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Abstract : Organosilicone—based surfactants, consisting of hydrophobic organosilicone groups
coupled to hydrophilic polar groups, have been widely used in many industrial fields starting from
polyurethane foam to construction materials, cosmetics, paints & inks, agrochemicals, etc., because
of their low surface tension, lubricity, spreading, water repellency and thermal and chemical
stability, resulted from the wunique properties of organosilicone. Especially, organosiloxane
surfactants, having low molecular weight siloxane as hydrophobe, exhibit low surface tension and
excellent wettability and spreadability, leading to their applications as super wetter/super spreader,
but have the disadvantage of vulnerability to hydrolysis. A variety of low molecular weight
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siloxane surfactant structures are required to provide the functional improvement and the defect

resolution for reflecting the necessities in the various applications.

This review includes the

synthetic schemes of reactive tetrasiloxanes and disiloxanes as hydrophobic siloxane backbones, the
main reaction schemes, such as hydrosilylation reaction, for coupling reactive tetrasiloxanes or

disiloxanes to hydrophilic groups, and the main synthetic schemes of the tetra— and di—siloxane

surfactants having polyether—, carbohydrate—, gemini—, bola—type surfactant structures.

Keywords : Hydrosilylation, Low Molecular Weight Organosilicone Surfactant. Tetrasiloxane
Surfactant, Disiloxane Surfactant, Polyether Siloxane Surfactant

1. M B

g 22 el 7] (hydrophile)et X671
(lipophile)/24=7](hydrophobe) & FAlol| 7FA]1
Ue FES ANEA= A=A &4
SHAY e Aol ool wHEolA oherst et
A 25 e f71EEESeln1]L ERkEd
AR GA = &al4A(hydrocarbon) F71315HE
o] A47|2, J81l o|24-H|ol2A f713%E
o] M&7|2 AT wHido| AEA AWg
AAE §7| 4 (organosilicone) SFES A
712 AR A5T7le AN B3leAad AHg
Al Ate AL71ET TS ol2Ad-Hol
4 f71eREECIt [2,3]. ©Ekeasts oE
55 Ade 7K AU ES AR
TAE AE2A ARSI 2 ANEE F
71E9] #3laA AHSEALE FASA o
£ =ohehd AdE yehdtH2,4]. o] w2t
A ZA ARSI 73 dE-AN TlER
A, B Ast, AP FY 71sES A
SPEE, Teda, E9Ee 7122y, AL, F
g Az, AAE WA, Ezto] ZE, dtdHE
A T Foboll 8% Ut [3,5-91.

AeZA  ARSAAT  AEFA4HGiloxane
Si-0-SD& 2572 FAE A4 AHDGA
o =3y EAL adteaAd AWgdAt
Hwgd o 3-5H% 2tole] ok F5HE2 (1
ARLEA L] FE F7tl wE AWAE §sk
BRIt AR AEE(CMO) E=
AA-SH 5 (critical aggregation concentration
1 CAOE HY (2) AREAA EAAZe o
U CMCE] H3l (&47]17F AAH #H
&t Aol s 7t Wold) (3) AHE/dA
AR mE goxo] ARG A 29t

Aol I3 AF (@) ethoxylateE IF7|2 =
dotal, AHSGA +8h ] 2% s Al &Sl
T7F Rotx WA clouding @74& Hh Ao
e (D) HANAE AREdS vebd (2) A
ASAGA o] mHAEo] 20 mN/m 7HA]
H$E 5 A @EeaA ARSEA 89
EUAHL oF 30 mN/m) (3) Exjgo] ot
WS FASHL AHSGA -gAoME A
= P45k Y=t 5,101
ShAIRE AE4E AREAGA S 44791 A=
Si-0-S)2 7=l 7Fs/de] =t Si-O 4
= <
=

[e]

<= Astelu A7t A dell Hiet A4
Zg/go] A Si-0 AL 2 A7
oz ol FAd APl ot 29 A=
Al 53] Atolvt @719 Fuzrge s Si-O
de]  golstAl  EellEe Aol Ao
[4-58,11]. A54F A4 = A <A
Al 7l o] v R4l 28] silanol&
@735, 101

lo 9 ol

i\

=5i—0—-9%=+H0 < =5—0H+ HO-Si=

ot AEL AHEAGA ] Tt @4 F
4z (pH=7NolM= = u|ksiAgh A E
E g7t 23, 28| 1294 sigHEnh A
Sito] B3 HEoto RS =] wiie] A
A4 ARSAGAA7Y 24014 monomerEHR =

A e TR 7FsAdel 2a AsAE AY
A9 s=7F Eot utolds JAdshH 44
= 7H AsAto] wiold iR fiA|ete]| et
=0e] FHFo] FfAHA TreEel et Fagt
oh mEbA AR AEA AREdAl= CMC
7F ot monomer P & AU GAEAS0] B
of bRt & whdoll, 1R A=A A
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A4 = CMC7F Wol monomer@ eS| AW
A RS e Ho] FteEsigrt wi¢
A2 AgFo]l Aot [5,10]. wEbA AEA AE4E
AHEGA L] A= 7HESE dAIsH] $Ist
of okt BEARO ®EE Alkstal it
[4,12-14]

Ae|Z2A ARGAGA A A5 RIFADLE
2 gutdoz epleid] o dat AAsMdo] gle
254 (lipophobic)&  WetHiA|gt, {744 1E
o] gapeo] A meEt AfAA ARAEL
2 HHE Aol dtt.  wEkA 24 A™
A NN f7HAE 2T EAFe] FopAd
Aol =HHA eHdlgacto] AHAEo] e
Zrobdtt [4, 9], EIRF {7 ATTS] EAFEol
Iy Ze agdoz Qs Fofl gk gaf«24t
ol 2] o5 BEE ofle HAHoR AW
A Aol 7] uiEel] AWEgAe &
B3 584 SHoA THol Ut [4, 91
E3]  2~5719 AgE dE &R A=A
F71A=E AR GAE 2 it Hx]qr 9
et S=E ZHA QA 8] W2 FHA
g, EepeAete] e AWAY, A4y IA®
ol digt  ggst S8/93 Z8-(“super
wetting” EE “super spreading”)& Ho] Frf
[4,6,15]. ©]RAL EAFo] AFo= <l #H
It AlHo| A L] compact packinge] £olstal &
ARSI w27 g &oltt [16-17].

