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1-1.1.Mudvticunl5eTm5ltIR-31A1Trio-)65alinlvtalytgiTufilaiotai (AC-CR-SO3H) 

tinurim%knnfrinn-ILLIAIC&ITInamTffikiTu61.Zuk-inn-innni,o4@nn5ItiluitKil 

INIcu@ilwthILLItm@i (Mesopore) thtLlal 2 - 50 	i1FrYILLailEniiiqtuvv7111,WtVJ 

a'IL-15nLaiv05t,Piciannyunn5LillViis-ILLatan-i5CA@Lanlyd@l$i- Liltlffilan6n 

aatnmhmkiii'a11,Alnacuudnuril.a%gouliqrliEnaIcinlviiMcunw H2SO4  T:11;1'$i-)6A1 

cqrils-rinfl-J -awiJun591111,11-ru'A'ErililfnuTm5injivi- LilliPari AC-CR-SO3H Ciiqu1 gn15 

Aa 140, 160, 180 LLn 200°C a o''1,$i6i- Lq1ct_lrliEil AC-CR-503H- 

140°C, AC-CR-SO3H-160°C, AC-CR-SO3H-180°C LL AC-CR-SO3H-200°C 

vtiu r1- 15'miauPTILvtluNSraoslivr@rDR 

nn5LSnLculrm151I@mg (X-ray Diffraction, XRD) 

NSn (Crystal) N2l-1`1.1PTILIA1A@A'tly11.1 (Amorphous) LLviUkuNSin@lvieallAILtim i,6l1L2‘ja9i1l1i 

16M'IVIAG1'MLRO1 FT-IR wv\rulAkAlfiqust(alvkLoviAilumtill.15rAnw 1,000-1,100 cm 1  u@n@nf9.1 

6myvajillf-ilTiziolnwwiniu@nUnaaoich@kilti-lamilliTainw 3,400 cm 1  irriAuciel'Anonnt 

't.iNiT,11.rfiErt:Cfili,R5'Itvil, lit@y:11.A'A 955 - 1,218 m2/g Latllmoinunoth'tInt-u 3 - 

anoluilnitholauunmhT110-12aLmaTiALwifulieln5o 

mTvulSncrii@pvigg 60°C lou1i6m5whuLiiam@ln5oRYtilSnkarrmaaLviiricu 1 	3 `Jilim 

6i-aL11.1fliar1 5% lonilivrtlfrii@lnwminan core-in6hL11JUilun AC-CR-SO3H-140°C 

-i@li-Acurn5n'llVionvqviv,':AinnnwAEruli@ln5oRivulSn (HCp Conversion) Lvi'lf)'`u 60.5% 

AC-CR-SO3H-200°C 

Lviitiu 44.8% 1,11@l-in6W111ffiiEn AC-cR-so3H-140°C21111hirrAwAlt,' trilinmvAqtquilll'qo 



ABSTRACT 

This research was a synthesis of sulfonated activated carbon derived from coffee 

residue. Owing to the appropriate properties of carbon-based from coffec residue were 

high surface area with meso pore as 2 - 50 nm, high thermal stability and hydrophobic 

properties. These properties can enhance the catalytic activity and reduce the catalyst 

deactivation. Sulfonation activated carbon derived from coffee residue with H2504  

resulted to provide high acid site density. The sulfonated activated carbon derived from 

coffee residue was synthesis with various reaction temperature following 140, 160, 180 

and 200°C with namely of AC-CR-SO3H-140°C, AC-CR-SO3H-160°C, AC-CR-SO3H-180°C 

and AC-CR-SO3H-200°C respectively. The synthesized catalysts were characterized by 

X-ray diffraction. It was found that the synthesized catalysts had the mixture of 

crystallite and amorhous without the sulfonated crystallite. It was also found that the 

sulfonated group and carboxylic group or phenolic group were present at 1,000-1,100 
-a 	 1 

cm and 3,400 cm , respectively which analyzed by FT-IR. The specific surface area of 

synthesized catalysts were in the range of 955 - 1,218 m2/g with pore size of 3 - 4 nm as 

designed. The catalytic activity of synthesized catalyst were test via esterification of 

caprylic acid at the temperature of 60°C with methanol to oil molar ratio of 1 to 3 and 

catalyst loading of 5% by weight of caprylic acid. The AC-CR-SO3H-140°C gave the 

highest caprylic acid conversion as 60.5%. On the other hand, the AC-CR-SO3H-200°C 

provided the lowest of caprylic acid conversion of 44.8%. It was due to the AC-CR-S03H-

140°C catalyst was the highest surface area and pore volume with high acid site density 

as an important factor to catalyzed reaction. 
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61'611)FiEJ-16YalctAlLciacuucinuriOcukinn-innimAli%iqn.roccil 

1 40°C (Sulfonated activated carbon-coffee residue at 

140°C) 

61']611ih'iliEn2falldvuotrufilLfiLiicug1-Innnnn-ImOq61dmil 

160°C (Sulfonated activated carbon-coffee residue at 

160°C) 

180°C (Sulfonated activated carbon-coffee residue at 

1. 80°C) 

ei"-J6111:h718-4aliinlvoruudnuein%vinnmninuotilcifiqn,rvi, 

200°C (Sulfonated activated carbon-coffee residue at 

200°C) 
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udind-rAiln-mAtan LLtR-railnA'oaAajvia 

cvinlnuU'EALattlTAErtict(hitlacuv-inlnulud 

1.1 n'indhanuwarvaid'IKcp@Afuviq 

l'ul@g1,66a (Biodiesel) vi_li..1AutAINcitlAnny\611-rt.roy.a'luL (Renewable energy) onmt-ron 

Lli14 i.113114ch 

mtcu-runnwrilLicirraviAocual.t`grun@dq,iziaunt-111-o,J -IVILtuAaLIAINctiwwfruJnI7cLATU 

t-mMtWivoni-Juaon1511-1L414-13:11Auv-ininlcdtLywl 

v-inNnnTom@nolatrl!i'ulit,Lat 

voRluldi 2J@11Jri1 y1 Om. '1f11 (11WI2J1d) fmNalii.ulaiLtalctA'nhcoinll IhEianiai`th411-11@nn-wl 

')' 10-20% LI,taoR'')-"col'iU 20% ?I'-rvi'ulcuI@gma 100% zi2uaova17N1ralannnFilA 20-40% LLat, 

aoRican1,6161 60% National Biodiesel Board IJ5nymavi'lauSinn5t-0-11‘u10466mhu2 

cLAIrimosie9nitau'll@@n1,6acrilli@unuannoillviiotanolvri@lp-nommTeAntll 78.5% olut 

PioiSiuldainn---1 8,000 6H1d1JTv1 'Mil  2555 [1] 

anInu@aaattih'iliEnvuo (Alkaline) Li-imviJuaSimavni (Methyl ester) iAoiculaivua 

Lilunn5tuTunnil'inyincu(6@avvieMm% (Transesterification) 

nwnuim'NkvilmiTAvito/thlviialnncti-11%iiejTunnwIAAlt-LipniAntg6t1Lctlui'm):kvA'fii 

1%1111,113-jallMCILL'dlilLFTUT-11'11.113711AL60114i111ArittITEM1 [2] 

n-i'g6i-)1,11JUriuni,@notAiu4mo (Homogeneous add catalyst) anlmtilAnleqfTiErilA41 

cqfllEnt@mil @lciALwis'LLLon.ViEnvnlcuALaam@liliown.RifA'Elifiu vin119,11A.1q11E-ILEm'AiL4 

viru n5o21aiAI23n (H 2SO4) n5G1lolmRa6in (Ha) moi/J@eiyIna (H 3 PO4) 

(BF,) vrtInIn'Avvnii-J6•11JFIEnLcuel 67iltitracho4iuguufmt_71611.1-12,:iugnvi'uioqh 

VialcUilyiwnwATIMmtviA 

n-irionauT@1@,cdm- figg LLEino@n-InNvIrfiadlunnCcdalTini,ciitiolaA'uwiuficua-41.ul,Latkl 

ilmt,ctnumwi-goTNLSuinufnnyvnTiiiiiMunml (Neutralization) [3] 



2 

A'11`.iun -iTt7,m - lqriliEn1151/%0Yranw (Heterogeneous add catalysts) L -11/71,L 

n5tu-yunnNAtri,o;IL21aanLat-i -JEt66 iNJvn -ill'i 	1R"--11.,6cu6ilatftwi11,o-launmuin 

Iosam3L -INJ-ittanuAl - tnt,TWnn6H1NSvuit-LIGIII 

mt,u-runnklm'ciA'uvruaoN amT@11,SEJ -InnT4.-ft_rrt,in -INSItcdolvnislialcuiLrwliTulcuntu-ruOm 

Liimnnic3Lq1ctihIEn735. 9XL6,11h--)LvtluviiatA'EJ-JficuemhviruammiinAin1,1,111iiwti cul 

totlitymluldictli65cu6hu [4, 5] 

qa@l,m1 (zeotites) [6], 

L6auvri6rianruw711@laitivum (La/zeolite beta) [7] 65al,v0vuoilniSiucuwi-n'@li'cuisSn-i (Silica-

supported zirconium sulfate) [8] LLIA@Uoul,Onn (Nafion ® SAC-13) [9, 10] vileiort,;tuLt@i-

Iaoln (Tunstated zirconia, WZ) [10, 11] i'llili'uctil-,AcifitnalArn16i-AlotJUiluanwl@6-1AAvat 

A11.1FiEJ-1115*Li6,nwrAvolmlufm,q1CjiTiEnn-ib-11:u1611,6mmJilavt_741iT 

1,v4iNavroctl@li'iunnti-'wwirLAH.,riTIALnn5mAil@lb,dLaqavualcot-lj (11-1q%) [8] 9-J2.1M-11-11A1-,  

inwilvAoS\i'aiinlci_lillErrm.TtALaam@Ti\ILYuanLinwolA,rA.J,t,Einank [12] Flg1T-11.1 

o6'E.J‘finlo-i@quvu,),LcrAloct'll@lf-icurriwq2uT@1(klawt:oci'rHa,-  [13] 111A2d@ll'26q11_]rIlEJ1P'n31 

avalia.i'mtj'a (Hydrophobic) LiAil@TJ 6?_YujnI7uillyticuaiwiii`uPtiALnnT:rwrUFiEnuat@lei`un'm 

LA@LianniAnalltiriuntcrial-innn5Tjo65cuuNILo7r/ig-EtmAnn1-) [14, 15] 

vr\i@IA'f-mNSviltIOINJ 

InA'6gulficunw 63a7\1-An v°1-111,t'enwit-16qlcuFlunmnIA6ael6iio°7\I6fli'h LLavAh'il'iE-u@a-

onoii'AlvrisulgvifiEruvvinficunw,5aV\hin toianlrimInnA'ulti'rtinjU u@nTindalral%ali't 

cincutiOldCri1Annf-rinmaylcSichfirrql TIZINI/N11,2k.,11,A'ALLIVIA2i (Mesopore) `t_htL-n 2 

unluLLm31R-rInailnii" @,arviciilv 66atila1Jt7a3iTocutIn wd-)ELaimie,Fivitp-roinnT,q111fTiEin 

66ataonn56AoLanTIAI2J@l(1-AqlqrMEA4 nA'- u lal,ilEilthtnauPEJ 2  ~{21d hl en c~~1d665n61]1dn15 

`11tAltii1A-'-Aq1ctf0E.Y-IlommEn,J -J5@li'tid- uriln%kinn-innnti,vJ 

-inctJh'n'ls-NTalcolvt,ordolnw-1 6`8'a'inhinvillAu maotigNAn'AJilnLQinintToli-)6.11_1 Uiiu -197i 

lototIn11J61.tihn'Einvaavo@iVAILA6M@lnwl,m7lAmt vildRyn..013iana.n11la`11Ji 

olk-rall,vaikrunn5cviala-Aq1ctiEfli'u-A'onntlun5eAn%nn5NS-auI@AGdaLvtrui6gtain v°1-1 
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11X.A.hon'un -iNSmciaal allmt-1Vmalirt,n112-YrtAtalA 	LLatj_11,nmciAiLiklain 6d@ltolilq.Ann 

nwu-run-INSnnnnnayllg4-JEJ 

1.2 imii.J5tNA6uo. -11,MEJ an5\91-115 2 

1.2.1 viil'afli,9TraVh61q711Eric5aliAirtatudn ot.lrim.7cannnnnn-laciAl 

Yriltinu-rnAaanfliillol2i-)1,11ih-MariAlmil EiLlA Mil'  1) 

1.2.2 Li/Oin19-19-ya.r@ll-AunnLql‘dhs Ti`iu-uaL9/11VAftwtclANnwAT 3.71,1  McrA 1) 

1.2.3 L,17@rin't9r-Limrili,vi231-T,aLl'un'milcdhMunifiTTLA@?ivr@Tit,R'szTusd@Amn5'vd@Iwi Mc] 

2) 

1.2.4 vini@Finbln-m,I'm.i-AllrhIlEY-IncuayllTini LLatnmj@Lannyrinli-Altihlriun (T.J'17/1 2) 

1.3 TOU101101.1@lY1VIEJ 

lii.ACIMATtiNiivi@Xj@l'in'TJ' n'ti5t1,3na,1 2554 (tEz6' -i -einv1I1.gn -1 2 T.1' ) 6t131'd@1-I6TPH1  

19111'15G151d 

111  1 (lvt_htaroA 2554) ?Tli,AnotiR-mli'uti-ruFiln"YuknnnnnnimAl 1111/7 ZnCl2 

Lot6i-J@li'culnv°1-11JhTilEri68'alciAlarhauvolkviealcili.14@pcm-,331 120-200°C Inn 

linwYd\l-finvrAn% 	 AC-CR-SO3H 

I6mlalblrUllyilnnufr oinaatv151 

1,1c0h—hlun2aLcooliAILwis'lmlnw9n9A 

1.3.1 A'lLR'Lviildactviii3.71..diteM.A16i'n@li'li loo Vi ZnCl2 Ltuanmn-icu l'In11.19nicu@luvw% 

1,tru5Einn-wm@laia co, aa9-3113,2,t-Lniu,Iiii-A 600°C SicuL-Jan 4 i''AL1 

Vi?Tli,flYlt,vtW,culflvwrm4u (Desicator) [30] 

1.3.2 (16M-InA6hLq111PIEJ'165al1AIL1iG11I1Idnuf'haMi7ilk-inn-innna1^l (AC-CR-SO3H) 10E141 

(Sulfonation reaction) l61u1,41n5o43aiAl-AnA211Aquvi0) 120- 

180°C nnEJIA'Ari6ri otn-rtaa@onan vtlunan 10 'Y-J1L1 aknlicLIm@l 

jni.@uopm011.15nrifu 80°C Lifl@ri-4itn@m.m165aviAlriALvS@@E. LLA'21J1.111111 

@Fimil 120°C LtILoL- n 2 11'`Alil 

1.3.3 Pinci_nqajnci4alt,-n19i-nlcifiel'lLmntvl,Au141 
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1.3.3.1 61,11fl`t,IR X-ray diffraction (XRD) L1tl@v15.-)a@tR--ILL1JcuNSnval -31A11.1 Ul5un 

1.3.3.2 vn@lkt_htn'auval6i']61cUffliEnImuliLcvwilA Energy Dispersive X-ray (EDX) 

1.3.3.3 GITeiacLLA'nct911,o',T@li-)6.1'LLh'nlErillu'llnA'@1N cmwict.Kavuliei@lnT lo  

Scanning Electron Microscope (SEM) 

1.3.3.4 4nvg1d1Ntlit-  TU-wnlmu Lotnam5t,nnalvunoviqcuTo16`h611.1 ffiEn 

loul'ai/wii.7,w1 BET Gas Sorption 

1.3.3.5 m-Aneuv011ffu6il'aliAlilnlouNLviRt 	Fourier 	transform 	infrared 

spectroscopy (FT-IR) 

1.3.3.6 vinFitlfl Ion-Exchange titration Lilowwrranciicunwvall‘L.VIlun 

1.3.4 )oRlqi_In5ddinvii'unn5L1qPriEnLoaLco@TccilLnl'imlnw9mAnLL tarvilLoal@l6i-)61  

cqr,En AC-CR-SO3H crA?YlLm-)tvi13-i loCtiLniNcqndavucunt 171@pco,f,),i) 60°C LCAll @lA' 

ani4"cuvilctil..moy,1,1,1iflfriRn1Lcom 1-14 flT11.1PL,itionn-IFI 

	

