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Abstract: A series of hydrogen-containing polysiloxanes (LPMHS) with different siloxane chain lengths
(short for chain length, m+n) and ratios of siloxane links to hydrogen-containing siloxane links (short for
chain link ratio, m/n) were prepared by polycondensation under acidic condition using octamethylcyclotetrasiloxane
and tetramethylcyclotetrasiloxane as monomers, and hexamethyldisiloxane as terminating agent.
Subsequently, a series of butynediol ether (BEO) modified organosilicone surfactants (PSi-EO) were
prepared from hydrogensilanization of LPMHS, characterized by FTIR and 'HNMR, analyzed for their
properties, and evaluated for the structure-activity relationship. The results showed that when m/n=4, with
the increase of m+n (5~30), PSi-EO exhibited a decrease in the antifoaming ability and the critical micelle
concentration of its aqueous solution, a trend of increase first and then decrease in the foam-suppressing
ability with the highest value reached when m+n=20 (foam-suppressing time 16.53 min), and an increase in
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the minimum surface tension with the lowest surface tension determined by chain length. When m+n=20,

with the decrease of m/n (18/2~14/6), PSi-EO displayed an increment in the antifoaming ability and

reduction in the foam-suppressing ability, while the PSi-EO with m/n=17/3 showed an excellent

antifoaming and foam-suppressing ability (antifoaming time 71.28 s, foam-suppressing time 19.34 min).

With the increase of m+n and the decrease of m/n, the molecular chain of PSi-EO was extended and the

amount of hydrophilic group grafting was increased, and its contact angle was also increased, and the

wetting ability was reduced. The PSi-EO could form spherical micelles in aqueous solution, and the smaller

aggregates could be self-assemble to form large and complex aggregates with an average particle size of

100~300 nm, and its aggregate morphology was independent of its chain length and chain link ratio. The

PSi-EO molecules were more inclined to adsorb at the gas-liquid interface, and thus the surface tension of

the bubble film in the vicinity of the molecules was rapidly reduced, which lead to the bubble bursting.

Key words: organosilicon; butynediol ether; hydrogensilanization; antifoaming agent; surfactants
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Table 1 Reaction raw materia ratio of LPMHS with differentTable 2 Reaction raw material ratio of LPMHS with different
chain lengths chain link ratios
HE m+n/mol  m/n  MM/mol Dj/mol DY/mol HE m+n/mol  m/m  MM/mol Di/mol DY/mol
L4-1 5 4 4 4 1 L19-1 20 19 4 19 1
L8-2 10 4 2 4 1 L18-2 20 18/2 2 9 1
L12-3 15 4 4 12 3 L17-3 20 17/3 4 17 3
Ll6-4 20 4 1 4 1 Ll6-4 20 16/4 1 4 1
L20-5 25 4 4 20 5 L15-5 20 15/5 4 15 5
L24-6 30 4 2 12 3 L14-6 20 14/6 2 7 3
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i FTIR £ .
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Fig. 1 FTIR spectra of LPMHS, BEO and PSi-EO
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Fig. 2 'HNMR spectra of LPMHS, BEO and PSi-EO
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B "THNMR & & H, 6 4.71 AL Si—H i TIs T <,
5 6.22 Wb C=CH—JiiF U, AR T4
N E L, RS BB A A )
2.2 K3t PSI-EO /#0314 Bk BY 221

2 3 WAFESEK LPMHS B EEA Y500 .

# 3 ARREEEK LPMHS B Si—H BR300, HX 7R
B
Table 3 Si—H mass fraction, relative molecular mass and

viscosity of LPMHS with different chain lengths
Si—H [ &5+ 8U/%

BEAIR SCIARYS B

Fefi I soafy PR TR (mPas)
L4-1 0.193 0.188 518 553 3
L8-2 0.229 0.228 874 914 6
L12-3 0.244 0.242 1230 1272 10
L16-4 0.252 0.250 1586 1633 14
L20-5 0.257 0.253 1942 1989 19
L24-6 0.261 0.259 2298 2325 24

2 3 50, A5 LPMHS SZFRAHXT 4
TR Si—H FuE oS WU AT, HREE G
Ky, saFeERmmK. gy i e, oriks
S P RO INNGE, BE IR RNE, sl
RE 38, AT ECH 3 B 3

% 4 WAFEEK PSI-EO By LAY MR

# 4 AR PSi-EO WAHXT 0T i . HLB {HAZE
Table 4 Relative molecular mass, HLB value and viscosity
of PSi-EO with different chain lengths

P4-1 692 765 2.5 41
P8-2 1222 1287 2.9 61
P12-3 1752 1828 3.0 82
P16-4 2282 2354 3.1 103
P20-5 2812 2876 3.1 125
P24-6 3342 3415 3.1 148

