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Alicyclic epoxy resin cured by thermal frontal polymerization

ZHOU Jianping, ZHAO Haifang, WU Huiru, LIU Zhilei, JIA Shijun
(School of Material Science and Engineering, Nanchang Hangkong University, Nanchang 330063, Jiangxi, China)

Abstract: The method of thermal frontal polymerization (TFP) was used to cure the selected alicyclic epoxy resin.
The effect of the factors, including amount of curing agent, preheating temperature and tilt angle of reactor, on
frontal velocity and frontal temperature was investigated. The structure and thermal properties of the cured
products were characterized with FTIR, DSC and TG analysis. The results showed that both frontal velocity /'y and
maximum frontal temperature 7),,, increased with increasing amount of curing agent or preheating temperature,
while initiation time and the time needed to reach the highest frontal temperature decreased. When the reactor
tilted, the heading direction of the descending front would drift, and frontal velocity would tend to slow down. The
analysis of FTIR spectrum indicated that the products obtained by the TFP method exhibited similar infrared
absorption as compared to that of the products prepared by the traditional thermal curing method. DSC and TG
results revealed that the products obtained by the TFP method had higher glass transition temperature and better
thermal stability.
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Fig.1 Scheme of descending frontal polymerization
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Fig.2 Mechanism of thermal frontal polymerization
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Fig.4 Relation between initiator dosage and front temperature
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Table 1 Effect of orientation on front velocity

o) B ) a/ () HEFE % /eme min™'
0 0 0 1.194
30 8 22 0.923
45 12 33 0.870
60 20 40 0.836
75 25 50 1.100

2.4 EMLEHIRIRIE

241 zmobkat ki K 7 NRHMATEL R A
(TFP) FlA% G # [l A3 43 ) T A A 480 IR 1T )5 1Y)
LAMGIE . Hh ik a NIREMAEIC Y, Gk
b RAGREZY), WEE o NINVETL B .
MBI LAE H, 979 em™ FFRE L JE T FR A 4
PRENFFAE RIS (2R a) TEEAL f5 =9 (B 2K b
o) FEHRAMN,, WHRHARTLE G T 2S5
AL T2 [RIRE A] DS R S I [k 5 4. RN,
PR E ALY G2 by o) H7E 1735 em™ LT
C—O HEMIFFAEMR I, 7E 3480 e Ak IR Az M
I L T IR 5 T AR ) 52 25 IR R A I i o o EL

TEL by ¢ KL, PANE AL H AT IR E AL 204
WAL, 18 B [ A 7 P EL A AR TR PR 544

242 B Eamegiist B 8 NRARATLERS
V2 [ A R SRS I Til s B S =01 TG #iZk. eI
FILAE Y, Tt 5 e o 1) ] 4 7= 420 P 0 7 il B2 5
AAAME, %14 327.6°C, T H¥%k TG &) LF5 4
B YUK FH AT G IR [ A B PR U i [ A0 H
AREFI—1E. 54, HE9 TG H, RHAR
FIR TSR A T2 G B A T2 A5 3 24 U
J [ 16 = P B A A R R # o iR B (328.1°CH, fH
IEL TEF e 246° CHRAERTE, [RILATZE
A LZARIME = E AfRE . B,

Bl 10 ARHRGUR TR G S S HE N T
SR DSC k. HERTAL, SR HRETL R
BV R BB LIR E T,=176°C, i T3l fk
P BRAGIR S (T,=170.8°C) . IX AR R

0 SN N N

0.8
N
)
g 061
£
=
=
2 041
L

021 4 low-end product

o top-end product
O C 1 1 1 1
0 100 200 300 400 500

temperature/°C

K8 IR AT E IR & WAL T S o = M) TG i £k
Fig. 8 TG curves of epoxy resin product cured by
TFP method

b 3480 2940

\ 3480 291;0

c
| 1735

1735

\ 979
1100
[l [l [l [l 1 5 85 \ [l [l
4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm-1

7 SR SR AT A T E ESR U = 40

Fig.7 FTIR spectrum of cured products by thermal curing and frontal polymerization

a—epoxy oligomer; b—cured resin by thermal curing method; c—cured resin by TFP method



