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1. MG BPAU

Ngay nay, khi d3i séng clia con ngudi cing dugc cai thién thi nhu ciu sit dung
nhién liéu d€ tao ra ning lugng ngay cang cao. Tuy nhién, ngudn nhién liéu héa thach
12 c6 han va vdi t6c dd khai thic ching nhu hién nay thi s& din dén sy can kiét hoan
toan. Trudc thyc t& d6, viéc tim ra nhitng ngudn nhién liéu 1au dai va c6 kha ning tdi
tao d€ thay th€ ngudn nhién liéu héa thach 12 mot nhiém vu cdp thi€t. Trong do,
nhién liéu sinh hoc ma dic biét 1a diesel sinh hoc (biodiesel) dang thu hiit sy quan
tim nghién cifu ciia nhidu quéc gia trén th€ gidi. B4i 1&, ngudn nhién liéu nay khong
chi ¢6 tiém ning 16n dé€ sit dung cho cdc dong cd, khic phuc tinh trang trit lugng diesel
khodng ngay cing gidm ma con ddm bdo vin dé an ninh ning lugng, ddp dng dugc
céc yéu cdu vé mdi trudng.

Xu hudng hién nay d€ sin xuit biodiesel Ia thyc hién qué trinh trao ddi este tit
diu m& dong thyc vt véi ancol trén xuc tdc di thé. Céc xic tdc rin di va dang duge
nghién cttu cho qué trinh nay 1a: silica mao quén trung binh SBA-15 [1],V-ALO; [2],
WO0,/Z10,, TiO,/Zr0,/SO.*, MgO, ZnO..[3].

Trong nghién cttu nay, chiing t5i tién hanh tdng hdp vat liéu MCM-41 va bi€n
tinh MCM-41 biing zirconia dugc sunfat héa. Vit liéu duge st dung lam xdc tdc cho
qué trinh trao d8i este tit diu c4m gao dé tao sin pham biodiesel.

2. THUC NGHIEM
2.1. Téng hop vat lidu va khao sit dic trung
2.1.1. Tong hop MCM-41

Hoa tan 3,7g cetyl trimetyl amoni bromua véi 30m! nudc cat, khudy trong 40
phiit d&n khi thu dugc dung dich ddng nhat. D tif tit dung dich thiy tinh 16ng vao va
Kkhuy trong 3 gid rdi d€ dung dich thu dugc & nhiét d6 phdng trong 24 gid. Hon hdp
dugc trung hoa biing axit axetic d&n pH = 10, tiép tuc khudy hén hop trong 2 gid, sau
d6 chuyén vao autoclave dit trong ti s&y & 100°C trong 24 gid. Loc sin phdm rin thu
duge rdi rita bing nudc cit dén pH = 7. S&y khd mAu & 100°C va nung & 550°C trong 4
gi, sdn phim thu dugc 1a MCM-41.
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2.1.2. Téng hgp SO }/Zr0 /MCM-41

Hba tan 5g ZrO(NO,),.2H,0 vao nuéc ¢4, ti€p tyc cho tir tt 10g MCM-41 di
riy nhé vio va khuy trong 8 gid. D€ l&ng hdn hdp trong 24 gid tai nhiét 49 phong,
San phdm dugc si'y kho & 110°C réi nung & 550°C trong 12 gid. Ti€n hanh sunfat héa
vét liéu tdng hop biing 3,5ml dung dich H,SO, IN. Tiép tuc dé 1dng hdn hgp trong 24
gid & nhiét dd phong rdi cho bay hdi nudc tiY tir & 90°C. San phdm dugc sdy qua dém §
110"C, va nung & 550°C s¢ thu duge SO,*/ZrO, IMCM-41.

* C4u tric cha vét lidu tdng hgp duge dic trung bliing cdc phuong phép vatly
hién dai nhu: nhiu xa Ronghen (XRD), phd héng ngoai (IR), hap phu va gidi hip
phy amoniac (NH,-TPD).

2.2. Khao sét hoat tinh xiic tdc

Phan ng trao ddi este giita diu cdm gao (M= 870 g/mol; d = 0,92 g/cm’) véi
metanol dudc thyc hién & pha 16ng trong cdc diéu kién thyc nghiém x4c dinh. Sau khi
phén tng két thiic, ti€n hanh chung cit dé loai metanol réi cho hdn hgp vao phéu chiét
dé tach pha glixerol nim phia dusi. Sau dé ti€n hanh rita va 1am khd san phim metyleste.
D6 chuyén héa clia diu cim gao dugc tinh dya vao thé tich glixerol thu dudc.

