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AUtk FHME FEAES AEE ARSSlo] A2E 197 SEAE FEAR R AT AES Btk

High oil price and biodiesel expansion lead the surplus of glycerol in the market. Glycerol has been used as a raw material
itself at petroleum chemistry, paint, tobacco, household products and cosmetics in the conventional market. Recently, many
research to find new applications of glycerol as a low-cost feedstock for functional derivatives have led to the introduction
of a number of selective processes for converting glycerol into commercially value-added products. The recent studies on

the development of new value-added glycerol derivatives will be reviewed.
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oA 54 EglZuAEto]=e) mieke e o ~H2 w3l ke F
ZEAES sl Azxgnh A volende gAxEAe A
frol £l 2A, 100% o5 52 ARE I Qe vl 2
FHAT FelM= oln] FH7]Fo] niaE] o] Qi) upghA nlo] et
A A A Bed o g AAEE 2 AEY] A9 A S50 o)
AR ST vl 93 BE A JdEw IoH1-3].

A AAIF R o] oT)A APatef| w}E ZAHE FakE Ak
2001 60000 ton®llA] 2005 400000 ton O 2 FE3to], AA S|4
= A 50%E ARalda, FFolx F43] 7 o7 o
73 Qe Bl wEd tAARS] 5%E vlolojrjAz E3tst
o] AHgsh A9 Ank B2 nfe|erjAo] A astA H 1l o] w] Rk
Eo] FMge] FAER AakEcka it vj=o] FEAE Al
7 204171 301 £k 2F 140000 ton/d TFEE wl$- eHg A Al
< Ao 21417] Sofebr= vlol et Al FA% BgoR
2 AE Aato] FEFI) AR ASkE TH3]. DolA el ZEAl
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=2 AAEES 2006'd 46000 ton TFEE TFolE]TH4] LEoA 9] A
Al 2B AE(98.5%) 7FAL 2004 1802/Kgol A 2007 % 165~
1722VKg 0 & 2 F<F 10% FE Holx A o= Yelytth4]. 3=l
A2 FEAE AP AR gelE e, 2409 o RS Al
olA A Ak 8691, 912 1549 FEQICE ICIS WA o] uf
29 20079 59ollA 8874 SE|AlE 7HA 0] °F 650 $/ton (2007
s5)ellA 1020 $ (2007 8O & ok 60% o)At F5SFATHS,6]. ©]
= A AANCE fAI7FA0] F58HHA AAA R Hlo|eT]d A
Aol Zof el Fel mEPR Fal SAE 7o) AeE A
o= Woluy AY|H o= nlo] o)A Aake] whE FAME FEAHE
kel S7IR FEHE ML e ZoR o FHL) o]y 714
HES I YA 1997~2000 E<t 5] vlo] Qr]A A
AF 2712 FEIHAE 7HEo] oF 40% ZEEth) 2001 E]EE
vk lo] FEIAE A A5 Alde Feted FolM 71 ol
Zoz By vl 9Joh2). Figure 12> P&GOlA 2003 K13k x|uk
8l 7k SME 714 WEl REo]tH6).

HT A AAIF R FEHE Figure 29+ 720, 2002 52 Novaol
ZAbgel M=, SRk, AAEE, A, HRIE, g, FoF 5 vhkst
Abgdatotel] 24531 QlrH1,7.8].

shrell A ] SEAE T2 ARlAE 2007d 718 AH8e(1309)),
AE-8-F/3PEE(209)), 71Ek90holrk. 7HE AP 8ol & LG
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Figure 1. Glycerol prices.
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Figure 2. Glycerol industry at 2002[1].

