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Abstract : Silicone—based surfactants consist of a hydrophobic organosilicone group coupled to
one or more hydrophilic polar groups, while the hydrophobic groups of hydrocarbon surfactants
are hydrocarbons.  Silicone surfactants 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. A wide range of silicone surfactant structures are required to provide the
functional diversity for reflecting the necessities in the various applications. This review covers the
basic properties and the synthetic schemes of polydimethylsiloxane and reactive polysiloxanes as
hydrophobic siloxane backbones, the main reaction schemes, such as hydrosilylation reaction, for
coupling reactive polysiloxanes to hydrophilic groups, and the synthetic schemes of the main
polysiloxane surfactants including polyether—, ionic—, carbohydrate—type surfactants.
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TaGilicon)S AFRHUE Tk 945 F
A oo FHESHA EAsks d), ole 4dd
7}, A=AClE, AletolE T T2 FAaLbs}
EPHE EAlst glon fada i JH
2 e F7I3RMER] AaAREgHE HEEA),
Aletl, 771824 5 o= 2ol AMEI Q)
oH1,2l. 8 wha&el 445 f7IsRbE
At §71A3KtE (organosilicones) &2 -
oheret shehal Fx2E 7HWA BkehE Qb4
294, I, 284 5 =55 29 4
A Yedol 14, AsAk SE, dARE,
HRIE 3, A%, 15, E2H, HAF 5 24
2 Atdofol| thetstAl 8= ArH3-5]
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Sietz ol gestog 9l AHTAA S o

=3 43 A 47
o sk of7le] A4
I8 ATl AT LATA ARSI

o AW, 4BH 5 /12 weaA A

Uehdch, e Table 1914 2 4 glo] A
A2 AREAE 54 I8 &
oled, HloleA, & 5 oo Wil of
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Table 1. Types of Silicon-Based Surfactants

Groups Hydrophilic Groups Silicone—Based Surfactants
Sulfates Silicone Sulfates
o Carboxylates Silicone Carboxylates
Anionics o
Phosphates Silicone Phosphates
Sulfosuccinates Silicone Sulfosuccinates
Alkyl Quats Silicone Alkyl Quats
Cationics Amino Quats Silicone Amino Quats
Imidazoline Quats Silicone Imidazoline Quats
. Aminopropionates Silicone Amphoterics
Amphoterics - — -
Bataines Silicone Betaines
Alcohol Alkoxylates Dimethicone Copolyol
Alkanolamides Silicone Alkanolamines
o Esters Silicoen Esters
Nonionics - — - B
Taurine Derivatives Silicoen Taurines
Isethionates Silicone Isethionates
Alkyl Glycosides Silicone Glycosides

Table 2. Properties of Carbon, Silicon and Oxygen Atoms

Carbon(C) Silicon(Si) Oxygen(O)
Periodic Table IV A IV A VA
Group
Electron 2 2 2 [1s? 252 2pf] 2 n2 A4
Configuration 1s" 25" 2p 3s? 3p? 3d° 1s" 2" 2p
Oxidation States +2, +4, -4 +2, +4, -4 -2
Electronegativity 2.55 1.90 3.44
Atomic Radius 68 pm 130 pm 68 pm
energy) 2t 240l 1 A,

].
adollvzrt a1 &

Zepxiet (Table 3)[9.101.
of gt Aol #AA=

g, @ekA Si-O 2g2 C-C, Si-C Hupe= ¢

PgAel 94t sk Si-0 Agt
Yol Apolst F7] ] o]
ol o} Aot @ISk 34
A Bl Aol 9 Si-
=o] ol7k Hol o2y F
AsBael e Aol ket [1

das FRots AlekEES

e 1718
oX BT A
I ol 4]
Age A7
2 Aol wot
10w
Aelze] AHA

Sl AAEE(-CHy-CHy-)2 A9Ate] AA%
S|avte Qlste] A A9, zigzag &, transiE
= O|FA Hi webA AgA B3lea A2
- T Fx2Y fa4do] BEoit g@ATH
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agol Aol Hste] AEZERHEAC-O,
Si-0)9] A= Aot 4ar, wabA 39
ZHETY EotA A ARl BEd of o7t
e 22 AEl= wjdo] JFestA "ok o
A ARoNA B3raA ARBEAY 2 1
F2 F2 methylene(-CH,-)AEE°] Ade=
AA HgE o] Sl AdHlolARE, AEA Avg
349 &5 159 Be  FE
methyl(CH;—) 15 (EH A7} methylene Ett
HeERE AL WHo AS4HEKSI-0-S5)
o] frAder sty &y IdFe] Favt 2
(bulky)?t ezt 7] wiZe] A2ZA(E=4
ARSAA(CF 20 m]/mH)E SofsaA ARG
AA(SF 30 m]/m? o)ETH BEHFE] AA5)
A e EAE Bk (Fig. D[12].

Table 3. Bond Dissociation Energy and Bond
Length for Carbon Single Bond and
Silicone Single Bond

Groups Boonii L?fégth Bond Dissociation
(1A=10"" m) | Energy (KJ/mol)

C-C 1.53 618.3+15.4
Cc-0 1.42 1076.38£0.67
C-H 1.09 338.4+1.2
C-S1 1.87 447

Si-O 1.63 799.6+£13.4
Si-H 1.48 293.3£1.9
Si—Si 2.33 310

Hydrocaron Surfactant Silicone Surfactant
EOE M ey

e HCH HCH HCH
ucl HCH HCH HCH

HCH TICH

Water £

Fig. 1. Configuration of Surfactant Molecules
at the Interface [12]

R LR

2.2, Organosilicone Backbones

2.2.1 Organosilicone®] £74

182 gAEE AHEEA S 28 %
o2 AMREHE fUtARES R E9d
HEA24 [ poly(dimethylsiloxane): PDMS
—((CH3),S10), - I 71855 F2E st
tt. o] PDMSE HlE IFE Alele Azt
go| a1, ASA ZA9 fAMdo] st
4ol AdtevA|7t 2x, AE4Ado]
of oledFAE HAn, EHeJUA}

, 254, 8olZ=A]4(solubility parameter)7}
2k, A5-H2 1] (free volume, excluded volume)”}
am, feol2Lrt @, JARIAo] o
W, 22} HA| AJeHRE RS IHE A
7k 292 dHE M 4 o, thefst
cross—linking ZAgo] 7hsotal, EAo] Wi, #
Qe sl etgAdel =2 5 EET AEES 7t
212 AH14]. o]t BAolQoe iR T
A, ., axA, oY, ek A
(inert), A4 5 9 5% A2 ool A4,
olm7]7], oJoFE, FdE, AE, AR, oR A
5,

ol ZaA ARg=AL At [15,16].

AT T o> 1O ¥0 L.