R-raiuQ1Lotv,quiLcp1Q1) 	 nicu inn-mcLAutedlnwi 

R-11A1*11 (% Caprylic acid conversion) Lot,NalAyalaifiomcwlo (% Methyl 

caprylate yield) cifivauumialr11.1Lwa 

1.3.5 Iv15-1v1ANannTifi@1 

1.3.6 

ilt7; 2 (TuctiTzlnwil 	2555) 	FinYIRThr@5'h%nn611)r&nm-vt 2{6Ni 69neii:Al 6 Rivti@5  

1,v1m-riacuLtanTi`ionLNLLYIeiVAILfliwnlmomiNUn 	 6t1 

1J5tnvui']u6i-AL1.11,cuni5L11_10Er-1 	 6mwi-rtmlan41Pu Lot 

L-m-Ailun-n'LrloqL1lun Lot,Finy-INm21131L-INnwwinT\Mn ItAMfl'117101i6tVi@M'111011:AL 

fY151,NLLEMU'IMMAII2MVIeffil,Ril-CUUt60aLlieffillifLIAIMA 1danTInci911Fin19-in-mj@l12irny, 

A`61`ihIlIU'llA11,M'ItlillA 

1.4 IhzAtn.n..Wifil9viiwagu 

1.4.1 anlm. dglh'.','Itmtl -inictJhrl'iEnezi'alcv\ILLvicuutinuf'im°-Inn nnn-iLLinll'un 'm  

1.4.2 1311LirmlulaginnwT1LR5-InAtinctAiiv-innl nnaLLT1 
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1.4.3 L97\wkipii1XficunnnmaiAl,illvtin1LFIEJnnn5tcuTunnNSmnnaLLIA1  

1.4.4 1q1,119C19n-15111,m-lt,111911..lhIun 	AC-CR-SO3H 

(Sulfonation reaction) La.,i,A.15.zacunal!?'it,P@liMILmntv'nfrIlu,a16ii'tql 

1.4.5 2{'11.115ai5Vnit1gT61qMs-i AC-CR-SO3H louliqh-iuEn, iAlLtiis'cu6ualnwii'aVAhnn 

1.4.6 UPT)3x- aA--;i'unn . Lq1ctiFis-u@eivilEiqLr`ii'v-HAnwiRacv\a'nTol6i-J 6.1ci_lUlun crA 

1.4.7 1,$iNlnulE1,1..J51-',Pu'unVi 	 (ywrminil23nnm6ati1ii'i'@f-n51.)5n,L'Anna) 



Will 2 

nilmuvratrmaAn5u 

tviihtni-Ailvitiqaa'..-',cucwraiLritiThleicunnwT1LHT-u-A6h̀6lstihIliEn4caTilLtmuud-ru  

62ZuguatqAlunmamoiTAILpir'vd@ln5911TIMmt A@EItcwiTiANIFIwnT`Efili7i 1) SVortu 

atatinAuf-rmiil-ruls ToESiMnild 

2.1 	 (Catalysts) 

en5Iti?ivrini,Invuh'iTionfriqiuLi4i6m1LITHltlYTIErvin'iciih.ViEnvirqui 

'51.Agtn@lnn56flo'LlOun L6G1lvvielotn_lann61Jan@OLFJOi2voA"5v1nllillsiScul9)a n15 

1,1-11-ro219i-Allf&l'iuni:int,Cflo4ulounn%Aocv\‘ustLmilf=icua411,god-11‘1:i@EwijlTc,io [16] 

2.1.1 '-i--3611JEAluiatilvaiat-r-rutvilEruf-itan5A4cuLLataawZRfiNGAil 2 115t1111,4@ 

2.1.1.11%Lq11.YhTils-u@nv■-iuS (Homogenous catalysts) 61']L511) fliEnLEMM A@ 

1Linv,-ALLijiavil oTalLva-3 

aaL'ein41Piotanuj 612 LltrhNiEinLoncoiti4L'ticulLioaqa9iriii 

g-arinil??TviulcuhfluniNLvu oicii@iliug@nea'mg-wi';'@LSEJelonicvv1Loonvzcil,'tinnIA'@vol@ 

n-inguv 

r)- 1J`hlunt,@ncv%5:1AiuR-r3daulAlyin 

I -J -11gria.nwl,Linn6S@nycinqFMsne,11 Lo°21-Jollffilun 10MQ1Ant'LlFiEllfin'IEJflT1Li'M.d L121 -In 

anlmoiM- RT-11A'actALAw-tubinun-inlcutuunn 111FIEJ-11151/UtdS cit)V-) L 1.0 h711unviii.  

aviiiii@LSEJAionn5Ltuna-1NSiiwyiLoni-Aloq7-riun@anv-infilrvial,A'Enn 

P@ 	1i'i@ni5eirioAcJui- 1inatanu 

2.1.1.2i'T,ill_fhrilunlIsi/u4 (Heterogeneous catalyst) PA511] rMUTTI5ic(u4 

$i'T.i9q7i5u-hyluat1`1cutuvinvin5nner1517iY7nTOun vd'u 	 a-14on..1 

LLatNoiinALtuariaiA' @T@lvom 6-)1,q1Jh-AlErmi:olda11.1-iwasni-JiAlqrils-1 @@nTinanw°4cu 

71R -YILLL'Iilaw,6131n vruinnwi@mu 
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AlLotquvi3Olv 	 ailr-lwLLuna-41% LotNn11u6Ao@nR-In 

126511.1hr5EJ11A-IEJ ?na.rmilAuannTAilopmilvl@muPq, 

VIEJTYLITIA LLato-mInnuln1,6tAmi1,6'nun- n 

	

2.1.2 	@141.15tn@cuTi`J61°t_lhrilu-111514 6h1,ilcuhfilEin?hi.kofl,ilitn@rti'Ju 2 

@141J5tnauctIA'n 	NAJTzr)@t?')';,11*.iVriirroci:1-1171'611_filtr-i (Active component) LLatei-mli'cu 

(Support) ovii@i-nAn (Carrier) 3.7fdLio907iaLotrqu lA'sli,i'Lilontn6i-ni@lanYoll.,' 

i@n-mr)9rlh'FIEJ-1 LLviun16111PunoTilLciilula-15-N1,-Aciilul@d-11L;IEJ-J `I'-J61c4fl5E11cu15G1'] 

onvlolAtITznactAi-LeMLin-m1c4Inun1Wct.i 	Ith.ILL@i.  (Promoter) 6TwillAvg_iRvAcu 

2f1at?ia11,1J11,rtiilinmaE 6iNo6IJEru66'IJalaviiG1i115Ldicii@naunnin 21olan5- @11,-A@n@55su631  

@-IRSILfl-r3d2@11-rvIl@filn:Plan1l1ni (Activity)bl?iTurmLS@rti-dyiiun (Selectivity) Lot, 

LOZIUW111AIT@l6h6lqrl'iEJ1  (Stability) 

	

2.1.3 	r)-mmEn..16i-aLi,vtlUllEy-illsiniu4 nirk@561-J611ih'i1lEr21cu@Ejf11JnIcIt4J'6C15EJL 

n15LmEnaw1at,AR-n4-yrotilavNcv11ln1sf11rifiAnA't-p@l6i-AlctiF5u1 	ii\IctArn LLatPTIL 

1,1Jn156Gi'i'ul,inniiEL6Glu2JGh6Tdr5u1-if)-3-1win56711  

6P5EJ1JOMR271 LLatqcUnn:ivinl-ilcuna5';il&vi@ltIRtLS@nqicilo'TD16i-mli't 

1.h7&-Iv
a ?nmVLun@EALm -1416111.m 

 v 
@la

v 
-1ulloutinFuLA-)RtNlnLiorili-ructtnacti 

viymi@11ctillJ1nAo5-J1d1ltno1JvA"n6vatonuw-iul1A@1 l 5lictrilJ1alun1li59)t):Millo@u  

665n ViSen~l61J1~~len~~`U~(15e~1dVl~~l~~Jldlcn1~66~11d 
i@v-If-ARt-VinnnocuLCA1@`WV-r17-latangin16-1  Vl 

qawii1 80-300°C 

?i-ructl5tn@tiviA"frifioSnutg-n@li'cu Immynt@Einli111,cumtrAd-YucLiotn@1uco6n LovG1-m55cdi 

inA'adiAmmn-rvl (Electron affinity) i-ilVnAtv°1-11,121'?i-ruthtn@ctivA'nu'in -inw, u6i-AA'all-uilm u  

cul,g-m1511,6' 	
aunwvialAouna5auLLyllciiqwvifpn LLat'tqfvmn 

lcunn@111,17run1J5Jl'i1d 

iiwi,ol'innolf-mAnS)11_1h7)IsntlihnnulrUilunlounmed-41qFilun 
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aan1,1J 	 launct,119r1rno@nv4v3-tuvW@Liaii-in'15 

LSon.q7i18-11,c4,141,iblunwti',",i -raiLL51T.@li-iLvvi'Uld@62,Z1dIA'-mn-m7rIVR'-)L11.1h-61Ey-i culld-J cu 

1,Fion -1@Lanmn, (Sintering) 6"-InmNnyi nno7.11.in -lulinaTAii@-in -IFI vIS@T@l1aviz;vilaLnS@ 

T@Asm@nitholIvit9tvUSH1W_Julavit@an1,6N1 6atenlactu@@n1w115950t17689d-ilvi@6ij@5ciA 

qi"nymtlIgafr-rp,,Utunn1Fritlactnuce:11 -3-aiim.i&I,divntri 

2.2 	(Active species) 

an@li-Jailmou,l_ilaam.ilu 4 no;L911vo1'InSi4n 1A66d Iamt lavit@anIsa 6121Jh'h-5nnciA 

aatlavitf=icunw 	 [17] 

2.2.1 lawe, 

(Hydrogenoi,) LLatq]nionaan673 	 ilnLna (Ni) umaLaSEA (Pd) 

actiov)ifil'al (Pt) vialLoil (cu) ',6ot,L71u (Ag) 	 L'iJuow-lt 

ILLaqa.'d@lujial.ol -iLwAcuinv,--,Ju ctruLoin6'h (Dissociative adsorption) culala 	vo vitndlA"  Lot, 

L'AvtJUilunlAvicuiii 	 I;JoqaT@liolo%wuto-in6"hli 

1711SculanNaLaSisL 	lel1FJ"c-41 (CO) atvoMn (Fe) LLvit,l,Lvin6i-Aiil-ructx@laol G111‘11,111@56621 

11S11,161-1611fffilunctliFi.7nzin',,iitpdh'tliErInn5C-)0,olmiAu 

"lolomu leulavinrinilotavolX1i1 

Pd > Ni > Co > Fe > Cu 

ali-i'llamu-la"Tonln5t-16.1qhionHnququ'Vivii@lwinilA-rIgranolun'15 T,o6h 

Loia@@nu 

21Livul 

Iamt-injuma9Cih7Lvvi -r1:11.i1ALLH f661in (Ru)ISin (Rh ) LaNaLaOin(Pd) @@aSuL (Os) 

L@aiLiEJL (Ir) Lvvorifil'a (Pt) 111fl5 (Au) LLatl,Tu (Ag) 

LoNaoiA'n LLatu,cwaviril'at!ti4-gti),1-qo aviymtilmTo4Pu@@nisLvtal1@EAllaiLtildAl 

IfOu-rithain @@nilLwuqn%P,YutulavIt1Milaw-r -)1,o1o5Lwt,1 

A'115'un-11,1'6'@1:17,11]6laanqiLvLrulgi -;vn'i-nolIaw:All,floilluunnn-j-) nn56ilo@@n'il6Gr31d 
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@@n 67muLaqi-AM.Juvi@ILLol 	6Lar,@-1411,Filo56Au@@nlylnn 

an5thtn@unuvii6Li7\1@u6taanqii,Tucuuri-rim.:1 1  Lh'oLtluvililom@n 6la (-OH)U aar,@@n6imiAIn 

vqctrulisi vicilwinin5M'ueitatnliimicuutmlN116i 

2.2.2 	lavict,@@n1.671 661i1A1-1 2 n*,,, A@ nliii'Lllilh'iliEy-i@@nrniwti'Ll iunei-ru  1J f1~f115G1n~31d 

a-mJ5tf1MJ6'U141@1en111.1 J6OV1 (Molybdate) 660t@@n1GaT@5lavrtNaL @onitA.1%-,Lmfrit 

ImlainlyNacuul@@mln',111rAnnu@anii'Lwullimiict,21.1 6)11@@nqmui,RuLliiIno@@nlinTinIR51NSn  

(Dehydrogenation)Uwi Fe203  ZnO 

aar, 0-203/At20311A ii-PA'tivi-J111,ErliEnnm5@@rAivTuerilymA'cu@ki,fiuliavitad-ilAll 

2.2.31711) t'i5Ein:C6''iun5t1 	 91'J651J`PIEJ-ruct-io114 

enTU5tnunolUon@te:Jun u@nwInd'ualdil icAvti cunw 

1@@@Ustl@l5011,01aLVULifilThdli'''10i'llT@1@tqiji.„11 T"C.,01T@lnw@-)vejicuLvuuS-)na (Lewis) vii'o 

661_11JU@1.1001 -1 (Bronsted) 

51A-IFrti@5n5C91 

thtLnvicillAari 652f1dti.12nw -i'Aii'una%on6LlE11,11@@o1d (Cation exchange resin) 6/314 Dowex 

Amberlyst-15 gtlibtA,W11..Jn- 11_1U)Imn-iwZ9-1  MTBE ici.,161wA@ H 3PO4  Ift.d6hw-1,7;11 

S102 -Al203  Li,ar,€`81@laZuV/Jamo 	 (Catalytic 

cracking) 

2.2.4 lavitfiunw @nv:on-j-lvtict,i9i-11.1Fiti-4171-Ivri:1-11@lad'll (Bifunctional catalyst) 

'''i-16111FitrilJT:c!,Lfrtirdthtnouji-JolwAt 1,Lat@lActitnaucisiV.lcunw 'Fil@lAthr,nuucAulamtLot 

nwwi-oALili6@cdtuwm-inlniT:fivt.lrion Lo-i@n11116.a@vVii-Nriu 6i-2tin5t1'd611.1Ulitn 

(Paraffin 	isomerization) 1,LLvtioi,a131054culAil@lavi (Pd/Zeolite) 

(Hydrogenolysis) 
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2.3 	viiovimtn 

awN1-11g1AVVIqmoo'i-mli't 

9i'qr)1E.J11151/Tu6SfclArruct.inEAtvtuacutoi- il 

vanarTgrR (Multiphase catalyst)120i16i'Aql1rEfliEr4tajuldi`noli"u6TAM.,Silw,i1  

qiSnn vi'e@tQL-Ln dicufmild 	 6ta'al8-11,vCP161 

lih-fliunmtvlaii-Agivai-noli't [17] 

2.3.1 d1.15110Eiiri'A`th@l6i'nali'cugnvii'`u'Al`tViisi 

2.3.1.1 2ialC6'@EviocLlyiEnitlli@lnnli9Aill 

2.3.1.2 5.1R --13,Avilu,11,iilna oilrvicu2i@nalw711 (Attrition) vilorri‘u6o 

(Compression) 

2.3.1.3 '711,ailuunclivyll'giiro-iann-)tvinl 	 Lot1,1A-)n@0 

nmtiSuLacdalL41@cil-inA'ulril,q1coli 

2.3.1.4 iicrATI,Sir -q,1 	 Lo-iqUicuivuTthtalkmlnnlilnu@i- EJ 

1-yla.wiL, -)3,ii11111r1OT@1,7wlet), 

VW-wan oieinmtAgnalcull_Nn7rilv'Vin-w4LUIELQ11-12-Asunwliittftntlenllainvi-Aloul 

2.3.1.5 1715int-in 	 cvinni.d'l11_l(inn o  

thtu,nirltrtunTnyrunnitiaciAll 

orimd6cucvird5i7i6i1ErrhlfiukJ6114111151/7cu6: 	(Site) 'ZID11-'')1,q1 

QctAnanlfilliYcid (Active center) '674A14iLL'ifiLn*A016'nwiirt,i1T@l6i'Aq11.1hIriun 

2.4 1,u1061 66da (Biodiesel) 

lulo'hma 	koniS5McrAcvil5cVl1_ITt,muu2n@16aAa6aavti1 @5  (Mono-alkyl esters) 

T@lf1611,Ti11 l6801-) losnwt112-1J-11'1.anfrhiA@bli 

ommAtoeion@i7\11,whluy`intrUiunfitILL@n@oE616is 

X155 (Straight chain alcohol) vtiu artirru@mA"oLutira,2a 

T@ln5GIlm'A.1121E -1-) (Long chain fatty acid alkyl ester) atIANSviiucillinli:AulA@nSvb@@ 

