
Tgp chi khoa hgc TrUimg Dgi hgc Quy Nhdn - Sd 4, Tip VI nam 2012 

DIEU CHE BIODIESEL BANG PHAN tfNG TRAO D 6 I ESTE TH DAU 
CAM G40 TREN XtiC TAC DI THE SO,̂  /ZrOj/MCM-41 

NGUYfiN THI VlfeT NGA", PHAM XUAN NtjP, 

NGUYfeN VAN KIM', H O A N G THI THANH HAI' 

1. M 6 DAU 

Ngay nay, khi ddi song c^a con ngU6i c4ng dl/dc cai thien thi nhu cau sijf dung 

nhien lieu de tao ra nang liTdng ngay c^ng cao. Tuy nhiSn, ngu6n nhien hdu hoa thach 

la CO han va vdi toe do khai thac chung nhiT hien nay thi se d in den sif can kiet hoan 

toan. Tnrdc thifc te do, viec tim ra nhifng nguon nhien lieu lau dai va cd kha nang t^i 

tao de thay the ngu^n nhien lieu hda thach la mpt nhiem vu cap thiet. Trong dd, 

nhien lieu sinh hoc m£i dac bi6t la diesel sinh hoc (biodiesel) dang thu hi3t sU quan 

tam nghien ciJu cOa nhieu quoc gia tren the gidi. Bdi le, nguon nhien lieu nay khong 

chi cd tiem nang Idn de suf dung cho cac dSng cd, khac phuc tinh trang trif lUdng diesel 

khoang ngay cang giam ma con dam bao van de an ninh nang IiJdng, dap ifng dUdc 

cac yeu cau ve moi tnfdng. 

Xu hirdng hien nay de san xuat biodiesel la thifc hi6n qua trinh trao ddi este tif 

dIu md dpng thi;fc vat vdi ancol tren xiic tac di the. Cac xue tac ran da va dang difpc 

nghien ciili cho qua trinh nay la: sihca mao quan trung binh SBA-I5 [l],y-Alfi^ [2], 

WOj/ZrO,, TiOj/ZrO/SO,2, MgO, ZnO...[3). 

Trong nghien cllu nay, chung toi tie'n hinh tdng hdp vSt lieu MCM-41 va big'n 

tinh MCM-41 bang zircpnia dildc sunfat hda. Vat lieu dtfdc si} dung lam xiic t i c cho 

qua tiinh trao ddi este tif dau cam gao de tao san phS'm biodiesel. 

2. T H y c NGHIEM 

2.1. Tdng hdp v$t lieu va khao sat d$c trifng 

2.1.1. Tdng hop MCM-41 

Hoa tan 3,7g cetyl trimetyl amoni bromua vdi 30ml nifdc cat, khuay trong 40 

phut den khi thu dtfdc dimg dich dong nhift. Do tif tiif dung dich thdy tinh long vao va 

khuay trong 3 gid rdi de dung dich thu dtfdc d nhi$t dp phpng trong 24 gid. Hdn hdp 

difdc trung hoa bang axit axetic den pH = 10, tiep tuc khuay hdn hdp trong 2 gid, sau 

do chuyen vao autoclave dat trong tii say d 100°C trong 24 gid. Lpc san pham ran thu 

dupe rdi rfia bang m/dc cat den pH = 7. Say kh6 mlu d 100°C va nung d 550°C trong 4 

gid, san pham thu dildc la MCM-41. 
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2.1.2. Tdng hgp SO/iZrO/MCM-4I 

Hda tan 5g ZrO(NO,)j.2HjO v4o nifdc cSft, tilfp tMc cho tir tilt lOg MCM-41 da 
rSy nhd vSo vk khuS'y trong 8 gid. D^ \iag hdn hijp trong 24 gift t^i nhi$t dp phdng. 
san pham difcjc say khd d I IO°C rdi nung d 550"C trong 12 giS. TiS'n hinh sunfat hda 
vat li^u tdng hdp bSng 3,5ml dung djch H^SO, IN. Ti^p tuc d^ Hag hdn hdp trong 24 
gid d nhidt dp phdng rdi cho bay hdi nu'dc tif tCr d 90"C. SJn phim diT ĉ sify qua d6m cl 
1 IO"C, vi nung d 550"C so thu difpc S0//ZrO, /MCM-41. 

