Chi s6 phén loai: 1.5

Pat van de

Huyén déo Ly Son, tinh Quang Ngii gom dao Lon (ci
lao R¢) va dao Bé (cu lao Bo Bai) ¢o téng dién tich xép X1
10 km?, cach thanh phd Quang Ngii 15 hai Iy vé phia dong
(hinh 1).
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Hinh 1. Vi tri ddo Ly Son.

Vi canh quan nui lira giita bién khoi, sy xuét 16 nhimng
céu trac dia chét 4n tugng, nhitng dang dia hinh ly tha, Ly
Son dugc xem la di san dia chit - dia mao hiém c6 va duy
nhat ciia Viét Nam. Pao Ly Son dang dugc tinh Quang Ngdi
tién hanh 1ap hd so cong nhan 1a Cong vién dia chit toan
cAu. Mic dau vay, viéc nghién ctru dia chét dao Ly Son con
rat so lugc, nhiing van dé dia chat, dia mao con co nhitng

“Tac gia lién hé: Email: hghai@hcmus.edu.vn
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¥ kién khac nhau, c6 thé tém luoc nhu sau: Nguyén Kinh
Qudc (1995) [1] phan chia bazan cu lao Ré thanh hai phan:
phin duéi chua 16 day gdm vai 16p mong bazan xen kep
tram tich vun (cat min, san, cudi dim va cat sét 1an vat liéu
phun trao bazan) day 30-70 m; phan trén 1a basan bot xp,
do rSng l6n, hyalobazan, bazan kiém, bom va tro ndi lua,
day 30-50 m. Chung tao nén 5 hong nui lra tré & nam cu lao
Ré va cu lao Bo Bai. Chung bi phu bdi 16p cét san voi méng
chtra vo s0, bc, san ho tudi Holocen. Nguyén Vian Trang
va nnk (1985) trong céng trinh ban dd dia chit nhom to
Quéng Ngii, xép hau hét bazan co tudi Neogen [2]. Nguyen
Hoang va Martin Flower (1998), dua vao tubi tuyét doi da
chia phun trao bazan thanh hai giai doan la 12 triéu ndm
(Miocen) va 0,4-1,2 tri¢u ndm [Pleistocen som - gifta (Q,"
9] [3]. Pham Hung vannk (2001) phan chia bazan & Ly Son
theo 3 muc tudi (u’ng voi 3 g1a1 doan hoat dong): 1) bazan
phan bd & phan thdp mat cat day tir vai chuc mét ti 70 m
co :[uéi Miocen mudn - Plioce;n (N *-N,) duwa vao tudi bao :a’r
phan hoa; 2) bazan olivine kiém, hyalobazan, bazan bot x0p
tao nén bé mat cao nguyén cao 20 m & trung tim dao co tudi
Pleistogen (BQl'f) va 3) bazan bot xép, bazan olivine kié{n
phéan bo han ché ¢ khu vuc miéng nti Ira An Hai ¢6 tudi
Holocen (BQ,) [4]. Lé Buc An (2005) phén chia bazan Ly
Son thanh: 1) d4 tram tich - phun trao tudi Neogen (N-N,
dwa theo két qua bao tir phin) 14 d4 c6 nhit 16 trén mot dlen
tich 16n, dwoc hinh thanh trong méi truong bién noéng trén
thém luc dia va 2) bazan tudi Pleistocen sém - giita Q,”)
tao nén cac phéu, chop nui ltra, cac dong chdy bazan <30 m
hinh thanh trong giai doan nui lra hoat dong manh mé [5].
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Abstract:

Ly Son island structural rocks which have the late
Holocene age are divided into five categories from young
to old stratigraphic units, including 1) the recent marine
deposition (Q,*"), 2) marine sediments of the first terrace
(Q,*), 3) flow basalt (Q,*') and pyroclastics (Q,*), 4)
calcarenite (Q,) and 5) coral reef rock (Q,*). Ly Son
geomorphology is characterised by: high up cinder cones
in the island have funnel mouth, and basaltic flow forms
a low cover at the foot of volcanoes; marine terraces and
beaches are mainly composed of calcarenite, and coral
reef rocks are distributed around the island. Significant
destruction of marine waves into the volcanic slopes
and basalt flows forms interesting landforms along the
island such as sea cliffs, sea caves, rocky coasts, stone
towers, etc, the most attractive of which is the Hang Cau
- Chua Hang cliff where reveals a volcanic structural
cross-section and stratigraphic relationship between
pyroclastic rocks overlaid on calcarenite layers.

Keywords: Bo Bai isle, geomorphology, Ly Son, Re isle,
stratigraphy.

Classification number: 1.5

Chuong trinh nui lira toan cau cua Vién Smithsonian xac
dinh cac ndi lira ci lao Ré (4 trén mat dat va 9 trén day
bién) thudc kiéu strombolian c6 tudi nhé hon 10.000 nim
(Holocen) [6]. Ha Quang Hai va nnk (2012, 2016) trén co s&
giai doan tu liéu vién tham va quan sat dia mao da xac dinh
céc ndi lira cui lao Ré va cu lao BO Bii thude tram tich phun
nb va bazan dong chay, c¢6 tudi Pleistocen mudn - Holocen
som (Q,*-Q,) [7, 8].

Bai bao nay trinh bay nhitng diém méi trong nghién ciru
vé dia téng, dia mao dao Ly Son vdi dac diém ndi bat 1a:

- Vé dia tang: cac da cau tao dao Ly Son gom 5 phan
vi dia tang thudc kiéu ngudén goc nui ltra va bién c6 tudi
Holocen mudn.
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- V& dia mao: cac ndi lira nhé cao chu yéu cAu tao boi cac
vat li€u phun nd; bazan dong chay hinh thanh bé mat thép,
bang phing. Cac d4 ngudn gdc bién chii yéu 1a cat két san
hé, da ran san ho phan bd quanh dao, chi 16 ra mot phan khi
thuy triéu xudng.

Két qua nghién ciiu
Dia tfing

Nim phan vi dia tang dé xuat dudi ddy duoc mo ta theo
tudi tur tré dén co dua vao quan hé dia tang va dia mao.

Tich tu bién hién dai: 36 1a nhitng bai cat nhd, hep phan
b rai ric ¢ bo bac cu lao Ré (hinh 2), bo tay va nam cu lao
Bo Bai hodc tich tu trong cac hé, triing trén bai bién mai
mon. Thanh phan trdm tich gdm cat, san san hd, cac manh
vun, khung xuong céc sinh vt bién (san hé, so, dc). Cac bii
cat thudng c6 sy thay doi hinh dang theo mua phu thudc vao
ché do song bién. Tich tu bién hién dai (cat tréng - cat san
h6) 1a ngudn vat liéu quan trong st dung trong ndng nghiép
Ly Son.

T

Hinh 3. Tram tich c3u tao thém 1 tai phia bac Giéng Tién.
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Tram tich bién thém 1: &6 14 trAm tich cAu tao thém bién
2-3 m, phan bd thanh cac dai hep phia béc va nam cu lao Ré.
Tai phia bac Giéng Tién (hinh 3), tram tich thém gém hai
16p: trén 1a cat san h6 day 0,5 m; dudi la cudi so61, manh vun
san ho, vo s, manh va khdi da bazan, vun cat két tuf day
1,0-1,5 m phu trén cat két san ho.

Ba nuii lvka:

- Bazan dong chay: phan bd rong ¢ phan trung tam cu
lao Ré va phan dia hinh thip quanh dao: bii bién phia bic
Giéng Tién (cong To Vo), khu vuc hon Mu Cu, phia nam
cang An Vinh (cu lao R¢) va phén 16n dién tich cu lao Bo
Bai. Tai cong To VO, bii bién phia nam cang An Vinh va
bai nam cui lao Bd Bai, da bazan dong chay phu 1én cat két
san ho (hinh 4, 5). Bé day bazan dong chay khoang 20-30 m.

Hinh 4. Bazan dong chay phu trén cat két san ho tai bai bién phia
nam cang An Vinh.

Hinh 5. Bazan dong chay phii trén cat két san ho tai bai nam cu
lao B Bai.
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- Tram tich vun nui lira phun né: 6 ndi lira nho cao trén
bé mit cti lao Ré bao gdm Hang Céu - Chua Hang, Théi Léi
(ntii lra hai ting), Giéng Tién, Hon So6i, Hon Tai va Hon
Vung déu duoc chu tao boi cac vat liéu vun nai lira. Mt cit
dia chét dién hinh 16 tai vach bién Hang Cau - Chua Hang.
Thanh ph?m tram tich gém san két tuf, cat két tuf, bot két tuf
chira cac manh, khdi d4 bazan sic canh kich thude tir 1-2
cm, thdm chi dén 1,0 m. P4 c6 mau ndu, mau xam cdu tao

phéan lop Va phén dai. Cac 16p hat min thuong chira cac dai
moéng c6 ciu tric song song, luon song, cac kh01 da bazan
dé 1én cac 16p tram tich hat min tao dang vi nép oan (hinh 6).

H|nh 7. Vun ndi Itra phu tren cat ket san ho tai chan vach Hang
Cau.

Tai bii bién chan vach Hang Cau, tram tich san két tuf,
cat két tuf, bot két tuf chira cac manh, khdi d4 bazan phu
trén cat két san ho (hinh 7). Tai vach Chua Hang (hinh 8), va
trong cac khoi dé roi tir vach Hang Cau (Thac Lua) xudng
bai bién (hinh 9) déu c6 khung xwong, manh vun san ho.
Trén go miéng nui ltra Hang Cau - Chua Hang cling c6 cac
khéi, manh lan cat két san ho, khung xuong san ho va vo
dc bién.
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Hinh 11. Cat két san hé trén bai bién tay cau cang (cu lao B Bai).

Pd ran san hé: cac thanh tao ran san ho phan bd quanh
cu lao Ré va cu lao Bo Bai, ching tao thanh bai bién mai
mon rong, 10 ra khi thiy triéu xuéng. Trén bii bién chan
vach Hang Cau va Chua Hang 16 cac khdi san ho 16n nho
trén nén cac 16p cat két san ho (hinh 12). Nhirng khdi d4 voi
san ho dugc khai quat tir day viing Mu Cu (hinh 13) dugc
nguoi dan dia phuong dung lam vat liéu xay dung hodc hon
non bo.

Hinh 9. San hé trong khéi da roi tir Thac Lya.

Cat két san hé: phan bd trén bai bién bac (hinh 10) va
nam ven ci lao Ré, bii bién phia nam va tdy ven cu lao By
Bii (hinh 11). P4 ¢ thanh phan cha yéu 1a manh, khung
xuong san ho, it vé manh so, dc. Cac manh, khéi vun co
kich thudc tir 1 dén 15 cm dugc gan két rén chic boi cat
san san ho. Tram tich c6 su phan 16p 13, cac 16p c6 bé day
10-20 cm, déu cam vé phia bién voi d6 doc khoang 10°. Bé
day 16 quan sat dwoc tir 0,5 dén 1,0 m. Trong mot s giéng
dao, dudi 16p cat két san ho (dugc goi 1a da két) day trung
binh 1,5 m la cat san san h6 (dugc goi la két mém, 1a ti"mg .
chtra nuéc). Hinh 12. Pa ran san ho 16 trén bai bien Hang Cau.

KHOA HOC |/,
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Hinh 13. Da ran san hé khai quét tir day viing Mu Cu.

Pa ran san ho bi song bién pha huy chinh 14 ngudn hinh
thanh céc 16p tram tich cat ket san hd va cac bai cat san ho
hién dai phan pho rai rac quanh dédo hodc lap vao cac ho
triing trén bai bién mai mon.

Tuéi cdac phan vi dia tang

Tubi cac phan vi dia téing duoc xac dinh dua vao cac
nghién ciru tudi tuyét d6i C'* cac mau san ho va vo so tai bai
bién phia nam cu lao Ré (hinh 14) [9]. Cac mau san ho va
v s0 trong cat két san ho (calcarenite) ¢6 tudi C'* nhu sau:

“Beach-rock coral 1570+85; 1523+102
Beach-rock shell 2410+88; 2441104
Beach-rock coral 1135+83; 1077+98
Beach-rock shell 2435+88; 2472+104”

@ Fek B2 B84 Ll 21 s

Hinh 14. C4u truc dia chat bo bién nam cu lao Ré (phwong
vi 190°). 1: khéi cat két voi (calcarenite) cling véi san ho; 2:
cudi va sdi; 3: calcarenite v&i cudi; 4: calcarenite v&i cat; 5: cat
carbonate v&i manh vun bazan; 6: cat carbonate v&i vo so va
manh vun bazan; 7: trdm tich thanh da; 8: dat [9].

Trung binh tudi C* cho 8 miu trén 1a 1898+94 (dau
Holocen mudn). Theo quan hé dia chét tai cac vét 10, bazan
dong chay (3.a) va trim tich vun nii lira phun nd (3.b) phit
bat chinh hop trén cat két san ho ciing nhu chira khung
xuong san ho, vo so s& c6 tudi tré hon d4 ran san ho. Trinh
tu va dic diém dia ting dao Ly Son duoc trinh bay trong
bang 1.
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Bang 1. Tém tét dia ting dao Ly Son.

TT Phan vi dia tAng Tudi Mo ta
Cat san ho tich tu bai ven bo va
1 Tich tu bién hién dai (Q})  trong cac hd triing trén bai bién
mai mon
2 Trim tich bién Q9  lichtuthem 1 gom cét san ho,
2 cudi soi san ho, vo so, bazan
Bazan mau den, it 16 rdng phan
Bazan dong chay QY b rong trong néi dao va bai
3 bién quanh dio
N L San két tuf, cat két tuf, bot két
Tram tich vyn nti lira 3 o o g Ag iz
2 (Q,) tuf chira cac manh, khoi da
phun nod o g
bazan mau den sac canh
Cat két san ho phan 16p cédm
4 Cét két san ho Q) dée vé phla bién, 16 quanh dao
khi thiy triéu xudng thip
Tao thanh bai bién mai mon
a a - g
5 Pa ran san ho Q.M BT
Dia mao

Nui lika kiéu nén xi (cinder cone, scoria cone):

Két qua giai doan anh va kiém tra thyc dia da x4c nhan
trén cu lao Ré ¢6 6 non nui ltra ndi dao va 5 biéu hién ciu
trac ndi lira dudi bién (hinh 15A) [7], trong d6 nti Théi Léi
chdng trén ndi lira Hang Cau - Chua Hang, ddy ciing 1a nai
lira 16n nhat déo. Cac nai ltra hau het cO mi¢ng tmng, riéng
Hon Vung c¢6 dang vom. Vit lidu cu trac nai lra gom san
két tuf, cat Kkét tuf, bot két tuf chua céc manh, khdi bazan
(hinh 6). Trén dao Bé (cu lao Bo Bai) ¢6 hai nui Itra, nti lua
DPong Trudng co dang 1ong chao, duong kinh khoang 200 m
(hon Pun cao khoang 15 m chinh 1 phan g& miéng cua nii
Itra nay); nui lira Gu Bép ¢6 dang vom (hinh 15B).

Hinh 15. Bia hinh nui Itra cu lao Ré va cu lao B& Bai.

Dia hinh dong chay dung nham (lava flow):

Trén cu lao Ré, dia hinh dong chdy dung nham tao nén
cac bé mat kha bang phang phan bo theo hai mirc cao dia
hinh:

- Mirc 1: bé mat thap (cao 2-3 m) phan bd khong lién tuc
trén beé mat mai mon quanh ddo do bi song bién pha huy. ba
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¢6 dang phén 16p ¢ khu vyc cong To Vo (hinh 16) hay dang
khoi nirt vo ¢ khu vuc hon Mu Cu (hinh 17).

[

oy

" SRR =]

Hinh 16. Bazan dong chay trén béi bién khu vyc céng Té Vo phu
Ién cat ket san hé.

Hinh 17. Bazan nit v& dang khéi khu vwee Mu Cu.

- Mirc 2: bé mat cao khoang 10-20 m, chiém phan 16n
dién tich trung tdm cu lao Ré. Bé mit nay thuong dugc phu
mot 16p dat do va cat san ho trong qua trinh canh tac nong
nghiép (hinh 18, 19).

Hinh 18. Bazan dong chay mic dia hinh cao 15-20 m tai vach bién
phia nam Hon Vung.
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Hinh 19. Bazan dong chay phan b phan trung tam ct lao Ré.

Trén dao B¢, bazan dong chay tao nén bé mat g0, triing;
doc theo vach db 16 bd bic dao, da co nhiéu 16 réng, nit v&
dang khéi. Nhitng kh6i da bazan sét phan b rai rac trén bai
bién mai mon bic cu lao Ré va phia déng, phia tay cu lao
Bo Bai cho phép du doéan 16p phu bazan rong 16n trudc day
d3 bi song bién pha hily manh mé.

Thém béc 1 tich tu - mai mon:

Phan bd trén dién tich hep ven bd bic va nam cu lao Ré
va phia nam cu lao Bo Bai. Thém c6 d6 cao khoang 2,0-3,0
m so véi myuc bién trung binh (hinh 3). Bic thém 1 14 noi
nguoi dan dinh cu va canh tac nong nghiép.

Bdi bién mai mon - tich tu hién dai:

Phén bd gan nhu vién quanh cu lao Ré va ven bo tay, bo
nam cu lao Bo Bii. Bé mat bai kha bang phing do mai mon
da ran san ho va cat két san ho (hinh 10, 11). B& mat mai
mon c6 dién 16 rong khi tridu xudng. O phan cao (sat chan
thém 1) ¢6 nhiing bai tich tu cat, vun san ho, manh khéi
bazan va cat két tuf. Cac bai tich ty thuong hep va thay doi
hinh dang phuy thudc vao song bién theo mua (hinh 2). Trén
bé mit bai bién mai mon 19 rai rac cac khdi da bazan dong
chay va da vun nui lra.

Cac dang dia hinh khac

Tac dong ctia bién vao cdu trac nui lira va 16p phi bazan
dong chay da tao nén nhiing dang dia hinh 1y tha nhu: vach
bién (hinh 20), hang bién, bd bién da (hinh 21), cac thap
da, khdi da roi trén bai bién... Ngoai ra con ¢6 cac dang dia
hinh phong hoéa, xam thuc nhu cac thap da, nam da, tafoni,
céc khe rAnh xam thyuc trén bé mat sudn nai 1ra.
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Hinh 21. B& bién da bac cu lao B& Bii.

Hinh 22 1a mat cit thé hién nhiing nét co ban vé dia tﬁng,
dia mao cu lao Ré va cu lao Bo Béi. Mt cét nay cling cho
thiy hai cu lao dugc hinh thanh trén mét vom nang chung.

Bazan ram Hon Vimg Cat, bt két 1

D, i, bt kL G0 mig i s g Tty

Cal bl san b

Hinh 22. Minh hoa dic diém dia ting - dia mao theo mit cét dia
hinh qua hai cu lao Ré va B Bai.
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Céc da thuoc nam phan vi dia téng cAu tao cu lao Ré va
cu lao Bo Bii ¢6 tudi Holocen mudn, thudc hai kiéu nguén
géc duoc thé hién rd trén dia hinh: 1) cac trAm tich vun
phun nd hinh thanh cac ndi lira nhé cao trén dao phd bién co
miéng dang trliing va bazan dong chay hinh thanh 16p phu
thap dudi chan cac ni lira; 2) tram tich bién chii yéu 1a cat
két san ho, d4 ran san ho phan bd quanh dao bi ngép triéu
thuong xuyén. Su pha hiy cta séng bién vao sudn nai lia
va 16p phtl bazan da hinh thanh cac dang dia hinh ly tht ven
dao, trong d6 hap dan nhat 1a vach bién Hang Cau - Chua
Hang, noi dé 16 mit cit cAu trac nai lira va quan h¢ dia tﬁng

gitta da vun nui Itra phu trén cac 16p cat két san ho.

Nghién ctru chi tiét tiép theo vé dia tang, thach hoa, dia
mao, nhit 1 ciu tric sdu 1a viée 1am can thiét nham cung
cép tai liéu khoa hoc mot cach hé théng cho hd so dé xuét
Cong vién dia chat Ly Son.
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Nghién ctru diéu kién thich hop cho qué trinh phan hiy yém khi
sinh biogas tir phu pham 14 dira

Phan Thi Tuyét Mai"
Khoa Hoa hoc, Truong Pai hoc Khoa hoc Tu nhién, Dai hoc Quéc gia Ha Noi

Ngay nhan bai 13/9/2019; ngay chuyén phan bién 18/9/2019; ngay nhan phan bién 6/12/2019; ngay chép nhan dang 16/12/2019

Tom tit:

Muc dich ciia nghién ctru nhim xac dinh dwogc diéu kién thich hgp cho qua trinh phan hity yém khi sinh biogas
nguon phu phim l4 dira. Cac thi nghiém dwgc thuce hién & quy md phong thi nghi¢m trong binh 1 lit, qua trinh phian
hity yém khi ¢ diéu ki¢n Am véi nhiét dd duy tri 37£1°C. Céc yéu té anh hwong dén hi¢u qua sinh khi biogas nhuw
nguon vi sinh vt (VSV), ty 1¢ cacbon so véi nito ciing nhw tii trong hiru co da dwgc nghién ciru. Két qua cho thay,
ngudn phu phim la dira ¢6 thé sinh khi metan dat niing suit 410£7,5 ml/gCOD sau 28 ngay bang nguon VSV tir bé
biogas ctia Thanh Hoéa, tii trong hiru co'1a 15 gCOD/I/ngay véi ty 1€ dinh dwéng COD/TN la 70:1, hi¢u qua xit ly COD

dat 69,5+4,7%.

Tir khéa: khi sinh hoc, phan hity yém khi mesophilic, phu phim 14 dira, tii trong hiru co, ty 1& cacbon véi nito.

Chi s6 phén logi: 1.5

Dua 1a mot loai qua thom ngon, giau dinh dudng va la
ddc san cua Viét Nam. Nhu cau tiéu thu dira tuoi va cac
san pham ché bién tir dira khong ngimg ting ¢ thi truong
trong nudc ciing nhu xudt khau. Piéu nay dong nghia véi
viéc hang nam c6 mot lugng khong 16 phu pham 14 dira sau
thu hoach thai ra méi trudng, da va dang gay rat nhiéu kho
khan cho ngudi néng dan. Hién nay, dé xir Iy 1 ha 1a dira
nguoi néng dan phai tén 4-5 triéu dong dé thué may bam
nho va cay x6i. La dira sau khi bam nho duoc thai ra ngay
trén canh dong dé phan hity ty nhién, gay mui héi thbi, lam
6 nhiém mai truong. Pong thoi, nham giam thoi gian xur
1y va nhanh chong c6 dién tich canh tdc vu méi, ngudi dan
phun thudc diét cé cho 14 dira nhanh n6 dé dét, da gay anh
huong nghiém trong dén méi trudng va sirc khoe con ngudi.
Viéc tim ra giai phap phu hop dé xtr Iy ngudn phu pham nay
dang 13 nhu ciu cép bach dé phat trién bén viing ciy dira,
cling nhu dam bao sirc khoe cho ngudi dan va giam thiéu 6
nhiém moéi trudng. Cho dén nay da c6 mot s nghién ctru thu
hoi xenlulozo tir 14 dira dé san xuét vai [1], tuy nhién do hi¢u
qua kinh té chua cao nén giai phap nay van chua dugc trién
khai tirg dung.

Trén thé gidi, di c6 nhiéu nghién ciru tap trung vao kha
nang phan hily yém khi phu pham dira cta cic nha may ché
bién [2-4], hodc phdi tron ba dira v6i bot gidy cing mot
s6 vo cua céac loai qua khéac, hodc két hop phu phim dira
v6i phan bo. Nhim ting ning suat sinh khi trong qua trinh

*Email: maimophong@gmail.com.
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phan hay yém khi phy pham dira, Gopinathan va cong sur
d3 bd sung 2% ure. Két qua nghién ciru cho thdy, ning suit
sinh khi tang thém 19% [2]. Trong cac cong trinh trudc, tac
gia cling da xac dinh dugc tiém ning sinh biogas ciia phu
phdm vo6 va 15i dira kha cao, v6i didu kién ngudén VSV tir
bé biogas Thanh Hoa, ty 1& dinh dudng C/N 1a 30; tai trong
nguyén liéu nap 1a 10 gVS/l dat ning suat sinh khi biogas
477+15,1 ml biogas/gVS (60-66% CH,), hi¢u qua xu Iy COD
1én dén 92,3477+3,5%. Mac du, cong nghé biogas da xu 1y
hiéu qua ngudn phy pham dira sau ché bién (nhu vo, 15i va
ba ép), nhung viéc Gmg dung cong nghé nay dé xu Iy phu
phém 14 dtra sau thu hoach con mdi va hau nhu chua duoc
cong bo trén bat ky cong trinh ndo. La dira c6 ham luong
dinh dudng kha cao, chua khoang 6-7% duodng va 19-20%
protein (tinh theo phan khé), thich hop cho qué trinh phéan
huy ky khi sinh biogas [2-4]. Tuy nhién, 14 dia véi ham
luong xenlulozo twong d6i 16n (chiém dén 55-60% tinh
theo phan kho) lai 12 mot thach thuc rat 16n dé ap dung cong
nghé biogas dé xir ly. Dé tang tinh kha thi cho cong nghé
ndy, viéc ting nang suat, chat lugng san pham khi biogas va
giam thoi gian xtr 1y nham giam thé tich bé chira 1a rit can
thiét. Qua trinh phan hiy yém khi xay ra véi su tham gia
ctia nhiéu nhém VSV khac nhau va hiéu qua xir 1y bi anh
huong boi cac yéu té nhu didu kién ky khi, loai VSV, pH
cua mdi truong, ty 1€ dinh dudng, tai trong nguyén liéu nap
vao bé, doc td... [5-7]. Trong nghién ctru nay, ching toi da
tién hanh lia chon ngudn VSV hoat tinh sinh metan (CH 2
tir cac bé biogas dang hoat dong nhim tim dugc ngudn
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Abstract:

The objective of this research was to find the optimum
conditions for maximal biogas production from
pineapple leaves using the anaerobic digestion method.
The experiments were performed in one-litre bottles
at the lab-scale; the mesophilic anaerobic digestion
process took place at the constant temperature 37+1°C.
The factor that affected the biogas production efficiency
such as type of microorganism, carbon to nitrogen ratio,
as well as organic load were investigated. The results
showed that pineapple leaves could generate methane
with the productivity of 410%7.5 ml/gCOD after 28 days
with the following conditions the microorganism source
from the Thanh Hoa biogas tank, the organic load of 15
gCOD/l/day at the COD/TN ratio of 70:1, and the COD
removal efficiency of 69.5+4.7%.

Keywords: biogas, carbon to nitrogen ratio, mesophilic
anerobic digestion, organic load, pineapple leaves.

Classification number: 1.5
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Khoa hoc Tu nhién n—

VSV thich nghi nhit v6i co chét 14 dta. Ty 18 dinh dudng
COD:N:P ctia nguyén liéu 1a mot chi tiéu quan trong dé
danh gia kha nang phan huy cia ching [8-10]. Vi khuin
yém khi tiéu thu cacbon nhiéu hon nito trong khoang 20-
40 lan tuy thuoc vao tu’ng loai chit nén [11-13]. Theo két
qua phan tich tong Cva tong N [14], 14 dGa co ty 1€ C/N 1a
109, cao hon nhiéu gié tri t6i wu. Vi vay, nghlen cuu da tlen
hanh diéu chinh ty 16 COD/TN bang cach bo sung ngudn
nito tir uré. Tai trong nguyén liu nap (g COD/]) cling co
anh huong 16n dén hiéu qua hoat dong cua bé phan hay yém
khi. Déi voi mot bé biogas voi thoi gian luu xac dinh, toe do
nap nguyén lidu cang cao thi ning sut sinh khi biogas cang
16n, tuy nhién hiéu qua xt 1y lai giam [6, 9, 10]. Do vay, tim
duoc diéu kién van hanh vira dat nang suét sinh khi lén vira
dam bao hiéu qua xir 1y cao s& 1a mot trong nhiing yéu td
quyét dinh dén kha niang ing dung cong nghé nay ¢ quy mo
cong nghi¢p. Muc tiéu cia cong trinh nay la xac dinh dugc
céc diéu kién thich hop cho qué trinh phan huy ky khi phu
pham 14 dira sinh biogas hiéu qua.

Vat liéu va phuong phap
Nguyén li¢u va héa chit

Phu pham 14 dira dugc ldy tir Nong truong Dong Giao,
tinh Ninh Binh. Da c6 bo léy tr 10 mo tai 75 Tam Trinh,
Hoang Mai, Ha Noi. Cac ngudn VSV cho qué trinh phan
hay ky khi dugc 14y tai bé biogas ciia Nha may sita Thanh
Hoa, Nha may bia Viét Ha, pilot biogas cua Truong Pai hoc
Xay dung, bé biogas trang trai chin nudi bd & Nghé An va
trang trai chan nuoi lgn ¢ Binh Phudc. Nguyén liéu va cac
ngudn VSV duoc sir dung ngay hodc bao quan trong ti lanh
o 4°C.

Hoa chat sir dung trong phan tich cac chi tiéu: COD,
ham luong céc axit dé bay hoi (VFA), tong nito TN, téng
phospho TP (Merck). NaOH, KOH, KH,PO,, K .HPO,,
Na,CO, va NaHCO, (Trung Qudc); uré (Vlet Nam)

Chudn bj hé thi nghiém

Chudn bi mau: dich nguyén lidu 14 dira sau qué trinh
thily phan va axit héa duoc s dung lam co chit cho quéa
trinh phan hiy ky khi sinh biogas. Piéu chinh ty 1& dinh
dudng COD/TN cua nguyén ligu dat 70:1. B6 sung moi
truong dém bang hdn hop KH,PO,0,07 g/l va K,HPO, 0,10
g/l. Biéu chinh pH 6,8-7,2 bang hon hop Na, CO 2 M va
NaHCO, 2 M theo ty I¢ 1:1. B6 sung bun hoat t1nh tir bé
biogas dang hoat dong tot voi ty 1¢ thé tich nguyén ligu:
bun 12 9:1. Moi thi nghiém tién hanh lap lai 3 lan.