(Glycerol) 6TilLov.-CinnvraT@lit1,611,tatrutLamil@iikivnlm@laoan@oogcitiMunn5Vin 
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viat@cilmovvrai lculocdaqici,loLnavo@TulgiLcumviLm@cunlyunvu 

gmalrini'AqAtil@Ataanlmnd@uaa'mcvrilum (Biodegradable)13i@dilavtui5di 

LeAl (Non-carcinogenic) birth.giThrtAFAILvtialiniusm5Li (Non-mutagenic) Lot'4i6ta15f-i@ 

(Non-allergenic) 

ltilo`kAntitAnvOlywuoiruiliaunnWficuLni'alscdciinsoilulaikltlicuoilLm@lucoi 

ilatanrit-aluA'fmt-t.4.21,cul@A6zsacu'iqvitvi@Navicull-aMivisaluelo?i-min1-1 

6leran5nIstivihgn5SILLoil'Sd-21Ainnw@IALartivtivlaSaill_161volv%A11-rual@currinfit 

1.11@incLit:Aiii`8,1niniltinni,N-111/qlotnn5vi@'61 ciA (Lubricity) 	ti,1 LLtiiql611-A'd-JEao 

R-YukrrAvi@lailiE 	 vmnticultl@Atai@@nLvutricualkwou 

2.4.1 1.J5v,Dwd@lit16460 [18] 

n-ledhluloAtaLvi_ilviicu 3 1.i5V,i1111111q1  eta 

2.4.1.1 11Jlai66014111-07uilT (Straight vegetable oil) vi'@i2127ub2lnE9151 v31A 

j'1371.a.inAri'n 1.11a%tligLi 	 oicu j'Ava,„] vtico% 

101,1i9i@lNavviiI@Cham6ttbi Lvumirill,Lni511-rtIn1ATL -I'AouP51 LciPuT6n - lAJ117c1Acu 

5-19-Sit-plELunt@EinlillnnTi..111.1-1171,117n6t1611,1:minunt,trrunn5n6'1,ar-H 

T@lry-15V1J-12,71S\roloHml 	 'ULLA 	vi@yriliAL 

1111% T,91n5alci.inl% loEquviccli?Hlj-ZIA6,u@6-11191au 70°C Lcul @oFT-arvilmi@lli-AilsOvii'@ 

via@lwvimlnhi vitol-inct1-13%ci/lTi1P-rarocii,n -rtlaIMILedacd5tlinN 11-17 win Ciqt-Lroci,ilkl 

11)17ciik61371R-mivi1doviiu61i1dnkuvt,nh-irthbd nn5i11:7-13:1d1N2 iin-2`12711vn- l11n171Avoa 

ciì `-)ollilict..(d911-11%11,A1A@EiViunnrticuq'tia -i@nnloctxtinlYtA@LoiAllo7nevik1LN -111,1:117r-illANI 

nnwitom.11,1,in\,,w‘.,g unn-indLLA'-) J-Aci7ITEi41 awC.J111715tLvq.4-3nanadicul,o1A411 uati.:1@m.rin 

(Slow/low volatility) '41171-N6f1onnv15tLill1 A1n 	 aatovalLviS@RT-ruvnin 

Lint1-111X-A2 NI:llou nejt 	LLat-r 6-3 'Inalrt_i-iiictin17u116AP-ran,rtlov 

11-2 IALta vinl,o(Afin-i-aidlErin1Lni51411VIvilTILL'5'mumloEmA 

2.4.1.2 lul'avoLvulInNaad (Veggiekero Mix) LtufmNalvil-a%ilt  1~~en12J2JU~ In 

hifily1,711M-lovil@j-aMivo 1.6Ani&I-,IhEaoR-a-IliviciaT@1J-13:iuciAlTalLLatlAcul@51Ltai',A31 

alr511n6Vgsleiouctlimaa.rin 171Na27 1A1d 1,t1OlvddriNn 

ficull-a%LnAin-J L'EA-11nIniL23a (CocodieseOlcul@AwTilloill.lunVi,ug-g@nnimmmi"@cu 6P5'1 

ei-ruNaL5tv611J-117curlio LLatctl-AllTqua,ifitarlAcciihalilkfill411-)L @dn'hrwrilivInnklnn 
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LfuLJT,-,SviBcnnvulun151i1-neu@ll:m7viArmalA-Zuh'w a-anwF1941611111icLig6uavitait161Lma 

Lil@lirtuniwivnimot@luidLotWrim.Orailnuot@lucu Loiv■7Jev-InTmTuljnaYuriwkuinl 

. 11/1'111,1111.1ilinnnolJn3:ist,o'nociraln:lauLflcult1 ifinli,fcLYnlYuNaLit,inmN-11,14371,2,:olrodi 

LanwindLi@ctl-illft'MuLmtolEyolgLedacitlailnnwinAial 

alonE LotNeiTuNavifivolyimvicuitA LotqT,naaitqf 

n-iT6iolqi,uvi@eil‘111714 	 Ltuk 

2.4.1.3 l'UlaiVOLLcuculs@avo@i 	 Lot,LthA 

Eraii'cullonna 	 L'-du avrv%silT,uolYu ovli"pLIAnn 	 lcula- 

lvoaLtuvir@LcalvivuLluvilaln.iliLsoci@curiuj-11.7ctAvocrALLIJ5TOTInctImulanni-A?iov°1-111,11,a1  

‘t-,uvr11,1„InnVil-ruf'ictio@luca 1PLY-11%ciiiR-impoi- Linn4u r-od-lcrilnItan'LITAElEnd'gLsualA' 

11,111 DO vtiL11.blum.1 LLm-,NaLNIuct113:11.gimiLct,gm-Ti-roinl,i vdL B5 vla.riEJ6lniNaLIIJI6-1L 6o 

vi@J-117‘tigvoliwi-rulou'LAInvi5 5:95 	B100 illVihit'Ul@AI LGO 100% Ltuviu 

elnviti,u16-1LEdLuct_',NIM@ict.,v„un-lwsiSvinAnLLIAAnnLil@Lcrilucut'iculul'LmaLLculA 6-1 

lon1R-rmll'ulaima B100 61?,11f-r111-117`tA621a 1-2 vvin 

A'LmalLtuconl@ani-AI 61111ctANcLicunnMulaiL6zsaLLucuNaL1AiliRTILCIELL‘NainlIvinlu5 tLu 

u@nTindLN-111,171,Pnowiliil 

minHluvalLviSoliOulofruliOlawA'oli TInnyiLcamd_luEd-myinL'Ii.L.nlyhivq1.111-11Mntr-rw 

Inni.1-11,ulaiLta B5 Lot B20 Ln`tAn-iWrictivAH luloAmacdtarrid 5,1fl-rwo'CiolnA'LAulfl'u 

11-1,71Aw 	 R-rarvrtlytJuuLLIJalc(1@n-inLciaqtwir,lilLetAuu 

ilm-ILIM@&6'Clun-151,silLLatnnyngil -167iLyru fAukilru@nillqwrmnn5411,n1 

ToauIa"gL6oET1Viiwv  1 S ilf-)- 1Y-11cLAIL6 o 
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2.4.2 	c'ERNA'ti,i1v1wti-JunaNkloul@A6Gzia 

'''EJei'-iA'qjl,Ln5t,cu-JLn-i5NAmicul@AL6daii 5 'N'E_J tAiLd 

2.4.2.1 quvf,jillunnwincLiAl'iun 

@,tucv,Q,McLA'acri?i'-)AV,unnNAml,t1@ALsba f-mli@pvicrgejlIcunnItin 

qhlun@ninliYi&innnT;rimih—AiunLq-Au Im@ww,l,i1,11@tv°1 -11,1Xnn%Luni-rd@loiatatilutaal 

A -)m1Sd@l6m-inmf1(11lh'ii5ly-abanntu LLatLfmna5Lqinfiubisziolan41Puila*Y-Allifliun 

IviinaniunnTC/n1JUiiEnaoal 

A-nvoiloT@Acul@ALtaLLa.cANavi@nmUa\J;iiin'tiXLN)NAmiindool Vinlv'fnnwtaaHT@Z-A% 

wyrnzaAillu LciAivihrifinn5heTafitl,mnAm@lkinntuclinlllVffi`iunLAWILI,at,L1-  66GilNalvin561 

nmFlong'-)E, amil--1@n.ofilerpfiNaluvrilati@ct1-1,7vuiqvit a6271Nawin -mvi@i1-11)Vittill, 

6tl@Nvicf,ijiAN@°,41,1yUctAtnanitA" A'wviAnCjuln-i141@t-Lom'Criii 

L-InHiNoLA@o6d@la@an@o@g 	 1,5Gl  

2.4.2.2 6mT-ITu5v1A--1115-13,71,d Lot LLaan@u@6 

66oan@o@6‘t4ilunn5611JF5Enil1vimuTilo niL La.rriu@a Lavriu@a ImiNn-

u@a LLatcil -rom@a louarvinuaautLumuaffjrnInllilallcticunalu LLatlilcul511m 

qnrniin 	Lil@l@nntanirvuzanmiqn ?i-rt,a@vinsuolknfINAnor-iln -mn19115 

iiconliniViLozAuilviwiOlLno6'@ad A'11:1'LL@yru@all,ciitS-)LAnnffiAnvii'unnlInl,tlesiSvirficu 

661 ea6VV~5 ?iTJ'EnvincLi@aili@A 

	

	?rilylti@tNavfM1,TIYISAult-lAoul,A'Ain--1 1d@n@indnn511 

a@an@o@gCalln,aqalvajTeliviLA@lln- nn- L1,@an@o@glaAaf,iAn v7-11,17taunwttronrulAcVi 

655`U -acomu@@tN6-"mnnmAwrqhlu-qilsiiiqm@laanyth 

1-IvuTiAlm@a 	LLatL@ctincu@na.i1Pu 66SJ--Ilunn5qi-V5HnP]Ei6mi1'19.daaTe,W6mann 

Liloci_IffIluninf/ielouvii 2 ctl@ucritNakrinwilnfiLikolan41PL,:tun-iwin't_ViEnh nn5vAL 

tot@tuvu-gclA'Aunnw°1 -11.1Ainol@l@innnt,17\an@lllacolThILLarlaT@lu,@nao@6  

luvrilv1cyt.41ARA-4'@ll2Jn_om@a 313.Javi@lV15f1Avnl,5Gl 1 IliaLil@MAivilmeinflai 	LLat 

nAvuea5e@ca 1ILa 1,11.1'10i1,1 '-̀ i011,416mid-rimlanrim@avi@ciinl%ri_Jcu 3:1 odillArLLfi@ISIII-lilicu 

triqmtlulic691 '12i -rU21@56vvincLi@a@l1-1371.AL 6:1 	 tin311J1L-IN 

LL@n@u@AviAllann2i1atvi1lvtihs Mln6f1911G16A-J LLataLco•dtm3ALAoL@aLvaivi%Innqu  66 1 

1) fl5snai56f1V1ili2(mptIAL@IT&5nei-ruanim@aviutInqln--C&5-Thtmliovvinu@akj-a°1cuLtu 
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6:1 1...1@n -indEiTv1-11,innaurrttsv6-Actmaioovi@iLLace,41,n1-iiR -mincunnl,41L-Janunuaat,LSEJ 

i@l16M'm--i?i-nmli,Lvin.u@avi ci.113.7curiku 7:1 

?pryi- i-11,12,111M,J-guavv- u@mnnviil@l1Mtanuctinl% Li>,-;cvinlv'CLi12nawl'aafictmalli-ZuLLar,  

Luvru@a 

LovtibinN 

2aLco@iffhA 

2.4.2.3 	in 

LLvi 

ei-arinallitliwvnli,Lrwie.rkiiwAct:1@u1CdminChalAuLvvi cu v?-111XR -JuvrilmNanwnuCiaJ 

R-raivillAlnalaSimaLymiSiaAuLci@AIJmnlwiMicuvEli-]Lqlqi-TiunriimaniinnfinuLvan 

1.7@EAn16t15 -1?huanirru@avi@cti-o,Mco•tkun 

?Ylisali@laivr-u@dicull-ZtainnCAlvinli,9TawynAmlaSimarti@ivi'Ail.r771A)u oinnwVan@l 

avimannLhcu'llAtyi-NLF12Luoi@ivtlad u,atTe,lcdTunTunnaufrtiLvo--111,0a2eionairicu 

nSvo@wolv-inarrincu@kivi-Nnnwtanu'd@li'lei@l4TAL 

61tfairmatansol@apcor,7.9,1qu Gl'ovittnnwm-iu,Fin4con/6-11LLCI2aLcoairicunSvonw 6mn 

Lrlo6'vvi@ivIn‘qflionu,@an@c@gin5no-m% (Alcohol degradation) Lnn41,1 

vi-Uitcd'AIAL 

Loavo@i1A.121@ol 	 nnwa5 @le..ISiiifLACI@IALA-Juvihr1cu21@51636guLlomaniGioi 

ann 0.5 viiu 1.5 61d@5TInfin -156noaViaalillEnnn6i12a\J;tv°1 -11cCilartla6oaLvi@iatanEAL4unS-

1,,noa v711,vfYILLEin&LIAmaLciii@iricu4unSvom@alinbiunn% cuonTindEileilNaFlna%Ltiqi-

Lilq`rTitlitInnaltacduatnn5fi-loacyPi@lillui-17,6N-innn 

Lota'mnei-nn@lanfr-maavimliaYtriil, 

2.4.2.4 n-malgr-41Pu 

ncuf-nuilmiLg-witli,i@cdh7iiunmnuALoaLyei ciAlLwil'cuLcijolTinn-15cun-J cu 

271?i-roi-aulian153.ANcLIFIEnciA ctinWtInLt'icuaan@o@A 

TL111,M1 Ltio 	LLatALaanoo@6il'IsticLiajoun5n5u6i-dicuLd@LguwiulAvaJnI1A-IF1  

Lota-mfia@4" mmeramolcunn5atmucij umninlfiu tinlannAun-noirlionvzCfloquLQ1Ant 
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IBLM5@EVi@TEl'hl:ni,1%6CU L2a E@AWin& 	 t'fi ElinIV)1_JEi-riErllah211.1nnqU 

I 	.4 

L=LMU ijlilrmono-nann 	 66G1e1nf-nun-royinHinft-1vi516La -Jtbj 

anIn5nY -111,Cci_JUiunoloMq-Jilin--A 	 6.d.l'unna5 Imien@lj-a7curicua@nva6 

2.4.2.5 nan 

5tEtnanyMunaw7-11MMErimauAloaavviEciAlLnihn,flo@dielvy,5dS 

muhiglAritgaiNili7Munn5CflotTilun 	 Loiein 

iTunalnnmnoct_lh'iliunciAu- n 

tilliLwn 15 tr-glunmh'otlhfliun 	 5 un'inlosi,novtu2eivvi@i61 

90% VinilmihrilEntLF-12odilinl wualnim,i,w(h 15 	LLatei- d@EiLwilvesiTill‘dviAn5t1 

@ iilu6ti21 15-30 oiliAu- nctli3dat-ImeorliCA13113iLiNau uktltlaoNSofit-usAcirioloqi..ailalinLwn 

filvinv.-14111,1Lrionn5161mRiaTElLoam@i iiichAlnmuiLvi@ia2a1 5,1nwlAZcannianLatCrio 

elOuv
A  
lo w@nanej-rulo_tLtIOLellnniu  

111`1111ArWINSRfYnAa2a1LLginTMAstfin@larl'IlaLUIVIII@WAILVIAL@ 

T,'utnanyvlIniu alolwlfwhnn56-ALnaNaL6cn@lanwiN% LLatn-in5tv-IFA-rmlarvim@alL 

1.4'111L 

2.4.3 ormILlaFILLatnnngrin5NS1,1_,16-ivo 

L',1@1fl-IFTEJ66@noo@6LLa.a -JL51_IhTiun 

nnNSvil,culaivzsa yin5rmAnnL1li.A'a5'anc,TE1h1"1`l1d5@1d 	 61Nm;11biinaN91 

1,u10%suaiRTIL@Iflou LotenlmoNhvitl@nvtinumilimkivIA@Einliitl.;h16,1-r-rw mnuAL@alovin-

iiLflil'uLtuctlhFilErtim%viioj-qYtili-rdhniErifivannovo6AVAA'LEavviEi LotnSvm@alos 

IRTAlThriiEn 	Lcua f152 aar,LaulAd, 

TInoLLF13.2 11,an@o@k cpcf,p1 91 iaLL@an@oa6 

v,(6a1dvil (Primary or secondary monohydric aliphatic alcohol) itmicuacu 1-8 @tsi@Li 

arv1'ioL2a 	InTvnuoa Loti1minct,2a loEyi-AcdilEnSgarricuoaLLat 

Loconcuonrif-ho 	 Vivinch cvinNamnwilnco2LvvrulALLanctuilm'fit 

'111,L-JohL n-n-tiTUhrliunklctInjal%crniA'@lm'J'cuA'v`hinNaldriuilzan@oaalouolLi-Aillih'ilEn 