Z]
%S|

L

=N

)

2.2.2 Organosilicone®] g

=9 A (silicon)2 E@fi(sand, quartz)et ©
2(C)F 1700 C -2l A SARk-go] oJsff Aojzl
HScheme 1). 99% olde] i&EE A E
Rochow processell &Jsl| 2] 5 F& Zq stol
oF 300Col4 @3t e (methyl chloride)™ ¥
sto]  Si-C Aol  FAEWA  ohEE
chlorosilane 2@Es°] AAHH(Scheme 2),
TALA7E shel silane Bl EFHE0 of
HES dimethyldichlorosilane©] 1(75~90%), &
U352 methyltrichlorosilane, trimethylchlo-
rosilane, methylhydrogendichlorosilane,
dimethylhydrogenchlorosilane 5©¢| &= d, ©]
s EH8=ES Sl =HH =4 chlorosilane®}
=2 2ot o dAeAE 224
dimethyldichlorosilane& &3 ¥H-gA|A 7H=E5|
5t siloxanediol2 AAAIZ] F(Scheme 3), ©]
£ A ZERts AZIA =HYE Si-O0-Si A
gro]l PAEHA  linear polysiloxane® cyclic
polysiloxane®]  Eg=o] AAES. A"
polysiloxaneZ?tz2 4% THol= hydroxyl”]
2 73 7% methyl7]& 7FA  linear
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siloxanol(dimethicono)®}  methyl7|%F 7}
cyclic siloxane® FAHTHScheme 4). HHSA]
=9 o, acidity, 87| AMS Toll ot #EHt
S XA Eo A siloxanol?} cyclic siloxane] H]-&,
127 siloxanol® FEE n I cyclic siloxane
9] S (trimer, tetramer, pentamer . =
tetramer’t A4E)7F SRt mpxgtow
THSALEE  SHOFY]  linear

cyclic siloxanes &2t} [17,18].

siloxanol¥}

Scheme 1 : Thermal Reduction

S|02 + C — » Si +C02

Scheme 2 : Rochow Process

Si + 2CHs;Cl —» (CH5),SiCl, (75~90%)

Rl
A
B
Jo
N
il
,
i
2,
=3
o
o
2
lo
R
3
offt
oL
W

linear siloxanol®t HMDSE ¢4 AF = &7}
g Z7AF}IA 71235k polycondensation ¥
o2 PDMS7t A" HScheme 6). 714X
linear siloxanol® HMDS®Q] H|-&of o5 S=
7F zA"tt. Chain-stopperd]l  HMDS2
trimethylchlorosilane®  7FpREalste]  dofxich
(Scheme 7).

2.2.2 ¥&4 organosilicone 43
ZE e AE24HPDMS)-L 45t A5AS 7t

main product

(CH3)SiCl;  (5~10%)
(CH3)3SiCl  (1~5%) by products
(CH3)HSICIl, (0.5~3%)
(CH3),HSICI (0.1~1%)
Scheme 3 : Hydrolysis
CH; CH;
ClI—Si—Cl + H,O —> HO—Si—OH + HCI
CH; CH;
Dimethyldicholosilane Siloxanediol
H3C_ _/CH3
Scheme 4 : Dehydration/Condensation s'\
o) (0]
CHy CHy  GH;  CH, o/ o
i i
HO—Si—OH ——» HO—Si—O%Si—Oﬂ—Si—OH * / AN + H,0
| WA ne o J owy * M
CH,4 CH,4 CH,4 CH, i
N
Siloxanediol HsC  CH;

Linear Polymeric Siloxanol

Linear siloxanol E+& cyclic siloxaneE Z}2t &
S35 A]7|M  homopolymerizationo]l 28
polydimethylsiloxane (PDMS)o] A=t} [18,
19]. Cyclic tetrasiloxane¥} end-blocker/chain-
stopper®! hexamethyldisiloxane(HMDS)E &7
Ab B dte] 2ASPlA] 7RRSte]  ring
opening polymerization F+-&-A|Z7|H PDMS7}
AJArHScheme  5).  Cyclic  tetrasiloxane¥}t
HMDS®] Hlgof o Fot=rt 2HHM E=

Cyclic Siloxane : Tetramer

213 Qlovt ®hgAJol AL gl7] wiel X4

T2 FUkste] ARGPAE Axsh|7t vie
offty.  wEbd  ARAH-R,S10-1€] oligomer
EE polymer FZ2F RFASHAA WA IFS
dot= Sl BIleHA =W A4 1EI
ghgo] HlwA golgt HWat oftjzt sh= 91X
of AP IFE FUlste] HeEZA A4 A
HEgAE AxT & A =t

24 siloxane backboneoll= Fig. 23} Zro]
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Scheme 5 : PolyDiMethylSiloxane(PDMS) by Ring Opening Polymerization with Cyclic DiMethylSiloxane

(l:H3 s Ha H* or OH" (|:H3 ?H3 (|:H3
n/4 Sli_o + H3C—S|i—O—S|i—CH3 W H3C—S|i—0—%5|i—0ﬂn>8|i—CH3

CH; CH; CH, CH; CH; CH3
Cyclic Tetra Siloxane HexaMethylIDiSiloxane Poly(DiMethylSiloxane) : PDMS

Scheme 6 : PolyDiMethylSiloxane(PDMS) by Polycondensation with Linear Siloxanol

(|3H3 (|3H3 (|3H3 CH;3 (l:Hs cl:Hz
. H* or OH
Ho—fslu—oﬂ—H + H3c—s|i—o—s|i—CH3 = . H3C—S|i—0 sli—oﬂ»sli—CH3
n A n
CH3 CH; CH; CH; CH; CH;
Linear Siloxanol HexaMethylIDiSiloxane Poly(DiMethylSiloxane) : PDMS
Scheme 7 : Hexamethyldisiloxane
CH; CH; CH;
2 H3C—S|i—CI + H,O ——> H3C—S|i—O—Si—CH3 + 2HCI
CH; CHj3; CH;

Trimethylcholosilane HexaMethylIDiSiloxane

g3 o] EYAEA ARSIl AR 834 organosilicone®] ¥4 15E 4ytH
comb type, AbE& "ol Sl terminal type, A o2 silanol (Si-OH), silyl  hydride(silanic
&350 I FAle] Q& multifunctional hydrogen : silicon hydride : Si-H), silyl
type 5°] Atk [20]. E3F AEALS] FELIF etherSi—-O-R)¢] F2& 7HHA 44 IF
=2 18 AL AN SR ol B2 = organosilicone backboneol] 44 15& 2
B2 trisiloxane typer® Utk . AA 7= linkerdS-Z 2t Fig. 2914 M*¢]
7P "i&ARl o= -H Q1 ], Si-H o] Ag
Comb/Rake/Graft/Pendant Type Y7 27 "lReo] HREAJo] =7 Folt}