[F: HLB {HMR#E Griffin AXIHH[HLB=E/5, H, EH
FIEE LR A 2K TRy, B2 4 (CH O B 438, TRl

H & 4 Al A, PSi-EO SZPrAX 4T 5 Hir
FEXS 0 i B AR — B, UESE T & 51 PSi-EO ALY
il &, HESESEK MM, PSI-EO X4 FliE s
FEMZ . (Bl T &% PSI-EO M4ETT L
(m/n=4) [ € —B, 153 HE5H Fr s K 2 31 R 2R K
P LB SEAR R A, Ft, H HLB A LA
BHE, AUERTAL, TERRRRRE R B R | BUKEETY
HERIAPET, SnRE AU e < T 4 = 7 il 3

B 3 AEENTEE N 4, ARIEE R PSI-EO HITHE/AME
e Sl

160 18
T L ] o
B i) 115
120 -
g 1122
E =
Im
g sor 19 &
’ 16 &
40 b
13
o

RN
P4-1 P8-2 P12-3 P16-4 P20-5 P24-6
bl

Kl 3 AR PSI-EO HYTH /At ik
Fig. 3 Antifoam and foam-suppressing ability of PSi-EO
with different chain lengths

H I 3 A5, 24 m/n=4 B}, FERER N 5~30 HITE
RN, B PSIi-EO HEKMBEIN, HHRE JIFEAK,
PIHLRE I fE— B FI N A TR S, B2 )5 BRI
G MK mrn=20 B EA ORI EE S, W
JETE R 16.53 min, XA&K A, BEESE 3G,
PSi-EO AHXf 43 F Bu e g iy, ZEEREZ M, PSi-EO
PEL IR TR B R P HLBE Tk 55, 1T S5O i RE
FIREAK s RIS, 5 AH X 40F & 79 PSi-EO fE 2L
R R B R R vk, DA Re i3 m,
EL 3 = AR 43 F i 2352 PSi-EO [PERE o 25
AR, BEEREREK mtn =20 0T bk EEBEL IR
MLEE (P16-4 ) BE3E HITHil 2K BRI
2.3 $ETEEXT PSI-EO SHE/HDE 4 8E R 250

AT P 7 43 F v TR 5 A B K PR S A RN SR K
PR, PIE L B e R B HREE, RS A
BEK N 20, A[FEEET H LPMHS A9 3EA )M

# 5 ORFEEY L LPMHS 19 Si—H B 40, fHX4F
J M
Table 5 Si—H mass fraction, relative molecular mass and

viscosity of LPMHS with different chain link ratios
Si—H Fi& 7 50/%

BISARXS SERARRS gk

i LY el sgifg P TEUE Sy TR (mPars)
L19-1 0.061 0.060 1628 1677 15
L18-2 0.124 0.121 1614 1661 15
L17-3 0.188 0.185 1600 1646 14
L16-4 0.252 0.250 1586 1633 14
L15-5 0.318 0.314 1572 1591 14
L14-6 0.385 0.386 1558 1613 14

Hi 5 "I, il #7389 LPMHS SEBRAEXT 7
TR A Si—H B BCS WUNE AL, UESeAs 2
5458 —300 LPMHS, B0Ak, AR FEE N
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PREFARAS . X —g5 R 2.2 T —3.

6 MEEK N 20, AN[FEETT L PSI-EO fY3EAC
YrEgdE . 2 6 A, il 445 21/ PSi-EO SEPRAH
X0 F i H AR o F s AR — 3, WIAE
SCFRF PSI-EO WYL 4% o Bl BE 1T EL I FRAIC,
PSi-EO ' BEO #Riit i, 5l ATEZ 1T P E
g ke, TS5 BCHAR X 47 B AN FE RS ; B BEO
HIYRIMB W E PSI-EO 4> T 1 35 /K 5 B L 5] 18
Jn, HHLB EWEEZ THE . fn] W, 7EORRREE K
AASEAET, FRARLBETT H, D0 AT 38 Jn T e
T, DA 38 iR X o o 4 e R K AT L
i, W B KA ], AT R PSI-EO B AHXT 43
T . Z A HLB {H.