San phdm phén ing dudc x4c dinh bing phudng phép IR va GC-MS. Céc chi
tiéu ky thuat cia sin phim dugc dénh gid theo tiéu chudn ASTM.

3. KET QUA VA THAO LUAN
3.1. Pic trung vit liéu
3.1.1. Phé nhiéu xa Ronghen (XRD)
K&t qud phén tich nhiéu xa Ronghen ciia mdu MCM-41 dugc biéu thi trén Hinh 1.
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Hinh 1. Gidn dé nhiéu xa Ronghen ciia méu MCM-41
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Ti gidn d6 XRD clia mdu MCM-41 t8ng hop c6 thé nhin thiy sy xudt hién pic
6 cudng d6 manh & géc 20=2°-3°, twong tng vdi mit (100). Céc pic c6 cudng do thap
hon & khodng 20~ 3,7° va 4,2° uiong tng véi cdc mat (110) va (200). Diéu nay khing
dinh s t8n tai c&u tric mao quén trung binh véi hé thdng mao quan ddng nhit va c6
44 trit to cao clia MCM-41 [4].

Gidn d6 XRD clia miu SO */ZrO,/MCM-41 (hinh 2) ciing xuét hién cdc pic dic
trung cho mao quén trung binh & géc hep 20= 2-5°. Bén canh d6 con c6 sut hién dién
cdc pic & géc 28=30°, 36° 50°, 60° dic trung cho ciu tric ciia tinh thé Zr0, [5].
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Hinh 2. Gidn dé XRD & géc hep (a) va géc réng (b) ciia mdu §0/ZrO/MCM-41
Nhu véy, viéc phan tdn SO,2/ZrO, trén chit mang MCM-41 khong 1am thay d6i
c4u triic mao quan cda chi't mang.
3.1.2. Phé hong ngoai (IR)
Miu vit liéu $0,/Zr0,/MCM-41 dugc dic trung biing IR. K&t qua dugc dua ra
& Hinh 3.
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Hinh 3. Ph6 IR ciia mdu S0} /ZrO/MCM-41
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Hinh 3 cho th&y s xudt hién cdc pic & 775cm’’ dic trung cho dao d9ng héa uj
ciia lién k&t Si-OH va pic 1082cm ' dic trung cho dao dong bién dang cia lién két
Si-O-Si.

P4m ph & 3361cm™’ va 1638cm’ dic trung cho dao ddng héa tri va dao déng
bi€n dang ctia nhém hydroxyl clia nudc h&p phu trén vat liéu [6].

3.1.3. Phutong phdp NH -TPD

Viéc thyc hién qué trinh gidi hap phu NH, theo chuong trinh nhiét d9 s€ nhén
dugc céc thdng tin vé lyc axit cla vat liéu.
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Hinh 4. Buong NH -TPD cia méu §02/ZrO /MCM-41

Hinh 4 cho thdy sy ¢6 mat clia mot pic nhon véi cudng 4 manh & nhiét do gidi
hap phu T, = 460°C va mot pic & khodng nhigt do 490°C-550°C. C4 hai pic déu cé
nhiét 46 T, > 400°C nén ddy la hai tdm axit manh. Ngoai ra, c6 thé nhén thiy st
xud't hién vai gidi hdp phu NH, dic trung cho sy tdn tai cia cdc tim axit y&u
(8 T,,, <200°C). Tuy nhién, dién tich pic gii hdp NH, cda cdc tim axit nay bé hon so
v4i tim axit manh.

K&t qué dat dugce da chitng & viéc phan tén S0,*/Zr0, 1én vit liéu mao quin

trung binh MCM-41 da tao ra vt li¢u c6 tinh axit nhim lam xic tic cho qu4 trinh trao
d6i este.

