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Ó Sp rin g e r In te rn a tio n a l Pu b lish in g A G 2 0 1 7

 Abstract B io d ies el is o n e o f th e p ro m is in g altern ativ e

en erg y s u b s titu tes fo r fo s s il fu el. In th is w o rk k es am b i

(Schleichera Oleosa L. ) o il (S O O ) is co n v erted in to b io -

d ies el w ith clean tech n o lo g y u s in g alu m in a s u p p o rted zin c

o x id e s o lid cataly s ts . Th e alu m in a s u p p o rted zin c o x id e

(A ZO ) cataly s t w as p rep ared b y th e p recip itatio n an d g el

m eth o d an d calcin ed at a tem p erat u re o f 5 0 0 °C . Th e

s y n th es ized cataly s t w as ch aracterize d b y B ren eu er-Em -

m et-Teller (B ET) an d X - ray flu o res cen ce (X R F ) m eth o d s .

Th e s u rface area, to tal p o re v o lu m e an d m ean p o re d iam -

eter o f th e cataly s t p o w d er o b tain ed w er e 7 1 . 5 6 1 m 2 g-1,

0 . 1 3 7 cm3 g-1, an d 8 . 1 4 9 n m , res p ectiv ely . Th e effects o f

cataly s t am o u n t, th e m o lar ratio o f o il to m eth an o l an d tim e

o f reactio n o n th e y ield o f b io d ies el w ere in v es tig at ed . Th e

res u lts s h o w ed th at th o s e th ree v ariab les s ig n ifica n tly

in flu en ced th e y ield o f b io d ies el. Th e h ig h es t b io d ies el

y ield o f 9 2 . 2 9 % w as o b tain ed at a cataly s t lo ad in g o f 4 %

(w t% to o il), a m o lar ratio o f o il to m eth an o l o f 1 :1 2 , a

reactio n tim e o f 6 h an d a reactio n tem p erat u re o f 6 5 C .°

 Keywords B io d ies el  K es am b i o il  S o lid cataly s t 
Tran s es terificatio n  Zin c o x id e

Introduction

Th e co n v en tio n al en erg y res o u rces o n w h ich th e w o rld h as

relied fo r m an y y ears are in s u fficien t to m eet to d ay's

d em an d s (A s ri et al. 2 0 1 3 a , 2 0 1 5 c). A d d itio n ally , th eco n -

tin u o u s u s e o f fo s s il en erg y h as im p acts o n th e en v i ro n -

m en t s u ch as in creas ed g lo b al w arm in g , g reen h o u s e g as

em is s io n an d lo cal air p o llu tio n (A s ri et al. 2 0 1 3 b ). Th e

th ree k ey th em es fo r s ecu rin g s u s tain ab le en erg y are

im p ro v in g fo s s il fu el tech n o lo g ies to red u ce en v iro n m en t al

an d s o cial im p act, ap p l y in g ren ew ab le tech n o lo g ies o n a

w id er s cale an d in tro d u cin g en er g y efficien cy m ea s u res in

th e field s o f en erg y co n s e rv atio n , d is trib u tio n an d co n -

s u m p tio n (B rn ab ic an d Tu rk o v ica 2 0 1 5 ). In th e fu tu re,

ren ew ab le en erg y w ill p lay a m ajo r ro le in co m p etin g ,

s ecu rin g an d s u s tain in g en erg y s y s t em s , b ecau s e th e g lo b a l

en erg y d em an d is s tead ily in creas in g fro m y ear to y ear.

A m o n g th e ren ew ab le en erg y res o u rces , b io m as s en erg y

s eem s v ery s trateg ic to b e d ev elo p ed in In d o n es ia. B io -

d ies el s h o w s ex cell en t p o ten tial as a s u b s t itu te fo r fo s s il

b as ed d ies el fu els (A s ri et al. 2 0 1 3 b , 2 0 1 5 c). B io d ies e l is

o n e o f th e ren ew ab le en erg ies th at d eriv es fro m v eg -

etab le o ils , an im al fats an d w as te co o k in g o il.

V eg etab le o ils are p articu larly s trateg ic res o u rces to b e

d ev elo p ed b ecau s e In d o n es ia is ab u n d an t in v eg etab le o ils

s u ch as p alm , co co n u t, ru b b er, nyamplung o il (Calophyl-

lum inophyllum), k es am b i (Schleichera oleosa L. ), jatro p h a

o il, h azeln u t o il an d m an y o th ers . Th e m ain p ro b l em o f th e

co m m ercializatio n o f b io d ies el in In d o n es ia is th e h ig h co s t

o f p ro d u ctio n an d , as a res u lt, th e p rice o f b io d ies el can n o t

co m p ete w ith th e p rice o f d ies el o il. Th ere are tw o cau s es .
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F irs t, b io d ies el w as p ro d u ced th ro u g h th e tran s es terifica-