A% 31% =2 APPSR A7F 6000 ton T, 609 A
TS 7 Stk TR 3] Foke= A3, S EoK98%, 1600
W/Kg), &2|ZZ2FdZ 2] Polypropylene glycol, 99.5%, 1100 ¥
Kg), HIRNE(94%, 900 W/Kg)olH, Atx, Tl Sl A7ke] S2A
Z 7} 8% a1 Stk v]=-9] Proctor & Gamble (P&G) A= 22
AE SYAE A E40 WA S7HE oo SAlE A
o] FAIAS- | 715}aL Malaysia joint venture, Felda Palm Industries=
el 35000 ton/'d TFEE] SEAE A 34 TS AT
[7]. SHAIES =4 & AelA e 714 #lgo] 714 P&Ge} 2ol

= =L 2= o~ = = =]
PPHoR ARE HuY F YT AR 70 PP Ershe

2 FTAANXN e AEA F7PHXE E(new value-added) 22]AH1E
EAEY A7 e =Yl 2k

2.2 E

—_

2.1. Glycerol oxidation

BE SEAE ABEES 494 7RE AY D ek a2eu #
ARt WA B ERAV]E 7 EEE &K (triol molecule) 2] THFSH
71s8E flE AEA AlEE A7le 21 AdAow v oyt
Figure 39| S2A1E AFske iAol vehd vk} o] 3 /A 8=
Z2)(Primary hydroxyl)7]2] AF8li= glyceric acid (CH,OH-CHOH-COOH)
= wE31, F7} Al tartronic acid (HOOC-CHOH-COOH)7} 5+
ol F R B B A 0R 89 ol T o sl=%

719] Aksl= Adsletoa F Q3 dihydroxyacetone (DHA, CH,OH-

Sslsh H20 3 X 4=, 2009
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Figure 3. Glycerol oxidation.
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Figure 4. Electrochemical oxidation of glycerol to 1,3-dihydroxyacetone
and hydroxypyruvic acid.
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hydroxypyruvic acid,
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CO-CH,OH)°| =11, Al 7HA] 3| =52715 B3 v} AFskA 7] keto-
malonic acid 5+= mesoxalic acid (HOOC-CO-COOH) ©]2} &&= j
F 1730l =2 Fask Edo] #HrH1,9].

2.1.1. R HH SIEFHT|9f A3}

AWC = PYCT 22 UREARQI A5 JullE AR3SIA] BN
AE Bl Yo SEAEE ASAIZIA =A@ K glyceric acid)©]
=0 Aok AwC Fuf stellA SYAES A7 100% A8
2 92% A8 9] sodium glycerate”} Bo1A| 11[10], P/CZFl] oA
50 C, pH 11 274 50% &2 SYAANE 45 F itk
FZoll= AuPd bimetallic Y= YRS el TS S5 AL
L3t A9 SElAR—Ab] tist A9} 80% o)t S/ AT A
T A3t BaE e 11-13].

PYCeO, FZ 7 WA S| EFAVE A A71W 40% &
9] tartronic acid® ¥ 7 AUvk T AGE FullE o] &34 At
S-S BhH ARSIEE oA Q] Fulo] ST Yk ok HAk
E 3AS HA3A71E bl ofglol itk WhHel organic nitroxyl
radical TEMPO (2,2,6,6-tetramethylpiperidin-1-oxyl) F1|& A3
NaOCl AIBHAIE AFg-3lo] BE S| =75 AISAA 5 8%
ketomalonic acidS & 4= JTHI].

2.1.2. Secondary hydroxyl group2| &tsh

Dihydroxyacetone (CH;OH-CO-CH,OH, DHA)+= F& % ®l(sunless
tanning) 2~71A|0] Aol HA A8 AMEE o] A MAFCE Azt
2000 ton TE.2] Ao FAJE o] Sl i Gluconobacter oxy-
dantsE AREste] SENES PIE HE WESOR AAketa gtk
DHAE ¥)*te] nl2 & sPg3-8 B4 FDAC] 52131tk DHAE
4 4750 o] opn| il whgehs wldete WES(Maillard
reaction) 2 &l ¥F-ZHo| Adtala, Flepas}t LS o 2o
T o] Wehz Zlo® dEA] Qlvk HEle o) o) 2 da
o|B R Aol = gi=thal st} Zolli= Figure 42 TEMPO %
g ARt SN 0% SR AlES DHAR A7) &
ol 2= UTH14,15]

o] ¥ 25%2] EE DHAE W=, AEeks el vls)