M&6 hinh phdn hiy ky khi: thi nghiém duoc tién hanh
trong binh 1 1 véi dung tich hoat dong 0,7 1. Tao moi trudng
ky khi bang khi N, va duy tri nhiét do on dlnh 37+1°C trong
bé diéu nhiét. Duy tri d¢ ky khi ctia hé voi nong d6 0,<0,5%.
Mbi thi nghiém dwoc thyc hién ldp lai 3 1an. Mu kh1 biogas
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2

-T—-I. [

Dich mau

T H-U NaOH :

o) (4) (3) 1)
(A)

(B)

Hinh 1. (A) So d6 nguyén ly; (B) Anh minh hoa mé hinh thi nghiém phan hay ky khi va thu khi biogas bing phwong phap
cot nwére. 1-Lo chva mAu phan hdy yém khi; 2-Ong dan khi bang cao su; 3-Lo chira dung dich NaOH; 4-Lo cha nwéc; 5-Ong

dong dé do thé tich nwéc.

duoc Iuu gitr trong tai mang thiéc khong thim khi Teslar.

Xdc dinh tong thé tich khi biogas: tong lugng khi biogas
sinh ra dugc do theo phwong phap cot nuée (hinh 1), 14 tng
thé tich khi biogas do duogc trong thi nghiém dén khi hé
dung sinh khi.

Xdc dinh ning sudt sinh khi biogas: nang suat sinh khi
biogas dugc tinh bang thé tich khi biogas sinh ra ctia mot
don vi khdi lugng COD cua co chat phu pham 14 dira ban
dau duoc xir Iy: ml biogas/g COD, ml CH /g COD.

Cdc phuwong phap phan tich

COD duge xac dinh theo tiéu chuidn APHA 5220D
(APHA,1995). TN duogc xac dinh theo tiéu chuan Viét Nam:
TCVN 6180:1996. TP dugc xac dinh theo tiéu chuan Viét
Nam: TCVN 6020:2008. VFA duoc xac dinh bang phuong
phép dién di. Thanh phan cta biogas dugc xac dinh bang thiét
bi Biogas CM100. pH duoc do biang may. Mat dé VSV sinh
metan (SMT) duogc chup bang kinh hién vi phat huynh quang.

Hiéu suat xu ly COD dugc xac dinh theo cong thirc:
H(COD), % = (COD-COD,)/COD,*100%.

Trong d6: COD, va COD_ 1a gi4 tri COD tai thoi diém
trudce va sau qud trinh 1én men ky khi.

Sai s6 dugc tinh theo phuong phap binh phuong ti
thiéu.

Két qua va thao luan
Xdc dinh thanh phan co chit ld dira

Két qua phén tich thanh phan co chit 14 dira duoc dua ra
trong bang 1.
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Bang 1. Thanh phan hiru co ctia phu phdm 1 dva.

Chitiéu  COD (mg/))

44.300

TN (mg/l)
412,5

TP (mg/l)
81,3

pH  VFA (g/)
52 214

Dich vao

Tir két qua bang 1 cho thiy, pH ciia dich 14 dira kha thap
(5,2), chua phu hop cho sy phat trién ctia VSV phan huay ky
khi sinh CH,. Do vay can bo sung dung dich dém dé tang pH
cua dich len khoang 6,8-7,5 tao diéu kién tdi wu cho VSV
phat trién.

Tir két qua phan tich co thé thay, ty 16 COD:TN 1a 107:1,
cao hon ty 18 tdi wu 70:1. Do dé, viéc bd sung ngudn nito 1a
can thiét. Pang chu y 1a ty 16 COD:TN ciia nguon phu pham
14 dira thip hon nhiéu so v6i phu phdm vo va 15i dtra 1a 180
[15], cho thiy tiém ning xir Iy 14 dira bang qua trinh phan hiy
ky khi sinh biogas.

Nghién cvu lwa chon nguo“‘n VsV

Ching t6i d4 tién hanh phéan hay ky khi sinh CH, st
dung co chat dich 14 dira véi cac nguén bun hoat tinh khac
nhau. Kha ning thich nghi v6i co chét dich 14 dira ctia cac
ngudn VSV dugc danh gia qua ning suat sinh khi biogas sau
28 ngay, két qua dwoc chi ra trén hinh 2.

Tir hinh 2 ¢6 thé thiy, nguén VSV tir Thanh Héa cho
ning sudt sinh khi biogas cao nhét 1a 4,15 1, sau d6 dén
nguén VSV tir Binh Phudc dat 3,72 1, ngu@)n VSV tir Viét
Ha va Nghé An c6 hiéu qua gan twvong duong nhau, va thap
nhat 12 VSV tir pilot ciia Trudng Dai hoc Xay dung chi dat
2,02 1, véi thanh phan CH, cua khi biogas trong khoang
55-61%. Nhu vay, nguon VSV tir Thanh Hoéa thé hién thich
nghi nhét v&i ngudn co chit 1a dira. Két qua tuong tu ddi voi
co chit vo va 15 dira [15].
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10 T . . T .

9] 1 Dong thoi, ching t6i da tién hanh quan sat mat do
8 i VSVSMT bang kinh hién vi huynh quang (hinh 3). Khi
(_(é 74 _ chiéu anh sang huynh quang, VSVSMT c6 kha ning phat
.§ 6 . quang mau xanh, mat d¢ va kich thudc vét sang ty 1€ thuan

E 5—_ 415 57 . véi mat do VSV [10].
N% 4] ] Tir hinh 3 ¢6 thé thdy, sau 18 ngay phan huy co chit 14
= 250 L 2% 1 dira, tht ca cae miu déu chira VSVSMT thé hién boi cdc vét
f: : sang mau xanh trén anh. Trong d6, mau sir dung bun hoat
0. | . tin}’l tor Thanh Hoa quan sat thay nTat d(f)’ VSVSM]? nhiéu
iév ép gg) S §O nhat, ching t6 chiing thich nghi t6t nhat v4i nguon phu
(§° & & éb i & pham 14 dtra. Két qua nay hoan toan phii hop véi gia tri tong
~ § = 5 thé tich khi biogas do dugc. Ngudn VSV tir bé biogas ctia

Hinh 2. Néng suét sinh khi biogas cua la dira véi cac nguén VSV Nha mdy sita Thanh Hoa s& dugc lam giau bang co chat la

khac nhau. dira dé sir dung trong cac nghién ciru tiép theo.

Thanh Héa Viét Ha Dai hoc Xay dwng

Nghé An Binh Phwéc

Hinh 3. Mat do6 VSVSMT cua bun hoat tinh tir cac ngudn khac nhau sau 18 ngay phan hay ky khi.
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Nghién ciru diéu kién thich hop phédn huy ky khi la
dira sinh biogas hiéu qua

Anh huong cua tdi trong nguyén liéu: ching toi da tién
hanh thi nghiém phan huy ky khi co chét dich 14 dira voi tai
trong hitu co thay ddi: 5, 10, 15 va 20 g COD/I/ngay. Két
qua do thé tich khi biogas dugc thé hién trén do thi hinh 4.

7 T T T T T T T T

Thé tich khi biogas, |

0 T T T T T I
0 5 10 15 20
Tai trong nguyén liéu, gCOD/I/ngay

25

Hinh 4. Thé tich khi biogas sinh ra véi tai trong nguyén liéu thay
doi.

Tir d6 thi hinh 4 c6 thé thiy, khi ting tai trong co chat 14
dura thi tong thé tich khi biogas sinh ra ting va dat gia tri cao
nhit tai 15 g COD/l/ngdy 1a 5762+132 ml biogas, twong (g
680+14 ml biogas/g COD. Tiép tuc ting tai trong nguyén
liéu thi tong thé tich khi sinh ra lai giam, tai 20 g COD/I/
ngay chi dat 4763+£134 ml biogas, twong ung 580+14 ml
biogas/g COD, v&i thanh phan CH, cua biogas trong khoang
58-61%. Diéu nay co thé Iy giai do khi tai trong nguyén li¢u
qué 16n, ham luong céc axit d& bay hoi cao gay tc ché sy
hoat dong cta VSV [5, 7]. Ngoai ra, axit propionic khi tich
tu 6 nong d6 cao lai 1a mot doc té cia VSV sinh CH,: vai
nong d6 >0,1 g/l gay tc ché cho hé 1én men ky khi va tai
nong d6 >1 g/l s& lam hé thdng dimg hoat déng [5, 10].
Piéu nay cho thay, qua trmh phan huy ky khi chiu anh
huéng cua rat nhiéu yeu t6, dac biét 1a pH, do ky kh1 nhiét
d6 cing nhu thanh phan nguyén liéu, do vy viéc tién hanh
1ap lai nhiéu thi nghiém 14 v6 cung can thiét. Trong nghién
ctru ndy, mdi thi nghiém da tién hanh 13p lai 3 1an. Sy ting
nhe ning suat sinh khi biogas trong trudng hop nay cé thé
do cang vé sau thi kha ning kiém soat va duy tri 6n dinh
céc yéu té nay cang tét hon. Pong thoi, theo dir liéu phan
tich hiéu suat xir Iy COD ciia cic mau (bang 2) c6 thé thiy,
theo chiéu tang tai trong nguyén li¢u nap thi hiéu qua hoat
dong cua hé phan hily ky khi cang giam. Két qua nay hoan
toan phil hop voi cong bd cta Sajeena va cong su [12].
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Bang 2 Sw thay déi pH, ty & khi CH, va hiéu qua xtr ly COD cua
cac mau véi tai trong nguyén liéu thay dai.

Tai trong (g COD/1) 5 10 15 20

ApH 0,11 0,32 0,30 0,40

CH, (%) 64,1+3,5 65,2429  64,0£3,1  61,3+3,5
Hp, (%) 81,0+5,2 73,5+4,5  69,5+4,7 59,7445

C6 thé thay, hiéu suat phan huy COD cua qué trinh cang
cao khi tai trong nguyén liéu nap giam, dat gi4 tri cao nhat
la 81% khi h¢ chay vdi tai trong hitu co 1a 5 g COD/l/ngay
va thap nhit 1a 59,7% véi 20 g COD/I/ngay. Véi 2 loai tai
trong con lai, hi¢u suét tuong ddi 6n dinh, trén 73% véi
tai trong 10 g COD/l/ngay va trén 69% vdi tai trong 15 g
COD/l/ngay. Hién tugng nay la do hé bi qua tai vi nguyén
liu dau vao cao lam pH méi trudng giam, khién hé vi sinh
hoat dong yéu di hodc ngimg hoat dong, dan dén ning suét
sinh khi thap.

Nhu véy, tir hinh 4 va bang 2 ¢6 thé thdy, véi tai trong
nguyén lidu nap 1a 15 g COD/I/ngay thi ning suét sinh khi
biogas cao hon dang ké so v4i 10 g COD/I/ngay nhung ty 1&
khi CH, va hiéu qua xtt Iy COD lai thap hon. Hé xr 1y yém
khi sinh CH, hoat dong véi tai trong nguyén li¢u cang l6n
thi thé tich bé chira cang giam, s& tiét kiém chi phi dau tu va
van hanh [9, 16, 17]. Do vay, xét vé hiéu qua kinh té thi voi
tai trong nguyén liéu 15 g COD/I/ngay 14 tot nhét.

Anh hwéng cia tdi trong hitu co dén khd nang tich liiy
TN, TP: nghién ctru da tién hanh phan tich kha nang tich
liiy TN, TP cta hé théng 1én men yém khi sinh biogas tir
co chét 1a phy pham 14 dira véi cac gia tri tai trong hiru co
khac nhau: 5; 10; 15 va 20 g COD/I/ngay. Két qua phan tich
ham luong tong TN va tong TP cua cac mau dugc thé hién
o bang 3.

Bang 3. Cac thong sé qua trinh phan hiy sinh biogas véi tai trong
hiru co khac nhau.

Tai trong (g COD/l/ngay) pH TN (mg/l) TP (mg/1)
Trudc 7,5 365 75
5
Sau 73 472 111
Trudc 72 736 165
10
Sau 7,1 826 181
Trudc 7,5 1115 231
15
Sau 7,0 1210 271
Trudce 7,5 1510 335
20
Sau 6,8 1655 381
21



Tir két qua ban dau duoc thé hién ¢ bang 3 co thé thay,
voi tai trong hitu co cang tang thi ham luong TN, TP cang
cao. Ddng thoi, ham lwong TN va TP trong tit ca cac miu
déu tiang 1én sau qu4 trinh xu 1y, diéu nay co thé 1a do trong
qua trinh yém khi ’thufmg kem theo gi:éli phong PO * V:&l NH,*
[8, 10]. Nhu da biét, NH, " la thanh phan dinh dudng rat quan
trong trong qua trinh phan hiy ky khi nhung khi cao qua sé&
lai e ché su hoat dong cua VSV, dic biét 1a VSVSMT, néng
do NH," du6i 1500 mg/l s& 1a tiéu chi kiém soat h¢ thong
1én men biogas. Két qua nay da ly gidi thém cho su giam
hiéu qua chuyén hoa COD cuia hé phan huy ky khi khi ting
tai trong hiru co.

Keét luan

Cac két qua thyc nghiém d cho thay rang, phan hity yém
khi 12 mot phuong phap hiéu qua dé xir 1y ngudn chat thai la
dtra sau thu hoach dang bi bo ngoai moi truong, khong chi
tiét kiém dugc mot luong tai nguyén thu cép ma con tao ra
ngudn nang lugng sach va co gia tr’i la khi CH,. Tu cac két
qua cua nghién ctu, rit ra dugc két luan sau: ngudén VSV
tir bé biogas ctia Nha may sira Thanh Hoa thich nghi tot nhat
v6i nguon co chat 14 dira; qua trinh phéan hity yém khi 14 dta
dat hiéu qua tot nhét véi cac diéu kién: ty 16 COD/TN la 70;
tai trong nguyén liéu nap 1a 15 g COD/I/ngay dat ning suit
sinh khi 68014 ml biogas/g COD (58-61% CH,), twong tmg
410+7,5 ml CH,/g COD, hi¢u qua xtr ly COD dat 69,5+4,7%.

LO1 CAM ON

Cong trinh duge hd tro kinh phi tir d& tai dat hang cua
tinh Ninh Binh, mi s6: 16/HD-KHCN. Tac gia tran trong
cam on!
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Phan tich phwong phap th,iét ké hon hop bé tong nhwra
theo Superpave va mot so két qua nghién ctru thue nghiém

Luu Ngoc Lam", Nguyén Quang Phiic?
Vién Khoa hoc va Cong nghé Giao thong Van tdi
2Truong Dai hoc Giao théng Van tdi
Ngay nhdn bai 3/9/2019; ngay chuyén phan bién 6/9/2019; ngay nhén phan bién 7/10/2019; ngay chip nhan dang 18/10/2019

Tom tit:

Superpave 1a mgt trong nhirng san pham ndi bat clia chlr(mg trinh nghién ciru chién Iwge dwong 6 to (SHRP) trén
thé glO’l duge nhiéu quoc gia 4p dung. Phwong phap thiét ké bé tong nhua theo Superpave da giai quyet vén dé lién
quan dén Iwra chon vat liéu (nhwa dwong PG, cat, da, bgt khoang) phuc vu cho thiét ké hon hop bé tong nhwa phu
hop v6i dic tinh dong xe (Iru lrgng xe, toc dd xe lwu théng), nhim giam thiéu cac hw héng mit dwong nhu nirt méi,
nirt do nhiét d thap, bién dang vinh ciru (hin lin vét banh xe - HLVBX) trong qua trinh khai thac. Bai bao phan
tich phwong phap thiét ké hén hop bé tong nhua theo Superpave va mét sé két qua nghién ctru thwe nghiém trong

phong tai Viét Nam.

Tir khéa: bé tong nhywa, Marshall, nhwa dwong PG, Superpave, thiét ké hdn hop.
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for asphalt mixture and some
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Abstract:

Superpave is one of the outstanding products of the
Strategic Highway Research Program (SHRP) in the
world. The Superpave mix design procedure involves
selecting PG bitumen and aggregating materials to
design the asphalt mixture, meeting the requirements
on the basis of traffic speed and traffic level, to prevent
pavement damage such as fatigue cracking, thermal
cracking, permanent deformation (rutting) during
operation. This paper analyses the Superpave mix design
for asphalt mixture and presents some experimental
research results in laboratory in Vietnam.

Keywords: asphalt concrete, Marshall, mix design, PG
asphalt binder, Superpave.
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Dat van de

Mit duong mém (dién hinh 12 mat duong bé tong nhua)
duogc ap dung rong rai trén thé gidi hién nay. Chat luong bé
tong nhya (BTN) phu thudc vao nhidu yéu td, trong d6 phai
ké dén thiét ké hdn hop BTN. Trén thé gi6i hién co nhiéu
phuong phép thiét ké hdn hgp BTN, trong d6 c6 2 phuong
phap dang duogc ap dung phd bién 1a: phuong phap thiét ké
Marshall [1] va phuong phép thiét ké Superpave [2].

Trudce khi phuong phap Superpave ra doi, phuong phap
thiét ké hdn hop BTN theo Marshall dugc 4p dung rong rai
& Hoa Ky va nhiéu nuéc trén thé gisi. Hién nay & Viét Nam,
Marshall van 1a phuong phap chinh dugc sir dung dé thiét
ké hdn hop BTN. Mic du di lam ding theo quy trinh thiét
ké nhung két qua thiét k& & nhiéu dy 4n vén to ra khong
thich hop. Miat dudng BTN van bi hu hong trong thoi han
tinh todn ma nguyén nhan la do khi thi nghiém xac dinh
thanh phan hdn hop, cip phdi cbt liéu chua thé hién hét cac
tac dong cua xe ¢ va thoi tiét, khi hau. Diéu nay chimg to
phuong phap Marshall con nhiéu diéu chwa hop 1y. Ton tai
chu yéu cua phuong phap Marshall 1a: viéc ddm nén mau
dugc danh gia 1a chua mo phdong hét dugc qua trinh lu lén
thyc té ngoai hién truong; chwa xem xét dé khic phuc cac
hu hong chi yéu ciia BTN nhu: bién dang vinh ctru (hdn
lan), ntt do moi va nirt & nhiét do thép.

Superpave 1a mot trong nhimg san phim ndi bat cia
chwong trinh nghién ciru chién lugc duong 6 t6 (SHRP).
Phuong phap thiét ké BTN theo Superpave da giai quyét
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vén dé lién quan dén lua chon vat liéu (nhya duong PG, cat,
da, bot khoang) phuc vu cho thiét ké hdn hgp BTN phu hop
véi dac tinh dong xe (luu lugng xe, tde do xe luu thong),
nham giam thiéu cac hu hong mat dwdng nhu nirt moi, nirt
do nhiét do thap, bién dang vinh ciru (HLVBX) trong qua
trinh khai thac. Phuong phap thiét ké Superpave hién dang
duoc ap dung phd bién tai Hoa Ky, Canada va nhiéu qudc
gia phat trién khac.

Bai bao nay phan tich phuong phap thiét ké hdn hop
BTN theo Superpave va mot s6 két qua nghién ciru thuc
nghiém trong phong tai Viét Nam.

Doi tuong va phuong phap nghién ciiu

Nghién civu ly thuyét vé phwong phdp thiét ké hén hop
BTN theo Superpave

Nghién ctru dugce thuc hién qua viéc nghién ctru cac tai
liéu lién quan dén phuong phap thiét ké hdn hop BTN theo
Superpave cua Hoa Ky [2, 3] va theo Marshall ctia Hoa Ky,
Viét Nam [1], tr d6 phan tich, danh gid nhiing dac trung co
ban ctia phuong phap thiét ké BTN theo Superpave.

Thong qua viéc nghien ciru cac tai liéu [1-3], nhom
nghién cuu nhan thay phuong phap Superpave ké thira
va phét trién mot s6 ndi dung cua phuo‘ng phap thlet ké
Marshall (gdm: cac chi tiéu k¥ thuat véi cdt lidu; cip phdi
hdn hop ¢t liéu; cac chi tiéu vé dic tinh thé tich nhu do
rong du, d6 réng cdt liéu, do rong lap day nhya), tuy nhién
so voi phuong phap Marshall, phuong phap Superpave co
dic thu (vu diém) ndi bat sau:

Quy dinh vé dam mau BTN bang dam xoay: thiét bi ddm
xoay (SGC) 1a san pham cta SHRP nhim mé phong duoc
qué trinh ¢Am nén BTN nhu ngoai hién truong va cac diéu
kién anh huong cua tai trong xe chay. Do bo phan gia tai tiép
xtic voi mau, mau vira bi tic dung cia luc thé‘ing dang, vira
bi tac dong ciia md men x04n nén bi nén chit lai. Cach dam
nay mo phong nhu cach lu lén BTN tai hién truong. Minh
hoa cach dam xoay mau BTN theo Superpave thé hién &
hinh 1.

Aphye ddmnén 600 kPa

-
e

C61 150 mm

v

=

Gac 1,25 df

Téic dd xoay 30
ving'phut

Hinh 1. Minh hoa cach ddm mau BTN bang dam xoay.
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Quy dinh vé d chat 1om nhdt cho phép (1y trong khoi
Yéu cau) ing véi cdc s6 vong dam mau (céng dam nén) quy
dinh: khac v6i phuong phap Marshall chi quy dinh ¢dm nén
mau voi chay dam 16n nhat (vi du 75 chay x 2) va xac dinh
d6 chit (ty trong khdi) cia miu, Superpave quy dinh phai
dam nén mau véi 3 mic vong dam xoay goi 1a: sb vong
xoay ban dau (N, ); thiét ké (N ); lon nhat (N_ ) va do chat
tuong g cta cac mirc dam d6 phai thoa mén yéu cau quy
dinh. Viéc quy dinh nay c6 uu diém 1a da xem xét dén dic
tinh goc canh cua cdt liéu ciing nhu cua cip phdi cot lidu
trong hon hop BTN.

Quy dinh vé lya chon nhua duong PG phu hop voi nhiét
dé moi truong va ddc tinh dong xe: day 1a diém khac biét
giita thiét ké Superpave so vé6i thiét ké Marshall. Véi cac
ving ¢6 nhiét d6 moi truong (thé hién qua nhiét d6 mat
dudng trung binh cao nhét ciia 7 ngdy va nhiét d6 mat duong
thap nhit cta 1 ngay trong chudi sb liéu quan tric nhiét do
it nhit trong 20 nam) khac nhau thi mac nhwa duong PG lya
chon s€ khac nhau.

Str dung nhya duong PG theo quy dinh tai AASHTO
M 320 [4]. Tiéu chuén phan cAp nhya dudng PG khong phéan
loai riéng cho nhya duong thuong, nhya duong cai thién
polime ma quy dinh chung 1a viéc st dung nhya duong
thuong hay nhya duong polime tuy thugc vao mac nhya
duong PG. Vi du, cong bd cia Hoa Ky vé cac loai nhya
duong phu hop voi mac nhira PG duoc thé hién ¢ hinh 2.

Nhiét d§ cao, °C

52 58 64 Fill} il
o 6| 5216 | s8.16 | 6416 | 7018 | 7618
~:E"' 22 R2.22 58.22 54-22 70-22 7622
g 20| 522 | w28 | sem | 02 | 62
é 34| 5234 | 334 | G434 | 7034 | 7634
A0 52-40 53-40 64-40 70-40 76-40

[ |= Déuthé théng thuimg
[ 1= Déu thé chat lrong cao
|:| = Nhra deong polime

Hinh 2. Céc loai nhwa dwéng phi hop véi phan cap nhwa dwong
PG.

Théng qua cac phép thu quy dinh tai [4], Superpave
dd xem xét tinh chét cia nhwa dudng anh hudng t6i kha
nang lam viéc cua 16p két cdu mat duong BTN dudi su tac
dong cua nhiét va tai trong (nut mai, nit do nhiét do thép,
HLVBX). Ngoai ra Superpave con quy dinh viéc diéu chinh
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mac nhua dudng PG theo dic tinh dong xe (theo cip luu
luong xe ESAL va téc d6 dong xe luu thong) [2].

Quy dinh vé ty ¢ D/B: Superpave khuyén nghi ty sé giira
lugng lot sing 0,075 mm va ham luong nhya (D/B) cho hon
hop c6t lidu min 14 tir 0,6-1,2 va cho hdn hop cbt lidu tho 1a
tir 0,8-1,6 khi thiét ké hdn hop BTN [2, 3]. Ty 1é D/B hop
Iy 14 co s& dé tao nén hdn hop vira nhya phi hop, tao diéu
kién dé hdn hop BTN vira c6 kha ning khang moi, khang
HLVBX. Néu it hat min s& dan t6i thira nhya va BTN ¢6 xu
thé bi HLVBX, con nguoc lai dan dén dé& bi moi.

Quy dinh vé cuong do chiu kéo gian tiép TSR: duéi
tac dong cua nudc, mau BTN bao hoa nudc s& suy giam
cuong do, néu hé sé cudng do chiu kéo gian tiép - TSR (ty
s6 cuong d6 giita mau udt va mau kho) nho hon quy dinh
(thuong 14 0.8) thi mau BTN thiét ké c6 kha ning nhay 4m
16n, can phai xem xét cai thién, hoac bd sung phu gia tang
dinh bam, hoac phai thay nguén cbt lidu [2, 3].

Quy dinh vé thiét ké hon hop BTN theo dac tinh co hoc
(cuong dg): viéc phan tich cac chi tiéu co hoc lién quan dén
hiéu suat khai thac ciia hdn hgp BTN (kha nang chéng nut
moi, nirt do nhiét do thép, bién dang vinh ctu HLVBX) lu6n
dugc quan tam khi thiét ké hdn hop BTN theo Superpave.
Céc chi tiéu co hoc phai dam bao dé thi nghiém, phan dnh
dugc dac trung khai thac cua BTN. Bao cao cuia NCHRP
492 [5] da tong két nhitng chi tiéu co hoc can danh gia lién
quan dén chat luong khai thac ciia mat duong BTN. Hién
nay da sb cac bang & My va Canada déu thiét ké hdn hop
BTN theo dic tinh thé tich, sau d6 danh gia do nhay am va
danh gia kha niang chéng HLVBX, chdng nurt [5].

Nhom chong HLVBX & nhiét do cao chu yéu co 2
loai thi nghiém la Hamburg Whell Tracking va APA. Thi
nghiém Hamburg Whell Tracking dugc st dung rong rai
hon & My, Canada va nhiéu nudc trén thé gidi, Viét Nam
cling dd quy dinh trong tiéu chuan thiét k& hdn hop BTN.
Nhom thi nghiém chdng ntt phd bién sir dung 1a: thi nghiém
ubn dam 4 diém; thi nghiém Ovelay test (OT); thi nghiém
udn dam ban nguyét (SCB); thi nghiém IDEAL Cracking
Test va thi nghiém kéo nén (DCT).

Nghién citu thuwe nghiém thiét ké BTN theo Superpave

Muc dich cta viée trién khai nghién ctru thuc nghiém
nay nham danh gi4 tinh phu hop cua vat liéu (d4 dam, cat,
bot khoang, nhya duong); ctia hdn hgp BTN khi ap dung
phuong phap thiét k& hdn hop BTN theo Superpave, ¢ so

TAP CHI

HOAHOC |/,
ONG NGHE I¢{ Nam 62(3) 3.2020

v6i phuong phap Marshall dé dua ra cac khuyén nghi lién
quan.

Ké hoach thuc nghiém: nhém nghién cuu da tién hanh
phan tich, Iya chon céc thong s6 dau vao: cép phéi, loai nhua
duong, loai vt li¢u thir nghiém va thiét ké quy hoach thyc
nghiém dé xac dinh sé mau/thi nghiém phu hop, dam bao
Kkét qua c¢6 do chum, d¢ tin cay cao. Vé cép phéi: lwa chon 2
kich c¢& danh dinh 16n nhét (19 va 12,5 mm). V& nhya duong
PG phu hgp véi luu lugng xe lua chon: lya chon cac mac
nhua PG64, PG76, PG82 theo tiéu chuin phén loai nhya
duong PG. Vé loai vat liéu thir nghiém: lya chon 3 nguén
gbe cdt liéu khac nhau (cdt lidu da voi, da bazan khu vuc
phia Béc va da andesit dinh bam kém khu viyc Nam Trung
B6). V& muc luu luong xe thiét ké: lua chon 2 muc luu
luong xe thiét ké 1a mic luu luong nhe (0,3-3) triéu ESAL
va muc luu lugng nang >30 triéu ESAL.

Phirong phdp thie nghiém: viéc trién khai thuc nghiém
thiét k& hdn hop BTN theo Superpave duoc tién hanh theo
cac bude quy dinh tai [2, 3]. Viéc thiét ké hdn hop BTN theo
Marshall dugc tién hanh theo cac budc quy dinh tai [1].
Két qua va ban luan

Két qud thiét ké hén hop BTN theo Superpave

Két qua nghién ctru thyc nghiém trong phong thiét ké
hdén hop BTN12,5 va BTN19 theo Superpave duoc dua ra
trong bang 1, 2, 3.

Béng 1. Thanh phan hat cua cap phoi thi nghiém.

Phén trim lot sing BIN12,5 (%) Phén trim lot sang BTN19 (%)

Co sang

Cip  Cip Cip  Yéu ciu Cip Cip Cip  Yeuciu
@um) — ondi  phdi  phdi R dhut phéi  phéi  phdi Ky thuit
view  tho min view  tho  min
25,0 100 100 100 100 100
19,0 100 100 100 100 100 95 2 9 90 100
12,5 95 92 97 90 100 84 ® 8 90
9,5 85 80 89 90 7 63 80
475 60 50 68 47 40 55
2,36 39 30 48 28 58 30 25 35 23 49
1,18 24 21 28 20 17 24
0,6 17 15 19 14 2 U
0,3 12 10 14 10 8 12
0,15 8 7 10 7 6 9
0,075 6 5 7 2 10 6 5 7 2 8
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Bang 2. Téng hop két qua thiét ké hon hgp BTN12,5 theo Superpave.

Logi BTN12.5 .