tio n p ro ces s u s in g h o m o g en eo u s acid /alk alin e cataly s t

(A s ri et al. 2 0 1 0 ). Th is co n v en tio n al p ro ce s s h as m an y

d is ad v an tag es , in clu d in g th e fo rm atio n o f s id e p ro d u cts

s u ch as s o ap s (Ilg en an d A k in 2 0 0 8 ; Zab eti et al. 2 0 0 9 ; A s ri

et al. 2 0 1 5 a), co m p lex ity o f s ep arat in g th e p ro d u ct fro m th e

cataly s t, an d p ro d u ctio n o f larg e q u an tities o f alk alin e

w as te. Th e w as te p ro d u cts req u ire treatm e n t p ro ces s es an d

co n s u m e m u ch en erg y an d res u lts in in creas ed co s t o f

p ro d u ctio n (Zab eti et al. 2 0 0 9 ; A s ri et al. 2 0 1 5 b , c). S ec-

o n d , th e raw m aterial u s ed fo r b io d ies el p ro d u ctio n is

refin ed p alm o il (R P O ) , a g ro u p w h ich in clu d es s o m e

ed ib le o ils . B ecau s e s o m e R P O s are ed ib le, th e p rice is

v ery h ig h fo r fu el u s e, an d R P O -b as ed b io d ies el co m p etes

w ith th e fo o d in d u s try fo r res o u rces , s o th at it can d es ta-

b ilize n atio n al fo o d s ecu rity . S o m e o f th es e ch allen g es

co u ld b e ad d res s ed b y s u b s t itu tin g th e h o m o g en eo u s cat-

aly s t w ith a h etero g en eo u s catal y s t an d s u b s titu tin g alter-

n ativ e raw m aterials fo r ed ib le v eg etab le o ils . Th ere fo re,

m o re d ev elo p m en t an d in ten s iv e res earch are s till n eed e d

to ach iev e an efficien t p ro ce s s o f b io d ies el p ro d u ctio n .

S o lid cataly s ts p res en t a p ro m is in g m eth o d in b io d ies el

p ro d u ctio n th at co u ld red u ce its p ro d u ctio n co s t, s o its

p rice co u ld co m p ete w ith d ies el o il. A h etero g e n eo u s cat-

aly s t h as m an y ad v an tag e o u s o v er a h o m o g en eo u s catal y s t,

s u ch th e relativ e eas e w ith w h ich it can b e s ep arated fro m

th e reactio n p ro d u ct s o it can b e reu s ed . G ly cero l is d irectly

p ro d u ced w ith h ig h p u rity (m o re th an 9 8 % ), it d o es n o t

p ro d u ce s o ap d u rin g tran s es terificatio n an d it d o es n o t n eed

a w as h in g p ro ces s , s o n o liq u id w as te is p ro d u ced .

Th erefo re, tran s es terificatio n u s in g a s o lid cataly s t is g en -

erally id en tified as a g ree n an d clean p ro ces s . V ario u s ty p es

o f h etero g en eo u s cataly s ts , b o th b as e an d acid , h av e b een

in v es tig ated b y p rev io u s res earch er s . Th e s o lid b as e cata-

ly s ts res earch ed in clu d e C a O b as e o x id e (H u ap in g et al.

2 0 0 6 2 0 0 8 2 0 1 0; K o u zu et al. ; Lam et al. ; Zab eti et al.

2 0 1 0 2 0 1 3 a 2 0 1 5 a; A s ri et al. , ), am o rp h o u s -zirco n ia

cataly s is (Ti/ZrO 2 , K 2 O /ZrO 2, W o3 /ZrO 2, A l 2 O 3/ZrO 2 )

(F u ru ta et al. 2 0 0 6 ), zeo lite an d m o d ified zeo lite (C h u n g

et al. 2 0 0 8 ; W u et al. 2 0 1 3 ). M an y s tu d ies s h o w ed th at

calciu m o x id e, C aO , is a p o ten tial cataly s t in th e tran s es -

terificatio n p ro ces s . It h as s h o w n p ro m is in g res u lts w ith

9 4 % y ield at a reactio n tem p eratu re o f 6 0 °C an d a 1 :1 3

m eth an o l:o il m o lar ratio in th e tran s es terific atio n o f s u n -

flo w er o il (Is tad i et al. 2 0 1 5 ). M ean w h ile , A s ri et al.

(2 0 1 3 b ), (2 0 1 5 b ) in tro d u ced d o u b l e p ro m o ted cataly s t

C aO /K I/A l 2 O 3 o n tran s es terificatio n o f refin e d p alm o il

(R P O ) w ith reflu x e d m eth an o l an d s u b -s u p ercritical

m eth an o l. Th e h ig h y ield b io d ies el o f 9 4 . 9 4 an d 9 4 . 8 5 %

are ach iev ed fo r reflu x ed m eth an o l co n d itio n s (at 5 h o f

reactio n tim e), an d s u b -s u p ercritical co n d itio n s (at 1 h o f

reactio n tim e), res p ectiv e ly . To red u ce b io d ies el p ro d u c-

tio n co s t, A s ri et al. (2 0 1 5 a) als o in tro d u ced th e s am e

cataly s t (C aO /K I/A l 2O 3 ) in to tran s es terific atio n o f w as te

co o k in g o il. It h as s h o w n q u ite a g o o d res u lt w ith 8 3 . 2 6 %

y ield o f b io d ies el, b u t n o t as g o o d as th e res u lt o f refin ed

p alm o il tran s es terificatio n . P o s s ib ly , d u e to th e h ig h free

fatty acid (F F A ) co n t en t o f w as te co o k i n g o il (m o re th an

1 % ), a s m all am o u n t o f s o ap w as s till fo u n d alo n g w ith th e

p ro d u ct. It h as b een s h o w n th at th e s o lid b as e cataly s t C aO /

K I/A l2 O 3 is les s s u itab le fo r w as te co o k in g o il, as w ell as

n o n -ed ib le o il an d o th e r lo w -g rad e o il. M o re in ten s iv e

res earch is n eed ed to id en tify th e ap p ro p riate cat aly s t fo r

lo w -g rad e o il.

M etal o x id es fro m th e g ro u p o f tran s i tio n m etals as w ell

as s o m e fro m th e g ro u p o f earth m etals co u ld b e s u cces s -

fu lly ap p lied as an acid cataly s t fo r b io d i es el s y n th es is .

