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Bulk polymerization reaction and pultrusion process application of modified PMMA resin
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Abstract : In order to achieve the production of fiber reinforced polymethyl methacrylate (PMMA) composites through pultru-
sion process, different additives were used in the experiment to regulate the polymerization process of PMMA and improve the bulk
polymerization of methyl methacrylate (MMA) monomer. Among them, dibutyl phthalate (DBP) was used as a plasticizer, N, N-
dimethylaniline (DMA) and butyl acetate (BAC) were used as polymerization reaction adjustment additives, and various additives
were mixed into the resin system in a certain proportion for polymerizing. Firstly, the prepolymerization of each resin system was
done at 60 °C for 20 min to obtain prepolymers. Then, differential scanning calorimetry (DSC) and reaction kinetics analysis were
performed on the prepolymers of different systems. The results indicate that the reaction initiation temperature of the system with
addition of DMA at different heating rates (8) decreases,and DMA can accelerate the reaction process in the initial stage of polymer-
ization. When B is 25 °C/min, adding BAC increases the reaction temperature range from 36.1 °C to 41.3 °C. The Kissinger method
and Ozawa method were used for fitting analysis to obtain the average activation energy (£,) of each system reaction. The addition
of DMA reduces the E, of the system to 40.71 kJ/mol, which is 16.9% lower than the system without the addition of an adjustment
additive. Finally, pultrusion experiments were conducted using various resin systems. It is found that only the system with added
BAC is able to produce products with qualified quality. Adding a certain amount of BAC additive in the production of fiber rein-
forced PMMA composite materials through pultrusion process can slow down the concentrated heat release of resin polymerization
and improve product quality.

Keywords : polymethyl methacrylate ; reaction kinetics ; free radical polymerization ; bulk polymerization ; pultrusion

BIEMEE SKEC B, 507 10 A AR U T2

W B HA: 2024-04-11

SIRmMEs: B, MR, G, 45 Motk PMMA B IEAC AR & S S R T 20 ). T ARSI T, 2024, 52(6) : 142-148.
ZENG Xinzhi, SHI Junfeng, GUAN Jing, et al. Bulk polymerization reaction and pultrusion process application of modified PMMA resin[J].
Engineering Plastics Application,2024,52(6): 142-148.



R AF UM PMMA B IR AR G RN KB T 2000 H 143

5 H L T 5 82 TP TR (PMIMA) A1 R SUFR AT BIL 3%
B JRE LA TR — . AHLBE S HAA S
RN TR A B R AR M S LA
J Iz TR S AR GRS G 2 A
AL, Ak, BT PMMA ¥ B4 B9 AR MR
ZEPE HAL gz s F YAl

L PR TR R S (MMA) 285 A pl 6 i 2R &
R B PMMA, HoE WL R & XA BT RA .
WRRGEARRED, HhERERE5HERES
FAR B, T Tk A4 7= PMMA JEUEL, 48 (A 5
G HA L ROR & R NGER M RENS ekt
D0 s, AHHE B R ek A 4 ol TR, ik — B DA OR 2
PMMA M58 s 2 —

MMA AAREES SO A H s R, 5 5
RAEFER  HEMTE 0 RS W AR Sy Moy F- i
A1, FEO™ W ERE AT E . ARSI MMA HL AT
P AR R A R EFt J2 1 28 21 4E 38 58 PMMA 2 &
WAL E B 5, 3 e %o BRI A T R A AL B L R
U INAS [ 4 Bl R R A% B e 2R SO ey AT 45l

Shi S5l i A AR R G, BT
MMA TE TC B V) 5510 T IR AR R G 3l 7127, R BT
R AT LA R B 32 S AR R I R A sl R A1
L R AR R B P A A S X, KR
TN TFEBEWAR, 150 T MEA,
SRIRAER IR A SR A 1 Tk i e R A
S T MMA il £ BUTIUER A4, 10 J 4 301 3R A e 75 2R
G155 PMMA/ A SBIGE MR, RIE SRR
HL SR A R, PMMA H JFOR 19 48 25 44 RSl S
HLA L

P2 Z R — T TR(DBP)E A 1S 9057 AE 8
U PMMA R &P 1E s N, N-— H B8 i (DMA)
£ MMA RE VI B g 5 i 85 | & D 4R
IR AR R AR ES | & R oA, It s g A, B
FW HEAT BIEE Y B ), H BB AR IR Gl 52, 2
— BN BRI DL R T R R B A i K BE
WPk FR RS T, 1T R ARt A 5 | & R A RN L
PG DA IR T A BE N, $ R i B A
FIFHAS R B4 B 3R 6B A% e 3 PMMA B AR5 A S, M
T VR B I AEAR L P 1) 3R B DA SRR 0, 3 96 L
RHIGE . BERA G PMMA SHisk T 2454, 52
PR S B A 7 G B P A A b BB B R R A
PMMA F R 5 a1 2 —