(Table 2).
W fxEHQl ¥4 organosilicone comb type
M Mt M Si—-H functional siloxane®|t} (Scheme 8). HhHS
Aol ¢lE  dimethylsiloxanedt HEgAJo] ZFeh
Terminal Type methylhydrogensiloxane] F5%E FeH9 o]
. /\/\/\/\M* comb type silicone hydride functional siloxane

[poly(hydromethyl-co-dimethyl)siloxane] 2  tF
S A Yo g Axd £ Aok [17,21]. A
HA BH-2 chlorosilaned ©o]-&35k= HHo g 3
7FZ chlorosilanes=  FAlOl  7hESh
(cohydolysi)AlZl=  HHoltt. ¥HE  dime—

*MWM* thyldichlorosilane®  dimethylhydrogenchloro-
silaneg xiy9] &)X B HlgR ZT The,

ZteEel FEHts A7)l trimethylchlorosilane

/\/\/\/\M*

Mutifunctional Type

Fig. 2. Reactive Organosilicone Backbones.
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=

E end-capper2 ZHE-AIZ|H Si-H functional
polysiloxane®] JHH(Scheme 8). Dimethyl-
dichlorosilane®] ¥rg & H]g& x7} 09 %=
Si-H  functional  siloxanedto 2  FAH
polysiloxane®| FAAEFEE x:yo] & H]E THO
2 polysiloxaneW Si-H I&e] HIZE x4
4 ot FHA S cyclotetrasiloxaneg ©]

sk

L3l Hhiog dimethyl type<]
octamethylcyclotetrasiloxane, Si—H functional
tetramethylcyclotetrasiloxane, 12|11 end-

capper® hexamethyldisiloxane& A&7 & H
sy D= EFste] 4 Zu) oA ring
opening polymerization®] H@vH$-S Fof T4
St=  Ao|th(Scheme 9). o]  HRSOAE
octamethylcyclotetrasiloxane®t Si—H functional

Scheme 8 : Cohydrolysis of Chlorosilanes

CH, CH,
2 H3C—S|i—CI + X CI—Sli—CI
CH, CH,

tetramethylcyclotetrasiloxane®] x:y9] & H|E&Z
Z43}9] polysiloxanedl Si-H 152 HIEE X
A 4 Aot [22].  Scheme 83} 94 Hol=x
£ Si-H functional polysiloxane F#Z%} th27
AA| 9E8AAE polysiloxane2 Si-H 159 9
AL FARR FEET AAAQ] FAFE T4
5] #RE 7HA]al Qlth

o] wgol  AREEE= Si-H
tetramethylcyclotetrasiloxane® Th HWiog
HojHch methylhydrogendichlorosilane
CHHSIChE=S  7HeEs] SaeA1A
tetramethylcyclotetrasiloxaneE AN ZI A,
methylhydrogendichlorosilane®  end-capper?l
hexamethyldisiloaxne((CH3)3SiOSi(CH3)3)& 9
7l 7l SEESAIZIH polymethylhydro—

functional

CH;
+y CI—Slai—CI
H

+ H,0

Trimethylchlorosilane Dimethyldichlorosilane Dimethylhydrogenchlorosilane

CHy  CHy GHy GHs
— Hsc—sli—o%sli—c] Sli—G} Si—CH; + Hl
CH;  CHs H V' Ch,

Si-H functional Polysiloxane

Scheme 9 : Equilibration Reaction with End-capped and Monomer Units

CH; CH,

| | i
HC—Si—O—Si—CH; + x—fsli—oﬂ—q .
4
CH,

CH; CH,

g
Si—Oﬂ——\
| 4

H

Hexamethyldisiloxane

Cyclic Tetra
Dimethyl Siloxane
(Octamethylcyclotetra
siloxane)

e
H3C—S|i—o+sli—0
CH;  CHs

Cyclic Tetra
MethylHydrogen Siloxane
(Tetramethylcyclotetra

siloxane)
(|2H3 CH;
Si—O0 Si—CH;
ax L | 4y |
H 3

Si-H functional Polysiloxane
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Scheme 10 : Tetramethyldihydrogendisiloxane
CH,

2 H—Si—CI
CH,

+ HO —

Dimethylhydrogencholosilane

H—Si—O0—Si—H +

R LR

CH;  CH,
2 HCI
CH;  CH,

Tetramethyldihydrogendisiloxane

Scheme 11 : Reaction with Reactive End-capped and Monomer Units

CH;  CH, CH;
H—Sli—O—Si—H +
CH; CH,

Tetramethyldihydrogen
disiloxane

Cyclic Tetra

I
Si—O
I 4

Dimethyl Siloxane

GHy  CHy cHy
— H—Si—O—fSi—Oﬂ—Si—H

| | 4x |

CH;  CH, CH,

Si-H functional Polysiloxane

(Octamethylcyclotetrasiloxane)

gensiloxane¥} teramethylcyclotetrasiloxane®] &
gEol BAEE H olF FFSHH tetramethyl-
cyclotetrasiloxane®t 228 4= ot [17, 22].

Comb type Si—H functional siloxane®] A%
A4 e =% ok Scheme 92 7]
02 oSHHA Si-H functional tetramethyl—-
cyclotetrasiloxane 419 polymethylhydro-
gensiloxanes AHESE  Octamethyleyclotetra—
siloxane(EAFF  296.62) 44¢,  polymethyl-
hydrogensiloxane(E2FF 1700~3200)12.5g, 12
1 end-capper® hexamethyldisiloxane (E2}%F
162.38) 7,6g2 250ml 47 Hh-gxof ¥ 45T
7HA] 7R & 3go] A4S FQlsky Haghd
Sholl Al 48A17HERE WEEAIXITE WHEtRS &
mjel ke FeFol7] 98l sodium  hydrogen
carbonate® FYstal HHAE2 HEZE oufgict,

AFAIFRZ 100TColA Aol 241l
Agste] B JREYU AT cyclosiloxaneE
AAsHA =W  Si-H  functional
[dimethylsiloxane methylhydrogensiloxane =
12:4 HlEl& 45 & Ao [23].

Terminal type Si—H functional siloxane tt
=9 "Wyer AT & Stk ®A

siloxane

dimethylhydrogenchlorosilane& ZtE-ofioted
tetramethyldihydrogendisiloxane2 ettt

(Scheme 10). ™ DACIAE reactive chain
stopper?! tetramethyldihydrogendisiloxane @}
cyclic tetradimethylsiloxane S FEHM-SA7|H =
SAEAE ARSO] F T Si-H Fe] 4

HH terminal type Si—H functional siloxane(a,
w —hydrosilylated polydimethylsiloxane) ©] &4
HhScheme 11) [22,24] Tetramethyldihydro—
gendisiloxane} cyclic tetradimethysiloxane] %
AHF-S-2 linear type®] Si—H functional siloxane
o FAET cyclic type®]  Si-H functional
siloxane2 =2  obe [22]. W34
organosilicone> AHAE/gAo]L]ol e @ 2 FE
AelE 1E22 5 ot 7okl §-8o] HHA
organosilicone @/doll tialixl= B2 A7 =
Atk [25-29].