M an y s tu d ies h av e b een d irected to th e an aly s is o f Zn ,

w h ich als o b elo n g s to th e g ro u p o f tran s itio n m etals , as a

s u itab le cataly s t fo r b io d ies el s y n th es is . Th e catal y s t

activ ity w as attrib u ted to th e p ro b a b le activ e Lew is acid

s ites o f Zn2? o n th e cataly s t s u rface . S in ce acid catal y s ts

can s im u ltan eo u s ly d o es terificat io n o f F F A an d tran s es -

terificatio n o f trig ly cer id e in to m eth y l es ter, th ey co u ld

p ro ces s lo w -g rad e feed s to ck , th ereb y red u c in g o v erall

p ro d u ctio n co s t. Is tad i et al. ( 2 0 1 5 ) s tated th at S O4
2-– Zn O

is a p ro m is in g cataly s t fo r tran s es terificatio n o f s o y b ean o il

in to b io d ies el, w ith 8 0 . 1 9 % y ield o b tain e d u n d er m ild

co n d itio n s . O th er res earch ers d ev elo p ed co p p er d o p ed zin c

o x id e n an o co m p o s ite (C ZO ) as a h etero g en eo u s cataly s t

fo r tran s es terificatio n o f w as te co o k in g o il (B as k ar an d

A is w ary a 2 0 1 5 ). Th ey rep o rted th at C ZO cataly s t w as

p o ten tially u s ed as a h etero g en eo u s cataly s t fo r b io d ies el

p ro d u ctio n fro m w as te co o k in g o il.

M o d ified Zn O w as rep o r ted as a s u itab l e cataly s t fo r th e

tran s es terificatio n o f rap es eed o il d u e to its h ig h activ ity

an d m in im al w eig h t lo s s (Is tad i et al. 2 0 1 5 ; Y o o et al.

2 0 1 0 ). Im p o rtan t facto rs o n th e cataly tic act iv ity o f th e

s o lid cataly s t are s p ecifi c s u rface area, p o re s ize, p o re

v o lu m e an d activ e s ite co n cen tratio n o n th e s u rface o f th e

cataly s t (M u k en g a 2 0 1 2 ). B y a v ariety o f m eth o d s , a h ig h

n u m b er o f activ e s u rface area s can b e o b tain ed p er cu b ic

cen tim eter o f th e cataly s t. C ataly s t s u p p o r ts o r carriers

g reatly in creas e th e effectiv e s u rface area o f th e catal y s t.

Th e u s e o f alu m in a o r s ilic a as s u ch cataly s t s u p p o rts co u ld

im p ro v e th e m as s tran s f er lim itatio n o f th e th ree-p h as e

reactio n . A lu m in a is a v ery g o o d cataly s t s u p p o rt co m -

p ared to s ilica, o w in g to its h ig h th erm al s tab ility an d

p o ro s ity . H o w ev er, th ere are n o p rev io u s s tu d ies fo cu s ed

o n th e d ev elo p m en t o f alu m i n a s u p p o rted zin c o x id e

(A ZO ) cataly s t as a s o lid acid catal y s t. Th erefo re, th e

d ev elo p m en t o f A ZO , eith er p rep ared b y p recip itatio n ,

co p recip itatio n , im p reg n at io n o r g el m eth o d , n eed s to b e

fu rth er s tu d ied fo r en h an cin g th e y ield o f b io d ies el p ro -

d u ctio n o f v eg etab le o il, p articu larly n o n -ed ib le o il an d

u s ed co o k in g o il.
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In th is w o rk , th e au th o rs fo cu s o n u tilizatio n o f k es am b i

(Schleichera oleosa L. ) o il (S O O ) fo r b io d ies el p ro d u ctio n .

N o n -ed ib le k es am b i o il (S O O ) s h o w s g o o d p o ten tial as

b io d ies el feed s to ck d u e to its h ig h o il co n ten t, lo w p rice,

ab u n d an t av ailab ility , an d th e fact th at it w ill n o t co m p ete

w ith th e fo o d in d u s try . C lean tech n o lo g y to co n v ert

k es am b i o il in to b io d ies el is a tran s es te rificatio n p ro ces s

u s in g an alu m in a s u p p o rted zin c o x id e (A ZO ) s o lid cata-

ly s t. In th is s tu d y , w e o b s erv ed an d ch aracterize d s y n th e-

s ized A ZO cataly s t. F o r tes tin g th e activ ity o f th e cataly s t

th e in flu en ce o f cataly s t am o u n t (w t% to S O O ), th e m o lar

ratio o f o il to m eth an o l an d tim e o f reactio n o n th e y ield o f

b io d ies el w ere in v es tig ated .

  Materials and methods

Materials

K es am b i (Schleichera oleosa L. ) o il (S O O ) u s ed as feed -

s to ck fo r b io d ies el p ro d u cti o n in th is w o rk w as p u rch as ed

fro m a lo cal m ark et. A co m m ercial g rad e o f m eth an o l u s ed

as a reactan t fo r th e tra n s es terificatio n p ro ces s w as als o

p u rch as ed fro m th e d o m es tic m ark et. Th e an aly tical g rad e

reag en ts u s ed fo r A ZO catal y s t p rep aratio n in clu d in g

s o d iu m h y d ro x id e, m eth an o l, zin c ch lo rid e, o x alic acid ,

an d g am m a alu m in a, w ere p ro v i d ed b y M erck , G erm an y .

Th ey w ere u s ed d irectly w ith o u t an y fu rth er p u rificatio n .

A ll s tan d ard reag en t s fo r g as ch ro m at o g rap h y an aly s es

w ere als o s u p p lied b y M erck , G er m an y .