EH WA FEC T 5 & T PMMA R IR
Z AT 2R AR (DS C) ML, I R 45 51
P& G 0T, R e Gl IR IR C T 5 R A 441,
FERE L THIBT sl T 200 h, S S A A1 o
PMMA 52 A ARG A = o RS2
1 SLIES
1.1 E£&RA

MMA : Elium, BB} (BB AT IR A R

i Ak 2- £ 5L O R BUNK TR (TAPEH) : Luperox
575, FRH (b ED B A BRA R

LR TEIR B VAM(BAC) : BYK-P 9929, Ha 77 i)
AT A PR

DBP,DMA : 53 #746i, [E 2454 Al {2 A FR A
Al

I B £ 4k . ECT469HT-9600, H [H 5 4 Iy A
PR F

A : TK-10, R KT ALY FE A R A
CiE
1.2 EEZMNEREEL

L, T (%% ) KF- . FA21047, FiF#OERR A3
il A PR F 5

HA 5 RA 0100F 503, 3 DK HLHL &
PR F
B2 THR4H - DZF 6050, b i —fE BRI s A
PR T

DSC 43 A% : DSC3500, 7 [] firf Gth {3 2§ il 385 47
PR F

BT T RERRHR IR : LES255 , Sk )Rl
IAFA PR
1.3 XA A&

BEH TAPEH 1E A 51 & 7, PMMA B 5 1A 2 1
DSC ML J7 W3R 1, 44 2 rh 25 b Uk o i HE e
B A BRI R 8o ik T S AR 4 A
B HE A U A T SR R A LS A
TR 23 MBS min) i, BT 60 °CF #E4 7R A4k
FH(20 min), BRG4GB KGR =R
F 1R YT R IEIRAE , YI-DMA 5 YJ-BAC 525

#£1 DSCillix PMMA R RZHSFRELL
Tab.1 Mass ratio of each component in DSC testing PMMA system

Sample TAPEH MMA DBP DMA BAC
YJ 1 100 8 0 0
YJ-DMA 1 100 8 0.5 0
YJ-BAC 1 100 8 0 0.5
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Tab.2 Characteristic temperatures for different systems

at different f

Number BI(°C'min’) T/°C T /C T/C AT=T-T,
YJ-5 5 73.3 81.4 88.4 15.1
YJ-10 10 81.0 928  102.0 21.0
YJ-15 15 88.3 1033 1144 26.1
YJ-20 20 93.9 1121 1254 315
YJ-25 25 924 1132 1285 36.1
YJ-DMA-5 5 67.4 713 86.9 19.5
YJ-DMA-10 10 76.1 89.1 100.0 239
YJ-DMA-15 15 84.7 1015 1142 29.5
YJ-DMA-20 20 89.8 1105  122.1 323
YJ-DMA-25 25 915 1167 1292 377
YJ-BAC-5 5 74.1 82.8 90.0 15.9
YJ-BAC-10 10 82.8 972  106.7 239
YJ-BAC-15 15 920 1059 118.0 26.0
YJ-BAC-20 20 920 1133 1275 355
YJ-BAC-25 25 958 1202 137.1 41.3

Notes: B is heating rate; 7; is reaction initiation temperature; 7, is
reaction peak temperature; 7} is reaction termination temperature; A7 is

reaction temperature range.
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Tab.3 Theoretical temperature value of 7-f extrapolation method

Sample 7,/°C 7,/°C 7,/°C

YJ 70.45 75.69 80.66
YJ-DMA 63.33 68.96 78.47
YJ-BAC 71.56 76.61 81.36

Note: T}, T, and T, are temperature fitting results.
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Tab.4 E_ values of each system reaction

Sample E /(kJ*mol™)  E, /(kJ-mol ) ’Xfri‘f:ﬁ)/
YJ 4724 50.76 49.00
YI-DMA 38.75 42.67 40.71
YJ-BAC 44.46 48.18 46,32

Notes: E, is Kissinger method fitting £, values; £, is Ozawa meth-

od fitting £, values.
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Tab.5 Mechanical performance test results of YJ-BAC plate

Test parameters Average value

0° Tensile strength/MPa 1182.46
0° Tensile modulus/GPa 53.39
90° Tensile strength/MPa 47.00
90° Tensile modulus/GPa 14.23
0° Compressive strength/MPa 1063.33
0° Compression modulus/GPa 57.63
Shear strength/MPa 61.76
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Fig. 8 Mechanical performance test samples of YJ-BAC plate
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