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TOM TAT: Trong nghién cieu nay, biodiesel dugc diéu ché tir m& cd tra, xiic tdc di thé
KOH/y-Al;0; bang phan tmg chuyen héa este voi metanol. Nghién ciru da sir dung phwong
phdp bé mdt dap img diea trén kiéu tam phitc hop 4 bién véi a = 1,54671. Cdc bién ciia quad
trinh chuyén héa este va mirc do duoc khao sat la ty 1é mol metanol/mé (X;: 7/1 — 9/1), ham
lwong xiic tdc (Xy: 5 % — 7 %), thoi gian phan umg (X;: 60 phut — 120 phut), nhiét do phan img
(Xy: 55°C - 65 °C). Két qua cho thdy hiéu sudt cao nhdt ciia biodiesel dat 92,8 % ¢ cdc diéu
kién t6i wu nhw sau: ty 1é metanol/mé la 8,26/1, ham heong xuc tdc 5,79 %, thoi gian phan ung
96 phuit, nhiét do phan ing 59,6 °C.

Tir khoéa: Biodiesel, transesterification, tra fat, optimization, response surface
methodology (RSM), central composite design (CCD).

1. GIOI THIEU

Théch thirc 16n nhét hién nay dé phat trién san xuat va thuong mai hoa biodiesel chinh 12 gia
thanh san xuét. Biodiesel tir ddu thyc vat thucmg 4t hon diesel tir 10 - 50 % (dxesel 2,81 USD,

‘biodiesel B 100: 3,40 USD) [1]. C6 nhiéu giai phdp di dugc nghién ciru dé giai quyét van de

nay nhu thu hdi va tai st dung glyxerin va metanol, sit dung xuc téc di thé hay méi truong phan
Ung siéu téi han, sir dung céc phuong phap méi nhu vi séng, si€u am...[2,3 ,4]. Bé lam giam gia
thanh, céc nghién clru déu tap trung khao sat cac diéu kign thich hop cho phan \mg chuyén héa
este. Tuy nhién hau het thudmg sir dung phuong phap t6i wu ludn phién tung bién. Muc tiéu clia
nghién ctru nay 14 tdi wu hoéa cdc diéu kién cia phin (mg diéu ché biodiesel (ty 1& mol
metanol/md, ham lugng xtc tic, thoi gian va nhiét d¢ phan ung) tr md ca tra voi metanol, xic
tac di thé KOH/y-AlLO; str dung phucmg phép quy hoach thyc nghiém khao sat bé mat dap tmg
va danh gia mic d9 anh 'huong cua cac di€u kign nay dbi vi hidu sudt cta phan tmg.

2. NGUYEN LIEU VA THIET BI

M@ cé tra do Xi nghiép dong lanh thuy san - Cong ty Xudt ‘nhdp khiu Néng san thuc phdm
An Giang (Afiex) cung cap, Al(OH);, KOH 86 % (Trung Qudc), MeOH 90 % (cong nghlep)
Céc chét chun va ndi chudn sir dung dé phén tich metyl este (ME) cia Sigma (M§) va Fluka
(Pan Mach).

3. PHUONG PHAP NGHIEN CUU

3.1. Piéu ché xiic tic KOH/y-Al,O;3

Chat mang y-AlOs thu dugc sau khi nung Al(OH); ¢ 650 °C trong 6 gio. Xuc tic KOH/y-
AlLO; duge diéu ché tir KOH va - -ALO; bﬁng phuong phap tdm w6t & nhiét do thuong véi ty 18
KOH/y-Al,0; 1a 7 mmol/g, thoi gian tdm 3 gig, sau d6 sdy & 120 °C trong 24 gid. Trudc khi sur
dung, KOH/y-Al,O5 dugc sang qua ray (90 um) tiéu chuin ASTM E11 (Retsch) va nung ¢ 550
°C trong 2,5 gi¢. Pjc tinh cia xuc tic KOH/y-AlLO; dugc danh gia bing cac thong sb sau: bé
mat riéng (3000 ChemBet), 46 manh baz va ham lugng baz (phuwong phép chi thi Hammette-
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acid benzoic), mirc d6 phan bd ciia KOH trén chit mang y-AL,O; (phuong phap XRD trén thiét
bi D8 Advance — Bruker, sir dung 6ng phat tia X bing Cu véi bude séng K « =1,54056 A°, dién
ap 40 Kv, cudng d dong dién 40 mA, nhiét 45 25 °C goc quét 26 = 2° - 75°, budc quét 0,03°).
3.2. Diéu ché biodiesel