3.2. Khio sit hoat tinh ciia xiic tc SO,*/Zr0,/MCM-41 d5i v6i phan itng trao doi
este tir ddu cim gao
3.2.1. Anh huing ciia nhigt dp phén iing

Yé&u 18 ndy dugc thyc hién & diéu kién: i 16 mol metanol/ddu: 7/1; thdi gian
phén ting: 4 gid; t6c do khudy tron: 600 vong/phit; lugng xdc the: 2,5% so voi khdi

Iugng dau. Nhiét do phén @ng thay déi tit 50°C d€n 70°C. K&t qui dugc thé hién qua
bang 1.
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Bang 1. Anh hudng ciia nhi¢t 43 phdn ving dén dg chuyén héa cia ddu cdm gao

Ki higu miu Nhui’ré:gdg’ gl)nﬁn Vg“ma:li)ch ra D}?é‘;h(u%é)n
Ml 50 2,6 68,1
M2 55 2,9 76,0
M3 60 3,0 78,6
M4 65 29 76,0
M5 70 75 65,5

Qua k€t qud khao st cho thdy khi ting nhiét d¢ thi toc d6 phén ing ting 1én din
dén d6 chuyén héa clia ddu ting va dat cyc dai tai nhiét d6 60°C. Khi ti€p tuc ting
nhiét d6 phan ing thi d6 chuyén héa ctia diu bit ddu gidm. P6 12 do & nhiét d6 cao
hdn, metanol s6i va bay hoi manh (nhiét d s6i cia metanol 1a 64,7°C) da lam gidm
sut ti€p xuc giita metanol v6i ddu, din t6i lam gidm d6 chuyén héa. Do d6, trong diéu
kién nghién citu, nhiét 6 t3i wu cho qué trinh chuyén héa ddu c4m gao d€ tao biodiesel

1a 60°C.

3.2.2. Anh hubng ciia 1§ 1¢ mol metanol/ddu

Kh3o sit 4nh hudng ciia ty 1¢ mol metanol/dau & diéu kién: t5c do khudy tron
600 vong/phiit; thdi gian phin iing 4 gid); lugng xiic téc: 2,5% so véi khéi lugng ddu,
nhiét d6 phan itng 60°C. T§ 1& mol metanol/du thay d8i trong khodng tix 5:1 dén 10:1.
K&t qui dugc thé hién trong Bang 2.

Béng 2. Anh hudng ciia ty 1é mol metanol/ddu dén dg chuyén hda
ciéa ddu cdm gao

Kikigumdu | il Vg"’""'n:lﬁ)c}l i Dl?é‘;h(u%in
M6 511 16 419
M7 6:1 20 524
M3 71 30 78,6
M8 8:1 32 83,8
M9 9:1 33 86,4
M10 10:1 3,1 81,2




96  NGUYENTHIVIETNGA', PHAM XUAN NUI*, NGUYEN VAN KIM:, HOANG THI THANH HAY

Tf 16 nguyén liéu di c6 dnh hudng rit 16n dén khi ning chuyén héa cla ddu
c4m gao. Theo phudng trinh phén ting thi h¢ 56 ti lugng tudng tng v4i tf 1¢ mol metanol/
ddu 1a 3/1. Tuy nhién, qua k€t qud khdo sdt c6 thé nhan thdy khi tang t 1 mol metanol/
diu thi do chuyén héa diu cim gao ting. Didu ndy 1a do phén itng trao d8i este la
mdt phin (ng thuan nghich. Khi lugng ancol ting, cin bling s& chuyén dich sang phii
va 1am tang kha ning chuyén héa ciia diu cdm gao. D chuyén héa dat cyc dai khi
1¢ mol metanol/du 1a 9/1.

Viéc tang ham Jugng metanol 1&n nita 12 khéng cdn thi€t vi khi tang thi d§

chuyén héa hdu nhu khong ting ma metanol sé tan vao pha sdan phim chifa chi yéu la
biodiesel va glixerol gay khé khin va 8n kém cho qué trinh tdch sdn phim.

3.2.3. Anh hudng ciia thoi gian phdn iing

D& dénh gi4 anh hudng cGa y&u t& ndy, phan tng dugc khdo st & cdc diéu kién:
ti 1& mol metanol/ddu: 9/1; nhiét do phin dng: 60°C; tc do khuay tron: 600 vong/
phiit; lrgng xdc tic: 2,5% so v6i khdi lugng ddu. Thai gian phan ing dudc thay ddi tir
1 - 6 gid. K&t qua dudc thé hién & Bang 3.