TT  Cc chi tiéu thiét ké hn hop BTN Superpave  PG64 (cip phoi vira) PG76 (cip phdi thé) PG82 (ciip phéi thd) :ye‘t‘;::t
Da voi Bazan Andesite Da voi Bazan Andesite Da voi Bazan Andesite

I Hamluong nhya, % 5,10 5,15 520 5,10 5,15 5,10 5,10 515 520

2 DPordngdu,% 3.98 3.95 404 4,06 403 4 3,99 405 4,04 4

3 Porongcdtliéu, % 15,1 14,65 1572 15 1422 154 14,86 1425 15,44 >14

4 Pordng lép dy nhya, % 739 73,15 7433 7291 713 74,02 73,18 71,18 73,84 65-75

5 TysoDB 1,07 1,13 1,01 1,09 1,19 1,04 1,10 1,19 1,04 0.6-12

6 Do chit img véi s6 vong xoay ban diu, % 8521 853 85,79 85,09 84,9 85,89 84,85 84,9 86 <89

7 Do chit img véi s6 vong xoay lon nhat, % 9741 975 96,93 97,28 97,19 97,33 97,12 96,98 97,08 <98

8 Cudngdd ép ché kho, kPa 866 920 780 1120 1240 1070 1228 1280 1114 690-1380

9 Hésbcuong do ép che 0,90 0,88 0.84 0,94 0,93 0.88 0,96 0,97 0,90 08

10 ?gozzulﬁ?ﬁé;‘;fggglm"‘ PG4, 225 245 27 3,59 316 1,83 1,76 1,46 171 <125

11 6 chuky pha hogi moi, tan s6 10Hz, 300pe 550460 600520 247350 650760 812530 450230 1010250 1396520 511980

Bang 3. Téng hop két qua thiét ké hdn hop BTN19 theo Superpave

BTN19-PG64 (céip phoi vira)

Cic chi tiéu thiét ké hon hop BTN Yéu chu
TT P
Superpave Divéi Bagan  Andesite K thudt
1 Ham luong nhya, % 4,90 495 480
2 Do rong du, % 4,02 4,04 3,98 4
3 Do rong cdt liu, % 1431 142 14,77 >14
4 DPoronglap day nhya, % 7188 7LI8 7308 6575
5 T}'fsé D/B L17 1,20 1,10 0,6-1,2
6 Df) chat (mg voi s vong xoay ban §55 8552 8602 <89
dau, %
DG chit mg véi s vong xoay Ion
7 ahét, % 9%.81 9738 97,14 <98
8 Cuong do ép che kho, kPa 952 1010 770 690-1380
9 He s6 cuomg do ép ché 0,87 0,85 0,83 >0,8
10 Dg shu HLVBX sau 15000 lin, mm 3,24 3,97 3,15 <125
m S0 chu ky pha hoai moi, tan s6 10Hz, 451007 474830 157990
300pe
90
83
80 [—%*—
20 N
o
=
= 70
=
60
50 ‘ ‘ .
Loai da Bazan Andesite Vi Bazan  Andesite
Logi BTN BIN125 BTN19

Hinh 3A. Céng dam nén céc loai BTN (mirc Iwu lwong nhe).
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6 chiy trung binh

Nhom nghién ciru nhan thdy: hdn hop BTNI19 va
BTN12,5 (v6i 3 mac nhya duong PG 1a PG64, PG76, PG82
va3 nguén ¢6t lidu khéac nhau 13 da voi, da bazan khu vuc
phia Bic, d4 andesit dinh bam kém khu vuc Nam Trung Bo
cta Viét Nam) c6 céc chi tiéu co ly thoa man theo quy dinh
cua Superpave [2].

Két qua phén tich BTN theo Superpave so véi BTN
theo Marshall

Trén co sé két qua nghién ciru thuc nghiém thiét ké BTN
theo Superpave va theo Marshall di chiing, nhém nghién
ctru tién hanh phan tich thong ké voi phin mém Minitab 18,
sir dung phén tich phuong sai ANOVA dé phan tich, danh
gi4 cac két qua thi nghiém. Két qua phan tich thong ké cong
dam nén v6i muc luu luong nhe (0,3-3 triéu ESAL) dugc
dua ra ¢ hinh 3A va hinh 3B. Két qua phan tich thong ké

Anh hwéng cdc bién dén sé chay

Loai BTN Loaida

Bazan Andesite

BTNIO Vi

BIN12,5

Hinh 3B. Anh hwéng cac bién dén cong dam nén (mirc lwu lwgng nhe).
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Hinh 4A. Céng dam nén BTN12,5 (mirc lwu lwong nang).

cong dam nén véi muc luu lugng ning (>30 triéu ESAL)
duogc dua ra ¢ hinh 4A va hinh 4B.

Trén co so phan tich thong ké cong dim nén, nhom
nghién ctru dua ra mot s6 danh gia nhu sau: cong dam nén
Marshall (s6 chay ddm) d& hdn hop BTN dat d6 rong du
thiét ké 4% nhu thiét ké Superpave cuia tit ca cac loai da véi
céc loai nhwa déu 16n hon so voi cong dam nén 75 chay quy
dinh theo Marshall. Loai BTN anh huong dén cong dam
nén, BTN19 thé hon nén doi hoi sé chay dam phai nhiéu
hon BTN12,5. Loai nhya c6 anh hudng dén cong dam nén,
nhya PG82 ¢6 do quanh cao hon nhya PG76 nén cong dam
nén ciing doi hoi cao hon. Loai da ciing ¢6 anh hudng dén
cong dam nén theo thtr tw giam dan cong ddm nén d6i voi
cac loai da: voi, Bazan, Andesite.

Thiét ké hdn hop BTN theo Superpave c6 nhiéu ndi dung
duoc ké thira tir thiét ké Marshall (cac chi tiéu ky thuat véi
cbt lieu; cép phéi hon hop bt liéu; cac chi tiéu vé dic tinh
thé tich nhu d6 rong du, do rdng cdt liéu, d6 rong lap day
nhya). Tuy nhién ¢6 nhitng diém dic trung t6 ra c6 uu diém
hon so v&i thiét ké Marshall, thé hién & cac nodi dung: su
dung nhya duong PG phu hop véi nhiét do moi truong cua
vung du an va hi€u chinh méc nhya PG theo dic tinh dong
xe; su dung dam xoay tao mau BTN; quy dinh do chat yéu
cau g véi cac vong xoay Nini, Ndes, Nmax; ty sb D/B; hé
s6 cuong do ép ché TSR; cac chi tiéu co hoc lién quan dén
hiéu suat khai thac ctia hdn hgp BTN (nhu kha ning chong
nat moi, nut do nhiét d6 thap, HLVBX).

Thong qua két qua nghién ciru thuc nghiém trong phong,
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Anh hwéng cic bién dén sé chay

Loai da Loai nhua

T T T
Andesite PGT6 PGE2

T T
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Hinh 4B. Anh hwéng cac bién dén céng dam nén (mirc lwu
Ivong nang).

nhoém nghién ciru dd nim ving dugc cong nghé thiét ké
BTN theo phwong phap Superpave (yéu cau vt liéu, cip
phdi, phuong phép thiét ké hdn hop, cac chi tiéu danh gia
chat lugng BTN...) va nhan thdy: cong dam nén ctia phuong
phap Marshall ¢ dinh 75 chay/mat 1a khong du dé BTN
dam bao do chat, chiu tac dung cua luu lugng xe. Cong
dam nén cua phuong phap Superpave cao hon phuong phap
Marshall. Phuong phap Superpave di xét dén anh huong
ctia luu luong xe chay dén cong dam nén, nhim dam bao
cho hén hop BTN ¢6 du kha niang chiu luc, chéng lai bién
dang khong hdi phuc.

Vi nhiing két qua da dat duoc, ching t6i kién nghi Viét
Nam cin som chuyén doi viéc ap dung phuong phap thiét
ké hdn hgp BTN tir thiét ké theo Marshall sang thiét ké theo
Superpave va can tudn theo nguyén tic thiét ké can bing
BMD (Balanced Mix Design) giita cac dic trung thé tich -
d6 nhay am, kha nang chong HLVBX va kha ning chdng
nut... gop phan phat trién co s¢ ha ting, dap ing yéu cau
hoi nhap.

TAI LIEU THAM KHAO

[1]1 TCVN 8820:2011, Hon hop bé téng nhira néng - Thiét ké theo
phwong phap Marshall.

[2] AASHTO M 323-2015, Superpave Volumetric Mix Design.

[3] AASHTO R 35-2015, Practice for Superpave Volumetric Mix
Design for Asphalt Mixture.

[4] AASHTO M 320-2015, Performance Grade Asphalt Binder.

[5] NCHRP Report 492 (2016), Performance Specifications for
Asphalt Mixtures, Transportation Research Board, Washington, D.C.



Khoa hoc Ky thuat va Céng nghé n—

Nghlen curu phat trién hé thong ly hop
lwu chat dién - tlr bién dung diéu khién toc do tai
dwoe truyén dong biang dong co dién
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Tom tit:

Trong nghién ciru nay, cic tic gia dé xuat ciu hinh ly hop méi sir dung luu chét dién - tir bién (MRF) dé diéu khién
toc do diu ra cia dong co' dién. Cau hinh ly hop méi nay di khiic phuc dwoe cac nhwge diém cia ly hop MREF ci,
nhu khiic phuc dwge hién twgng thit nit co chai, khong can sir dung ¢6 gép dién. Md hinh ng xir luvu bién déo
Bingham dwgc sir dung dé tinh toan mé men truyén dong ciia ly hop sir dung lwu chit dién - tir bién. Tir cAu hinh
ly hop dwoge dé xuit, nghién ctru da toi wu héa da muc tiéu dé tim ra kich thwéc t6i wu nhit cia ly hop sao cho khéi
lwong va cong suét 12 nhé nhit véi mé men truyén dong can thiét. Mot ly hop ¢6 mé men truyén dong 10 Nm da
dwgc thiét ké va ché tao duwa trén két qua thiét ké. H¢ thong thi nghlem do mo men cia ly hop dwgce xay du’ng aé
kiém tra dac tinh cua ly hop. Bén canh do, hé thong diéu khién téc do diu ra caa tai véi quy luit mong muén ciing
dwoc xay dung va kiém chirng.

Tir khéa: diéu khién toc do dong co, lvu chit dién - tir bién (MRF), ly hop sir dung hru chit dién - tir bién (MRC),

phanh MRF.
Chi s6 phén loai: 2.3

Pat van de

Thong thudng toe do cta dong co dién nédi chung, dong
co DC noi riéng duoc didu khién bang cach thay dbi hiéu
dién thé cung cap cho phan cung. Tuy nhién, phuong phap
nay khé dap ting duoc ¢ toc do thdp. Cung voi do, dap tng
co cua hé théng didu khién dong co khong da nhanh dé
dap g theo m6 men dau ra trong nhung treong hop phat
sinh nhitng m6 men dot bién. Cac van dé ' ndy gdy ra nhimg
kho khan nhat dinh cho viéc diéu khién toc dd cua hé thong
tai dan dong boi dong co. Nhimng nim gan day, diéu khién
tdc o dong co sir dung phanh va ly hop luu chat dién bién
(Electro-rheological Fluid - ERF) da duoc nghién clru va ap
dung [1-2]. Tuy nhién, trong nhiing nghién ciru nay van con
ton tai mot s6 van dé ma nguyén nhan chinh la do g suét
lam viéc cia ERF tuong dbi nho, do vay dé tao ra md men
16n thi ban cuc phai 16n, dan dén kich thuée cua hé théng
16n. Luu chat dién - tir bién (Magneto-rheological Fluid:
MRF) 1a mét loai luu chit thong minh ¢ chtra cac hat phan
tir vat liéu tir tinh c6 kha nang chuyén ddi tinh chét luu bién
kha nhanh va manh khi chiu tac dong cua tir truong. Uu
diém ndi bat cua luu chit MRF so v6i luu chit ERF 14 ing
suét chay déo cao hon nhiéu lan, it bi ling dong hon va hiéu

“Tac gia lién hé: nguyenthoitrung@tdtu.edu.vn
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dién thé tac dong nhé hon. Do vay, luu chit MRF hién dang
duge nghién clru va ing dung rong rai trong cac ing dung
khéc nhu phanh, co cau hai chiéu va ly hgp [3-4].

Nghién ctru nay phat trién hé thong diéu khién toc do ciia
tai dugc dan dong boi dong co dién thong qua ly hop MRF.
Céu hinh méi cua ly hop MRF ciing duoc dé xuat dé giai
quyét cac nhugce diém ton tai & cac nghién ctru trude nhu
hién twong thit ¢ chai, dung c¢b gop dién. M6 hinh tinh toan
momen truyén dong cua ly hop MRF duogc xdy dung dua
trén ing xu luu bién déo Bingham ciia luu chit MRF. Thiét
ké t6i wu ciia ly hop MRF duoc thyc hién dé tim ra nhimng
kich thude t6i wu nhim tao ra md men can thiét véi khoi
luong va cong suat nho nhét c¢6 thé. Dya vao két qua téi uu,
mot md hinh ctia ly hop MRF d duoc ché tao dé thuc hién
thi nghiém nghién ctru cac dic tinh k§ thuat va kiém chung
v6i két qua 1y thuyét.

Noi dung nghién ciiu va thiét ké ché tao

H¢ théng ly hop MRF ding diéu khién toc dé quay ciia
truc tdai

’Céu hinh ly hop st dung luu chét dién - tir bién truyén
thong duoc trinh bay ¢ hinh 1. Trong ly hop (hinh 1A), cuén
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Development of a speed control
system for rotary load driven
by electric motors via
magneto-rheological clutch
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Thoi Trung Nguyen*
!Faculty of Mechanical Engineering,
Industrial University of Ho Chi Minh City
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Abstract:

In this work, the new configuration of magneto-
rheological clutch (MRC) is proposed to control the
output speed of electrical motor. This configuration deals
with some drawbacks in conventional configuration
such as bottle-necks phenomenon, using collector with
brushes (commutator). The Bingham model has been
employed to analyse the transmitting torque of MRC.
An optimal design of the MRC is then established to
find out the optimal geometric dimensions of the clutch
that can transform a required torque with the minimum
mass and power consumption. Based on the results,
a prototype of the MRC with 10 Nm transmitting
torque has been manufactured, and its performance
characteristics have been experimentally investigated.
In addition, a controller has also been designed to
control the output speed of the system. In order to
evaluate the effectiveness of the proposed motor speed
control system, experimental results of the system are
obtained and presented with discussions.

Keywords: magneto-rheological fluid (MRF), MRF
brake, MR clutch (MRC), speed control.

Classification number: 2.3

day dugc lip dat trén vo cua ly hop. Vo nay duoc ndi voi
tryc ra ctia ly hop va c6 chuyén dong quay trong qua trinh ly
hop lam viéc. Vi vay, dién diéu khién cho ly hop phai dugc
cap thong qua cb gop dién. Co gop dién khong nhitng lam
tdng m6 men ma sat ma con bi mai mon theo thoi gian nén
can qua trinh bao dudng lién tuc. Hon thé nita, voi viée dat
cudn day bén ngoai vo try, hién tuong that nat ¢ chai xay
ra, 1am giam di hiéu sudt 1am viéc cling nhu ting kich thudc
ctia ly hop khi yéu cdu mé men 16n. Ly hop hinh 1B dugc
dé xuét véi viée thiét ké mot hop vo di dong dit bén trong
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v ¢ dinh bén ngoai [5]. Cudn day duoc dit trén vo ¢b dinh
nén ly hop khong can sir dung ¢ gop dién dé cip dién cho
cudn déy. Trong nghién ctru ndy, cau hinh ly hop méi duge
dé xuét & hinh 2.
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Hinh 1. C4u hinh ly hop duing Iwu chét dién - tir bién truyén théng:
(A) Cudn day dat trén vé quay cua ly hop; (B) Cudn day dat trén
vé ngoai co dinh.
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Hinh 2. Ly hop dworc dé xuét véi cudn day ndm 2 bén vé cé dinh.

O céu hinh ly hop duoc dé xuat, cudn day duge dit o
hai bén vo ¢ dinh. Khi cép dién nguoc chiéu cho hai cudn
day, tir thong sinh ra di qua thanh mong ctia vo di dong dén
bdo hoa thi bat dau di xuyén qua cic ranh lwu chéat. Duéi
anh huong cua tir thong, tmg xur ciia luu chét thay ddi theo

cong thuc [3]:
-Ba -2 Ba
+(r, -7 )(Ze Ve Sry)
yo Yoo

T =7
y Yo

Q)

=+ — ) (26 Mg e )

Trong do, T, U lan luot 1a tng sudt chay, dd nhot cua
lwu chat dudi tac dong cua tir truong; T, 1, lan lugt 1a tmg
sudt chay, d6 nhot cua luu chat khi khong co tir truong tac
dong; T _, lan luot 1 gia tri bdo hoa cua g suit chay,
do nhét caa Tuu chét khi ¢6 tir truong rat 16n tac dong (luu
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chat ¢ trang thai bio hoa tir truong); a_, o, lan luot 1a hé sb
mo men bdo hoa cua tmg suit chay, do nho“[ B lamatdo tu
truong dugc dat vao. Cac thong so co ban mod hinh Bingham
cua MRF dya trén thyc nghiém duogc trinh bay trong bang 1.

Bang 1. Thong sé lwu bién cta lwu chat MR 132 DG.

Théng sb Gia tri
Tyo 15 pa
Ty 40000 pa
Hg 0,1 pa.s
Heo 3,8 pa.s
Tsp 4,5T!
Xsry 29T

Hién nay da c6 nhiéu nghién ctru v& viéc phan tich m6
men sinh ra cia phanh hay ly hop [6]. M6 men truyen dong
cua ly hop sir dung luu chit dién - tir bién chi y€u bao gbm
cac lue: luc ma sat giita luu chét véi cac mat tiép xtic cua
dia, lyc ma sat gitta luu chét voi mit tru vién ngoai cua dia,
ngoai ra con ¢6 md men sinh ra cia phét 1ap trén truc co
tac dung ngan chan sy ro ri luu chat ra bén ngoai. M6 men
truyén dong cua ly hop duoc xac dinh nhu sau:

4

4 4 4
m,R R R R dar
r-—dld iy l] 0+ —W”(R3.—R.3)+M 1{”} 0+ d2(1e3 +R3)
d R 3 i d R 3 0
cl co
4 4
R R B QR
a3d | W3[5 3, 2 “ 2
- [RJ 04— (Rd Rc)+2;ertd[ryd4+pd4d i 2)
d 0
4 4 4
m, R R T OR
_dod |5 Yo (03 3) 2 d (3)
Ty = i 1[R J Q+ 3 Rd Ri +2zR;ty Tyowdo i +21/
d 0
LT
Ty =065(2R ) 4)

V6i T va T 1a md men truyén dong khi c6 tir truong
va khong cotlr tmong tac dong; R, va R 1a ban kinh trong
va ngoai cua dia; ¢, 1a chiéu day ciia d” ia; R va R la ban
kinh trong va ngoa1 cua cudn day; d 1a khe hé & mat dAu ciia
dia v6i vo ly hop; d 1a khe ho gilra mat tru ngoai cua vo
ly hop va vé co dmh Q 13 vén toc goc tuong doi gitra truc
chu dong va truc bi dong; t T s Tas .12 gioi han chay
cua MRF1, MRF2, MRF3, MRF4; 1, 1a g101 han chay cua
luu chat MRF O trang thai khong co tac dong cua tur truong;
My My Mys My, 18 d0 nhét sau chay deo cua MRF1, MRF2,
MRF3, MRF4; i, 1a do nhét cua luu chat MRF 6 trang thai
khong c6 tac dong cuia tir truong; T, la m6 men ma sat gitta
truc va phét.

Thiét ké t6i wu ly hop MRF

Trong thiét ké bai toan t6i wu cho ly hop st dung luu
chat MRF, khéi luong va cong suat cua ly hop duge xem
nhur ham muyc tiéu ciia bai toan tdi wu trong thiét ké. Khoi
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lwong cang nho thi két cau ly hop cang gon gang, phu hop
& nhitng noi bi giéi han vé khong gian lap dit. Hon thé nita,
m6 men quan tinh cua ly hop s€ dugc giam di dang ké. Piéu
nay anh huong nhleu L trong viée diéu khién téc do dau ra cua
ly hop. Cong suat can thiét cho ly hop lién quan tryc tiép
dén ngubn dién cap cho cac cudn day. Cong suat cang nho,
cang tiét kiém nang lugng cting nhu phu hop voi ngudn dién
dung dé diéu khién mo men truyén dong cua ly hop. Khéi
luong cta ly hop duoc xac dinh theo cong thirc sau:

m:Vdpd+Vvlpvl+V2p\2+V pMR+Vpn+Vpc (5)

Ve6i v,V , sz, Vie V,vaV, 1an Iuot 1a thé tich cta di ia,
vo di dong, VO c6 dinh, luu chit MREF, céc truc cia ly hop
va cudn day; Pas> P> Puz> Purs P> Pe 1an luogt 1a khéi luong
riéng cua dia, vo di dong, vo ¢d dinh, luu chit MRF, truc cta
ly hop va cudn day.

Cong suat tiéu thu ciia 2 cudn day cua ly hop duge xéc
dinh nhu sau:
2R
p=apR = REVA ©)
zd

Trong do, I 1a cuong do dong dién cép cho cudn ddy va
R, 1a dién tr¢ cia moi cudn déy, R 1a ban kinh trung binh
cua cudn dy; & 1a hé sb dién day khi quén day, hé sb nay
thiét 1ap 1 0,8 trong thiét ké nay; r 1a tr& khang cua day
(0,01726 cho day dong); d, 1a duong kinh cua day quén; w,
h la chiéu dai va rong cua cuon day quén.

bé don gian cho qua trinh t6i wu da muc tiéu, ham da
muc ti€u dugce tuyen tinh hoa nhu sau:

OBJ:aﬂ+ pl ()

Trong d6, m, P la khéi luong va cong sut cua ly hop;
m, P_la khéi lu’ong va cong suit tham chleu cua ly hop
du’oc xac dinh tir thiét ké ban dau trude tdi uu; a, pla céac
trong sb cia ham muyc tiéu co g1a tri tr 0+1,0. Trong nghién
ciu nay, khdi lugong va cong suit duoc xac dinh 1a ¢6 anh
huong ngang nhau nén gia tri cua a, 8 duoc chon bang nhau
va bang 0,5.

Dé phan tich mé men truyén dong cua ly hop MRF, md
hinh phﬁn tu hitu han cua ly hop dung phén mém ANSYS
nhu hinh 3 dwoc sir dung dé tinh toan tir truong qua khe MRF.

Hinh 3. M6 hinh phan tt hivu han dung phan tich mach ti cda ly
hop.
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Trong nghién ctru nay, mdi canh duoc chia 10 phén ta.
Vit liéu cua céc chi tiét ly hop duoc trinh bay trong bang 2.
Trong d6, dia va vo cua ly hgp st dung vat liéu c6 kha nang
dan tir tdt. Truc sir dung vat liéu cach tu dé ngan chan su
déng cung luu chit & gan khu vuc phdt chin lam hu hong
phét. Luu chat 132 DG dugc str dung trong tinh toan thiét ké
& nghién ctru nay vi ¢ tmg suat chay, d6 nhét & mic trung
binh. Puong cong quan hé gilta cuong do tur truong va tu
thong di qua duogc trinh bay ¢ hinh 4.

Bang 2. Vat liéu str dung trong thiét ké ly hop MRF.

Chi tiét Vit ligu Khéi lwong riéng (kg.m?)
Truc Inox 304 7900
Pia va vo Thép C45 7850
Cuén day Déng 8900
18 1,8 I
o
= —
c )
o o v
@, 2 /
gho 2w/
£ z 1/
2 g 1/
L<] -— /
g s
= i
09 ° 0 40 éo |é0 1é0 200

0 200 400 600 800 1000
Cuéng d6 tir trueng H (kA/m)

(A) (B)

Hinh 4. Dwéng cong B-H cua vét ligu sir dung dé thiét ké ly horp:
(A) Vat liéu thép C45; (B) Lwu chiat MR132DG.

Cudng dd tur trudng H (kA/m)

Cong cu tdi vu tich hop voi mo h1nh phén tur hitu han tren
nhiéu nghién ciru truéc day trinh bay qua trinh t6i wu co ciu
sir dung luu chat MR [7, 8]. Pau tién, mo hinh phan tir hitu
han cho ly hop duoc xdy dung sir dung phan tir PLANE13
ctia Ansys. Méi truong da tir truong duoc st dung dé giai
mach tir di qua luu chat. Sau d6 tinh luu bién cta luu chét tir
cong thire (1) dugc xac dinh dya vao tir thong trung binh cua
timg doan luu chat. Sau d6, mé men truyén dong, khéi luong
va cong sudt cua ly hop duoc xac dinh lan luot qua cong thirc
(2), (5) va (6). Gia tri khdi lwong va cong sudt tinh dugc tir
nhirng gia tri ban dau duoc xem nhu cac tham s6 tham chiéu
¢ cong thire (7). Thuét toan t01 uu First order trong Ansys
duoc sir dung dé giai bai toan toi wvu véi md men truyen dong
dugc rang budc 1a 16n hon hoac bang 10 Nm. Diéu kién hoi
tu cta cac bién duge thiét lap 1a 0,1%. Bén canh do, kich
thudc khe ho khong khi giita vo ¢b dinh va vo di dong duoc
¢b dinh 14 0,3 mm. Luu ¥ rang, khe ho cang nho, tir thong di
qua d& dang, m6 men truyén dong cua ly hop cang 16n, ton
thét tir truong nho. Tuy nhién, d6 hé ciia khe khong khi can
dugc suy xét trén phuong dién kha nang, chi phi gia cong va
ldp rap. Tuong ty vy, bé rong cia ranh luu chét cling dwoc
¢6 dinh 12 0,8 mm. Khe luu chat cang nhd, hi¢u suét cua ly
hop cang 16n va nguoc lai. Puong kinh day quén duge chon
la 0,5 mm, do d6 cuong do tdi da cép cho cudn day 1a 2,5 A
dé dam bao kha nang an toan.
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Két qua

Loi gidi bai todn thiét ké t6i wu ly hop

Véi cac thong sé nhu phan trén, bai toan téi wu ly hop
s& hoi ty sau 25 vong lap. Két qua giai bai toan tbi wu duoc
trinh bay trong hinh 5 va bang 3. Két qua hinh 5 cho thiy,
tur thong di qua ranh mong cua vo di dong bao hoa tur nén tu
thong bi ép di qua ranh luu chat. Cuong d¢ tir truong phén
bd doc theo ranh luu chét khong dong déu va c6 gid tri trung
binh xap xi 0,4 Tesla. Bang 3 trinh bay gia tri t6i uu cta bién
thiét ké va cac thong sé co ban ciia ly hop tai gia tri toi wu.
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Hinh 5. Phan bé tir trwong cta ly hop sau khi tdi wu.

Bang 3. Két qua sau t6i wu ctia cac bién thiét ké ly hop.

Kich thwée bién thiét ké (mm) Dic tinh ly hop

Cudn day: rong w =1,022; M6 men tai tbi da (Nm): 10,33

cao h =9,943; ban kinh trong
R, 34 799; s6 vong quan 39
Pia: R=14.2, R =50,3; bé day:

Khéi luong ly hop (kg): 2,235
Cong suat tiéu thu (W): 10,23
Dién tro cudn day (Q): 0,818

b=15
Khe hé luu chat: 0,8

V6 cé dinh: RR=54.5, L =30,7
Vo di dong: R=52,7, L =199

Diéu khién toc dp dpng co ding ly hop MRF

Sau khi t6i wu ly hop d& xudt v6i rang budc mé men
truyén dong 1a 10 Nm, tir dit liéu bang 3, ly hop mau dugc
ché tao dua trén két qua cac bién thiét ké da duoc t6i vu. Bé
danh gia kha ning lam viéc cta ly hop MRF, hé thng thi
nghiém diéu khién van téc dau ra cua ly hop co tac dong cua
tai duoc bé tri nhu hinh 6. Trong do chuyen dong quay tur
dong co AC servo qua hop glam tbe toi dau vao cia ly hop.
Pau ra cua ly hop dugc két ndi voi tai. Cam bién mé men
cling dugc b tri giita truc ra cua ly hop va tai dé do luong
mo men tai. Tdc dd quay cua tai duoc do bang Encoder. Dé
tao ra mo men tai mong mudn, trong nghién ciru nay phanh
MREF [9] véi tai trong t01 da 10 Nm dugc st dung. Dé diéu
khién toc d6 mong mudn cua tryc tai théng qua ly hop MRE,
b6 diéu khién PID duoc si dung.
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Hinh 6. Hé théng diéu khién téc d6 dau ra cha ly hop véi van téc
mong muén: (1) ngudn dong, (2) déng co servo, (3) hop s, (4) ly
hop dé xuét, (5) tai, (6) cam bién mé men, (7) Encoder, (8) card thu
thap di lidu, (9) may tinh.

Hinh 7A va 7B biéu dién két qua thyc nghiém tdc d6 dau
ra cua truc ly hop duoc diéu khién dap img theo téc d6 mong
mudn 1a tdc do bién thién hinh sin véi tan s6 lan luot 1a 1 Hz
va 3 Hz. Trong thi nghiém ndy, m6 men tai do phanh MRF
tao ra la 3 Nm. Toc d6 dau vao cua ly hop (tbc do dong co
AC) dugc gitr. ¢b dinh 600 rpm bang bo diéu khién bién tan.
Tbe @6 thuc té dau vao cling dugc thé hién trén hinh 7A va
7B. Tt hinh 7A va 7B ta nhan théy, mic du tdc do dau vao
duoc ¢b dinh & 600 rpm, nhung tdc do vao thuc té co dao
dong kha 16n, véi sai léch 1én dén 10%. Diéu nay ciing dé
hiéu vi téc do dong co AC duoc diéu khién bang bo bién tan
va khong c6 mach phan héi toc do. Quan sat két qua téc do
dau ra cua ly hop ta nhan thay, toc do thuc té du ra rat gan
vdi gid tri mong mudn véi sai s6 trung binh 13 6%. Sai so kha
cao nay c6 thé 1a két qua khong on dinh cia cac thong s nhu
van toe goc cua truc chu dong (dong co DC), ma sat va mo
men tai trong. Trong nhitng nghién ctru tiép theo, thuat toan
diéu khién bén vitng (robust control algorithm) dugc xem xét
dé didu khién tdc do truc tai voi tai trong thay doi.
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Hinh 7. Dap (ng diéu khién téc do.
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Khoa hoc Ky thuat va Céng nghé

Keét luan

Trong nghién ciru nay, mot phuong phap méi dé didu
khién téc do cua hé thong tai dan dong boi dong co dién
thong qua hé thong ly hop luu chat dién - tir bién da dugce dé
xudt, thiét ké téi uwu, ché tao va thyc nghiém. Thiét ké ti wu
dd xem xét téi mo men truyén dong can thiét, kich thude va
khéi lugng cua ly hop MRF. Muyc tiéu cua bai toan t6i vu 1a
xéc dinh kich thudc hinh hoc téi wu cua ly hop sao cho khi
luong ly hgp nho nhét trong khi mo men truyén dong co thé
dat dugc gia tri m6 men yéu cAu, trong nghién ctru nay la 10
Nm. M6 hinh méu ctia ly hop MRF di duoc ché tao dé lam
thi nghiém danh gid. Mot hé thong diéu khién téc do dau
ra cua dong co DC két ndi véi tai thong qua ly hop MRF
va bo didu khién PID di duoc thiét ké, ché tao. Két qua thi
nghiém diéu khién téc d6 thay ddi theo quy luat hinh sin
mong mudn voi tan sé 1 Hz va 3 Hz va m6 men tai 3 Nm.
Ket qua nghién ciru cting cho thdy toc do6 didu khién dap tmg
tot v6i toc do mong mudn véi sai s6 trung binh 1a 6%. Sai
s6 nay c6 thé 1a do cac thong sé cua hé théng khong 6n dinh
nhu van tdc gbc cua truc chu dong, ma sat va mo men tai
trong.