E g &4 trisiloxane)2 AF7|2 SH= AE
2 §71AEE AREgA e oreket sEhtxet
EAdof tholixl= ol FAdoA[4] gotEska,
2 FAAE B oE AHEA AE4R]] HE=
A Z 2 H(tetrasiloxane)Tt  tho]AEAH(disiloxane)=
A5 IFo=2 FAE AEA ASLE AHE
Aol 712AQ e =, AT, AHSHE
< Zgoto] o AEEL e FEFE =
staral gt

2. 2B

2.1, Tetrasiloxane Surfactant

HEZHSA AHSAA= 4719 AEHo=Z
TA" 4244 tetrasiloxane®  ethoxylate,
glucose 5 YutAQl A4 I5E linkerE ©]
goto] AAR] Fxolt}y, HESAHSA AW
ALY Z1EAE]] Axe A HESAEAS F

A2 714 AREYAY AT FF H2E) 3

°f S AZ&Scheme 1 (2), 24 HEZ
AZA] G T 5715 AA(Scheme 1
(b)), S4 HE=ZHFAY F3to]| M71E A4
(Scheme 1 (o) FHESolth dutroz 24
HEGAEA ag7lds B8 2719 A57]7t
AZAH dicephalic type®] FEE, T3 =4
HEGAEA a7lde B8 119 5717t
d4d FHE st k. =2 4 "HEZ
4 aFTle 2~3708) Hprvh AZd
dicephalic E+= tricephalic type, 270¢] HE=H
24+ AWRSAAAT} spacer® AAE gemini type
o] AREGAE FEHL o 17He] A7
of 27 ol Har|7h AA" AWLAE
bola surfactant2kal gt} [18].

dEstAEA 447 sehire Fal 24
8 ARAA HEAES AR 34
gty 22 HEaASHScheme 2 (2) A

= ¥-&Ado] gle wie- 5] wiEol hydride,
chloride, amine 59| HF--A 1Fo] B2ty Hk-$
A tetrasiloxane backboneg o]g&3gtth  WREA
tetrasiloxane backbone2 E|EztdE4Ee] 7|2
ZE FAISHHA ¥ OEE st Al
B7¥std F4=719ke] whgo] HlwA golg gt
oflel st x| MF7|E B 4 A
=t YA polysiloxane backboneo] 24=7]
g Hrttke 7P dubEel i ES
transetherification,  hydrosilylation, — two-step
synthesis & < ¥rgoltt [59-10]. %¥HSA
tetrasiloxane backbone®] 7-$-+= hydrosilylation,
two—step synthesis ¢ W& FE A}E3ITh
Hydrosilylation (77 A&4=484H-g)-2  hydrideZt #
Zh=E] YRS A] tetrasiloxane backbone(Si—-H)ol &
Z3E FHA B linker® AT 54 1
B2 HEEmxAstolA ¥-EAA Si-C 28
AN E WgoR, F2 H47|2 ethoxylate
E FUHRE o ol&skes @A HHolth
Two-step AdolA = 122 LIS
tetrasiloxane backboneol] #4444 SHN-S o]
sto] g2 93 Iws FUie ¥ 2xE st
= 71§ FEobske Aot ol3et two—step
gL ol EET JIsdIsS

H O

Ael2A AREEAE 442 o F=2 ASEHE
H
=]
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Scheme 1 : Basic Structures of Tetrasiloxane Surfactants

CHs; CHj; CHj; CHj;
H3C—Si—O0—Si—O0—Si—O0—Si—CH;
&My cH,
Linker
~«—— Hydrophile
Comb-type Dicephalic

Linear Tetrasiloxane Surfactant

(a)

| o
..*Si—ngSi-O*]*Si’.
I I 2 |

Terminal-type Dicephalic
Linear Tetrasiloxane Surfactant

(b)

CH,
H3C_S|_CH3
cH, © CH;
H3C—S|:i—O—Si—O—S|i—CH3
CH, CH;

Comb-type
Branched Tetrasiloxane Surfactant

(c)

Scheme 2 : Functional Tetrasiloxane Linear Backbone
CH; (|3H3 CH;
H;C—Si—O—1Si—O-——Si—CH; Decamethyltetrasiloxane(DMTS) (a)
2
CH, CH, CH,4

CH; CH; CH3
iAo Al Qi Comb-type Si-H functional Tetrasiloxane
HyC—S8i—O0—8i—0 N Si—CH; 14 1,3,57,7,7-Octamethyltetrasiloxane _ (b)
CH3 H CH3
CH; CH; CH;
. . . Terminal-type Si-H functional Tetrasiloxane
H_Sl'_o Sll—‘O 2 Sl'_H 1,1,3,3,5,5,7,7-Octamethyltetrasiloxane  (c)
CH; CH; CH;
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Scheme 3 : Functional Tetrasiloxane Branched Backbones

CH,
H3C_S|_CH3
cH, © CH,

H;C—Si—0—Si—O0—Si—CHj3;

CH; CH; CHs

SiMe;
5 (a)

Me3Si—O—S|i—O—SiMe3
Me

Decamethyltetrasiloxane(DMTS)

SiMe;

3-Aminopropyltetrasiloxane(APTS) | (b)

SiMe3

Me;Si—O—Si—O—SiMe;

—0N—0—

(c)

o
Me,Si—O—Si—O—SiMe;
(CH3)3

I
NH,

(CH2)3
| 2-Aminoethyl-3-aminopropyltetrasiloxane
NH (AEAPTS)
(?Hz)z
NH, .
SiMe
)
]
Me3Si—0—Sli—O—SiMe3
(CH2);
3-Chloropropyltetrasiloxane(CPTS) cl
2.1.1 #r-8-A Tetrasiloxane Backbone AqutzAlel Si-H functional siloxanes A5}

WS4 tetrasiloxane backbone2 comb type
9] Si-H functional, terminal type® Si-H
functional, comb type®] amino functional,
comb type®] chloride functional tetrasiloxane
0l Uk(Scheme 2, 3). i ¥R
tetrasiloxane backboneoll X AE4F ZAE o
w2t linear  type(Scheme 2)@t  branched
type(Scheme 3)2 FEHch.  7HF timA<Ql
tetrasiloxane backbone2 comb type] Si-H
functional  siloxane®! 1,1,1,3,5,7,7,7-
octamethyltetrasiloxane(OMTS)(Scheme 2 (b))
oJtt.