• Cau trdc cia vjt Ii§u tdng hpp difpc djc trUng bkng cic phiTdng phip v?t Î  

hien dai nhif: nhieu xa Rdnghen (XRD), phd hdng ngoai (IR), hap phu vl gi^i hap 

phu amoniac (NH^-TPD). 

2.2. Khao sit ho^t tinh xue tic 

Phan d'ng trao ddi este giiJa dau cim gao (M= 870 g/mol: d - 0,92 g/cm^ vdi 
metanol diTdc thtfc hien d pha ldng trong cic didu ki^n thifc nghiem xic dinh. Sau khi 
phan tfng ket thuc, tien hlnh chung cat de loai metanol rdi cho hdn hdp vSo pheu chief 
de tich pha glixerol nam phia dlXdi. Sau dd tien hinh h â vi lim khd san phim metyleste. 
Dp chuyen hda cua dau cim gap dupe tinh dxSa vio the tich glixerol thu di/dc. 

San pham phin d'ng difdc xic dinh b^ng phlfdng phip IR va GC-MS. Cic chi 
tieu ky thuat cua sin pham difdc dinh gii theo tieu chuan ASTM. 

3. KET QUA VA THAO LUAN 

3.1. D$c triAig v^t li$u 

3.1.1. Phd nhiiu xg Rdnghen (XRD) 

Ket qua phan tich nhilu xa Rdnghen cua mlu MCM-41 dUdc bi^u thi tren Hinh I. 

Hlnh 1. Gidn dS nhiiu xg Rdnghen cua mdu MCM-41 
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TCf gian dd XRD cia mlu MCM-41 tdng hdp c6 the nhan thay sit xuat hien pic 
cd cifdng dd manh d gdc 26= 2°-3°, tUdng d'ng vdi mit (100). Cic pic cd cifdng dp thSfp 
hdn d khoing 26 - 3,7° vi 4,2° ttfdng d'ng vdi cic mit (110) vi (200). Didu nay khdng 
dinh sU tdn tai ci'u trdc mao quin trung binh vdi h? thd'ng mao quin ddng nha't vi cd 
dp trit tu cap cQa MCM-41 [4]. 

Gian dd XRD cOa mau SO,'7ZrOj/MCM-4I (hlnh 2) cung xuat hien cic pic die 
trUhg cho mao quin trung binh d gdc hep 2 6= 2-5°. Ben canh dd cdn cd stf hien dien 
cic pic d gdc 26= 30°, 36°, 50°, 60° die trUng cho can trdc cua tinh the ZrO^ [5]. 

Hinh 2. Gidn dd XRD d gdc hep (a) vd gdc r$ng (b) cua mdu SO^ fLrO flACM-41 

Nhif vay, viec phin tin SO^̂ VZrOj tren chat mang MCM-41 khong lam thay ddi 
cafu true mao quan cda chi't mang. 

3.1.2. Phd hdng ngoai (IR) 

Mlu vit Ueu SO//ZrOj/MCM-4I dUdc die trOng bang IR. Ke't qui dUdc dUa ra 
a Hlnh 3. 

Hlnh 3. PhdlR cua mdu SO//ZrO/MCM-41 
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Hlnh 3 cho thSfy sU xui't hi^n cic pic d 775cm' die trUng cho dao dpng hda trj 
cOa lidn kd't Si-OH vi pic 1082cm ' die trUng cho dao ddng bitfn dang ciia lien k t̂ 
Si-O-Si. 