LO1 CAM ON

Nghién clru nay dugc tai trg boi Quy Phat triér}
KH&CN quoc gia (NAFOSTED) thong qua dé tai ma so
107.01-2018.335. Nhém nghién ctru Xin tran trong cam on.
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Nghién ciru phwong phap phan tich dong vi bén
trong nwoc qua tao sw dung he phan tich pho ké lazer
dé ho tro' xac thuwe nguon goc dia ly cua san pham

Ha Lan Anh’, Ping Pirc Nhin, Nguyén Thi Twoi, Mai Pinh Kién, V6 Thi Anh
Vién Khoa hoc va Ky thudt Hat nhan
Ngay nhan bai 6/9/2019; ngay chuyén phan bién 9/9/2019; ngay nhan phan bién 11/10/2019; ngay chép nhan ding 17/10/2019

Tém tit:

Nghién ciru niay ¢6 muc dich xiy dung phwong phap chiét nwéc qua tao bing ky thuat chian khong - dong lanh va
phan tich thanh phin dong vi bén 62H va 5'*0 trong nwéc qua tao tir My va Newzeland trén hé pho ké lazer LWIA
- 24D - Los Gatos nhim hd trg danh gia ngudn géc dia Iy ciia san phim. Két qua chiét - cin va kiém tra t-test véi
mirc ¥ nghia a=5% va p<0,05 cho thiy, phwong phap chiét 6n dinh, lwgng nwéc thu dwge diam bio cho phan tich
thanh phﬁn dong vi bén vi khong ¢6 ddu hiéu thong ké chi ra suw khac nhau giira cac gia tri trung binh cia luwgng
nuéc thu dugce tir nhiéu lan chiét khac nhau cia cung mot loai miu véi do 1éch chuan nhoé hon hoiac bang 0,03 (g)
Két qua phan tich cac thanh phan dong vi trong mAiu nuéc qui tio cho thay do 6 6n dinh va d¢ tin cdy dat yéu ciu
theo tiéu chuan ciia nha san xuit dua ra d01 voi phep phan tich thanh phan dong vi 8’H va 880 véi do 1éch chuin
ciia cic miu déu nho hon 0,3%o véi cac sai s6 chuin ciing nhé hon 0, 3%0 Cac két qua phan tich thanh phan dong vi
bén trong nuwéc miu tio ciia My, Newzeland cho thay c6 sw khac biét vé ty s0 dong vi bén, day la co s& dé hd tro xac

thue ngudn goc dia 1y san pham.

Tir khéa: ngudn goc dia 1y, phd ké lazer, tao, thanh phin dong vi 5*H va §"%0.

Chi s6 phén loai: 2.4

Md dau

DPong vi bén 2H va 80 da dugc phat trién trd thanh cong
cu hitu ich cho qua trinh diéu tra quan hé cta ngudn nude
v6i thue vat dé nhén ra ngudn nudce thuc vat da su dung va
tra 101 cho cau hoi vé ngudn gc nudc khac nhau cua cac
thuc vat & cac ving mién khac nhau. Trong qua trinh quang
hop cua thuc vat, nuéc 12 ngudn duy nhit cung cép hydro
dé quang hop, oxy duogc cac thuc vat ldy tir nhiéu ngudn
bao gém oxy trong khi quyén, CO, va nudce trong dat. Do
d6, thanh phan dong vi 2H va 80 ctia nudc tir trai cay hay
céc loai rau phan anh thanh phan dong vi cia nudc ngam va
nuéce khi twong tai mdi dia phuong [1].

Do dac tinh phu thudc cua mic d phan tach dong Vi
trong nudc vao nhiét do, vi do va diéu kién tu nhién, Co
quan Ning luong nguyén tir quoc té (IAEA) da tu van cho
cac nudce thanh vién st dung cac gia tri thanh phan dong vi
bén ciia Hydro va Oxy la 82H, 8'*0 nham nhén biét ngudn
gbc dia 1y cua timg san pham, didc biét 1 nudc trai ciy va
ruou [2-7].

Hién nay, trén thi truong Viét Nam co rat nhiéu céc loai

‘Tac gia lién hé: Email: meetanh@yahoo.com
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tao nhap khau c6 ngudn gde chu yéu tir cac nude nhu My,
Newzealand va Trung Qudc v&i nhiéu chung loai da dang va
phong phti. Nhung ¢6 mét thyc trang 1a sy thiéu trung thyc
ctia ngudi cung cép san pham da gay cho nguoi tiéu dung
ndi lo san pham khong dam bao an toan. Do vay, viéc xac
dinh nguon gdc san pham dang tré thanh van dé thiét yéu
trong thuong mai va mang tinh phép 1y toan cau.
Phuong phap thuc nghiém

Xir Iy méu

Nude duogce chiét tir qua téo tuoi bing phuong phép chiét
chéan khong - dong lanh - da dugc chirng minh 1a phuong
phap chiét nhanh, wu viét trong viéc han ché chiét dong thoi
c4c chét hiru co 14n miu [8, 9]. Phuong phap nay dwoc thuc
hién tai phong thi nghiém thay vin dong vi dua trén hudng
dan cia ban TECHDOC 1783 vé “Cac phuong phap hd trg
1dy mau va chuan bi mau cho phén tich dong vi va hat nhan”
do TAEA ban hanh [10]. Dé chiét nuéc tir mau, mau dugc
can tir 2-5 g vao lo thily tinh, phu 1én bé mat mau mot 16p
bong thuy tinh, ghi nhin va dua vao dong dé, sau dé tién
hanh chiét chan khong.
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Abstract:

This study aims at the development of a cryogenic
vacuum extraction method for extracting water in apple
following the determination of stable isotope composition
of hydrogen (6°H) and oxygen (8'%0) of water in apple
from the United State and New Zealand using a laser
LWIA - 24D - Los Gatos spectrometer for tracing the
geographical origin of products. Results of extracting
- weighing and checking t-test at the significance level
0=5% and p<0.05 showed that the extraction method
functioned stably, the amount of water collected ensured
no fractionation of deuterium and oxygen-18, there are
no statistical difference between the mean values of water
amount collected from different extraction batches of the
same sample. The standard deviation among extraction
batches less than or equal to 0.03 (g). The analytical
results on laser spectroscopy showed that the stability
and reliability met the manufacturers’ criteria for the
analysis of isotopic composition 6’H and 6'*0O with the
standard deviation of all samples be less than 0.3%.
and standard errors less than 0.3%.. The results of the
stable isotope analysis of water in apple samples from
the US and New Zealand showed the difference in the
composition of hydrogen and oxygen in apple’s water
so that it is believed that there is a basis to support the
assessment of the authenticity of the products.

Keywords: apple, geographical origin,
composition 6*H and 8'%0, laser spectrometer.

Classification number: 2.4
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Phan tich méu

Phén tich thanh phan dong vi bén 8°H va §'80 duoc thuc
hién trén thiét bi phd ké hap thu lazer LWIA - 24D. Mau
nude duoc dua vao buéng héa hoi qua hé bom mau ty dong,
sau d6 hoi nudc di vao budng quang hoc ¢6 méi trudng chan
khong cao. Didt lazer tao ra tia birc xa co budc song gan
ving quang pho tia hdng ngoai di qua hoi nudc trong budng
quang hoc. Cac guong phan xa cao trong budng quang hoc
thu nhan nhitng photon lazer va tao hang nghin tia khac
xuyén qua hoi nu6e dé nang cao hiéu suat xac dinh su hip
thu 4nh sang ciia cac dong vi trong nude. Cac tia sau khi ra
khoi budng quang hoc, nhitng photon lazer con lai duoc hoi
tu thong qua mot thau kinh trén detector photon, tir d6 xac
dinh duoc su hép thu quang hoc thong qua bd thu nhan va
phan tich dit liéu, tai day sy hip thu quang hoc dugc chuyén
thanh thanh phan ddng vi ciia mau bang cach so sanh véi sy
hap thu ciia chuan trong may da biét gia tri dong vi. Sau mdi
méu do dac, hoi nudc trong budng quang hoc duge hiit ra
bang bom hut chan khong. Hiéu ng nhd sau mdi 1an phan
tich dwoc loai tru béng cach bom phan tich 3 lan chuén bi
trude 3 1an phan tich 1ay gia tri.

Tinh todn két qud do dong vi trong méu

Thanh phan dong vi bén cua hydro 8°H va oxy 80 1a ty
s6 gitra dong vi ning va déng vi nhe trong miu so véi ty sb
chuan biéu thi bang gia tri 8%o nhu sau:

NE — (Pmiu
SVE = (3~ 1) X 1000

Trong d6, N 1a s6 khdi cua ddng vi nang cta nguyén t6 E
(Hhodc O),R ; laty s6 ctia dong vi nang so véi dong vi nhe
(*H/'H hodc '*0/'°0) trong mau do, R . 1a ty s6 cua dong
vi nang véi déng vi nhe (*H/'H hodc '*0/°0) trong miu
chuan V-SMOW (Standard Mean Ocean Water - SMOW 1a
mau chuin do IAEA cung cép).

Két qua va thao luan

Danh gia phwong phdp chiét chén khong - dong lanh
anh hwéng dén thanh phan dong vi ciia mdu dwoc chiét

Pé thuc hién danh gia nay, nhom nghién ctu da thuc
hién phan tich mau nudc may tai phong thi nghiém va so
sanh gia tri 3°H va 6'80 cua nudc may tai phong thi nghiém
trudc va sau qua trinh chiét chan khong dong lanh. Mau
trude khi chiét va mau sau khi chiét duoc thuc hién phan
tich thanh phan ddng vi 8°H va §'%0 trén hé phd ké lazer
LWIA - 24D.

Két qua phan tich dugc kiém tra t-test véi mirc y nghia
0=5%, p<0,05 cho thdy khong c6 dau hiéu thong ké khac
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nhau gitra gia tri 6°H, 8'®0 cta nudc may trong phong thi
nghiém truéc chiét va sau chiét (hinh 1, hinh 2). Gia tri
trung binh 8H cta mau nudc trude va sau chiét gan nhu
gidng nhau (-62,34%o cho mau trude chiét va -62,32%o cho
mau sau chiét), trong tw véi gia tri trung binh 8'*0 ciia miu
nude trude va sau chiét (-9,67%o cho mau trudc chiét va
-9,57%o cho mau sau chiét) ciing chi ra khong c6 sy khac
nhau cuia cac gid tri trude va sau chiét (bang 1, bang 2).

OE 61,0 N
I
35 -61,51
62,0
o
62,5
63,0
=
63,5

Tru’dclchiét Sau chiét
Hinh 1. So sanh gia tri 5?H trwéc va sau qua trinh chiét mau chan
khéng - déng lanh.

9,0
_9,1 _-
9,2
9,3
9,4
9,51
9,6
9,7
_9’8_-
9,9

10,0 . -
Sau chiét

5 180 [%o0]

Trwéc chiét

Hinh 2. So sénh gia trj 5"*0 trwé'c va sau qua trinh chiét mau chan
khong - dong lanh.

Bang 2. M6 ta thong ké gia tri 5'°0 clia nwéc may tai phong thi
nghiém trwéc va sau qua trinh chiét mau chan khéng - déng lanh.

Pham vi phan tan Truéc chiét 5'*0 Sau chiét 5'*0
Trung binh (n =6) 9,67 [%o] -9,57 [%o]

Sai s6 chuan 0,12 0,06

Trung vi -9,81 [%o] -9,59 [%o]

D6 léch chuin 0,06 0,03

t Stat -0,81

Gi trj t t6i han 2,77

Gia tri tbi thidu 9,91 [%o] -9,70 [%o]

Gia trj t6i da 9,33 [%o] -9.43 [%o]

Nhu véy, két qua phan tich va danh gia thong ké cho
thay, phuong phap chiét chan khong - dong lanh khong lam
anh huéng dén thanh phan dong vi ciia mau dugce chiét.

Khao sat, danh gida kha ndng tach nwdc tic qua tdao
ciia phwong phap chiét chin khéong - dong lanh

Dua theo huéng dan ctia IAEA [10], 15 miu tao tuoi
dugc tién hanh theo ding quy trinh chiét chan khong - dong
lanh dé tinh lugng nude thu duoc khi chiét 2 (g) mau tio
tuoi va do 6n dinh cta qua trinh chiét. Két qua chiét - can
va kiém tra t-test voi mirc y nghia 0=5%, p<0,05 cho thiy
khong c6 ddu hiéu thong ké chi ra sy khic nhau cia luong
nudce thu duge tir cac 1an chiét khac nhau voi cac gia tri
trung binh ctia lugng nudce thu duge tir nhidu 1an chiét khac
nhau ctia ciing mot loai mau g?m nhu khong c6 su khac biét
v6i d6 1éch chudn nho hon hodc bang 0,03 g. Tir két qua nay
ta c6 thé két luan phuong phap chiét 6n dinh, luong nudc
thu dugce dam bao cho phan tich ty s dong vi bén (bang 3).
Bang 3. Két qua danh gia lwgng nwéc thu dwoc va 6n dinh cla
phwong phap chiet.

Loai tdo m,.; (2) 2w (8) m,, ;. (2)
Bang 1. Mé ta thdng ké gia tri 5°H clia nwéc may tai phong thi TéoRosenewze 1 1,33 132 133
nghiém trwéc va sau qua trinh chiet mau chan khong - dong lanh.
Téo Rose newze 2 1,35 1,33 1,35
Pham vi phén tan Truéc chiét 52H Sau chiét 52H
Téao Rose newze 3 1,32 1,35 1,33
Trung binh (n=6) -62,34 [%o] -62,32 [%o]
; . Téo Rose newze 4 1,34 1,33 1,35
Sai s0 chuan 0,13 0,16
) Téao Rose newze 5 1,35 1,34 1,32
Trung vi -62,53 [%o] -62,32 [%o]
PG léch chun 0,16 0,19 ™ i (&) 1,34 133 1,34
¢ Stat 0,081 Do léch chuin 0,01 0,01 0,01
Gia trj t téi han 2,245 Tao Gala USA 1 1,22 1,23 1,18
Gia tri t6i thiéu -63,32 [%o] -63,38 [%o] Tao Gala USA 2 1,17 1,22 1,22
Gia tri tdi da -61,17 [%o] -61,43 [%o] Tao Gala USA 3 1,22 1,21 1,23
TAP CHI
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Téo Gala USA 4 1,23 1,20 1,21
Téo Gala USA 5 1,23 1,22 1,20
m e (®) 1,21 1,22 1,21
D) léch chuén 0,03 0,01 0,02
Tho d4 1 1,48 1,47 1,44
Téo da 2 1,47 1,45 1,44
Téo da 3 1,44 1,47 1,45
Téo da 4 1,48 1,44 1,47
Tho d4 5 1,44 1,47 1,47
m (@ 1,46 1,46 1,45
Do léch chuin 0,02 0,01 0,02

Nghién ciru dp chinh xdc ciia phép phan tich thuc hién
trén pho ké laser

Theo TCVN 6910 1-6:2002 va tiéu chuan qudc té ISO
5725 1-6:1994, hai thuat ngit d6 chum va do dung dién ta
d6 chinh xac cta phép phan tich [11]. Do dé, dé xac dinh
dd chinh xac cia phép do, nhém nghién ciru da thuc hién
phép do 1ap lai véi cac chudn (STD 2C, STD 3C, STD 4C)
va mau thi nghiém da duoc x4c nhan gia tri thanh phan dong
vi tai phong thi nghiém thily vin dong vi & Vién (Ao). Mbi
mau do duoc lap lai 6 1an dé tinh toan d6 chum dugc mé ta
bé“mg d6 1éch chuén va do ding dugc mo ta bﬁng do chéch
bias cho phép phan tich. Cac miu trude khi do duoc thuc
hién qua trinh chuan bi mau do twong ty nhu mau thyc theo
quy trinh chiét chan khong - dong lanh. Két qua dat dugc
(bang 4, bang 5) cho thay, do léch chuan déu nhé hon 0,3%o
d6i v&i phép do 82H va nhé hon 0,1%o d6i voi phép do 5'%0.
Do chéch bias d6i véi cac phép do déu rat nho, dat gia tri
xung quanh £1%.

Bang 4. Két qua thwc hién kiém tra do chinh xac ctia phép do 52H.

STD2C  STD3C  STD4C  MhusongHong  MAu CitBa
Tén miu O*Hvsmow ~ 8*Hvsmow ~ 0’Hvsmow ~ 6*Hvsmow 0*Hysmow
% % % % %
1 2320 9756 5165 6159 -14,70
2 A9 9152 5153 6181 1485
S 1hn 3 2300 9737 S 6159 -14,79
phintich 4 1321 912 ST -61,51 -14.98
5 2300 9747 SL00 6154 1487
6 12294 9733 5150 6155 1474
Do léch chun % 0,13 0,09 0,10 0,11 0,10
Giatritrungbinh % -123,10 9746 5164 6160 14,82
Gid trj gbe %o A0 97300 S0 6L 18 e
Do chéch bias % 0,16 0,17 0,08 0,11 0,12
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Bang 5. Két qua thwe hién kiém tra dé chinh xac cta phép do 5'°0.

. $TD 2C STDIC  STD4C MiusongHong ~ Mau Cit Ba
Tén miu 0%0vsmw 0" Ovsmw 0" Ovsmow 6" Ovsmow 0" Ovsmow
% % o o %
11627 1338 199 88 20
21625 1335 8,00 $.90 219
S o 3 -1626 1337 786 90 218
phin tich 4 -6 1336 4,00 9,06 220
51625 1333 789 4,99 220
6 -1627 1337 795 886 219
D6 Iéch chuin % 0,01 0,02 0,06 0,09 0,01
Giatrj trung binh %o~ -16,25 1336 195 8,94 220
Gi r] gbe Yo -1624 1339 194 90 2 s
Do chéch bias % 0,06 -0 0,13 132 0,94

Cac gia tri géc ctia mau thuc hién kiém tra do chinh xac déu
da dugc ching nhan boi nha cung cap Los Gatos va IAEA véi
sai sb tinh theo dd léch chuan £0,5%o v6i 8°H va £0,15%o voi
3'80. Két qua trinh bay ¢ bang 4 va bang 5 cho thiy, d¢ léch
chuan dat duoc 16n nhét +0,13%o dbi véi phép do gia tri 8H
va £0,09 dbi v6i 8'%0. Tir cac két qua kiém tra do 1éch chuan
va do chéch bias, chung ta co thé khing dinh d6 chinh xac
ctia phép phan tich khi thuc hién céc quy trinh chiét mau chan
khong -dong lanh va phan tich trén hé phd ké lazer tai phong
thi nghiém thy van dong vi.

Nghién ciru anh hwong cia diéu ki¢n trong phong thi
nghiém khi chudn bi mdu dén ket qua thanh phan dong vi

Nim miu tao dugc chudn bi trong diéu kién phong thi
nghiém voi nhiét do dao dong trong khoang 21 dén 23°C, do
am khoang 60% va 5 mau tio dugc chuan bi trong budng sach
hat chan khong. Cac miu tio dugc chuan bi tir cing 1 qua
tdo dugc mua tr cira hang, duoc chiét nude va gia tri déng vi
8?H va 8'30. Két qua do dugc tinh toan va kiém dinh t-test v6i
muc y nghia 0=5%, p<0,05 va trinh bay ¢ hinh 3, hinh 4 cho
thay khong ¢6 su khac nhau vé gia tri ty sb dong vi khi cac
mau duoc chuén bi trong ca 2 diéu kién moi truong 21 dén
23°C, 36 4m khoang 60% va buéng sach hut chan khong nhu
trén. Nhung trong dicu kién chan khong két qua c6 do chum tot
hon. Do véy, khi chuan bi mau luén chon diéu kién phong thi
nghiém c6 diéu hoa kiém soat nhiét do va do am hodc budng
sach dugc hut chan khong.

-73,12 4
-73,14
-73,16
-73,18
-73,20
-73,22
-73,24
-73,26
-73,28
-73,304

8°H [%0]

.

T
Diéu kién chan khéng

T
Piéu kién phong thi nghiém

Hinh 3. So sanh gia tri thanh phan déng vi 8°H ctia mau nwéc
chiét trong hai diéu kién mai trwng chuan bi mau khac nhau.
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Hinh 4. So sanh gia tri ty s6 dong vi $"°0 cta mau nwéc chiét
trong hai diéu kién moi trwong chuan bi mau khac nhau.

Nghién ciru sw dnh huéng cua thoi gian chiét méu dén
gid tri dong vi

Dé thyc hién kiém tra nay, nhom nghién ctru da chuén bi
cac mau tao theo dung quy trinh nghién ctru va chiét trong
cac khoang thoi gian khac nhau, lan luot 1a 30, 45, 60, 90,
120, 150 phut. Theo cac nghién ctru [9, 12, 13] va dir liéu
thuc nghiém tai Phong thi nghiém thily vin dong vi vé tmg
dung chiét nudc bing ki thuat chan khong - déng lanh cho
phan tich déng vi bén khong can phai dat 100% d6 thu hoi
nuée dé thu dwoc mau nude khong phan tach ddng vi ma chi
can tim duoc thoi gian t6i thiéu cho qua trinh chiét dé mau
dat duoc gia tri 6n dinh. D6i véi mdi loai mau khac nhau s&
¢6 mot thoi gian tdi thiéu khac nhau, vi du nhu trong nghién
ctru cia Adam G. West va cong sy (2006) thoi gian tdi thiéu
chiét nudc tir than cay dao dong trong khoang tir 60 phiit
dén 75 phut cho 3 loai than cay khac nhau: cay A. Altissima
(75 phut), cay P. edulis (60 phut), cay J. osteosperma (60
phut). Trong nghién ctru trén hé chiét tai Phong thi nghiém
thuy van dong vi thoi gian tdi thiéu cho 6n dinh dong vi 1a
90 phut d6i v6i 82H va 60 phit ddi voi 880 (hinh 5 va hinh
6). Do do, dua trén Kkét qua thuc nghiém va tai liéu hudng
dan ctia IAEA, nhom nghién ctru lya chon thoi gian chiét
mau nude tlr qua tio cho nghién ctru 1a 2 gid cho ca hai loai
dong vi Hydro va Oxy.

£72,0 1
740 4
I 76,0 -
-~
78,0 -

80,0 -
82,0 4
84,0 4

805 3 w0

*

90 120 150 180
Thoi gian chier (phiiy)

Hinh 5. Két qua gia tri ty s6 dong vi 5°H trong mau tao chiét chan
khéng - dong lanh theo thei gian.
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Hinh 6. Két qua gia tri ty s6 dong vi 530 trong mAu tao chiét chan
khong - dong lanh theo thei gian.

Khio sdt dp on dinh ciia phép do nwéc tich tiv tio trén
may lazer

Viéc phan tich gia trj °’H va §'80 ctia 5 loai mau tdo
khéac nhau dugc thuc hién cho nhién ciru nay, mdi mau dugc
thuc hién chiét va phéan tich 6 lan. Cac két qua dugc trinh
béy trong bang 6 va bang 7. Két qué phan tich trén h¢ quang
phé hip thu lazer va danh gia thong ke cho thay dbi véi ca
5 loai mau, su bién thién gia tri ty s6 dong vi rit nho giira
c4c lan do v6i phuong sai trong khoang tir 0,01 dén 0,04.
Do 1éch chuan ciia phép phan tich thanh phan dong vi 5'%0
trong cac mau déu nho hon 0,1%o véi sai s6 chuan nho hon
0,1%o. Két qua phan tich gia tri 5?H ciing chi ra sy bién thién
gié tri ty s6 dong vi rt nho giita cac lan do véi phuong sai
trong khoang tir 0,01 dén 0,04. Do léch chuan cua cic mau
déu nho hon 0,3%o v6i cac sai sd chuin cling nho hon 0,3 %eo.
Két qua nay cho thay, d6 6n dinh va do tin ciy cua phép
phan tich nudc chiét tao trén phd ké lazer dat yéu cau theo
céc tiéu chudn IAEA va phu hop véi cac nghién ctru di cong
bd trén thé gidi [14].

Bang 6. Két qua phan tich gia tri 52H ctia mot s6 loai tao.

. GalaUSA RED USA  Tio da L0
Tén mau Newzeland
0*Hvsmow  6?Hvsmow  6*Hvsmow 0*Hvsmow
%o %o %o %o
1 -113,58 97,65 73,38 54,52
2 -113,60 97,42 73,37 -54,60
Solan 3 11338 97,38 73,40 54,62
phan
tich 4 -113,89 97,37 73,21 -54,59
5 -113,72 97,40 73,67 54,53
6 113,38 97,26 73,64 -54,52
Do lgeh chuan 4 5, 0,13 0,18 0,04
%o
Gia tri trung
i 113,59 97,41 73,45 54,56
Phuong sai 0,04 0,02 0,03 0,00
Sai s6 chudn %e  -0,08 0,05 0,07 0,02
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Bang 7. Két qua phan tich gia tri 5'°0 clia mét s6 loai tao.

GalaUSA REDUSA Tio da L
~ Newzeland
Tén mau
0"0vsmow 0" 0Ovsmow  6"*Ovsmow  6'°Ovsmow
%o %o %o %o
1 16,04 -13,58 -11,79 9,78
2 16,06 -13,56 -11,71 9,65
Sé Iin 3 -15,98 -13,48 -11,69 9,66
han tich
PRAECE 4 1503 -13,51 11,73 29,68
5 -16,15 -13,59 -11,77 9,69
6 -1595 -13,63 -11,80 9,63
bo 1éch chuan 0,05 0,04 0,05
%o
Gia tri trung
N -16,02 -13,56 -11,75 9,68
Sai s6 chudn % 0,03 0,02 0,02 0,02

Céc két qua phan tich 8H va 880 cuia cac loai mau tao
tur cac vung dia 1y khac nhau nhu tdo tor My va Newzland
cho théy 6 su khac nhau rd rét vé gia tri cua cac thanh phﬁn
ddng vi theo cac ving dia ly khac nhau. Péy 1a co so khoa
hoc cho viéc xac thuc nguén géc dia ly cua san phém.

V61 muc tiéu nghién ctru xay dung phuong phép phan
tich thanh phan dong vi bén ciia Hydro 8H va Oxy 8'%0
trong nudc tio tuoi dé hd trg xac thyc ngudn gde dia Iy cua
san pham tao nhap khau, nhém nghién ctru di xdy dung
dugc phuong phap xir Iy chiét chan khong - dong lanh trong
2 gid, phit hop véi didu kién phong thi nghiém dé chiét nuéc
tir qua tio twoi cho phén tich thanh phan dong vi 82H va §'*0
sir dung hé phd ké hap thu lazer LWIA - 24D. Két qua phan
tich thanh phan dong vi bén ctia nguyén té Hydro, Oxy trén
hé phd ké hip thu lazer LWIA - 24D cho thiy, phuong phap
chiét 6n dinh, nude chiét thu dugce khong bi phéan tach dong
vi, dam bao cho phan tich ty sb dong vi bén.

Két qua phan tich trén hé pho ké lazer cho thay, do léch
chudn dat duoc 16n nhat 1a £0,13%o ddi voi phép do gia tri
8?H va +0,09%0 dbi véi 8'80. Do chéch bias dbi véi cac
phép do déu rit nho, dat gia tri xung quanh +1%.

Cac két qua phan tich 8H va 880 cia nudc trong
cAc mau tao tir cac ving dia 1y khac nhau nhu tir My, tir
Newzland cho th?iy ¢6 su khac nhau 13 rét vé gia tri thanh
phﬁn déng vi. Bay 1a co so khoa hoc dé hd tro cac nha quan
ly thi truong xac thuc ngudn gbc dia 1y cac san pham tao
nhap khau dya trén thanh phan dong vi bén trong nudc tio.
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LGOI CAM ON

Nhém nghién ctru chan thanh cam on sy hd trg ctia cac
ddng nghiép trong qué trinh thyc hién cac thi nghiém tai
Vién Khoa hoc va Ky thuat hat nhan. Nghién ctru nay duogc
thuc hién tir sy hd tro cua dé tai thude Bo Khoa hoc va Cong
nghé. Nghién ciru sinh duoc hd trg béi chuong trinh hoc
bong dao tao tién si trong nudc cua Quy Pdi méi sang tao
Vingroup.

TAI LIEU THAM KHAO

[1] A. Kahmen, E. Scheful3, D. Sachse (2013), “Leaf water deuterium
enrichment shapes leaf wax n-alkane 8D values of angiosperm plants
I: Experimental evidence and mechanistic insight”, Geochimica et
Cosmochimica Acta., 111, pp.39-49.

[2] Da-wen Sun (2008), Modern techniques for food authentication,
Academic Press.

[3] Gerard Downey (2016), Advances in food authenticity testing,
Woodhead Publishing.

[4] Karyne Rogers (2017), Isotope for food traceability and authenticity,
National Isotope Centre, GNS Science, New Zealand.

[5] S. Kelly, S. Heaton, J. Hoogewerft (2005), “Tracing the geographical
origin of food: The application of multi-element and multi-isotope analysis”,
Trends in Food Science & Technology., 16(12), pp.555-567.

[6] PR. Ashurst, M.J. Dennis (1996), Food Authentication, Blackie
Academic & Professional, Doi.org/10.1002/f00d.19970410121.

[7] A. Rossmann (2001), “Determination of stable isotope ratios in food
analysis”, Food Reviews International, 17(3), pp.347-381.

[8] Cody Millar, Dyan Pratt, David J. Schneider, Jeffrey J. McDonnell
(2018), “A comparison of extraction systems for plant water stable isotope
analysis”, Rapid Commun. Mass sp., 32, pp.1031-1044.