-Irril'in.1-11,1Ji`lurnul2uri'a1mumtutv]onaatquvi,qilitti Siut_TionLaqwilvy,t13i 

a-),..-IEJLLEinvii'u 2i)..,n_ruttltmani@i-mlnwiTITcu LLanYciA'wiiLn`dvzioaa 11-16ii'vuulth/la 
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1,1Xcu'ilyC4kEiT8n15nA'ut,LA -r.1-11,1.lkilPJnYnnAgviivarlhoi-)Lilct.l'Ounit,viSa 

n5@lPJultSIEJINTaLIOA@rinol'il 

LLanInnAl 	LL6-y[lictivenlia@nPmleuSingnitia'uvl Lot5tLcouvinataiu@an 

TffilcuvinIfivia,214115tn@u -1111,A'ari 2aLco@iT@lnwluTI,II,Latnwl/aMcCwi-ill 171614@@E,i, 

1Au High Performance Liquid Chromatography (HPLC) Gas chromatography 

(GC) Thin-layer chromatography (TLC) Lot'  Nuclear Magnetic Resonance (NMR) 

'-'m-iel21d1\11,6711wv-in5viajtmvi@n?s Loozanulthmau) 

lio:11A15 

1,mnSLtel5g215vtlulvi2aLm@iT@lnSvo@5@mtv-j'15n5(1In3% 3 PJfiunwiRliouonUnnol6dm 

En--ALILaqvtliz.I@L@ ationSvm5hav-Innn611z-ii2m5n5151% 2 61'' Laa-,' 1 	v1 -111 

'intvvrt:m@lcoljlom'onqsa'd@ln5Inicu@nO'n 1T1'.11Aliaicuim,I;iouthotnacuku 

11/15nS623l5wi Lotn521611Yamtvia -IET110 23111h7luncon5>R1JciilLf1M1111,1unnNS9111JIaivzia 

aoanar@OiloLlqfritim,lhln -y Al @ LLY11121:1.1@lininnFinyn aat1Jei1JaltilLm5Ltu 

cn-ntlunn5y?ntyiun 

LLatn -i5LLunNk,fit-wilIhiqiigkayrivotm@l -;61cUyTiEn nn5LNa\tivticuql.lo5w@FinliAl'IL 

f-mNklulaiLta 6111trionnlom@n1,6dAmlavirlincLlrilEnricunwilTIMa5t\.,iiiLN2qcutvin1,1)1  

ue,y -1101.o@u1,%nn5aEnli'ku'iql4a1R -rLd91s-InInn411 

u@nvuldnn5li-rqniEnviall'tia@an@c@Acii,11111E,  (Anhydrous alcohol) gElaiLitiL 0.1-0.3% 

v6'@17@um"-Ivii@lvinn -i5iItlatcvi'n112Arionalol5MITol'aPiaL@avvi@ilAV.J cun5Aln:11Am-e,  

linhlUilEnco5-nalio@aori@VAILRi`I'Lloulinwvi@vualcunntlOun 

1.1Tznacu -)s 3 .iilLa@ciAe,TunA'cul,A (Reversible reaction) 1 -)EiCiLvInlyi5nSv-o@t5 -iyi narjuu,th., 

Lonau@nSvo@bvillil'Ovuit-LWqd/inunAEcuLtli,16aAmann@i-  313.1a aat,n61 1,6n5@ 

11La iitoloviiirinvIcumih'FriErNtactJaJ'Aul,t1gInamanTal 3 '6@`U Cilmnin5diso/unmnAH-11 

1.d-13,%t1ta@an@o@g 6hLqlcuh'i-riunvIrAllioctihTl'iunALNivtri@i 

67141A37aicu s?i--ALci.lvd-)1cAfinvuocqh1E.incii 21ouna5mul1Ja1ruaurromnaMl1dm51'N 

Oviiindiq9rriintluNoaLmdfl@kilnkicuNokuqlqhlun 

I7517nfuJnv,'1Nai@oq'illErrrAVIn5o1Jnnn-j-11qr.MunCiViv1Jo 

y; 5% NvIiit-ueiiill,kinn-15°VntoilS@ 6% 'mt-SIN'AiicAcifilk -innnI4I'Lcueo7iiil 70% a211.1 

tiqvitT@AulaiLtaT,nntliadltuavilat,ommi (jivriThLoaLvi@i9inlinvrt:InNvi&.di) 
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vanuillfl-imanwit-ilunn5HSEracti5nSvzsehALtuarriiaLo?ivnaiei -JwinNalA 

N'kiimb-i@jToct74137.111R1A'cu 

vii@lnnILRafim:mty'inanuILLff)pd@ofi-JiAltlFiEri 

-IFJ1-1.1A-innwivollioqaTolJna -umt-AihvinaculL195LTIAICA 60°C LicwL-Jan 10 u-ici 

clu%Nalifitmvinuoaficinnilii-JL11JUlun 

LVIM11,1JIMVAL41'11.1113-JEJ L‘Cikfi-ArtInoanlcd 

LLat/hEullihshlEnluaoi,w -llounaT:rioNWitAltlnFIli 

Lwn 75 LnilvoS@LI'Alul 4 unilvvini:XL 

vdelnntl,thi-inuanTt_htnothliCi6 LTL 1L@anoo@6 Li7j@lan 

In5lai'-imluoananArilnaCialo'i-AuLanacunialivoMfri/ILriovmA'Ll,LImvridctiilaLaqdi 

n-151)11,111 LLatal(ylR-)-aAou -Innn5LSE.Iyalnnin,rut-w -111LLaqa 6mann56f1G1i_VIErn7I6L4u 

vijolvm@juvu,„SrtAL-gui-uvrtil- oll-J (Cata lytic site) vfml,'i71,111RwrvalVinIv'hnormiiincqri'lun 

ficu@Eilli.11J5thtmvu LLanhull'il'n-mLuni7n1S17162 ulouVALImainl 2-3 1,crifiLL6TLIaiill,i 3 viffi 

nmLun4uve,ChlkEinlavtod,t nnlA11.11R%-yiAlummi,un4ulifilinmLunlIna%@@nv-Ine.imliN6ii 

eilnliAult-fiEJW'1.1:flriiErrinmAL@aofi@ii'AILnicuLrlolALI-J 
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2.4.4 n5vu-nmne.,,SAAJI@A,,o 

othttpvni@lmnnLn-15NSpluialvu u1Jl@@nLN 4 11.',6S11/1PJFJfil..1 40 

2.4.4.1 im. NSvii,cul6-1voucucunt (Batch type) vtiunnNSpLLculill'Ni@vd@lv°1 -11,19,1'NSvi 

MlualcviLiO'n 

2.4.4.2 mnuALoavoal‘TAIL 6hulytivi@vijal (Continuous transesterification) Ltu 

n5n-runnNvict7ik1/41Clcualcimiln- nu,cucumn LLAci'm'NaNvic/ifunTI'A'n'a 

f-6-1 

2.4.4.3 661J1J1a69d@32(a34lam...1 (Continuous 2-step reaction) 6iLmt1J2Qn-i5oiA 

ei-a'0,6z713ifitrYpOuva-iErAo 5-JLF111-4,Y1An5G1l,TIMei5tv loun-ITtinliFiEri2aLvi@Mm% 

ltriiumn to.a.imn5naunnTvi5nuAL@ani@iiAILMMnA yin'AANaOmfil.rinn--1 2 ctit'Lg-rtimn 

Loi@d-41,5hiLLItolvAiluoiviu 

2.4.4.4 IIJImniAlvviRlculaF., (Microwave technology) vtlLnwuTL -m•NSaiailinw 

ctir-rtrffilullAL1-4u Pmn-15121RSculL1%-rtAl LLatW4otAllgnnohci'l@s 

Luunt1511-ruhani1J (Pilot plant) aeRilcualyitgjunn 

2.4.4.5 nn5Vr111,fLA (Drying) vi.lun'tfi'll:11@@nnn't'ulActia 

2.4.4.6 mt-tnunniti-inL66a@alct,lul?i,cotlun-1- otvviEJ (Glycerol evaporation 

process) vi.h.,dn5t,t-runnvinoSmnaalAulvitciA 80% (Technical grade) 

2.4.4.7 n5n_2unnvi-InS62f@@al1''cu5qInlounnm6.0 (Glycerol 	distillation 

process) viiur5t1J-nnn5v7-1nS623m-Dm:0,v15cri 99.7% (Pharmaceutical grade) 

IllaVITLLacIATIY1,1h53111501,%°":1,1i'M 

11,11Rwin168'ouat 94-96 121ctImin,YrIlLorriallmnSvuel,wi svinWavaTolilllYtnoiatTCaiii 

A t' 
coaouvvimlovInli,ITIAnflavittn@lailciquoccp,-AN vdu 	lcuTfutyrovulityin-Sines 

1Ta_Tori.1`6wi-ALogaAA-ru-n,anntLanwilia7ciAbAlii-JiTt.,inZau 6t1i1N2vaolayminVnW@,i 

luanncord@lLviaApvtglin61 Loiodnl`MvInadmoln3TuvolvIaloo aatNova@mma -J?jlvtalu 

-11.noumictiou@e,m@an7iLfiaou nwl,u,M1.161"-S1v1:61@oQln-innwl/nYullAL6i-] itInalLoqa 

InLgulriu uanvInci,M-Zcu1N23itn5G1lm71.A612Acofilrnej31ni@laiwi 1  

1T17‘aloiwal 
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2.5 nlolniii.Jiat'jiiiti (Fatty acid and oil) [19] 

inI7cuLmtj-)3% 	 no (Lipid) 6itu2a6v1@il-Ail@q1un5Inn LiUnnn-mu 

5t0v6'ilf-i'Len5oafilin5olna.% 1mYuL6atcd-13%oitl.LorlatJ5tnotA'- unSvu'a5@a 1 ILLaqaLtat 

nwilln% 3 12,16aqa ehu R 1Lf-)51T2,71.,CA@ 	atlLtLnLT@LTIlomliu@ou R 	3 viki 

liul'fhi>1.13-ii- i..nuRnit'ai,ALLvi 12 	18 @nl@LROtItl., 

taTti €TilLtlq,m1R5lai'-111;i-)1,1AollmnSvool 	aiol9imnaTt7 (2.1) 6otp15-11171 2.1 Lom 

@141.J5tnnvelnwam71.11LijnITATtirlovillsi 

orlq4 2.1 N41.15tnotnolmolnIMIA-1,71,SITTilvin16-1 

11C10/1011.1-1% wig 

l'al'arti 

@lAJTtflUUT@ln5oln2-7col6'n 

C12:0 C14:0 C16:0 C18:0 C18:1a  C12:2b  C12:3c  

1d161J 50-55 ND-0.5 0.5-2 39.3- 3.5-6 36-44 9-12 ND-0.5 

47.5 

'1'163.116% > 56 0.1-0.5 0.5-1.5 38-43.5 3.5-5 39.8- 10- ND-0.6 

46 13.5 

ii-w166 -1FAu < 48 0.1-0.5 1-2 48-74 3.9-6 15.5- 3-10 0.5 

36 

LaAUlingL 14.1-21 45-55 14-18 6.5-10 1-3 12-19 1-3.5 ND-0.2 

LIVIAli''n 6.3-10.6 45.1- 16.8- 7.5-10.2 2-4 5-10 1-2.5 ND 

53.2 21 

86-107 ND-0.1 ND-0.1 8-14 1-4.5 35-67 13-43 ND-0.3 

101 ND ND 14.9 6.0 41.2 37.7 ND 

LLMoLTIN 94-120 ND ND-0.2 1.5-6 0.5-3.1 8-60 11-23 5-13 

676Vihl 124-139 ND-0.1 ND-0.2 8-13.5 2-5.4 17.7- 49.8- 5-11 

28 59 

ND = 
a 

flW11,T3:11,1Vral,IA$1''Ail'115,11 5tVd'IlR'lilY61.1 1 66111 

2 6615 

c 
flW1OtJa..N11140LaJeJ1Jvi-JaJTILStri T.".11- '11R'litl@t1 3 6611 
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RiCOOCH3  CH2OH R iCOOCH2  

Catalyst 
R2COOCH3  3H 20 (2.1) CH2OH 4 	R2COOCH 

R3COOCH3 CH2OH R3COOCH2  

3Fatty acids Glycerol 	 Trislyceride 	Water 

2.5.1 	nwl,T371,1 (Fatty acid) 

mol6cLaJunwhcliVenum•lcriiilvikiRnicuon 6Ti 111; (Straight chain aliphatic 

monocarboxylic acid) ikip11.1Larlaviku R-COOH lou R- 	 (ALky01,culLorlTonw 

lqicu 	 (-cooH) 7ial.n°517socuila '11/?-17,1,fnwlmYctginlin5clusIn$hoonlActouct_htN 

all (Anionic carboxylate) Lonnj R- 2,1avall.houja ctnolSie,atanulii-11% 

luna.ronFlArunwl6in%LciPuo141.htnoulculLiLaqTolly15267JanSv000acioqicul,6n7u 

66avNoololn2 (Phospholipids) 	CAINcullql.lTolnw1TIMa5till:lonnn `IN'sU 5 t 

•L'VrillR'liu@ruatm@ulcuILLaqaTNnwilAo% glfriviiuiicusrAgEn LLatiictzt n5il,T17.0cMust 

Lgu-Avna 

	

	n5(91inilirdilo3A-  (Saturated fatty acids) ?i-runwiT3TuilfiliVust 1 TV1,15t 

viloL-inn- n 1 17\i'lzt 131 Ein- n n5G1l1T2%Til(11aA9'1-J (Unsaturated fatty acids) 

n5m1%1°Xuankmouliloonva.intnuRnicuoululLoqalArt 3 nq;1I13166i1 

1) nw1713.71.AitnincvnThIlloopcinvil9wi-mA,  (Short-chain low molecular weight 

fatty acids) go nwiln171Anu-rumicuoulcullnafia 4-10 <tV1@1.1 n5G1InITunwilatanulinl,PL91-11 

511',LIAU1G1 Ltanctlua-nvi vti'nS1..1 

2) mo116o:ItnctloanEn -il (Medium-chain fatty acids) iNicuTunitoculculLotia 

12-14 O*1@1.1 

3) MA2J371,1731100'1EJEJTJ (Long-chain fatty acids) i -- incuRnilim..aulLiofia 

16 or,v23-Ft'itli m(ll,Ta7unOrrhainScu LI,anmml 

1v151 1`il~lu LLatut,aLviatlitmTe,uninlfilAit LI,ftniiIrlfln@lflW1M:11.A1AU 

ol4lJtnoululaJoqmolIctilLonSvuo5oaiictitnotfiLaci_Jculnl% Lonl-a% nwl,T111.ALL 

ol4thtnoululinaqaToli,cmLo'.'8anSvdo5onollm% l'iructunwl6n%eutm`6)..g-dicu?I'n.avt-li 
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mAriteiluficui,°7-117vttilnwlinTincilobik -Atcu@lgtltn@u1LIm,afaT 11,coIloqinSLT@5 @vii cu 

iTtnLmitiaculubdor),aTalnwATI7utlAui,aqw,ii,a1J@Loti,tLa'1N15  

vilo6illilinnuct7@EAvilcutaTALviS4 @l:tluanuLmul (Branch chain acids) ViaLtLnwl000nG7i' 

(Hydroxy acids) -6glciAul,AlAcus551.n-lulatl,u1,6n71,Sie,incunnrunnu,cd 5 ,1.1  ilati,cm. LEIanS-

1,66.a@ailesincunw,cu-run-nil@naloynnutalti,ad@i.  (Isomeric fatty acid)1A"Pm 

2.5.1.1 nwl,T17.1‘uviloIA-a (Saturated fatty acid) nw160%/iciloLIPA1?Imirdtli 

Ltu 	 L6.1n5olm:SciA141,15n.tvi-inlmicum,2tmELI,LILLqaviluctniustjuiilcino '4111i 

nwau%6fcillon,Ii- ilictInvI17n13.Rafial9,iouCtiq2 	nwil- i7iIn 

(mitiou 4 @tv23J) vticunwillaYiAatanul,Alinin 

615Loi 6-10 @e, 91@1.1 atanErtY-11,Muliogn11@u 5tiyCIA eiTunwlm,71,A7iinummit@u6iloi 12 

ot9luiCluliftlim-',anaran nwl,TIYIA'3714- u-JuRnili@tiluILLaginn -1  10 otM@LI vL;vill.A@liNT -rrA 

in.ATITIAN-riA-DunitgiALLvi 10 @tmacul,cdtatlAelA14,arvuotlijkl 

2.5.1.2 nwinlYcLmilobALP) (Unsaturated fatty acid) mo1,6nTten:111A1.161-Acticu 

mo1,6n%iiili(ust@jok,kozwilmnit@cu@nloiltull.RarlatnlnLoit,11  

(Cis-configuration) nnTitilyiust6ulanaqacvi-NangrinalLlgotvuLinitrtulliLqavalnwl,m% 

