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Tém tat: Ham lugng cic axit hitu co mach ngin trong biodiesel gbc va nhién lidu biodiesel 1a
nhitng chi tiéu chét lugng cin dugc quan tim. Bai bdo nay trinh bay két qua nghién ctru phat trién
phuong phdp xac dinh ham lugng fomiat, axetat va propionat trong biodiesel bang phwong phap
dién di mao quan sir dung detector d6 din khong tiép xic két hop véi chiét 1ong-long. Quy trinh
phan tich cho gi6i han phat hién t6t ¢& 0,015-0,028 mg/kg chat can quan tim trong biodiesel, do
1ap lai vé dién tich tin hi¢u va thoi gian di chuyén phan dnh qua dd 1éch chuan tuong (101 cé gid tri
nho hon 5%. Ap dung quy trinh trén phan tich mot s6 mau biodiesel san xuét tur céc ngudn nguyén
liéu sinh hoc khéac nhau phat hi¢n thay su ¢6 mat cua fomiat va axetat & c& nong do vai don vi téi

hang tram mg/kg.

Tir khéa: Axit hitu co mach ngan, biodiesel, dién di mao quan.

1. Giéi thigu

Chi s6 axit 1a mot trong nhitng chi tiéu dénh
gid chét luong cua biodiesel. Thanh phan déng
g6p chinh vao chi sO nay la axit fomic va axetic
cling mot s axit hitu co mach ngin khac nhur
propionic, butyric. Cdc axit nay mot phan sinh
ra trong qud trinh san xuét biodiesel, mot phan
tao thanh do sy oxi hoda, dac biét trong trudng
hop biodiesel khong dugce thém chat bao quan
[1,2]. Trong bai bdo nay, chiing toi s& trinh bay
viéc phat trlen quy trinh phén tich cédc axit htru
co mach ngin néi trén trong biodiesel bang
phuong phap dién di mao quan. Pay 1a mét k§
thut phén tich tvong ddi don gian vé thiét bi,
van hanh, chi phi héa chét tiéu hao thap hon so

* Téc gia lién hé. DT: 84-912380373.
Email: hoanggianga0 @ gmail.com

voi cach phan tich truyég thdng cho cic ddi
teong nay bang k¥ thudt sac ky long hiéu nang
cao [2-5].

2. Thue nghiém
2.1. Héa chdt, thiét bi:

Toan bd héa chét duoc st dung déu thudc
loai tinh Kkhiét phan tich. CH;COONa.3H,0
duoc mua tir Merck (Darmstadt, Pirc). HCOONa,
CICH,COONa, CH;CH,COONa, L-histidin
(His), axit 2-(N-morpholino) etansunfonic
(MES), axit 3-(N-morpholino) propanesulfonic
(MOPS), tris(hydroxymethyl) aminomethane
(Tris)  va cetyltrimethylammonium bromide
(CTAB) dugc mua tr Sigma- Aldrich (Buchs,
Thuy S¥). Tat ca dung dich dién ly nén (BGE-
background electrolyte) va cac dung dich chuan
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dugc pha trong nudc deion. Tat ca cic phép
phan tich déu dwoc thuc hién trén hé thiét bi
thiét bi dién di mao quan (CE) c6 bd phat
ngudn cao thé 30 kV véi detector d6 dan khong
tiép xtdc (C*'D) ty ché tao. Mao quén silica néng
chay duong kinh trong 50 pum voi chiéu dai
téng 60 cm va chiéu dai hiéu dung 50 cm duoc
st dung trong toan bd thuc nghiém. Trudc lan
phan tich dau tién cia mdi ngy, mao quan
duogc 6n dinh héa bang dung dich NaOH 0,1 M
trong 10 phit, sau d6 1a nudc deion trong 10
phit va BGE trong 30 phit. Sau mdi phép do,
mao quéan dugc rira bang BGE trong 3 phit.