-,

Wr‘

o= cohydrolysis®}t equilibrium reaction
2 7 e ol8%H(5,9-10,191
1,1,3,5,7,7,7-octamethyltetrasiloxane(OMTYS)

AAdst= cohydrolysis®'#H-2 2712
chlorosilanes FAlell 7e&sl Al7l= WHlos
trimethylchlorosilane
methylhydrogendichlorosilane& 1:19] & H|&Z
oot &5 Hrtsto] 7hEsl ks A7
M comb-type Si-H functional tetrasiloxane©]
g H(Scheme 4). ¥4E Si-H functional
tetrasiloxanet= Si—-He| Agov=|7t 27] wj&
of §kgAdol =of o7l ALAIFE T2 8ol
St #rre & Qo

i = ol rr
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Scheme 4 : Cohydrolysis of Chlorosilanes

CH, CH;
2 H3C—S|i—CI + 2 CI—Sli—CI + 3H,0
CH, H

Trimethylchlorosilane  Methylhydrogendichlorosilane

(|:|-|3 CH; | CH;,
——> H;,C—Si—O0-}Si—0 Sli—CH3 + 6HCI
CH; |H |, CHs

Comb-type Si-H functional Tetrasiloxane
[1,1,1,3,5,7,7,7- Octamethyltetrasiloxane ]

Scheme 5 : Synthesis of 3-Aminopropyl tetrasiloxane

OCH, CH; CH,

H3;CO—Si—OCH; + H3;C—Si—O—Si—CH;
(CH2);3 CHy  CH,
NH,

3-Aminopropyl

Hexamethyldisiloxane(HMDS)
triethoxysilane

CH,
HsC—Si—CHs
. l
(CH3),NOH CH, 0 CH3
Tetramethyl H;C—Si—0—Si—0—Si—CHj;
ammonium | |
hydroxide CH, (CH,)s CH;
\
NH,

3-Aminopropyl tetrasiloxane

Comb type®] amino functional tetrasiloxane
backboneQ!  3-aminopropyltetrasiloxane(APTS)
(Scheme 3 (b)) 3-aminopropyltriethoxysilane
T} hexamethyldisiloxane(HMDS)-&  tetrame—
thylammoniumhydroxide Zmfsto] ¥HSAIAH F
2ttt (Scheme 5)[20].  #44% 3-aminopro-
pyltetrasiloxaneo| 5| ¢]  o}RIZ]= H¥Rg/do] Fof

AFEAADE 585 |olotA 87 & oot &
2apol=r7t Qe ¥R§A  tetrasiloxane

backbone{! 3-chloropropyl tetrasiloxane(CPTS)

2 3-chloropropyltricholrosilane®}  chlorotri-

methylsilane& isopropyl alcohol §ulj&715}of A

2o aplell sledd weAA wAwcd
(Scheme 6)[21]. 8] o717} & e

9h-§4] tetrasiloxane backbone§l 2-aminoethyl

Journal of Oil & Applied Science

(AEAPTS)2
2—-aminoethyl-3-aminopropyltriethoxysilanex}+
HMDSE tetramethylammonium hydroxide Z0f
Stof] WESAlA  FASEAW(Scheme 7 [11)[22],
Scheme 60114 FAE 3~chloropropyl
tetrasiloxane(CPTS)E  1,2-diaminoethane¥} ®F
SAIA EdcHScheme 7 [2D[211.

—3-aminopropyl  tetrasiloxane

Scheme 6 : Synthesis of 3-Chloropropyltetrasiloxane

ci CH,

CI—Si—CI + 3 H3C—Si—CH; + 3 H,0
(CHy); ‘-|7|
&

3-Chloropropyl

Chlorotrimethy
trichlorosilane

Isilane
CH; + 6 HCI
IPA .
[ H3C'—S||_CH3
cH, © CH,

H3C—Si—O—Si—O—'S|i—CH3

CH, (CHa)s CH,
Cl

3-Chloropropyltetrasiloxane

2.1.2 Polyether Tetrasiloxane Surfactant
ZPoEH 2 HEESA AUSEAE HE
SAEA AREGA F 7P dE2AQ Ao=A
257] HEZHZAo] Ap40F0 R ethylene
oxide T+ ethylene oxide/propylene oxideE H
73t ethoxylate ®+= ethoxylate/propoxylate Ef
4o Hlol AHZGAleltt. e AT
octamethyl tetrasiloxane(OMTS)¥ Z14=7] allyl
alcohol  ethoxylate %+  allyl  alcohol
ethoxylate/propoxylateg ZA3ct= 4% AR
A9 Fzxe A7t 278 ZF¥E bola Ee

dicephalic surfactant’t HtH(Scheme 1 (a)%}
b)).
Tetrasiloxane ethoxylate surfactant=

octamethyltetrasiloxane(OMTS)Z}  allyl alcohol
ethoxylate® W& Zu(H,PtCle Speier’s
catalys) ZNA FAFARESS Al7IH @4

=th(Scheme  8)[23-24]. Allyl  alcohol
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ethoxylate:=" polyethylene glycol®} allyl chloride
£ NaH/NaOH ZFujzzstelA 4=t [25].
T3t allyl alcohol ethoxylater= o] Th<=5}
Al a7t deE Aol wWikol methyl e
acetyl”] Zg4 allyl ethoxylate methyl ether &
£ allyl ethoxylate acetyl ether 5= 44 1
o2  AMgste AfeE A 71EAolX
spreading/wetting &7} 93t AHSAGA 7L
dAHET 261 EF FAFAIEESA] Si-H
functional tetrasiloxane(OMTS)+=  hydrogen-
capped allyl alcohol ethoxylate®] terminal
hydroxyl group®t ¥h-goto] =A7tA7F HAdsHo
AT = 7] "ol methyl-capped allyl
alcohol ethoxylateE AHgst= Aol 445784
QAR Holrh4,6].