2.5.1.3 nwinMiciimilEanGil (Hydroxy fatty acids) Ltunwlm_711,16Aoki- i/lii 

viloo@riaLn-ItajcilanuaAa (Alkyl chain) cinicurth.giJulltnocua0,Ltaull5tanylmnml 

n5oLtilcuTtIn (Xyribonic acid) iLa<117.1n5ol,mYtmilAaAwiTililvikilumenG'ol.holJi 

(Ricinoleic acid) clilviiunwlv,71AruLinlvilniivat* (Castor been oil) fiEj 

cLiTainw 90% 'd@lnwl,v,:ialvilio 

2.5.1.4 nwl,T2,:ct,ffilou n5o1m7ucunm-,;oallmlai'ill3dLar),Ltualuunulu,atcull 

tcroiin,i-Aminuoy;11,aorlaPm vti‘u nwyjLcu@TilaaviriCin (Tuberculostearic acid) nwrunaki,- 

nR (Chautmoogric acid) LLat mouaRlyt -RiaSn (Lactobaciwc acid) vihAti 

2.6 UhrliEllOM11@ii"16f141.1 (Esterification) 

lihtTiEntoavv21TAIL9iPtd_lutIFIEJTVIalLmINSAulaivoUv-inn-i 5 vAE.unwl,laYcAmt 

lounnTt4111htliunf1cuu,aan@o@hnul61k ohg LLirrn.2 vl@2cliru@a 

Ltunw ;iileZ'mgiu6Act,A71@6aPlat@avvi@i.  aanin 



22 

2i'-ivi'unalnn-IT>ns oci_JUlism,vtil@@ni,c ‘u 4 i11d(1@t1 G115:01 2.1 6ilnn6i-Ailqrl'iunffi6t1u 

nwliAct.lwacuficunwlmYamtLfloitIALgnIvaa (electrophile) Lotu.@an@E@ALLafia 

vz1.1- 2 uLIA-Ano6th.aci.nm@i2J6G1uyilm1a5-111vicin Loliqi-LcilLN9ifiw6A6aAma 

(.1111,1lcula"gvzsa) 	 rimIn 

6`'AiolsiclunmnollUlErwi@l1. 4l1Vii 2.1 

OH 

R—C 

OH 

R1 —OH 

 

(3) 

 

Hq 

)—OH 

OH 
R1  

 

HO 

A 
R 0 

R, 

DH 
- H2O 

OH' 

/
0 

(6) 

 

(4) 

 

(5) 
Ri  

VIII 2.1 ninn-15012qMEJ-12aon@WILmTculouVivilqrl'inItti.,Inw [15] 

2.7 	1,1?- E.iciiie,i'vt.o..n 

Boonamnuayvitaya 	 [20] A'llo m-itclAtiaLf-im,%giiiirvIvnwailszs -inn -inn-floonl  

(Mesoporous acitivated carbon from coffee residue)10Ernw1-54 n.inliJcolm..4@niTvim-liiili@ 

11,1-6ti'fruamm-i5mT,ciAu znG, ciArtAnLijail znc, aatnnnnnLvoll'a"mwiTu 3 via 1 loCiA' 

o,n,rof,lifif-nnicu 600°C 	 CO2 LcN,ILwn 4 ii1211.11 T2tAt-intdil.n.7Lviiiii\onn 900 m2/g 

IALI1VIVAlitn-D.1 1.01 CM
3 
 /S 2i10:01TUVUN63dIt 92% aatilco011flil'u C-H 

Lam et al. [21] Arinn5FIncy-m- twn.RrinA'unn5NSAIJI6IvoLLatFThuin conolctli3.71.11  

I.ViE1-11151°41,14 

wt.rilfm'Vfltlh-fYiEnllsi(cu4n5oLLatt@ulGo:Acil 

IrUis-roomqolufmNSAcuI6IvdaTInjn3Mitl.liv-iNmilou)V6mteciudovnucunco-mlIT1Fin  

L@ncv%4 (M-)5n,nlcu6'=811Aritilso6) nwt.yrunnLq11.10EnloCi-Jticqrl'hnl'isctATLI6Lotqaculta‘JE'll 
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Loisdnl'hfi 

mnain-ITtAiart..no(41,11ailitc31'nunTori6,LoiNivinCij@lii@ifioTNncinul@tanalA 

th'n5dictiiinnLiJarutLIJNrmlvoi715,:ke,cutam. n16-dil 	fl'Act,h1flwYtAl LotLai'Nqn5t1.71,i6iniin 

atanEA-J3,,ficuCiloafi'Ncvm-ilnn-3 LtatannwdiVdvn5t‘tryun15NSI,u10'mainl:113% 

Melero 6LaL'fl61,1:', [14] lginn5victivrn.m5um=rinficu6i-Altrhlilu-illsiA71.0-rvii'cunnNS 

1111711,culivoluatrrunnw.iuLotluvono 	yru-nr1 -15176aZvictliZultlai66olvM19-Si 

eranwmil6,iticuctIZIALifolAvA'a,ii'mui7icn.nqnkram-',n5n-runnNSaiii'lli4J'u6f@cu 67;161-)651 

cdFiEnlInAiu4Lciku4-molAvIntaviAql vijElTina-IL-iw'NLiTtyilun2avveiVILR/Yulat,Y15- idA 

L@aniaiT,A1' v4uVictAimffiunnslcuLtalqfm-l',1A- 6cu 

Lopez et al. [22] Pinot_qnauciAlaumwoliatinn-mSonT@19i-AlqriluTnlaili(lapnvinli% 

i'-vii'ln.Jh'hluncti5-11,1A2aLviaTilLAqIn@llmot€Nou (Lvuterin@cuvuwliAqie(' vi'cul,mnSL6H-

'hOlArulvtlaMtuallm%) ricuLvvinu@acilopvv: 60°C lcuLp-iielcdh'n5t-1vuunt6pqi- o -Al 

qriis-Inw,LatvueisocrA6dodilu,an@lolm anacutqMunLon'A'cu4 W-2dilohnElwa-]) 617655 

(NaOH LLat H2SO4) L17\1@lis7inwiluf-m5L6'ocuLciinfit6i'll11.1hTiEn Amberlyst - 15, 

Nafion NR50, Sulfated zirconia inu-jimn@li- ilEr-n@lall@nvtLetivvrIALS@n`i/i 

Linntalmn,crioi-JLTLJUErp-mlvvim lctnutcrkik-)41 -inctlroct:InT@l6i-J611JFilu-acuevInem 

NaaAlk-mot_lh'F-riun 1,Aru-j-Alcqny-uoncV\i'uSW6m -Inmrim_lhlEr-n-AqAcu 

Lrloqrriu`wiotriL'iwi-avrtill,Td@a''JL1tViluniivNemlAl 	ilAT11.11f161gE111'161 

H2SO4 LijOLIA4 EJULEJTJIY1.19T13,16j C,71dUtd (Turnover frequency, TOF) 

Sulfated Zirconia 	 H2SO4 

ET4m5Finv-16""nbutnn%A@LanTima'--Jtiltlh'fliunPm 

Petchmala et al. [23] Fint4n6hLiTtl]rilun6ii'avv■loloLt@i1RSIE (SO4-ZrO2) 

IfilritufiuttilAu61n6illfiu 3 	(0.75 1.8 uat 2.5%) LNThanmr] 500 Lot 700°C Aal'if 

vman'tuqMsivI5Ttglmaixi@TIN. LmTi„n@lilli„rd161,,ruiqllt (PPO) 

Toln561lu%1h6L (PFA)lu,Lvrru@al,n6lnt-m,Lav,Inq9luwiIl 

cLitnali -i-JEJ BET XRD NH3- uat, CO2-TPD am-AlvVralNaTolcdlIncuriut6cullatnmNnclj  

o,ww,1,11?11@iinnovictlnw-ruaT@a'-31cLihfliEri 41.,19-4'esi-)inonnt TUWTIAITLAQEJImAHlonla 

171-11:Q;f-m611Jh'f-T5un cortAlfilleitriv-u-La'iutfivi7iLvIntaaiq -1@ 1.8% L6atquilf,1 jilihivvanteiL 
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lun-mmg@ 500°C Nann5ti1(1a'a5LLoolli,i6lI1d`innn5lif SO4-ZrO2  vtli-mooanlunmh'ocdhrilEri 

L@aLvi@TrAlLmYcuLotTilNaiocdia.nwavni..2dri'gLotquovlIct..Annw`inctrilEafi 250°C lou'IR-Ail 

1J fi~EJ~ so4-zro2  CA 0.5% loujnyil:kn@l PPO 	PFA 	nn 	m5 vtA 	FAMFs 

annfiiqo nnul,krnt3ilcil iNnn-i5L'Am.,1 90% Lot 75% finEau 10 Lot 1 vrirl PPO (cif 

a'mnd-ruloulLa MeOH: PPO = 25: 1) Lot PPA (9iA6m5-12hul,2E.ilam MeOH 9ie PPO LEI 1i11J 6:1) 

enlinPu 

Suwannakarn Lot ffla [13] clinwwiyaA@A-Rotfl-y-ILLRIE7m1PJLim_l`FriEn SZ 1,1,drm 

LlcdhIViE.1-rmnuAL@aori@ITAILnil'n@lblwynAiSueitLLEanonal66mnot-wi 	anirruaa 

L@Irim@a Lotil')vrivaa fiejuiNjil 120°C Lotm-11..gL 8 atm lui,e'il @lqn5dIRTILIPi,i1 

n-15-1L'AutAalmwniAliSuvtoalLciaTtricu@culLanuliT@ILLaan@o@ALI,7\ilitunt@lTInN 

(Steric hindrance) iiiriAiLh sz wtcifl'rarjal'halaLilE 

Qt- am-iliflummATLIFiEnjavanuM''l Lil'olv-innawqm@l so
2 

otaauluLLoanoE@A 

SZ Vialvana.inwalctiV - nnm,q11.JFiunTaa]Ll 

SZ 

Suwannakarn et al. [11] Finci_4-Inn09110tIOILtnn-YviOicwiA2,11-)-1;JA,nici,n@lnwlv,!Yu 

m. t,,1111uW1.1M- EJ -ILLtuanad -)-1F-w e°1-1AcunnalwqfliunvaaLiioVILP'NT@,In”-Iluli‘ant 

Lotqrliarimmik@avo@ITAltrin@AmnSyn15 ToEMTOLLtuNaInt-tl-inllywSvoz`hg 

nw1T2,7.10mt' (Lauric acid, HLa) 0-25% ToEictInvicnluimmTAScu (Tricaprylin, TCp) 2J@AT5% 

L17V@WLIILRTILLLvinfi45tw -111JF-ilEr1 iniiii'utrgiEnL@eivii@lVAILA6%/1JUIEr-im-ruA2aLm6'il-

LA6i'hlbiula'm'll.lOsnct`filaLgruculdh@licuLt@i1v111 (Tungstated zirconia, WZ) 

Ilblis-rua5aN/1,495@lcqm6LLcu1JFi5nti7iqutiv71 130°C luq-yalAuunnnFilunnTtocuLanrin-

1.1@a@d-mi@Lii@lIcuLRt@l1Jh'n5d,1 LLvinuoaLonInfALoviSE -inn -minVilaritnanuLtltao totkin 

LitolTInctiFiunLNILvelTAIL 

LI-Jnntr,h7iiEr11owuilLoaLco@lciAlvyndiu 4 virh nnEAAtnn'w,gu'AVILm5Lrim.VIEn  1d 1~16~1d 

esiSiim,M-nALIU'L-innnn5LhoqniunLoaLvi@iTAI'LR6N/iN HLa CilEA@Ein1Lh2 LLviE71131),Jav-m 
, 

qiiisnn-mwu-rmlawnua  (Methanol  dehydration) Lia@l-InlywSL,dolwiqnnlautiLIJLticu 

1,@?1611@51OERINI,?%11-11 	1>Mf1SLei3@l5&lhIiEJ'11/15'11A6@861iea5TAMT1d 61,at1,11511S1,66@115911,1-i 

liffiun'tulm.SqsalnIJFiunLnaLcin@TrAlLnifu 	 wz Z.-',I@L?If1-11A1 37% 



25 

1ii6'1 -in1in1lFiEna -11,iifli1nR6111a6' an 2 il'ALlvio@ti Loia-an5t-IA1 an -rvo'hiA51_JUiun wz 

b)unnT,esrrikpcosii 500°C lvriiiloinnFavarim 

MO LOtRtIlt [24] Finvw-rar@l1,- I:uatn-i@liaDTIAniol6i-AltlffilainiiialrlytaiRnit@ct,1  

(Sulfonated carbon) @`IncilivanmltrhrilunLEavoolLwihmlnwlmMa5 t (nw@t67An 

natnwwiAnn) LLm'AVilunvi5m,A2avil@MRffin'al TGs am@tqih i(1wrnAfiSu 

voSol) lAru- am-YaAN1,- 1,unn5L1qFliEructlEn.ii3ifilgili, 11VilEn SAC-13 LLatnml'aciAl-Jin 

nwrummo-nrivrab'ul 	?Invicunn%ilqriEri2aLvi@'NLRil'ul,Latctihs hlunm--rtALNILvisliAILm% 

m-19-iitim.,:tvesiAitorinf'icunw5aTAbinLii@lActInwi7nficu 

aviNniinHnSimh'EruiSIEru Initial TOFs fit6i''611YhTMEn SAC-13 LO'Uj @ 

il'ariVi6i11.10Entoani@TNLA'havcknnn66fi?Nrilmnri@ll'n:i@u 6cdolLnnTInn-ITLAIn@o'i-.1 

110Ei5 (Catalyst swelling) itriAglui'Dn-wisnlimau-inn- alflcnnft,ria 

LN-aJhflErii,13A1,1z7v-19ali?:1Finc(.1@n- n cuEn -indnyiaA@A-Aunn5iAlcqiilEnvalqallAivia 

micuauluiv1R%awila-Jta(1adim.,1-41611fhflun6tYaTIAILtowniuutanlifliun66'-roanu 

A55'iriqa,rt401 60°C .-Inn-1516n5 ing-mv15@em5-1t-ihnv), (Elemental analysis) Li,atIct.15@tii.',1-J 

LnSFALLnLotAnLIsuuct,ruGis iHNMR 9,111-11,rinnT-ntannE1-)1Lviin'uliAlS16PiSn'n11,01winium.AVJ 

cinedalcinICIR (-SO3H) 

Melero 6otRt-1,1t [14] A'56p5itihi- 61ct1r5Enn5oIciN5IAn61 eYaliAlilncuoLAN5cu6@d16E 15 

vun26IA6m5 (Propanesulfonic acid-derivatized mesoporous SBA-15 catalyst) 1A11 -6n 

1,11'inn-ILS'ani,f164 Lco@ivvInein5hPih' IAL 

u@an@o@A lommAintnnw-D.Jfiuvelianinct,2 

(N&-If1fueA6ry156AE1) th-ln,Q1ctalhlriEncifiqpvi111121@Enn 400 K lun-)Fincylnalnn-15 

to-icoru-H,@ 

Ienvincu@afinnw,r-)67Tcui'fidiliA513.nnn-i-iarvincu@cuwinumcill 'tJaueiLvivi 

Iranpoor 66c malt [25] ciAialLni-a655l1 f5Ft-121alin161vvut1nu (Sulfonated charcoal) lou 

Lovo5nuALoaniolTAILH6MNI,Loan@o@6 235ve,11,1 

W ‘IA'T@16@`111'2°,i, 6'211.21/1 (Ethyl acetate) LLati3OTinlaiaivi (Ethyl formate) lucUiLlfuv 

Dehkhoda LLat 1.ge, [26] illt-imith-innnim151,a'ilemollSLLAluati, d@@corivtlIA 

66at'nwrinilii116-971-An 
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(Fuming Sulfuric acid) l'ufl`1%11iflrl'IEJnmarifi@Tch,mitaiov,mTuili,@awieiTili,Mi'vd@lil-a'ium-ilL 

a-1 (Canola oil) lAu--);i-A,i11.1.Erils-Ami"EAR-Innwridlilleb'aiAl-fin@tqlliflniunii5- uAwavti@TylLfl  

aaviiimyainnuctivd@lnwLyineini 

Shu et al. [27]'''Jn'lliffilarwriit.i@Lli,via.iiitAnnqrl'isnqi'aliAILL'ih -u@ljia:hATN i‘vlEn 

iflej-runnwlici,Vicut-incumnicuallA 

ti,atm-riAL@aLvi@TIN'oril'cu A@?I'lLmn.,'vilcu101vdad10,411113%ilTIALL6- iitliiInt-unwituMmt 