2YAE FEA HE AT 5F 365

(‘DOONa
HO—(‘:' Na* + H,0
NaOH COONa
C‘:HQOH (‘:OONa C‘:OONa (‘:OONa (‘:OONa
C‘:HOH—>(‘:HOH — C‘:HOH —'(‘3=0 — HO-(E-OH
CH,0H CH,OH COONa COONa COONa
KM DHMA
NaOOC COONa NaOOC COONa

KO-+ G0+ HO-G- G0
NaOOC COONa NaOOC COONa

Na00|C QOONa ?OONa NaOO(|3 ("JOONa
HO-(F-?-O' + (‘:=0 — HO-Cll- ((‘:-O)H'
NaOOC COONa COONa NaOOC COONa

Figure S. Glycerol oxidative polymerization to polycarboxylate.

frElskal TEMPO = Whgo] Eupdd heksl &3 3] 34
= o] QItH15]. T DHA A4 3, f‘&ﬂ B AE WSS 218
S kel

SIS1% o HPAZF S5 20 h WE F 25%9] DHAT e
A4 200 h WSS ALH O WA
HPA7Z} 343=9ltky Bux 1 »15}[14]-

S ] 30%2] DHAS} 35%2]

2.1.3. Oxidative polymerization

CeBiPt/C Zull(5757] &/d3K(steam activation) ¥ E/J%hHell CeCls,
BiCls, PACLS 4] ¢ Zvll) ARg-abd A B dvheld E3A
2754F8} a1 E-Ak-S(one-pot  oxidation polymerization process) .=
=24l E9] polyketomalonate (PKM)C.Z Figure 59 o] I = =
o], 98 AR Al ZRI7FEEA H 0] E(polycarboxylate)
1990 dt] FHE 0] 5 A9] KaOAl M= AEHE- AlAle]l 24531
SlTH16,17).

2.2. Glycerol ether2} HES: H=ASIH|
H5elAE 1990 AAT 7HERS Hh 2 Akd FHES Aok
SHH= “Clean Air Act’” W®o] W& E Itk MTBE (Methyl tertiary
butyl ether)i= 3ol AAALHEE Hol= SR HAEA, AF
2F wjE7E ] Eqbd ALl &3t Arkshekas Yl vhalA o) wiE T
& ARAAF7] bl fEjuet A5 del el ok 10~20%71 A
ZHE AL Wol ALEE % 30% 7N AUEE B9 o8],
U5 EPAT MTBES S9&d FHIOR SAfsto] w2 o]
T AR ol M AFT HEE Kol Stk SAIYAT
#Q) IARCE MTBEE 1% 322 273l QA=A
2 % vk ek olel e AFE HE A AREEAA B
o] Sel| i QR QAP thet Arkaoln SR e
shusl) £5iel] veltk @Al vIsHe MTBES] Eokod
31715 0.1~320 ppm, A3 3752 12~720 ug/l, W =
S8 ATAEPAIE 20~40 gL E AT ek A2 Fleli
AR ST 20050 ©]o] A2% MTBE LG e)x
AH2006~2007' 32)2 Fall AHrelA ] WiASE 2 oold
Aefele] 29 S ol g ZANE A3k, Fha T st
ot MIBEZL abee 2Esel =9 8 Wi 2ol
MTBE 74, 22 AMS ehd 7 5 5849 feuete 2
%, AN dlgoleta gl
YA ES oA LA S doA

M

N
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Figure 6. Glycerol to GTBE.