Dim phd d 3361cm' vi 1638cm ' die trUng cho dao ddng hda tri vi dao ddng 

biS'n dang cia nhdm hydroxyl cda nUdc hip phu trdn vit li§u |6]. 

3.1.3. Phuang phdp NH^-TPD 

Vide thuc hi?n qui trinh giii ha'p phu NH, theo chUdng tilnh nhi$t dO se nhin 
dUdc cic thdng tin vd lUc axil ciia v?t li$u. 
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mnh 4. Dudng NH^-TPD cua mdu SO;/ZrOMCM-41 

Hlnh 4 cho tha'y sU cd mit cua mdt pic nhpn vdi cUdng dp manh d nhidt dp giSi 
hip phu T^, = 460°C vi mdt pic d khoang nhiet dp 490°C-550°C. Ca hai pic ddu c6 
nhidt dp T̂ ^̂^ > 400°C nen day li hai tim axit manh. Ngoii ra, c6 the nhan thay sll 
xui't hidn vai giii hap phu NH, die trUng cho sU tdn tai cua cic tim axit ŷ u 
(d T̂ ^̂  < 200°C). Tuy nhidn, di?n tich pic giai hap NH, eiia cic tam axit nay bd hdn so 
vdi tam axit manh. 

Ket qua dat dUdc di chd'ng td vide phin tin SO^-'/ZrO, len vit lieu map qu3n 
trung blnh MCM-41 da lao ra vat li^u cd tinh axit nhim lam xdc tic cho qui tiinh trao 
ddi este. 

3.2. Khao sat boat tmh cua xiic tac SO^^/ZrO^CM-41 dd'i vdi phan ling trao d6°i 
este tiif diu cam g^o 

3.2.1. Anh hiidng cda nhi^t d^ phdn ling 

Ye'u td' nay dUdc thtfc hidn d didu kidn: ti Id moi metanol/dau: 7/1; thdi gian 
phan iJng: 4 giS; tdc dp khuiy trdn; 600 vdng/phdt; Itfdng xdc tic: 2,5% so vdi khfi 
lUdng diu. Nhi$t dp phin Ung thay ddi ttf 50°C den 70°C. Ket qui dtfdc th^ hi$n qua 
bing 1. 
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Bang I, Anh hudng cua nhiit dd phdn Ung din di? ehuyin hda ciia diu cdm ggo 

KI hi$u miu 

Ml 

M2 

M3 

M4 

M5 

Nhif t dO phan 
tfng («C) 

50 

55 

60 

65 

70 

(ml) 

2,6 

2,9 

3,0 

2,9 

2,5 

D $ chuydn 
hoa (%) 

68,1 

76,0 

78,6 

76,0 

65,5 

Qua k^t qud khdo sdt cho th^y khi tSng nhiSt do thi tfi'c dO phdn d'ng t3ng I6n dan 
den do chuyen h6a cfia dau ting va dat ciTc dai tai nhiet do 60°C. Khi tiep tuc tang 
nhiet dp phan î ng thi do chuyen hoa cua dau bat dau giam. Do la do d nhiet do cao 
hdn, metanol soi vk bay hcJi manh (nhidt dfi soi cfla metanol la 64,7°C) da lam gidm 
SIX tid'p xdc giffa metanol vdi dau, din tdi lam gidm d6 chuydn hoa. Do 66, trong dieu 
kien nghidn cthi, nhiet dp toi iJU cho qua trinh chuydn h6a dau cam gao de tao biodiesel 
la 60'>C. 

3.2.2. Anh hu^g cua ty /f mot metanol/ddu 

Khdo sat anh hu'dng cua t^ Id moi metanol/dau 6 dieu kien: toe 66 khuay tron 
600 vong/phut; thcfi gian phdn ffng 4 gid; Itfdng xiic tac: 2,5% so vdi khd'i Itfdng dau, 
nhiet dd phdn tfng 60°C. Ty Id moi metanol/dlu thay ddi trong khoang tCf 5:1 dd'n 10:1. 
K6't qua dtfdc tfâ  hidn trong Bdng 2. 