Innvtlui91(k 

lm.nSvo@lwiLLatn5oluMartAucutHallAvelotil 80.5% loutlywin Loz.; 94.8% loutlnwiin 

viAlf) 4.5 2T-J11.11 cifiqamf,„o`..1 220°C 0,101i65-1?imviNI1JaT@laninvaaioiln%Lii1nf11 16.8:1 

Ltatlif6i-J1,i1Th'fliErwi@J-q% 0.2% loujnyri7n RTILy- @11,721aln-1lqTriEn?,j1 LLatfl-JuL?rdn 

1216i-A5l1rOlunLfErrhf=it,p-i-wwunLoict.A@51J5,mnwquil (-OH u@ctaawuint-vw) ?h1iit11.1 

T@v111-rii'mrnhAvVionnlELmiln@l7;tiucut —OH n3AlriMT@1ylla (-503H) le..1Avarrincu@a 

Li1-11,1JY°Lici_lfli-nEnriculmnSvd@W 	 LLatm'yqiniin@lpTuvinW 

tin funwvg-ivii'unnwacuacu@l 



(AC-cR so3H) LvtillAvh 3 4icumocu go (1) n -lw°111,m -u-,‘g- 5oli'cutinu 

(AC-CR) 16F1TInhilV519/11111'1ElfrilAITN AC-CR (2)1.1i AC-CR 1711 A'ILR -Itlii 

lAirviTtV5on,tTalld6tr1t.1 (Sulfonation) olooLviajcillti/Malldvta (SO3H-) 6tliltiv156tkun5Gla5lu 

AC-CR 6`WaliL1i5117611_1hTliFJ1-113IN142TallAILI.IVUIA')@l5lJd'11.161.1a:11.dTlflfl'Infi166V\I (AC-CR- 

503H) 

	

	 AC-CR-SO3H aat (3) Fincym-yaijoll-noll 

AC-CR-S03Hlunn51ii-lEr1LNioliiAlLwtfvu@5n5oRimUn (Caprylic acid, HCp) 6711271 

5nuatAmiolia otImd.1 uoz.1.:;-TniTroaolld 

3.1 ia9unqUawl 

3.1.1 	amflii (Chemicals) 

3.1.1.1 62JYITUE0 (Methanol, Me0H, 99.8%) IJ51;'171BDH Chemicals Ltd. 

3.1.1.2 f15G1R -116n (Caprylic acid, Octanoic acid, HCp, 99%) uict;I'm Sigma- 

aldrich Ltd. 

3.1.1.3 n-inn1LL1,  

3.1.1.4 mo2l'ai7\1-1ln (Its°, 98% lowl-11,61) 13114111 Ajax Fine Chem Ltd. 

3.1.1.5 wilapnilLw (Methyl caprylate, MeCp, 99%) u514vi Sigma-aldrich Ltd. 

3.1.1.6 	 (Methyl valerate, MeVal, 99%) uiivi Sigma-aldrich Ltd 

3.1.1.7 l@Igti-huwvil.2a (Iso-propanol, HPLC grade) 1)5141/ Ajax Fine Chem Ltd. 

3.1.1.8 vinau 

3.1.1.9 67314'alg (ZnCl2)1.314vi Fisher 

l 3.1.1.10 moloImPaeln (HCl, 37% Ioulawt:i'n) v5141n Fisher Science UK Ltd. 

3.1.1.11 061.113EJ2JFnI,W'l (BaCI) 	Fisher Science UK Ltd. 

3.1.1.12 LulaRnilialoonl,a (Co, Lmo HP) oulcC4V1mEOlAaAErudia 

LVITtYtd 
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3.1.2 I.A04@ 

3.1.2.1 Al@ln-ruaiu (Condenser) 

3.1.2.2 6R'il@lltrimm501,1 (Heater) 

3.1.2.3 AalsnatAovvilln 4 in66ovn.,;1 (Balance) (611,le Pioneer iu Ohaus) 

3.1.2.4 6vi@51Joilomi (Thermometer) 

3.1.2.5 d'15l:1-13% (Oil bath) 

3.1.2.6 Ad alm,aairogn (Magnetic stirrer) 

3.1.2.7 i,hvan (Syringe sample) 

3.1.2.8 LRilelLI -J 

- 'noanliFi@ (Three necks bottom flask) 

- firunni (Beaker) TI.,1'10 50 at 100 mL 

- T-NALfi-jn (Vial) 

- 6'-)EANwm (Crucible) 

- Twlii'culliami5 (Volumetric flask) Vt,M1 5 mL 

3.1.2.9 vi@larialmLnIvim-riAl (Gas chromatrograph) Fik CARLO ERBA 

Instrument iL GC-8000 

3.1.2.10 ql.1n5t-(AuGi 

- 'tIVUY118'1 (Spoon) 

- ovia@rouo (Dropper) 

3.1.2.11 6?Rcdriw'rwArilL6F_JIM11,A1 (Centrifuge) 	Cole Parmer 	C1201- 9 
 

3.1.2.12 6M11,N1Mln5vu@ni7iiiqtimdm-ruLqt-Livigi (Cylindrical furnace with 

temperature control) 

3.2 'Tinilvoaol 

1100111tRT-Ivtb1211.1hfi'iun AC-CR-SO3H i'Llaivoe,inutlflionm'adit@avvi@VINI>w%6n1  

WZ Lruly6auSinluLnij@ltlh'n5dartitfilnt 
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3.2.1 ?YlLm-whinui-ildAditivikai'mli'u IAESAvlaaild 

3.2.1.1 V15@5ITULL1,11-d (Condenser) 

3.2.1.2 @cumnnnainIffiqtuvug 110°C cum 24 61-J1m1 

3.2.1.3 14i' zna2  Lctuaa5nzalcu 10EJNOLf=itn-inn-ILLIAltua'v15-1 -yw 	: ZnCL2  

ori-ffiu 1 : 3 loa11incvn7n 

3.2.1.4 1.111,1Thli1011,11A°11'L 11.11J50-Innsifm@lul1a CO2  LotRTuqliqa,niugi'A 600°C 

uTu 4 ihb-A 

3.2.1.5 cilnlctiLvdnw HCl unu 1 ''')1111 LotA'-4)Ei1innAcuqt-Lomilc051-1,T1w 80°C vt.,471 

pH cLJTainw 7 V15"Wi@cu1o@n/21Ra@illfiLIAS@AERmatanu BaCl2 

3.2.1.6 llictAcuihtuvug 110°C 1, -Icu 24 ii'`)11.11 

3.2.1.7 ifiu6i'mli"u`r/VilLmntviljitcanvm-raiiu (Desicator) 

3.2.2 ?Tli,n5ntia`AlqfffiEnsallnlytatudnufimaNi`vitiv-innnnn'ILLIAI(AC-CR-503H)louN  

(Sulfonation reaction) lourAuvi@caild 

3.2.2.1 ctIndiurim,%0?%mltvilANeimficumo H 2SO4 	1,1A151?iTU 1 g Rio 20 

mL loilcu Teflon autoclave 

3.2.2.2 ctlillilv1rI5auchww-g9i-111 	140, 160, 180 Lot 200°C cum 18 

17111,1h61.Aqtuitugli@l ,t'li'i'']LilqiliEii6YaliAlLuvuut-i-lueim:Tuvicril@piugvin16-1A'A AC-CR- 

SO3H-140°C, AC-CR-SO3H-160°C, AC-CR-SO3H-180°C Lot AC-CR-SO3H-200°C 

3.2.2.3 LLEiai']1Alcdhs hlErici7411,mntiA1AoEni5mol 

ct.lTi,'Lna.1 80°C Lcii@f-Mil@@@ctn@lis'aLcrloci7iLcoS@a,i 

3.2.2.4 @taiXliht-uvug 110°C kw:Jan 24 

(Desicator) 

3.2.3 

3.2.3.1 v15-mi@cuR-mLctuNSf-IT@l6hLilqqsaluliLywrilw-) X-ray diffraction (XRD) 

3.2.3.2 vn@l4115tnan@l6i-A551JUilunloulGilLvm 	CHNS analysis 

3.2.2.5 Lillii'AiltrOunetialcolvi.oruudmfimad1741L95ntiVitulflvw-mA 
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3.2.3.3 vi5'Ja`uvil, ii-Cl 	Fourier transform infrared 

spectroscopy (FT-IR) 

3.2.3.4 wicktAl') i/1016.)J vuloT@lniu. Lot n-in5tvlEn@nunovAliu ToEMI 

LywilAnnn,ALLfial,tam5Lvu (N, adsorption) 

3.2.3.5 imailR Ion-Exchange titration Lc\iov-wn-ILLotlun5o6m1LilqMen 

3.2.3.6 m`3?locuir6Ntlii.A'r1'a161'`)Lnivalouli36liFir.19 Scanning Electron 

Microscopy (SEM) 

3.2.4 viniguAThri@A'ALni51,1`dh-Ms`1201,Y0ITAILA6NT@l9i-Allrffian AC-CR-SO3H 

loa.gctmutAil 

3.2.4.1 moPlq1Jm•6?nviun-n•611JU)10-1Loovvi@icifILmTulouVianwilicuLtunw  

mclAanaatarvi-rua 	 CAqwctIcfslil 60°C viAl@liXonPuct6i1LEEO,Lifl 

nnmoltma-) 

	

	 (vdman1A:SIL@lqn5t-1.(rdtorraNciuej4Lat',a,o.,nAcQ,11,e,(5) 

3.2.4.2 olLn5wilAilnutartinuEalLgm5wiTuAllLa 1 : 3 LA'-n'@1,13i'quvIct-,01 

60°C 	 Ac-cR-503H-140°C 

3.2.4.3 6fit6i2Einla-m/i-rqh1E1-46-a1i.-1161 	0, 5, 15, 30, 60 u>at, 120 Vii7i 

6i/l@Fin1_4'1h12yw'j@ll'Aunn1i f15En 	inf-l-m'AErt..nolnwyncvASn (% Caprylic acid 

conversion)aatNalk@laSoRTALa (% Methyl caprylate yield) orri6cLIEu66t1av03Awn 

3.2.4.4 LtrjUldl'')L11JUNErd_N AC-CR-503H-160°C, Ac-cR-503H-180°C aat AC- 

CR-503H-200°C 66A'71/100UURT11.111,`AllJ2iUM@L 3.2.4.3 

3.2.4.5 ti.lintfiscuinnnwAscu6n1nwwynNiSn (% Caprylic acid conversion) aat 

(Initial Turn over frequency, Initial TOF) 

Lot Amberlyst-15 67i'lLf.Ju6i-Anlyllunnwitt4fIri-A1_11,1A1FiEnvaaoria ìoinlor'viiinn-pz,nn  

CnoqilisnOlu-p-icu 

3.2.4.6 11,mntiAlnly-it-Lat104 maillAwilo 3.2.4.4-3.2.4.5 1- E.I6A5@56V781M1r1-  

11r1n5-nAllmNaiPuel meCp (%) LLatln-iwAucirml HCp (%) mlmfwincinfalnnwNcon n 
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3.2.4.7 %10?I'- '2Einli'filnmvin16-0,AiltIA9TVITU'Llilinm" 150 pLi311.1 

2-propanol allculAilATI7millInt-L1 400 pL1.1-11,1.11,Luni-Aill.rdflun WZ @@nvma-mi-itVilEnlou 

liviij@l1,111‘1S11,1,0n 

3.2.4.8 ilwmatmud-rala131m15 50 pL Nalifitamviria-riL@In (Metylvareate) 

internal standard IfiLw5 150 pLieriledwrdi'mfilnmvul 5 mL 

u@avilloimiazanocui'ln_rily- li,U 5 mLflf-yt!'it:doa-i9'i-2CrIli,ii-ILF)'il@l GC 	1 pL 

Imnt.A.31.1-milulo"Aotai7iWinhoufiun5nyholanwtmunmyu 

3.2.4.9 	 GC 10EMI Capillary column tia DB-5 -If-)cuNivi 

Agilent Technoloyies Inc TVIO 0.25 mm EM 30 m 2311121 Dimethylpolysiloxane Inin 0.25 pm 

6t1A- 2111R111 (Stationary phase) IoCIA';ii,vini,moitcrA FID lospl2tIcunnI6R51thilvii'cun-15vin 

1.111railcuIa'A'vo 

Make Up Gas (He) Pressure 	 100 kPa 

Hydrogen Pressure (for FID) 	 40 kPa 

Air Pressure (for FID) 	 105 kPa 

Detector Temperature (FID) 	 280°C 

Split Ratio 	 2.4 

Injection Part Temperature 	 250°C 

Inject Volume 	 1 pL 

Column Initial Temperature 	 40°C 

Ramp Rate 	 SIL0FtNi:i 10°C / until 

Zone 1 	 @pylfg 40 °C um 3 vriii 

Zone 2 	 @pvig-g 180 °C ulu 3 u'rrii  

Zone 3 	 qt-uv<ciil 290 °C LTA 13`tiiil 

Column Final Temperature 	 290°C 

3.2.4.10 tviEJI,g(-15at,isLwus nciAldiviwinii\ISu loRTNScu Liatl@9-ifiSu n5oRn 

1A,Mn nSt6o@5@ Lotanlw)cinhavi (1u101Lta)17iR-ra.n,ilviiunllluatmEALii@IGA,IAITIAru@a 

cdi'utlilnmiVbi 5 mL 'lniSne.,14,1171CAIn LotA-m6ih1ilct.AntilEcunlithm-15yru (Calibration 

curve) Lciil@Vicw-Wilnau161Lta 
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3.2.4.11 nnILm-e,ificnv-ia.il,cuIo'ktam- uMourtfinioluvv)anLLat4ciA19'im-nAl 

TNamoiarAllo1,1dalw'rrqi-riunritagInvinncu ImucoicnInaltIogmannmTtIn4uil'ISin -rtAl 

v 
vionnn-15tht'LwNaTn1L95@1 GC LVinficumnin.rvn-n,rdoll'ulo;ivdaviwui'A 



4 

Nang55/maoluatml5orW5luesia 

tvlr,n6i-J"Cilfiaviiionrwodlunn5A'llomntia- Lq1c0EMui68'dliAlvtacutifii curimMlnimn 

rnalAblEITInqa,16'nut,Tol6i-J611.1fl'itrritricif\II.Sirsi-Rj1 	 (Mesopore) 

5ta.i'1f1.1 2-50 ulluaim 

gaRT-anctlum2Q ``)'117co'htilcqfliEri'alcolviavicincufil.a7coiv-innnnn-ILLIN7171tm -it,v11,g1271  

nWOincblqt-uA'n1_4t-L.-41n -mPJELovIR1.1i-111 

(MeCp) LLatFiltin561Aucu2J@5n2R-nAnn (HCp) 

4.1 61/WI"ORnn5LSu-aLcutmli'lS2n6g (X-ray diffractioin technigue, XRD) 

nn5v15- milmoiwrIIR XRD ISAI@FiflY1P' -nviiuNSnT@li-mli't AC-CR LLat$1-161 

cqrlion AC-CR-SO3H `1712Y5Lm'1t,v161 V4711  1 1rtynn5tu-runn1nicu@i.vis'6vii'custi@56ha5i'1Jt-incu 

'1-',J2.711„dri,fiquvu,,p1 600°C lilickflomttrruf-mglsti-1@@n (Dehydration) atnmo-in@@nTolust 

Tell —C-0-C- D1 Clcu -YaRnicu@u (T-inn-ILA) linliYiLromad@$i-Avuou@A'li,puTolLoviulcalARn 

ot,ILIAAnRnicu@u (Polycyclic aromatic carbon sheet) wiAcilculAnnmacid XRD 

(v1.1171 4.1(a)) cicrAin -ru (Broad peak) C(002) 17ij  n-ii,EnvuctnalLoA9'intico‘til 20 = 15-30° LLewil 

ii1Rn51u@1 ucut@2it-11-11d`l6fnnn-iiloi-niali,Lesiuq-151ouatlLoAn6LuctAmt eiHvi'uni5 

SEY-AttS/11661)11..il 28 = 40-50° LLeio161191AHl'u@lnyllia luTz,cuTuLLnu a 	C (101) (a 

axis of the graphite structure C (101))6TiltyruLtuilAagniou LL2161a1ihOctAi@juct,10:1 600°C 

vr /I'mliAl@cifita11.1'1101/7-111Y1111.1'lit@UTL,11111qcflvInn1nnicu@MAYLaa 2 k1fl'Ul'ITAEJT@1  