Tién hanh phan g chuyén héa este md ca tra v6i metanol, xiic tic KOH/y-AL,0; theo quy
trinh nhu sau Xuc tac KOH/y-ALO; (tinh trén khi luong md va metanol) va metanol dugc cho
vao binh cdu 2 ¢b khuay manh trong vong 20 phut ¢ nhiét 46 phong bang may khudy tur Sau do
Iap hé thong sinh han @& hoan luu metanol @i binh phan mg. Hé thong phan img dugc 0 6n nhiét
bang nudc, gia nhiét va khuay manh véi tée dd khéng dbi (600 rpm) béng may khuay tir, nhiét
d6 cta hén hop phan ung dugc theo doi bang nhiét ké. M& ca duge cho tir tir vao binh phan
ung va sau do hon hgp duge néng dén nhiét do phan trng Sau khi phan tmg két thuc, aé ngudi,
loc xuc tac va tién hanh tach pha trong phiéu chiét 4 gio. Rira biodiesel tho 3 14n véi nude cht
nong dén khi nuéc rira trong va pH trung tinh. Say san pham 10 phut trong microwave & cong
sudt 320W [5.6].

3.3. Phin tich ham lrgng FAME cé trong biodiesel bing phwong phap GC

Ham lugng céc metyl este (FAME) dugc phan tich bing phuong phdp GC trén thiét bj HP
6890N, cft mao quan HP INNOWAX (30 m x 0,53 mm x 1 pm), khi mang heli, ty 1¢ chia dong
50:1, nhiét dd buodng tiém 250 °C, nhiét d6 dAu do 250 °C, nhiét d6 10 210 °C, ché dd nhiét cua
cot bat dau ¢ 120 °C giit 2 phut, sau d6 ting dén 230 °C (7 °C/phit), giir 15 phit. Chuan bi miu:
hiat 20 pl mau biodiesel va 20 pl chat i chuan 1 metyl hecxanoate cho vao binh 10 ml, sau 46
thém vao 960 pl dung mdi heptan, lic deu Hut 1pl ti€ém vao buong tiém mau. Hiéu sut diéu
ché biodiesel (H) dugc dinh nghia 1a phén tram khéi luong cac metyl este thu dugc so véi 1y
thuyét.

Ham lugng cac metyl este C (%):

C(%) = (ZA)—A]S x CIS X VIS x100%
A m

A: tong dién tich pic FAME
Agr d1en tich pic IS

- Cep: nong d6 IS (mg/ml)

Vi thé tich clia IS (ml)

- m : khéi lugng miu (mg).

Hiéu suit biodiesel H (%):

H (%) =

mblodlesei X C

x 100%

SRR M
M FAME

= % : ham lugng cac metyl este

- Miiodieser: kKh6i lugng biodiesel.

- m: khéi lwgng mé c4 tra.

~ M va Mgame: khdi lugng phan tir trung binh ctia md cé tra va cia FAME.
3.4. Thiét ké mé hinh thyc nghiém

Bai toan tbi wu dugc 1ap dua trén ham hdi qui duoc x4c dinh b?mg phuong phap qui hoach

thue nghiém 1a him mo ta hiéu sudt biodiesel. M6 hinh thuc nghiém sir dung trong nghién ctru
niy 12 md hinh phirc hop tai tim (CCD) dé khao sat anh hudng dong thoi cua céc nhén té doc
lap (ty 1¢ mol metanol/m&, ham lugng xuc tic, thoi glan phan tmg, nhiét &6 phan tmg) d6i véi
hiéu suét biodiesel [7, 8]. Piéu kién rang budc 1a gi6i han vung nghién ciru. Bang 1 trinh bay
pham vi va mirc bién ddi ctia cdc nhan t& dugc khao sat. S thi nghi¢m dugc tinh theo céng thic
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N=2" + 20 +iy= 2* + 24 + 3 = 27 gbm 16 thi nghlemorhal mirc (2%), 8 thi nghiém &
diém sao va 3 diém thi nghu;m tai tdm voi o duqc x4c dinh la 1,5467. M6 hmh thong ké biéu
dién sy phu thudc cua higu sudt phan ing didu ché biodiesel vao cac nhén t6 dugc ma héa 1a

mot phuong trinh da thirc béc hai nhu sau:

4 4 4
Y =b, + ) byx;+ Y byxx; + > byx!
j=1

j=1 ij=1

-Y : hiéu suét tao thanh biodiesel (%).