Bdng 2. Anh hudng cda ty li moi metanol/ddu di'n do ehuyin hda 
cua ddu cdm ggo 

Ki hifu miu 

M6 

M7 

M3 

M8 

M9 

MIO 

TiI$mol 
MeOH/dlu 

5:1 

6:1 

7:1 

8:1 

9:1 

10:1 

V.n, i '^chra 
(ml) 

1,6 

2,0 

3,0 

3,2 

3,3 

3,1 

DO ehuyin 
hoa (%) 

41,9 

52,4 

78,6 

83,8 

86,4 

81,2 
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T! I? nguyen li$u di cd inh htfdng rat Idn dd'n khi ning ehuyin hda cOa diu 
cim gao. Theo phtfdng trinh phin iJng thi h$ sd ti Itfijng Itfdng tfng vdi t! 1* moi metanol/ 
dau li 3/1. Tuy nhidn, qua kd't qui khio sit cd the nhan thiy khi ting ti Id moi metanol/ 
diu thi dd chuyd'n hda dSu cim gao ting. Didu niy li do phin tfng trap ddi este ia 
mdt phin tfng thuin nghjch. Khi Itfcjng ancol ting, cin bing sd ehuyin dich sang phii 
vi lim ting khi ning chuydn hda cua diu cim g?io. Dd ehuyin hda dat ctfc dai khi ti 
1$ moi metanol/diu li 9/1. 

•Vî c ting him Itfpng metanpl Idn nffa li khdng can thiit vi khi ting Ihl do 
chuyen hda hau nhtf khdng ting mi metanol se tan vip pha sdn phim chtfa chii yeu IJ 
biodiesel vi glixerol giy khd khin vi tdn kdm cho qui trtnh tich sin phim. 

3.2.3. Anh hudng cua Ihiri gian phdn ting 

De dinh gii inh htfdng cua yeu td niy, phin tfng dtfdc khio sit d cic dieu kien: 
ti le moi metanol/dau: 9/1; nhi^t dd phin tfng: 60"C; tic dp khuiy trdn: 600 vdng/ 
phut; Itfdng xue tic: 2,5% so vdi khoi Itfpng dau. Thdi gian phin tfng dtfdc thay ddi tir 
1-6 gid. Ket qui dUdc the hi^n d Bing 3. 

Bdng 3. Anh hudng cua thdi gian phdn Ung din dg ehuyin tida cug ddu cdm ggo 

Ki hi$u m iu 

M i l 

M12 

M13 

M9 

M14 

M15 

Thdi gian 
phan lfng (gicf) 

I 

2 

3 

4 

5 

6 

V„ ,tach ra 
glixerol 

(ml) 
2,4 

2,9 

3,1 

3,3 

3,2 

3,0 

D$ chnyin 
hoa (%) 

62,9 

76,0 

81,2 

86,4 

83,8 

78,6 

Ban dau phan tfng didn ra cham vl diu cim gao ed dd nhdt rit cao ndn stf phin 
tin cua metanol vio diu khd khin giy cin trd cho qui trinh phan tfng. Trong khoang 
thdi gian ttf 2 - 4 gid, dp ehuyin hda ting nhanh vi dat gii tri ctfc dai tai 4 gid. Dieu 
nay dtfdc giii thich li do thdi gian phin tfng kdo dii gidp cho stf tilp xue giffa cic chat 
phan tfng tang Idn ndn dp ehuyin hda diu cim ting. Trong khoang thdi gian sau 4 gid, 
do ehuyin hda khdng nhffng khong tang mi con cd xu htfdng giam nhe. Kit qua nay 
cd the la do thdi gian phin tfng kdo dai da lim cho xdc tic dan din mit hoat tinh va 
cdn xiy ra phin tfng este hda cheo giffa glixerol vi cic metyl este. 

