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TONG HOP VA DAC TRUNG XUC TAC ENZYMLIPASE CO DINH TREN
NANO TU TINH UNG DUNG CHO QUA TRINH CHUYEN HOA BIODIESEL
TU DAU DAU NANH
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Toém tat

Trong nghién ciru nay, nhém tdc gia da téng hop cdc hat nano tirtinh chitosan-Fe O, bdng phuong phdp déng két
tia sir dung glutaraldehyde la tdc nhén tao lién két ngang cho cé dinh héa enzyme lipase. Enzyme lipase duoc cé dinh
trén co' sé tao lién két peptit théng qua cdu néi la glutaraldehyde véi cdc hat nano tir tinh chitosan-Fe 0. Ddc trung
ctia hé xuc tdc dugc phan tich béng cdc phuong phdp nhiéu xa tia X (XRD), hién vi dién tir quét (SEM), hién vi dién tir
truyén qua (TEM) va phé héng ngoai (FT-IR). Qua ddc trung cia phuong phdp cho thdy, enzyme lipase duoc cé dinh
trén cdc hat nano tir tinh, cdc hat c6 dang vi cdu, véi kich thuéc tir 12 - 15nm. Hé xuic tdc téng hop duoc sit dung cho
qud trinh trao déi ester héa chéo thanh methyl ester véi dé chuyén héa 93% trong 30 gid phan ting, & nhiét dé 40°C,
strdung methanol cho qud trinh phdn tng theo 3 giai doan va ty 1é mol ddu/methanol la 1:4.

1. Mé dau

Trong cdng nghiép san xuat biodiesel, xtc tac déng
thé acid H,S0O,, bazo gém KOH, NaOH, kali alkoxide va
natri alkoxide da dugc st dung phé bién cho qua trinh
transester hoa chéo dau thuc vat véi methanol dé tao
ra methyl ester cGia acid béo. Do gap khé khan trong
viéc thu héi xuc tdc dong thé va xt ly nudc thai nén chi
phi san xuat biodiesel tang cao [1, 2]. P& khic phuc han
ché& nay, cdng nghé xuc tac di thé da dugc nghién cuu,
song it dugc Ung dung trong cong nghiép do gia thanh
cao, quy trinh diéu ché phuc tap, hiéu suat chua cao va
dac biét rat nhay vai nudc va acid béo tu do trong dau
thuc vat. D€ tién téi cong nghé xudc tac “xanh” - xUc tac
sinh hoc st dung enzyme cho phdn Ung ester hda chéo
dau thuc vat da va dang dugc nghién ctu [3, 4]. St dung
enzyme tu do dé diéu ché diesel sinh hoc thudng bi can
tr& do thi€u su 6n dinh trong diéu kién phan tng va
nhiing khoé khan trong qua trinh tai sinh, thu hoi ti hén
hgp phan Ung nén viéc cé dinh héa enzyme trén cac hat
nano tu tinh la phuong phéap hiéu qua nham cai thién
tinh 6n dinh clia enzyme va thuc hién dugc quy trinh tai
st dung xuc tac [5 - 8].

Trong nghién ctu nay, nhém tac gid téng hgp chat
xuc tac enzyme lipase c6 dinh hoéa trén nano sat bang
phuong phap héa hoc st dung chitosan thong qua cau
néi glutaraldehyde va st dung cho phan (ng transester
hoa chéo dé san xuat biodiesel.

2. Thuc nghiém
2.1. Nguyén liéu

Chitosan st dung tt ngudn Aldrich (CAS 9012-76-
4); Candida rugosa lipase st dung ti hang Sigma; Dau
dau nanh st dung tir Cong ty CP Dau thuc vat Tusng An
cé phan tlr khéi trung binh 876g.mol”; Glutaraldehyde
(C,H,0,) v&i 5009.kg™ trong dung dich nudc st dung tu
Cong ty Hoa chét Tianjin va cac héa chat FeCl,.6H,0 (99%),
FeCl,.4H,0 (99%), NaOH (98%) c6 xuat xU ti Trung Quéc.