      Preparation of alumina supported zinc oxide (ZnO/

c-Al2O3  ) catalyst

A lu m in a s u p p o rted zin c o x id e (A ZO ) cataly s t w as p rep ared

b y p recip itatio n m eth o d s o f an aly tical g rad e zin c m eth o x -

id e an d an aly tical g rad e c-A l 2O 3. Zin c m eth o x id e w as

s y n th es ized b y reactin g 3 g o f s o d iu m h y d ro x id e in

1 0 0 m L o f m eth an o l (9 0 % ) an d 1 M zin c ch lo rid e (9 8 % ) in

8 0 m L o f d is ti lled an d s tirred fo r 3 h . Th e s o lu tio n w as

cen trifu g ed fo r 5 m in to s ep arate th e s o lid s fro m th e liq u id

an d w as h ed tw ice w ith d is tilled w ater. Th e s o lid w as th en

in tro d u ced in to th e d is p ers io n o f 1 0 g o f c-A l2 O3 in 5 0 m L

o f w ater an d s tirred fo r 3 h . To th is m ix tu re w as ad d ed

1 m o l o f o x al ic acid in 5 0 m L o f m eth an o l, an d th en th e

m ix tu re w as ev ap o rat ed at 7 0 °C u n til it w as tu rn ed in to g el

fo rm .

Th e fo rm ed g el w as d ried at 8 0 °C in an o v en fo r 1 2 h .

Th e d ried s y n th es ized cataly s t w as cru s h ed , m illed in to

p o w d er an d th en calcin ed at 5 0 0 °C in a m u ffle fu rn ace

w ith flo w in g air fo r 6 h . A fter calcin atio n w as co m p leted ,

th e cataly s t p o w d er w as s to r ed in a d es iccato r eq u ip p ed

w ith s ilica g el to av o id co n tact w ith th e catal y s t, w ater, an d

carb o n d io x id e. Th e ch aract erizatio n s o f cataly s ts w ere

p erfo rm ed b y B ru n au e r– Em m ett– Teller (B ET) an d X -ray

flu o res cen ce (X R F ) an aly s is . Th e to tal s p ecific s u rface

area, p o re v o lu m e an d av erag e p o re d iam eter o f th e p re-

p ared cataly s ts w ere m eas u red u s in g th e B ET m eth o d . Th e

X R F m eth o d w as u s ed to o b tain in fo rm at io n reg ard in g th e

co m p o s itio n o f th e catal y s t.

 Transesterification process

K es am b i o il (S O O ) th at w as o b tain ed fro m th e lo cal m ark et

w as treated u s in g p h o s p h o ric acid an d h eated at 1 0 0 °C t o

red u ce g u m , free fatty acid (F F A ) an d w ater co n ten t o f th e

o il. Th e treated S O O w as read y fo r co n v er tin g in to b io -

d ies el. Tran s es terificat io n p ro ces s w as co n d u cted in

2 5 0 m L g las s b atch ty p e reacto rs th at co n s is ts o f a th r ee-

n eck ed ro u n d b o tto m flas k eq u ip p ed w ith a reflu x co n -

d en s er, th erm o m eter, h o t p late, th erm o s tat-co n tro l led

w ater-b ath an d m ag n etic s tirrer.

O il an d m eth an o l w ith th e d ifferen t m o lar ratio s fro m

1 :6 to 1 :1 8 w ere p o u red in to a th ree n eck e d flas k , an d th en

ad d ed w ith th e v ario u s am o u n ts o f A ZO cataly s t fro m 1 to

6 % (w /w % o f S O O ). Th e flas k w as im m ers ed in a w ater

b ath , an d s u b s eq u en tly , th e m ix tu re w as reflu x ed at 6 5 C°

u n d er v ig o ro u s s tirrin g at a co n s tan t s p eed w ith a m ag n et ic

s tirrer. Th e reactio n w as carried o u t u n til it reach ed th e

d es ired reactio n tim e (reactio n tim e v aried b etw een 1 an d

7 h w ith in terv als o f 1 h ). A fter th e reactio n w as co m -

p leted , th e h o t p late an d m ag n etic s tirrer w ere tu rn ed o ff,

an d th e reacto r w as allo w ed to co o l d o w n n atu rally to ro o m

tem p eratu re. A fter co o lin g , th e m ix tu re w as w ith d raw n an d

filtered u s in g filter p ap er to s ep ar ate th e s o lid cataly s t fro m

th e liq u id m ix tu re (m eth an o l– b io d ies el– g ly cero l). Th e

ex ces s m eth an o l w as rem o v ed b y v acu u m ev ap o ratio n . Th e

liq u id m ix tu re w as p o u re d in to a s ep arato ry fu n n el, leav e it

o v ern ig h t at ro o m tem p eratu re u n til fo rm i n g tw o lay ers ; th e

to p lay er b ein g fatty acid m eth y l es ter/F A M Es o r b io d ies el,

an d th e b o tto m lay er b ein g g ly c erin .

B io d ies el p ro d u ct w as an aly zed w ith a g as ch ro m ato g ra-

p h y flam e io n izatio n d etecto r (G C -F ID ), u s in g a G C H P 5 8 9 0

eq u ip p ed w ith 2 0 m C arb o w ax C o lu m n . Th e carrier g as w as

n itro g en w ith a flo w o f 2 8 m L m in-1, th e in itial tem p eratu re

w as 1 5 0 °C , an d th e in itial tim e w as 3 m in , w h i le th e tem -

p eratu re in crem en t w as 7 . 5 C p er m in u te w ith a fin al tem -°

p eratu re o f 2 7 5 C . Th e s am e p ro ce d u re fo r G C an aly s es h as°

b een u s ed in th e p rev io u s w o rk (A s ri et al. 2 0 1 3 b ). Th e y ield

o f b io d ies el w as calcu lated fro m th e co n ten t o f m eth y l es ter

an aly zed b y G C as s h o w n in th e Eq . ( ).1

Y ie ld o f b io d ie s e l %ð Þ

¼
W e ig h t o f b io d ie s e l p r o d u c e d  b io d ie s e l c o n c e n tr a tio n ðw t% Þ

W e ig h t o f S O O

ð1Þ
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  Results and discussion

 Catalyst characterization

Th e s p ecific s u rface area o f p rep ared A ZO cataly s t w as

m eas u red u s in g B ren eu er-Em m et -Teller (B ET) an d th e

co m p o s itio n o f cataly s t w as m eas u red b y X R F m eth o d s .