2.2. Chuan bi mau:

Mau biodiesel duoc thu thap véi cdc ngudn
gdc sinh hoc va cong nghé diéu ché khic nhau.
Viéc chiét cdc anion hitu co khoi biodiesel duoc
thyc hién bang cach hit 1050 mg miu cho vao
1o dung tich 1,7 mL va thém 250 mg dung moi
chiét (1a nuéc deion hoic BGE pha loang 10
lan) (twong Ung véi ty 18 1am giau 5 1dn) c6
chira ndi chuan (CICH,COO™ viét tat la IS-
Internal Standard) & ndng d6 19,1 ppm. Lo
duge lic bang mdy lic (KMC 1300V, Vision
Scientific, Han Qudc), sau d6 ly tim bang thiét
bi ly tam Mirko 220R, Hettich, Buc véi tdc do
8000 vong/phut trong 5 phut. Sau khi ly tam,
160 pL pha wa nudc dugce tich khdi pha hitu co
va dem phan tich.

2.3. Téi wu héa quy trinh phdn tich cdc cation
trén hé thiét bi CE-C*D:

Dung dich chuidn cta céc anion HCOO™,
CH;COO", CH;CH,COO™ ¢ ndng d9 2,25, 2,95
va 3,65 ppm tuong tng dugc st dung dé khao
sit cdc diéu kién phan tich. Trong cdc thi
nghiém, dién thé tich dugc giit ¢ dinh & gid tri
+15 kV va thoi gian bom mau 20 s; trir céc thi
nghiém khéo sat diéu kién dién thé va thoi gian
bom. Diéu kién phan tich dugc luya chon trén
cho co s& két qua tin hiéu cua céic anion c6 di¢n
tich 16n, hinh dang sic nét, 6 phan giai giita
cdc pic canh nhau c¢6 gia tri 16n honl,5.

* Nghién cueu lya chon dung dich dém dién
di: Qua tham khao tai li€u [2], mot $6 hé dém
duoc lya cho dé nghién ctru quy trinh phén tich

anion hitu co bao gébm: 1) dung dich histidin
10mM va axit 2-(N-morpholino)etansunfonic
(dém His/MES) c6 pH 5,8 ; 2) dung dich 3-(N-
morpholino) propanesulfonic 30 mM va L-
histidin 30 mM (dém His/MOPS) ¢6 pH = 6,7;
3) dung dich tris(hydroxymethyl)aminomethane
50mM va 3-(N-morpholino) propanesulfonic 50
mM (dém Tris/MOPS) ¢6 pH 7,7. Vi ¢ pH 16n
hon 4 nén cic dung dich dém trén déu duoc
thém CTAB va d diéu chinh dong EOF. Sau
khi lya chon dugc hé d€m thich hop, dung dich
dém duoc diéu chinh v& cdc pH khic nhau, tir
5,6 + 6,5 bang cach thay ddi ti 1¢ giira cdc thanh
phan dém va so sénh cic dién di d6 thu duoc dé
xdc dinh dung dich dém t5i vu.

* Nghién curu lya chon dién thé tdch: Sau
khi t8i wu héa hai diéu kién héa hoc (vé hé
dém), anh huong ciia dién thé dén sy phan tich
gifra cic anion hitu co phan tich dugc nghién
ctru. Trong khéo sit nay, dién thé tich dwoc
thay dbi tir +10 kV t6i +25 kV véi bude nhay 5
kV.

2.4. Téi wu héa qud trinh chiét long-1ong:

Céc anion hiru co can phén tich nim trong
biodiesel 1a pha ki nuéc, dé c6 thé phéan tich
trén h¢ thiét bi CE, can chuyén cdc anion nay
vao mot pha ua nudc. Viéc nay dugc thyc hién
thong qua mét qué trinh chiét long — long.
Dong thoi, dé nang cao do chinh xdc, phuong
phap noi chuan dwgc sir dung voi chat noi
chudn 12 ion cloaxetat. Qud trinh chiét duoc
thuc hién nhu muc 2.2. Cic thong s6 duge khao
sit 1a dung moi chiét, ty 1¢ pha loang dung moi
chiét va thoi gian chiét.

