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Process and Curing Properties of RTM Resin System for Launch Box
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ABSTRACT: The aim of this work was to study the viscosity and curing properties of epoxy resin system, in order to
provide a theoretical basis for manufacturing launch box using RTM process. The dynamic viscosity and static viscosity of
the E-51epoxy resin system were tested by rotational viscometer. The curing behavior of the resin system was studied using
the non—isothermal DSC method and Flat knife method. The viscosity of the resin system was still less than 1000 mPa- s
after 70 min at 60~80 °C, which met the process requirements. And it was deduced that the curing temperature parameter
was 60, 125 and 180 “C respectively, as well as the relationship equation of gel time and temperature. The temperature range
60~80 °C could be used as the operating range for RTM process to manufacture launch box. The recommended curing
process of system was heat curing 3.5, 2 and 1 h at 60,90 and 125 “Crespectively, post—treatment process for the next 1h at
180 C.
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Fig.1 The figure of dynamic viscosity
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Fig.2 The figure of static viscosity
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Fig.3 The figure of DSC curves
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Fig.5 Gel time—temperature curve

PR T RE I Arrhenius JRE, AT HESAF I LR AL

% = Agexp( ~ )i (1)
XF =0 ~ 1, A5 3]

In Zf<d§) = In 4, - RET tlni, (2)
.

Int, =C+ RET (3)

K E MG ALEE (J/mol) s T N4 XHEE (K) 5
RSN £, R=8.314 J/(mol - K) ; 1, R EEMLITH] (5) 5
CHHEEGAKTRFA T 5 o WIEALE ;¢ IBFE () o

R ) A%, In 10 5 UT WERIEXFR . HRIEEER
BF PV E AR, A In 2,006 (LOOO/T) PRI, IR R4, AT 15
TEALBE E M 44.25 kJ/mol, C H-6.15,,

BB AL S ERA (), 45 H BRI ] 5 7R
JE K R IR R, LK (4)

5 (5320
te = 1.49 x 10 exp(T) (4)

3 2 3 (4) B0 B AN [R) IR T 0 8 e B ] 5 3R
LR 6, FF-5 S e Jise sl [a] 254 7 % R I , 45 SR 2 B A
R PSS SR A R W) A1

8000
7000
6000F
Z 5000+
Z 4000}
3000}
2000

1000336350 360 370 380 390

TREE/K

6 BECI B (E 5 SR E X L
Fig.6 The comparison chart for theoretical and experimental values

of gel time

2.2.3 MR I AR o i E
AR T AL S0, A e i S 8] [ 4k, o nl A

AR A5 558 J2 i (1] 5 98 5 O R B AL 5 2 (20 (4) ),
T 60 CT B AR IR 2 A BRIE B I ] A 12 620 s,
WA Z2 AT AE I B AR Z W RN K24 3.5 h, il
TR FAEBARRI G BT 7840 W AR K o+ [l 3
AL SR A PR R Z27E 90 °C I 125 °CTF Y FE 18 SR e i 7]
S35 1T h A10.5 h, {5 i S e IR R 28 3 AR
Oy F Z AU, N G 4 ik S, A (AR i IR &R it —
A R, IO 3 4 KA ], B LA AL T2
&4 60,90 F1125 CF 43 il i #4 & 4k S bz 3.5, 2 F11 1
he H DSC /3 # Al AL AR R 1R R A4 A RS AL A PERE
TAAE 180 CF U7 )5 Ab B, ARG SR 22 00, s U A P
T 20180 C R 1 he

3 4k

1) BB Z7E 60~80 °C 22 fa], 2233 70 min )& , B
FERAF G RTM BB T 22K, PRI AT 200 B IX Al 4
R % AR RTM B B4 DX ]

2) Wit 0 ~ BAMED:, M B IR IR R G EERR
IR AL R S A BRR EE 4 9 A 60, 125 F
180 °Co  HHAL S 3 % )5 #2 Fl Arrhenius J7 FEHE S
th R R BT ) 5 R B O R W BL AL T AR R £,,=1.49 x
107exp (5320/7) . #EBLEL T 208 B4 60,90, 125 C
TR E AL 3.5,2, 1 h, JFARFE T 28 180 “C R
AT he

Sk :

(1] BRETE, 22205 it eE , 45 3l T RTM AR 2R It 7 e

g B B 05 R BE B ST (D). A2 B RS, 2006, 26 (3) -
183—186.
CHEN Jian—sheng, ZUO Hong-jun, YANG Hai-xia, et al.
The Study on Synthesis and Properties of Polyimide Resin Ap—
pling to RTM Molding[J]. Journal of Aeronautical Materials,
2006,26(3):183—186.

[2] &7, K, BRAT, A RTM AU e BE 2 40 i
VRRGBIESELT). BEER/Z SRR, 2011, 12(1) :33—35.
MENG Xiu-qing, ZHANG Jing, CHEN Wei—-ming, et al. The
Study on High—performance Epoxy Resin Matrix Used in
RTM Molding[J]. FRP/Composites,2011,12(1) :33—35.



$378% 1

TRIBALSE : K5 RTM R IR IR 2R L2 S 1 A P RERTSE

119

(3]

(6]

(8]

9]

BT SR XK. S S AR S R SR L
FHEhEI)]. BN/ G FEE, 2015(2) : 87—90.