Béng 3. Anh hudng ciia thoi gian phdn iing dén d¢ chuyén héa ciia ddu cdm gao

s T, [ | e
M1l 1 24 62,9
Mi12 2 2,9 76,0
Mi13 3 3,1 81,2

L ¢ 33 86,4
Mi14 5 39 83,8
M15 6 3,0 78,6

Ban diu phin iing di€n ra chim v ddu c4m gao c6 dd nhdt rét cao nén sy phin
tdn cla metanol vao dau khé khan gay cdn trd cho qué trinh phin tng. Trong khodng
thi gian tiY 2 - 4 gid, 36 chuyén héa ting nhanh va dat gid tri cyc dai tai 4 gid. Piéu
nay dudc gidi thich 12 do th¥i gian phdn ing kéo dai gitip cho sy tiép xiic giifa cic chit
phan ing ting 1én nén d6 chuyén héa ddu cim ting. Trong khodng thdi gian sau 4 gid,
d6 chuyén héa khdng nhitng khong ting ma cdn c6 xu huéng gidm nhe. K&t qua niy
¢6 thé 12 do thdi gian phin dng kéo dai da lam cho xic tic din din mat hoat tinh v
con xay ra phan ing este héa chéo giita glixerol vi cc metyl este. ’

Nhnf v4y, viéc khdo st cdc y&u 16 dnh hudng t6i qué trinh téng hop biodiesel o

déu cdm gao c6 th€ cho phép dinh hudng k&t hgp gifa cac didu kién thue nghiém &
thu dugc sin phdm mong mudn véi hidu suit cao.
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3.3. Ddnh gi4 chi't lugng san phdm biodiesel
3.3.1. Xdc dinh thanh phdn sdn phdm

Dé minh chitng cho sy ¢6 mit cha metyl este tao thanh t¥ qud trinh trao ddi este
gilta ddu cdm gao vdi metanol, sin phdm cla phin ng sau khi tinh ch& (miu M3)
dugc ti€n hanh do IR (Hinh 5). Sy xudt hién c4c tin hiéu dic trung & 2937,28 e va
1742,96 cm™ tudng ¥ng cho sy ton tai clia gdc mety! va nhém chifc este.

Nhu vy, trong sdn phdm ciia qu4 trinh phén (ng giita ddu c4m gao vi metanol
c6 mit metyl este.

Hinh 5. Phé IR ciia méu biodiesel 1dng hgp tit ddu cdm gao
Thanh phin c4c metyl este dudc xdc dinh bing phudng phdp GC/MS.
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Hinh 6. Sdc ky d6 GC ciia biodiesel téng hop tit ddu cdm gao sit dung
xibc tdc SO /ZrO/MCM-41
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K&t qua cho thi'y céc este chit y&u trong sén phdm Ia: metyl panmitat (13,012%),
metyl linoleat (17,311%), metyl oleat (41,235%), metyl stearat (6,568%) tuong ing
véi cdc pic & thdi gian luu 1a: 12,36: 13,99; 14,05 va 14,28 phiit. Ngoai ra, cdn ¢6 it
nhiéu céc mety] este clia céc axit béo khdc v6i ham lugng nhé.

3.3.2. Pdnh gid cdc chi tiéu ky thudt ciia biodiesel téng hop tit ddu cdm gao

Miu ddu cim gao va miu metyl este tdng hgp ti¥ ddu c4m gao dudc x4c dinh
cdc chi tiéu ky thuat tai Phong nghién citu va phét trién - Vién Héa cong nghiép Viét
Nam, Céc chf tiéu ky thuat dugc x4c dinh theo tiéu chudn ASTM va dugc so sdnh véi
biodiesel chuin (Bang 4).