[9] N. Orlowski, H.-G. Frede, N. Bruggemann, and L. Breuer (2013),
“Validation and application of a cryogenic vacuum extraction system for soil
and plant wwater extraction for isotope analysis”, Journal of Sensors and
Senssor Systems, 2, pp.179-193.

[10] TECHDOC 1783 (2016), Supporting sampling and sample
preparation tools for isotope and nuclear analysis, International Atomic
Energy Agency - Library cataloging in publication data.

[11] Tiéu chuin Viét Nam TCVN 6910 1-6:2002, B chinh xé4c (d6 ding
va d6 chum) cta phuong phap do va két qua do.

[12] L. Aragués-Araguas, K. Rozanski, R. Gonfiantini, D. Louvat (1995),
“Isotope effects accompanying vacuum extraction of soil water for stable
isotope analyses”, Journal of Hydrology, 168, pp.159-171.

[13] A.G. West, S.J. Patricson, and J.R. Ehleringer (2006), “Water
extraxtion times for plant and soil materials used in stable isotope analysis”,
Rapid Commun. Mass sp., 20, pp.1317-1321.

[14] D. Penna, B. Stenni, M. Sanda, S. Wrede, T.A. Bogaard, A.
Gobbi, M. Borga, B.M.C. Fischer, M. Bonazza, and Z. Charova (2010),
“One the reproducibility and repeatability of lazer absorption spectroscopy
measurements for 6*H and 8'30 isotopic analysis”, Hydro. Earth Syst. Sci,
14, pp.1551-1566.



s Khoa hoc Ky thuat va Céng nghé

Ché tao va khao sat d§ bén nhiét
cua pin mat troi chat mau nhay quang

Nguyén Thai Hoang, Nguyén Thi Thuy Hwong, Huynh Lé Thanh Nguyén, Lé Viét Hai"
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quéc gia TP H6 Chi Minh
Ngay nhédn bai 23/8/2019; ngay chuyén phan bién 27/8/2019; ngay nhan phan bién 30/9/2019; ngay chap nhan dang 21/10/2019

Tom tit:

Pin mit troi chat mau nhay quang (DSSC) dugc ché tao theo quy trinh lip rap riéng phi hop véi diéu kién phong
thi nghiém & Viét Nam. Pin dat hi¢u suit chuyén ddi ning lwong 8%, dong ngin mach 17,5 mA/cm?, thé mach hé
0,752 V va h¢ s6 lap day 0,62, twong dwong véi cic nghién ciru trén thé giéi. P9 bén ciia pin dwoc khio sat trong
diéu kién thir nghiém gia toc & 85°C trong 1.000 gid, cho thiy tinh niing ciia pin suy giam dang ké, hiéu suit giam
con 0,83%, dong ngan mach 2,5 mA/cm?, thé mach hé 0,621 V va hé s6 lip diy 0,535. Phwong phép phé tong tré
dién hoa (EIS) dwoc ap dung dé xac dinh nguyén nhan suy giam tinh niing ciia pin trong qua trinh phoi nhiét trén
co' s¢ phan tich cac mé hinh mach twong ng véi dir liéu tong tré. Két qua cho thiy dién cwe quang anod bi suy
giam tinh niing thé hién qua sy tang tong tré trén giao dién TiO ,/dung dich di¢n ly sau 120 gl(r phoi nhiét. Sau 240
gi¢’ phoi nhiét sy giam cap cia chit di¢n ly bit dau x4y ra, thé hién qua su tang dién tré khuéch tin. Sy gidm cap
cia dung dich dién ly con dwgc chirng minh qua sy phuc hdi tinh nang cua pin khi thay méi dung dich dién ly vao

pin sau 1.000 gio phoi nhiét.

Tir khéa: A9 bén nhiét, pin mit troi chat mau nhay quang, tong tré dién hoa.

Chi s6 phén loai: 2.5

Viéc khai thac, sir dung cac ngudn nang luong hoa thach
ngay cang nhleu nham dap ung nhu cau nang 1u0rng cho
phat trién klnh té - xa hoi va ting dan so d3 din dén nguy co
can kiét nguon nhién li€u va gy ra mat cin bang moi trudng
sinh thai. Khi CO, thai ra nhiéu tir qua trinh ddt nhién liéu
hoa thach da tao ra hi€u ing nha kinh gay ra chuoi hi¢u ung:
noéng 1én toan cau, bién d6i khi hau va nhiéu tac hai khac
dén moi truong, hé sinh thai [1]. St dung cic ngudn ning
lwong sach va tai tao dé thay thé, bo sung cho ngudn ning
luong hoa thach truyén thong la g1a1 phap chién luorc cho su
phat trién bén vimg cua nhiéu qudc gia trén toan cau. Trong
d6 nang luong mit trdi duge quan tim nhiéu boi nhimg wu
diém vuot troi: (i) Nang lugng mat trdi 13 ngudn ning lugng
sach, khong phat thai khi nha kinh, trit lugng 6n dinh va vo
tan; (i1) Pin mat troi co lich st phat trién 1au doi tur nghién
ctru co ban dén thir nghiém tng dung va thuong mai hoa
nén nén tang khoa hoc kha vimng chic, co s¢ ha tang, k¥
thuat kha day du, t6i wu; (iii) Pin mat troi rat tién dung, co
thé chuyén truc tiép nang luong mat troi thanh dién ning,
¢6 kha nang tich hop d& dang véi cac thiét bi sir dung ning
luong truyén thong.

Qua trinh nghién ctru phat trién pin mit troi qua nhiéu
thoi ky da dat dugc nhitng thanh qud quan trong, ngay cang

“Tac gia lién hé: Email: Ivhai@hcmus.edu.vn.
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¢4 nhiéu chung loai pin mat troi dugc ra doi véi hiéu suét
chuyén dbi niang lugng cao, gia thanh ré va cong nghé ché
tao don gian, d& dang. Trong d6 pin mat troi chat mau nhay
quang 1a mot diém hinh. Pin mit troi chit mau nhay quang
(Dye-sensitized solar cells, DSSC) do Michael Gritzel
va Brian O’Regan sang ché va cong bd nam 1991 [2].
Céu tao DSSC gdm c6 dién cuc quang anod 13 chat mau
nhay quang Cis-bis(isothiocyanato)bis(2,2"-bipyridyl-4,4'-
dicarboxylato)ruthenium(II) (tén thuong mai 1a N3) gin trén
chat ban dan tinh thé nano TiO,, dién cuc catod la kim loai
platin va h¢ dién ly 1a 1,71 trong dung mdi acetonitrile. Pin
hoat dong dua trén sy quang hoa ctia chat mau nhay quang.
Khi chit mau nhay quang bi kich thich béi photon 4nh séng,
dién tir & trang théi kich thich chuyén sang ving dan cua ban
dan TiO, ri chuyén dén catod thong qua mach ngoai. Dién
tur trén catod khir I trong dung dich dién ly thanh I, theo
phan ung 31"+ 2¢ — L. Chat mau nhay quang (N3) duorc tai
tao tu trang thai oxy hoa boi 1, trong dung d1ch dién 1y theo
phan ing 2N3" +1, — 2N3 + 2I [2-8]. Hi¢u suat chuyen doi
nang lugng ctia pin DSSC cong bd trong sdng ché ndm 1991
1a 7,1%. Sau d6 hiéu suét cua pin dugc cai thién 1én 11%
vao nam 2001 [3]. Qua trinh hoat ddng ngoai troi, DSSC bi
suy giam tinh nang do tac dong cua nhiét do va anh sang.
Nguyén nhan c¢6 thé do sy suy thoai chit mau nhay quang
boi phan tng trao doi phdi tir xay ra giita chit mau nhay
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Abstract:

The dye-sensitised solar cell (DSSC) was assembled and
studied for the long - term stability under thermal ageing
test at 85°C. The performances of the DSSCs before the
test (fresh cell) and after ageing were characterised under
irradiation of intensity of 100 mW/cm? (AM 1.5) using the
solar simulator system. The fresh cell showed an energy
conversion efficiency of 8%, a short-circuit current of
17.5 mA/cm?, an open-circuit voltage of 0.752 V and a fill
factor of 0.62. After ageing at 85°C for 1,000 hours, the
cell performances decreased significantly with an energy
conversion efficiency of 0.83%, a short-circuit current
of 2.5 mA/cm?, an open-circuit voltage of 0.621 V, and
a fill factor of 0.535. The electrochemical impedance
spectroscopy (EIS) technique was applied to study the
degradation mechanism of the cells under thermal
ageing test. It was found that the loss of performance of
DSSCs after the first thermal ageing in 240 hours was
caused by the degradation of photoanode. By increasing
the aging time, the performance of DSSCs was degraded
by the degradation of the cathode and the electrolyte.

Keywords: dye-sensitised solar cells, electrochemical
impedance, thermal stability.

Classification number: 2.5
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quang va dung méi hodc chat phu gia ciia dung dich dién ly;
su bay hoi dung méi trong dung dich dién ly; quang phan
huy cac chat trong pin bai xtc tac quang TiO, duéi 4nh sang
tor ngoai [9-11].

Viét Nam dang trén da phat trién manh mé& ngudn ning
lwong mat troi. Theo quy hoach phat trién dién luc qudc
gia diéu chinh (2016), cong suét dién mit troi duoe nang
tir mirc chua dang ké 1én thanh 850 MW vao nam 2020.
Céc cong nghe pin nang lugng & Vlet Nam chu yéu st dung
cac san pham thuong mai nhap vé tir cac nude phat trién
dién hinh nhu Pirc, My va gan déy 1a Trung Qudc. Dé co
thé tu ché tao duoc pin mat troi, bét kip v6i trinh do phat
trién cong nghé pin mit troi trén thé gidi, Viét Nam can dau
tu nghién ctu ché tao cac loai pin mat troi thé hé mai, gia
thanh ré, ché tao don gian nhu pin mat troi chit mau nhay
quang, pin mat troi cham luong tir, pin mit troi perovskite.

Trong nghién cru nay, ching t6i trinh bay mét phuong
phép ché tao pin mit troi chit mau nhay quang bang cong
nghé ché tao don gian, c6 thé ap dung trong nudc véi hidu
suat dat dugc kha cao. Ngoai ra, chung t6i con ap dung
phuong phap thir nghiém gia tdc nhiét dé khao sat do bén
phan huy cta pin DSSC. DPdng thoi 4p dung phuong phap
tong tré dién hoa dé phan tich khong pha mau nguyén nhan
phén huy cua pin.

Hoa chat va phuong phap
Héa chit

Dimethylformamide (DMF), acetonitrile, ethanol va
TiCl, dugc cung cip boi Cong ty Sigma-Aldrich (Puc). Chét
nhay quang Di-tetrabutylammonium cis-bis(isothiocyanato)
bis(2,2'-bipyridyl-4,4'-dicarboxylato)ruthenium(Il) (tén
thwong mai N719), dung dich dién ly bén (HSE), nhua
nhlet déo (surlyn) keo platin in lya (platisol), keo TiO, loai
truyén sudt anh sang (DSL 18NR-AO) va tan xa anh sang
(WER2-0), thuy tinh dan dién (FTO) dugc mua tir Cong ty
Dyesol (Uc).

Ché tao pin mat troi DSSC

Ché tao dién cuc catod: tAm thuy tinh dan dién (FTO)
¢6 kich thude 1,2x2 cm duge khoan hai 16 nhé 1 mm, sau
d6 tam FTO dugc xir 1y theo quy trinh: ngadm trong nudc xa
phong, rua véi nude, rira bﬁng ethanol, ngdm trong dung
dich HCI1 0,1 M pha trong ethanol, siéu am trong 15 phaut,
rira lai ba 1an bang nudc cat va siy kho. Tao mang Pt trén
tam FTO bang phuong phép in lya. In ba 16p keo platisol
bang khung in 90T, sau mdi 16p in, mau dugc sdy kho &
nhiét d6 120°C trong 10 phut. Sau d6 mang platisol trén tim
FTO dugc nhiét phan trong 10 nung theo quy trinh nhiét:
350°C trong 5 phut, 450°C trong 30 phut.

Ché tao dién cuc anod: tim FTO c6 kich thude 1,2x2
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em, duoc xtr Iy twong ty nhu catod. Sau d6 tim FTO duogc
ngém trong dqng dich TiCl , 40 mM 0 70°C khoang 30 phut
r0i rira sach bang nudc cat va say kho. Tao mang TiO, trén
tam FTO bang phucmg phép in lya. In 2 lop keo TiO truyen
suot DSL 18NR-AO bang khuén in 34T, mdi 16p in lua duoc
sdy kho & 120°C trong 10 phut Cubi cung in mot 16p keo
TiO, tan xa WER2-O va say khé ¢ 120°C. Mang keo TiO,
tren tam FTO dugc thiéu két trong 10 nung theo quy trlnh
gia nhiét: 200°C trong 5 phit, 300°C trong 5 phut, 375°C
trong 5 phut, 450°C trong 5 phut va 500°C trong 30 phut.

Quy trinh rap pin: ghép hai dién cuc anod va catod lai
v6i nhau bang miéng nhwa nhiét déo surlyn trén ban ép
nhiét & 170°C trong 10 gidy. Chuyén pin vio ti thao tac dé
tién hanh hap phu chit mau nhay quang lén TiO, va bom
chat dién ly trong méi truong khi tro. Bom 10 pl dung dich
N719 10 mM pha trong dung méi DMF vao pin thong qua
hai 16 khoan trén catod, sau d6 rat dung méi va chat nhay
quang thira ra khoi pin bang may rat chan khong. Thyc hién
bom - rat chat mau nhay quang ba 1an lién tuc, 14n cudi cing
giit dung dich chit mau nhay quang trong pin khoang 20
gid. Sau d6 rat dung méi ra khoi pin va rira pin bang dung
mbi acetontrile hai 1an lién tiép. Bom dung dich dién ly HSE
vao pin qua 16 khoan, sau d6 bit kin 15 khoan bang tam thuy
tinh mong va phu 1én bé mat mot 16p keo epoxy. Quét mot
16p keo bac mong Ién dau hai dién cuc dé pin din dién tdt
hon khi do thong s6 tinh ning va dién hoa.

Po tinh nang DSSC: tinh ning cua DSSC dugc do bang
phép do I-V trén may Keithley model 2400 (USA) va ngudn
sang mo phong anh sdng mat troi Oriel Sol11A (Newport).
Cong suat anh sang dugc hiéu chinh vé gia tri chuan 100
mW/cm? (AM 1,5) bang mét pin chuan silic, model 91150V
(Newport).

Do tong tré dién héa DSSC: tong tré dién hoa ciia DSSC
dugc do trén may Autolab 302N (EcoChimie, Ha Lan).
Thuec hién do tai thé mach ho trong diéu kién pin chiéu sang,
tan s6 do tir 100 kHz dén 10 mHz, bién do thé 10 mV. S6
lidu tong tré duoc xir Iy bang phan mém NOVA 1.12.

Khdo sdt d¢ bén nhiét ciia DSSC

Pin DSSC phoi nhiét & 85°C trong ti siy lién tiép trong
1.000 gio. Tinh ndng va tong trd dién hoa cua pin dugc xac
dinh sau nhiing khoang thoi gian 24 gid phoi nhiét khac
nhau.

Két qua va ban luan

Tinh nang ciia pin DSSC

Puong dac trung [-V cua 3 pm DSSC ky hiéu DSC _
T™1, DSC_TM2, DSC_TM3 ché tao cung diéu kién, do

trén ngudn gia 1ap anh sang mit troi véi cuong dd 100 mW/
cm? dugc biéu dién trén hinh 1. Cac thong so tinh nang cla
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pin dugc liét ké trong bang 1 cho théy, ba pin c6 tinh nang
tuong duong nhau: mat do dong ngan mach (J ) khoang 17-
18 mA/cm?, thé mach ho (V) ~ 0,75V, hé s0 lap day (FF) ~
0,61 va hiéu sudt chuyén déi nang luong (n) 8,0-8,2%. Két
qua trén cho thdy quy trinh ché tao pin kha 6n dinh, c6 do
lap lai kha tét.
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Hinh 1. BPwéng IV cua cac DSSC dwoc ché tao theo cling mét
quy trinh.

Bang 1. Thong s6 tinh ning cta cac DSSC dwoc ché tao theo
cung mét quy trinh.

Loai pin Joo (mA/em?)  V (V) Fill-factor n (%)
DSC TM1 17,5 0,75 0,62 8,1
DSC _TM2 18,1 0,76 0,60 8,2
DSC_TM3 17,0 0,76 0,62 8,0

Tinh chat dién hoa cta pin dugc xéac dinh bang phép do
tong tré dién hoa. Hinh 2 1a pho Nyquist ctua pin DSSC do
¢ thé mach hg, chiéu sang 100 mW/cm?.
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Hinh 2. Téng tré& Nyquist cia DSC_TM1 do tai thé mach hé,
cwong do sang 100 mW/cm?,
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Tai thé mach ho (diéu kién cén bang dong, khong co
dong dién chay trong mach ngoai) trén dién cuc catod (Pt)
ton tai cAn bang oxy hoa - khir I+ 2e « 3I'. Qua trinh di¢n
hoéa trén catod dugc mo phong tuong duong v6i thanh phan
mach vt ly R C . trong tong tro dién hoa, twong tmg véi
ban cung o tan so cao trén phd tong tro Nyqulst (hinh 2).
Trong khi d6, trén anod dién tur sinh ra tu chit mau nhay
quang khi bi kich thich boi photon anh sang chuyén sang
ving dan cta ban dan TiO,. bién tr trén TiO, c6 thé dong
thoi tham gia phan g tal hop v6i chat dién ly theo phan
ung 1, + 2e — 3I' néu qua trinh chuyén dién tir trén giao
dién T10 /chat mau nhay quang Xdy ra cham [12]. Nhu vay
qua tr1nh dién hoa trén anod c6 thé mo phong theo hai méd
hinh mach vét Iy tuong duong tuong tng vdi hai truong

hop:
1) Qua trinh tai hop chdm, mach vat Iy RC m6 ta cho sy
chuyen dién td trén mang T102 thé hién boi ban cung & viing

tan sO trung b1nh Thoi gian song cua dién tr trén mang TiO,
chinh 14 hing sé thoi gian duge xac dinh theo biéu thirc:

t=RCu=l/o=1/2xf (1.1)

Trong do R la dién tr& chuyén dién t1ch trén mang TiO,,
Cu la dién dung mang TiO,, o la tan s6 goc twong tng voi
tan so tai diém cuc dai (f, ) trén pho tong trd Nyquist.

2) Qua trinh tai hop nhanh, mach vat ly Gerischer (G)
mo phong cho phan ung tai hgp dién tir va I,- di kém phan
ung hoa hoc (qua trinh tai sinh chat mau nhay quang boi I).
Tong tr6 G (Z,,) duoc bleu din boi biéu thue 1.2, thé hién
bdi ban cung ¢ vung tan s6 trung binh voi phan dau thang,
phan cudi tron nhu mé ta trong hinh 3 trén gian dd Nyquist
[12].

1

Yok +jw

Trong d6 k 14 hing sé tbc d6 phan tmg tai sinh chit mau
nhay quang, Y_la do dan nap cua qua trinh tai hop dién tu,

j la s6 phuc.
/\\

7' (Q)

Zs(w) = (1.2)

7" (Q)

Hinh 3. Bac trwng cua tdng tré Gerischer trén gian dé Nyquist.

Qua trinh khuéch tan gidi han cia dung dich dién ly
trong ngan trong cua pin, tong tré dugc mod ta boi thanh
phan O, xac dinh béi bicu thuc (1.3) [12, 13].

Z,= %—\}j_wtanh(B Jio) (1.3)
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Trong d6 B dic trung cho tdc dd khuéch tan lién hé vai
hé s6 khuéch tan qua biéu thic B2 = g. Khi B<\3 téng tr&
C,) thé hién boi
ban cung & tin s thap trén phd Nyquist. Hé s6 khuéch tan
(D) cuia dung dich dién ly xac dugc dinh bai biéu thirc (1.4)
[14-17].

khuéch tan twong duong v6i thanh phan (R .

12
~ 3C4R,

(1.4)

Trong d6 1 1a d6 day 16p khuéch tan, twong dwong véi
khoang cach gitta anod va catod (khoang 60 um = d¢ day
16p surlyn), R, C, lan lugt la di¢n tr¢ va dién dung khuech
tan.

Tdng tré dién hoa ctia pin DSSC_TM 1 (hinh 2) dugc md
phong bang mach twong duong [R (R Q IR Q )(R Q )]
Trong d6 Q o QU Q, 1a cac hing sé pha khong ddi thay thé
cho céac dai luong dién dung C , Cp, C, trong truong khong
1y tudng [15]. Cac thong so dlen hoa duoc xtr 1y bang phan
mém NOVA 1.11 cho gia tri nhu trong bang 2.

Bang 2. Théng s téng tré dién héa cia DSC_TM1 do tai Voc,
chieu sang 100 mW/cm?2,

Giao dién
: Giao di¢n TiO,/ % n
Pt/dung 180 €I T Khuéch tén chét dién Iy
. I dung dich dién ly
Pin dich di¢n ly

pt Qpr “ Rt Q,, Rd Q d Dx 10°
Q@ (uS) (msy) () @S (€ (mS) (cm’/y)

DSC_TM1 9,54 139 798 13,6 972 7,12 53,0 4,59

DSC_TM2 9,23 150 7,98 13,8 948 7,57 575 4,81

DSC_TM3 9,67 12,8 7,98 13,3 988 6,74 52,1 4,43

Khdo sdt d bén nhiét ciia pin DSSC

Pin DSSC duoc phoi nhiét ¢ 85°C trong 1.000 gio lién
tuc. Tai nhitng thoi diém 0, 120, 240, 410, 580, 740 va
1.000 gi¢ phoi nhiét, pin DSSC dugc danh gia tinh nang va
do tong tré dién hoa. Thong sb tinh ning cia pin & hinh 4,
bang 3 cho thiy cic pin DSSC c6 hiéu suat chuyén doi ning
luong (1) trung binh 1a 8% khi chua phoi nhiét. Tuy nhién
sau 120 gio' phoi nhiét dau tién, hiéu suét pin giam nhanh
xudng con 4% va giam cham dan theo thoi gian 0 nhiét.
Hinh 4 cho thiy sy giam hiéu suat dong bién véi su suy
giam mat do dong ngén mach (I ) ching t6 nguyén nhan
cua sy giam tinh nang cua pin 1a do su giam dong quang
dién. Trong khi d6, thé mach ho (V,), h¢ so lap day (FF)
giam nhe (khoang 10%) sau 1.000 gio phoi nhiét. Két qua
trén cho thy nguyén nhan suy giam tinh nang cua pin chu
yéu 1a do su glam cap cua dién cuc quang anod (c6 thé 1a
do sy giam cép cua chit mau nhay quang dudi tac dong cua
nhiét d6 [18, 19]) va mot phan do sy phan hity cia chat dién
ly. Su phan hiy cta chét dién ly dugc kiém ching bang
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céch thay chat dién ly méi vao pin da suy giam tinh nang
sau 1.000 glor phoi mau. Két qua cho thay hiéu suét cia
p1n phuc hdi tir 0,8% 1én 2,7% (hinh 4, bang 3). Céc thong
s6 tinh ning cua pin déu dugc phuc hoi, trong d6 mat do
dong quang dién J_ phuc hoi 34% tir 2,5 1én 5,9 mA/cm?,
thé mach ho 10% Va hé s6 14p day phuc hdi 100%. Nguyén
nhan suy gidm tinh nang cua pin dugc phén tich sdu hon
trén co s¢ phan tich dir liéu téng tré dién hoa.

Mit dj ddng ngin mach

Hiéu suit

0 300 600 500 1.200
iri gian (Giir)
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Hinh 4. Théng s6 tinh nang cla cac pin DSSC thay déi theo thoi
gian phoi nhiét & 85°C lién tiep trong 1.000 gi& va sw phuc hoi
tinh nang cua pin sau khi thay chat dién ly.

Bang 3. Théng s6 tinh néng trung binh cta cac pin DSSC thay dbi
theo th&i gian U nhiét & 85°C, trong 1.000 gi&r va sw phuc hoi tinh
nang cua pin sau khi thay chat dién ly.

Thoi gian U nhiét Jsc

(gio) 1 (%) Voc (V) i) FF

0 8,1 0,76 174 0,61
120 41 0,71 9,0 0,65
240 53 0,68 76 0,64
410 2,6 0,66 6.2 0,64
580 1,9 0,66 47 0,62
740 1,4 0,65 3,7 0,59
1.000 08 0,62 2,5 0,54
;‘(‘;}y chitdienly . 0,68 59 0,68

Hinh 5 biéu dién phd tong trd Nyquist ctia pin DSC
TM1 trude va sau 120 gio phoi nhiét & 85°C dugc do tai thé
mach hd, cuong d6 sang 100 mW/cm?. Trén pho dd nhan
thdy ban cung thir hai (ving tan s trung binh, dic trung
cho qua tninh dién hoa trén giao di¢n TiO,/dung dich dién
ly) thay do6i hinh dang va tang do 16n sau 120 gi¢ phoi nhiét.
Trong khi d6 tong trd trén giao dién catod/dung dich dién
ly va tong tré khuéch tan cia dung dich dién ly khong thay
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d6i nhiéu. Chimg t6 sy suy giam tinh ning cua pin DSSC
sau 120 gio phoi nhiét lién quan dén qu4 trinh giam cp trén
dién cuc quang anod. Hinh 5 cho thiy téng trd ¢ ving tan
s6 trung binh trén phd Nyquist cta pin DSSC sau 120 gid
phoi nhiét ddc trung cho tong trd Gerischer, tuong tng véi
truong hop qua trinh tai hop xdy ra dang ké trong pin. Phd
téng tré Nyquist cta pin DSC_TM1 theo thoi gian G nhiét
dugc biéu dién trén hinh 6 cho thdy, trong khoang thoi gian
dudi 400 gio phoi nhiét, tong tro thay ddi (ting) chu yéu &
ving tan sb trung binh, trong ng v6i qua trinh dién hoa
trén dién cuc quang anod, trong khi tong trg khuéch tan
dung dich dién ly khong thay d6i nhiéu. Pho Bode goc pha
cho thiy, gla trj dinh tan sb trung binh ting rd rét, chung to
thot gian song cia d1en tir trén mang TiO, giam di nhiéu.
Su giam thoi gian song cua dién tir 1a do cac dién tu tren
T1’C)2 bi tai hop bai chét dién ly. Trong khi dp, dinh tan sb
thap déc trung cho qua trinh khuéch tan chat dién ly thay
d6i khong dang ké, chimg t6 su suy giam tinh nang cua pin
trong giai doan nay it lién quan dén dung dich dién ly. Nhu
Vﬁy, su phoi nhiét pin DSC ¢ nhiét d6 85°C tac dong rd rang
dén dién cuc quang anod TiO, theo khuynh hudéng tang kha
nang tai két hop giira dién tir va L (biéu hién boi sy ting do
dan nap clia qua trinh tai hop) glam kha ning tai sinh chét
méu nhay quang (giam hang sb tbc do phan tng tai sinh chat
mau nhay quang), két qua dan téi lam giam dong quang dién
(J.), giam hi¢u suét chuyén doi nang luong cia pin theo thoi
gian U nhiét.

a @0 gy
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N

15 25 35 45 55
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Hinh 5. Phé téng tré ctia pin DSC_TM1 tai t=0 gio» va t=120 gio G
nhiét tai 85°C.
Khi thoi glan phoi mau kéo dai hon 400 gio, sy giam cap

trén catod thé hién rd rét qua sy ting dién tré chuyén dién
tich R, (hinh 6, bang 5).

Hoat dong ctia mot pin DSSC 1a chudi cta nhiéu quéa
trinh xay ra lién tuc, mot khi dién tir bi tai két hop manh do
su phan hay nhiét, dién tr chuyén sang ban dan TiO, bi han
ché, anh huong dén cac qua trinh tiép theo nhu giam phan
g chuyén dién tich trén catod (R, tang). Ngoai ra, sy phan
huay nhiét ciia cic chat mau nhay quang da lam giam tbc do
tai sinh cua ching (k giam), tac dong lam gidam dong quang
dién va giam hiéu suit cia pin DSSC.
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Hinh 6. Phd Nyquist va Bode géc pha ctia DSC_TM1 thay ddi theo
thei gian phoi mau & 85°C.

Bang 4. Sy thay déi théng sé mach dién theo th&i gian G nhiét &
85°C cuia pin DSC_TM1.

Théi  Giao dién Pt/ Giao di¢n TiO,/  Khuéch tin chit
gian dung dich diénly dung dich diénly diénly
@) R V,mS) Y,mS) k(s)  Y,mS) BE)xI(°
120 7,25 16,7 93,1 1,23 5,63 9,46
240 9,95 48,5 98,9 1,19 4,57 8,37
410 16,2 277 117 1,08 3,25 7,29
580 22,3 105 118 0,79 2,21 7,15
740 27,4 114 136 0,57 1,95 6,63
1.000 417 19,5 168 0,21 1,18 5,79
Keét luan

Pin DSSC duoc ché tao theo quy trinh méi cua phong
thi nghiém dat hiéu suit chuyén hoa nang luong cao (8%).
Hiéu suat chuyén d6i ning lugng cia pin bi suy giam nhanh
(khoang 50%) sau 120 gio phoi nhiét & 85°C trong t6i, va
giam con 0,8% sau 1.000 gio phoi nhiét. Phan tich tong trg
dién héa cta pin DSSC cho thdy, sy suy giam nhanh tinh
nang cua pin DSSC theo thoi gian phoi nhiét & 85°C do
su phan huy cua dién cuc quang anod xay ra trudc. Sau do
mai xay ra sy phan huy cua dung dich dién ly va dién cuc
catod. Phuong phap tong tré dién hoa st dung khé hiéu qua
trong viéc phan tich, danh gia do bén nhiét cua pin DSSC.
Céc thong sb dong hoc nhu thoi gian sdng cua dién tir, toc
d6 phan ung tai horp, hé sb khuéch tan cua dung dich dién ly
duoc xac dinh chi tiét. Ngoai ra, phuong phap tong try dién
hoéa la phuong phap do khong pha hity mau nén cling c6 thé
dugc ap dung dé xac dinh d6 bén hoat dong thuc té cua pin
dudi diéu kién chiéu sang, chiu tai.
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Nghién ctru nay dugc hd tro kinh phi tir Dai hoc Quéc
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Hi€u suat cua bao vé catot bang dong dién ngoai
cho cong trinh kim loai ngam trong moi trweong dat

Nguyén Ngoc Phong, P Chi Linh*, Pham Hong Hanh, Pham Thy San, Ngé Thi Anh Tuyét
Vien Khoa hoc Vit liéu, Viéen Han ldm KH&CN Viét Nam
Ngay nhén bai 18/11/2019; ngay chuyén phan bién 22/11/2019; ngay nhan phan bién 25/12/2019; Ngay chip nhan dang 31/12/2019

Tém tit:

Cic hé théng bon chira va cac hé théng dng din dit ngdm trong méi truong dét 13 cac co sé ha ting thiét yéu cia
nén kinh té. Dwéi anh hwéng ciia cac diéu kién méi truong nhw do Am, pH..., vin dé in mon ciia cac cong trinh kim
loai ngdm trong dit giy anh huong rit 16n vé kinh té ciing nhu ky thuit. Bio vé catot bing dong dién ngoai (ICCP)
12 mdt phwong phap hiéu qua nhit trong chong in mon cho cic cong trinh ngim trong méi truwong dat va dwoce quan
tAm nghién ciru nhiéu trén thé giéi. Trong nghién ctru nay, phwong phap bao vé catot ICCP sir dung anot tro nén
titan phii hdn hop oxit kim loai (MMO) chdng in mon cho kim loai thép cacbon trong méi truong dit da dwgc trién
khai. Anh hwéng ciia cic mdi truong dat khac nhau dén tdc do in mon cia cic 6ng thép cacbon ciing di dwoc khio
sat. Cudi cung, hi¢u suit bao v¢ catot tai cac gia tri dién thé bao vé -0,85 V, -0,95 V va -1,05 V (Ag/AgCl) trong cic
mai trwdng dit khac nhau da dwoce nghién ciru danh gia.