Al Bkl 53 acrolein®] THEO1A AF AR E AMEEA = G
kst 3152121 glycerol tertiary butyl ether (GTBE)% T] Ao} H]—O]
oA A59] ANSAAZ AL TFsAol w0 & 5 ok 53]
1,3-di-, 1,2-di- 72|31 1,2,3-tri-tert-butyl glycerol> T]AA 7| &3¢
=™ hydrocarbon, CO, aldehyde 3}31E3} -2 53 BEAE29] v
S A FaA7)= ZAos Jebdth o]H alkyl ethers:s= A &
== glycerolo] 4t Fvll 7oA isobutylene ™} RE-g-A17]1H ether
7} 4 =™ two phase ¥ ,0_74](2314]&0] TS 43747 SeHo)
FH-eh slolEr TN 9] EElwo] TR O}O]‘:iﬂi Jom 4
Al B2k o] JjEgo] I AE F=X|(amberlyst resin)= 53]
g, F2MES5 vEhe-2 S 95 (catalyst poisoning)S B}
7] 18 WkEA] AAE Oof Stk H3 MTBES HlAlsh] S8, 22
33 wSelli= GTBES AHE-SE AWEe] XIAS AAS 4
I OREA] SFEAEe] gt AR AstadE el Zo® U
Eluitt B2 HEals5 o] A2 H7HAIQ] ‘GTBE (Glycerol ter-
tiary butyl ether)’& &3l Feat A5 el Salo] dojd Ao=w

Askar Qlek o] GTBEL: 7]54Ql WellA] ¢33/ MTBES] it
2ol d 7 9l Jlor i 5, 58 S8 Y ol 9
B71Re] B gAY Zhs s vobrt o] A7kl Aed A
AR FTAHOZRY WHEojA7] wiie] ARG ) &
the 43S A9tk ® GIBEE 874d¢] ofel Ask 291 <
= SaL v @4 JsHHolnk 7H SHlelM i o] S dAsat
A flal T2 dicksdo] | = ol Ty dA SelARE ve
SRR 2 0T ey sAael SElAlfe] 971l

AEEA gtow
[18-21].

GTBE: =E|AE3 o]AK 2 l(isobutylene) B+ tert-H-EHE(tert-
butyl alcohol)= 4 Sl Z=x1e| X WRGAIA dgich o] W AFE-H
T A Sl AHYAE o] 2w dH|, Y-Al& o] ELt beta Al&et
oJES} 2 EtdAl FulE ARE FTH20,21)

GTBE:= tert-butylene®] v} E-tfof| w} Figure 63 7o)
MTBG (G + IB), DTBG (MTBG + 1B), TTBG (DTBG + 1B)?] &3
o] vEol=d MTBGE Aol &3|=r}t wors DTBGY
TTBGS] AAdZe] BE55 v 7= f28k3ith Rohm &
Haas®] amberyst A 35 FulE A3l 60 C W35S o
DTBGS} TTBG2] &) 88.7%%l $-5-3 B4 GTBES 4T
T ASATL

Aol YiE wobd 5 Qe Aow o3t
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2.3. Hydrogenolysis: Propylene glycol

HT FPANES ZERIASYF(12- 22T E A AYE
71%z0] 7 H e, vio] o)A Mu|2HE A3 F5d(70% TR
AT F + 30% 2YAD) S22 A, FA, Fh3} =ik o)
378200 C, 10 bar ©]8}, CuCr,04 F1l| 7oA S| MES] hy-
drogenolysis (BREs- & 543} WES) o2 A|F 3k} 22-25]. ©] Wk
2 oA E(hydroxyacetone, CH;-CO-CH,OH) S3HIIE W= o] o
A TRz A AA AN t7gels] ocHES W | o]
o], F JA FAoIME 200 T, 10 baroll A $2243F whgow Tz
o] 73% PAEEH, AHENE BE z2ddgeEng @
A 7 Aol & Zo g dEA Qlth o] AL ATS Fulse] 947t
Qo fA 95 dxfo] wAlsh=d| 13l cupper-chromate Zr = T
ool A glo] e 42 SEAES AMEE & ok A
o] Atk THA oMllES B ZEEF Ax Y] Ta% Rier®
Y w2 Sgtotel EgHrh26,27].