Okamura LotRalt [28] ?i-runYrIdn-i5SEJ-JvulA1911.1hPiu-1 6 11AILuruotA-n@li'ut-iluf'iOuvi 

(AC-CR -503 H ) 	 LOVAR371k1f14t1,1,R111,2SLQ1Anot`rillfY15 

SEM1_11.A97'41,1nil 2e = 40-50° Lom- nnn5v°IncLih1-riu -1651,9ALuii"calau-Act:hrt4-111 -JL 111h711Ei 

AC-CR -SO3 H i1R-YILv1iruNgnqltu (crysta0 	 (SO3H) vf,,If1013.Ja11,1,AatI5LLISIn 

T@ILMILIY-lill@lA [29] 'illann5naitilkj- ctihfilunfiA'lLR5atvilA17.11-licum,acn@lActi 5t,nmi 

toiainl`Mvra.Rtiliolvi/19ciALLal"611mlai'n1T@1  -so3H 	 -SO3H 9/16r124144 



34 

17@uanniSi@olucurit1J1InNaniumAE16i-m'llitliiEn 	-SO3H 

Ltuut`u@ituyu (Amorphous structure) 

0 

20 
	

40 
	

60 	 80 

20 

21.111 4.1 Vi,vuunman6cun@li'42nsholali'ut-invildraTInn-innn6ctAl (a) `)'-)Lill.fh'ill. un 

AC-CR-SO3H-140°C (b), AC-CR-503H-160°C (c), AC-CR-503H-180°C (d) am; AC-CR-S03H-

140°C (e) 

4.2 LconcilflctiJi3Eim-ruaciAl@ilAvAnn'oaLcURIvialR'i.1 (Fourier Transform Infrared 

Spectroscopy, FT-IR) 

n-lm--Aa@ulostcviRi.,19 FT-IR vi/l@vninj`Nlii/Twiill T@1•Y-J@5i'li AC-CR uan-̀̀1"- 1 

qPriEn AC-CR-SO3H 1741Lm•ntilSi 	 CO2  

qWviiii 600°C um 4 6i1"-)111 

ill (Hydrophobic properties) 1,A' IosA'l6nvTlf-1 FT-IR aninma (Fifi 4.2.(a)) 
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EmnL 3400 cm 	6t1LLYruni‘Nlriih,llom@ri';8 (0-H) ii'jant,rw -Inn-inw)68ucti-i aokleicti 

Boonamnuayvitaya 	LLatnt-ut [20] 	 H25o4  

Lihrtfuihart,v1 -116-1 '1'11.1 140°C (TdciA 2.b), 160°C (Tal 4.2(c)), 180°C (Tt.11-4 4.2(b) ilat 200°C 

(v_1171 4.2(e) ctArtAn 171'n-mun2n'ALthtInt-L1 3400 cm l  stlaviu Stretching mode 2@1 0-H ciiiala 

s2 In -COOH Lot Phenolic OH eiTtAR--ILErnn'kuth'tly-itu 1700 cm 1  66Yrumji11668'cu C=0 T@1 

ji -COOH Lot 1.71`669irti1 1600 Lot 1300 cm LorruvOlf-ii-i'cu C=C val-JILLIATum@t1LLI.COn 

6tilw,LViL1A/YoLT.dinvi'cuk)LqltlhIliEn AC-CR -SO3H-140°C efavivokAlffugYallA4102)@1')Lql 

qiiiari AC-CR -SO3H wtArticklacoliltIntLI 1000 cm rb,,i 0=S=0 Symmetric SO2  

Stretching 661Jtalana15 Lotk)Lonilcii 1100 cm 1  LtLfinwTinnl 0=5=0 Asymmetric SO2  

Stretching LLtrullina. 	[30] 	 (SO3H) Lnoqouv16'1 -1f-ivnliEriin 

6?YalinlyttAilnqww,3i.1 LonTlf-nlEincu- a FT-IR avtinm-ru@l6i-Aq1c4rliEn AC-CR -SO3H-160°C, 

AC-CR -503H-180°C Lot AC-CR -SO3H-200°C baLvinvill FJn62uG 265cr11M15FJ 1 AC-CR -SO3H-

140°C 'tLilroi-ILLvrt:malvajillffuFnicu@n-CkaatGiTaliAlviai'A'Y2-1Lvu GimannnnaauPJEJ 

Lvinctln FT-IR Lci.Junni.icu61.,r -19'i- lcUh'f'-lEni74wI-Itcolgicn4iinjiNlri/YcwifaIctAILtolLfloiAiustfict_i 

6125@1i'1J AC-CR aki;61 	 u 	 (Brcnsted acid) ltivoeti'19/\11:01 

cu@nUnLotiAlloAnnA'-JEJ 
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1000 cm-' 
- ACAR-S031-1-180°C 

       

4.2 avtinm-rVilklnn-ilLm-ribiaione,m FT-IR /1@l6-1"25@li'ud-wildrav-inn-Inn-6a1 (a) 

AC-CR-503H-140°C (b), AC-CR-SO3H-160°C (c), AC-CR-SO3H-180°C (d) Lot, 

Ac-cR-so3H-140°C (e) 

4.3 INM`r,W1f-nwp4i'‘uvinlnnunnctinElLtrialulml,vu (ki, Adsorption) 

fla -)?iguloui,vifl17,1flnn5TosiPuyinlniEhn- iAmoluialulmiA cu 

(specific surface area) triliwv/qti (Pore volume) 66atTll'INIAITU (Pore size) 'ti@l6h5E151J 

AC-CR 66at,6i265cqilen AC-CR-SO3H Viqfuvu,),5,19in1,1 aelollvm1c/i 4.1 lAitri-in015`u AC-CR 

Vaufilel'A'ILINnt 955 m2/g 	 CO2 fiqt-uctmil 

600°C 	zncL2 6t1.2mnn-ictailmt-416mionjial5cu AC-CR cigt,n7il el-Rui5 Lotalpiu 
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st11,1W) 3.4 nm 	Meso-porous material 6vwt,g'o51Jnm't1'oi2m5iViAH-Ivi1Jtlh'rliu-1 

n-msihi,culaitta anLijo?TltmitilivtlultiriEn AC-CR-SO3H wt.A-Aufirninonnt 

LonAlrimin11,1611,1imjutiLLIM uaol- nnwu-run-15RniumActAvn7u6n1 5@l5t141  

qm10'qlvrAlullA2 (L-inn- i 500°C) cifitvithAncovv\iust C-C7,1-1Raicu@uuanci7in (Carbon lattice) 

6`a5ctalfi'ufm Collapse T@TAILwvrnln5tLncun-illiolfh-Muncil'aliAlnehla@oRA'alriulmlu 

TOO Yu Lo,t-Lit, [31] uot Kitano LI,M;Rfldt [32] Tlii/ 4.3 (a-e) toei2ln-15t,nulunovAlvdn16i- 

5015ll AC-CR LLat',61. 11ih711Ein AC-CR-SO3H 	 1,ArtAneiTt1INfrAvt, -iNlAquviicu 

Meso-porous 011,11@diEJUL171E1(1'Mli't AC-CR 66at, -)65111 PriEn AC-CR-SO3H inru'i1PJ61 

1.10E.Ji AC-CR-503H '-'AlT1.,11NiVIVAIALI Macro-porous f12fJ 2J1VAITI2JLIW Macro-porous 

1,:nt6floqculcumn-rum5LilmiriEn61allAILIA1 

gr-151\icti 4.1 avalivinlnnEJDTmoo'i-mi'cut-i-rueiaVvinn-inn-ILLIAI (AC-CR) 

6tfab\lviavi.5i-m15‘ut-inuriOug (AC-CR-SO3H) si/in,a,mfnin161 

Catalyst Specific surface area 
(m2/0  

Pore size diameter 

(nm) 

3 
Pore volume (cm /s) 

AC-CR 955 3.4 0.8315 

AC-CR-SO3H-140°C 1,218 3.35 1.022 

AC-CR-S03H-160°C 1,065 3.79 1.010 

AC-CR-S03H-180°C 992 3.64 0.9035 

AC-CR-503H-200°C 1,091 3.51 0.9584 
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Pore size distribution (A) 

(a) 

350 300 50 	100 	150 	200 	250 

Pore size distribution (A) 

(c) (b) 

350 300 50 	100 	150 	200 	250 

Pore size distribution (A) 

1.2 

ACCR-SO,H-160°C 

12 

1.0 

a 

t 
.6 

O 
4 

2 

0.0 

- ACCR-SO3H-140°C 
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350 300 

- ACCR•SO,H•160'C ACCR-SO,H-200°C 

1:3 

0 

0 

50 	100 	150 	200 	250 

Pore size distribution (A) 

(d) 

50 	100 	150 	200 	250 	300 	350 

Pore size distribution (A) 

(e) 

„TN 4.3 n-nTn-,t,'Tiuvuwplctn@l6i-noli'ut-inufim%g-)nnnnn-iu,cvl (a) 6i'Al`qh—iun AC-CR-

SO3H-140°C (b), AC-CR-503H-160°C (c), AC-CR-S03H-180°C (d) am; AC-CR-SO3H-140°C (e) 

4.4 LvmcilffmVinc1'a5NacmwiaL6nmoLLLcutgl@lnTNI (Scanning electron microscopy, 

SEM) 

n-Il21voR‘i,1RnAlNacti1wvagnmataLcuouoln 	(sEm)L9Am-mnAncd,tut,T@Acurr-] 

(Morphology) TN@I...iniN,Lata-amtilkdw,liamsuwzi@lociFnm@l5tt-inuria_oadlaa'ai-Al 

liDliEn6ilalciAILLwuctii'mli'ut-inufiln7i.olAlcunnTILTIv1A SEM v.-,qi@l?,,ilrulL-ALAtisi-rool6i- 5€ 5cu 

Lo*.'ht11_1,Flia@d-IZ@E 3 v) LiAalActIA'-Aviirukib.=41A-rdoli-)5a15cucAo6i-Alot_lrisiErrril 



S3400 15.0kV 4 3mm x300 SE 06/20/2012 11:41 

(a) 

S3400 15.0kV 4.4mm x2.00k SE 06/20/2012 11:52 

(b) 
100um 

20.0um 

40 

" • 	....... 
S3400 15 OkV 4.4mm x20 Ok SE 06/20/2012 11 s6 	 2 Odurn 

(C) 

VII 4.4 fl-nAR-Int-n5i5)w@cuqajnn,iti-noimilfln-nlin6'@1NamwiaL6nm5auLvu1J2io5n-1  

21o5G1-n@li'ud- ufilnYugTInnnnn16LA (AC-CR) (a) 11-16'111E1EJ 300 ofin (b) fin6nuio 2,000 Lvin 

(c) fhA.'1TEJ1E1 15,000 vvil r-12..0nPu 

7,1.1i7i 4.4 vtluplinivInnnunioouqfLIA'ft-u.14-Juolni.1 -iVin6'@1Nmi55Fv(ALA no5m.A  

acuteioln5wdoli-noli'ud-ueianTidiv-innnnryiLLIAI(AC-cR) (a) ri-452Junu 300 ail (b) rin6521u'1s 

2,000 Lvi'l (c) /1')A'nuntJ 15,000 Lvia 

oynkl,v6-)1 10 - 100 pm lownw@IF-16ilvqimC4v)nn-)55'n19T-Atun*,..i'vi@,,al co,cp-jv 

(Agglomeration) SiolirinA'mnsciArTivd5tarn 15,000 6vin1Au225@55cut1nuimaoi -inn-in 

m66VliVrr&t-LAI-dit.17,1Ai51qui5vdmnnlrum5T5i,m-1nh1-1ldriOcug-1nnnnniLLIANtl6tinnlyila15- 



(a) (b) 
S3400 15.0kV 4.0mm x300 SE 06/20/2012 10:20 S3400 15.0kV 4.0mm x2.00k SE 06/20/2012 10:24 

S3400 15.0kV 4 Omm x20 Ok SE 06/20/2012 10:30 

41 

J'ai4,t-uvif,),i1 600°C lucu5E-in-wiTadiaRnicuol,@onlea nacaj-rwmitA-JE., znc 2  

IllanoRklf-itnnTvi'nunoTolitArrml -) 

5oli'ufiniAda:hoivinnnnnwAlloaHalm-n.  BET 

(c) 

4.5 nmAR-inn-iw5-minqu'6'n14n,,.4"-)ELYIRRnlIAn6@INavi5wn:ALMnmuutrucueioln5w 

TN6i-Alcqfl'iniiaIcinotivruumli'ut-iTurimYctoivinninnnLvtAlihartmr] 140°C (AC-CR-503H-

140°C) (a) fi'1A'121E1EJ 300 LI/in (b) filA'ITTIEI 2,000 ruin (c) finnunu 15,000 nrh V1'13.1'1PU 



S3400 15.0kV 4 Omm x300 SE 06/20/2012 12:40 	 100um 

(a) 

S3400 15.0kV 4 Omm x2.00k SE 06/20/2012 12'43 	 20.0um 

(b) 

lirAk 
S3400 15 OkV 4 Omm x20 Ok SE 06/20/2012 12:48 	 2.00um 

(C) 

42 

2tivi 4.6 Diyivinnnw5-Ancuqnjfmag.4-noriRilmn-15'gnk1Nov55KaLAnmauLLcut@lf-15no 

Tao''m'lcdh'riiunqaliAlvtauct.ii-mli'cutinufVluknnnnnnnuxK/i@,wcvu-g 160°C (AC-CR-SO3H-

160°C) (a) fi-IA'ITuls 300 Lvin (b) rinA'1'ds5u 2,000 Lvin (c) rinA'mnu 15,000 ',yin vra.OnPu 



(a) (b) 
S3400 15.0kV 4.3mm x300 SE 06/20/2012 12 01 

ssss 	14I 
100UM S3400 15.0kV 4.2mm x2.00k SE 06/20/2012 12:11 

..... 
S3400 15.0kV 4.2mm x20.0k SE 06/20/2012 12:15 . 

43 

(c) 

21.1ii 4.7 irri,AR-Innnwymotqaarrng,A"-Juoimi:IRTInklNacmvaLgnmouLLIARi@lmw 

/i@li-)Llqi-TiEnqalidLcuvuct.diali'cutincufil.7‘tdIv-Inn'inniaidii'qamecp,1  180°C (AC-CR-503H-

180°C) (a) 11'1A'1TEYIEJ 300 Lvin (b) fl`lA'1TU'IEJ 2,000 ruin (c) f51'1A-'121U-1E 15,000 Lvh v12,J-1P11 



(a) (b) 
S3400 15.0kV 4.4mm x2.00k SE 06/20/2012 11:27 S3400 15.0kV 4.4mm x300 SE 06/20/2012 11:25 

S3400 15.0kV 4.4mm x20 Ok SE 06/20/2012 11:34 
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(c) 

Tifi/il  4.8 nniNvInnnw5-miguquArrtut'A-Jsoiwt1RnnVfnklNam5Fii.,16An(15m,w,l_ru?i@lmw 

liolY-61.trhIllEJ-16'dal9nlvtaculdi-nnli'ut-inurilnYug-innnnn-uonlVio,y)10,1 200°C (AC-CR-503H-

200°C) (a) filA'1TtYIEJ 300 orin (b)11'1A'MJEJ'1U 2,000 orin (c) f1-1A'1TErIEJ 15,000 Evil 

winTLI 4.5 '61 4.8 Ltunlmlnnlm-Aanqanba,l'.4-JuvvimcIRn-nl,inolNavm. m 

b%6nmauLvulmi@ln5lo6n4'-niTqh-insil'alylviartro'i-mli'cutilcut-i2,ZuvivInnnnnnainIciii (a) 

300 Lvil (b) finA'161FJnu 2,000 Lvin (c) fi'nA'ITEnEJ 15,000 oni 

A'lLM'Itiflii@j1.,M11171 140°C, 160°C, 180°C tot 200°C vininPu 

i_Iffiiu-iqalcolLotehTolnw H2504  

NSnu,atilpitannquiloCvlocurit -n@lir'cud-rufiLa7ug loalTL121,Q 1 ErliT:arlf1,1 50 - 100 pm 
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Lorimiv-intlris-IGYalinlvoTuT@lnw H 2s04  

fl-nutupitannti,1 ??Toi'liNwnlqt-uviONVAun-15iliotlflillEnyaAnopiiii,1,21Tolnn%rwrdYliun 

6.81,1AI6lei31.qjlqu 

LtuNSnAActatLOcuLf_luA'nt-utacuuLornlill.SAcotvilucuv-Intu "GalqyaRctluNSntiiLvtn11.% 