Tir khéa: anot tro phit hdn hop oxit kim loai MMO, in mon, bio vé catot, dién thé bao vé, méi truwong dit.

Chi s6 phén logi: 2.5

Md dau

Céc hé thong duong dng dan ngam trong moi truong dat
va cac bé chira la cac co s¢ ha tang thiét yéu ctia nganh cong
nghiép. Trong moi truong dat, cac cong trinh kim loai rat dé
bi an mon va day 1a mot van dé nghiém trong ca vé ky thuat
ciing nhu kinh t&. Theo mét sé khao sat, khoang 70% cac
éng kim loai den bi hu héng do van d& dn mon tai cac nudce
Canada, Anh va Uc [1]. C6 nhiéu yéu té khac nhau ctia moi
truong dat ¢ anh huong nghiém trong dén téc do an mon
cua cac cong trinh kim loai trong dat, bao gém pH, do am,
d6 dan dién, nhiét do, do tham... Céc nguyén nhan nay cling
dan dén sy da dang cua cac loai hinh &n mon céc cong trinh
kim loai trong méi truong dat nhu an mon déu, dn mon 15,
an mon khe va an mon hdc [1,2].

Chéng an mon kirn loai 14 yéu cau bat budc theo cac tidu
chuan ky thuat quoc té va trong nude khi thi cong xay dung
cac cong trinh ngam trong moi truong dat. C6 nhiéu phuong
phap khac nhau c6 thé sir dung chdng an mon cho cac cong
trinh kim loai trong méi truong dat nhu st dung son phu,
chat wc ché... trong d6, phuong phap bao vé catot bang
dong dién ngoai ICCP 1a hidu qua nhét, véi thoi gian bao vé
¢6 thé 1én toi 30 nam tiy theo muc dich sir dung. Nguyén
tic ciia phwong phap bao vé catot 1a ngan can sy hinh thanh
cac ving anot trén bé mat kim loai bang cach cung cip du
dién tir dén cac ving anot dé khong cho qua trinh an mon

‘Tac gia lién hé: Email: linhdc@ims.vast.ac.vn
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kim loai xay ra. Hinh 1 1a so d6 nguyén ly ctia phuong phap
bao vé catot bang dong dién ngoai ICCP. Trong hé thong
ICCP, cuc am cua nguén dién mot chiéu duge ndi vaéi cong
trinh can bao vé va cuc duong ndi véi dién cuc phu (gang
silic, graphit, hop kim chi, Pt, hdn hop 6xit dan dién...) dugc
nhung trong moi truong dién ly. Khi ¢c6 mot dong dién mot
chidu DC dugc ap vao tir mot dién cyc phu qua méi truong
dién ly dén bé mat kim loai, dong dién s€ uu tién chay dén
ving catot, do d6 dién thé & ving nay s& dich chuyén vé
phia 4m do phan cuc catot va dat dén dién thé cua ving
anot. Khi catot phan cuc dén dién thé béng dién thé anot thi
nhiing pin &n mon s€ bi loai tru.

Ngudn dién

w

/Dién cuc phu

(Anot) Pt

Thép can bao vé

Hinh 1. Nguyén ly bao vé catot bing dong dién ngoai.
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Abstract:

All over the world, gas, water and oil pipelines, storage
tanks and many other structures buried in the soil
have been played an impotant role in the economy.
Under the soil environmental factors such as moisture,
pH, etc the corrosion of metallic structures buried
in soil or in contact with soil has caused the serious
engineering and economic problems. Impressed current
cathodic protection ICCP has been the most effective
method for corrosion prevention of the underground
metallic tructures. In this paper, an ICCP system using
titanium anode coated with mixed metallic oxides
MMO for corrosion prevention of ferrous pipelines was
investigated. The influence of various soil environment
on corrosion rate of ferrous pipelines was also evaluated.
Finally, the efficiency of ICCP system at protection
potentials of -0.85 V, -0.95 V, and -1.05 V (Ag/AgC]) in
the various soil environments was studied.

Keywords: corrosion, impressed current cathodic
protection ICCP, mixed metallic oxides MMO,
protection potentials, soil.

Classification number: 2.5
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Hién nay, cong nghé ICCP di duoc ap dung phd bién
trong chéng an mon cho cac cong trinh ngam trong dt. Tiéu
chuin phd bién ap dung trong phuong phap 1a dién thé bao
vé clia cong trinh can dat dugc ti thiéu -850 mV (Ag/AgCl)
[1,3]. Tuy nhién, trong moi tru’orng dat, su dong déu vat chat
1a rat kho xay ra nén hiéu suit chéng dn mon khi 4p dung
phuong phap ICCP 1a rat khac nhau. Do do, cac nghién ctru
vé anh hudng ciia cac thong sd moi truong dat, cac thong sd
bao vé cua hé théng ICCP va md phong mdi trudng nghién
ctru danh gia hiéu suat hé thong bao vé ICCP van dang rat
dugc quan tAm nghién ctru trén thé gidi [4-6].

Tai Viét Nam, viéc chéng an mon cho cac cong trinh
ngam ciing di dugc quan tim nghién ctru boi cac truong dai
hoc va vién nghién ctru chuyén nganh. Phuong phap ICCP
cling da duoc nghién ctru ing dung cho bao vé mot s6 cong
trinh ngam trong dat. Truong Pai hoc Bach khoa Ha Noi da
nghién ciru bao vé tuyén duong dng dan xing dau cia Xi
nghiép xing dau B12 Quang Ninh bang hé anot gang silic.
Céc tuyén ong din ngdm trong dat tai Nha may dam Pha
My, dam Ca Mau, Nha may loc dau Binh Son (Dung Quat)
cling da duogc lép dathé théng ICCP. Tuy nhién, viéc ché tao
va lap dat hé thong bao vé tai cac nha may nay déu do cac
cong ty nudc ngoai thuc hién. Ttr nam 2006 Vién Khoa hoc
Vat li¢u da nghién ctru ché tao dién cuc anot tro trén co s
titan phu hdn hop 6xit kim loai (MMO) dé tmg dung trong
mot sb linh vuc, trong d6 cé linh vuc bao v¢ catot chéng an
mon. Hé anot tro phii hon hgp oxit kim loai quy hiém nay
mic du co gia thanh du tu cao nhung thé hién nhiéu tinh
nang vuot trdi, nén ngay nay dugc ap dung rong rai trén
khip thé gigi. Nam 2010 Vién Khoa hoc Vat liéu da thiét
ké ché tao hé théng bao v¢ catot cho Xi nghiép xadng dau
Viing Tau dé bao vé tuyén duong dng din xing dau chay
dudi bién tur cang xuét nhdp vao dét lién. Nhu vay, viéc
nghién ciru thiét ké ché tao hé thong ICCP chéng dn mon
cho cac cong trinh ngam 1a rat can thiét nham lam chi duogc
cong nghé va cung cép thiét bi thay thé cac thiét bi nhap
ngoai. Trong nghién ctru nay, cong nghé bao v¢ catot ICCP
str dung anot tro nén titan phii hdn hop oxit kim loai MMO
chdng dn mon cho kim loai thép cacbon trong moéi trudng
dat da duoc trién khai. Anh hudng cia cac moi truong dat
khac nhau dén dn mon kim loai thép cacbon ciing da dugc
khao sat. Cubi cung, hi¢u suit bao vé catot tai cac gia tri
dién thé bao vé -0,85 'V, -0,95 Vva-1,05V (Ag/AgCl) trong
cac moi trudng dat khac nhau di duoc nghién ciru danh gia.

Thuc nghiém
Ché tao dién cuc anot tro MMO

Anot tro nén ti tan phit hdn hop 6xit kim loai MMO
dugc ché tao bang phuong phap phan hity nhiét. Dung dich
pht 1én bé mat titan dé tao 16p phu 6xit dugc chuén bj tur
cac mudi kim loai: clorua rutheni RuCl,.xH,0, clorua iridi
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IrCl,.xH,O va clorua titan TiCl,. Ngoai ra con dung mot
s6 hoa chat khac trong qua trinh ché tao anot nhu butanol,
HCI... Thanh phan dung dich phu va quy trinh tao 16p phi
oxit theo tai liéu [7, 8].

Chudn bi méi trwong dit trong thi nghi¢m

Dé khao sat anh huong cua dién tro dat dén hiéu suat bao
vé catot, ba loai dét c6 thanh phﬁn khéac nhau da dugc chuin
bi trong nghién ctru, bao gom:

- Mau dat 1 (M1): dét thit tron cat song ty 18 1: 1 vé& khdi
lugng.

- MAu dit 2 (M2): dat thit tron cat song ty 1& 1: 3 vé khoi
lugng.

- MAu dat 3 (M3): dit thit tron cat song ty 1¢ 1: 3 vé khoi
luong va pha thém CI' ndng d6 500 ppm.

Cac mau dat sau khi pha trén duge d6 vao hop gb c6 kich
thudc 300x80x80 cm dugc chia lam ba khoang. Hinh anh
cua hé théng bao vé catot duge thé hién trén hinh 2.

Hinh 2. Hinh anh chuan bj thi nghiém bao vé catot cho cac mau
thép trong méi trwong dat.

Thi nghié¢m bdo vé catot

Chin miu dng thép (ky hiéu twong tmg O1, 02, 03, O4,
05, 06, 07, 08 va 09) dugc chon trong cac moi truong dét
khac nhau M1, M2 va M3. Mdi méi truong dat duoc chon
ba mau cung véi dién cuc anot MMO va cac mau nay dugc
ap cac dién thé bao vé tuong ung la -0,85 V, -0,95 V va
-1,05 V do theo dién cuc so sanh Ag/AgCl. Cac gia tri dién
thé nay duoc do va diéu chinh hang ngay st dung mot hé
théng bién tro. Céc gia tri dong dién di qua mdi mau duoc
do bang ampe ké va ghi lai gia tri theo thoi gian. Thoi gian
thir nghiém dugc thuc hién trong 100 ngay. Ngoai ra, cac
mau thép khong duoc bao vé catot cling duoc chon véi cing
diéu kién dé lam di ching.
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Céc méu thép dugc nghién ctru danh gia bang phuong
phap chup anh va phuong phap ton hao khdi lugng. Trong
phuong phép ton hao khéi luong, cac miu duge xac dinh
khdi luong trudce va sau khi thir nghi€ém bao vé catot. Khdi
luong ctia mau thép duoc do bang can co do chinh xac toi
0,01 g. Tir cac két qua nay co thé tinh dugc ton hao khoi
lugng ciia cac mau khi c6 va khong cé bao vé catot. Thém
nira, cling tr cc gia tri ton hao khdi luong nay co thé xac
dinh duoc hiéu sut bao vé catot tai cac diéu kién khac nhau
theo cong thuc:

Aml-Am2
Am1

Hiéu sut bao vé = x100

Trong d6: Am  1a ton hao khoi lugng cua céac mau khong
duoc bao v¢ catot, g; Am, 1a ton hao khoi lugng ctia cac mau
c6 bao v¢ catot, g.

Két qua va thao luan

Nghién ciru an mon cua mdau thép trong moi truong
dat

(B)

© D)

Hinh 3. Bé& mit mau thép trwéc va sau thir nghiém an mon trong
moi trwdng dat véi thoi gian 100 ngay: (A) Mau trwéc thir nghiém,
(B) Mau thtr nghiém trong moéi truerng dat M1, (C) Mau thtr nghiém
trong méi trwong dat M2, (D) Mau thk nghiém trong moi trwdng dat
M3.

Hinh 3 14 hinh anh bé mat mau thép trude va sau khi thir
nghiém. Cac mau trude thir nghiém cé bé mit sach va bong.
Sau thir nghiém an mon trong dat véi thoi gian 100 ngay,
quan sat bé mat miu co thé thiy rd cac mau da bi an mon
cuc bd va xuat hién rat nhiéu cac 16 va héc an mon. Diéu
nay co thé do dic trung moi truong dit co sy rat khong dong
déu nén dé tao ra su khac biét vé nf”)ng do chat gdy an mon
trén toan bo bé mat mau. Bé mit mau thu nghiém trong moi
truong dat M3 dudng nhu bi an mon nhiéu hon véi su xuét
hién cua mat d6 hc dn mon nhiéu hon. Nguyén nhan co thé
duogc ly gidi do sy c6 mat thém cuia ion Cl voi néng do 500
ppm da lam giam dién tro ctia dét va lam tang toc do an mon
ctiia mau thép.



Bang 1 1a cac gia tri dién thé dn mon cua cic miu thép
trong cac moi trudng dit khac nhau trude khi dugc ap dong
dién bao v¢. Nhin chung, cac gia tri dién thé cua cac mau
thép déu kha am, chimg to cac mau ndy c6 thé s& bi an mon
nhiéu trong cac méi trudng dat thir nghiém.

Bang 1. Dién thé &n mon clia cac mau thép trong cac méi trwong
dét khac nhau.

Mai truong dit M1 M2 M3

Méu ol 02 03 04 05 06 07 08 09

Dién thé dn mon

(mV; Ag/AgCl) 324365 -381 462 -372 392 -543 -551  -461

Bang 2 trinh bay cac két qua do ton hao khdi lugng ciia
cdc mau thép da dugc thir nghiém 100 ngay trong cdc moi
truong dat khac nhau. Mau thép chén trong méi truong M3
c6 gia tri ton hao khoi lugng 16n nhat (1én téi 9,48 g), trong
khi céc gia tri nay tuong trng véi cac moi truong M1 va M2
chi 14 3,30 va 6,08 g. Piéu niy c6 nghia téc do n mon cia
mau thép trong moi truong dat M3 1a cao nhat.

Bang 2. T6n hao khéi lwgng cac mau thép khong bao vé sau 100
ngay thir nghiém trong cac méi trwong dat khac nhau.

Mobi truwong dat M1 M2 M3

Tén hao khéi luong (g) 3,30 6,08 9,48

Nghién ciru anh hwong ciia méi trwong dit dén higu
sudt bdo vé catot

Sau khi d4u dién van hanh hé thdng bao vé catot, gia
tri dong dién di qua méi mau s& duge do theo thoi gian thir
nghiém. Hinh 4 biéu dién dd thi thay doi ctia gia tri dong
dién bao vé theo thoi gian thir nghiém tai cac dién thé bao vé
ctia hé théng ICCP khéac nhau. Nhin chung, trong thoi gian
thtr nghiém ban dau, cac gia tri dong dién bao vé can rat cao.
Diéu nay co thé dugc giai thich do khi bét dau, cdc mau can
ning luong du 16n dé dich chuyén trang thai bé mit sang
mot can bang méi. Cac phan tmg dién hoa xay ra trén bé mat
mau gitup dich chuyén cin bing ciia qué trinh dn mon kim
loai theo huéng giam tdc d6 hoa tan cua sat [1, 3, 5]. Sau
mot thoi gian thir nghiém, cac gia tri dong dién bao vé giam
Xuéng va dan 6n dinh. Lac nay, bé mit miu da dat can béng
va hiéu qua ctia qua trinh bao v¢ catot da trd nén rat dang
ké. Va tir thoi diém nay, mau chi can mot dong dién khong
16n ciing di du dé duy tri cho dién thé bé mat du cho yéu
cau bao vé. Trén cac do thi, su 6n dinh cua gia tri dong dién
bao vé catot cho cac mau da duoc dam bao trong sudt 100
ngay thir nghiém. Diéu nay ciing chtng t6, dién cuc anot tro
MMO ché tao st dung trong thir nghiém nay di co tinh chat
dién rat tot, van hanh hiéu qua va di dam bao duy tri qua
trinh cung cép dong dién cho ca hé théng bao vé catot trong
subt thoi gian thir nghiém.
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Hinh 4. D6 thj thay déi dong dién cua cac mau dwoc ap dién thé
bao vé khac nhau trong cac méi trwong dat M1, M2 va M3 véi thoi
gian thir nghiém 100 ngay.

Sau 100 ngay thir nghiém béao vé catot, cic mau 6ng thép
duogc iy ra khoi cac méi truong dit va tién hanh do dac,
danh gia hidu suat bao vé catot. Hinh 5 1a hinh anh bé mat
clia cac mau éng thép dugc bao vé catot tai cac dién thé
bao v¢ -0,85V,-0,95 V va -1,05 V trong cic mdi truong dat
M1, M2 va M3. So v6i cac mau dbi ching khong duoc bao
vé, bé mat cac éng van gilt duge su nhin min va xuét hién
rat it cac 16 va hdc an mon. Pidu nay da x4c nhan hiéu qua
chéng dn mon cia phuong phap bao vé catot. Vi cac mau

o1



s Khoa hoc Ky thuat va Céng nghé

thir nghiém trong moi trudng dat M3, tai cac gia tri dién thé
bao vé the"ip, bé mit mau van xuat hién cac hdc dn mon. Hién
tuong nay chi chim dut hoan toan khi sir dung gia tri dién
ap bao vé -1,05 V. Piéu d6 co6 thé do méi truong dat M3
co dién tro thép va sy ¢6 mat thém cua ion Cl- da lam ting
téc do an mon nén diéu kién bao vé catot ciing can dugc ap
dung véi tiéu chuan cao hon.

© (D)

(E) (F)

G) (H)

Hinh 5. Hinh anh bé mit ctia cac mau 6ng thép dworc bao vé catot
tai cac dién thé bao vé va méi trwdng dat khac nhau: (A) Dién thé
bao vé -0,85 V trong mai trwdng dat M1; (B) Dién thé bao vé -0,95 V
trong mai truong dat M1; (C) Dién thé bao vé -1,05 V trong moi trvdng
d&t M1; (D) Dién thé bao vé -0,85 V trong moi trueng dat M2; (E) Dién
thé bao vé& -0,95 V trong moi trwdng dat M2; (F) Dién thé bo vé -1,05
V trong méi trwdng dat M2; (G) Dién thé bao vé -0,85 V trong moi
trwong dat M3; (H) Dién thé bao vé -0,95 V trong moi truong dat M3;
(1) Dién thé bao v& -1,05 V trong moi trwdrng dat M3.

Céc mau sau thir nghiém duoc danh gia ton hao khoi
luong bing phuong phép cin mau trude va sau khi thu
nghiém. Bang 3 thé hién cac két qua ton hao trong lugng
ctia cac mau dugce bao vé catot tai cac dién thé bao vé -0,85
V, -0,95 V va -1,05 V trong cac moi truong dat M1, M2 va
M3. Khi c6 bao vé catot, toc d6 dn mon cua cic mau thép
giam xuéng rat nhiéu. Tai gia tri dién thé bao vé -1,05 V, céac
mau thép c¢6 ton hao trong luong rat nho, nghia 1a cic miu
hau nhu da khong bi dn mon.
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Bang 3. Két qua do tén hao khéi Iwong clia cdc mau 6ng thép
dwore bao vé catot tai cac dién thé bao vé -0,85V, -0,95 V va -1,05
V trong cac méi trwong dat M1, M2 va M3.

Dién thé bao vé (V; Ag/AgCl)

Moi trudmg dat -0,85V -0,95V -L,osV
M1 0,75 ¢ 0,64 ¢ 0,59 ¢
M2 047 g 027g 0,19g
M3 2,03 g 1,50 g 023 g

Bing cach so sanh tuong ddi cac gia tri tén hao khdi
luong ciia cac mau khi co va khong co bao vé catot, gi tri
hiéu suét bao vé catot cho cac mau da duoc tinh toan va rut
ra. Hinh 6 1a d6 thi biéu dién hiéu sut bao v¢ catot cho céc
mau tai cac gia tri dién thé bao vé -0,85 V, -0,95 V va -1,05
V trong cac moi truong dat M1, M2 va M3. Cac gia tri hiéu
suét bao vé déu tang khi ting gia tri dién thé bao vé. Vi moi
truong dat M3, hiéu suat bao vé chi dat khoang 39% khi ap
dién thé bao vé -0,85 V. Tai gia tri dién thé -1,05 V, hiéu sut
bao vé catot dat duoc rat cao, 1én téi 98% trong ca ba loai
mdi truong dat.
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Hinh 6. D6 thj higu suat bao vé catot cho cac mau tai cac gia tri
dién thé bao vé -0,85V, -0,95 V va -1,05 V trong cac méi trwdng
dat M1, M2 va M3.

1) Moi | truong d4t c6 anh hudng nhidu dén téc d6 an mon
clia cac mau thép. Trong diéu kién thir nghlem 100 ngay, cac
mau thep bi an mon cuc bd v6i sy xudt hién rat nhiéu cac
16 va héc an mon. Mau thép chon trong méi truong M3 bi
an mon nhiéu nhét, voi gia tri ton hao khoi luong 16n nhét
1én 61 9,8 g.

2) Hiéu suit chong dn mon cua hé théng bao vé catot
ICCP trong ba loai méi truong dat khac nhau da duoc nghién
ctru danh gia. Voi dién ap bao vé -1,05 V (Ag/AgCl), hiéu
suét bao vé cao nhat cho cac mau thép chon trong dit ciia hé
thdng bao vé catot ICCP 1én t&i 98%, nghia 1a cac mau thép
hau nhu khong bi dn mon.
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Phan 1ap va tuyén chon vi khuan acetic chiu nhiét
tr hat ca cao lén men
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Tom tit:

Vi khuin acetic ¢ vai trd quan trong trong qua trinh 1én men acid acetic nhim sin xuat nhiéu sin phiam c6 ich trong
cong nghiép va doi séng. Nghién ciru nhim muc dich phén lap va tuyén chon vi khuin acetic c¢6 kha ning chiu nhiét
va 1én men acid tir ca cao. Cac chiing vi khuin phan 1ap dwoc dinh gia kha ning sinh acid va chiu nhiét dén 43°C.
Cic chiing tuyén chon duge dinh danh dén mirc dd loai bing k§ thuat sinh hoc phan tir. Két qua da phan lap dwoc
16 chiing vi khuin acetic (AAB) tir 7 mau hat ca cao 1én men & Bén Tre va Tién Giang. So tuyén dwoc 10 chiing c6
duong kinh ving sang trong khoing 19-23 mm sau 48 gio' 1 ¢ 37°C trén moi trudng bromocresol green ethanol agar.
Két qua cho thiy ca 10 chiing phan 1ip déu c6 kha ning phat trién & nhiét d9 43°C trén mdi truong YPGD chira 4%
(v/v) ethanol. Tuyén chon dwgc 3 chiing AAB chiu nhiét c6 kha ning Ién men acid tot 1a BT1H, BT2B1 va TG1D1 véi
ndng do acid acetic dat dwge sau 5 ngay 1én men & 37°C lan lwot la 4,45; 3,95 va 3,85% (w/v). Ching BT2B1 dwgc

dinh danh la Acetobacter pasteurianus, chuing BT1H va TG1D1 dwge xac dinh 1a Acetobacter tropicalis.

Tir khéa: Acetobacter pasteurianus, Acetobacter tropicalis, phan lap, tuyén chon vi khuén acetic chiu nhiét.

Chi s6 phén loai: 2.8

- £ N
Dat van de

Acid acetic 1a nguyén lidu duoc sir dung phd bién cho
cac nganh cong nghiép thuc phdm nhu san xuat gidm, rau
qua mudi chua, cong nghiép nhudm, in, ché bién mu cao
su, cong nghiép tong hop hiru co. Tir hang thé ky trude, 1én
men acid acetic hay con goi la 1én men gidm d duoc biét
la qua trinh 1€n men ty nhién tr dich chira ethanol bdi mdt
nhom vi khuan 1én men acid acetic rit quan trong duoc goi
chung 13 vi khuan acid acetic (acetic acid bacteria - AAB)

[1].

Céc vi khuan 1én men acid acetic dau tién dugc phat
hién 1a Acetobacter aceti (Beijerinck nam 1898) va
Gluconobacter suboxydans (Kluyver va de Leeuw nam
1924) va duoc goi chung 1a nhom vi khudn acid acetic
(AAB) [2]. Hién nay, cac nha khoa hoc da phan loai nhém
AAB thudc ho Acetobacteraceae véi 10 gidng: Acetobacter:
Gluconobacter, Acidomonas, Gluconacetobacter, Asaia,
Kozakia, Swaminathania, Saccharibacter, Neoasaia
va Granulibacter [3, 4]. Trong 46, Acetobacter va
Gluconobacter dugc sir dung 1én men acid acetic pho bién
nhét vi chung c6 kha ning oxy hoa ruou tao acid acetic voi
nong do cao.

*Tac gia lién hé: bhdlong@ctu.edu.vn
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Trong nhitng nim gin day, viéc gia ting nhiét do toan
cau dian dén mot s6 thach thirc nghiém trong trong viéc 1én
men véi quy mod cong nghi¢p vi nhung h¢ thong 1am lanh
16n tiéu tén qua nhiéu nang lugng dé giir & nhiét do i uu.
Nhiét do thich hgp cho qua trinh 1én men acid acetic trong
khoang 30°C va qua trinh 1én men nay ludn dugc giit 6n
dinh dé dam bao qué trinh 1én men t5i wru. Nhiét do gia ting
thém chi khoang 2-3°C ciing 1a nguyén nhan gy bit lgi
khong chi cho mirc d6 1én men ma con anh huéng dén hiéu
qué 1én men [2, 5]. Vi vdy, viéc phan 1ap va tuyén chon cac
dong vi khuan chiu nhiét 1én men acid acetic thu hit nhiéu
sy quan tdm cua cac nha khoa hoc [2, 6-8]. Qua d6 co thé
tién t6i mot quy trinh san xut gidm va cac san pham lén
men tr AAB ¢ quy mo cong nghi¢p, mang lai hi¢u qua kinh
té cao cho nha san xuat va giam gia thanh cho nguoi tiéu
dung. Bén canh do, viéc phan lap va dinh danh cac dong
AAB ciing gbp phan 1am phong phti thém ngudn da dang
sinh hoc, dac biét 1a nguén vi sinh vat.

Qua trinh 1én men ca cao ¢ sy tham gia dau tién cua
nam men, sau d6 1a vi khuan va nhiét d¢ trong thung 0 thay
d6i trong qua trinh 0, trong d6 c6 su tham gia cua vi khuin
acetic chuyén héa ruou thanh acid acetic [9]. San pham ca
cao 1én men tot nhat & nhiét do kha cao, dén 40-45°C [10].

o4
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bacteria from fermented cocoa beans

Xuan Phong Huynh', Minh Tien Nguyen',
Ngoc Thanh Nguyen!, Toshiharu Yakushi?,
Kazunobu Matsushita?, Thi Phuong Dung Ngo',
Hoang Dang Long Bui"”

!Biotechnology Research and Development Institute, Can Tho University
*Faculty of Agriculture, Yamaguchi University, Japan

Received 23 August 2019; accepted 1 November 2019
Abstract:

Acetic acid bacteria (AAB) play an important role in
the acetic acid fermentation in order to manufacture
many useful products. The aim of this study was to
isolate and select the thermotolerant acetic acid bacteria
from fermented cocoa beans with high acid production.
Acid acetic bacterial isolates were evaluated the acid
production capacity and thermotolerant ability up to
43°C. The selected isolates were identified at species level
using molecular techniques. As the result, 16 strains of
AAB were isolated from 7 samples of fermented cocoa
beans collected from Ben Tre and Tien Giang provinces.
Ten isolates had high acid-producing yeild with the
diameter of yellow zone (19-23 mm) after 48 hours at
37°C on the bromocresol green ethanol agar medium.
These 10 isolates could also grow at 43°C on the YPGD
agar medium (added with 4.0% (v/v) of ethanol). Three
thermotolerant isolates including BT1H, BT2B1, and
TGI1D1 were selected due to their good performances
during fermentation with the concentrations of total
acid produced at 4.45, 3.95, and 3.85% (w/v) respectively
after 5 days of fermentation at 37°C. The isolate BT2B1
was identified as Acetobacter pasteurianus while BT1H
and TG1D1 were Acetobacter tropicalis.

Keywords:  Acetobacter  pasteurianus, Acetobacter
tropicalis, isolation, selection of thermotolerant acetic
acid bacteria.

Classification number: 2.8
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Vén dé 4m 1én toan cau dang anh hudng 16n dén cac qua
trinh chuyén héa sinh hoc, dac biét la 1én men acid acetic
do vi khuén acid acetic rit nhay cam véi nhiét d6 (t6i vu &
30°C [2]). Tu do Cho thay qua trinh 1én men ca cao ¢ nhiét
d6 kha cao 1a ngudn tiém ning dé co thé phan 1ap cac loai
vi khuén acetic chiu nhiét. Nghién ctru ndy nham phan lap,
tuyén chon va x4c dinh hinh thai, dac diém sinh héa cua céac
chung vi khuén acid acetic chiu nhiét duoc phan 18p tu ca
cao lén men.