* Nghién cieu lva chon dung moi chiét: hai
loai dung mdi chiét duoc khao sat la: 1) nudc
deion va 2) dung dich dém dién di pha loang 10
lan (BGE 1:10). Hiéu qua chiét dugc ddnh gid
thong qua ti 1¢ dién tich pic cta ion can phan
tich/ndi chuan dé Iya chon dung méi chiét.

* Khdo sdt ti 1é pha loang dung moi chiét:
Sau khi lga chon dugc dung mdi chiét 1a dung
dich dém dién di pha loang, ti 1¢ pha loang dugc
khao sat v6i cdc mic khong pha loang va pha
loang 1 + 10 lan.
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* Thoi gian chiér: sau khi toi wu vé dung
mbi chiét, thoi gian chiét dwoc khao sit trong
khoang 1-10 phut.

2.5. Tham dinh phwong phdp

Puong chuan duoc xiy dung theo phuong
phap ndi chuan dya trén tuong quan gitra ti 1¢
dién tich pic chat can phan tich/ndi chuan véi
nong do chat can phén tich khi chat ndi chuan
dugc giit ¢d dinh ¢ nong do 19,1 mg/kg. Gid tri
gidi han phat hién (LOD) va gigi han dinh
luong (LOQ) cua thiét bi dbi voi cic ion trong
dich chiét dugc tinh béng gia tri n6ng d6 cho ti
1¢ tin hiéu/nhidu nén twong tmg 1a 3,3 va 10.
Gia tri gidi han phat hién ctia phuong phép
phén tich cic anion hitu co trong biodiesel dugc
tinh bang MDL/4,2 (hé s6 lam giau). Trong
nghién cuou nay, do lap lai cua phuong phap
(theo thoi gian di chuyén va dién tich pic tuong
dél) dugc xdc dinh thong qua gid tri do léch
chudn tuong d6i (RSD) cua két qua 5 phép phén
tich lap lai d6i v6i dung dich chudn va mau. By
chinh xac dugc xac dinh bang hiéu suét thu hoi
cua mét luong da biét chit can phéan tich dugc
théem vao mau biodiesel. St dung 3 mau
biodiesel ¢6 khdi lugng 5000 mg, mdi miu
dugc thém 50 mg dung dich chuan chua cic
anlon HCOO™, CH;COO", CH3CH2COO_ o
ndng d6 9,2 ; 12,0 va 14,8 mg/kg mdi ion tuong
g va ndi chuan ¢ ndng do 19,1 mg/kg. Hon
hop dwoc lic manh trong 5 phit va rung siéu
am trong 30 phiit dé dat can bang, sau d6 1050
mg dugc lay vao lo dung tich 1,7 mL va tiép tuc
qud trinh chiét da néu o trén. Hiéu suit thu hdi

L x 100
0
voi Ry, R, va Ry 1a né)ng d0 cuda ion can phan
tich trong mau biodiesel, trong mau biodiesel c6
thém chudn va ndng do da thém vao biodiesel.

duoc tinh theo cong thuc: R% =

3. Két qua
3.1. T6i wu cdc diéu kién phan tich trén hé CE- C4D:

* Két qua nghién ciru lwa chon thanh phan
dung dich dém dién di: Két qua khao sit thanh

phan dung dich dém dién di dwoc thé hién trén
Hinh 1 cho thdy sit dung dém Tris/MOPS va
dém His/MES déu cho day du tin hiéu ciia cic
anion hitu co can phan tich. Trong d6 tin higu
cac anion thu duoc khi dung d¢m His/MES cao,
sdc nét hon, dong thoi cdc pic ciing tach tdt hon
nhiéu so véi dém TrisMOPS. Do d6 dém His/MES
duoc Iya chon cho cdc nghién ctru tiép theo.