2.4. Dehydration: Acrolein

o} Z @ Ql(acrolein)<> acrylic acid, acrylic acid esters, polyester
resin, polyurethane, acrylonitrile, 11543 Z&|H, °JokE, 432
Al, AA & AL 38 Allel] AR = Sl tHRA] St
ujd gk £0] ofm R Qlo] 2] AbshhE- o R 3] Hu
Atk okAE R 1990t FHkell AUNEl A Sl Z7ielA Ze
AEE grshs R 52 F8E dold & Adeh SAE-
T57]1 EFES 250~340 ColA Ab Fuf xHielA wkgA7Id
(Hammett acidity function .2 -2 ©]3}] 2Hd 271) S| AlElA of
Azglor AHatA Hgdrh o] ¥4 1A BiMo &3
Zuflof o]t g 0] AbsREg-e o] gt ol A= Q1 AZH ol H]F]
Aol Wof ofA7A & AHgstEA] Tk HoE 29AFE
ARt ofmLEm RIS AFshs o] AAH oL o] FA A
oA 7HA] A-gAdo] wol st A= FATH28-30].

2.5. Reforming: Syngas

Ao R b HAlARl AEE: glycerol 9] $8HE FQ
ks Gl WA MEElE o] 8kl WA nhdEd 23

ol A(225~300 C) SEYMHE 429} COR HAFsh= 2] ™ (reform-
ing) ¥JY otk o]d 7t (syngas) AlxE FA7EAY
Fisher-Tropsch 37go|uv wehs 33395 B3l st slst=de]
A7 7] wjZFel Aoid oz T 7]&olth31]. ¥ Yol 25
T Hwaikso® JA o 2HNES] A= =57t Eot o
GeA AFES UAE B ouA] a8 9-elthl]. HE =8
A ES Pt-Re SIS ARE8l 4371~ 2 H3$kA|7] 31, Fischer-Tropsch
%1l 53l hydrocarbonization 3+ Z4# N AZk(liquid alkane) <1
& AlZsh= Figure 73 22 37g0] 91AFA1 gt Aggle] &)

I = TH32,33]

2.6. Fermentation to 1,3-Propanediol

< 2289 =9 X 2d o] E(propylene terephtalate)i= A= 7+
HE A2 z}F 1ka Ql=d), DuPont2] Sonorat} Corterra Ad-+=
2NE ALk o] AZ A =l ZEAKterephthalic acid)@} 1,3-3%
Z 3] E(1,3-propanediol, 1,3-PD)2] F§o1d o] wl 1,3-PD AZ=E
3 Wa gL Fu AuEAE FEMEe] &g ¢ 9tk 2Ha

57l Citrobacter, Enterobacter, Ilyobacter, Klebsiella, Lactobacillus,

ol

Sslsh H20 3 X 4=, 2009

=]
-2

o,

[and animal fais} [ Caro iyt ]
l’ Aqueous
Tr ans—esterificatiod ‘ Fermentation F» Ethanol

(5 wt%)

Aqueous
Glycerol
(25~80%)

Waste
Glycerol

Low temperature
Satalytic processing

(

Methanol
Synthesis

ater-Gas Shiff
(WGS)

Methanol

Fischer-Tropsch
Synthesis
!
Liquid Hydrocarbons
(diesel, light naphtha)

Figure 7. Schematic view of liquid fuel and chemical production
through catalytic processing of glycerol[1].

3 N, 2 Q
R +HO L OH— R — 9
o o D A ¢ o oM ban

Diallyl Glycerol
carbonate H

OH

Glycerol carbonate

Figure 8. Glycerol carbonate may be formed from the reaction of a
dialkyl carbonate with glycerol[1].