- b, hésd h01 qui bac 0.

- X : nhan t§ dugc ma hoéa anh hudng dén Y (ti 16 mol metanol/m® c4, ham luang
xtuc tac, thoi gian phan (mg, nhiét d6 phan ng).

- b : hé s6 hoi qu1 bé4c 1 md ta anh hudng cua nhan t6 X; d6i véi Y.
- b - hé s6 hoi qui tuong tic mo ta anh hudng dong thoi hai nhén t6 X; va X; dbi voi
¥.
~ b; :hésb hdiquibic 2 mb ta anh huong cia nhan t6 X; déi véi Y.
Béing 1. Pham vi bién déi ciia c4c nhan 8 doc 1ap trong phan img chuyén hoa este
] Nhin t Mire nghién ciru
Nhén to dwgc mi Pon vi .
hoa -1 0 +1

Ty 1€ metanol/md cé (Z,) Xit s mol/mol 7 8 9
Ham lugng xic tac (Z;) X, % khoi lugng 5 6 7
Thoi gian phan ing (Zs) X3 phut 60 90 120
Nhiét d6 phan ung (Z4) X4 gL 55 60 65

3.5. Phén tlch thong ké ; :
Phén mém Statghraphics Centurion XV II duqc su dung dé phan tich phuong sai va phan

tich hdi quy céc két qua thyc nghiém.

4. KET QUA VA BAN LUAN

4.1. Pic tinh cia xic tic KOH/y-ALO;
Dién tich bé mit riéng cta y-ALO; va ciia xtic tic KOH/y-ALO; 1a 142, 86 m’/g va 23,43
m?/g. Dién tich bé mit riéng giam do mdt phan KOH bam dinh trén bé mat y-Al,O3 va mdt phan
chui vao cac mao quan ctia y-Al,Os. Ham lugng baz cua KOH/y-AlLO; 1a 3,91 (mmol/g) va do
manh baz 13 9,8 < pH <12l 1]. Két qua phén tich pho XRD cua KOH/y-AlO; cho thdy chu
tric cta chit mang van khéng bi thay d6i sau khi dugc tim KOH.
4.2. Phan tich 4nh hwéng ciia cdc nhin t6 dén phlr(mg trinh hoi quy (ANOVA)

Tir két qua thyc nghiém theo phuong 4n da thiét ké, bang chuong trinh Statghraphlcs
Centurion XV.II tién hanh loai bé cac hé s6 hdi quy khong phu hop tirc 1a cac hé so ¢ F <
Fos,1,14 = 4,6, va kiém tra su phu hgp ciia md hinh bﬁng chudn Fisher (Fums ninh = 14,29 < Foing
(0,05,14,2) = 19,42) (Bang 2). Md hinh todn hoc mé ta qué trinh nghlen ctru nhu sau:

Dang ma hoa: _

= 92,5579 + 0,6588*X, — 0,6935*X, + 0,4721*X3 - 0,6129*X4 - 1,6131*X,* - 1,8325*X,
—1,54412%X3% - 1,78029* X% - 0,5625*X,*X; — 0,9375*X,*X4 — 0,775*X,*X; — 2,6125*X,* X4

Dang thuc:

2
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Y =-659,03 +41,3931*Z, + 59,4718*Z, + 0.4562*Z; + 12,9829*7, — 1,6131*Z,% - 1,8325%7,>
—0,00171*Z,* - 0,0712*Z,2- 0,5625*Z,*Z; — 0,1875*Z,*Z; — 0,0258*Z,*Z; — 0,5225*Z,*Z,

D¢ twong quan giira hiéu suit biodiesel thu duoc tir thyc nghiém va hiéu suit biodiesel tinh
todn tir phuong trinh hdi quy Ia 98,6 % (Hinh 1). Nhu vay c6 thé két luan rang md hinh hdi quy
da mé ta ding céc két qua thuc nghiém. Hé s6 twong quan cho biét 98,66 % su bién ddi cua hiéu
sudt biodiesel 12 do anh hudng cia cac bién doc 1ap X, X3, X; va X4 va chi ¢6 1,34 % su thay
doi 1a do cac yéu t6 khong xéc dinh dugc gay ra,

Béng 2. Két qua phan tich anh huong ciia cac nhan t& ma héa déi véi mé hinh hdi quy