2.3. Siloxane Surfactant &%

AEA AHSAE  permethylated  siloxane
backboneol] sttt E= 1 ool pAd =4
71158 Fototol 4%tk ofm ARgSh=
7 darAQl S W8 organosilicone
backbone(Fig.2) ]l hydro—
silylation, two-step synthesis 5 ¢] ¥F-502 X
T4 =4 771 Iee Frkske Aeln [21,
301.

Transetherification=

transetherification,

alkoxy—functional
siloxaned} alcohol functional polar groupd}t Ht
522, siloxaned] AZEHO] Q&= alkoxy 1FY
R* £ alcohol o 2™ polar1& RP 2 g
5H= §Hgolth (Scheme 12). R* &= 54 -CHs
FE CHCH; ¢l R* & 45 EH
polyalkylene oxidecltt [31]. A4=H Si-O-C
22 29 ASFA A el =71 wiwol

- 553 -



Vol. 32, No. 3 (2015)

Scheme 12 : Transetherification

—Si—O—RA + RB—OH —> —Si—0-RB + RA—OH

Scheme 13 : Hydrosilylation

—Si—H + H,C=CH-R —> —Si—(CH,),—R

Scheme 14 : Two-step Synthesis

—Si—H + H,C=CH-R® —> —Si—(CH,),—R¢

—> + RP ——> —S8i—(CH,),—R¢—RP

transetherification ¥h-gof oJ5f ghAdw A
AR A= Eedet & AxZE2 H|
(nonaqueous system)°] Z-&Hc}.
Hydrosilylation(7F4&548HE) 2 o &4
Stofl Si-H functional siloxane®] Si—Hel ©o|%
T A5 2FE I BxI fUIERbE
(CH,=CH-R)& F7HA1A Si-C A% F4417]
+ Wgolth(Scheme 13). o] wj AMEH= =0
Lt F2 WIEj(H,PtCls : Speier’s catalyst)©]
o oolele: ItElE Ful, §71E A7) S,
FH/dolg&5eRtE E9 5ol Stk Si-H
4
o]

Al
Al

AL

dohe =23 A7 gEES C-C o|528%

alkene, arylalkene, diene, triene, polyene -
TAE, C-C A543 alkyne, arylalkyne &
TA Eoltt [2,29]. 4dlE& =W alpha olefin,
allyl  alcohol, ally  alcohol  ethoxylate,
fluorocarbon compound 5 °o|t}.  olu} AAH
Si-C A¢-2 Zle=aliol diste] <rAsiet. o]
Hadessiure e WA organosilicone
backboneo| ©get 27IE Hrlste] Thergt
7 HasRtES E4ste o ¢ Fa3 5
ot} [32].

Two—step FelM= A
organosilicone®|| TFA&FASHF-S o]8slo] 2z
2 3719 ¥4 a5 : CH=CH-RY)< %
7kt & oj7]o Pshe f71siERD)A Ae4
15& Frtote= Aotk (Scheme 14).  o]&gt
two—step FATHE FolA4d, FolA, FEA
T oA HE 7E8IES T AREA
ARLHAE ST off =2 AHgE= Fiolth
[28,33]. 29A ¥hgolA+= RESRIEES flof
SEEXY BoldS StEofjof st ERE WA

[e]
HE

rl

of A 9 Fwof 9ol  organosilicone
backboneo] Balj=]2] L E Sfojof gith,

2.4, Polyether Siloxane Surfactant

Eoeed 22 AXT o 84l gle
552 TdYHAl FEREAAZI Y BRAEE
Fol ®hgol ofsf AR olitetgtart 7|
FAY w Fdstal HH ZEZE {ASH] A
of AMgE AEE2A AWE4A7E EQoHE A
A4 AW A oItk [34,35]. o]F TheFst Hof
ol A GoHAl, BAMA AXA So7 ARRET 9l
t}. 444 polysiloxane backboneol] ZAgHA]7]
= A4 OF2ZAE allyl alcohol ethoxylate
(3-propenol  ehoxylate)”t F2  ARgHr}
Comb type Si-H functional siloxane¥}t allyl
alcohol ethoxylate® WFEZU|Z AN HAhT4
SHES= AZIH comb FE(Y EHIZE AE
At AREGA7Y AT (Scheme  15)  [36].
Terminal type Si—H functional siloxanex} allyl
alcohol ethoxylateE WHSAIZ|W FE TWool=
AFAdaEel 7hedele A48l e
ABA block copolymer @Ej] Z&oH2 A=
A AREGAZE 3H T (Scheme 16).  Si-H
o] Eof dfFgste F& At olHTh 5%
ol I=FY allyl alcohol ethoxylate® T35t
AT 1 olfr= WhgAde]l 2 Si-H IF
2 90| AATLEZN FASFASE FE F
of stx] ¢k FIREgo] WAtk S WA
Szl el ©l, W RS "olSle allyl
alcohol ethoxylate= AlHEAGA|0]7] wiof =
7HAQL AAZACl  FEs] Haskr] gt
[34,37].

Ui WL (o
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Scheme 15 : Ethoxylation for Comb Type Si-H Functional Siloxane

c|:|-|3 <|:|-|3 (|:|-|3 (|:H3
H;,C—Sf—O%S”—OHSH—O%Sli—CH3 + y H,C=CH—CH,—0—(CH,CH,0);H
X
CH; CH, H Y. Ch,

Si-H functional Polysiloxane

Allyl Alcohol Ethoxylate

e g
. H3C—S|:i—O*fSli—OHSi—Oﬂ—Sli—CH?,
X
CH;  CHs | Y cH,

(Cl;Hz)s

(o)

(CHchzo)n_H

Scheme 16 : Ethoxylation for Terminal Type Si-H Functional Siloxane

GHy  CHs CH,
H—sl.i—o—fsl.i—o Si—H + 2
X

CH;  CH, CH,

Si-H functional Polysiloxane

CH;

Allyl Alcohol Ethoxylate

CH; CH,

I I I
— H—n(OHZCHZC)—o—(HZC)3—s|.i—o~Is|i—o Sli—(CH2)3—O—(CH2CH20)n—H

CH;