Bing 4. Cdc chi tiéu ddc trung ciia biodiesel tong hgp tit ddu cdm gao

- Metyl este
STT Tén chi tiéu Phudng l’)hép Biodiesel Diu rad
phén tich chuén cédm gao X
camgao
1 | Ty trong & 30°C, ASTMD 0,8-0,9 0,920 0,877
glem?® 1298
2 | b6 nhét déng hoc ASTM D 1,9-6,0 43,52 5,29
3 40°C 445
3 | Chisd Cetan ASTM D 4737 >47 50,1 63,8
4 | Piémdoéng dic,°C| ASTM D97 1 -2
5 | biém chdp chay ASTM D min 130 316 183
cdc kin, °C 93
Piém bitchdy,°C | ASTM D 92 195 337 196
7 | Nhiét tri, MI/kg ASTM D 240 43,6 41,1 422
8 | Chi s8 axit tdng ASTM D max 0,8 0,55 0,50
(TAN), mgKOH/g 664

Két qud cho thiy ddu cdm gao c6 mét s dic tinh rit gin véi nhitng dic tioh
quan trong ctia diesel nhién li¢u cling nhu biodiesel. Nhitng gi4 trj nay cho thdy diu
cim gao rit c6 khd ning duge sit dyng nhit mot nhién lidu. Tuy nhién, ddu cdm gaoch
mot s8 tinh chat chua thich hgp d€ ding lam nhién li€u nhu: do nhdt dong hoc, nhiét
6 chép chdy c8c kin, di€m bt chdy... C4c gid tri ndy cao hon nhiéu so véi biodiesel
chudn. P6 chinh 12 1§ do cin phéx ¢6 sy chuyén héa ddu c4m gao thanh metyl este
cdm gao aé dép dng dugc yéu cdu lam nhién liéu.
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Béng 4 cho thd'y tinh cha't clia diu c4m gao sau khi chuyén héa thanh metyl este
dd dudc céi thién twong thich véi dic tinh cla nhién liéu diesel khodng:

- Chi s8 cetan clia metyl este da ting lén r& rét (tir 51 1&n 58). Pay 12 mot thong
s& rdt quan trong ddi véi diesel.

- D¢ nhét clia metyl este c4m gao da gidm déng k€ so vi ddu cdm gao. Piéu nay
lam cho kha ning bay hdi clia metyl este cim gao ting 1én va diém chdp chdy gidm.

- Nhiét trj cla metyl este cdm gao (42,2 MJ/kg) biing khodng 96,8% gi4 tri nhiét
tri cfia biodiesel chufn (43,6 MJ/kg).

Nhu vy, cdc chi tiéu quan trong d€ dénh gi4 chit lugng biodiesel nhu chi s&

cetan, chi s6 axit, d§ nh6t déng hoc, nhiét tri... cia metyl este tY ddu cdm gao déu ddp
ting dugc yéu ciu cia biodiesel chudn.

4. KET LUAN

4.1. Pa tdng hop dudc xic tdc SO,2/ZrO/MCM-41 va khio sit dic trung vit liéu
bling cdc phuong phdp: XRD; IR; NH,-TPD.

4.2. Ba khio sit hoat tinh xdc téc ca vt liéu SO,*/ZrO,/MCM-41 trong phédn dng
diéu ch€ biodiesel tif diu c4m gao bing phdn wng trao d6i este véi metanol. Viéc
phén tdn cdc tim axit SO,*/Zr0O, 1&én bé mit MCM-41 di tao dudc xic tdc c6 hiéu qua
cao trong qué trinh chuyén héa diu cdm gao thanh biodiesel.

4.3. Bling céc phuong phap phan tich héa 1y da ti€n hanh xdc dinh chi tiéu chdt lugng
cia biodiesel. Biodiesel tdng hgp tir ddu cdm gao c6 chdt lugng tuong dudng véi
biodiesel chudn, c6 thé trd thanh ngudn nhién liéu cho dong cd diesel.
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SUMMARY

PRODUCTION OF BIODIESEL BY TRANSESTERIFICATION
FROM RICE BRAN OIL OVER $0,*/ZrO /MCM-41
HETEROGENOUS CATALYST

Nguyen Thi Viet Nga“, Pham Xuan Nup,
Nguyen Van Kim‘, Hoang Thi Thanh Ha#

MCM-41 and SO,*/ZrO,/MCM-41 materials have been successfully synthesized. The
properties of materials were investigated by IR, XRD, SEM, NH -TPD. The catalytic activity
of SO,*/ZrO/MCM-41 was assessed by transesterification from rice bran oil with methanol,
The experimental results showed that, the SO,*/ZrO /MCM-41 catalyst favours the production
of fatty acid methylester.

The characterization of the obtained product by IR, GC-MS and its quality assessment
by ASTM showed that biodiesel from rice bran oil has good properties as commercial
biodiesel.
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