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Curing Characteristics of M g-Phenolic Resin

Zhang Yang Zeng Jinfang Xue Jianyi
(Xi" an A erogpace CampositeM aterial Institute, Xi' an  710025)

Abstract The curing characteristics of M g-PR including curing reaction kinetics and curingmechanisn was in-
vestigated by DSC and FTIR, and its themal resistance was studied by TGA. The reaults show that the goparent acti-
vation energy of the curing reaction is about 82 42 kJ/mol and the level of the curing reaction is about O 913 for this
resin Campared with the curing process of common phenolic resin, there is me nav changes of structure The TGA
reaults indicate that theM g-PR possesses excellent themmal stability and high carbonation ratia In the condition of the
heating rate of 10 /min, the carbonation ratio is about 58 57% when the tenperature comes o 800 . It is conclu-
ded that theM g-PR is cgpable of rgpid curing, and the optimized curing tamperature should be controlled betveen 150
and 160
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0
12
, 121
: . . 150
122 DSC
D-7 (D) ( Perkin
e - Elmer ) , 5 10
DX 15 /min, DC
FTIR , TEA 123
D Kissingerm
1 Mg- PR :
11 In@ /T2) = In(RA/E) - E/(RT,) (1)
50%, 12% ( B D
) : , , n@/T2) 1/T,
12008 - 07 - 28; 12008 - 09 - 09
,1982 s , E - mail: zhangyangl013@163 can

— 36 — 2008 6



: (1)

E, Grane : )
d(I@) /d(1/T,) =- E/nR (2) DC ,
1B 1 Tp 1 R ’ ;
'A ’ E y n
n@) 1/Te , K= , DC
- E/NR, K ssinger E, : (2) , ,
124 FTIR DT
M agna750 ( N ico-
let ), , 50 5h ,
400 4000 an’*, KB r D 1(b) ,
125 TGA 110 150 )
TA - 7 ( Perkin—Emer
) , 10 /min
800 , 150 220
2 1
21 (8l
1 DC ' '
5 L 5%C/min )
ol 10°C/min
15 /mi
B _5 min s
£ 10 , ,
= ™~
8 45t
2
® 20 22
=25 F [ D$ ( 1) ’
_30 1 1 L 1 1 1 1 ( 2) ,
40 100 150 200 250 300 350 400
HREE/C
(a) DC
20 1 6)
—5%C/min .
- Tabh 1 Curing peak tenperature of M g-PR at
é different heatig rates
g; 12 B/ -min'? Tp/
# 5 184 4
87 10 197. 5
15 206 2
g O SONIE SUUR YUY SR I SO S 20 212 8
50 100 150 200 250 300 350 400 450 500
HRE/C
E, E ,
(b) -
D Kissinger
1 DC E g
Figl DSC curveofMg- PR '
n@/T) 1/T, (
1(a) , 2), E,
DT ( ) , Grane :
— 37 —

2008 6



d(I) /d(1/T,) =- E/nR

n@G) 1/T , K=
- E/nR, Kssinger E 82 42 kid/mol,
Q 913
220
210
2
B 200 -
=
i
¥ 190- y=1.8796x+176.7
L
180 i : 1 1

0 5 10 15 20 25
FHRBFF/C * min™
2B-T
Fig 2 Relationship betveen curing peak tamperature
and heat rates
B =0
176 7 150 114 s
10 20 9

D ,

150 160

23 FTIR

120°C/30 min

0
B\Q L}Wl 30°C/30 min
¥ 05 140°C/30 min
R 50°C/30 min
L 160°C/30 min

170°C/30 min

B N BTSSR s 1 A i 2 5
3500 3000 2500 2000 1500 1000 500
BB em™!
(a)
1476 1237
1+ 151 1170 1044 756
159 1376 1115210 370814) 692
0.5 %MW\J&E“‘
120°C/30min
&k 130%./min.
¥ - 140°C/30min
£ 05 ~1503730min
b i 160°C/30min
170°C/30min
_1.5 i ) 1 1 N EN—— T 1
1600 1400 1200 1000 800 600
F/ecm™
( b)
3 FTR