Pelobacter®} Clostridium &4 ARESITE BE A¢ SgAES
o] WA 3HoE FaZkvl WhE Alel wEl 1,3-PDE HgkEch
FH 1,3-PDO gt 2= F53kaL UTH34]. 19901l Mol A]
25k 218171 204171 $RE ©]1] 100000 ton/'d OO0 2 F55}o] 1]
2] Shello|4] 73000 ton/'d, DegussacllA] 50000 ton/td A8AFE] 11 9]
= Zglo2H AdrelA ogaiZelE A A uiwksg, uislkshg
o] A== Aoz dHA Stk o] 1,3-PDE ks A3ted ¥
e G2 gil E&S 7 Yo AdiF o R vl SYMES AL
3t} 78y 13-PDE A BEE AT SRAAE AL
FozM o]FofA =l o] e FFAAAN FEAEE T
ZAE7} E3FE o] QITH34]. o] 332 NS FlEl 2003 dF-E w]=
SlU A =(DOE, Department of Energy)ellX] ©F 20092] A71]E A
A3 DuPont¥} Genencor’} 3% 7iteh= o= AdeA QIrh3s).
H 3 71y ClellXE 1,3-PDE] s S8l st sk
7, Fgoista gk ael] AT1E A hehs 2o ® Helt36]. #H
AT BauAe] mEE Ha IS AR A R 7E dojuhd)
2452 of|dolAElo| E Aol T2 1,3-PDY} ]FS] 1,2-PD7} oF
40 gLo FEE FPHAA T, 5] FENESFIATS H)7]

S

gl

2.7. Glycerol Carbonate

=2AlE 7FH 0] E(Glycerol Carbonate, 4-hydoxy methyl-1,3-di-
oxolan-2-one)<> AUF 22 22 EAZ ey dela] FHsH
AREE 5 olE Y S T BAE TR T uke] TR, TR
TR =25 ugt &, 283 o] =49 AR FAE
NEE B SAC R Qlsh nio] o SEAEZE ARE = Qlrk o]
A& Figure 80 VeI ol o] FE|NEF tHErlH o] EE
W E ] ©8 EAFuNE R g R A5 PP
W FEAIE ROl EE SE]AE(glycidol) ¥ 22 AR 3L

XM @ ok
>
E|
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Zeolite A 0 OH

O_/OH

86% at 35 mbar, 180C

Figure 9. Glycerol forms easily from glycerol carbonate, catalyzed by
zeolite A (or 7 -alumina).
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Figure 10. Highly branched glycidol polymers.

2 B EuEAdR A3t SgrlEe VEele olHYE
(allyl alcohol)S 43} WH-EAIZ] ol 3 2 23] ==(epichlorohydrin)
S PO AT FYMER FH SYAE FHRMOIES §A
she g 37go] a’kx|o] A7t SEAEY S84l A8E &
Q& Floltk. S A& Figure 98} o] SEAE IR HO|EZ Y E
g el AlgElolE AL Yol 15E= AojZITK35 mbar, 180 T
NA 86%, 99% <I).

ofFA] HX Y e f-det Ax Al SYAES 171 RO E A
So =t SYAES ZZET A E(poly glycerol)olgt E&]= Z&] ol

E 2& 2] E(polyether polyol)Z 17A}8} At o] &9] w2 W34
S|EFA] Hs7]9 HEEALSRE QlE) terst fEAlEe] vheolAH

sPgEelM Y 2AE TkebA -87dEo] /i E It

AMZE ANZIAE A 272K highly branched polymers)i= =
AlEs 2UEAR ARSI o] AdZAE Ad S8iE 183
o] sEAAto] 5 9] Hyperpolymers©l] 238l Ad5-3kich o] AlZz+s4
of wEd BAk BTt F2 SuAlE LEAEC] Kg 991E it
g 4= olrkar §h37,38]. ©] aARES "l=m gl o] EAEto)
<7k Figure 1049 #5771 953HA Eo] 22Fo] 5000 g/mol
A 68709 B1=FAZ7E Sl FEE AR AL vhEolxinh

ol AtZIAE Ad A= 2] (glass temperature) 7} <>
Fe A2olMs T8 AAE =3 grflo] BF & 5= 540]
T T AR SACE Q8 f-83 AAEY] N Tks
At glet 53] nEIER] Gl AlA, ook, A8
71 mA o 9] 58] Ak ek B ARG EFo] & Eof
polyester polyols, surfactants, coatings and alkyd resins, new sol-
vents, and polyurethanel] $-8-0] 7}s3}th