Két qua khao sat anh huong cua pH trong
khoang 6,5 toi 5,6 ciia dém His/MES tdi su
phén tach cédc pic anion hitu co dugc trinh bay
trong hinh 2. Trong ndi dung bai bdo nay ching
toi khong khao sat cac gia tri pH < 5,0 la do
pKa céc axit axetic va propionic lan luot 1a 4,76
va 4,88. Tir két qua hinh 2 cho thdy rang khi pH
> 5,9 dan t6i su chong chap pic ndi chuin va
axetat do dé khong thé su dung cac hé¢ dém
nay. Khi pH < 5,9 thi céc pic tach nhau t6t va
d6 phan giai tot nhat 1a tai pH 5,6. Vi vy dém
His/MES pH 5,6 1a Iya chon phu hgp cho quy
trinh phan tich céc anion hitu co quan tam.

150 mV
bém His/MOPs pH=6,7

CH,C00~
CH;CH,CO0~

HCOO" \ /

1S CH,CO0"

N bém Tris/MOPs pH=7,7

HCOO~ —~CH,;CH,CO0~

Pém His/MES pH=5,8

200 300 400 500 600 700 800 900

Thoi gian di chuyén (s)

Hinh 1. Pién di d6 phan tich anion hitu co sir dung
cac hé dém khac nhau.
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ISO mV Bém His/MES pH=6,5

| / A pH=6,2
r‘lf_J—JL pH=6,0

IS /CH3COO'

HcoO™ ™ CH,CH,CO0"
pH_: 5,6

250 300 350 400 450 500 550

Thoi gian di chuyén (s)

Hinh 2. Pién di d6 phan tich anion hitu co sir dung
dém His/MES cé pH khéc nhau.

* Nghién cuu lua chon dién thé tdch: Khi
tang dién thé tich, thoi gian di chuyén céc pic
anion hiru co ciing giam dong thoi dién tich pic
va chiéu cao pic ciing bi thu hep lai. Nguyén
nhan 1a do khi thé tich ting thi cuong do dién
truong ting lam cho cdc ion di chuyén nhanh
hon 1am cho pic cdc anion tai thé tich cao sit
lai, va day la nguyén nhan chinh lam cho dién
tich pic va thoi gian di chuyén giam.Tir Hinh 3
va 4 cho thiy tai thé tach +15kV thi cdc gid tri
dd phan gidi va dién tich pic anion la 16n
nhat. Vi vay +15kV duoc chon lam gia tri dién
thé cho qua trinh téch tiép theo.

1. HCOO"
2 2. Is
1 £33 3. CH,;C00~
N L 25 KV 4. CH,CH,CO0"
'100mV I
: . L e 20KV
.
4 |
LI s 15KV
10kV

1 | i
T T T T 1
200 300 400 S00 600 700

Thoi gian di chuyén (s)

Hinh 3. Dién di d6 khao sat thé tach dé phan tich
cac anion htru co.

—— Rn(";i chuan/Axetic

./.\\..- RaXEﬁC/Propionic

‘_/V

Bboéphangiai
O 4N W A OO N ®© O

10 15 20 25 30

Pignthé (kV)

Hinh 4. Sy thay ddi ctia d¢ phan giai (R) giita cdc
pic canh nhau theo di¢n thé tach (kV).