Nhtf vay, viec khae sit cac yiu tp inh hudng tdi qui tilnh tdng hdp biodiesel til 
diu cam gao cd ± 1 cho phep dinh htfdng kit hdp gitta cic dilu kidn thtfc nghidm i^ 
thu dtfdc sin pham mong mud'n vdi hidu suit cap. 
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3.3. Danh gii chit biifng san phim biodiesel 

3.3.1. Xdc dinh thdnh phdn sdn phdm 

De minh chtfng cho stf c6 mSt ciia metyl este tao thinh ttf qui trtnh trao ddi este 
giffa dau cim gao vdi metanol, sin phim cda phin tfng sau khi tinh che (miu M3) 
dtfdc den hanh do IR (Hlnh 5). Stf xui't hidn cic tin hieu die trtfng d 2937,28 cm' va 
1742,96 cm' ttfdng tfng cho suf tdn tai cda gdc metyl va nhdm chtfc este. 

Nhtf viy, trong sin phim cfla qui trinh phin tfng giffa dau cim gao vi metanol 
cd mit metyl este. 

iT^ 

Hlnh 5. Phd IR cua mdu biodiesel tdng hgp Id ddu cdm ggo 

Thanh phan cic metyl este dtfdc xic dinh bang phtfdng phip GC/MS. 

^ 
fij» ajn lojn mn lUO 

I ' . l l ' . ^ l i j i I ' ' ' " ! 
1 U » 2&A) Z2JW 24J10 2UI0 l U U 3000 

Hinh 6. Sdc k$ dS GC cua biodiesel tdng hgp tU Su cdm ggo si dung 
xiic tdc SO;/ZrOjMCM-41 
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Kit qui cho thiy cic este chd yiu trong sin phim li: metyl panmitat (13,012%), 

metyl linoleat (17,311%), metyl oleat (41,235%), metyl stearat (6,568%) ttfdng iJng 

vdi cic pic d thdi gian lUu li: 12.36; 13,99; 14,05 vi 14,28 phdt. Ngoii ra, cdn cd rit 

nhilu cic metyl este cfla cic axit bdo khic vdi him Itfpng nhd. 

3.3.2. EUnh gid cdc chi liiu ky thu4t ciia biodiesel ldng hf/p lit ddu cdm ggo 

Mlu diu cim gao vi m3u metyl este tdng hpp ttf diu cim gao dtf̂ lc xic dinh 
cic chi tidu ky thuit tai Phdng nghidn ctfu vi phit triin - Vi$n Hda cdng nghidp Vi$t 
Nam. Cic chi tieu ky thuat dtfpc xic djnh theo tidu chuan ASTM vi dUdc so sinh vdi 
biodiesel chuan (Bing 4). 