Comb type ethoxylated siloxane surfactant®]
AP gATEe) EAQ o e 2t
[38]. ¢4 scheme 9& 7|5F2o= 3to] Si-H
functional siloxane(dimethylsiloxane
methylhydrogensiloxane = 22;2 H]&)& 34
st [23], TreTAlZ  Scheme 152 7]|&°o=
5o TFaGASHEG o2 allyl alcohol
ethoxylate (methyl-capped ; CH,=CH-CH,-
(CH,CH,O)n-OCH; : EX}%F 440
8.4)5 FItA7l= Welth. Al 37 EeAa
Hkg-7]oll4 Si-H functional polysiloxane 45g=
EF4 29 mlell &sfistar  65C7HA] 7h2gte
o}7]o] 1 wt% Speier’s catalyst® 0.72mlE F<
St allyl alcohol ethoxylate 27g& 208 AA
A AAS] e BT 24 & AR
A 14g] BAES FQISkal 247HEe wRet
th. ofiE 60T HFom guis SEAA
S ethoxylated siloxane surfactant”} Hojxl

In:‘ﬂ:

X
CHs CHs

tf FagadhiheS Fankgelr] o] ¥
B2l allyl alcohol ethoxylateE AA3] FdaloF
5kal, Si—H functional siloxane®] allyl alcohol
ethoxylate®] terminal hydroxyl group T+ &3
Hhgsto] parpAZ WG SR Q7] ool
[33] methyl-capped allyl alcohol ethoxylate=
ARgoH oleet Hhg-& WA 4 gls Wb of
Yt x4 7lxAgel Ak 5k
Monomethylpolyethyleneglycol-&  t—butoxide%}
allyl bromide®} ¥H-g-A]171H methyl-capped allyl
alcohol ethoxylateE &4 4 Ut [39].
Terminal type ethoxylated siloxane surfactant
= dutdoez scheme 112 FAE  terminal
type Si-H functional = siloxaneE  ©]-85}o]
scheme 169] fFasash-gog g4t [40,
41, = o2 FAYHOZE terminal type
Si—H functional siloxane THAlof| terminal Si—Cl
functional polysiloxane2 ¥/ organosilicone
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backbone® & AtEsl= ALE Attt (Scheme
17) [42]. o] #A%+= FaF4sREgo] ofd
condensationfr-$02 AL ASHE T EEx]
= SRR of2 FASto|A HHe-E XISt
S EWEE  isopropyl
titanateE  AF8SFe] polyethylene glycol E&
polypropylene glycol siloxane chain EHo]
Fael AL A7l Aolth. AidEs A7
AE7b o 331(3.16) ¥H-&4Jo] =ot polyether
9] -OH 2} condensationgh-g-o] 80]51A4 ol
A HZE WA ES triblock copolymer?} A3
4t o] triblock copolymer  etherZ%t
Si-0-Cpell oJsh 2147174 Agslo] glo] 74
2909 7Fs/del lout A7|EAgw AaridFol
4ottt
EoEl2 ASAF ARDGAY A4 A
£ s feiME A4 o2 gAlelE
59 FYPEE ZHsHAU, oddlSAto| =9}
2hAGAO|ES] Hlg 9 A7 FHEE
Agtrh o I GAlEE S ARAEE
29 z2gAGAlo|EE O S &
BRIt o]of wpet Ee]oH|2 A=At
o BT HLB7F gefAA &zt
2l AR BEe A9 AUEEAR 2
Utk EdoHE A=A AHE4AE Dow
Corning, Siltech, Shin ethsu 5olA Fststo]
o gl Aol =0 T2 A GALo|E 9] HlE 9 7}
7ol FHEE HgsH st 55 sdEe
ZE F7 sto] 7159 54 AlEststa Sl

1 condensation HF3

> tlo

o

o ﬁ
PoAr 2 £ = N [H R

)
rd
e
2L ok

1c A
norr

4
i)

—_

Olt
HE

2.5 Functional Siloxane Surfactant

US4 organosiloxaned 7|E FX=2 1
7lell  functional group& H7lote] @
functional siloxane surfactante] ©jste] =o

o

2.5.1 Anionic Siloxane Surfactant

goley ABA ARHAL ZoleH A4
4 2%l AYE Aol goled AHA

T+ &9 Zdof terminal FHZ 2T 5
Ut Comb FH | Fol24 7I=2EA] A54t
ARGAE 5] flaliM=, A elld A
&% HIZ scheme 159 o=} Si-H functional
polysiloxane®]] TF4443HEg-02 allyl alcohol
ethoxylateE Z¥AIA polyether type siloxane
e oE dAlA=
polyether type siloxane surfactant®] hydroxyl
group®l  succinic  anhydrideE®  SF¥AIZIth
(Scheme 18) [43]. ©]& NaOH Z+ KOH=
TS A7 Fol2A4 7I2EA] AR4E A
HEGA7F o

TR comb PFEJO] Fol/ &EAT AEA A
HEAE St flaliM=, 1 2AZ comb
type Si—H functional polysiloxane®] #4442}
S-S, AR allyl glycidyl ether
E Z2YAZIL, 2 FAAE  epoxide groupell
sodiumbisulfateE HHgAlA Fol2/d& Fofgttt

(Scheme 19) [33, 44].

surfactants

Scheme 17 : Etherification for Terminal Type Si-Cl Functional Siloxane

CH3 ?Hs ‘|3H3 + 2 H—(CH,CH,0);-H  Polyethylene Glycol(PEG)
CI—SI—O%?i—O%Sli—CI
X
CH; CH; CH3 + 2 H—(CHz(llHO)n—H Polypropylene Glycol(PPG)
Si-Cl functional Polysiloxane CH3
_ CH;  CHj CHs
H—n(OHZCHZC)—O—Sli—O*fSli—Oﬂfsli—O—(CH2CH20)n—H
X
CHs CH, CHs PEG-b-PDMS-b-PEG
—<
c|:|-|3 CH,3 CHj
H—n(OHCHZC)—O—Si—O%Si—O%Si—O—(CHZCHO)n—H
| | | x | (I:H
. HsC CH;3 CH, CH, 3

PPG-b-PDMS-b-PPG
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Scheme 18 : Comb Type Carboxy Siloxane Surfactant

g :
|-|3c—s|i—o%sli—oﬂ—fs.—oﬂ—s.—w3 + y °§c\/ \/040
X
CH;  CH; (CH2)3

O
Succinic Anhydride

(CH,CH,0)n—H

—_—
H;C— SI_O%SI—OHSI—O%SI—CH3
(CH2)3
0

(CHZCHZO)n—(I.‘I.—(CHz)Z—COOH

Scheme 19 : Comb Type Sulfonic Siloxane Surfactant

Step 1 C
Hsc—s|—o~fs|—oﬂ .—oﬂ—s.—CH3 * ¥ HC=CH—CH,~0—CH;—CH—CH,
Allyl Glycidyl Ether o
CH3 CH3 (|2H3 CH;,
. H3c—s|i—o~fs|i—c} {s|i—o] Si—CH; (Al
x y
CH;  CHs (CHy) CH,
O—CH,-CH—CH,
\/
(o]
Step 2 (l:H3 (|:H3
[A] + NaHSO3 — H3C—S|i—O—fSli—OHSI—O%Sl—CH;., [B]
Sodiumbisulfate CH; CH; (CH2)3
|
O_CHz'?H_CHz_SO3Na
OH