Nhin t6 | Téng binh phwong | Bac ty do | Phwong sai Tys6 F | Hé sb hdi quy
bo ' 92,55790
X 9,02156 1 9,02156 30,87 0,65883
X, 9,99891 1 9,99891 34,21 -0,69359
X, 4,63185 1 4,63185 15,85 0,47207
X4 7,80749 1 7,80749 26,71 -0,61289
X' 29,78390 1 29,78390 101,91 -1,61309
X 38,43910 1 38,43910 131,52 -1,83254
X;° 27,29140 1 27,29140 93,38 -1,54412
X 36,27830 1 36,27830 124,13 -1,78029
XiX> 5,06250 1 5,06250 17,32 -0,56250
X1 Xq 14,06250 1 14,06250 48,11 -0,93750
XX, 9,61000 1 9,61000 32,88 -0,77500
XX, 109,20300 1 - 109,20300 | 373,64 -2,61250
Sai s6 4,09177 14 0,29227

96 |
92

g8 /M/
R*=0.986
80
80 84 88 92 96
Hiéu suat biodiesel tir mé hinh (%)

Hién suat biodiesel tir
thre nghiém (%)

Hinh 1. Hiéu suit biodiesel thyre nghiém so véi md hinh duge xay dyng

4.3. Anh huéng ciia cdc nhén t6 dén higu suit didu ché biodiesel

Mirc d9 anh hwéng cia cdc nhan td

Phuong trinh hdi qui trén cho thy hi¢u sudt biodiesel chju anh huong bac 1, bic 2 ciia ty 18
metanol/md, ham lugng xuc téc, thoi gian phan tmg, nhiét do phén mg va chju anh huéng dong
thoi cua cdc cdp ty 1¢ metanol/m& va ham lugng xc tac, ty 1¢ metanol/m& va nhiét do phan
ung, ham lugng xic tac va thoi gian phan img, ham lugng xiic tac va nhiét dd phan tmg. Chi c6
ty 1¢ mol metanol/m& va thoi gian phan img c6 anh hudng tiéu cuc & bac 1 dén hiéu suét
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biodiesel con céc nhén t6 khac déu anh huéng tich cuc dén hiéu suit biodiesel & ca bac 1 va 2
(Hinh 2).

0 4 8 12 16 20
Hinh 2. Mirc 49 anh hudng ciia cac nhéan té dén phan img diéu ché biodiesel

Murc d¢ anh huong cua cac nhan t bac 1 va bac 2 dbi vdi hiéu sudt biodiesel duge xép theo
thir ty sau: ham lugng xic tac, ty 1¢ mol metanol/md, thoi gian phan (mg, nhiét d6 phan img.
Nhu vay, ham lugng xtc tac ¢6 anh huong 16n nhét d6i vdi hiéu suét biodiesel dbi véi ca bic 1
va bac 2. Anh huéng dong thoi ciia ham Iugng xic tac va nhiét &6 phan tmg 16n nhét so v6i anh
hudng cia céc cdp nhan t6 ty 1 mol metanol/m& va nhiét do phan tmg, ham luong xuc tic va
thoi gian phan Umg, ty 1€ mol metanol/m& va ham lugng xuc tac.

Anh hwong dong thoi cia ty 1é mol metanol/m& va ham lwgng xic tac

Két qua khao sat anh huc‘mg ddng thoi ty 16 mol metanol/md va ham lwong xuc tac dén hiéu
suét biodiesel & diéu kién cb dinh nhiét d9 phan tmg 60 °C va thoi gian phan ung 90 phut dugc
trinh béy & hinh 3. D& dang nhén thay & ty 1& mol metanol/md khoang 7/1, viéc thay ddi ham
lu'crng xuc téc tir 5% dén 7% khong anh hudng nhiéu dén hiéu sudt biodiesel.

1hgu suwit biodiesel
(*%)

92 9
91 X tic 5 % B
90 ]
]
“l) - -

Xue tac 7 %
7.5 8 o . g8 L 4

T K mol metanolmd 85 o ¢ 55 7 9

Ham lugmg xic tic (%) Ty i mol metanol/md

Hinh 3. Anh huong cua ty 1é mol metanol/mé va ham lugng xuc tac

Vi ty 1& mol metanol/m tir 7,5/1 dén 9/1, hiéu suét biodiesel cang thép khi ham luong xic
tac cang cao. Diéu nay 1a do anh hudng tuong tac dong thoi cia ham lugng xiic tac va ty 1é mol
metanol/m& lam giam kha ning tiép xtc pha cia xic tac véi metanol trong hdn hop phan img.