0

[¢]

HiOBR ox 32 O
E
N

i e o ofr

cl
o~ B A7+ Hel
Propylene Allyl Chioride
(AC)
cl,
H,0

A T f oy —eoH Cl\/W NaOH
_NaOH | .
\/\/ Catalyst \/\/ a

Glycerol + HCI 0
Epichlorohydrin

OH
CI\/\/CI (ECH)

Dichloropropanol
Mixture (DCH)

Figure 11. Synthesis of epichlorohydrin.

2.8. Epichlorohydrin
ol 3 2 2 3] = (epichlorohydrin)< AIFHA] 4] A Zof| ALE-E]=
slelEd R t]3 22 X 238 (dichloropropanol)& FASIIEF O R
Aglate] AzFTh A AAIF R 2005 1407 Eo] AL, =
el A= 2001 125 53 & AAHE v PSS AR-EE 94
ARE FHIZolE oAlFA 7R YAHE 57k AR TR Fol AA
Zdskel FAARE SRR ot $Etal Atk 7 TS YA
HE 2000 KgOE SHAIE 7HH0] st SYMlES dEE
AR Pdshes A AAol e ZoE Rk
AN 22l GAist vho R U4l FZeto] E(allyl chlor-
ide)S #H=11 37} H,0/943) W-g-0 2 tazeIeas-s 34s)
ATk < Solvay AlllA= SRIAIET Akl Sullnkea) kst
EHO = dehydrochlorination A&EHHS 02 AR 07 A Zdh= W
HE e th(Figure 11). 3] Ml E(epicerol)ol2}t B2l 22|
< d5% k= ¥4 elXe SYAE hydrochloric acid®] 25 WHE-
o FAIQ tlagRIeeo] AT wEA FEAES
B2 e 348 TR ALTIACL)Y) HHo R o4 g2
= v AFA duazEs| = AzFPe] =2
AR AHEE Zlo® wy fok dAH o= oy
st | 25 v StollA] 2 ko] Ahsl E5 AR
StEE AstE FEES FY 5 Avkar sttt 7]E9] Az el w
29 94 kel mE x| §-23 e v)gow dn]gol
AAE 471 5% o AFAIE oL, SolvayAke] HlFAlE B2 &
aviEe] 1 HEAE Hlgo] il A At 3HE sEvE

Zol} efrdstar itk

=
SIEEERE

AlE 3742 53]
[

o
=
oj=E wWheo] 2
=

2.9. Esterification to glycerol diacetomonolaurate

PVCE| 75 2ol ddata /A7) A2 el d EdolARt o
710l 7FaAE 7R 2 SR B &6 AEE Aslelo] 4F
71ab] 8 AdEl7E Eok ol9) o] FefaEe] RS AAst
I 27V AAl e AE 7FAsKplasticization)2Fal Sk o R
] ThaAle EAol fle AARA e 7T A e
SEAIRE gAleb Blaate] EAlgo] A FuEly] ofEe HelA &
Aol th=ok. @A PVC ol 2F 30% JES] 7taAZE ARHE-E I 9l
<=l A AR ZEEolE AldY tiAls SETEEC R A
o] Al E4do] Hoj ARgRke] Zoj5al Qlar, thAl 7HAAIR tri-
ethylene glycol, benzoic acid, 2-ethyl hexanoic acid <3-&0°] 13-4
TtaAR AMEEEE o] EFA1S] 712 1800 Y/KgE A HEA T
Holl 2-gA] Y, WA, FEE 5 =4 Askel Wuleiz i A
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Table 1. Emulsifiers of Food/Cosmetics Industry

ot
pr
o,

Name

Common name

Glycerin fatty acid esters

Acetic acid esters of monoglycerides
Lactic acid esters of monoglycerides
Citric acid esters of monoglycerides
Succinic acid esters of monoglycerides
Diacetyl tartaric acid esters of monoglycerides
Polyglycerol esters of fatty acids
Polyglycerol polyricinolate

