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Fig. 1 Scheme for characterizing the volume

shrinkage based on p-rheology
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Fig. 2 The rotor gap and storage modulus of acrylate/LC

syrups versus irradiation time
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Fig. 3

Complex viscosity of acrylate/LC syrups versus

irradiation time
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Table 1  Gel time (s) of acrylate/LC syrups doping with different
contents of MI-POSS and MA-POSS

0Owt% 2 wt% 4 wt% 6 wi% 8 wit% 10 wi%
MI-POSS 6 6 6 7 8 7
MA-POSS 6 7 7 7 6 6

1T 2R I AR P A AR 4 R 5 BRI B R

UM G, R A L ZWFSE POSS X R R LR A
o B AU AL R (5 . BT P-DSC S IR T
TR IR AR G5 18] TR 2. 0T LLE
MI-POSS B 5| AXTHAR/ Wi B G IR RN REW
e 2 WU B A R 5 AN R, 38 3 73% s U I
1M MA-POSS #5144 57 24 B A8 B2 19 42 /& B
BT IRZREEE BRI/ R E AR ROLRE
P14 i 28 SURHE 5 A 3 A T AR, B R 38 B 69%
FL AN i MA-POSS (& SR ZAUBEML T 5 4 E 4
ARR LR, POSS (5] AT R/ R E AR R
JGER B 1 i A XU I b 2R 5 i AN K, ] SR OG- T
AR 2E PR WE ST POSS X K/ b B A K RO E
B R AR A 4 5

Table 2

Relationship between POSS content, viscosity, average

functionality (f) and final double bond conversion (DC)

Viscosity

POSS content f DC (% )
(mPa-s)

Blank 0 wi% 11.0 2.0 74 %
2 wt% 11.5 2.0 74 %

4 wi% 12.2 1.9 73%

MI-POSS 6 wi% 12.8 1.9 73%
8 wt% 14.2 1.8 74 %

10 wi% 14.9 1.8 73%

2 wt% 11.8 2.2 72%

4 wt% 12.6 2.5 72%

MA-POSS 6 wi% 13.9 2.7 70%
8 wi% 16.1 3.0 71%

10 wt% 18.3 3.2 69 %
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Fig. 4 Volume shrinkage of acrylate/LC syrups with
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Fig. 5 Maximum volume shrinkage of acrylate/LC syrups

with MI-POSS or MA-POSS
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TR R IR A RS R 0 ORI B .

MI-POSS X P4 s & i/ T it 52 5 1Ak 3R 10 R4
I LA BN, BERIR T IR RO R G
R 45 %, 24 MI-POSS 18 M 0 wt% 3 fin %)
10 wi% , B A R BUR SR R FEAIK 29% .

REFERENCES

Ozaki M, Kato J I, Kawata S. Science,2011,332.218 ~220

Scott T F,Kowalski B A, Sullivan A C,Bowman C N,McLeod R R. Science,2009,324 :913 ~917

Melchels F P W ,Domingos MAN ,Klein T J,Malda J, Bartolo P J, Hutmacher D W. Prog Polym Sc¢i,2012,37:1079 ~ 1104

Andrzejewska E. Prog Polym Sci,2001,26:605 ~ 665

Qi J,DeSarkar M, Warren G T, Crawford G P.J Appl Phys,2002,91:4795 ~ 4800

Park M S,Kim B K,Kim J C. Polymer,2003 ,44 :1595 ~ 1602

Liu Y J,SuY C,Hsu Y J,Hsiao V K S. ] Mater Chem,2012,22.14191 ~ 14195

Tilbrook D A. Biomaterials,2000,21.:1743 ~ 1753
Watts D C,Cash A. Meas Sci Technol,1999,2.788 ~794

Stansbury ] W,Lemon M T,Lu H,Ding X Z,Lin Y,Ge J H. Dent Mater,2005,21:56 ~ 67
Peng Haiyan ( #2348 ) ,Ni Mingli (fii 44 37.) , Bi Shuguang( ¥ B 5% ) , Xie Xiaolin (it 224K ). Acta Polymerica Sinica ( & 2> F 54 ) ,2012,