Th e B ET s u rface area, p o re v o lu m e an d m ean p o re s ize

w ere 7 1 . 5 6 1 m2 g-1, 0 . 1 3 7 cm3 g-1 an d 8 . 1 4 9 n m ,

res p ectiv ely . Th e s u rface area o f an aly tical g rad e -A lc 2O 3

p ro v id ed b y M erck w as 1 2 0 – 1 9 8 m2 g-1. To tal s u rface

area o f A ZO cataly s t w as s m aller th an th at o f -A lc 2O 3 d u e

to s o m e p arts o f th e zin c o x id e co m p o u n d s b ein g w ell

d is p ers ed o n th e s u rface o f th e p o res o f -A lc 2O 3 , an d p art

o f th em rem ain ed o n th e s u rface o f th e s u p p o rt as activ e

s ites . Th e p res en ce o f th o s e s u b s tan ces in creas es th e

activ ity o f th e cataly s t. Th e res u lt w as co n firm ed b y X -ray

d iffractio n p attern o f A ZO cataly s t (th e fig u re is n o t

s h o w n ). Th e X R D p attern o f A ZO h as d iffractio n p eak s o f

Zn O ap p earin g at 2 , 3 4 . 3 1 , 3 6 . 1 4 , 4 7 . 4 0 ,h_ (3 1 . 6 7° ° ° °

5 6 . 5 2°, 6 2 . 7 3 , 6 6 . 2 8° °). M ean w h i le, th e d iffractio n p eak o f

2h (at 3 7°, 4 6 . 0° an d 6 6 . 7°) are s till reg is t ered o n th e X R D

p attern as s ig n ed to th e am o rp h o u s o f A l 2 O 3. A s im ilar

res u lt w as rep o rted b y A s ri et al. (2 0 1 3 b ) o n th e p rep aratio n

o f d o u b led -p ro m o ted catal y s t C aO /K I/ -A lc 2O 3 , w h ile X ie

an d Li (2 0 0 6 ) als o s tated th e s am e th in g in th eir w o rk o f

alu m in a s u p p o rted p o tas s iu m io d id e h etero g en eo u s cata-

ly s t. X R F an aly s is w as u s ed to d eterm in e th e Zn O co n ten t

o f th e A ZO cataly s t. Th e res u lt s h o w s th at th ere are tw o

m ain co m p o s itio n s o f th e cat aly s t, in clu d in g Zn O

(5 3 . 3 0 3 % ) an d A l2 O 3 (4 4 . 4 2 1 % ). M ean w h ile , th e rem ain -

in g 2 . 2 7 6 % is im p u ri ties , w h ich co n s is t o f S O3 (1 . 9 0 5 % ),

S iO 2 (1 . 1 7 3 % ), an d C aO (0 . 1 9 8 % ). A s ex p ected , Zn O w as

th e h ig h es t co m p o n en t, fo llo w ed b y A l 2O 3 an d im p u rities ,

res p ectiv ely . Th is res u lt s h o w s th at th e p rep a red cataly s t

h as h ig h p u rity , ap p ro ach in g 9 8 % .

        The effect of catalyst amount on yield of biodiesel

Th e am o u n t o f cataly s t p lay ed an im p o rtan t ro le in th e

tran s es terificatio n p ro ce s s . Th e effect o f cat aly s t am o u n t o n

th e y ield o f b io d ies el w as in v es tig at ed b y carry in g o u t th e

reactio n w ith v aried cataly s t am o u n ts o f 1 – 6 % (w t% to

S O O ) w ith a ran g e o f 1 % . M ean w h ile, th e o th er co n d itio n s ,

in clu d in g th e reactio n tem p er atu re, m o lar ratio o f o il to

m eth an o l an d reactio n tim e , w ere k ep t co n s tan t at 6 5 C ,°

1 :1 2 an d 6 h , res p ectiv e ly . Th e in flu en ce o f catal y s t

am o u n t o n y ield o f b io d ies el is d ep icte d o n F ig . .1

Th e res u lts s h o w n in F ig . 1 in d icate th at y ield o f

b io d ies el in creas es s ig n ifica n tly b y in creas in g th e cataly s t

am o u n t. W ith o u t th e p res en ce o f a cataly s t, it s eem s th at

b io d ies el w as n o t fo rm ed . In co n tras t, b y u s in g a cataly s t

am o u n t o f 1 % , th e y ield o f b io d ies el d ras tically in creas ed

b y 7 0 . 1 2 % . It w as s tro n g ly p ro v e d th at th e p res en ce o f a

cataly s t in tran s es terificatio n p ro ce s s s ig n ifican tly in flu -

en ced th e rate o f reac tio n (Lev en s p iel 1 9 9 9 ). B io d i es el

y ield w as in creas ed lin early fro m 7 0 . 1 2 to 8 1 . 4 0 % an d

fro m 8 1 . 4 0 in to 9 0 . 2 0 % b y in creas in g th e cataly s t am o u n t

fro m 1 to 2 % an d 2 to 3 % , res p ectiv ely . H o w ev er, th e

y ield o f b io d ies el w as in creas ed o n ly s lig h tly to 9 2 . 2 9

w ith a cataly s t am o u n t o f 4 % . Th e u s e o f catal y s t

am o u n ts o v er 4 % (5 an d 6 % ) led to d ecr eas es in b io -

d ies el y ield to 9 1 . 0 7 an d 8 5 . 7 7 % , res p ectiv ely . P o s s ib ly ,

th e m ix tu re o f o il, m eth an o l an d cataly s t is to o v is co u s ,

g iv in g ris e to a p ro b lem o f m i x in g , res u lted in th e lim i-

tatio n o f th e d iffu s io n . Th e h ig h er- p ercen tag e cataly s ts

m ix tu res als o req u ire h ig h e r p o w er co n s u m p tio n fo r

ad eq u ate s tirrin g .