10E516nvlAnnn-mt-inE SEM `111 fl'41TEJ'IU 15,000 Evil 

4.4.1 61/1Ril9fmlLmntnAsnyi-lituu lciamLvu @onqmcu 

avtinlviwilmilnw,TvvIA'llnuldgiYAL@n6ii (Energy dispersive X-ray 

spectroscopy, EDX) 

6u@lnwAliaMaTeA@ITIn,YaLIAl@ivticu@lkwaln@lveallAlna (303H) ?J161)1..di-I66vIlieri- N1,-  

AC-CR-SO3H ii?%AltIfIffiqavviccp7i 

9i -111 LotAm4ne.oT@lquvrcIrrifitkliiInn,16YandoicuultlFiunnA'-u lAullonctAulti!f 

LvimcnaLctinlviwiIRT_J"mt@-1ErtA611aulotl,41i'lS2n6is (Energy dispersive X-ray spectroscopy, 

EDX) 6itu'avr1trilniu5-191inll cuviAiLSI -ma"- 11JUIlEn AC-CR-SO3H ctit n@ouk)usnvAnit@u 

Vulmavu 	LovgaLiAl@i 



C:\stucientiAj  neunglac.s pc 20-Jun-2012 10:44:26 
Coax service test 2011-11-30 L Sec s : 49 

06,82 
CA 	80.96 	84,3:) 

K  
OK  

MEM 
1)8,74 

00.87 

85.29 
Element  

NEM' 
OK 
SK 

05 . 65 
11,07 

81.06 

06.09 
11,11 09,56 

Corrt.r, ion  A.F 

2.00 	3.00 	4.00 	5.00 	6.00 	7.00 	8.00 	900 	10.0 
Energy - keV 

4.9 DTIAl'Inn-mITmatal4tltnocu%Nsnwiiu@cullamwu @e@f12f6vu 

(AC-CR) rinA'nEns 5 

C:IstudentAj neung1140c.s pc 20-Jun-2012 10:33:06 
Coax service test 2041-11-30 	 LSecs : 40 

3.7 

3.0 

0.7 

1.00 	2.00 	3.00 	4.00 	5.00 	6.00 	7.00 	5.00 	9.00 	10.0 
Energy - keV 

21A 4.10 nmAR-Innn5GI52min@l4cdtn@cuva55nq1'1i1Juu lculm6v1.1@@f-iLvu LLaz'A'avoloiA'-n 

ninilmattinlmaIRTImz.', -mA61111.biEIV542n6h@li-J6AlibIlL -1,5aIiAlcurtyo'in@li'ucinru 

filadinnn-mmLonlihmilf,lil 140°C (AC-cR-so3H-140°C)1/111'1A'52JUlEl 10 pm 

2.2 

KCnt 

1.5 

0.0 

46 

1071171111111INEMEINIMINETAIII  
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Cstudent‘tu neung1160c.spc 20-Jun-2012 10:25:38 
Coax service test 2011-11-30 	 LSecs : 40 

Element 	Wt% ' 	'At% 	1 
CK 	-8 — 	11111MI 

IIIIIIIIIIM1111111111111111 
OK 	111111111111111111=1 

11123111111111=11111111111111111 
ammumemirmsesm 

1.00 	2,00 	3.00 	4.00 	5.00 	6.00 	 8.00 	9.00 	10.0 
Energy - keV 

7,tim 4.11 frimnnn-ivi5-JaocuolAthtnacuTo15-1qR-iiueul,u1p5Ru @@ntisLvti aate'and'aiPk 

tviRtmaninlm5a19'1i1n5tvlEcoall-rulF_Mli'lS2n6h@l6i-Aq11_1D?&-A'alylvtalytioli'ut-im 

f'11.13-YllgTInnnnfyiari crAqan40,1 160°C (AC-cR-so3H-160°C) 171f1'11TErIEJ 10 pm 

C:\studentNAj  neung\180c.spc 20-Jun-2012 10:40:49 

	

Coax service test 2011-11-30 	 LSecs : 40 

3.0 

Eletne 	-WI 
I 	CK 	- -.24 	81.0(1 
IRMMIIIIIIMIENIIIIIMIIIE 
Ifell1111111111111111=111 
UMW 

 

02.40 	00.95 
InZIMMIUMEMMIIMMIll  

0.6 

0.0 	
1.00 	2.00 	3 	4.00 	5.00 	6.00 	7.00 	5.00 	9.00 	10.0. 

Energy - keV 

FSi 4.12 mmlnnnwyRaocuolkw,notTalnqmitiuu luImtAu oonit,v„L 

LcoRilRaninlmalmUlmtv-InNA'llmloCtii'lFivonGh@on,TUUlEnGEIAILuvruuli'ucim 

tiOug@-)nn-InnnLoAliht-uvirclil 180°C (AC-CR-SO3H-180°C) VirinA'Tu ErIE 10 pm 

2.4 

1.8 

KCnt 

1.2 



/1.1%) 

11131111111111=11 
Mill11111111112.11111EM 
1121111111EMIIIII 00.5$ 

1.00 	2.00 	3.00 	4.00 	5.00 	6.00 	7.00 
Energy - keV 

C:\studentAj  rieung1200c.spc 20-Jun-2012 10:4-a:22 
Coax service test 2011-11-30 LSecs : 40 
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phi 4.13 PTIIR'InnnwITAaot@lkltnuuTols-iwicugu 	 at6-Yavoi@iA"-)E 

ori mlniLtinlcmaIR`{J'mTAnanAiwraoE14fi'Aoncis'TY-11All_ViiE-41,1Alvtacuu6i-m151.itim  

filn:Yuk -inn-InnnainIfiquvvl 200°C (AC-cR-s03H-200°C) 	10 pm 

11F.J1,6t151FiLon (EDX mapping) IiimioFini-kuint-wHill 2ii-n@l51..i(Ttliii 4.9) 66snv(1 X655 

rt.lf'A'En (VC] 4.10-4.13) inrunillfiL-IN141.15tn'ausnqmituu 	@on€Tml,i 

Auulli6gni,7@mvi-ich (1:i@Efyin 0.1%) LLool-n$1""-mli'uLLat, -Aq1clh—flarri741vinvolATI -YIL 

viicuil@aiarAL-in (Homogeneous composition) ImivriAcinil69TItoiji'Al -)n)5 ZAF 

(Z=atomic weight, A=adsorption Lot F=fluorescence) 

4.4.2 ofwilmn-iwanvtAruthtNI.mf-mlivivow (Ion Exchange Titration) 

tAu6viai'grt7ii41vintl5lnt-uTaln59o5@rlvotriaticumm-n, (Total acid site density) 

loanl'w%Alqhlunnwm1A11,1JanvtiSuutl5tNtitaamtmultISIERa91,59C 
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LonfilriviTt7iLaicum.,1 -irritallanwtmEntknnnnaann_lSui.,2„racoofiwriuemataau  

01114 4.2 i'lfl-Yilxi.11.,InwTo16i'611.1hriiuniilLmntvi'U'  

Catalyst Specific surface 

area (m2/g) 

503H acid site 

density (mmol/g cat)a  

Total acid site 

density (mmol/g cat)b  

AC-CR 955 NA 0.003 

AC-CR-503H-140°C 1,218 0.66 1.011 

AC-CR-503H-160°C 1,065 0.57 0.993 

AC-CR-S03H-180°C 992 0.72 0.931 

AC-CR-503H-200°C 1,091 0.451 0.989 

Amberlyst-15C  45 4.6 4.6 

I-12504
d 20.4 20.4 

V1111: 	
a
calcilation based on EDS result 

blon exchange titration 

cXiao-Yan Liu, H. et al. [33] 

dJanaun J. and N. Ellis. [34] 

4.2 l'WITI1J1,11A1LI:Lici,MWILQINTL'Ed@linj SO3H 67ilviiumouvulmuewolknn 

tso, i'fiqwv,1:31V-11 6-1 Cri4Tu-anAknnNn-i5 

fAM-IVIU-21,11RIIR SEM-EDS 1Ar1An9i'J6111 115un AC-CR-S03H-180°C v4,11X6-annifiqoLvilficu 

0.72 mmoVg.cat 	Loi@Eill'1/2rwiL6-wriurvroLvtiuYn.rualmoLQSs6dolPaLillihiTin AC-CR- 

SO3H-140°C N13,r-InViquiqiu 1.011 mmol/g.cat LilounnRTAJLtlunwmal6i-JLilcqf15on AC- 

CR-S031-1 @-13.Yl'it-rokilioallaSn (Phenolic -OH) atfl-liti@nroSn (Carboxylic -COON) 11 fl 

Aldana-Perez i,LatRa,lt [29] CalovLIIIEruSAErun 

m'arinnaiijunw6n411.Vilul AC-CR-S03H 17411.m-itvilk.Afl-mviviutiumm-narinn- n 

Lguo-)i 50 (Nafio NR50) Loififl-mrvicoacthlm.m.-nni@unnkp. 1  

1.10unvIn6`gaIinirtaTmt-i-rurilShalculTulnol Xiao-Yan Liu [33] 6tiMnfm-rartirui6dr1dn50 
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3LPtrti@l$i-n@55ulg,cul-r.d2MN -rizsn -1N1nFTILviculLvUtin5m21  Xiao-Yan Liu 115vLnt-1.1 10 

LLatiii@WisuSurufiu6h6lcdpoiu,@La.i@la-15 (Amberlyst-15) LiLatnw H2504 9Nu2-1 

l"JL5S1JhillErlill'ip-nliA'unwIcil)EJn--rt.laarit-1.1 4 win aat 20 Lvin 

2.1 Fin1i'IP -rilA@11-  

filSfLik -Inn-innaLLvli741LF-J-)a,-vilA 

otipu-IL@aLvaiiAILPqi.d.lmJyriunciii-wityLViiEnvictjllun-i5NA,u1aLtaTInIvigh 

isfitr1f5Lnun5o1,/aMmtv 

AC-CR-SO3H 1741Lmntviilqwlmi]vin1111.,i 

rmL11.1h7iiErii,NiLvial-TAILR''59,AolnwifyllniUni7iqcomil 60°C louli6mnirru6i351LaT@5n5C91 

RmiSnvi@avinuoaLctviu 1 	3 L6av41- 2Lill.lhil5o'1'U@56AI 5% bqn,invifinli@ln5oflnyiiSn 

'IfIcLkti 4.14 9ArtI17i26ll_l'iTitr1 AC-CR-SO3H-140°C 81lmoL559lh'f15oiL@aLva5TAILR'thisM1115(1 

AC-CR-503H-160°C, AC-CR-SO3H-180°C Lot AC-CR- 

SO3H-200°C loolictinnmoLMFitivo.lnwmlnilSn 60.5% fri 2 	n-161'')1AliJUion AC-CR- 

SO3H-140°C 	 vrimnnai-Ji,11VIE.in AC-CR- 

SO3H-140°C a.nAluvIN-ALatlfiLnvIvIluveiloLvinficu 1,218 m2/g UM 1.022 cm
3
/g V11.1nA'I.J 6711 

1,1,1n11%/21RT111,111,,Inn1.1h‘h3E.Mr,quoeultArsh61,avt.filnvIm..AvinYilfi 4.3 1,oi 

@EinlI54-12,Aultale,ii@n-iTffion2eivvieiT:AlLPITtig@PTILL'ainwro@li-JL 1IYUiErii1161@Ej 

Ambertyst-15 

lAru--4- 1All_JUVIEJ-16tialcolLuruud-n..162.aiwii741LRyiz.A41142.fil (AC-CR-SO3H-140°C, AC-CR-SO3H- 

160°C, Ac-cR-503H-180°C an AC-CR-SO3H-200°C) Ttl>$4innn56116'89.in@5nwfl -19Ai5`An 

L-inHnvi- 11..1h'hI8-1Amberlyst-15 LLaiLijaWiuuSiouricuPJLTUFIEnTi.101,@nil'u5 (non H2504) 

21,1"fi -IR-J-12,,ri@Allunn5L111,FunL@aLviniclAILRqucL'i@un - n@ivAuLm-it -Al cdhs rliEnnw H2SO4  

LthAT6lliyi5ty-ritwilLmaLLI:Aumo -,11qo1ir,L -lal 20.4 mmot H-F/sLotLil@vtllEruvrAnimm 

-j@l;;I:iary111h65E.1'act..q11Tal&-i -miwlollPiluni,i2J -i9il (initial rate of reaction) 

miwt_ljErual_la5m-an6iLi9Jcriiin -151AE9Aainn 10% ctAilri'l6h1,11fh-PriEnct7411,m-itcol-i6vi5-1 
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	 AC-CR-S031-1-140°C 

	 AC-CR-S031-1-160°C 

	 AC-CR-S031-1-180°C 

	 AC-CR-S031-1-200°C 

— 	— - H2SO4  
— -*— Am berlyst-15 

H
C

p
  c

o
nv

e
rs

io
n

  

80 - 

60 

40 - 

20 - 

51 

(1]=]t-u 15%) usi@Ein11,6-na.gAilliriEAT16flTmviA 

Amberlyst-15 th'tInt-1.1 30% N 

irmaollthooaklfiul-n.ZAJ121 Geng LLar,ffIg [35] CIII A'16flTItla''J611rUiiun Ph-S03Huldi'] 

Mesopore 

6°SalinivoluutinviOuk -InnnnnnacolvtotA-AqlqiilEncivinnaLlun-iliLilqrAunn-i0vi  

lul@"AAJa (qMs1LonvieiTAI'vrii'vuolmol,m7i.AmtlattlnynwriAoaLyrdiilLwhn@llminS- 

Ltelwi) 

0 	20 	40 	60 	80 	100 	120 

Time (min) 

21Jirti 4.14 nnwdiEui!vit.ruhnnwducali@lnwwnia'fil,uqrlEyu@aLco@l%A.iiVio,am,cil 60°C 

AC-CR-S03H ciliA'lLmlvvrtopvi‘cp7ivill61fit6hLlqrilun Amberlyst-15 Lot 

6i-Aqlqr)iunnw H2SO4 
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4.3 LtriEurtlEruR-mrjEll-AunnlqiiluTullgi'iu-riiiALRT.,:wiVi  

Catalyst HCp conversion 

(%) at 2h 

Initial rate 

(mmol/L-min) 

Initial rate 

(mmol/ 

g.cat-min) 

Initial TOF 

(min 1)* 

AC-CR-S03H-140°C 60.5 8.50 0.330 0.326 

AC-CR-S03H-160°C 51.6 7.40 0.287 0.289 

AC-CR-S03H-180°C 44.8 9.62 0.373 0.401 

AC-CR-SO3H-200°C 49.6 9.99 0.387 0.326 

Am berlyst-15 40.3 6.72 0.261 0.0567 

H2SO4 99.9 50.93 19.77 0.969 



Uvrifil  5 

llit4anq5'N'EntatiiaLauaLag,' 

pl-) viAvvivitalYtunn -X -IrA611cLIcijillEJ-1 65alinlicumcLyud-ruhl%\k-Inn-Inn'ILLIA1  

m-m-iaVUolu 

5.1 aitiNan-i"A'u 

5.1.1 	6i1A11Jh'Fi50-1 AC CR SO3H 

T@I6i1L1c0Eny-riftl,i1unny)-1. 0-InnNSA,u161L.domAi'cua-411,1ciiii%ilint-un5o1,TIYAmt 

g@avVirr1 ,illvd-J1 992 - 1,218 m2/g vunom.,!@0`trthli,abb`vv@i (Mesopore) 9)Sr.L-1€1,1 2-

50 unhALLm.  LotilamMiwr,i4aTinNon-imaculou'LiownF F I-1R 1..2nVliviilfAinkuci'i  

ciqoAVIRTILAunn,,1 

5.1.2i-imi'un-m.111,11_1. "61Ft-iici.J1. 11JyriEri2avr@ii7\11,Rqtrmln5oRnsvviki7iqum0,1'  

60°C 9Ar1Ani-J6111Eri5un AC-CR SO3H 

looli-In-1569rjE19.rmln5oRwanii 2 'iJ12,.11 11A')1 

44.8 - 60.5% aviSktAli'FfuLiAFAJP-rilA@A-giumnlinW H2504 61i9A'JL11Wi5oi 

AC-CR-SO3H 

20 6911i66(1@d1111MVILn11591111'Al`trUilE111111,1fLi6551fr)1E.L4n0i,vi@iTALRqui.vocun11iln5Gl H2SO4 

5.2 eiivoWuowt.g.,' 

5.2.1 	Fin -in-m,116-i'J6111:iTiEri AC-CR-S03H 	 LLatnn@Lan-riAru@li-J1 

AC-CR-SO3H 

5.2.2 FinV1RTIL-inll'Auni%11Viio-rm-ruAL@aLvi@iiAILRiTvd@li'LilcdEny-1  AC-CR-

SO3H 
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