A FF &E4 5] 28H S0l
i ASAY ARSAAAE s HsiMe 1 2
AoMdE  polyethyleneglycol(PEG) S}

PEG diesterg FYg FufistolA ¥-3A71H &
FAEA A}Go] oFF withol| PEG diester’} A
StE ) 3 @AIoAE sodiumbisulfiteE ©]-85}¢]

r&“

maleic

anhydrideE Z9f(titanium isopropoxide)s}of A
-2 A1# PEG diesterS AT 2 SAoA =

hydroxy—terminated polydimethylsiloxane>}

SEZMESS AF|H JolA &EL AEL A
HEAA7T A H Tt (Scheme 20) [44,46].
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Scheme 20 : Terminal Type Sulfonic Siloxane Surfactant

o
Step1 2 HO-(CH,CH,0)n—H + OS¢~ =0 —>

\ _/
HC—CH
Polyethyleneglycol(PEG) Maleic Anhydride
_

H—(OCHZCHz)n—o—ﬁ—ﬁ:ﬁ—(”:—o—(CHzcH20)n—H [A]
o o

Step 2 (l:H3 (|:H3 (|2H3
[A] + HO—Sli—Ofsli—Oﬂ—Sli—OH —
X
CH; CHj; CH3
g
— H-(OCHZCHz)n-O—(”:—ﬁ=E|:—(":—O-(CH2CH20)n—s|i—o~fs|,i—oﬂ—* [B]
X
o o CH; CHj
Step 3
[B] + 2 NaHSO; —>
: oo
= H-(OCHZCHZ)n-O—(”:—|(-I:—C—ﬁ—O-(CHZCHZO)n—Sli—O%Sii—Oﬂ—* [C]
X
o] O CH;  CH,
SO;Na
Scheme 21 : Comb Type Cationic Siloxane Surfactant
Step 1 <|3H3 <|3H3 C|>H3 <|3H3
Comb Type S ] [l T
Si-H Functional Siloxane H5C Sl' o—fsll 0 Jx [S' OJy S|' CH, [A]
+ CH3 CH3 (CH2)3 CH3
Allyl Glycidyl Ether (l) CH,-CH—CH
— CH-CR— L2
N/
(0]
Step 2 T c|;|-|3 c|:|-|3 c|:|-|3 (|2H3
[A] + Yy R—N—R —> H3C—Si—0—fsi—OHSi—O%Si—CHg, (B]
Dialkvl Ami | | x L y |
1alkyl Amine CH3 CH3 (CH2)3 CH3
O—CHT(l:H——CHZ—l\\l—R
OH
Step 3
(iTH;; (i.:Hg, (iJH3 (.i:H3
[B]l + Yy H;C—ClI — H3C—S|i—0—f3|i—OHSi—O Sli—CH3 [ci
X
Methyl Chloride CH3 CH3 (CH2)3 y CH3 CH3
0——CH2—(‘:H—CH2—r\\I+—R ci
OH
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Q14 (phosphoric acid)E Z&|dH2 AE4T A
HEAA Y] ARrAIZI(hydroxyl®}  phosphoric
acid®] ghg) At AH 2 AE4E AHEA
A7t Aok [47,48].  olQlolk theFet Fol24
AZAE ARGA 7T AEE IS [33,49,50]

2.5.2 Cationic Siloxane Surfactant

Fol2d AE4t AWSYAE Fol2A A
A Igc] EYAEA AME S0l comb JHIE
TE= AR BT terminal FEfE ZSH AvEf
ojth. Comb FHIC] ol AEAT A dA|
o] g2 1 AR Scheme 19 step 1o wet
comb type Si—-H functional polysiloxane®] F4
T4 o7 ally | glycidyl etherE ZEA]7]
3, 2 TANAME epoxide groupell dialkyl
3 @AM = FSH Pt
HESAIA FF AYAPESQ] quaternary ammonium
type cationic siloxane surfactanto] ©]27] Hrc}
(Scheme 21) [51]. 183 terminal type Si-H
functional siloxaneg AR&SHe Aol F49
Al FF Ol 4 Aldw gRE el 2
otE ol AEAN AHEGAZT FgHE
Dialkyl amine TtH4lo]l monoalkyl amine E+=
alkylamidoamine 5 & AF85te] Al4gAd 2 Eol
2%E ol B/EIE oA & 4+ Aok
[52]. ol9jel= TpdRt Fol2A As4t Aug
AA7E AEE I (33, 53]

amineE A7,

LB g

2.5.3.Alkyl Siloxane Surfactant

S3lrd ARSI Y] "eleas 23 s}
Aol ¢l A44d(hydrophobic)#t &3lF4A] @
At Hspdo] e MRS BAlOl e AR
(54 = /A, f71FLaSEETE S0
fcHGiliphobic). 71482 AHSAA ] 4
A w7lHAIES B@eead Ay 3egol
A= 425X dipophobic)s WEMAITE (444
7z 84, frlLsRrEn et sk
(siliphilic)& YEH7]= gt 55| AE4MS] &
Tt Z7kge] e ARANA Aa4o o

© Aol Sl H ol AE4e] EAo)Y]
Hos Expgo] & 18Ae EAo=R woHEn
[30]. webA fr1dEE AMBEANA 44
AEAE 727z AR S3ea 1EY A5
4 4 A5S sAlel Addste A, R4,
A 224 Giliphilic ; silicone= loving)& FoI&
SBH, FIpat fUAHES fALRCR
Sk AN fEkbERA 7= fElEE
gAY,

a4 Eodz AEA AUEEAE comb
Fefe] Si-H  functional siloxane®] alpha
olefin(terminal alkene) 2}t allyl alcohol
ethoxylateZ co—hydrosilylation ¥H-g-<f <]3l] ]
ZHtt. = siloxaned] alkylation} ethoxylation
= Al A7l Aoltt (Scheme 22). &4
Si—H functional siloxane®] HA alpha olefin&

17285 ¥x ®RAIRl o allyl  alcohol

Scheme 22 : Ethoxylation and Alkylation for Comb Type Si-H Functional Siloxane

GHy  CHy GHy cHs
H3C—S|i—O—fSli—OHSli—O%Sl:i—CHs +
X
CH;  CHs H Y. ¢ch,

Si-H functional Polysiloxane

o |
— = H3c—s|,i—o~fs|,i—oHSi—o~]—1LSi—o Si—CHy
X
CH;  CH;, | yi

(CH2)3

l
0

\
(CH,CH,0)n—H

¥1 H,C=CH—CH,—0—(CH,CH,0);-H
Ally Alcohol Ethoxlate

Y2 H,C=CH—(CH2)7—CHjs
Alpha Olefin

CH;