Bdng 4. Cdc chi tiiu diic trung cua biodiesel ldng hgp lit ddu cdm ggo 

STT 

1 

2 

3 

4 

5 

6 

7 

8 

Tdn chi tidu 

Ty trong d 30°C, 
g/cm^ 

Dp nhdt ddng hoc 
d40°C 

Chi so' Cetan 

Diem dong dac, °C 

Diem chdp chiy 
coc kin, °C 

Diem bat chiy, °C 

Nhiet tri, MJ/kg 

Chi s^ axit tdng 
(TAN),mgKOH/g 

Phtfdng phip 
phin tich 

ASTMD 
1298 

ASTMD 
445 

ASTMD 4737 

ASTMD 97 

ASTMD 
93 

ASTM D 92 

ASTMD 240 

ASTMD 
664 

Biodiesel 
chuin 

0,8-0,9 

1,9-6,0 

>47 

min 130 

195 

43,6 

max 0,8 

Diu 
cim g90 

0,920 

43,52 

50,1 

1 

316 

337 

41,1 

0,55 

Metyl este 
tir diu 

cam g90 

0,877 

5,29 

63,8 

-2 

183 

196 

42,2 

0,50 

Kit qui cho ±iy dau cim gao cd mpt sd' die tinh rat gin vdi nhOng die tinh 
quan trpng efla diesel nhidn Ii$u cung nhtf biodiesel. Nhffng gii tri nky cho thiy diu 
cam gao rat cd khi ning dtfdc sil dung nhtf mdt nhidn U$u. Tuy nhidn, diu cim g»o c6 
mpt so tinh chit ehua ttilch hpp dl dilng lim nhidn lidu nhU: dd nhdt ddng hpc, nhidt 
dd chdp chay cdc kin, diim bit chiy... Cic gii tri nky cao hdn nhilu so vdi biodiesel 
chuin. Dd chinh li ly do cin phii ed sU chuyen hda diu cim gap thinh metyl este 
cim gap de dip Ung dUdc ydu ciu lim nhidn lidu. 
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Bang 4 cho thi'y tinh chi't cfla d iu c i m gao sau khi ehuyin hda thknh metyl este 

da dupe cai thidn ttfdng thich vdi dac tinh cfla nhidn lidu diesel khoing: 

- Chi sd cetan cfla metyl este da t ing Idn rd rdt (ttf 51 len 58). Diy l i mdt thdng 
sd r i t quan trpng dd'i vdi diesel. 

- Dp nhdt cua metyl este c i m gao d i gi im ding k l so vdi diu c im gao. Dieu niy 
lam cho kh i ning bay hdi cfla metyl este c im gao ting len v i di im chdp chiy giim. 

- Nhidt tri cfla metyl este cam gao (42,2 MJ/kg) bing khoing 96,8% gii tri nhidt 
tri cfla biodiesel chuin (43,6 MJ/kg). 

Nhu vay, c i c chi tidu quan trpng de d inh gii chit Itfdng biodiesel nhtf chi sd 
cetan, chi sd axit, dS nhdt ddng hpc, nhi$t tri... cfla metyl este tff d iu c im gao deu d ip 
tfng dtfdc yeu cau cfla biodiesel chuan. 

4. KET LUAN 

4.1. Da td'ng hdp dUde xdc t i c SOj'7ZrO,/MCM-41 va khio s i t d ie trtfng vat lidu 

bang c ic phtfdng phap: XRD; IR; NH^-TPD. 

4.2. Da khao si t hoat tinh xdc t i c ciia vat Ueu SO/-/ZrO,/MCM-4I trong phan tfng 
dieu c h i biodiesel ttt dau c i m gao b ing phan tfng trao ddi este vdi metanol. Vide 
phan t in c ic t im axit SO,-/ZrO,Ien b l mat MCM-41 d i tao dUpc xdc t ic cd hidu qui 
cao trong qu i trinh chuyen hda d iu c i m gao ± i n h biodiesel. 

4.3. Bang cac phUdng ph ip phan tich hda ly da tid'n h inh x i c dinh chi tieu chat lUdng 

cfla biodiesel. Biodiesel tdng hdp ttf dau c i m gao cd cha't lUdng ttfdng dUdng vdi 

biodiesel chuin, cd t h i trd thanh ngudn nhien lidu cho dpng cd diesel. 
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PRODUCTION OF BIODIESEL BY TRANSESTERIFICATION 
FROM RICE BRAN OIL OVER SO,=7ZrO/MCM-4I 

HETEROGENOUS CATALYST 

Nguyen Thi Viet Nga", Pham Xuan Nui'', 
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^-/Zr07MCM-41 was assessed by transesteriificatJon from rice bran oil with methanol. 
The experimental results showed that, die SO^-VZiOyMCM-41 catalyst favours the productioi 
of fatty acid methylesler. 

The characterizadon 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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