2.2. Diéu ché cdc vi cdu “microsphere” chitosan tir tinh

Cac hat nano tu tinh Fe,O, dugc tao thanh tir dung
dich cdc muéi FeCl,.4H,0 va FeCl..6H,0 véi ndng do thich
hop theo ty [&é mol Fe?*:Fe** = 2:1. Dung dich dugc khuay
600 vong/phut trong 30 phut & nhiét d6 phong. Sau dé
nho ti t& dung dich NaOH 1M dén pH =10 thi ding lai.
Phan Ung dugc thuc hién trong 30 phut & nhiét dé 80°C.
Loc rtra hén hgp huyén phi thu dugc bang nudc cat dén
pH = 7. Sau d6 say kho & nhiét dé 80°C va gilt trong moi
trudng chan khéng thu dugc cac hat nano sat tur.

Cac vi cau Fe,0,-chitosan dugc tong hgp bang cach:
Hoa tan 0,5g chitosan trong 50ml dung dich acid acetic
néng do 0,2M, khudy manh hén hgp trong 30 phut & nhiét
d6 phong. Sau d6 thém 3g hat nano Fe,O, vao hon hgp
dung dich, tiép tuc khudy trong 1 gi6. Cac vi cau Fe,O,-
chitosan thu dugc c6 tinh tir manh va dugc lam kho lanh.
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2.3. Co dinh lipase Ién hat nano Fe O -chitosan tirtinh

Qua trinh ¢6 dinh lipase “Candida rugosa” 1én nano
Fe,0,-chitosan dugc thuc hién théng qua cau néialdehyde
(glutaraldehyde). Lipase c6 nhdm amin c6 thé tao lién két
ngang véi mét dau aldehyde cla glutaraldehyde va dau
aldehyde con lai sé lién két véi nhém amin cda chitosan-
Fe,O, (Hinh 1).

Tién hanh c6 dinh héa, st dung 2g chitosan-Fe 0,

[— @ Chitosan-N=CH-(CH,)3-CH=N-Enzyme

Hinh 1. Qud trinh lién két giita lipase voi Fe O -chitosan

Chitosan-NH, + OHC-CH,-CH»,-CH»-CHO + H,N-E nzyme

[ Chitosan-Fe;0, ]74[ Glutaraldehyde ]

Dung dich dém phosphate
pH=7,5

Trong 5 giG 6 30°C

H6n hgp sau khudy

Loai glutaraldehyde
bang tur trudng

Loc rlra véi nudc cat

Dung dich dém phosphate

Dung dich
enzyme lipase

Khudy nhe trong 3 ic‘s[ Fe;0,-chi-glu ]
y nhe gs9 P

H6n hgp sau phan tng

[ Fe;0,-Chi-Glu-Enzyme ]

Hinh 2. Quy trinh ¢6 dinh enzym Ién hat nano turtinh
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Hinh 3. Phé nhiéu xa tia X cda nano sdt ttr (Fe,O,)
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tréon véi 20ml dung dich glutaraldehyde 10% trong
dém phosphate véi pH = 7,5. Phan tng dugc tién hanh
& nhiét d6 30°C trong 5 gio. Cac hat da dugc hoat hda
glutaraldehyde thu héi bang su phan tach tu tinh, sau dé
ti€n hanh rtia nhiéu lan bang nudc cat.

Sau khi hoat hoa glutaraldehyde chat mang dugc
trén trong 20ml dung dich lipase (d = 2g/l, 0,025M dém
phosphate, pH = 7,5). H6n hop dugc lac lién tuc & nhiét
d6 35°C trong 3 gid. Sau khi hoan thanh phan tng c6 dinh
héa, két tia cé tu tinh dugc tach bang viéc ing dung
trudng tl bén ngoai. Rtia nhiéu lan két tta thu dugc bang
dém phosphate dé loai bé lipase tu do. Sdy khoé xuc téc
thu dugc sau khi ¢ dinh lipase & nhiét do 40°C va bao
quan & nhiét d6 4°C. Quy trinh ¢ dinh enzyme lipase
dugc thé hién trén Hinh 2.