3.2. Két qua 10i wu quy trinh chiét

* Nghién cuitu lya chon ti 1é pha lodng dung
moi chiét va thoi gian chiét: Két qua khao sét
dugc thé hién trén Hinh 5. Tuy cédc két qua
khong khic nhau mot cich dang ké, nhung
cling ¢6 thé nhan thiy, néu st dung dung méi
chiét 1a dung dich dém dién di, hodac dém dién
di pha lodng so v6i dung nude deion thi dién
tich cdc pic can phan tich dwoc cai thién va
dudng nén s& 6n dinh hon. Piéu nay c6 thé 1a
do qud trinh trao dbi anion, trong d6 histidin
phan bé tir pha nudc vao pha biodiesel, da 1am
tdng qud trinh tich cdc anion phén tich tu
biodiesel vao nudc. Dung dich dém dién di pha
loang 10 lan (BGE 1:10) duoc lya chon lam
dung mdi chiét cho két qua tét nhat véi dién
tich pic 16n hon d6i véi ca 4 anion ciing nhu
cho d6 dén nén thip nhit. Ngoai ra khi khao sat
thoi gian chiét (1-10 phit) thdy rang sau thoi
gian chiét 2 phiit, lwgng anion chiét ra gan nhu
khong thay dbi ddng ké. N6i cach khac, sau thoi
gian 2 phiit, cAn bang phan bd da duoc thiét 1ap.
Nhu vay, dung moi chiét duogc lya chon 1a dung
dich dém dién di His/MES pH = 5,6 pha lodng
10 14n va thoi gian chiét 1a 2 phit.
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1 Stocmic/Sngi chudn

Sasetic/Sngichusn

Ty lé dién tich tin hiéu

OSpropionic/Sgi chudn

Nuédc deion  98m His- 0Em His- D8m His- 9ém His-
MEskhéng  MESpha  MEpha  MESphs
phalodng  lodng2lan lodng5lan lo3ng10lan

Hinh 5. Sy thay d6i ti 18 dién tich pic khi thay d6i
dung mdi chiét.

* Nghién cuu lya chon ti I¢ chiét:
Do bi giéi han bdi luong mau thu thap dugc

va thé tich 1o chiét nén trong nghién ctru nay chi
khdo sat qud trinh chiét theo ciac ti 1€

biodiesel/dung moi chiét tir 1 t6i 5 theo thé tich.
Két qua ti 1& dién tich pic ion phdn tich/ndi
chuan thu dwgc khong khic nhau dang ké khi
thay ddi ty 1¢ thé tich cta biodiesel/dung mbi
chiét. Theo céc tai liéu tham khao [2,3] va dua
trén thé tich mau can thiét d& bom vao thiét b
CE, ti 1& chiét dugc lya chon 1a thé tich
biodiesel gép 5 1an thé tich dung moi chiét.

3.3. Két qua ddnh gid phirong phdp phan tich

Hé s6 hdi quy tuyén tinh cua cdc duong
chuan thu duogc cé gid tri rat tét R> 0,9998.
Céc gia tri MDL thu dugc ¢ c& 0,015-0,028
mg/kg. Do 1ap lai cia dién tich twong dbi va
thoi gian di chuyén duoc thé hién dudi dang do
léch chuan tuong ddi trén nén nudc deion va
nén biodiesel déu nho hon 5% khi phan tich lap
lai 5 1an. Hi¢u suat thu hoi tir 96,8 dén 109,3%
khi phan tich cdc anion trong mau thém chuan.

Bang 1. Céc théng s6 dénh gid phuong phép

HCOO" CH;COO~ CH;CH,COO~
Khoang dudng chuan (mg/L) 0,46 + 92,05 0,74 + 148,16 0,60 + 120,10
Hé s R? 0,9999 0,9998 0,9999
Phuong trinh dudng chuén y =0,0023x - 0,003 y =0,0019x + 0,0156 y =0,0017x + 0,0036
LOD (mg/L dich chiét) 0,065 0,12 0,076
LOQ (mg/L dich chiét) 0,22 0,4 0,25
MDL*(mg/kg biodiesel) 0,015 0,028 0,018
RSDgien ticn(%) (n=5) 3,36 2,79 2,81
RSDinoi gian(%) (n=5) 1,95 1,35 3,38
Thoi gian di chuyén (s) (n=5) 296,6 +2.4 446,0£5,3 528,0+£7,3
Hiéu suét thu hdi (%) 96,8 +4,5 1043 +3.2 109,3 +3,5

y la 11 I¢ dién tich pic ion phan tich/ndi chuan; x la nong do ion phan tich (mg/L)