Vat liéu va phuong phap nghién ciu
Nguyén vit liéu va héa chit

Miu hat ca cao 1én men tai thoi diém 2-4 ngay cua qué
trinh 1én men dwoc thu vé tir tinh Bén Tre, Tién Giang va
duogc trlii ¢ nhiét do 2-8°C. Méi truong YPGD (yeast extract
5 g/l, peptone 5 g/1, glycerol 5 g/l, D-glucose 5 g/l) va moi
truong PM (5 g/l D-glucose, 20 g/l glycerol, 10 g/l yeast
extract, 10 g/l peptone, 10% (v/v) dich trich khoai tay) [8].
Moi truong bromocresol green ethanol agar (ethanol 0,2%,
yeast extract 0,3%, bromocresol green 0,01%) [8]. Cac hoa
chét khac: CaCO,, ethanol, phenolphtha!ein, NaOH... cua
Merck (Puc) va HiMedia Laboratories (An D9).

Phuwong phdap nghién ciru

Phan lap va xac dinh dac diém hinh thai va sinh héa vi
khuan acetic:

Can 5 g mau cho vao binh tam giac ¢6 san 50 ml nuée
c4t vo trung va pha loing mau & cac ndng do 107, 102, 107,
104 va 10°. Sau d6, cdy trai trén moi truong YPGD agar
c6 bd sung 4% (v/v) ethanol, 2% (w/v) agar va 0,5% (w/v)
CaCO,. U hiéu khi & 37°C trong 24-48 gid [2]. Quan sat
va lya chon cac khuan lac tao vong halo trén méi truong 1a
AAB. Khuan lac AAB sé tao vong sang xung quanh vi vi
khuan nay tao ra acid acetic hoa tan CaCO, lam mat mau
trang duc cta CaCo,. Tlep theo, cay chuyen nhiéu lan dé
thu dugc chung AAB thudn véi cac té bao dong nhat. Quan
sat hinh dang, do kich thudc té bao va khuén lac. Thuc hién
nhudm Gram, thtr nghiém catalase va oxidase.

Khdo sat kha nang sinh acid acetic cua cdc chung vi
khuan acetic:

Tang sinh cac chung AAB trong 6ng nghiém chira moi
truong YPGD trong 24 gio & 37°C trong diéu kién hiéu khi.
Nho 1 giot dung dich nuéi cay 1én giita dia moi truong thach
mau xanh chura bromocresol green ethanol agar (ethanol
0,2%, yeast extract 0,3%, bromocresol green 0,01%) va u
hiéu khi ¢ 37°C trong 24 gio. Do va so sanh cic vong mau
vang sinh ra xung quanh AAB sau 24 gi¢ va 48 gio [8, 11].
Thir nghiém duoc thuc hién 3 1an dé 1dy gié tri trung binh va
cac chung c6 kha ning sinh acid t6t s& duoc lya chon dé thur
kha nang chiu nhiét.
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Danh gia kha nang chiu nhiét cua cac chung AAB:

Céy chuyén cac ching AAB dugc tuyén chon vio moi
truong YPGD chira 4% (v/v) ethanol. U hiéu khi ¢ cac mic
nhiét dg 35,37, 39, 41 va 43°C. Theo doi va danh gia sy phat
trién ctia cac chung AAB sau 2 va 3 ngdy nhu sau: phat trién
manh (duong cay dam va lién tuc), phat trién trung binh
(duong cay nhat va lién tuc, hodc dam va dit quéng), phat
trién yéu (duong ciy nhat va dut quang) [8, 11].

Tuyén chon chung AAB chiu nhiét co kha nang sinh acid
cao:

Muc dich nham tuyén chon cac chung AAB 1én men
manh c6 kha nang phat trién tot & nhiét 6 cao. Nudi u céac
chung AAB trong éng nghiém chira 5 ml méi truong YPGD
trong 48 gio, lic 150 vong/phit & 30°C. Rut 1 ml dich ting
sinh cho vao 99 ml méi truong YPGD (bd sung 4% (v/v)

ethanol) va 1 lic & 35,37 va 39°C [11, 12]. Xac dinh ham
luong acid sinh ra mdi ngdy trong 7 ngay bang phuong phap
chuén d6 str dung NaOH 0,1 N. So sanh va tuyen chon cac
ching AAB ¢6 kha ning 1én men acid tot nhat.

Dinh danh cac chung AAB chiu nhiét dwoc tuyén chon:

Céac chung AAB tuyén chon dugc ly trich DNA va
dinh danh v6i cip moi dé khuéch dai trinh ty ving bao
ton trén 16S rDNA cia nhom a-Proteobacteria: 27F
(5’-AGAGTTTGATCCTGGCTCAG-3’) va 1525R
(5-AAAGGAGGTGATCCAGCC-3’) [8]. San pham PCR
duoc giai trinh ty st dung hé théng giai trinh ty ABI PRISM
3100 (Applied Biosystems, USA). Dya trén trinh ty 16S
rDNA dé phan tich va so sanh véi trinh ty cac ching vi
khuén trén ngan hang dit liéu NCBI.

Keét qua va thao luan

Phan I@p tuyén chon chiing AAB

Muoi sau chung AAB da dugc phan lap tu 7 mau hat ca
cao 1én men & Bén Tre va Tién Giang. Cac khuan lac AAB
tao vong halo trén méi truong YPGD agar b sung 4% (v/v)
ethanol va 0,5% CaCO, (hinh 1). Két qua nhuém Gram, thir

nghlem oxidase, catalase céc chung vi khuan phan 1ap duoc
tong hop ¢ bang 1.

Hinh 1. Khuan lac trén méi trwong YPGD agar (bé sung 0,5%
caCo,).
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Bang 1. Ky hiéu ching phan lap va cac dac tinh co ban cua 16
chung AAB.

Nguon phin g STT Chiing Nhu¢m Gram Oxidase  Catalase
ST 1 BTIG Gram am +
Chau Thanh, ]%én Tre 2 BIIH ol *
3 BTIKI Gram am +
4 BT2G Gram dm +
5 BT2A2 Gram am +
6 BT2E Gram am +
1 BT2F Gram am +
Xa Pha My, 8 BT2B2 Gram m +
Chéau Thanh, Bén Tre 9 BT2K Gram am ar
10 BT2BI Gram dm +
11 BT2H Gram am +
12 BT2C2 Gram 4m +
13 BT2A1 Gram dm +
Xa Hoi Xudn, 14 TGIC2 Gram 4m +
Cai Ly, Tién Giang 15 TGIDI Gram am +
Phuong 10, TP. My Tho, Tien Giang 16 TG2B Gram am +

Tt ca 16 chung AAB déu cho két qua Gram 4m vi té bao
¢6 mau do sau khi nhudém véi thude nhudm safaranin. Tat ca 16
ching AAB déu cho két qua oxidase am tinh (thudc thir khong
bi oxy hoa thanh méau xanh duong ctia indolphenol) [13]. Tat ca
16 chung AAB cho két qua duong tinh do c¢6 enzyme catalase,
thuy phan H,0, thanh H,O va O,. T két qua nhuom Gram, thu
nghiém 0x1dase va catalase thu duoc cho thdy cac chung phin
1ap phu hop véi cac ddc diém dién hinh cia AAB [14].

Kha nang sinh acid acetic ciia cac chiing AAB phdén ldgp

Kha nang sinh acid ctia cac chung AAB dugc d4nh gia bang
duong kinh vong sang mau vang xung quanh khuan lac. Két
qua cho thiy kich thudc vong sang ctia 16 ching AAB & thoi
diém 24 gio khong c6 sy khac biét vé mat thong ké (bang 2).
Tuy nhién, kich thudc vong sang cia 16 ching AAB ¢ thoi
diém 48 gio co su khac biét y nghia vé mat thong ké. Trong do,
10 ching AAB dugc so tuyén voi kich thuée vong sang tir 19
mm tré 1én 6 thoi diém 48 gio dwoc danh gia co kha nang sinh
acid manh hon 6 ching con lai. Do d6, 10 ching dugc so tuyén
dé danh gia kha nang chiu nhiét.

Bang 2. Kha nang sinh acid acetic ctia 16 chiing AAB.

Kich thuéc vong sang (mm)

STT Ching Sau 24 giv Sau 48 gic
1 BTIG 9,330 17,0
2 BTIH 9,0 19,33¢
3 BTIKI 8,0 16,33
4 BT2A1 9,330 19,33¢
5 BT2A2 10,0% 21,00

6 BT2BI 10,0% 21,0°

7 BT2B2 8,67 17,33
8 BT2C2 8,67 17,67
9 BT2E 10,0% 21,0°
10 BT2F 8,0 19,00
1 BT2G 8,0 16,0°
12 BT2H 7,332 16,0*
13 BT2K 11,330 21,67
14 TGI1C2 10,33 19,00
15 TGIDI 11,330 23,0°
16 TG2B 9,675t 19,33¢

Gia tri trong béng la gia tri trung binh cla 3 Ian Iap lai. Cac gia tri trung binh
trong cung mot cot theo sau cé cac mau tw gibng nhau thé hién sy khac biét
khang c6 y nhia théng k& & mirc d6 tin cay 95%.



Kha nang chiu nhiét ciia cac chiing AAB

Mudi chung AAB di so tuyén dugc cdy vao moi truong
YPGD c6 bo sung 4% (v/v) ethanol va t & cac mirc nhiét do 37,
39, 41 va 43°C. Két qua thu nghiém kha nang chiu nhiét cho
thay, su phat trién khuén lac trén méi truong YPGD ¢ bo sung
4% (v/v) ethanol cua 10 chung AAB khong c6 su khac biét
sau 48 gio va 72 gio (bang 3). Sau 48 gid u, tit ca cac ching
déu phat trién & 37, 39, 41 va 43°C (hinh 2). O 37°C, tat ca 10
chung phat trién manh; & 39°C ¢6 7 chung phat trién manh, 3
chung (BT2F, BT2K va BT2A1) phat trién trung binh; ¢ 41°C
ching BT1H phat trién manh, 9 ching con lai phat trién trung
binh; ¢ 43°C co 5 ching phat trlen trung binh, 5 chung phat
trién yéu. So v6i nghién ciru gan diy ctua Huynh Thi Hoang
Anh [12], chung B2-3 chi phat trién t6t & 37°C, con ching
B3-2 phat trién t6t & 37 va 39°C nhung ca hai chung khong
phat trién ¢ 43°C sau 48 gio . Tir d6 cho thdy, 10 chung AAB
duoc so tuyén trong nghién ctru ndy c¢6 kha nang chiu nhiét cao
hon so voi 2 ching B2-3 va B3-2.

Bang 3. Két qua thir nghiém kha nang chiu nhiét & 37, 39, 41 va
43°C.

ST Ching Sau 48 gio Sau 72 gio
rc  39C 4Ic 43C  3rC 39C  41C 43C

1 BTIH H o+ H o
2 BT2A2  +++ ++H+ ++ + H o+ +
3 BT2E o+ + + H o +
4 BT2F o + + H + +
5 BT2K H o+ ++ + o H + +
6 BT2Bl  ++  ++H + + H o+ +
1 BT2A1  ++  + + + o ++ +
8 TGIC2  ++  +H++ + + H o+ +
9 TGIDI ~ ++  +++ ++ + H o+ %

=)

TGB  ++  +++ +

a
a5

R +

Ghi ch: (+) phat trién yéu, (++) phat trién trung binh, (+++) phat trién manh.

Hinh 2. Sy phat trién ciia AAB & 37, 39, 41 va 43°C (méi trwong
YPGD, 48 gi®).

Tuyén chon chiing AAB chiu nhiét cé khd ning sinh
acid tot

Biéu d6 ham luong acid ctia 10 ching AAB & 35°C cho
thiy kha ning sinh acid cua cac ching tuong d6i déu nhau,
tang dan tir ngay 1 dén ngay 5 va co khuynh hudng giam
sau d6 (hinh 3). T4t ca 10 chung déu ting trong 3 ngay dau
Ién men, dang cht y 1a ching TG2B dat ham lugng acid cao
nhat & mirc 3,60% (w/v) chi trong 3 ngay 1én men, trong khi
céc chung con lai dat gi tri acid cao nhat 13 & ngay 4 hoic
ngay 5. Trong do, chung BT2A1 ¢6 luong acid dat cao nhat
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0 ngay 5 v6i ham luong acid 1a 3,65% (w/v) va ching BT2E
dat ham lugng acid cao nhat 1a 6 ngay 1én men thtr 4 (dat
dugc 3,45% (w/v)).

4,0 q

. />=>,;
1

0,5 1

Ham lwgng acid (% w/v)
o

0.0

1 2 3 4 5 6 7
Théi gian 1én men (ngay)

===BT1H BT2A1 ==#==BT2A2 =@-=BT2B1 =—=BT2E

—+—BT2F  —BT2K TG1C2 TG1D1 T62B

Hinh 3. Ham Iweng acid acetic cuia 10 ching AAB & 35°C.

Ham luong acid sinh ra cua cac chung BT1H, BT2A2,
BT2F, TG1C2 va TG2B ting tir ngay 1 dén ngay 3 (lan
luot 1a 3,15; 3,45; 3,30; 3,15 va 3,60% (w/v)) va déu giam
sau d6 nhung ham luong acid & ngay thtr 5 van duy tri &
muc trén 3,0% (w/v) (trong khoang 3,0-3,15% (w/v)). Ba
chung BT2B1, BT2E va TG1DI1 ting kha déu tir ngay 1
dén ngay 4 (1an lugt 1 3,20; 3,45 va 3,25% (w/v)) va ciing
giam sau d6, ham lugng acid ¢ ngay 5 trong khoang 2,85-
2,95% (w/v). Nong d6 acid acetic ¢6 sy giam 1a do mot sd
loai AAB khong chi c¢6 kha nang oxy hoa ethanol thanh
acid acetic ma con c6 thé tiép tuc oxy hoa acid acetic thanh
nuoc va CO, [8]. Chung BT2A1 c6 gia tri ham luong acid
cuc dai voi 3 65% (w/v) & ngay thir 5 va cao nhit so véi
gia tri ham luong acid cyuc dai ctuia cac chung con lai. So voi
ham luong acid cta 2 chung di tuyén chon tir nghién ciru
cta Huynh Thi Hoang Anh [12] 1a B2-3 (4,44%) va B3-2
(5,08%) thi ham lugng acid cua ching BT2A1 & ngay tha
5 thap hon kha nhiéu nhung cao hon 2 chiing C2 (3,56%)
va NH2 (3,44%) da duoc tuyén chon tir nghién ctru ciia
Nguyén Thi Ngoc Giao [15].

Két qua tir biéu dd hinh 4 cho thiy, hau hét 10 ching
AAB déu c6 kha ning sinh acid kha twong déng & 37°C. Cu
thé, ham lugng acid déu ting theo thoi gian 1én men va dat
gia tri cuc dai trong khoang 3 dén 5 ngay 1én men. Chung
BT1H, BT2B1, BT2F, TG1D1 va TG2B ¢6 ham lugng acid
dat cao nhit & ngay 5 lan luot 1a 4,45; 3,95; 3,60; 3,85 va
3,30% (w/v). Ham luong acid cua chung BT2A1 tbi da dat
dugc vao ngay 1én men tht 3, dat muc 3,45% (w/v), sau do
giam nhung van duy tri & murc 3,40% (w/v) vao ngdy lén
men thit 5. Bén chung BT2A2, BT2E, BT2K va TG1C2 c6
ham luong acid dat cao nhat vao ngay 1én men thtr 4 (lin
luot 1a 3,70; 3,45; 3,55 va 3,15% (w/v)). Ham lugng acid
clia 4 chiing nay giam nhe & ngay 1én men tht 5, dat 1an luot
o muc 3,60; 3,15; 3,35 va 3,10% (w/v).
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Hinh 4. Ham lwong acid acetic ciia 10 chiing AAB & 37°C.

Két qua cho thdy 3 chung BT1H, BT2B1 va TG1DI1 ¢6
ham lugng acid ¢ ngay 5 dat cao nhat, 1an luot 14 4,45; 3,75
va 3,85% (w/v), cao hon so véi gia tri ham lugng acid cia
cac chung con lai ¢ ngay 5 (chi trong khoang 3,30-3,70%
(W/V)). So v6i 2 chiing B2-3 va B3-2 dé duoc tuyén chon tir
nghién ctru cia Huynh Thi Hoang Anh [12], chung BT1H
v6i 4,45% (wW/v) & ngay 5 kha tuong dong voi ching B2-3
(4,44%) nhung lai thdp hon ching B3-2 (5,08%); chung
BT2B1 va TGIDI ¢6 ham luong acid ¢ ngay 5 thip hon
2 chung B2-3 va B3-2. Tuy nhién, ham lugng acid ngay 5
cua 3 chung BT1H, BT2B1 va TGID1 cao hon nhiéu so voi
2 chung C2 (3,56%) va NH2 (3,44%) theo nghién ctru cua
Nguyén Thi Ngoc Dao [15].

Ham lugng acid cta 10 chung AAB ¢ 39°C trong 7 ngay
1én men kha 6n dinh nhung thip hon so vé6i khi 1én men &
35 va 37°C (hinh 5). Cu thé, ham lugng acid cua cic chung
AAB tuy c6 tang trong qua trinh 1én men nhung chi dat duéi
3,0% (w/v) sau 7 ngay 1én men (2,20-2,95%). Riéng chung
BT1H van c6 kha ning duy tri kha ning sinh aicd t6t nhat,
dat 3,3% (w/v) vao ngay 1én men thtr 3 va duy tri dén ngay
1én men thtr 5. Tuy hai chung BT2B1 va TGIDI1 chi dat
ham lugng acid tdi da 13 2,85% (ngay 3) va 2,95% (ngay 5)
nhung ciing cho thdy kha ning chiu nhiét va sinh acid t6t
hon so véi cac chuing con lai.
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Hinh 5. Ham lwong acid acetic ctia 10 chiing AAB & 39°C.
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Nhu vay, chung BT1H, BT2B1, TG1D1 (¢ 37°C) va
BT2A1 (6 35°C) 1a 4 ching c6 kha ning 1én men tot nhat
v6i ham lugng acid 6 ngay thi 5 lan luot 14 4,45; 3,95; 3 ,85
va 3,65% (w/v). Tlr cac két qua trén, nghién ciru da tuyén
chon dugc 3 chung c6 kha nang sinh acid ¢ nhié¢t d6 37°C
t6t nhat 1a BT1H, BT2B1 va TG1D1 ciing nhu van con kha
ning sinh acid & 39°C. Ham luong acid cta 3 ching tuyén
chon cao hon so voi ching C2 (3,56%) va NH2 (3,44%) &
37°C [15]. Két qua cho thay, cic ching phan lap dugc tir ca
cao 1én men c6 kha nang chiu nhiét t6t va duy tri kha ning
1én men t&t hon ¢ nhiét do cao 1a do ban than cac chung nay
¢6 ngudn gbc tir qué trinh 1én men ca cao & nhiét do kha
cao (40-45°C, tham chi 1én dén 50°C) [10]. Tir d6 cho thiy
tiém nang khai thac va tng dung cac ching AAB chiu nhiét
nay trong cac qua trinh 1én men acid acetic ma khong chiu
su tac dong 16n khi nhiét do khdi 1én men gia tang nén s¢
giam duoc chi phi 1am mat, giam chi phi van hanh hé thong
[én men.

Dinh danh cdc chiing AAB duoc tuyé:n chon

Ba chung BT1H, BT2B1 va TGID1 c¢6 kha nang 1én
men tot nhat & 37°C ciing nhu duy tri kha ning 1én men
tdt & 39°C duoc dinh danh béng ky thuat sinh hoc phan tu
thong qua k¥ thuat khuéch dai va giai trinh ty gen ving bao
ton trén 16S rDNA ciia nhém o-Proteobacteria. Két qua so
sanh muc d6 tuong ddng trinh tw DNA ciia ba chiung BT1H,
BT2B1 va TG1D1 véi trinh ty ciia cac chung vi khuan acetic
trong ngan hang gene trén NCBI cho thdy, chung BT2B1
dugc dinh danh 1a Acetobacter pasteurianus, chung BT1H
va TG1DI1 dugc xac dinh la Acetobacter tropicalis voi muic
do tuong déng so sanh BLAST trén co sé dir liéu NCBI dat
98,7-99,8%. Cay phan loai ¢ hinh 6 (sir dung chuong trinh
MEGA 6 véi chi s6 bootstrap 1.000) cua 3 chung phan lap
cho thdy mdi quan hé di truyén rat gin so voi cac loai da
dinh danh trong chi Acetobacter.

A. tropicalis TG1D1
%A. tropicalis NBRC 16470

A. tropicalis BT1H
— A. pasteurianus BT2B1

56 N
100l A, pasterianus IFO 3283

A. aceti DSM 3508

A. senegalensis CWBI-B418
A. orientalis NBRC 16606

G. oxydans NBRC 14819
0,005

Hinh 6. Cay phan loai di truyén cta 3 chiing AAB chiu nhiét dworc
tuyén chon.

Dic diém vé hinh thai khuan lac va té bao cling nhu mot
sO dac diém sinh hoa co ban ciia 3 chung phan lap BT1H,
BT2BI1 va TGID1 dugc trinh bay & bang 4. Cac dic diém
co ban phu hop véi mo ta cua loai A. pasteurianus va A.
tropicalis trong tai liéu phan loai vi khuan Bergey [14]. Hai



loai nay cting dugc phén 1ap va danh gid 1a cac loai c6 kha
nang chiu nhiét va 1én men acid acetic tot & nhi¢t d¢ 37°C
[2, 15, 16].

Bang 4. Bac diém hinh thai va sinh héa cta 3 chung AAB chiju
nhiét dwoc tuyén chon.

Kh“:;lf’f Tébio D iém sinh hia

SIT Ching SM*E0
Hinh dang Durong kinh (mm) ~ Hinh dang ~ Kich thude (um) — Gram ~ Oxidose ~ Catalase

| opny ommmmdba Qengh  0507x1g4 - -+
nguyen, trang nga

) g Tomtmmoba ), Qungh  0406x1822 - -+
nguyén, tring due

oG TOmmmoba Qengh  040Tx184 - -+
nguyén, tring nga

Keét luan

Nghién ciru da phan 1ap duoc 16 chung AAB tir 7 mau
hat ca cao 1én men duoc thu vé tir Bén Tre va Tién Giang.
So tuyén dugce 10 chung AAB 1a BT1H, BT2A1, BT2A2,
BT2B1, BT2E, BT2F, BT2K, TG1C2, TG1D1 va TG2B c6
duong kinh vong sang tir 19 mm tr¢ [én sau 48 gio u ¢ 37°C.
Tat ca 10 ching AAB d3 so tuyén c6 kha niang chiu nhiét
& 43°C. Két qua da tuyén chon dugc 3 ching AAB chiu
nhi¢t c6 kha nang 1én men acid acetic tdt & 37°C 1a BT1H,
BT2B1 va TGIDI thudc gidng Acetobacter véi ndng do
acid acetic dat dugc trong ngay 1én men tht 5 trong khoang
3,85-4,45% (w/v).

Nhém téc gia xin cam on sy hd trg kinh phi tir Chuong
trinh Cong nghé sinh hoc tién tién Truong Pai hoc Can Tho
va Chuong trinh CCP (Core-to-Core Program, 2014-2019).
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Nghién ctru mot s giai phap Ky thudt tach cc hop chat
gdy mui, vi khong mong muon trong nudc dira gia
dé san xuat nwdc dira & quy mo cong nghiép
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Tém tit:

Trong nghién ciru nay, nuée dira thu tir trai dira gia 11-12 thang tudi dwgc chira trong thung chira bao quén & nhiét
d9 5°C, cac hop chat khong mong mudn anh hwéng dén chi tiéu chat lwgng ciia nwéc dira gia da dwoce xac dinh: ham
lwong chit béo 1,9%, ham lugng protein tong 0,20%, ham hrong tap chit khong tan 0,48%, ham lwong axit béo ty
do 0,1 g/ml. Cac thong so ky thuat dwoc thwe hién trén thiét bily tAm 3 pha dé tach cac hop chat khong mong mudn
trong nwéc dira gia gdbm: nhiét 9, toc d ly tim. Két qua nghién ctru thi nghiém trén thiét bi ly tim 3 pha GF-75
dang 6ng quy md 30 I/mé cho thay, nhiét d9 thich hop 70 dén 80°C, toc dd ly tAm 21.000 v/ph, cho cac chi tiéu cia
nwée dira gia: ham lugng chit béo 0,035%, ham hrgng protein tong 0,14%, ham lugng tap chit khong tan 0%, ham
lwong axit béo tw do khong phat hién (KPH). Két qua thir nghiém trén thiét bi ly tim 3 pha dang dia, thong sb ky
thuat: nhiét d9 70 dén 80°C, tbc dd ly tam 6.800 v/ph, ning suit 4.000 I/h, cho cac chi tiéu ciia nwéc dira gia: ham
lwong chit béo 0,036%, ham hrgng protein tong 0,16%, ham hrong tap chit khong tan 0,05%, ham hrgng axit béo
tw do KPH. Cac thong s ky thuit thir nghiém phit hop véi quy mé san xuét cong nghiép va dap ving yéu ciu chi tiéu
chit lwong ciia nwéc dira.

Tir khéa: axit béo tu do, chit béo, ly tim 3 pha dang dia, nwéc dira, protein, tap chit khong tan.

Chi s6 phén logi: 2.10

Dat van de nhiéu vitamin va khoang chat nhu: vitamin A, vitamin E, Ca,
K, Na, Mg... Ngoai ra, nudc dira con c6 tac dung giam huyét
ap, giam luong dudng huyét, giup co thé ting cuong hé mién
dich, chéng lai cac vi khuén gy bénh, khang khuan, virus,
nam...[1, 2]. Khoa hoc hién dai di chimg minh nuéc dura la
thyc phidm “hoan hao” thuc day qua trinh giam cin hiéu qua.
Cac chit chng oxy hoa duoc tim thy trong nudc dira c6 thé
gitip ngin chin cac bénh nhu: ung thu, 130 hoa da, nép nhin,
thi luc kém va cac van dé vé xuong khép [3-6].

Vén d hién nay dang dugc quan tim & cac nha may ché
bién dura tai tinh Bén Tre néi chung va Cong ty TNHH ché
bién dira Luong Qudi ndi riéng 1a luong nude dira thai bo
tir trai dira gia sau khi ldy hét phan com dira 1a rat 16n (riéng
& Cong ty TNHH ché bién dira Luong Qudi tir 90.000 dén
100.000 lit mdi ngay). Nudc dira gia chi duoc sir dung mot
lwong nho cho san xudt thach dira, con da phan phai thai bo,
gdy 0 nhiém méi truong va ling phi ngudn dinh dudng quy
gi4 tir tyr nhién. Viée tan dung nudc dira gia dé san xuat nude Nuéc dira gia duge Iy tir tréi dira trén 10 thang tudi
ubng s& gbp phan quan trong giai quyét vin dé 6 nhidm moéi  khong dung ubng truc tiép do chira mot s6 chat gay mui,
truong va tao thém gia tri gia ting cho doanh nghiép. Pay  vi kho chiu. Trong thanh phan cua nudc dira gia ¢6 0,20%
1a yéu cu cAp thiét dé giai quyét van d& méi truong cho cac  protein va 1,90% chat béo, mic du véi ham lugng khong
nha may ché bién dira, ddng thoi da dang hoa cac san phdm,  cao nhung thanh phin nay thudng gy nén cac hién tugng
ning cao gid tri gia ting cho chudi san phim tir trai dira, g6p  nhu vén duc, két tiia, mui 6i chua do cac chat béo bi bién doi
phan tang truong kinh té - xa hoi. ngay trong nudc dua gia cling nhu trong qua trinh luu git,

T ‘A A 12 lam giam chat luong san pham vé chi tiéu cam quan...[3, 5].
Nudc dua la nude udng ty nhién cung cap va bd sung & ong san p d [3.3]

chat dién giai rat ¢ lgi cho co thé, boi trong nudc dira chira O quy md cong nghiép, dé sir dung nudc dira gia lam

“Tac gia lién hé: Email: tsphuong65@yahoo.com.vn
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Abstract:

In this study, coconut water from 11 - to - 12 - month
mature coconut fruits was preserved in a storage tank
at 5°C, and unwanted compounds affecting the sensory
criteria of mature coconut water were determined:
fat content of 1.9%, total protein content of 0.20%,
insoluble impurity content of 0.48%, and free fatty acid
content of 0.1 g/ml. Technical specifications performed
on 3-phase centrifugal equipment to separate these
unwanted compounds in mature coconut water,
including: temperature, and centrifugal speed, were
considered. Results of experimental studies on GF-75
tubular 3-phase centrifugal equipment at the scale of
30 liters/batch, exhibited the appropriate specifications
as follows: temperature of 70 to 80°C, and contrifugal
speed of 21,000 rpm; and the following indicators of
mature coconut water: fat content of 0.035%, total
protein content of 0.14%, insoluble impurity content
of 0%, and no detection of free fatty acid content. Test
results on a 3-phase disc centrifugal device with the
following, specifications: temperature of 70 to 80°C,
centrifugal speed of 6,800 rpm, and yield 4,000 I/h
exhibited the targeted indicators of mature coconut
water: fat content of 0.036%, total protein content of
0.16%, insoluble impurity content of 0.05%, and no free
fatty acid. The tested specifications were suitable for
industrial production and met the required indicator for
coconut water quality.

Keywords: coconut water, fat, free fatty acids, insoluble
impurities, protein, 3-phase discs-centrifugal equipment.

Classification number: 2.10
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nude udng can thiét phai c6 giai phap ky thuat loai bo
protein khong tan, tap chét va dic biét 1a chat béo co trong
nude dira gia trude khi ché bién nhim dam bao chit luong
san pham trong qua trinh bao quan va luu thong trén thi
truong.

Nguyén liéu va phuong phap nghién ciiu
Nguyén li¢u

Nudc dua st dung cho nghién cuu dugc thu tu trai
dua gia (11-12 thang tudi), chtra trong thung chua the tich
10.000 1, bao quan lanh 5°C.

Phuwong phap nghién ciru
Phwong phap phdn tich hoa ly:

- Xac dinh ham lugng chat béo trong nuéc dira theo
TCVN 6508:2007.

- Xac dinh ham lugng protein trong nudc dira theo
TCVN 10791:2015.

- Xac dinh ham luong tap chat khong tan trong nudc dira
theo TCVN 6324:2010.