2.4. Phuong phdp ddc trung xuc tdc

Dac trung clia xuc tac dugc xac dinh bang phuong
phédp nhiéu xa tia X (XRD) trén may CPM-Bruker D8-
Advance (Buc) géc quét tir 10 - 70°. Anh hién vi dién
tir quét (SEM) dugc thuc hién trén may SEM-JEOL-JSM
5410 LVC (Nhat Ban) véi d6 phong dai 200.000 lan. Anh
hién vi dién td truyén qua (TEM) dugc thuc hién trén
mady SEM 1010 ctia hang Jeol véi hiéu dién thé& 100kV tai
Vién Vé sinh Dich té Trung uang. Phé héng ngoai (FT-IR)
st dung dé€ phan tich cu truc xuc tac dugc thuc hién tai
Khoa Héa - Pai hoc Su pham Ha Noéi.

2.5. Ddnh gid hoat tinh xuc tdc

Hoat tinh clia xUc tac dugc danh gid thong qua phan
Uing trao d8i ester hda chéo dau dau nanh bang methanol
VvGi ty |é methanol/dau = 4:1. Phan tng thuc hién trong 30
gid & nhiét d6 40°C, sir dung 2,7g xuc tac cé dinh lipase va
10ml n-hexane. Methanol dua vao phan Ung theo 3 giai
doan, méi giai doan cach nhau 30 phut. Sau 30 gig phan
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Hinh 4. Phé nhiéu xa tia X cia chitosan-Fe 0, (a) va lipase cé dinh (b)
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ung, hén hop dugc loc
va tach sadn pham béng
tu tinh bén ngoai. PO
chuyén hoa cta dau
dau nanh thanh methyl
ester dugc xac dinh
bang phucng phap sac
ky GC/MS.

3.Két qua va thao luén

3.1. Ddc trung cua cdc
hat nano Fe O, tirtinh

Phé nhiéu xa tia X
cla cac hat nano Fe,O,
hinh thanh véi su thay
déi néng d6 NaOH
va ion Fe*/Fe** (Hinh
3) cho thady c6 6 dinh
(peak) dac trung cua
Fe,O, xuat hién tai cac
goc 26 lan lugt 30,19,
35,5°, 43,2°, 53,5°, 57°
va 62,8° tuang Ung vdi
cac mat phan xa (200),
(311), (400), (422), (511)
va (440). Cac dinh nay
cho thay cac hat Fe O,
dang thuan khiét voi
cdu trac spinel.

D6i véi cac hat vi
cau chitosan-Fe,0, va
lipase c6 dinh trén chat
mang, phé nhiéu xa tia
X cling xudat hién 6 peak
dac trung (Hinh 4). Biéu
nay cho thdy qua trinh
pht chitosan va viéc c6
dinh lipase khéng lam
thay déi pha cla cac
hat Fe,O,. Nhu vay, cac
hat tU tinh c6 thé dam
bao cac tinh chat ti cla
ching cho qua trinh
phan tach khi tng dung
cho viéc phan tach bio.

SU¢ dung phuong
trinh  Debye-Scherrer,
kich thudc tuong doi

Bdng 1. Kich thudc hat Fe O, khi thay d6i néng d6 NaOH va ty 1é ion Fe*/Fe**

Mau Nong d6 Fe>*  Néng dé Fe* N;:g:(', T)I’“I:OT_IOI Kich thuéc hat
M1 0,2 0,4 1,0 1/2/5 17,2
M2 0,2 04 1,5 1/2/7,5 17,0
M3 0,2 0,4 2,0 1/2/10 16,4
M4 0,3 0,6 1,0 1/2/3,3 14,5
M5 0,4 0,8 1,0 1/2/3,3 11,6
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Print Mag: 280000x @ 51 me 0 nm Print M
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(c) (d)
Hinh 5. Anh SEM (a, b) va TEM (c, d) ctia Fe.0,

g: 280000x B 51 me a0 nm

(b)
Hinh 6. Anh SEM cta vi cdu chitosan-Fe,0, (a) va lipase c6 dinh (b)
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Hinh 7. Phé héng ngoai FT-IR ctia cdc méu Fe.0, (a), chitosan-Fe,0, (b), chitosan (c), lipase tinh khiét (d),

lipase c6 dinh (e)
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cta hat Fe,O, dugc xac dinh
Vi thay d6i néng dé NaOH
va ty |é Fe**/Fe®* (Bang 1).