Anh hwéng dong thoi cia ty 1§ mol metanol/m# va nhiét dd phan img

Két qua khao sat anh huéng dong thoi ty 16 mol metanol/md va nhiét ¢ phan (g dén hiéu
suét biodiesel ¢ diéu kién c6 djnh ham lugng xuc tic 6 % va thoi gian phan tmg 90 phit duge
trinh bay & hinh 4. O ty 1¢ mol metanol/m& thap khoang 7/1 thi higu sudt biodiesel trong viung
nhiét d¢ khao sat khong khac biét nhiéu. Co su khac biét déng ké vé hidu sut biodiesel khi tang
ty 1¢ mol metanol/m& khoang tir 7,5/1 dén 9/1. Hiéu sudt biodiesel cao hon khi nhiét do phan
{mg thép hon. Anh huéng ddng thoi ciia ham luong metanol cao va thdi gian phan (g dai nén
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khi nhi¢t 46 phan {mg ¢ gan nhiét d6 bay hoi ciia metanol s& lam giam dang ké hiéu suit cua
phan g chuyén héa este.

Hidu suit biodicsel
(%)

92F E

ss ¢
91} B

90 + . -

8F - B

0

63°C
88 | - E

- 60
TyRmoimemnolms 55 o 55 Nkt 48 phin img (°C) 7

9T:&Iénm!mﬂ:molmﬂ'

Hinh 4. Anh huéng ctia ty 1& mol metanol/m& va nhiét d phan img

Anh hwéng ddng théi ciia ham lwgng xiic tac va thoi gian phan img

Két quéa khao sat anh huorng dong thoi ham lugng xtc téc va thoi gian phan (mg dén hidu
suat biodiesel ¢ diéu kién cd dinh ty 1¢ mol metanol/m& 8/1 va nhi¢t d§ phan img 60 °C dugc
trinh bay ¢ hinh 5. O ham lugng xic tac thip (5 %), thoi gian phan (g dai (120 phiit) cho higu
suit cao hon hén so véi thoi gian phan ng ngan (60 phit). Khi ham lwong xuc tac ting dén 6,8
% thi phan g chuyen héa véi thoi gian 60 phut va 120 phit c6 higu suét biodiesel bing nhau.
Néu ting ham qung Xuc tac gan dén 7 % thi hiéu suét biodiesel c6 xu huéng cao hon khi thoi
gian phan u'ng ngin. Két qua nay do anh hudng tuong téc dong thoi ham luqmg xuc tac va thoi
gtan phan {mg. Nhi¢t d9 phan ung gan nhiét ¢ bay hoi cua metanol, thoi gian phan {mg dai lam
giam luong metanol trong hén hop phan g, con luqmg Xuc tac sir dung qué nhiéu lai 1am giam
kha nang tiép xuc pha din dén hiéu sut ctia phan img chuyén héa giam.

Higu sudt biodiesel
*9)

Hiéu sudl biodiesel
(%e)

- 92F 3
[ 20 phit
91 f 120p ]
N[ M e NN
# RS SSRENNNy ad i ]
RS>
it ) = cophs
5 = 120
39 6 g 100 88 |
. ) 6.5 80 5 Z -
Ham hrgng xic tic (%) 7 60  Thén gian phin img (phit) Ham lugng xisc tic (%)

Hinh 5. Anh huéng ctia him lugng xtic tac va thi gian phan (mg

Anh huéng ddng thoi ciia ham lwgng xiic tic va nhigt d9 phan img

Két qua khao sat anh huéng dong thoi ham heong xic téc va nhiét do phan tmg dén hiéu
sudt biodiesel & diéu kién ¢b dinh ty 1& molmetano/mé 8/1 va thoi gian phan tmg 90 phut dugc
trinh bay ¢ hinh 6. Vi ham luo'ng xuc tac va nhiét d§ phan img c6 anh huéng Ién nhat dén hiéu
suét dleu ché biodiesel d6i véi ca bac 2 va twong tac dong thoi nén nhfmg thay d01 nho cua hai
nhan t6 nay s& dan dén sy bién dbi dang ké vé hiéu suét.V&i ham luong xuc tac thip (5 %), hiéu
sudt biodiesel & nhiét d¢ phan img 65 °C cao hon nhiéu & nhi¢t d¢ phan tmg 55 °C. Khi ting
ham lugng xtc tic 1én khoang 6 % thi hi¢u suat biodiesel bing nhau & hai nhiét 4o phan img.
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Tiép tuc tang ham lugng xuc tac dén 7 % thi nguoc lai: higu suit biodiesel nhiét do phan ing &
65 °C thp hon dang ké so véi & nhiét 43 55 °C.