Sorbitan esters of fatty acids
Propylene glycol esters of fatty acids
Sucrose esters of fatty acids

Calcium Stearoyl di laciate

Lecithin

Enzyme digested lecithin

Monoglyceride (MG)

Acetylated monoglycerides (AMG)
Lactylated monoglycerides (LMG)
CMG

SMG

DATEM

Polyglycerol ester (PGE)

PGPR

Sorbitan ester (SOE)

PG ester (PGME)

Sugar ester (SE)

CSL

Lecithin (LC)

Enzyme treated lecithin

o] RaAl= FA o] Bk wEbA FFoll= o A
ZhaA A7 s A Zo0® odEH, Pve § sole SEAE
Al 7FAIY 22 AE e THAAS] ARgo] S7HE AoE 4
et # < A129] Riken Vitamin AFlA & 2% H7HEE 7FARAIR]
ZYAIE tloHE R wgh-2o] E(glycerol diacetomonolaurate)s 4
Mt SEAE HoMER 2ol Ex dA2 SeEY} 2
S Klauric acid)2] AAHZS} THeE Tl Bigle-o]ES &

W SR vk oRIEARS WSAIA F3eiTh

¢

2.10. Selective Glycerol etherification

A E 5188 FHe ZEYHE-olAHE(PGEs) = Al
HEA, A, sPdE 9 AEE 7R ARRe] S I ik
5] PGEs= 2|2 eAE AKEE 4o, ol AH=3} w3 H e, A
o] Bl ule} cheket 7158 sk Fri4042].
ZEFyAlE 2 ol ARl FA W AAR o R wAE
ol gz oz ZejgeAdE A vheol douhies Saf gl vt
1) Aol gaste SEIAlE oE =gk W2 250~300 T,
Foro] whS-7lol A Ak E97]E Cs o] w3HE X zeolite, ZSM-5
zeolite, MCM-41 mesoporous =2 0|1} LdFulL) FZuf S ALg-5ko] B
T WSS Fall stk H2o A7 Ede] EW Cs-MCM-41 F
W2 f2AEY EgEgAEe] st A8 s 90%7H4] &8l
FAdRlo] A= STk olel] vlEl] ol a &1 Nb,Os SHiE AHE-S
o] 315 C, A9 fixed bed reactorol| 4] B+ WS- F3&l A3t

> ol ) e

[¢3

2.11. MEEZ |33A: Glycerin fatty acid esters

Glycerol A"t A AE|E 35S 25, 3P4, ofolA~Td
o] thefst AR I ARSE L Stk AEEEel AHEE
F/38ES F3AE Table 13 o) vil$- thekai.

1> ol

3.4 E
2L thorst st g, 1Akl ARS A Ul vlo] e
HAZAZ ANEA 2E92 Ack g, FEo A, A5 2w,

Sslsh H20 3 X 4=, 2009

oekr o 2 FEHE] AE S A3kl sl Z2Ael 1ok
a1, QgEelA] A elst A7) theksl §-gAlsEe] Ak 1 gl
== A =Sk SEAlEe] FEdos AfEAY, S5 A5
=5 Tl 2gAlEe] B2 ask [ glo] ukE gk v 3| =EA]
oAl =(dihydroxyacetone) .= BI= 34, 18] EA7IANH, +
COYE Alxste] AR ARSE # le 2 AT 4% 58 1%
stsiek. 51383] AlAl, ARE, sPgEe] AAARE AR o e
ZIA7F & FEAEC dist AT AE xYste] Hkth

SEAES =4 A& APFelA ] 7 Wso] AA, AMER 7t
7HA] SER O] kel st A4 wheto] A= ojof EHAA|NE
A AARSE wlo] et ABakro] F53lA STAE FARES
AF SUFE EHERE IR S8 A 3l dist A
T7t 55T ASRE o dH.
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