Nhu vay, kich thudc hat
nano tu tinh Fe,O, dugc xac
dinh khoang 11,6nm tuong
Ung vGi néng d6 NaOH 1M
va ty lé ion Fe**/Fe**la 1/2.

Anh SEM (Hinh 5a, b) va
TEM (Hinh 5¢, d) clla mau
M, cho thay rat ré6 céc hat
Fe,O, c6 kich thudc nano
mét, dang hinh cau véi
duong kinh trong khoang
12 - 15nm. Két qua nay
tuong Ung véi két qua xac
dinh bang phuong phap
gan dung Debye-Scherrer.
Puong kinh cac hat la
thong s6 quan trong doi
VvGi vat liéu chat mang. Kich
thudc hat nho tuong Ung
vGi dién tich bé mat va thé
tich mao quan I6n. Biéu nay
tao thuan lgi cho su lién két
gilra cac nhém chuic vai bé
mat chdt mang va san pham
phan Ung sé it bi gidi han
ba&i su khuéch tan.

Anh SEM (Hinh 6a, b)
VGi cac mau vi cau chitosan-
Fe,0, va lipase c6 dinh cho
thdy c6 su phan tan don
va mang modng chitosan
da dugc pha hoan toan Ién
cac hat sat ti, cac hat van cé
dinh dang cau, kich thuéc
trung binh dattu 14-21nm.
Ngoai ra, anh SEM cho thay
viéc c6 dinh lipase lén cac
hat vi cau chitosan ti tinh
da khong lam thay déi kich
thudc clng nhu dac tinh
clia hat.

Nhu vay, vai trd cla
chitosan khong chi cung
cdp nhom chic st dung
cho viéc c6 dinh lipase ma
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con bién tinh cac hat nano tir tinh Fe,O, lam tang tinh 6n
dinh cta chat mang.

Phé FT-IR cla cac hat nano Fe304(H‘|nh 7a), chitosan-
Fe,O, (Hinh 7b), polymer chitosan (Hinh 7¢), lipase tinh
khiét (Hinh 7d) va lipase c6 dinh (Hinh 7e) dugc thé hién
trén Hinh 7. V6i Hinh 7a, peak hép thu clia Fe,O, tai dai
578cm dac trung cho lién két Fe-O. Cac dao dong dac
trung tai dai 1.658cm™ va 1.384cm™ (Hinh 7c¢) dugc xac
dinh la cac dao déng cllia nhém N-H va -C-O trong cac
phan t polymer chitosan tuong ung [9, 10]. Hinh 7b cho
thdy ngoai cac dao déng dac trung cho polymer chitosan
tai s6 song 1.381cm™ va 1.631cm™ con xudt hién thém
dao d6ng mai tai 570cm™, dao déng clia lién két Fe-O cla
phan trFe,O,. Diéu nay khang dinh, chitosan da dugc phl
Ién cac hat nano sét tu. So sanh véi phé héng ngoai cla
lipase tinh khiét, lipase c6 dinh va chitosan-Fe O, tU tinh,
c6 thé nhan thdy c6 su xuat hién dao déng & 1.662cm’’
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dac trung cho dao déng cla lién két C=N. Do la két qua
phan Ung gitta nhém carbonyl cia nhém glutaraldehyde
va nhom amin [11]. Cac dai hap thu cla lipase c6 dinh
xudt hién tai budc séng 1.125 va 1.556cm™ tuong Ung vdi
cac budc séng 1.139 va 1.541cm™ trong phé héng ngoai
cuUa lipase tu do, chiing té lipase da dugc c6 dinh 1én cac
hat cau tu tinh Fe,O,.

3.2. Phan ung diéu ché methyl ester trén xiic tdc lipase
c6 dinh trén nano Fe O, tir tinh

Xuctac lipase ¢6 dinh dugc st dung diéu ché biodiesel
qua phan Ung trao déi ester héa chéo dau dau nanh bang
methanol véi ty 1& mol dau/methanol la 1/4, nhiét d6
phan ting 40°C, thai gian thuc hién phan ting trong 30 gio.
Biodiesel thu dugc c6 thanh phan dugc trinh bay & Hinh
8 vaBang 2.