R A—— Hhiéu sudt biodiesel
Hidu suat biodicsel %)
()3 -

95

65°c

91 |- .

89 |-

55°%

87

55 85 ]
* a5 « s

Him lugng xc tic (%) 7 55 Nhitd§ phin img (C)

7llhm Tupmg Xic e (%)
Hinh 6. Anh hudng ctia ham lugng xtc tac va nhiét d6 phan img

Pidu kién tdi wu didu ché biodiesel tir m# c4 tra xic tic KOH/y-AL O3

Tir phuong trinh hdi quy & trén, diéu kién ti wu dé dat dugc hiéu sudt biodiesel cao nhat
(92,8 %) nhu sau: ty 1é metanol/m& 8,26/1, ham lugng xuc tac 5,79 %, théi gian phan img 96
phut va nhiét d6 phan img 59,6 °C.

5. KET LUAN
Dua vao cic két qua nghién cliu diéu ché biodiesel tir md ca tra voi metanol, xuc tac
KOH/y-Al,O5 bang phuong phép bé mit d4p 1 ng, c6 thé két luan ring:

- Hiéu suit biodiesel chju anh huéng bic 1, béc 2 cua ca bbén nhan t§ nghién ciru: ty lf;
metanol/md, ham lugng xuc téc, thoi gian phan g, nhiét d phan tmg va chju anh huéng
ddng thoi clia céc cip nhan td ty 1& metanol/m& va ham lugng xuc tac, ty 1é metanol/md va
nhiét 46 phan mg, ham lugng xuc tac va thoi gian phan ng, ham lugng xtc tac va nhiét
d$ phan mg.

- Ham lugng xuc téc c6 anh hudng lén nhét va nhiét d¢ phan Ung c6 anh hu‘cmg thip nhét
dbi voi hiéu sudt biodiesel ddi voi ca bac 1 va bac 2. Anh hudng ddng thei cua ham lugng
xuc tac va thoi glan phan g lén nhat so voi anh hucmg clia c4c cip nhén t khac.

- Hiéu suét didu ché biodiesel dat t6i wu (92,8 %) & diéu kién: ty 1é¢ metanol/md la 8,26/1,
ham lugng xuc tac 5,79 %, nhiét d§ phan tng 59,6 °Cva thoi gian phéan ing 96 phit.

- Xuc tac KOH/‘Y-AI;O3 1a mgt xuc téc dj thé hiéu qua dé diéu ché biodiesel tir md c4 tra
cho hi¢u suit cao v6i cac didu kién phén tmg tuong duong nhu khi sir dung céc xtc tac
ddng thé (KOH, NaOH) va c6 thé t4i sir dung duoc nhiéu lan.

OPTIMIZATION OF TRANSESTERIFICATION OF TRA FAT WITH KOH/y-
Al;O; CATALYST USING RESPONSE SURFACE METHODOLOGY

Le Thi Thanh Huong”, Le Viet Tan'", Phan Minh Tan®, Tran Thi Viet Hoa®
(1) Ho Chi Minh City University of Industry
(2) The Department of Science and Technology of Ho Chi Minh city
(3) University of Technology, VNU-HCM
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ABSTRACT: In this study, biodiesel was produced from fat of tra catfish by methanolysis
reaction with KOH/y-Al,O; heterogenous catalyst. This research was carried out using response
surface methodology (RSM) based on four-variable central composite design (CCD) with a =
1,54671. The transesterification process variables and their investigated ranges were
methanol/fat molar ratio (X,: 7/1 — 9/1), catalyst concentration (X>: 5 % — 7 %), reaction time
(X3: 60 min — 120 min), and reaction temperature (X;. 55 °C — 65 °C). The result show the
biodiesel yield could be reach up to 92,8 % using the following optimized reaction condition:
molar ratio of methanol/fat at 8,26/1, catalyst concentration of 5,79 %, reaction time of 96 min,
" and reaction temperature at 59,6 °C.

Keywords: Biodiesel, transesterification, tra fat, optimization, response surface
methodology (RSM), central composite design (CCD).
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