*tinh todn dya trén mau biodiesel ¢6 khoi hrong 1050mg va 250mg dung méi chiét

3.4. Két qua phan tich mau

Két qua phan tich cdc miu biodiesel thuc
dugc chi ra trong Bang 2 va trong gian do dién
di Hinh 6. Trong d6, mau Bkl c¢6 ham lugng
céc anion fomiat, axetat va propionat rat cao tir
vai chyc toi c& tram mg/kg do khong st dung
chat chong oxy héa, trong khi mau B100 cé
nguon gbc tir dau Jatropha c6 sir dung chat
chéng oxy héa c6 ham luong cic chat nay thip

hon nhiéu, chi duéi 10 mg/kg. Phan tich cic
mau Bio5 va Bio6 ciing phét hién ca ba anion
nay trong d6 fomiat 1a ciu tir tréi. Néu quy
tuong duong téng ham luong c4c axit nay theo
chi sO axit cho biodiesel thi chi s6 axit cuia cdc
mau trong khoang 0,3 t6i 3,9 mg KOH/g, trong
d6 mau Bkl vuot qud gid tri tiéu chuan cho
phép cua chi sb axit theo tiéu chudn chau Au va
My tuong tng 1a 0,5 va 0,8 mg KOH/g.
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Béng 2. Két qua phan tich mot s6 miu biodiesel

Ham lugng c4c anion (mg/kg)

Quy tuong duong chi

Miu  Ngudn gbc Cong nghé san xuat s0 axit mg KOH/g
) HCOO™ CH;COO™ CH;CH,COO™
B100 Jatropha Xic t4c di thé 7,61 3,93 0,89 0,3
Bio5 PFAD Xic tac di thé 23,6 6,44 1,33 0,7
Bio6 Dau dira Xic téc kiém 10,7 11,8 0,39 0,5
Bkl  Daudaunanh Xic tic kiém 122 29,7 18,0 3,9
PFAD: axit béo phé thai tir tinh luyén dau co
Loi cam on
HCOO"
Céc tdc gid chan thanh cdm on sy h tro tai
CH,C00" chinh tir & tai QG 13.07 Pai hoc Qudc gia Ha
I CH,CH,CO0" Noi.
200 mV
Mau BK1

M Méu Bio6
M MéUBIO5

Y |
T T T T

200 300 400 500

Thoi gian di chuyén (s)

Hinh 6. Pién di dd phén tich cac mau biodiesel thuc.

4. Két luan

Nghién cuu da xay dung dugc quy trinh
phéan tich ham lugng cdc anion hitu co mach
ngin HCOO™, CH;COO™, CH;CH,COO™ 1a san
phim ciia qud trinh oxy héa trong biodiesel
bang phuong phép dién di mao quan sir dung
detector do dan khong tiép xic két hop véi
chiét 16ng-16ng.Quy trinh phén tich ¢ do lap lai
tt, gi6i han phat hién phit hop véi yéu cau

kiém tra chit lugng biodesel.
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Method Development for Analysis of some Short Chain
Organic Acids by Means of Capillary Eelectrophoresis for
Quality Control of Biodiesel

Duong Hong Anh, Nguyén Van Quén
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Abstract: Short chain organic acids are of interest to the quality of biodiesel and diesel blends. A
simple method based on capillary electrophoresis combining capacitively-coupled contactless
conductivity detectors was developed to simultaneously determine formate, acetate, propionate in
biodiesel. The method showed good detection limits of around 0.015-0.028 mg.kg™" in the biodiesel
samples and relative high reproducibility of peak aera and mitigation time that in all cases the ratio of
standard deviation to average was below 5%. Applying the method to analyse biodiesel samples
produced from several biosources, it was found formate and acetate concentration in ranges from a
few to hundreds mg/kg.
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