Scheme 7 : Synthesis of 2-Aminoethyl-2-Aminopropyltetrasiloxane

OCH;, CH; CH,
[1] |-|3co—s“,i—OCH3 + H3c—s‘i—o—s‘i—CH3
(?Hz)s C‘IH;; (‘:Hs
'I‘lH Hexamethyldisiloxane(HMDS)
((‘:Hz)z
NH, (‘JHs
2-Aminoethyl- H3C—Si—CH;
3-aminopropyl |
trimethoxysilane CHs, (o] CH;

\ |
H3C—S‘i*O—S‘i*O—S‘i*CH3
CHs (GHa)s CHs

> NH

(CH3)4NOH ((‘:Hz)z
Tetramethyl [

ammonium NH,

hydroxide 2-Aminoethyl-3-aminopropyl

tetrasiloxane
12] CH,
\
H3C—S‘i—CH3
CH; ‘|’ CH;

\ \
H3C*S‘i—0*$‘:i*0*s‘i*CH3 + Hy;N-CH,CH,—NH,
CH3  (CHy); CHs 1,2-diaminoethane

Cl

3-Chloropropyltetrasiloxane

Allyl  alcohol  ethoxylate®
tert-butoxide®t methyl p-toluene sulfonate®}
HRS-A171H allyl ethoxylate methyl etherE 43

potassium

A2 71422 AREgAY AT 5 (2R 7

I3t 4712 ethoxylate T
Al ethoxylate®}  propoxylateE  block—
copolymer FEH|Z st} ShH= AL allyl
ethoxylate/propoxylate® A&t [28-29].
Table 12 methyl—capped ethoxylate/
propoxylate tetrasiloxane surfactant®] CMC<2}
TgHoAe] mHAR HolHE HojFrH28].
A9l ethylene oxide &=Fo] F71Ed4E
CMCE Eotx|al 4449l propylene  oxide2]
o] S7HE4E CMCE RoiAl= A2 ¢
gh EZejoH 2 ©@elea AUt SLe
A& Hol Frh dubHl EoE|E ©alea
AR gA ] T2 30 mN/m &l ¥t
W, methyl-capped  ethoxylate/propoxylate
tetrasiloxane  surfactant®] B‘HGHLS 23~24
mN/m BE7H2] WobtH28]. Methyl-capped
ethoxylate trisiloxane surfactant(“Silwet L 777,
EO0=7.5)9] EHA=(0.1%)2 20.5~21.4 mN/m
¢l Axp25]]19F HlwshH PdE methyl-capped
ethoxylate/propoxylate tetrasiloxane surfactant

& = 3l 271
°f

Am

o

o] BEAH0.01%) SARE FEolth
Hydrogen—capped ethoxylate/propoxylate
tetrasiloxane surfactant®] CMCS} ZHAH2

methyl—capped ethoxylate/propoxylate
tetrasiloxane surfactanty} -GAFeH $=Z0]TH29].

8: Sy is of T il

o g ] 5
H;C*S‘i-o ‘Si*O S‘i7CH3

CH; H 2 CH;

Octamethyl Tetrasiloxane (OMTS)

o 1§ ] o
H;,C*S‘ifo s‘i-o S‘i70H3
CH; (‘.:th , CHs

0—(CH,CH,0)n—R

Ethoxylate Surfactant

+ HpC=CH—CH,~0—(CH,CH,0); R
R =-H, -CHj, -C(0)CH;,

Allyl Alcohol Ethoxylate

- >
H,PtClg
(Speier’s catalyst)

Polyethoxylate Tetrasiloxane

Si-H functional
2(c), 1,1,3,3,5,5,7,7-
octamehyltetrasiloxane)# methyl-capped allyl
alcohol ethoxylateE® W& FHujzHolA i
23Ee-S Al7|H, EE  polyethylene glycol
methyl ether& tris(pentafluorophenyl)borane =
mzeA FeHheS Al7IH HIESHAEA &
Z dichof ethoxylate?} H7FRE]e] Z|og=
HEgHA 54 A 7E b Hrh24].

Terminal—type
tetrasiloxane(Scheme
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Table 1. Surface Activity of Oligo(EO-block—PO) Tetrasiloxane Surfactant

Tetrasiloxane Ethoxylate Surfactant

Tetrasiloxane
Ethoxylate/Propoxylate Surfactant

EO4 EO5 EO6 EO7 | EO6/PO1 | EO5/PO2 | EO4/PO3
CMCwt%) 0.0062 | 0.0073 | 0.0089 | 0.0110 0.0085 0.0069 0.0059
Surface Tension at
CMC (mN/m) 23.84 24.11 24.28 24.66 24.08 23.65 22.81

Scheme 9 : Synthesis of Branched Tetrasiloxane Ethoxylate Surfactant

[1] HO—(CH,CH,0):-CH; + Hzc\—/cH—CHfm

NaOH
HZC\—/CH-CHsz—(CHZCHZO)rCH3 (a)

o]

Bu,NHSO,

S‘iMe3
o

+ Me;Si—O0—Si—O—SiMe; (b)

((‘3Hz)3
NH,

121 MeOH

?'Me3 3-Aminopropyltetrasiloxane(APTS)

(o}

Me;Si—0—Si—O0—SiMe;

Branched Tetrasiloxane Ethoxylate
Surfactant (c)

g
(2]

-0—x—
5

(0°HO®HO)-O—T—
(0°HOHD)

u
u

(2]
=
P

(2]

Hs

Branched tetrasiloxane backboneE ©]-85}¢]
EoHE HEIASA AUHIHAE LS
4 UtH(Scheme 9)[20]. FRHE2 22A|2 X
Y= o, 24 methyl-capped polyoxyethylene
glycol monomethyl ether?} epichlorohydrine
ZdZ=] (NaOH)@  tetrabutylammoniumhy-
drogensulfate o275} o] A HH-SAIA
polyethylene  glycol methyl ether glycidyl
ether(Scheme 9 [1]1 @) TAstL, ol
3-aminopropyltetrasiloxane (Scheme 32] APTS,
Scheme 504 @4E)d} wgks &nff ShefA wE
SA1#  bola/dicephalic surfactant& gHJgHct

(Scheme 9 [2] (©)). EO HE7F=E471 39
(n=3)9] ZEqHZ HEHHEEL AHSA
CMCE 1.7x10* mol/L o]1 olwje] ®H
< 21.8 mN/me& Yedlth. 0.1% +8
4 BHAAE] HEZro] A UEhyof
EH-S A5 wettingAl7]1A] Bk @
A=t ol BEAe Huopp 3] o
spreadingol] AgHS v Zeoz oEH [20],
Scheme 9 ()¢} FAFEZE EO {71247 1~2
]l ZofH2 EfjidE4r AHEZAE CMCE
0.92~1.08x10™* mol/L ©o]i olujo] mHAHL
21.2~22.0 mN/mE YeRo][30] AHEAHS &
o2 HEHAS4A ARSGAT A=Z FA
St