Th e m ax im u m y ield o f 9 2 . 2 9 % ach iev ed in th is w o rk

w as h ig h er th an th at o f 6 5 % acq u ired b y A s ri et al. ( )2 0 1 0

o n tran s es terificatio n o f p alm o il u s in g C aO /A l2 O 3 as cat-

aly s t at th e s am e reactio n tem p eratu re (6 5 °C ). M o reo v er,

th e o th er co n d itio n s (s u ch as reactio n tim e, th e am o u n t o f

cataly s t, an d th e m o lar ratio o f o il to m eth an o l o f 7 h , 6 %

an d 1 :4 2 , res p ectiv e ly ) w ere w o rs e th an th e co n d itio n s o f

th is w o rk (6 h , 4 % an d 1 :1 2 , res p ectiv ely ). A n o th er

res earch team , X ie et al. (2 0 0 6 ), s tu d ied th e tran s es terifi-

catio n o f s o y b ean o il w ith K N O 3 /A l2 O 3 an d th eir h ig h es t

y ield o f 8 7 % w as ach iev ed at 7 h , 6 . 5 % an d 1 5 :1 , res p ec-

tiv ely . Th e res u lt p ro v e d th at k es am b i (S O O ) o il h as g o o d

p o ten tial fo r p ro d u cin g b io d ies el u s in g alu m i n a s u p p o rted

zin c o x id e (A ZO ) s o lid as cataly s t. In th e p res en t w o rk , w e

h av e fo u n d th e h ig h es t y ield o f 9 2 . 2 9 % w as ach iev ed at a

cataly s t am o u n t o f 4 % . Th erefo r e, th e 4 % cataly s t am o u n t

w as ad o p ted as th e o p tim u m co n d i tio n an d s elected fo r

co n tin u in g th e ex p er im en t.

  Fig. 1 T h e in flu e n c e o f c a ta ly st a m o u n t (w t% to SO O ) o n y ie ld o f

b io d ie se l (% ) (re a c tio n te m p e ra tu re = 6 5 °C , m o la r ra tio = 1 :1 2 a n d
re a c tio n tim e = 6 h )

 3  Pa g e 4 o f 7 E u ro -M e d ite rr J E n v iro n In te g r  (2 0 1 8 ) 3 :3  
[1 0]
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         The effect of molar ratio oil to methanol on yield

 of biodiesel

Th e m o lar ratio o f o il to m eth an o l is o n e o f th e im p o rtan t
[7]

facto rs o if th e tran s es te rificatio n reactio n . Th eo retically ,

th e s to ich io m etric m o lar ratio o f o il to m eth an o l is 1 :3 .

S in ce tran s es terificatio n is an eq u ilib ri u m reactio n , to s h ift
[6 4]

th e reactio n to th e rig h t s id e, a larg e ex ces s o f m eth an o l is

req u ired (A s ri et al. 2 0 1 3 b ). In th e literatu re rev iew , it is

s tated th at th e m o lar rat io o f 1 :6 is u s ed o n tran s es te rifi-

catio n o f lo w free fatty acid u s in g a h o m o g en eo u s s o d iu m

h y d ro x id e alk alin e cataly s t (A s ri et al. 2 0 1 5 c). H o w ev er,

o n tran s es terificatio n u s in g h etero g e n eo u s cataly s t, m o s t o f

th e res earch ers h av e u s ed a h ig h er m o lar ratio (w ith in

ran g e 1 :9 – 1 :4 2 ) co m p ared to h o m o g en eo u s alk alin e cata-

ly s t (A s ri et al. ; K o u zu et al.2 0 1 5 c 2 0 0 8 ; P etc h m ala et al.

2 0 1 0 ), p o s s ib ly , o w in g to th e m as s tran s f er b ein g lim ited in
[1 1]

th e h etero g en eo u s catal y s t s y s tem . H o w ev er, to o m u c h

ex ces s m eth an o l lead s to s o m e p ro b lem s , s u ch as reco v -

erin g it an d th e h ig h am o u n t o f en erg y n eed ed , w h ich

in creas ed p ro d u ctio n co s t (A s ri et al. 2 0 1 3 b ; H u ap in g et al.

2 0 0 6 ).

In th is w o rk th e effect o f th e m o lar ratio o f o il to
[7]

m eth an o l o n th e y ield o f b io d ies el w as in v es tig at ed b y

v ary in g th e ratio fro m 1 :6 to 1 :1 8 at a reac tio n tem p eratu re
[6]

o f 6 5 °C , a reacti o n tim e o f 6 h an d a cataly s t am o u n t o f
[2 0]

4 % . F ig u re 2 d ep icts th e in flu en ce o f th e m o lar ratio o f o il

to m eth an o l o n th e y ield o f m eth y l es ter (b io d ies el ) o f
[3 5]

S O O . It s h o w s th at th e m o l ar ratio o f m eth an o l to S O O
[1 7]

s ig n ifican tly affected th e y ield o f b io d ies el. It w as o b s erv ed

th at y ield o f b io d ies el in creas ed alo n g w ith th e in creas e o f

m o lar ratio fro m 1 :6 to 1 :1 2 . Th e h ig h es t y ield o f 9 2 . 2 9 %

w as ach iev ed at m o lar ratio 1 :1 2 . H o w ev e r, at a m o lar ratio

o f 1 :1 5 it w as s lig h tly d ecr eas ed to 9 1 . 2 7 % an d fin ally

d ecreas ed to 8 5 . 7 7 % at a m o lar ratio o f 1 :1 8 . P o s s ib ly , th e

ratio o f cataly s t am o u n t to th e reacta n t (o il an d m eth an o l)

w as d ecreas ed w ith in creas in g th e m eth an o l co n ten t.