Fig 3 IR gectraof uncured and cured M g-PR
— 38 —

[ 4
71, 2
2 FTIR
Tab 2 IR gectra of M g- PR molecular structure and
corresponding absorbing peak
Jan~ 1t
3306 3370 —OH
2917 1475 C—H
1643 C=0
1595 cC=~C
1376 C—H
1236 c—O
1043 c—O
995 1000 c—O—-<C
879 C—H
836
820
755 3 5
694 ;1,3- ;1,3,5- 1,2,3-
3
(1)3306 an"* ( O—H o—
H) ,1043 an"* (—CH,OH)
;879 an”* ( C—H) 755 an’’
C—H) ,
1813 an”* ( 4
- 2,4 - ) 820 an " (
4- ) 836 an ' (1,3- ),
755 an”* ( C—H)
879 an " * ( C—H) 813 an ' ( 4-
2,4- ) ;
(2)1 043 an" ' (—CH,OH)
,998 1023 an’!
c—0—C
c—0 ;1643 an” " (
)
11376 an”* (
C—H ) ,
(3)879 an"* ( C—H )
2008 6

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



, MO , MdO
, 2,4,6 - C=
, 3 o, ,
(1) (—CH,O0H)
i) 1 H 1
OH
HOCH,
GH,0H CH,0H :
3 24 TGA
HO
4, 3

OH
HOCH,
2
HO 95

332.45C
93.069% 0.01
99.900%
85 - 1 0.03
¥
% L
& o5l 0.05 8
X I a
(2)2 \ 1 0.07
65
) L 0.09
OH ¥ .
4 4]’32.5 200 400 600 804.5
HOCH /C
’j@— CH,0H  HOCH, o
+
HO (a) 150 TG DTG
OH 1.0
HOCH,
CH,0CH, CH,0H 09 f
+H,0
HO s 081 (D-1407C/30min
,ﬁ ®-150%C/30min
# o7 @-160C/30min
, & @-170°C/30min
0.6t @
' ®
oH o . , . @
HOH,C (] 200 400 600 800
CH,OCH, CH,0H BEE/C
e
(b) TG
HO 4
OH .
Fig 4 TCGA curvesof curedMg-PR sanple
HOH,C .
CH, CH,0H 3 30mn
+ CH,0 Tah 3 Carbonation ratio of M g - PR after curing for
HO 30m in at different temperature
/ 800 1%
(3) 2,4,6- 140 56. 80
TR 150 58 57
160 57. 89
’ 170 54 78
2008 6 — 39 —

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



4 , 200 TG
300 , ; 430 450 ,
, , 150 30 min
, TEA 800 58 57%
, DTG (5) DX TG
100 330 ; , ,
430 450 (a 150 160
),
150 30 min 1 ,
58 57%, 2003
2 Kissinger H E Themal methods of analysis Anal
’ ' Chem ,1957;29:1 702 1 704
) ) , B . . ,
' ' 2007;25(2): 124 126
’ 4 , .
) 150 ,2007;35(7): 51 57
160 5 , )
3 ,1993; 12(2): 45 48
(1) DC D 6 Alon®waM V, Oliet M. Detemination of curing kinetic
) parameters oflignin-phenol-fomaldehyde rel resins by several
dynamic differential scanning calorimetry methods Themochimi-
(2) E 82 42 kJ/mol, caActa, 2004; 419: 161 167
Q 913, , ! S
,1999; 39(4): 60 64
(3) ’ 8 AdtarloaAierbe G Kineticsof phenolic rel resin foma-
' FTR  fion by HRLC Polymer, 1998: 39(14): 3 147 3 153
9 Zhao Lei, Hu Xiaa A variable reaction order model for
) prediction of curing kineticsof themosetting polymersd Polymet
2007;67(7):6 125 6 133
(4) 200 300
, ( )
( 3B )

1 ShyanBob Shen, Hastuo Ishida D evelopment and charac-
terization of high-perfomance polybenzoxazine composites Poly-
mer Camposites, 1996; 17(5) : 710 719

2 ; , . /

,2003; 23(5) : 43 46

3 , . . : )
1990

4
,2001: 10 11

5 ,

,2004: 93 94
6 ,
,2004: 85 86
7 ,

,2003: 115 116

— 40 —

8 Ning X. Ishida H. Phenolic materials via ring-opening
polymerization of benzoxazines effect of molecular structure on
mechanical and dynanic mechanical properties Polym. Sci, Part
B. Polyme Physics 1994; 32: 921 927

9

. , 2006

10 Vanlandinghan M R, Edujee R F, Gillepise JW. Relar
tionships betveen stichimetry, microstructure and p roperties for a-
mine cured epoxies Polymer, 1999; 71(5): 699 712

11 Zhang J, Richardon M O W. M icro-Heterogeneity of
urethanc vinylester resin netvorks Polymer, 2000; 41 (18): 6 843

6 849

12

,2005: 62 66

2008 6