o 2L o),

>~
= e &

rlo
2 oox B @ oo

—

2.1.3 Carbohydrate Tetrasiloxane Surfactant

AExPogRE {#H carbohydrater= <17
of Qhdstal ol kEA] AlESHA Aol
Aite] 7HeRr EEARA, A H & kA
W 2&7HsA0 BAS R A IEe A
9] carbohydrateE ©l83t f71dE AHEA
Aol Aide] gdtshA R Sl [2,4,301.
7tHSto|Ego]E ERJAEAN ARSA O]
schemes[4]e &-golo] 7HESIo|=HolE HE
SHAEA ARSEAE S 4 Uk &, FHE
Sto]EolE HIEHEA AMBHAE S5t
7] 9%t 71EF el HWHHLe WRSA  tetrasiloxane
backbone®] mono-/di-saccharides F7}ol=
Zolrt, o=t HHog dH AWUSGAY
A4 27l o, glycosideZt ZAgtEo] e
H 2P IAeIE HESHEA  AHEAA
(glycoside  tetrasiloxane  surfactant) —E&
glucosamide”} AgtE 0] QoW FFFAfuto|=/
SR Al i = B E g =41 AR A
(glucosamide/gluconamide tetrasiloxane
surfactant) & 2 4 Qlth
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SFIAM|E HEMAEA AHSEAA = &
T3 HESAEA 250 A4 glucosertelll
amide”} linker=A] 2h-g-sto] oHdH AREGA
ojth. URHAQl FFFAMto|E EAE4E AW
GAAAE A= WHE (1) amino functional
siloxane™ gluconolactoned WHFAIZIAY, (2)
Si-H functional siloxane™ amino functional
gluconolactones  RFEAIZIAW,  (3)  epoxy
functional siloxane¥} amino glucose(glucamine)
= BRAI7IE AoltH31l

WA tetrasiloxane backbone2 THHEE 274
o] A4 IFE d424F & Uth(Scheme 2
()(©), Scheme 3 (b)(0). oA =28t E&]
HE HESASA ARG A= A4

Fo7 27 B% cthoxylateE AFIH %ol
. o =9steE HEHAESA AWSdA=
amino functional tetrasiloxane backbone& ©|-&
sto] A4 IFOR g Jle carboxylateE E
2 ¢t & ethoxylate® ZAS ZHLoltk
[21,22]. 42 2 9AIR A= d], A HA
£ oFRIZI7F 270 2 ¥k EHIESA AN A
74 glucoseE AFAZIL o SAR
polyethylene  glycols  AYAIXITH21,22,32],
Scheme 1004 1 ©@A ¥H-g-2 Scheme 794 2
¥ 2-aminoethyl-3-aminopropyltetrasiloxane
(Scheme  3(c) AEAPTS)E glucose— &
—lactone?t 1:1 EH|EE Hg-Z BuistolA @&
FAIZIHA §-SAIZIH N-3-propylmethylte—
trasiloxane—N-glucosylamine(Si(4)N-GA)(Sche
me 10 (@)°] FE. o 2 @A §hgolA
= A" Si4N-GAS} oligoethylene glycol
methyl glycidyl ether& 1:1 EH|EE Heh&
Sufjsto] A HESAIZIH glycoside@t ethoxylate?]

A2 714 AREYAY AT FF H2E) 9

2 9] A58 A HERASA ARBAA

7} FAHEHScheme 10 (0). HEZHIZAM
st A9 glycoside 7wt AFH  AHE
(Si4)N-GA, Scheme 10 (@)oli= Aol 2o

3
gt 8okt ofF ol xHAFHEAo| Ebs
T Arolr] ufZe) [32], 2ol et &
SAIZ17] 9l Si4N-GA9 F7H=2 oligoethylene
glycol 715 AFAZ]= Aotk E
of g 7H9l glycoside 715 ZeH
SiGN-GA)ell= d2ellA =l digt &df
Fwotth. ZHEsto|=golE EfASRA
Eg A =4 ARG S| Eofl digt &5
SAIZ171 {8l 9712 mono-saccharide$!
glucose— & ~lactone Al
lactobionic acidE AHEst  N-3-propylme-
thyltetrasiloxane—N-lactobionylamine(Si(4)N-L
A)E s = gt [32-33]
Table 22  carbohydrate
surfactant¥} carbohydrate trisiloxane surfactant
o] CMCe} galof Aol EHA Holets B
o]&tH21-22, 32-33]. Saccharide $F=Fo] Z7}
g% (mono-saccharidel|4] di-saccharide®)
23 ethylene oxide ¥&o] S71eaeE A4
dol F7kshHA CMCeoE Aldagelo]l Eobde
HolErh, &Rt EGAELA HESMIEANS
B ago]l SFESE A CMC7F Hopd
o ole EF CMCeMel mug=e 20~21
mN/maEo2 ¢y},

H1 oX, it
ox I rr Ho

di—saccharide®!

tetrasiloxane

Table 2. Surface Activity of Carbohydrate Tri— and Tetra— siloxane Surfactants

Carbohydrate
Trisiloxane Carbohydrate/Ethoxylate Tetrasiloxane Surfactant
Surfactant
Glucose | Lactobio Glucose lactone Lactobionic acid
lactone nic acid EO 1| EO 2 EO3 EO1 | EO2 | EO3
CMC(mol/L) 413 | 606 | 31| 60| 82| 82 | 148 | 318
x 10
Surface Tension | o0 | 2123 | 2018 | 2058 | 2064 | 203 | 208 | 213
at CMC (mN/m) ' ' ' ' ' ' ' '
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Scheme 10 : Synthesis of Tetrasiloxane Glucosamide Surfactant

- SiMe; HO
Q
MesSi-0-Si-O-SiMe;  +  o_ o OH
CH OH
(‘ 2)3 HO
AAPTS '\\IH Glucose - 5 - lactone
CH
(‘ 2)2 SiMe,
NH, c“>
Me;Si—0-Si—0—SiMe;
MeOH _ ((‘3“2)3 (a)
NH
(?Hz)z
l\llH
[2] SiMe, Ho ©¢=0
o OH
|
Me3Si—ofS‘i*0*SiMe3 HG
OH
(?H2)3 MeOH OH
NH
(c) \ *
(GHa): HaG—CH-CHz—0 (b)
O N~ o (CH,CH,0)7~CHs
hS CH,

Oligoethylene glycol
methyl glycidyl ether

HO |
OH (‘:H—OH
HO CH,
OH \
OH O—(CH,CH,0):—CHs

Scheme 11 : Tricephalic Tetrasiloxane Surfactant

HO

HO
OH
HO
o—¢ OH
SiC(n+1)N-GA H"“
(n=0,7,11,15) (CHy)s
H3C—S|i*CH3
CH; ©O (|2H3
HNf(CH2)3—S‘ifO—Si*O*S‘i*(CHz)rNH
CH CH
Ho ©=O ) * ho §=O
OH ((‘:Hz)n OH
HO CHs HO
H OH
o|-|° OH