M o reo v er, w h en th e am o u n t o f m eth an o l w as o v er 1 :1 5 ,

g ly cero l s ep aratio n b ecam e m o re d ifficu lt, w h ich led th e
[1 1]

red u ctio n o f th e y ield o f b io d ies el. A ls o , m o re en erg y is

n eed ed to reco v er th e s ig n ifican t am o u n t o f u n -reacted

m eth an o l (A s ri et al. 2 0 1 3 b ; H u ap in g et al. 2 0 0 6 ). A s im -

ilar res u lt w as s tated b y p rev io u s res earch ers (K im et al.
[4]

2 0 0 4 2 0 0 9; N o iro j et al. ). Th is p ro v e d th at th e y ield o f

b io d ies el w as in creas ed u p to a certain m o lar rat io o f o il to

m eth an o l. Th erefo re, th e o p tim u m ratio s h o u ld b e d ete r-

m in ed to elim in ate ex ces s o f m eth an o l u s ag e fo r eco n o m ic
[2 6]

reas o n s . Th e o p tim u m m o lar ratio o f o il to m eth an o l in

tran s es terificatio n o f k es am b i o il u s in g A ZO cataly s t w as

1 :1 2 .

         The effect of reaction time on yield of biodiesel (%)
[4]

Th e in flu en ce o f reac tio n tim e o n th e y ield o f b io d ies el w as

s tu d ied u s in g a cat aly s t am o u n t o f 4 % , reactio n tem p era-

tu re o f 6 5 °C an d m o lar ratio o f o il to m eth an o l o f 1 :1 2
[2 0]

u n d er co n s tan t s tirrin g s p eed . Th e reac tio n w as carried o u t

at s ev en d ifferen t reactio n tim es ran g in g fro m 1 to 7 h w ith
[6 3]

1 h in terv als . Effect o f reactio n tim e o n th e y ield o f b io -
[1 1]

d ies el is s h o w n in F ig . 3 . Th e res u lts in d icate th at y ield o f

b io d ies el elev ates alo n g w ith th e in creas e o f reactio n tim e.

A t th e b eg in n in g (at 1 h o f reactio n tim e) th e reactio n w as
[3 5]

s lo w d u e to th e lim itatio n o f d iffu s io n am o n g th e th ree

p h as es o f o il, m eth an o l an d A ZO cataly s t, w h ich m ad e th e

b io d ies el y ield s lo w (2 8 % ). A fter a w h ile, th e reactio n w as

fas ter th an b efo re, an d th e y ield g rad u ally in creas ed to
[1 3]

ap p ro ach 4 0 % . Th e y ield o f b io d ies el s h arp ly in creas ed to

6 5 % at a reactio n tim e o f 3 h . A fterw ard , it g rad u ally

 
[9]

 Fig. 2 T h e in flu e n c e o f m o la r ra tio o il to m e th a n o l o n y ie ld o f

b io d ie se l a t re a c tio n te m p e ra tu re 6 5 °C , re a c tio n tim e 6 h a n d a m o u n t

o f c a ta ly st 4 %

 
[4]

 Fig. 3 E ffe c t o f re a c tio n tim e (h ) o n y ie ld o f b io d ie se l w ith re a c tio n

te m p e ra tu re 6 5 °C , m o la r ra tio o f o il to m e th a n o l 1 :1 2 a n d c a ta ly st

a m o u n t 4 % (w t% to o il)
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in creas ed to 7 3 . 0 , 8 7 . 0 , an d 9 2 . 2 9 % at a reactio n tim e o f 4 ,

5 an d 6 h , res p ectiv ely . B ey o n d 6 h th ere w as n o s ig n ifi-

can t in creas e in y ield o f b io d ies el. It m ean s th e reactio n

reach ed th e eq u ilib riu m s tate after 6 h w ith a y ield o f

9 2 . 2 9 % . M ax im u m y ield o f 9 2 . 3 1 % w as ach iev ed at 7 h .

H o w ev er, fo r efficien cy an d eco n o m i c co n s id eratio n s , th e

reactio n tim e o f 6 h w as ch o s en as th e o p tim u m reactio n

tim e fo r th is w o rk . C o m p ared w ith p rev io u s w o rk , X ie

et al. (2 0 0 6 ) o b tain ed 8 7 % y ield o f b io d ies el o n tran s es -

terificatio n o f s o y b ea n o il u s in g 6 . 5 % o f K N O3 /A l2 O 3 s o lid

b as e cataly s t at 6 5 °C , 1 :1 5 an d 7 h o f reactio n tim e, m o lar

ratio o f o il to m eth an o l, an d reactio n tim e, res p ect iv ely .

Conclusion

Th e alu m in a s u p p o rted zin c o x id e (A ZO ) cataly s t w ith a

h ig h s u rface area o f 7 1 . 5 6 1 m 2 g-1 h as s u cces s fu lly b een

s y n th es ized w ith th e co m b in atio n o f p recip ita tio n p ro ces s ,

im p reg n atio n an d g el m eth o d s . Th e tran s es terificatio n

p ro ces s o f k es am b i o il (Schleichera oleosa L. o il), called

S O O in th is w o rk , w as s ig n ifican tly in flu en ced b y th e

am o u n t o f A ZO cataly s t (w t% to o il) u s ed . Th e cataly tic

activ ity tes t th at w as co n d u cted at 6 5 °C , w ith am o lar ratio

o f o il to m eth an o l 1 :1 2 an d reactio n tim e o f 6 h s h o w ed

th at th e m ax im u m b io d ies el y ield o f 9 2 . 2 9 % w as ach iev ed

at a cataly s t am o u n t o f 4 % . It can b e co n clu d ed th at th e

lo cal K es am b i o il (S O O ) h as g reat p o ten tial fo r u s e as an

altern ativ e feed s to ck fo r b io d ies el p ro d u ctio n . S im ilarly ,

th e A ZO cataly s t is v ery p ro m is in g fo r u s e as a cataly s t fo r

co n v ertin g n o n -ed ib le o ils o f k es am b i in to b io d ies el.

