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Preparation and properties of water-in silicone emulsifier
modified by Chalcone derivative
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Abstract: Water-in silicone (W/Si) emulsifier (EMCD) with UV absorption capacity was prepared by
grafting Chalcone derivative (E)-3-(4-allyloxygen)phenyl-1-(4-methoxyphenyl)propyl-2-alkene-1-ketone
(Methoxy-Cha) and allyl polyethylene glycol (APEG-400) onto hydrogen-containing silicone oil (0.18%
hydrogen content) chains. EMCD stabilized water-in-silicone emulsion was then synthesized using EMCD
as emulsifier and 6 viscosity silicone oil as main oil phase. "HNMR was used to characterize the chemical
structure of EMCD, and the influence EMCD mass fraction and m(6 viscosity ilicone oil) : m(water) on the
particle size, stability and rheological properties of emulsion were investigated. The synergistic effect of
EMCD combined with methylene bis-benzotriazolyl tetramethylbutylphenol (MBBT) and the sun
protection factor (SPF) of sunscreen lotion with EMCD added were explored and analyzed. The results
showed that, when m(6 viscosity silicone oil) : m(water) was in the range of 25.0 : 75.0~17.5 : 82.5 and
w(EMCD)=2.0%~3.0%, EMCD stabilized water-in-silicone emulsion exhibited the best stability and
rheological properties. The synergistic efficiency reached the highest up to 5.24% when EMCD and MBBT
combined at w(EMCD)=3.0% and w(MBBT)=2.0%. Compared with KF-6017 emulsifier, EMCD could
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increase the in vitro SPF of the sunscreen lotion from 21.76 to 33.29, and UVA/UVB from 0.433 to 0.587,
while EMCD enhanced the broad spectrum protection ability of sunscreen lotion.

Key words: Chalcone; polysiloxane emulsifiers; W/Si emulsions; stability; synergistic effect; surfactants
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Table 1 Formulation of W/Si emulsion
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KA H 15.0
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Table 2  SPF test formula of sunscreen lotion
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KA K 42.0
Hl 15.0
LKA TR R E 1.0
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Fig. 1 'HNMR spectrum of EMCD
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a—w(EMCD)=0.5%; b—w(EMCD)=1.0%; c—w(EMCD)=2.0%;
d—w(EMCD)=3.0%; e—w(EMCD)=4.0%, a~e K, \NAEZEL
FLBEERM BT m(6 FHREREM) : mUKOMK KR 40.0 : 60.0, 32.5:
67.5, 25.0: 75.0, 17.5: 82.5, 10.0 : 90.0

B 2 FLIRORE T IR E 1

Fig. 2 Storage stability of emulsion samples

a—w(EMCD)=0.5%; b—w(EMCD)=1.0%; c—w(EMCD)=2.0%;
d—w(EMCD)=3.0%; e—w(EMCD)=4.0%, a~e K, \NAEZEL
FLBFE R m(6 FEREM)  mUK)KRIK A 40.0 1 60.0, 32.5:
67.5. 25.0 : 75.0, 17.5: 82.5, 10.0 : 90.0
B3 FLIBAE RO AR e P
Fig. 3 Centrifugation stability of emulsion samples
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Fig. 4 Micrographs of emulsions with different mass ratios
of silicone to water

ME 4 TTLUE, B m(6 FEEEREN) © mOK)
BN, FLIBAE YR AR BTN 3.95 pum 36 5
20.81 pm; PDI Z# A\ 1.22 #4728 1.88, FLII—E
AR 2E BOEH T IAE (K ) MR A7 IR, 4k
(6 FhEEREM ) ZS [RI2URED, PRRL A BB
FERERENME LI A3 H, RBCFERIAR I PDI ¥ &
m(6 BEEEREI) © mOK) BN RGN