(11):1218 ~ 1224

Ni Mingli( f§i 44 37.) , Peng Haiyan (376 % ) , Bi Shuguang( ¥6BE ) , Liao Yonggui( Bk ) , Xie Xiaolin( fif2£#k) . Acta Polymerica Sinica

(#5458 F54M) ,2014,(8) : 1078 ~ 1083
Tanaka K, Chujo Y. ] Mate Chem,2012,22:1733 ~ 1746

Gao F,Tong Y H,Schricker S R, Culbertson B M. Polym Adv Technol,2001,12:355 ~ 360
Lin H,Wan X, Jiang X, Wang Q,Yin J. Adv Funct Mater,2011,21:2960 ~ 2967



1412 =8 F % 2014 4

16 Shi Xiaojing( 52 /N3 ) , Peng Haiyan ( #2548 ) , Liao Yonggui( B K ) , Xie Xiaolin (fi#Z£ 4K ). Chem J Chin Univ-Chin ( /8 % 22 £ fk 24 2%
) .2011,32:1407 ~ 1411

17 Peng H Y,Ni M L,Bi S G,Liao Y G,Xie X L. RSC Adv,2014 44420 ~ 4426

18  Peng Haiyan ( #£7ff 42 ) , Shi Xiaojing( 52 /N5 ) , Liao Yonggui( BE7K # ) , Chen Diantian ( |54 H ) , Wang Shaopan( T /0% )  Xie Xiaolin ( fi#
M) . Acta Polymerica Sinica( 43 F224) ,2012, (1) :41 ~46

19 Haider M, Hubert P, Lessard L. Composites Part A,2007,38.994 ~ 1009

20  Khoun L,Hubert P. Polym Compos,2010,31:1603 ~1610

21 Yu Q,Xu S H,Zhang H W,Ding Y H,Zhu S P. Polymer,2009,50:3488 ~ 3494

22 Atai M, Watts D C. Dent Mater,2006,22.785 ~791

Photopolymerzition Volume Shrinkage of Acrylate/Liquid Crystal/POSS Syrups
Ming-li Ni', Hai-yan Peng', Shu-guang Bi', Xing-ping Zhou'" , Xiao-lin Xie" *"
(' Key Laboratory of Large-Format Battery Materials and Systems, Ministry of Education, School of Chemistry and Chemical Engineering

* National Anti-counterfeit Engineering Research Center , Huazhong University of Science and Technology, Wuhan 430074 )

Abstract A photo-rheometer with a UV-cure monitoring accessory was used to measure the gelation time and
volume shrinkage of acrylate/liquid crystal syrups during photopolymerization , and the volume shrinkage data
were compared with those obtained from density approaches. The experimental results show that gelation times
of these syrups are shorter than 10 s and the volume shrinkages are alomost the same via the different test
approaches, which implies the photo-rheology ( P-Rheology) technique is an accurate and easy method to
measure online photopolymerization volume shrinkage of acrylate/liquid crystal systems. Two types of
polyhedral oligomeric silsesquioxane ( POSS), methacrylisobutyl polyhedral oligomeric silsesquioxane ( MI-
POSS) and methacryl polyhedral oligomeric silsesquioxane ( MA-POSS) ,were added to acrylate/liquid crystal
syrups in order to reduce their volume shrinkage during photopolymerization. P-Rheology and photo-differential
scanning calorimetry ( P-DSC) were used to investigate the effects of POSS content and type on volume
shrinkage and double-bond conversion of acrylate/liquid crystal syrups, respectively. The results indicate that
MA-POSS slightly decreases the double-bond conversion while does not bring obvious effect on the volume
shrinkage. Adding 10 wt% MA-POSS only declines the photopolymerizion volume shrinkage by 12%.
However, MI-POSS does not change the double bond conversion while can reduce markedly the volume
shrinkage. The photopolymerizion volume shrinkage of acrylate/liquid crystal syrups is decreased by 29% with
adding 10 wt% MI-POSS.

Keywords Acrylate/liquid crystal syrups, Polyhedral oligomeric silsesquioxane ( POSS ), Volume

shrinkage, Photopolymerization, Photo-rheology
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