Th erefo re, in th e n ex t p ro ject, w e w ill d ev elo p th e fu n d a-

m en tal as p ects an d in d u s trial ap p licatio n s . In th e fu n d a-

m en tal as p ects , w e w ill d ev elo p th e k in etics m o d el o f

tran s es terificatio n o f k es am b i o il u s in g A ZO as cataly s t.
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(2 0 0 8 ) C a lc iu m o x id e a s a so lid b a se c a ta ly st fo r tra n se ste rifi-
c a tio n o f so y b e a n o il a n d its a p p lic a tio n to b io d ie se l p ro d u c tio n .

Fu e l 8 7 :2 7 9 8 – 2 8 0 6 . d o i:1 0 .1 0 1 6 /j.fu e l.2 0 0 7 .1 0 .0 1 9

L a m M K , L e e K T , M o h a m e d A R (2 0 1 0 ) H o m o g e n e o u s, h e te ro g e -
n e o u s a n d e n z y m a tic c a ta ly sis fo r tra n se ste rific a tio n o f h ig h fre e

fa tty a c id o il (w a ste c o o k in g o il) to b io d ie se l: a re v ie w .

B io te c h n o l A d v 2 8 :5 0 0 – 5 1 8 . d o i:1 0 .1 0 1 6 /j.b io te c h a d v .2 0 1 0 .0 3 .

0 0 2
L e v e n sp ie l O (1 9 9 9 ) C h e m ic a l re a c tio n e n g in e e rin g . W ile y , N e w

Je rse y

M u k e n g a M (2 0 1 2 ) B io d ie se l Pro d u c tio n o v e r su p p o rte d Z in c o x id e
n a n o -p a rtic le s. T h e sis, U n iv e rsity o f Jo h a n n e sb u rg

N o iro j K , In ta ra p o n g P, L u e n g n a ru e m itc h a i A , Ja i-In S (2 0 0 9 ) A

c o m p a ra tiv e stu d y o f K O H /A l2 O 3 a n d K O H /N a Y c a ta ly sts fo r

b io d ie se l p ro d u c tio n v ia tra n se ste rific a tio n fro m p a lm o il. R e n e w
E n e rg y 3 4 (4 ):1 1 4 5 – 1 1 5 0
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Pe tc h m a la A , L a o sirip o ja n a N , Jo n g so m jit B , G o to M , Pa n p ra n o t J,

M e k a -su w a n d u m ro n g O , Sh o tip ru k A (2 0 1 0 ) T ra n se ste rific a tio n
o f p a lm o il fa tty a c id in n e a r a n d su p e r-c ritic a l m e th a n o l w ith

SO 4 – Z rO2 c a ta ly st. Fu e l 8 9 :2 3 8 7 – 2 3 9 2 . d o i:1 0 .1 0 1 6 /j.fu e l.2 0 1 0 .

0 4 .0 1 0

W u H , Z h a n g J, W e i Q , Z h e n g J, Z h a n g J (2 0 1 3 ) T ra n se ste rific a tio n
o f so y b e a n o il to b io d ie se l u sin g z e o lite su p p o rte d C a O a s stro n g

b a se c a ta ly sts. Fu e l Pro c e ss T e c h n o l 1 0 9 :1 3 – 1 8

X ie W , L i H (2 0 0 6 ) A lu m in a su p p o rte d p o ta ssiu m io d id e a s a
h e te ro g e n e o u s c a ta ly st fo r b io d ie se l p ro d u c tio n fro m so y b e a n

o il. J M o l C a ta l A 2 5 5 :1 – 9 . d o i:1 0 .1 0 1 6 /j.m o le c a ta .2 0 0 6 .0 3 .0 6 1

X ie W , Pe n g H , C h e n L (2 0 0 6 ) T ra n se ste rific a tio n o f so y b e a n o il

c a ta ly z e d b y p o ta ssiu m lo a d e d o n a lu m in a a s a so lid b a se
c a ta ly st. A p p l C a ta l A 3 0 0 :6 7 – 7 4

Y o o SJ, L e e H S, V e ria n sy a h B , K im J, K im JD , L e e Y W (2 0 1 0 )

Sy n th e sis o f b io d ie se l fro m ra p e se e d o il u sin g su p e rc ritic a l
m e th a n o l w ith m e ta l o x id e c a ta ly sts. B io re s T e c h n o l

1 0 1 :8 6 8 6 – 8 6 8 9

Z a b e ti M , D a u d W H A M , A ro u a M K (2 0 0 9 ) A c tiv ity o f so lid c a ta ly sts

fo r b io d ie se l p ro d u c tio n : a re v ie w . Fu e l Pro c e ss T e c h n o l
9 0 :7 7 0 – 7 7 7 . d o i:1 0 .1 0 1 6 /j.fu p ro c .2 0 0 9 .0 3 .0 1 0

Z a b e ti M , D a u d W H A M , A ro u a M K (2 0 1 0 ) B io d ie se l p ro d u c tio n

u sin g a lu m in a su p p o rte d c a c iu m o x id e : a n o p tim iz a tio n stu d y .
Fu e l Pro c e ss T e c h n o l 9 1 :2 4 3 – 2 4 8 . d o i:1 0 .1 0 1 6 /j.fu p ro c .2 0 0 9 .1 0 .

0 0 4
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