Branched tetrasiloxane backboneo] 1 7§] &
Stgede, I2]3 3 79 amino”|E 7H HREAS
tetrasiloxane backboneE AJsto] of7]of 3719
glucose— & ~lactones AIAIAA 3709 47

ek 1Y Hf7IE 7K tricephalic
tetrasiloxane surfactant®= FAL F Ut
(Scheme 11) [34]. ®&8}54 ARES] Zolof ot

Journal of Oil & Applied Science

2t SiIC(1)N-GA, SiC(8)N-GA, SiC(12)N-GA,
SiICU6N-GA Ad&AgAe] CMCe 1.8x107%,
2.7x107%, 3.5x107%, 16x10™ o™, CMCof|A]2]
BFHAEL 46,3, 35.2 29.1, 26.8 mN/m= L}Er
Sh 717 3ol Q7] wiRel AlHeA]
2 s Hoj ol Hestr] ol #@EAig]
AHEeZolg F7HARl uet mAFgEe Aot
219 CMC7t F7Vohs A2 dubdQl gd4
A, AZL AHS A= EAHA o2 B4
Hol Fot [34].

flo f>

2.1.4 Gemini Type Tetrasiloxane Surfactant
Auy A4l AR AHSAA 2
227} spacero]] 9ol A" Aoz 2749 A%
719} 2709] H4=717t v A H2 spacer2 AE
H AXE 7P itk dRF HEHEA AW
Al 2FE0EN AT ddche
linker7}b  &A43taL o] linkerE spacer2t HHg-A]
714 =¥ AnY HEGAEA ARSGA7T *
g

Scheme 12+ AnY SF3AMe|E HEZH
4t ARREAS] FEAEHE  Ho  Fo
[35,36,37]. A ©AE oligoethylene glycol=}
epichlorohydrin phase transfer catalyst Zj
stofl oligoethylene glycol diglycidyl ether& 3t
e o2 ©AE  oligoethylene  glycol
diglycidyl ether®} glucosamide tetrasiloxane
surfactant(Scheme 10 [1] o &3 FAHE)E 1:2
= HEE veE 8 stollA S Al7IHA]
SA7IAL §HE Aster AAsHH ARy 2
FiAmolE HEZASA AHS/A7E HH
t} (Scheme 10 (0)).

Spacer®] Zo|7} ttE Am|Y ZFIFAMfo|E
EgAEst 23 HEMIEA AHE9A 0
AN EE Table 3014 Hol Fot [35,38].
Ay AR YA = 25do] A7) ool gyt
ARSAAEt CMC7F i, E  spacer$!
ethoxylate®] B4n)7} Z715to] wet CMCr}
Z7kok= ©l, oA 34Adol Flst AREAd
A7} mHoR  olEahe Aol AAE] Wl
o [4,35,38]. a4 AEAN OF0] EYAEA
oA HEzAEACR HAHEH Agido] FUH
stol CMC7F Yotdof shi= | Table 404+
Q35l8] CMC7F 71t 275 Hol F£rf. o=
Alzo] A= 2 Aol 2oz FAHTh
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Table 3. Surface Activity of Gemini Glucosamide Tri— and Tetra-siloxane Surfactants

Gemini Glucosamide Trisiloxane Gemini Glucosamide Tetrasiloxane
Surfactant Surfactant(Scheme 12)
Spacer n=1 | Spacer n=2 | Spacer n=3 | Spacer n=1 | Spacer n=2 | Spacer n=3
CMC(mol/L
(mol/L) 1.94 2.92 3.34 9.17 14.4 18.2
x10
Surface Tension
20.48 20.56 20.68 21.2 21.5 219
at CMC(mN/m)
S A2l A4 IEFS linkerE o83t A
Scheme 12 : Sy is of Gemini Gl ide Tetrasil 1e Surfactant 6‘3./\]2_] :rLiO]E]' (Scheme 13) q_o]/é]%/‘\l. 7_.”@
(] HO—(CHCHOIH + 2 HiGGH-CHy Aol dEd FaE 20 A4t Be
NaOH ° % dicephalic disiloxane surfactant( Scheme 13
BuNHSO, Hzc\fo/CH*CHZ*O—(CHZCHZO),TCHszI{;}:Hz (a) (a))jq_ 17H9] 51(1_{'\_71?1_ 7‘%@_% monocephalic
SiMe disiloxane surfactant(Scheme 13 (b)Z FEH
I o 1R 257 el d=te] 274e] A4t
2 Me3Si—0~$i~0-SiMe AgE A9E bola disiloxane surfactantgtil s}
e £ 4l Bl 59& 257 27t 247 dold
meon| + 2 ((;:Hz)2 ®) FARS 7t Fa oFE doo] At 75‘_—?—%
NH telecephalic ~ disiloxane  surfactant2tx!  QFch,
HO ¢=o 2709] AE4ts g &9 A4t A47] di4lel
OH 24499 methyl(CH;) EE alkyl I&0] A3t
HO o = 9% QJth(Scheme 13 (b)).
on doldsd AR e E
. Ve Asg ARSAASt JlEdoR A BN
Me;Si—0-Si-O—SiMe, Me;SifofslifofsiM% HE [4] o]gsto] dh-gAd trold =4t Jfas
(CHa)s (CHa)s A3WES 59 eSS Fol MerE ARAl
NfCHg CH, CH;\ /CHrl‘\l 7;] @‘@?}ﬂ'
(CHy), O TO-(CH,CHO),  CH (CHy),
‘ OH OH |
".‘H ".‘H Scheme 13 : Basic Structures of Disiloxane Surfactant
Ho O () Ho ¢=©
OH /ﬂ OH (l.‘-Hs (i:Hs
He OH He OH - —Si—O0—Si—¢ -
OH OH | |
CH;  CHj
+ 5t = =
ol AEet a‘j/]‘ﬂ]“:ﬂ—E_i, 7}51—0}0]%3“015, Dicephalic Disiloxane
Aoy HEZHIZEA AADAAE F7 o] Surfactant (a)
227} ueh BRE ey olultEele dEd cH cH
A=A ARBAA39], ionic liquidFele] HE o :
SHASAT AMBHAL ALEL ek [40], r—si—o—s—an QP
CH; CHj

2.2. Disiloxane Surfactant
tho| AZA AHSAGAIE 2709 AEitog

AH 444 disiloxane®}t  ethoxylate, glucose

R= CH; or Alkyl

Monocephalic Disiloxane
Surfactant (b)
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2.2.1. H2A) Disiloxane Backbone
ghgAdo] mle A2 tro]HE4HScheme 14
(@) G ¥rsAIEE 7H w4 disiloxane
backbonedll&=  Si-H chloride

functional, A=l mono—functional,

funct1onal,

di-functional disiloxaneE°] JtHScheme 14
(b)~(D)[41-44]. jEAel  disiloxane
backbone2  Si-H  functional  siloxane?l!