SHAN Qi-yi, ZHANG Kun, LIU Le-qing. Application Trends
of Composite Material Used in Rail Launchers[J]. FRP/
Composites, 201 5(2):87—90.

G, B, 2555 Za MR Z RARE RS RTM
T RO BEERIE SR 2015(1) : 82—86.

LIU Zhi-jie, YAN Chao, LUO Ji, et al. Molding Process of
RTM of Composite Multi—partition Box Beam Structure[J].
FRP/Composites,2015(1) : 82—86.

AR, XN, AL, 2. SRR -RTM ST T2 ) I
AR A YEREDE R D). M2 AR 24, 2014, 34(3)
57—62.

LI Wei-dong, LIU Gang, BAO Jian—wen. The Study on Poor
Glue Prepreg—molding Process of RTM and It" s Mechanical
Properties of Composites[J]. Journal of Aeronautical Materials,
2014,34(3) :57—62.

W BUELT, A k. it as R ShHUR A 5 R SR IE T
ZIREND) M KB HIEHA ,2011,47(4) :36—38.

YANG Jan, HE Ye-hong, LI Jia-lu. The Explore of Molding
Process of Composite Scaffold Used in Aeroengine[]]. Aviation
Precision Manufacturing Technology,2011,47(4) :36—38.
WA R AR W], 3 57 1E. RTM HARTE R SOb il e v i i
BRI B HUR TR, 2010,26(5) :37—39.

YANG Chun-xia, ZHU Yong-ming, JIANG Li-zheng. The
Investigate of Application of RTM Technology Used in
Manufacture of Corrugated Board[J]. Electronic Mechanical
Engineering,2010,26(5) :37—39.

fe A, IS0 FE TR AR i A il A PR M A2 S AR
BT PR AIEHIEAR , 2014(2) : 84—88.

GAO Xi, YANG Shi-wen. Analysis of Thermoset Composites
Based on the Manufacturing of Automotive Lightweight|[]].
Automotive Practical Technology,2014(2) : 84—388.

TR A, BT . RTM U A2 & bR [ A 4 5 1
PERERFSELI]. BIEH/SF1RE, 2014(7) : 53—S56.

LUO Hai-tao, LI Ya-na, KANG Yong—qing. The Study on
Properties of Co—curing Combination Surface of Composite
Materials for RTM Molding[J]. FRP/Composites, 2014 (7).
53—56.

[10] X DA, PNEBEI, T 3080 RTM FHRCHE 20 S BB g 74 22 A%

& T2 I PEREWSEL)]. B3840/ A 4 kL, 2013(3) : 106—
108.

[11]

[12

—

[14]

[15]

[16]

[17]

[18]

[19]

ZHAO Wei-sheng, SUN Chao-ming, WANG Wen-jing. The
Study on Molding Process and Properties of Modified Resin
System of Vinyl Ester Used in RTM[J]. FRP/Composites, 2013
(3):106—108.

WANG Hai-mei, ZHANG Yue—chao, ZHU Li-rong, et al.
Curing Behavior and Kinetics of Epoxy Resins Cured with
Liquid Crystalline Curing Agent[J]. J] Therm Anal Calorim,
2012,107:1205—1211.

TR, e, ZOHTAE. B AL A BHLIR PR A i -5 g5
BELT]. AR R4 CFLARBLSARRD) L 2006, 33(4) : 72—75.
XU Wei-jian, ZHOU Xiao, XIA Xin—-nian. Synthesis and
Properties of Novel Nitrogen—containing Flame-retardant
Epoxy Resin[J]. Hunan University (Natural Sciences) , 2006,
33(4):72—75.

JUNG O P,BEOM J Y, MOHAN S. Effect of Chemical Struc—
ture on the Crosslinking Behavior of Bismaleimides : Rheologi—
cal Study[J]. Journal of Non-newtonian Fluid Mechanics,
2011,166:925—931.

ERNEST E S O, ABDULLAH W K, et al. FSI Implications of
EMC Rheological Properties to 3D 1C with TSV Structures
During Plastic Encapsulation Process[J]. Microelectronics
Reliability,2013,51:600—611.

HOANG V N, ERIK A, HELGE K, et al. Rheological Charac—
terization of a Novel Isotropic Conductive Adhesive—epoxy
Filled with Metal-coated Polymer Spheres[J]. Materials and
Design,2013,46:784—793.

KHADIJEHBEIGOM G,MOHD A Y,NILOFAR A. Investiga—
tion of Curing Kinetics of Diglycidyl Ether of Bisphenol A and
Zinc (I1) Complexes Using Dynamic DSC Technique[J]. J
Polym Res,2015,22:18—30.

B MR, TR AEE . 2,47 XU S BY EP/RUTUR A & [ 4k
B 5GEL. h EBCR L 2014,23(4) 1 188—191.

LI Shuang, LIN Xin, ZHANG Jun-ying. The Study on Curing
Kinetics of Bisphenol S EP/DCD System[J]. China Adhesives,
2014,23(4): 188—191.

GARSCHKE C, PARLEVLIET P P, WEIMER C, et al. Cure
Kinetics and Viscosity Modelling of a High—performance Ep—
oxy Resin[J]. Polymer Testing,2013,32:150—157.

WAL S 3 AR A, b A2 Tl et , 2007

PAN Zu-ren. Polymer Chemistry[M]. Beijing: Chemical In—
dustry Press,2007.