- Xac dinh ham lugng (chi s0) axit béo tu do (FFA - Free
Fatty Acids) trong nu¢c dira theo TCVN 6127:1996.

Phuong phap cong nghé:

Xéac dinh nhiét d6 ctia nudc dura gia thich hop cho ly tam
(thi nghiém): thuc hién trén thiét bi ly tam siéu téc (GF-75)
dang 6ng. Mdi lan ly tam 30 1, téc d6 21.000 v/ph, nhiét do
ctia nude dira gia & cac mirc: 29°C (nhiét do thuong), ké tiép
la tir 65, 70, 75 va 80°C. Panh gia anh huong cua nhiét do ly
tam dén ty 1¢ thu hoi pha dau Y, (%), ty 1¢ thu hoi pha nuée
R, (%) va ham luong dau trong pha nude O (%), tir d6 lua
chon nhiét do ly tam thich hop.

Xéc dinh toc do ly tam thich hop (thi nhi€m): thuc hién
trén thiét b ly tam siéu toc (GF-75) dang ong. Mdi lan ly
tam 30 1, nhiét do nudc dira gia 75°C, toc do ly tam diéu
chinh & cac mirc: 9.000, 12.000, 15.000, 18.000 va 21.000
v/ph. Panh gia anh hudong cia toc do ly tim dén ty 1é thu
hoi pha ‘de‘iu Y, (%), ty 1& thu hoi pha nuée R (%) va ham
luong déu trong pha nuéc O (%), tir 6 lya chon toc do ly
tam thich hop.

Xéc dinh ty 1¢ thu hoi pha dau: ty 1& thu hdi pha dau (Y,)
dugc tinh bang % luong pha long nhe (pha dau) thu dugc
sau khi tich pha so v&i khdi lugng nguyén liéu dua vao tach,
thé hién bang cong thirc:

Y,=M/M_x100%

Trong d6: M, la khéi luong pha dau (kg) thu duoc; M
la khoi luwong nude dira nguyén licu (kg).
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Xac dinh ty 18 thu hoi pha nude: ty 1¢ thu hdi pha nudce
(R,) dugc tinh bang % lugng pha nudc (nudc dira va cac
chat hoa tan) thu dugc sau khi tach pha so voi khoi lugng
nguyén li¢u dua vao tach, thé hién b'ﬁmg cong thuc:

R,=M/M_x 100%

Trong do: M, 1a khdi lwong pha nuée (kg) thu dugc; M
1a khéi luong nude dira nguyén liéu (kg).

Xéc dinh ty 1¢ thu hdi pha ran: ty 1& thu hoi pha ran S,
duoc tinh bang % luong pha ran (cac chat khong hoa tan)
thu duoc sau khi tach pha so voi khdi luong nguyén liéu dua
vao tach, thé hién bang cong thirc:

S,=M/M_ x 100%

Trong do: M_ la khéi luong pha ran (kg) thu duoc; M 1la
khdi lwong nudce dira nguyén lidu (kg).

Danh gi4 hiu qua tich dau trén thiét bj ly tim 3 pha
dang dia quy mo cong nghiép (thuc nghi¢m): thuc nghiém
trén thiét bi ly tim dang dia, tbc d6 ly tim 6.800 v/ph, ning
suét thiét bi 4.000 I/h, nhiét d6 nudc dira gia: 75+5°C. Panh
gia hiéu qua tach dau thong qua cac chi tiéu: ty 1& thu hoi
pha d:?lu Y, (%), ty 1& thu hoi pha nuéc R (%), ty 1¢ thu hoi
pharan S (%) va ham luong dau trong pha nudc O (%).

So sanh, danh gi4 hiéu qua ly tim thong qua mot s6 chi
tiéu hoa, ly ctia nude dura: phan tich, danh gia cac chi tiéu:
ham lugng chit béo, ham luong protein, ham luong tap chat
khong tan va ham lugng axit béo ty do ctia nudce dira gia ban
dau so voi nudc dira gia sau ly tim st dung thiét bi ly tam
dang 6ng, quy mo thi nghi¢m 30 I/mé (thi nghiém), toc do
21.000 v/p, nhiét do 75+5°C va thiét bi ly tim dang dia, quy
mo cong nghiép 4.000 I/h (thuc nghiém), tdc d6 6.800 v/ph,
nhiét d§ 75+5°C.

Keét qua va ban luan

Xdc dinh ham lwong: chit béo, protein, tap chit khong
tan va axit béo tw do trong nuwdc dira gia

Két qua xac dinh ham lugng: chét béo, protein, tap chét
khong tan va axit béo tu do (FFA - Free Fatty Acids) trong
nudc dua gia duge the hién ¢ bang 1.

Bang 1. Ham Iwong chat béo, protein, tap chéat khéng tan va axit
béo tw do trong nwéc dira gia.

TT Tén chi tiéu Pon vi Nuéc dira gia
1 Ham lugng chit béo % 1,90
2 Ham lugng protein tdng % 0,20
3 Ham luong tap chét khong tan % 0,48
4 Ham lugng axit béo tu do (FFA) g/ml 0,1
TP CHi
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Trong thanh phan cua nude dira gia, chat béo chi chiém
1,90%, do dic tinh chat béo (dau dira) dong ¢ nhiét d6 <23°C
nén khi bao quan lanh s€ lam nudc dura tao vang, ngoai ra
protein va cac hop chat khong tan thuong gay duc, ling cin
cho nudc dura. Ham lugng axit béo ty do trong nudc dura gia
khong cao (chi 0,1 g/ml) nhung 13 san pham ctia qua trinh
oxy hoa va thuy phan chit béo, 1a nguyén nhan chinh gay
nén mui, vi chua kho chiu cho nudc dura gia. Cac chét khong
mong mudn nay anh huong dén chi tiéu cam quan ctia nude
dura. Mat khéc, trong mdi truong nude, chit béo rat dé bi
thuy phan, gdy mui 6i cho san phdm. Thuc té nudc dira gia
khong dugc st dung lam d6 udng, do vay mudn sir dung
nude dira gia lam d6 udng giai khat can thiét phai c6 giai
phéap k¥ thuat dé loai bo cac chéat anh hudng t6i chét luong
cua nude dua.

Nghién ctvu anh hwéng cia nhiét dg doi voi higu qud
tach dau bang ly tdm

Hiéu qua tach dau bang phuong phap ly tim dong nghia
v6i ty 18 thu hdi pha dau 16n nhit va ham lugng dau con lai
trong pha nuéc nhé nhat. Anh huéng cia nhiét do dbi voi
hiéu qua tach diu bang ly tim dugc thé hién & bang 2.
Bang 2. Anh hwéng cuia nhigt d6 ly tam ti ty 1§ thu héi pha dau,
ty lé thu hoi pha nwéc va ham lwong dau trong pha nwéc.

Nhiét d nudrc dira gia luc ly tim ("C)

Chi tiéu

29 65 70 75 80
Ty 18 thu hdi
sl Y, (%) 3,98 5,53 8,34 8,73 8,94
Ty 18 thu hdi
pha nuée R, (%) 95,02 93,47 90,66 90,27 90,06
Ham luong diu
trong phanuéc O~ 0,22 0,059 0,036 0,035 0,034

(%)

Tir két qua bang 2 cho thdy mdi quan hé giita nhiét do
va hiéu qua tach ly:

- Ty 18 thu hdi pha dau ting khi nhiét do ly tim tang,
tang dén 70°C ty 1& thu hdi pha dau ting manh (tir 3,98 dén
8,34%), nhung khi tang nhiét do trén 70°C thi ty 1é thu hoi
pha dau ting khong dang ké (tir 8,34 dén 8,94%). Nhiét do
tang lam d nhot cua nude dira giam di, hiéu qua tach cling
tang 1én. Ngoai ra, do ham luong dau trong pha nudc giam
nhanh, kéo theo sy giam thé tich cua ca pha ham lugng dau
trong pha nudc O ciling giam theo. Diéu nay thé hién 16 ¢
ham hrong dau trong nude (O,) giam di rd rét tr 0,22%
(29°C) xudng 0,036% (70°C) va 0,034% (80°C).

- Khi ham lugng dau trong pha nudc giam xuong muc
0,036 dén 0 ,034%, ham luong dau trong nudc khong con
anh huong dén khdi lugng ciia pha, ty 18 thu hoi ctia pha dau
tré thanh hi¢u suét tach dau cua thiét bi (Y).

- Nhiét d6 thich hop cho ly tdm nudc dira 1la 75°C, qua
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80°C mot sd hoat chat cua san phém cO nguy co bi bién tinh,
anh hudng dén gia tri cua nudc dura.

Tir két qua thi nghiém, ching t6i lya chon khoang nhiét
do thich hop cho ly tim la 70- 80°C dé d& dang ap dung vao
thyc té san xuét.

Nghién ciru Gnh huwdng cia toc dj ly tim dén hiéu qud
tach dau

Anh huéong cua tde d6 ly tim dén hidu qua tach dau duoc
thé hién ¢ bang 3.

Bang 3. Anh hwéng cua téc do ly tam t&i hiéu qua tach dau.

Téc do quay ly tim (v/ph)

Chi tiéu

9.000 12.000 15.000 18.000 21.000°

Ty 18 thu hdi
pha déu Y,
(%)

6,49 7,32 7,73 8,48 8,73

Ty 18 thu hdi
phanuéc R,
(%)

92,51 91,68 91,27 90,52 90,27

Ham lugng
dau trong
pha nu6e O
(%)

0,087 0,069 0,055 0,036 0,035

*Téc dd cao nhat cla thiét bi & mirc an toan.

Két qua & bang 3 cho thay:

- Ty 1é thu hoi pha dau ty 1¢ thuan véi toc do ly tam. Tdc
d6 ly tdm cang cao thi hiéu sut tach dau cang 16n, nguyén
nhan do tdc d6 cao thi sy tach pha triét dé hon, dan t6i kha
nang tach dau trong nude dira tot hon. O tée d6 9.000 v/ph,
ty 18 thu hdi pha dau 1a 6,49%, tang 1én 8,73% khi toc d¢ ly
tam dat 21.000 v/ph.

- Ty 18 thu hdi pha nudc ty 1& nghich véi toc do ly tam,
tbc do cang cao thi ty 16 thu hdi pha nude cang giam. Toc do
ly tAm ting tir 9.000 dén 18.000 v/ph, ty 1¢ thu hdi pha nude
giam tir 92,51 xudng 90,52% (giam 1,99%), nhung khi ting
toc do ly tam 1én 21.000 v/ph thi ty 1& nay chi giam xudng
90,27% (gidm 0,25%). Nguyén nhan 1a do khi ham lugng
dau trong nuéc thap ¢ mirc 0,035-0,036% thi cac pha trong
thiét bi can bang, din dén it anh huong t6i ty 18 thu hdi pha
nude mic du ting toc do ly tim.

- Ham luong diu trong pha nudc giam di theo chiéu ting
ctia toc d6 ly tam, nhung khi toc d6 ly tim ting dén mot mire
nao do6 thi ham luong dau trong pha nudc giam khong dang
ké, tir 0,036% (18.000 v/ph) xudng 0,035% (21.000 v/ph).
O tbc d6 cao g?m nhu toan bo dau trong nudc dua da dugc
tach khoi pha nude.

Tir két qua thi nghiém Iya chon toc do ly tam 1a 21.000
v/ph.

TAP CHI
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Khoa hoc Ky thuat va Céng nghé

Ddnh gid higu qud tich dau trén thiét bi ly tim 3 pha
dang dia quy mé cong nghiép

Két qua thuc nghiém hiéu qua ly tdm tach dau trén thiét
bi 3 pha dang dia quy md cong nghiép duoc trinh bay &
bang 4.

Bang 4. Hiéu qua tach dau trén thiét bj ly tam 3 pha dang dia quy
mo cong nghiép.

TT Chi tiéu Két qua
1 Ty 1¢ thu hdi pha dau Y, (%) 9,2

2 Ty 1¢ thu hdi pha nuée R (%) 90

3 Ty 1¢ thu hdi pha ran S, (%) 0,8

4 Ham luong diu trong pha nuéc O, (%) 0,036

Két qua thuc nghiém & bang 4 cho théy:

- Ty 18 thu hdi pha dau trén thiét bi ly tim thuc nghiém 1a
9,2%, cao hon so v&i thi nghiém 8,73% (bang 2), diéu nay
cho thay & thiét bi ly tim dang dia do toc d6 6.800 v/ph anh
huéng dén kha ning tach pha van con mét luong nude 1an
vao pha nhe, 1am ting ty 1& thu hdi pha dau.

- Ty 1& thu hdi pha nudc trén thiét bi ly tam dia 1a 90%,
thap hon so véi thi nghiém trén thict bi ly tam ong 90,27%
(bang 3), tuy nhién la khong 16n (0,27%).

- Ham luong dau trong pha nudc trén thiét bi ly tim dia
13 0,036%, tuy c6 cao hon so v6i thi nghiém trén thiét bi
ly tam dng (0,035% - bang 3) nhung khong dang ké (chi
0,001%).

- Ty 1¢ thu hoi _pha ran 1a 0,8%, ty 1¢ nay phu thudc vao
toc do ly tim va tong cac chit khong tan ban dau, tuy nhién
ty 1& nay thip, khong 1am anh hudng dén hiéu suit thu hdi
nudce dua.

So sanh, danh gida hiéu qud cua ly tam thong qua mt
80 chi tiéu hoa, ly ciia nwoc dira

Két qua dénh gié cac chi tiéu: ham lugng chét béo, ham
luong protein, ham luong tap chit khong tan va ham luong
axit béo tu do ciia nude dira gia ban dau so sanh voi nudc
dira gia sau ly tdm thi nghiém va nudc dura gia sau ly tdm
thuc nghiém dugc trinh bay ¢ bang 5.

Bang 5. Ham lwong chét béo, protein, tap chét khong tan va axit
béo tw do trong nwéc dira gia treéc va sau ly tam.

. Nuéediragia  Nuwde dira gia
. . Nudcdira ., R
TT  Ham lwgng DPon vi . »  saulytimthi  sauly tim
gia ban dau N N
nghiém thue nghiém

1 Chét béo % 1,90 0,035 0,036
2 Protein tong % 0,20 0,14 0,16
3 Tap chét khong tan % 0,48 0 0,05

Axit béo ty do
4 g/ml 0,1 KPH KPH

(FFA)

*KPH: khong phat hién.
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Két qua bang 5 cho thiy:

- Céc chi tiéu: chat béo, protein, tap chat khong tan va
axit béo tu do trong nudc dura gia déu giam dang ké sau ly
tam thi nghiém va thuc nghiém.

- Ham luong dau trong nude dira gia giam tir 1,90 xudng
con 0,035% dbi véi ly tam thi nghiém va 0,036% ddi véi ly
tam thuc nghiém.

- Protein trong nudc dira gia giam tir 0,20 xudng con
0,14% ddi véi ly tam thi nghiém va 0,16% d6i voi ly tam
thuc nghiém. Protein trong nudc dira sau ly tim chiém ty 1&
thap, chil yéu dang hoa tan nén khong anh huong dén trang
thai va mui vi cua nudc dira.

- Céc tap chit khong tan dd duoc loai bé gan nhu hoan
toan ra khoi nude dira gia (0% ddi véi ly tam thi nghiém va
0,05% dbi véi ly tam thuc nghiém).

- Ham lugng axit béo tu do (chi sé 61 hoa cuia chit béo) 1a
nguyén nhan gay mui vi kho chiu cho nudce dura gia da dugc
loai bo hoan toan sau ly tam.

Keét luan

Tur két qua nghién ctru, ching t6i riat ra mdt s6 ket luan
sau:

- Sir dung thiét b ly tim 3 pha dang dia dé tach cac hop
chat gay mu1 vi khong mong mudn trong nudc dira gia véi
céc thong sd: téc do ly tim 6.800 v/ph, niang suat 4.000 I/h,
nhiét d6 nudc dua gia khi ly tam75+5°C, cho cac chi tiéu
hoa 1y ctia nudc dira gia dam bao chét lwong: ham lugng
chét béo 0,036%, ham lugng protein 0,16%, ham lugng tap
chat khong tan 0,05%, ham luong axit béo tw do 0% (KPH).

- Céc chi tiéu hoé 1}'/ cua nudc dura gia sau ly tdm nhu
trén dap ung yeu cau vé cac thanh phan chinh twong tmg dé
san xudt nudc ubng tir nude dira gia & quy mo cong nghiép.

TAP CHI
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LGOI CAM ON

Nghién curu dugce thuc hién tr nguén kinh phi cua du an
“Hoan thién cong nghé ché bién va déng géi Tetra-Pak cho
san phdm nudc dira tai ving Ddng bang song Ciru Long”,
mi s6: NATIF.TT.09.DAPT.2017, thujc Quy Ddi mai cong
nghé quéc gia va su hd tro tir Cong ty TNHH ché bién dira
Lwong Quéi, tinh Bén Tre. Cac tac gia xin chan thanh cam
on.
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QUY DINH VE BAI VIET DANG TAI TREN TAP CHi

Yéu cdu chung

Bai viét gUi dang trén Tap chi phai 1a bai viét nguyén thuy (chua dugc cong bé trudc do). Tac gia
khong dudc gui dang bai viét trén cac tap chi khac cho dén khi cé quyét dinh xét duyét clia Ban Bién
tap.

Bai bao dai khong qua 10 trang (bao gdm ca bang biéu, ghi chu, tai liéu tham khao va phu Iuc) font
chi: Times New Roman; ¢G chii 13; khé glay A4, € trén 2 cm, |€ dudi 2 cm, € trai 3 cm, |€ phai 2 cm.

Bai viét glii vé Toa soan dudi dang file mém va ban in; cé thé guii truc ti€p dén Tap chi (Phong 507,
s6 113 Tran Duy Hung, Cau Gidy, Ha Néi) hoac qua hom thu dién t0, dia chi: khcnvn@most.gov.vn.

Tén bai bao

- Tén bai bao dudc viét bang tiéng Viét va tiéng Anh, trén trang dau cla bai bao, khéng gach chan hay
viét nghiéng.

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

- Phia dudi tén bai bao 1a tén tac gia khong viét chiic danh va hoc ham, hoc vi. NEu cé nhiéu tac gia lam
viéc G cac co quan khac nhau thi tén téc gia dugc danh s (2-) & phia trén. D&u hoa thi (') chi tac gia lién
hé, dugc viét & cudi trang dau tién clia bai bao.

Tom tit

Tom tat bang tiéng Viét va tiéng Anh. Néu dugc muc dich, phudng phap nghién ctiu chinh, két qua
nghién ctu va két luan chi yéu. Tl khoa bang ca tiéng Viét va tiéng Anh theo thi ty alphabet. Chi s6
phan loai (theo hudng dan).

Dan nhap/datvan dé
Dinh nghia van dé; tém Iugc van dé nghién cliu da dugc céng bé trong va ngoai nudc, néu muc tiéu

nghién cuu \/é giai thich sy Iua\chon dé tai va muc tiéu nghién ctu dé thay dudc tinh thdi sy, tinh khoa
hoc va su can thiét clia van dé nghién cuu.

Ddi tugng va phuong phap

Déi tugng nghién ctu can trinh bay tiéu chuén Iya chon, déc diém d6i tugng nghién cuu.

Phuong phap nghién cuiu can néu rd cach tiép can nghlen cuu, loai hinh nghién cuu, phuong phap
do ludng, cong thic tinh ¢d mau, phuong phéap xG ly s6 liéu, mé ta ky cac ky thuat tién hanh trong
nghién clu; cac quan diém, lap luan, y kién tranh luan, cac dan ching...

Két qua

Trinh bay day dd, khach quan cac két qua thu dudc sau nghién ctu, cac két qua nay phai phuc vu
cho muc tiéu nghién ctu. Cac s6 liéu phai chinh xac va khép véi nhau. )

Phan ké&t qua nghién ctiu chi trinh bay cac két qua nghién ctiu cla dé tai, khdng giai thich, so sanh
va ban luan.
Ban lugn

ChU yé&u ban luan céc van dé lién quan dén muc tiéu dé tai.

Nhan xet, danh gia mot cach khach quan cac két qua nghién clu, c6 so sanh véi cac tac gia khac
dé khang dinh ho&c phl dinh nhiing hiéu biét da c6, qua dé néu dugc nhiing diém mdéi va déng gép

cla dé tai.
Dy bédo hudng nghién ciu tiép va kha nang tng dung céc két qua nghién cliu vao thuc tién.

Kétluan

Néu két qua nghién ctiu chli yéu clia dé tai c6 tinh khai quat lién quan dén muyc tiéu nghién clu, dé
xuat cac van dé tiép tuc nghién cuu.
Chi thich va tai liéu tham khdo
Chu thich dugc danh s6 theo thy tu xudt hién (2 ) va dugc trinh bay ngay & cudi trang viét (footnote).
Céc tai lieu tham khao dugc danh s6 theo thi tu xuat hién dé chi dan chung dugc trich dan & géu trong
bai bao. S6 thi ty dugc danh trong ngoac vudng, vi du: [3] véi 1 hodc [2, 5, 7-9] v6i nhiéu s6 chi dan.
| Téc gia (N&m xudt ban), “Tén tai liéu dugc trich dan”, Tén nguén, tap (s6), pp<trang dau-trang cu6i>|
Téc gid: la tac gid/cac tac gia cla tai liéu dugc tham khao, trich d~§n.
N&m xuat ban: ndm xuét ban cla tai liéu dugc tham khdo, trich dan.
Tén tai liéu dugc trich dan: 1a tén bai bao, chuang/phan sach.. B
Tén ngudn cé thé 1a tén tap chi, tén séach, hay tén tai liéu géc cla tai liéu dugc trich dan (phan nay dudc
in nghiéng).
Tap (s6): danh cho nguén trich 1a tap chi, sach hodc cac xuat ban phdm khéc (phan nay in dam).
Trang dau-trang cudi la s6 thii ty cac trang phan anh ndi cu tri cla tai liéu dugc trich dan trong tai liéu
nguoén.
Chu y: néu co 2 2 tai liéu tham khado do cling 1 tac gia/nhom tac gia, cung nam cong b, thi céc tai liéu
tham khao nay can dudc danh d&u a, b.. sau nam xuét ban (vi du: 1986a).
_ Né&u c6 mét s tai liéu tham khéo trong cuing 1 bai bao dugc trich dan c6 s6 trang khac nhau thi cén trich
dan thém sd trang, vi du: Kitchen (1982, p 39).

Cac yéu cau khac

- Bai viét knong dat yéu cau, Toa soan khong tré lai ban thao.

- Bai viét chi dudc dang khi phan bién nhan xét vé chét Iugng bai bdo dong y cho dang.

- Ban quyén: tac gid dong y trao ban quyén bai viét (bao gdm ca phan tom tat) cho Ban Bién tap
Tap chi.

PHAN LOAI LINH VUC KHOA HOC

AAAAAAAAA
CP®NDO W=

2.1.

1.Khoa hoc tu nhién
Toan hoc va théng ké
Khoa hoc may tinh va théng tin
vatly
Héa hoc
Khoa hoc trai dat va méi trudng
Khoa hoc sy song
Khoa hoc nano
Khoa hoc tinh todn
Cac linh vuc khéac cta khoa hoc tu
nhién

2. Khoa hoc ki thuat va cong nghé
Ky thuat dan dung: ky thuat kién
tric; ky thuat xay dung; ky thuat
két cdu va do thi; ky thuat giao
théng van tai; ky thuat thuy Igi; ky
thuat dia chat céng trinh
Ky thuat dién, ky thuat dién ta, ky
thuat thong tin
K§ thuat ca khi, ché tao may
Ky thuat hoa hoc
Ky thuat vat liéu va luyén kim
Ky thuét y hoc
Ky thuat méi trudng

. Cdng nghé sinh hoc cdng nghiép

. Cong nghé nano
. Ky thuat thuc phdm va dé udng

. Céc Iinh vuc khac cua khoa hoc
ky thuat va cong nghé

3.Khoa hoc y - duge

. Y hoc cd s6
.Y hoc lam sang
.Y hoc du phong

Dugc hoc

. Céc linh vuc khac ctia Y - dugc hoc

4. Khoa hoc nong nghiép

. Tréng trot
. Chan nuoi
. Thay

Lam nghiép

. Thly san
. €bng nghé sinh hoc trong néng

nghiép, thly sén
Céc linh vuc khac ctia khoa hoc
ndng nghiép

. Tam ly hoc

Kinh té€ va kinh doanh
Khoa hoc gido duc

. Xahdi hoc

Phap luat
Khoa hoc chinh tri

. Dia ly kinh t€ va xa hdi
. Théng tin dai ching va truyén thong

Lich st va khao ¢ hoc
Ngén ng( hoc va van hoc

. Triét hoc, dao dtic va tén gido

. Nghién ctiu vé khu vuc va quéc té

. Cac linh vuc khac cla khoa hoc xa
hoéi va nhan van
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Phd 'H NMR ciia day phirc chit [PtCl(eugenol-1H)(amin)] (amin:
pyridin, 4-Me-pyridin, quinolin, p-cloanilin, p-toluidin).
Truong Thity Hang, Nguyén Thi Thanh Chi

Hydrocacbon thom da vong (PAHs) trong mdt sé sin phim ca phé
rang, ca phé hoa tan & Viét Nam: Ham lwong va danh gia rii ro dén
strc khée con ngudi.

Nguyén Thi Quynh, Nguyén Thay Ngoc, Truwong Thi Kim,

Nguyén Vin Thanh, Phan Thi Lan Anh, Dwong Hong Anh, Pham Hing
Viét

Tai liéu méi vé dia ting va dia mao ddo Ly Son.

Ha Quang Hai, Hoang Thi Phuong Chi

Nghién ciru diéu kién thich hop cho qua trinh phan hity yém khi sinh
biogas tir phu phim 14 dira.
Phan Thi Tuyét Mai

Phéan tich phwong phap thiét ké hdn hep bé tong nhwa theo Super-
pave va mjt s6 két qua nghién ciru thwe nghi¢m.
Luu Ngoc Lam, Nguyén Quang Phuc

Nghién ctru phat trién hé théng ly hop lwu chit dién - tir bién ding
diéu khién toc d9 tai dwge truyén dong bing dong co dién.

Nguyén Qubc Hung, Lé Pai Hiép, Nguyén Minh Huy, Nguyén Thoi
Trung

Nghién ciru phwong phéap phén tich ddng vi bén trong nuéc qua tio
sit dung hé phan tich phd ké lazer dé hd tro xac thye ngudn gbe dia ly
ciia sin phim.

Ha Lan Anh, Ding Dtrc Nhan, Nguyén Thi Twoi, Mai Dinh Kién, V& Thi
Anh

Ché tao va khio sat d) bén nhigt ciia pin mit troi chit mau nhay
quang.

Nguyén Thai Hoang, Nguyén Thi Thiy Huwong, Huynh L& Thanh
Nguyén, L& Viét Hai

Hiéu suét ciia béo vé catot bing dong dién ngoai cho cong trinh kim
loai ngim trong méi trudng dit.

Nguyén Ngoc Phong, P& Chi Linh, Pham Héng Hanh, Pham Thy San,
Ngé Thi Anh Tuyét

Phin lap va tuyén chon vi khuin acetic chiu nhiét tir hat ca cao 1én
men.
Huynh Xuén Phong, Nguy&n Minh Tién, Nguyn Ngoc Thanh, Toshiharu
Yakushi, Kazunobu Matsushita, Ng6 Thi Phuong Dung, Bui Hoang Pang
Long

Nghién ctru mét s giai phap ky thuat tich cic hgp chit gay mii, vi
khéng mong mudn trong nwéc dira gia dé san xuit nuéc dira & quy
mo cong nghiép.

Pham Tuin Pat, Nguyén Phuong, Nguyén Trinh Hoang Anh, Ma Thi
Bich Thao, Cii Vin Thanh, Nguyén Trudng Thinh, Lé Thi Bao Ngoc,
Nguyén Phwong Thao
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'"H NMR spectra of a series of complexes [PtCl(Eugenol-1H)(amine)]
(amine: pyridine, 4-Me-pyridine, quinoline, p-cloaniline, p-toluidine).
Thuy Hang Truong, Thi Thanh Chi Nguyen

Polycyclic aromatic hydrocarbons (PAHs) in some roasted and
instant coffee products in Vietnam: Content and risk assessment for
human health.

Thi Quynh Nguyen, Thuy Ngoc Nguyen, Thi Kim Truong, Van Thanh
Nguyen, Thi Lan Anh Phan,

Hong Anh Duong, Hung Viet Pham

A new document on stratigraphy and geomorphology of Ly Son
island.
Quang Hai Ha, Thi Phuong Chi Hoang

Study on the optimum conditions for anaerobic digestion based
biogas production from pineapple leaves.
Thi Tuyet Mai Phan

Analysis of Superpave mix design for asphalt mixture and some
experimental research results.
Ngoc Lam Luu, Quang Phuc Nguyen

Development of a speed control system for rotary load driven by
electric motors via magneto-rheological clutch.

Quoc Hung Nguyen, Dai Hiep Le, Minh Huy Nguyen, Thoi Trung
Nguyen

Investigation into the method for stable isotope analysis of water in
apple using laser spectroscopic to assist in verifying the geographical
origin of products.

Lan Anh Ha, Duc Nhan Dang, Thi Tuoi Nguyen, Dinh Kien Mai, Thi Anh
Vo

Investigation of thermal stability of dye-sensitised solar cells.
Thai Hoang Nguyen, Thi Thuy Huong Nguyen, Le Thanh Nguyen
Huynh, Viet Hai Le

Efficiency of impressed current cathodic protection for underground
metallic structures.

Ngoc Phong Nguyen, Chi Linh Do, Hong Hanh Pham, Thy San Pham,
Thi Anh Tuyet Ngo

Isolation and selection of thermotolerant acetic acid bacteria from
fermented cocoa beans.

Xuan Phong Huynh, Minh Tien Nguyen, Ngoc Thanh Nguyen, Toshiharu
Yakushi, Kazunobu Matsushita, Thi Phuong Dung Ngo, Hoang Dang
Long Bui

Study on some technical solutions to separating unwanted odour and
flavour compounds in mature coconut water for industrial-scale
coconut water production.

Tuan Dat Pham, Phuong Nguyen, Trinh Hoang Anh Nguyen, Thi Bich
Thao Ma, Van Thanh Cu, Truong Thinh Nguyen, Thi Bao Ngoc Le,
Phuong Thao Nguyen

Tap chi dién ti (E-journal): vistum; h.ujstun
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