1,1,3,3-tetramethyldisiloxane(TMDS) (Scheme
14 (b))oltt.

Scheme 14 : Functional Disiloxane Backbones

CH; CH;
Qi —O)—SQi— 1,1,1,3,3,3-hexamethyl

H3C s|I O—Si—CH, disiloxane (HMDS) (a)

CH; CH;

(|:H3 CH;

: . 1,1,3,3-tetramethyl
H_Sll_O_SI_H disiloxane (TMDS)  (b)

CH; CH;

CH; CH;

H;C—8i—0—Si—H 1,1,1,3,3-pentamethyl

CH; CH; disiloxane (PMDS) (c)
CH; CHj3
. . 1,3-dichloro-1,1,3,3-
Cl—S8i—0—sSi-ClI tetramethy!
CH CH disiloxane (DCTMDS) (d)
3 3
CH; CH3;
H3C—S|I_O—SI—C| 1,1,1,3,3-pentamethyl
CH, CH,4 chlorodisiloxane
(MCPMDS) (e)
CH; CH;
Qi —O)—Qi— Alkyl 1,1,3,3-tetramethyl
R S|I 0—Si—H hydrogendisiloxane  (f)
CH; CHj; R= CH; or Alkyl

Si—H functional disiloxane& @At dlol=
methylchlorosilane®] 7}eEaNHE-S o] 8§3itt
(Scheme 15)[45].  Dimethylchlorosilane®] &2
A7rste]  7hEsh T%“?_}g AlZI| - Si-H
functional  disiloxane  1,1,3,3—tetramethyldi-
siloxane(TMDS)°] P45t o] TMDS=  poly
(methylhydrogen)siloxane& methyl ~ Grignard
reagent(CH3;MgCl,CHsMgBr, CHsMgDE  ©]-8-5}

Journal of Oil & Applied Science

o ZteEs] AlA sl shall46], E=
chloride functional disiloxane$! 1,3-dichloro—
1,1,3,3-tetramethyldisiloxane(Scheme 14  (d),
DCTMDS)&  tetrahydrofuran &2 A
metal  hydride(lithium, aluminium, sodium/
aluminium )3 A FREAIAA FTATHATI
TMDSE 182 AZ4F $HA A] Z9HES-9] end
blocking T+ chain termination 8 =2 AF&-HTH
[45]. Monohydride
disiloxane?! 1,1,1,3,3-pentamethyldisiloxane
(PMDS)(Scheme 14 (¢))= trimethylchlorosilane
((CH3);SiCD =}
((CH3),SiCl)&  cohydrolysis A]7]H

Chlorosilane2 HF8-A siloxane backbones
Aok o FaT & FFESQY Rochow
Process(Si+CH;CD oA AA == chlorosilanes
2 80~90%4 =7} dichlorodimethylsilane©]”7] wj
Fo[48] Hast tf= chlorosilaned] €& =
ol7] §13t AT A== IrH49].

Si-H functional

dichlorodimethylsilane
s

Scheme 15 : Synthesis of Si-H Functional Disiloxane (TMDS)
CH; CH;3 CH;
2 H*S‘i*CI + H,0 — H*S‘i—O—S‘i*H + 2HCI
&, CHy  CHy

Si-H functional Disiloxane
[1,1,3,3-Tetramethyldisiloxane(TMDS) ]

Dimethylchlorosilane
2.2.2. Polyether Disiloxane Surfactant
EZQoHZ tholdEA A= E

=2 EAEAE ARZAEAS] 71244

SM17 2.1.2 A9 EeoHE EﬂEE}e]

AR gA o] 71221 IS 285k %u]’

A 4 Sk
Scheme 162 Mono—functional disiloxane

backbone& ©]-&5to] 1709 #<4=7] ethoxylateE

AFA7l= HEe= Ho FoH4ll Si-H

functional 1,1,1,3,3-

pentamethyldisiloxane(PDMS)} ally ethoxylate
methyl etherE W& Zu(Karstedt’s catalyst)®

oA FarasE-g-S Al7]H (Scheme 16 [11)

AE4T} ethoxylateZt propyl linker2 AZAE o]

carbosilane  A%H(Si-C)= 7F  monocephalic

tetrasiloxane ethoxylate

@)7F A= 1,1,1,3,3-pentamethyldisilo—

xane(PDMS)#}F  ethoxylate  methyl  etherg

triphenylborane(B(CeHs)z) SjzolA St

S-S A7|9H(Scheme 16  [2]), A=t}

ol rUH:
oZ‘_‘, i)

o 2,
> o O

disiloxane?!

surfactant(Scheme 16
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Scheme 16 : Synthesis of Disiloxane Ethoxylate Surfactants

] CH; CH,

Allyl Ethoxylate Methyl Ether

Pt Catalyst

|
Hg,CfS‘ifo—S‘ifH + H,C=CH—CH,-0—(CH,CH,0)7CH, —l
CH; CH; CH; CH;

1,1,1,3,3-pentamethyl
disiloxane (PMDS)

+ HO—(CH,CH,0)7CH;
[2]

Ethoxylate Methyl Ether

Hzca@‘,i—ofs‘if(CH2)3—0—(CHZCH20)n—CH3

B(CeFs)s

Bl CH ChH

\
H:,C*Si*O*S‘i*CI + HO—(CH,CH,0)7CH;

\
CH; CHj

1,1,1,3,3-pentamethyl
chlorodisiloxane (MCPMDS)

Scheme 17 : Synthesis of Di hlic Disil

Ethoxylate Methyl Ether

CH; CHj [a]
CH; CHj

H3C*S‘i*0—3i*0'(CHchzo)RCH3
CH; CHj

T [b]

Et;N/THF

(‘2H3 C‘:H3

| |
CH; CHj

1,1,3,3-tetramethyl
disiloxane (TMDS)

Allyl Ethoxylate Methyl Ether
H—8i—0—Si—H + 2 H,C=CH—CH,~-0—(CH,CH,0);CH;