(CH2) 42

Lipophilic/Hydrophobic

CH,

! Siliphilic
y
CH; 2 CHs

Hydrophilic/Lipophobic
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ethoxylate AZFE Y ¥REAIRl Fof P&
alpha olefine Y1 ¥-5-& AlA AFAL AREY
olefin®} ethoxylate?} 5557 H7IE =S ghct
[54,55,56]. o] AHELA= 84 E=olH
B OF, 93agsiy gitea 4 OF, 1
21 fr1dEZ8eld A 252 FAl 7t
A3 Qloew, 44 OFoRE #ed, AE T
o] F= FAHH, P IFS PEG ¥= &
+ PPGeF &/tEo] FAE Stk olF 17
o] /4 Hlgel wet 4F EoEl=2 AE4E A
HEgAY] &, gelraed, AeyZedol gt
gafdol gt [571.

2.5.4 Carbohydrate Siloxane Surfactant

2|4:715A (sustainablity)oll ©gt ¥Ao] izof
Hofl whet A sto] 7Het S oA golstA
A= ERE QAo =/do] flo] <kdsky,
Ao AFHARRSS dor|x] g 285
A4 A58 st AT AUEEAY Ad
T gistA AP et [58]. 7EEHSko|=
go|E AEA AR dAl= AMlE Sl A4t
o] 753t eh3HE(carbohydrate) & A 1E
Sg st 444 AFAE AREe] RUlste] oA
Hot. g@R3Ee dRtHom ®aA a4 Aba
ot Qe Ed=HA EAE aaft Ada
H&o] 2:1 ¢ A4 Cm(H0)n9| etz
7}A 3 B4} saccharide(@)et1l gt .
7hE2HSlo]Ego]E AR4t AWBIA (B
sugar—based siloxane surfactant)S &A5H7] 9
g 7122 Q 2 941 saccharideol W84 1
= 2Rt os, °lE comb FH Ee
terminal FE| WA HAZAF ARSO] HItohs
ot olzjgt Wgjog E AWEA=
A3 IFSZ2 glycoside == glucosamide”t

i o, mju

Z¥Zy AgHE  glycoside siloxane surfactant@}
glucosamide  siloxane surfactant® FE& &=
Utk ESAEA AR Z2¥E A
glycoside®t glucosamide= hydroxyl7} o1& 7j
EAstANE, S S7HZI7] AsiAE WS
A AEA AW Si-H 9] HE&S =o] AE4E
e g AYH M54 saccharide®] =25 S71
AZIAY [59], monosaccharide?t ©Fd  oligo-
saccharide® AAIXITH [60].

Glycoside siloxane surfactant®] 7|22l 3}
A S ot ZTH4 steps). 4 1 BAR
(peracetylation)  glucose®] XE  hydroxyl&

acetylZ|2  ZAgRF oy 2 @AlA+=
(glycosidation) allyl alcohol& H7}ste] allyl
glycoside® &A%t 3 TAINAN=(hydro-
silylation) allyl glycoside®} comb &Ej¢] Si-H
polysiloxanes 4443} HHGA|A HEA4F AFS
of X473 glucoses ARAIZ|AL upz|al 4 TA
of| J+=(deacetylation) glucose®] acetyl”] S A7
ste HFHoRE= EDHEA AE Sl
comb FEHHRE LA glucoside’t 2EH 27t
Hct(Scheme 23) [60,61]. Eo°f g &al=E
Z7HA7171 YaAEbH scheme 159 what &4
H EQoH2 AEA4E AHEAA e saccharides
AF Zufste] glycosidationFH-SAlA A SAL
allyl  polyoxyethylene  ether®}
glycosidation ®ESA|A allyl polyoxyethylene
ether glycoside® @4% th ©ol& ¥4 =4
AEA] AW AA s e gt
(Scheme 24) [62,63]. Terminal®deje] Si-H
polysiloxane®} allyl glycoside®] t44=43} ¥
o5 EYASEA A dE dddl A4
glucose?t BEH glycoside siloxane surfactant7}
AHET (64,651, ol TikRr  Hx9
glycoside siloxane surfactant7} A= I} [59,
66~69].

Glucosamide siloxane surfactant+= &34 &
YAZA AMET 44 glucoseAtololl amideZt
linker2A  ZRgste]  PE  AHGA o]k
Glucosamide siloxane surfactant2 $HAdsH= B

saccharide=

Hoe (1) amino functional  siloxaned}
gluconolactone  WHSAIZIAY,  (2) Si-H
functional siloxane™} amino functional

gluconolactone=  WFFAIZIAY,  (3)  epoxy
functional siloxane®} amino glucose(glucamine)
= WEgA7]= Aol [58].

Amino functional siloxane& ©]-8dt= &4
HO o2 Zth (4 step). A 1 TAIA
glucose®] WE hydroxylE acetyl”]|2 &3t
2, AISFAIA  peracetylated gluconolactoneE
dAd%tet. 2 A= cyclotetrasiloxane ™}
3-aminopropyldiethoxymethylsilane2 &7}g]%

% 0 o

5ol A hexamethyldisiloxane& chain stopper
24 ot ¥gE  ZPA]A  aminopropyl
functional polysiloxane(APFPS)= &Sttt 3
A= APFPS®}  peracetylated  gluco—
nolactones &SNS Al7|1, #px]Ero
2 4 TAoA  deacetylationA]Z|H  glucosa-
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Scheme 23 : Glycoside-Modified Siloxane Surfactant
Step 1 : Peracetylation

LB g

OH OAc
(o)
HO AcO

OH OAc

Step 2 : Glycosidation
OAc

0}
AcO
[A]l + = N\OH ——— i\coﬁ\v0\/\ [B]

OAc
Step 3 : Hydrosilylation

g
[B] + Hg,c—sli—o~fs|i—oﬁ—fsli—oﬂfsfi—m-l3 - -
X
CH;  CHj H 7 CH,

(|3H3 (l:Hs (|:H3 (|3H3
H3C—S|i—0~fsli—0HSi—Oﬂ—Sli—CHs [C]
X
CH;  CH, | LT

Y

(CH2);
OA((): o)
AcO
AcO OAc
Step 4 : Deacetylation
CH; CH; CH; CH;
K4CO,/Methanol | | I |
[C] - H3C—S|i—0—fsli—0HS|i—O%Sli—CH3 [D]
X y
CH CH CH
3 3 ((13“2)3 3
OHo o
HO
HO OH
Scheme 24 : Glycoside-Modified Polyether Siloxane Surfactant
TSRO
H3C—Si—O—%Si—OHSi—Oﬂ—Si—CHg,
S T T
3 3 (?Hz)s 3 OH
(0]
| 0 OH
(CH2CH20)n OH
OH
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Scheme 25 : Glucamide-Modified Siloxane Surfactant with Aminosiloxane and Gluconolactone
Step 1 : Peracetylation and Oxidation