© 3288 ° o T ¥ #6545
1ok I LR LT 2ZMPUE, JRe. FORIFR R A R
‘ il 4 AU S 7 BRI AR R i 7
0.8+ 1
g : References
g 0.6t 3
g 3 [1] Li Guilin (ZE4E#K). Epoxy Resin and Epoxy Coating (M4 A -5 3
_"5 04 : IR EHIM]. Beijing: Chemical Industry Press, 2003:1-5
: 02k  TFP method % [2] Y'Tm Qingzhi (##2), Su Xintai (Tﬁfﬁﬁfz‘t), Guo Changchun‘ (?IZEI
’ a thermal curing method : 4}i). Recent developments of self-propagating frontal polymerization
ol 1 [J]. Progress in Chemistry (L5313 J&), 2005, 17(6): 1081
. . L . [3] Chechilo N M, Khvililitskii R J, Enikolopyan N S. On the
Y Y ALY el L el phenomenon of polymerization reaction spreading[J]. Dokl Akad
temperature/C Nauk SSSR, 1972, 204: 1180
K9 #HE|RETLEETYSHRELTYE TG HhZ: [4] Szalay J, Nagy I, Banyai I, et al. High temperature copolymerization
Fig. 9 TG curves of products cured by TFP method and of styrene and maleic anhydride in propagating polymerization
thermal curing method front[J]. Macromol. Rapid Commun., 1999, 20: 315-318
[5] Hu Ting, Chen Su, Tian Yuan, et al. Frontal free-radical
a— TFP cured product copolymerization of urethane-acrylates[J]. Journal of Polymer
b— thermal cured product Science Part A: Polymer Chemistry, 2006,44(9): 3018-3024
/ [6] Michael F P, Vladimir A V, Lydia L L, et al. Free-radical frontal
/\p copolymerization: the dependence of the front velocity on the
g e ,\'g monomer feed composition and reactivity ratios[J]. Macromol.
1 &*’ Theory Simul., 2003, 12: 276-286
‘ [7] Fang Yuan, Chen Li, Chen Su. Facile and quick synthesis of

150 155 160 165 170 175 180 185
temperature/C

10 #GIRITER R G5 PE =) DSC it £k
Fig.10 DSC curves of product cured by TFP method and
thermal curing method

SUR T2 R A AL S RN, 2R A AT 2R e e
R Tinax BR85S0 AT AL R 1) ] AL iR P
it 1o T 2 3R 15 2 A [ AL 7 B B A P ) B
R HIACHRE B, R 2 3R & 7 ) B B AL it
JE B o

3 % #®

KHAMEIRTLE AL (TFP) WA T IR
WEM -3, 4- AR TR 3 4-HA ikt
FER IR R, 25 SRR, I > 1 K [ 4k 77 &=
FRITF e TR, FE VT LA 45 46 A 26 5 A 1) 51 R I i) A3
KEERTLRMMEBE R, ISR, 5
RATRRE T 5L S RE = A M E 57
ghiky; MRS RKRY, SEGHRE =PI,
G R AT R A =) BAT B e 1) 35 A L P R B 4
PAFRE M. BT ATRE SR LB e, K
KGR T AW AR ) B ALET1A], BERERONBRAR,

(8]

[

[10]

(1]

[12]

[13]

[14]

[15]

poly(N-methylolacrylamide)/polyhedral oligomeric silsesquioxane
graft copolymer hybrids via frontal polymerization[J]. Journal of
Polymer Science Part A: Polymer Chemistry, 2009, 47(4): 1136-1147
Hu Ting, Fang Yuan,

Yu Huan, et al. Synthesis of

poly(N-methylolacrylamide)/polymethylacrylamide ~ hybrids  via
frontal free-radical polymerization[J]. Colloid and Polymer Science,
2007, 285(8): 891-898

Chen Su, Sui Jianjun,Chen Li, et al. Polyurethane-nanosilica hybrid
nanocomposites synthesized by frontal polymerization[J]. Journal of
Polymer Science Part A: Polymer Chemistry, 2005, 43(8): 1670-1680
Fang Yuan, Chen Li, Wang Caifeng, et al. Facile synthesis of
fluorescent quantum dot-polymer nanocomposites via frontal
polymerization[J]. Journal of Polymer Science Part A: Polymer
Chemistry, 2010,48(10): 2170-2177

Alzari

Graphene-containing thermoresponsive nanocomposite hydrogels of

Valeria, Nuvoli Daniele, Mariani Alberto, et al.
poly(N-isopropylacrylamide) prepared by frontal polymerization[J].
Journal of Materials Chemistry, 2011, 21(24): 8727

Zhou Jin, Tang Wenqi, Chen Su, et al. In situ access to white
light-emitting fluorescent polymer nanocomposites via plasma-ignited
frontal polymerization[J]. Journal of Polymer Science Part A:
Polymer Chemistry, 2012, 50(18): 3736-3742

Alzari Alberto.