Pt Catalyst

CH; CH, l

H3C—(OCH,CH,)70—(CH3)3—Si—0—Si—(CH,)3-0—(CH,CH,0)7CH3

CH; CHj [a]
+2 HO—(CH,CH,0)7CH;
Ethoxylate Methyl Ether CH3 ?Hs
H3C—(OCH,CH,);~0—Si—0—Si—0—(CH,CH,0);CH;
B(CeFs)s | |
CH; CHj
[b]
g
CI*SH*O*S‘FCI + 2 HO—(CH,CH;0)7CH,
CHj; CH3 Ethoxylate Methyl Ether Et;N/THF

1,3-dichloro-1,1,3,3-tetramethyl
disiloxane (DCTMDS)

ethoxylate?t 2 AZAEo] siloxane(Si—-O-C)
ZAgE 7F] monocephalic disiloxane ethoxylate
surfactant(Scheme 16 (b))7} FdHct. Scheme
16 [2] ¥tg9] A= Feutgol s 447k~
7} ®rAStel. Chloride functional disiloxane$l
1,1,1,3,3-pentamethylchlorodisiloxane(MCPDM
S)zt ethoxylate methyl etherE
triethyleneamine(EtsN)@ B THF 8oz
A EEEE A71d(Scheme 16 [3D),
siloxane(Si-O-C) 2% 714l monocephalic
disiloxane ethoxylate surfactant(Scheme 16 (b))
7t 4%t Scheme 16 [3] ¥H5o] HeE H
B4EZ  EuNHCle] HxHth  Scheme 16
[2][3] §t-gA ™ tho]dEA ethoxylateE =

wrgol ofs) A @Astel YA Si-0-C 2
e B9 g5 golsbl ZHHaE Ths Aol

Arct.

Scheme 17  di—functional  disiloxane
backbone& ©]-&5to] 2709 47| ethoxylateE
ATA 7= §HS Kol ZrH41]. Scheme 179
o5 FAE tholdEAN AMBA= A7
ethoxylate 27§ Aol tholdFAte] HeAA
dicephalic—  telephalic ~ disiloxane ethoxylate
surfactant(Scheme 17 (a), (b), (c)E°lth.

EfoH2 toldEA AUHBAGA= AEA

o] 27[telt agrdo] ofstr] wiEel Xl
A& olofl g5F7] flall A== ethoxylate 1F
9] ecthylene oxide 71 E48 3~44F02 ¥
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7] ©cH41]. FEthylene oxide 71 &7F 491
monocephalic disiloxane ethoxylate
surfactant(Scheme 16 (b))E= CMC7} 5.0x107
mol/L, CMCelA¢] Bu22 23 mN/me] 4
W= Hof FrH50-51].

A2 ASA ARSI = AR A4 1
ol & HFA ZeidiEo] AREdS A
& FhsAdo] Wi E=vh wEbA ZhgEsfel o
g PSS AT SleiMe AEAE OET
=] HEFS it AAIsteioF 517] flsf &
AFZol Wyo] ArX gt [12-14]. =g
o2 tholdE4t ARSYA Y He= T A
E4bl= 247191 ethoxylates, o2 $H& Al
Atol= bulky?t alkylZ]E AAI7]IE Aotk
(Scheme 18)[52, 53, 54]. A= alkyl7]|2A
methyl T+ normal propyl(Scheme 18 (b),(c))
g ATl A9ETE bulkyd secondary
propyl E+= tertiary propyl(Scheme 18 (d) ()
S ZFA7IH grte] 28R ofye} Az
NAE ZhpeEsfiol et Aol A ¥
H& yepdith.  Bulky?t secondary propyl Ee
tertiary  propyle] Qlto] A=A IEI 39
AES gol 11 Y wjZoltH52]

Scheme 18 : Hydrolysis Resistant Disiloxane Ethoxylate Surfactants

o
Rfs‘i—of\?ia(c|-|2)3—o—(CHZCHZO)H-CH3 [a]
CH; CH3 R= CHj or Akyl
R= CH;— [b] R= CH;—CH,-CH,— [c]
HsC CH;

R= /CH*CHZ* R= H;C—C— [e]
H;C
3 [d1 CH;

2.2.3. 71e}t Disiloxane Sutrfactant

ol d =4t gl 2709 44 glucoseE 2
AAZ SFIAPIE TholAEA AHEDAIA
[55,56], 271¢] tris(hydroxymethyl)
aminomethaneg AZAA7] tho]AEA AHEA
A[57], A4712 potassium sebacate® AFAIZ]
=024 tholASA AHBAS8] & Rkt
TZ29] thol 54t AHE/IAZ =L St

Journal of Oil & Applied Science

3.2 E

A2 AEA AR GA = 28 A A
4 25T A4 S48 el d9E] e
spotalFx= Hof qlo] Zof digh AR d4A
g Bol=E ZHALE Q3 BmHYA7E @2 T
g7)et FHfagdel & ASA A wiiel] A
HEA o] 8ol &

£ A YA BHS A&5HA spreading/wetting
Sk AREEE Ushd o= EAF] H22o
2 s EHI} AAANAS] compacting packing
o] -golstal SMt&EET} w27 wjo]th,

HES =S4T AAS/ A} tho] =4 AHg
AAS] FL EAEL ARSEA] At
71EA 0w FAste], HESLEA Ee thold
S4bol| BEA 152 ZAYE  Si-H-, Si-Cl-,
amino— functional siloxane backbone&d &/J3t
T, Tasasihe e SNEES Bl
ethoxylate, carbohydrate &2 4 15& 2
AR v AsAt el oheF
Zgol oJsiA, arlet H717F 242 §F A
ZA%H monocephalic type, £547] g 7Hof A
717v & 79l bola/dicephalic type, £&47]2F 2
£717F 271491 gemini type 5 TSt skel
ZE 7 HESASEA B Tho|AEAN AW
AAE ;T & doh EI AST|=E
ethoxylate® AHE3H ethoxylate type, glucose
£ A3 carbohydrate type 5 7H4 HEZH
4 BE toldEA AHEHAE FETE &
Utt. 55] @Al 22 A=At A A e
SR Rl 2AE siEasty] flsiA TR
of =7 4l ASAES Boohr] 9 Wy
stz o] AT o]Foix]ar Qlrh

AEZ f7IAEE AWMEIAZE 7HA
57T &gkt Ad wige] S-8Eok=
Hog sfiEal glom webi] 175t
71548 7HHA dHS S5 2R
HPH spetrxE 7 AR /f71d82
A Y] e A&5E Adow W

Ny 1% g

r

>

1o

S AR e}
rE e oo b e
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