Nhu vy, véi budc dau thuc hién phan ung trao déi
ester hoa chéo dau dau nanh véi
methanol s dung ty Ié xuc tac/
dau la 2,8% khéi lugng, d6 chuyén
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hoéa methyl ester thu dugc 93,42%.
Theo két qua nghién ctu cla Carla
Cristina va cong su [12] khi thuc
hién phan (ng trao déi ester hda
chéo dau dau nanh véi xuc tac
hydrotalcite thi nhiét do phan ung
thuc hién & nhiét do 230°C, ty 1é
mol methanol: ddu dau nanh =
13:1 trong 1 gid va ty |é xuc tac/
dau la 5% khdi lugng, dd chuyén
héa thu dugc la 90%. Diéu nay cho
thay, xdc tac lipase cé dinh hiéu
qua hon xuc tac hydrotalcite khi
st dung cho qua trinh diéu ché
biodiesel.

Hinh 8. Sdc ky 36 GC/MS ctia methyl ester tir phdn (ing ester héa chéo ddu ddu nanh
trén xuc tdc lipase c6 dinh

Bdng 2. Thanh phdn cdc chdt cé trong biodiesel

Tén hgp chat (methyl ester

l Thdi gian V@i cac acid tuong tng)
1 29,817 Hexadecanoic acid (Acid palmitic)
2 31,628 9,12-Octadecadienoic acid (Acid linoleic)
3 31,948 Octadecanoic acid (Acid stearic)
4 35,244 Docosanoic acid
5 33,625 Methyl 18-methylnonadecanoic acid
6 33,419 11-Eicosenoic acid
7 31,874 cis-11-Octadecenoic
Téng Methyl ester

4. Két luan

Véi muc dich téng hgp hé xuc

Ty Ié khéi lugng tac“xanh”- lipase c6 dinh trén nano

(%) t tinh Fe,0, ting dung cho qué
28,9 trinh diéu ché biodiesel, nhém tac
4535 giad da thu dugc cac hat Fe,O, c6
10,17 kich thudc nano trong khodng 12 -
193 15nm. Viéc ¢6 dinh héa lipase trén
2,18 vi cau chitosan-Fe,0, tuf tinh dugc
1,47 strdung cho qua trinh trao d&i ester
1,56 héa chéo dau thuc vat dé tao nhién
93,42 liu biodiesel. Cac tinh chat clia cac
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hat vi cau “micropheres” tif tinh thay déi khéng dang ké
sau khi phl chitosan va lién két lipase. Lipase ¢6 dinh thé
hién dé 6n dinh va hoat tinh xtc tac khi thuc hién phan
Ung ester héa chéo dau dau nanh bang methanol theo 3
giai doan vdi ty 1é dau/methanol 1a 1:4, nhiét d6 thuc hién
phan ting la 40°C trong 30 gid dé chuyén hoa dau dau nanh
thanh methyl ester trén 93%.
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Synthesis and characterisation of lipase enzyme immobilised
on magnetic nano particles for application in the
fransesterification of soybean oil to biodiesel

Summary

Pham Xuan Nui, Nguyen Ngoc Son, Le Thi Cuc
Hanoi University of Minning and Geology

In the study, magnetic chitosan microspheres were prepared by the chemical co-precipitation approach using glutar-
aldehyde as the cross-linking reagent for lipase immobilisation. The lipase enzyme is immobilised on the principle
of creating peptides covalently linked via glutaraldehyde as a bridge with chitosan magnetic particles. The catalyst
system has been characterised using the following analytical methods: X-ray diffraction (XRD), scanning electron mi-
croscopy (SEM), Fourier transform infrared (FT-IR) spectra, and transmission electron microscopy (TEM). The analysis
showed that the enzyme was immobilised onto the magnetic nanoparticles. The nanoparticles formed were spheri-
cal, uniform in size with average diameters from 12 - 15nm. Using the immobilised lipase, the conversion of soybean
oil to fatty acid methyl esters reached 93%wt under the reaction temperature of 40°C and reaction duration of 30h,
and methanol/oil amount-of-substance ratio of 4:1 with the three-step addition of methanol.
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