OH OAc
HO (o] Peracetylatioi Oxidation‘ AcO (o) A
HO OH > - ACO _—0 [A]
OH ¢ OAc
Step 2 : Equilibrium Reaction
CHs
CH; CH; C|>H3
. —Si—OCH
HiC—Si—0—8i—CHy + x slu—oﬂ:j + ¥ H,co—si 3
CH
CH; CH, CH; (CH2)s
- HN—(CH,),—NH,
HexaMethyIDiSiloxane Cyclic Tetra 3-(2-Aminoethylamino)
Dimethyl Siloxane propyldimethoxymethylsilane
CHs  CHs CHs CH,
H3C—SI—O—fSi—OHSi—O Si—CHj3 [B]
| 4x l y
CH;  CH, Ha
(THz)s
HN—(CHy),—NH,
Aminopropyl Functional Polysiloxane(APFPS)
Step 3 : Hydrosilylation
[A] + [B]
Peracetylated Aminopropyl Functional
Gluconolactone Polysiloxane (APFPS)
(l:H3 (l:H3 (l:H3 (l:H3
. H3C—Si—O—fSi—OHSi—OA]fSi—CHg,
T A
: : (CHy)3 : OAc [C]
| H HO OA
HN—(CHy),—N ¢
2 OAc
lo) OAc
minegrafted siloxane surfactant7} /¥t A= peracetylated  gluconolactoned}t  ally
(Scheme 25)[70]. sEATE AH8HQ1 ZHA amine2 WHS-A]# peracetylated allylaldonamide
gluconolactone2 acetylationA]7]1A] &1 It E AT 3 @AAE= Si-H functional
APFPSe} wHhgot= Wiilo=z ST AHE west polysiloxane™} peracetylated allylaldonamideE
star QIeH59, 71~741. TAagadWigS AlZ|A, BT o R 4 dAo
Si-H functional siloxane?} amino functional A deacetylationA]7]& glucosamine—grafted
gluconolactone2 o]-&dH= A WS oregat siloxane surfactantZt F/JETH  (Scheme 26)

2ot 4 step). A 1 DACNAE glucose?] [70].
BE hydroxylE acetylZ7]2 |2t o}, AFShA]
7 peracetylated gluconolactoneE FAdetct. 2
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Scheme 26 : Glucamide-Modified Siloxane Surfactant with Siloxane and Amino Gluconolactone
Step 1 : Peracetylation and Oxidation

et OAc
"o o Peracetylatioi Oxidation AcO ° A
- . n _ 0 _o [A]
- ¢ OAc
Step 2 : Amidation
OAc
OH
[A]  , = NNH, — > o]
Allyl Amine AcO ©

Peracetylated N-allylaldonamide
Step 3 : Hydrosilylation

CH;  CHj CH, CH,
. 1 rd .
[B] + H3c—s|—o~fs|—o ] Si—O0 ] Si—CHj,
| | ax | | sy |
CH;  CH; H CH;
CH3

— = H;@—S.—O—fS.—OHS.—o Sl—CH3

CH
(CH2)3 3

OAc
OH

AcO

AcO NH

AcO O

Scheme 27 : Glucamide-Modified Siloxane Surfactant with Epoxy Siloxane and Glucamine
Step 1 : Epoxydation with Allyl Glycidyl Ether

Step 2 : Nucleophilic Addition

?H3 (|3H3 H OH OH
Hac_sli_o_%sli_oHS|—oﬂ—S|—CH3 + /NMOH
X
CH; CH3 (CH2)3 HO OH
O—CH,-CH—CH; N-Methyl Glucamine
(o]
> H;C— Sl—O—fS|—OHS|—Oﬂ—S|—CH3
CH OH OH
(CH2)3 OH
O—CHZ*CI:H_CHz_N
OH OH  OH
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opzjgko 2 epoxy functional  siloxaneX}t
amino glucose(glucamine)& ©]-&3l= FHA HHH
2 o2 Zth (4 ostep). A 1 SAIAE
scheme 19 step 1 o w2} Si-H functional
siloxanedt allyl glycidyl ether2 ¥HS-AIZ1 of-&
2 DAAE  epoxide IFI  N-methyl
glucamines HFHSAIZIH  glucosamine—grafted
siloxane surfactant”} AJE T} (Scheme 29)[75].
1 SAEESo A allyl alcohol ethoxylate®} allyl
glycidyl etherE @7 Fstd EASEL A
o comb FHIZE ethoxylate?} glucamine©] FA|
of Ag=o] =of gt galiert st

3.2 E

el AMEgAet g AIA A
A= 254 f7IAsA OFn R4
A a5l AgEA e AT xE Hof

=53 E9siety ddS 7 gloH
Sopt mle Wil ofo] whet heRt spekx
£ 71 AeEA ARgEAEe] gL QUoh

AYEA ARBIA L 244 OFS A5k
P OHAEYAEALL FHAAYATE B2 ||
2718} 3AFALo]l & ASstAdm el W
BHAE F oOle =53 E98kehd Ade
BRIt} o]edt EeAEARS XgT|et A6
PeliMe whgAdel & Si-H  functional
polysiloxanee FZ2 AMEstH Si-He| fx]of w}
2t com type (hydride—grafted polydimethyl-
siloxane)?}  terminal type (hydride—terminated
polydimethylsiloxane) 5 27FA|7} Q1o Ajteh=
A5 27 AAE vdstA A 4= ok
WS EeAEA A OES AR
Qa4+ transetherification, hydrosilylation(7F4:
43RS, 2 SA W 5 3 7] W o]
Uom ol ke wWEFujEstolAl silicon
hydride®} olefin(#4015 2% Bl 44
ashkgo] 71 A Woelty.  AgE=
A5 AFor EQAAFA|EE FAasa
SHESAIRI AS+= EoHlz AE4F AWEA
A7y, FarasES ZAR 2 @A ¥ A
1 Agolle ohget ZolA, dolA ASA

AR [e]

olo 30 1l &,

ARDGAZE 3Eeh A&7Hsdol Fagh &
ZgRistel] whet A AR 7Hsskal QA

o ¢FA%t saccharideE 4A 1Eo =2 AMESH

o

glucamine & glucoses FAFASNHES X
et 2~4 A HEgo g FHE

/‘\jla%o] 7].1]__]]_ [QR=S E_E__@- %ﬂ_ﬁ]—ﬁ??ﬁ /6]7‘5_._1

AL T

Hzoll 71422 APEEA] 82k A
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