6 AFGET L PSI-EO HYAHXT /T . HLB {HAIREE
Table 6 Relative molecular mass, HLB value and viscosity
of PSi-EO with different chain link ratios

- PEHT S AT HLBH B /(mPa-s)
PRt S S S S
P19-1 1802 1714 1.0 36
P18-2 1962 1953 1.8 69
P17-3 2122 2174 2.5 85
P16-4 2282 2354 3.1 103
P15-5 2442 2535 3.6 127
P14-6 2602 2713 4.1 160

Kl 4 R AR EE Y LG PSI-EO (31 /A i e il ik

==y
éIil o

100
THYIESTR] {24
CF] S Bt [a]
80}
B 60F R 16 €
= =
2 / 12 &
s 40+ B
o ?ﬁ‘ g &
201 /
[N 7 i 1
LN /
P19-1 P18-2 P15-5 Pl14-6

Kl 4 A[F BEO 44k PSi-EO WY/ i g
Fig. 4 Antifoam and foam-suppressing ability of PSi-EO
with different grafting number of BEO

M 4 AT, TEEERAAE (m+n=20 ) (I 551F T,
S IR 22 16 S8k PSI-EO Hh BEO 42k iy 728 1k .
4 min=18/2~14/6 i, R PSi-EO " BEO 244 2 Ny
2~6, PSi-EO MYH L HE /1 Ffi Ak 0 be 5% - BEO $2A%
HY GRG0, AR SRR Y m/n=17/3 B
PSi-EO HATBALA T MIEAE S (TH RS 71.28 s;
PIAHIET ] 19.34 min ), XN, BE m/n BIFEAL,

BEO #4540, PSi-EO iy HLB B4k, HEk
PELREZ 32 5, SRk PE SR A4 PSi-EO 78 i 7R 2 1 H
AR R RS, IR s B
B E m/n %) PSi-EO W& 4 /> BEO #ki &, T3
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Fig. 5 Pictures of real PSi-EO samples (from left to right:
P19-1, P18-2 and P17-3)
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Fig. 6 Surface tension-mass concentration curves of PSi-EO
samples with different chain lengths (a) and
different chain link ratios (b)
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Table 7 Aggregation and adsorption parameters of PSi-EO with different chain lengths and chain link ratios

AF#%E+K PSI-EO (m/n=4)

A[RIEET L PSI-EO ( m+n=20)

RIES WS
P4-1 P8-2 P12-3 P16-4  P20-5 P24-6 P19-1 PI18-2 P17-3 P16-4  PI15-5 P14-6
yeme/(mN/m) 21.59 22.12 22.63 23.05 23.81 24.40 22.78 23.34 23.26 23.05 23.49 23.88
CMC/(mmol/L) 0.132 0.097 0.079 0.071 0.069 0.067 0.130 0.103 0.085 0.071 0.060 0.052
PP20 5.33 5.31 5.30 5.29 5.25 5.23 5.48 5.43 5.28 5.29 5.22 5.21
nCMC/(mN/m) 51.01 50.48 49.97 49.55 48.79 48.20 49.82 49.26 49.34 49.55 49.11 48.72
Apin/nm’ 0.4312 0.6756 09178 1.1762 1.3733 1.5109 1.3728 1.3339 1.2963 1.1762 1.1850 1.1768
Tnax/(umol-m?) 3.85 2.46 1.81 1.41 1.21 1.10 1.21 1.25 1.28 1.41 1.40 1.41
AGi/(kJ/mol) -12.77 -13.07 -13.28 -13.38 -13.41 -13.39 -12.79 -13.01 -13.21 -13.38 -13.54 -13.68
AGY/(kJ/mol) -15.18 -22.38 -29.26 -36.56 -41.55 -44.78 -43.36 -41.54 -40.14 -36.56 -36.27 -35.70
Hi 7 al, AFEEEST I (min=4) WF, B RO RN 5 B4 005 1 6 i BE 1 T3 e AU b

PSi-EO it S8 et K (m+n ) B0, HIKERE) CMC
AW/, KSR AR 5K ) AW R, X2
R, 3K A ik S e BE AT B T PSI-EO ERIGR ik
JE T BB o B3 A ik R 4 Y PSI-EO B W
KI ppao Al ’CMC,  F M5k 1 AR E ok, Al L
FPEAE AR R ST, e Apin BN Doy B, B
GyE R A AT A RO, A A R 5K T B

PSi-EO H i (B I T M0 RE 1 0 AGRe Fl AGy ¥ M 111
{8, R WA TR REE esE K 1) PSI-EO 7E /K R B A%
JBE AR LA B A S S T BT M 3 A R AT, AGR,
LA XHER T AGhe, Ui FE K 7 W P BT 2 3
S

M 7 AT LUEBL, HIFRRESE SRR (mtn =
20), EARFEEETT I (m/n) B9 PSi-EO 7E/K B H Y
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Fig. 7 Relationship between contact angle and time of BEO,
L16-4 and PSi-EO on different solid media and optical
photos of BEO and P14-6 at 0 and 30 s(insert)
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Fig. 8 TEM images of aggregates formed when the concentration of PSi-EO aqueous solutions with different structures

higher than CMC
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Fig. 9 Particle size distribution curves of aqueous solutions

of PSi-EO with different chain lengths (a) and
different chain link ratios (b)
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