Kl 5 A7E w(EMCD)=1.0%I, A m(6 FhEwE
i) = mOK)BYFLIR AL P I EE 2R

a —®— 40.0 : 60.0

(V8 B A R B
0.01 0.1 1

10 100 1000

By PIER/s
1000
b —&— G'40.0 : 60.0 —A— G" 40.0 : 60.0

—&— ('250:750 —A— G"25.0:75.0
—&— G'10.0 : 90.0 —4— G" 10.0 : 90.0

)

10%
—u 85 g
A—A—A—A _,
1 L
0.05 10 ) 100
RAE /%
1000
C —8—G'40.0 : 60.0 —A&— G" 40.0 : 60.0

—®—G'25.0:750 —A— G"25.0:75.0
—#-G'10.0 : 90.0 —4— G"10.0 : 90.0

10f—= = = = = == —a—a—*=8

FITR / (rad/s)

150 |-d —=—40.0 : 60 OfBI 1B

—e—40.0 : 60.0 BRI LI
—4—25.0 : 75.0 JIEBI IR
| —+250:750 WO BT B
120 - 10,0 : 90.0 B EIBE
: 90.0 JH By

G'8G"/Pa

g 90
-R
B 60
30 ¢
e 1 1 1 1
0 20 40 60 80 100
BrLIEA/s

K5 AR U TE LA AL 2R B (a);
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Fig. 5 Rheological properties of emulsions with different
mass ratios of silicone oil to water: Viscosity (a);
Strain-modulus curves (b); Angle frequency-
modulus curves (c); Thixotropic loops (d)
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Fig. 6 Micrographs of emulsions with different w(EMCD)
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Fig. 7 Rheological properties of emulsions with different
w(EMCD): Viscosity (a); Strain-modulus curves (b);

Angle frequency-modulus curves (c); Thixotropic
loops (d)
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Fig. 8 UV absorption spectra of samples before and after
EMCD and MBBT compound
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Table 3 Results of EMCD and MBBT synergy test

s Bl Amax Amax SRR % S AMFIEBA/%

1 3.0%E® 0.021 - 1.733 —
2 2.0%M” 0.424 — 32.753 —
3 6.0%M” 1.287 — 98.594 —
4 10.0%M"” 2.098 — 158.294 —
5 3.0%E+2.0%M 0.458 2.92 36.292 5.24
6 3.0%E+6.0%M 1.312 0.31 101.088 0.76
7 3.0%E+10.0%M 2.146 1.27 161.753 1.08

DOw(EMCD) = 3.0%; @w(MBBT) =2.0%; @w(MBBT) =
6.0%; @w(MBBT)=10.0%; @JCEE, TH.
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2% 4 &y SPF %f He il 45

4 {fifl KF-6017 Fl EMCD B 7L SPF 34k
Table 4 SPF test results of sunscreen lotion using KF-6017

and EMCD
UV 386 SPF UVA/UVB
KF-6017 21.76 0.433
EMCD 33.29 0.587

M 4 vLEH, i EMCD il & 7L
SPF (33.29) H.fdiJfl KF-6017 BYFL# SPF (21.76)
/& 11.53, JF H UVA/UVB M KF-6017 il £ 1 FLIR Y
0.433 J+ = 0.587, JHi 0.154, W EMCD (e A
RO BT B WL Y ) BT I RE T o A TR ] I 45
T A R TEZKIH T FE 431 B 7 DAk 1 A 3t 38 % e
ST, 2200 1) 5 T BOKs B iE— 25 5 T R A B
W25 T A R

3 #it
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B BT A g oe M Re W FL AL EMCD, HA e Ll
AR . m(6 FREREM) © m(K)TE 25.0
75.0~17.5 : 82.5 Z i), w(EMCD)H 2.0%~3.0%,
EMCD 5 MBBT EA R4 0P [R3G 2RO . 76
W(EMCD)=3.0%H1 w(MBBT)=2.0%%& Fit J5 , Amax %%
A 2.92%, ERERCR R 5.24%; S5 H KF-6017
(B LA LG, {88 1] EMCD 19 57 Wi SL I F5 1 SPF
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