Thermoresponsive super water absorbent hydrogels prepared by

Scognamillo  Sergio, Valeria,  Mariani
frontal polymerization[J]. Journal of Polymer Science Part A:
Polymer Chemistry, 2010, 48(11): 2486-2490

Zhou Jin, Chen Li, Chen Su, et al. Available plasma-ignited frontal
polymerization approach toward facile fabrication of functional
polymer hydrogels[J]. 2010, 22(19):
5653-5659

Guo Xin, Chen Li, Chen Su, et al. Fast synthesis of versatile

Chemistry of Materials,

nanocrystal-embedded hydrogels toward the sensing of heavy metal

ions and organoamines[J]. Journal of Materials Chemistry, 2011,



EXE JE RS NG R AT ER A B IR A A R

* 3289

(16]

[17]

(18]

[19]

(20]

(21]

(22]

21(4): 1124-1129

Scognamillo  Sergio,  Alzari  Valeria, Mariani  Alberto.
Thermoresponsive super water absorbent hydrogels prepared by
frontal polymerization of N-isopropyl acrylamide and 3-sulfopropyl
acrylate potassium salt[J]. Journal of Polymer Science Part A:
Polymer Chemistry, 2011, 49(5): 1228-1234

Feng Qiao, Yan Qingzhi, Ge Changchun. Frontal polymerization
synthesis and characterization of temperature- and pH-sensitive
hydrogels[J]. Colloid and Polymer Science, 2012, 291(5): 1163-1170
Sanna Roberta, Alzari Valeria, Mariani Alberto. Polymer hydrogels
of 2-hydroxyethyl acrylate and acrylic acid obtained by frontal
polymerization[J]. Journal of Polymer Science Part A: Polymer
Chemistry, 2012, 50(8): 1515-1520

Zhou Zhenfang, Yu Chao, Chen Su.

poly(NMA-co-VCL) hydrogels via long range laser ignited frontal

Facile access to
polymerization[J]. Journal of Materials Chemistry A, 2013, 1(25):
7326

Wu Xiaobin(ZF#), Fu Heqing(f#F13), Huang Hong(#% %), Chen
Huangqin(¥RJ$:4%). Frontal free-radical polymerization of urethane-
acrylate [J]. Journal of Chemical Industry and Engineering(China)
(L T54),2007, 58(6): 1581-1586

Yan Qingzhi(#E# ), Su Xintai(15#17%), Zhang Wenfeng(7Kk 3Ci%),
Ge Changchun( % & 4 ).
acrylate/acrylamide superabsorbent via frontal polymerization [J].
Chemical Journal of Chinese Universities (17155 #4524,
2005, 26(7): 1363-1365

Chen Su(Pk73), Feng Cang(Fif), Sui Jianjun(FEE%). Study on

frontal polymerization of polyurethanepnanosilica sol hybrids[J]. Acta

Preparation of starch-g-sodium

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Polymerica Sinica(f57> T 54%), 2005(1):1-3

Feng Qiao({%4), Lu Guodong(/ [E4), Liu Yuqiong(X E ), Yan
Qingzhi(#&7 ), Ge Changchun(& £ 4fi). Frontal polymerization of
acrylamide for preparing porous polyacrylamide hydrogel[J]. Acta
Polymerica Sinica({517) T 54%),2009(7): 674-679

Chekanov Y, Arrington D, Brust G, Pojman J A. Frontal curing of
epoxy resins: comparison of mechanical and thermal properties to
batch-cured materials[J]. Journal of Applied Polymer Science, 1997,
66:1209-1216

Frulloni E, Salinas M M, Torre L, Mariani A, Kenny J M.
Numerical modeling and experimental study of the frontal
polymerization  of the diglycidyl ether of bisphenol

A/diethylenetriamine epoxy system[J]. Journal of Applied Polymer
Science, 2005,96(5): 1756-1766

Mariani Alberto, Bidali Simone, Caria Giuseppe, et al. Synthesis and
characterization of epoxy resin-montmorillonite nanocomposites
obtained by frontal polymerization[J]. Journal of Polymer Science
Part A: Polymer Chemistry, 2007, 45(11): 2204-2211

Scognamillo Sergio, Alzari Valeria, Nuvoli Daniele, Mariani Alberto.
epoxy
polymerization[J]. Journal of Polymer Science Part A: Polymer
Chemistry, 2010, 48: 4721-4725

Zhao Haifang (#Xif§ 7). Investigation of frontal polymerization of

Hybrid organic/inorganic resins prepared by frontal

epoxy resin [D]. Nanchang: Nanchang Hangkong University, 2012
Mervin Bazile J R, Archie Nichols H, Pojman J A, et al. Effect of
orientation on thermoset frontal polymerization[J].Journal of Polymer
Science Part A: Polymer Chemistry, 2002, 40: 3504 -3508



