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ABSTRACT : PMMA panels are made by two fabrication methods; cell molding and belt molding processes.
But these methods have disadvantages in productivity and cost. So plastic processing engineers are very
interested in developing a new production method for PMMA panels using plastic films as molds because the
new method can reduce production cost of belt molding method as well as can improve productivity of cell
molding method. To give a solution for developing such a new molding method, the effects of methyl metha-
crylate compound composition and curing reaction condition on the processability and mechanical strength of
PMMA panels were investigated in this study. Poly(vinyl acetate) film was used as molds in producing PMMA
panels. To determine an MMA compound showing good processability and good mechanical properties after
curing, ingredients and their compositions were optimized step by step. Acrylic acid, as a coupling agent and a
modifier, played an important role in increasing mechanical strength of PMMA panels.
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Table 1. Ingredients and Composition of The Basic
MMA Compound

material contents (parts)

MMA syrup 100.0
EGDMA 3.0
A-174 1.8
BYK-W980 0.2
DC-1400 0.1

BW-153 180.0
BPEH 0.3
CPN 0.3

Z2iH, #2748 A2%, 20034
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Table 2. Flexural Strength of PMMA Panels with
Different Thickness Cured at Various Postcure Tem-
peratures

time(h) [ 2 3 4
temp. —~
o thicknes
© 6 1319 6 1319 6 13019 6 1319
(mm)
130 740 710 685 780 740 730 810 760 745 - 780 760
140 765 730 710 795 770 755 800 780 770 - 795 780
150 795 760 730 805 800 790 800 810 805 - 810 810

E2|H, #2748 A)23E, 20033
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Figure 1. Effect of postcure time and temperature on the
flexural strength of PMMA plates with different thickness. (a)
6 mm, (b) 13 mm, and (c) 19 mm.

et ol £33 &xst 130 €l Aol A
12ke] S7kell w2t FE ikgo] Alg AAyHEe &
Tl AR 6 mm F7)2) PMMA BA)e) s} A

AL 3AZE olHS) HHelM ZF =Tt A%

g >

e

PMMA A8 Az L 7142 54 145



146 Kiletal

e i e L i A=

Figure 1(b)= ¥733} 2% ¥ 43
7 13 mm< PMMA TA9] &3 =
< BoFET vt FA7E 6 mme PMMA A9
o AR 343 ol 25405 A3t 9k
we] APEme wE A3 AN o 52 2F
=5 e givk 2227 £ 6 mm<?] PMMA 3
Aol Ao 2] F43 2571150 Tl A=
FA3 Aol F71Eel Wt 2 Z=ot AlE St
= AES Jepdla Qlo] A3 wkg-e] Al uhE
B4 71 a7t Dol 93 PMMA 319 A3l
N3l A9 A3t g & Aoz Vet
Az} %7} 130, 140, 150 CTQl AS$ 2% A3} A7
Z7tl wlel 743t uhgo] Al Ao} B Ao
AZF A3} A2F 89090 447 o] HejolA =
Bz} A% Sk A el ok

Figure 18 29 & & 3iFe] FAst 2= 2 £
735} 9% A|7ke] T4 19 mm<Ql PMMA A9 &3
Zts ol n)x)E FEe =47} 13 mmel PMMA A<
7359} vidt A JePgicy 2E AR Table 29
do|elE B o 5 9l%o] 7 13 mm<el PMMA %
Aol BBk 2L A3 AztlA FF FE7F Hel

& Ao 7 Wol PMMA A2 A3 Hhgo] ¥ ¢
A AL & 5 Qo

ool 2 Ho o A

2 lo ok

Table 29 A2g PMMA Ale] 2% 7IE AHE &
g2 A3l o)x Az ex W XS AANE= A
o] 753l AR &% oldloAE FH3 229 A
Zo] HZE pMMA THAle]l EA A% 8.9l =+
PMMA Al FAEZE 2A8 A3 25 H A7t

< Aelshd opg3 2ol

-6 mm< 7% 1130 ToA 2417k 140 CToA 1~2
A 7¥, 150 CellA 1212

- 13 mm<Q A$-: 130 TollA 3A17F ©]A, 140 TollA]
2~3A17k 150 CTollA 1~24]7¢

<19 mm<Q 7% 1130 TollA 4417k o)A, 140 TellA
3A)7F o)Ak 150 CollA] 2~3A417F

ZAA12) 93 PMMA FA9 E=ld 54 3 AA
J2 33l MMA HjgHEe] SAAE Hrlshe A¥
< AAEATE PMMA TA9) T3 45 R
Aste] LFw|} 2AA Y SR 712 219l MMA A
2] g=F i8] 180 phr (parts per hundreds of MMA syrup)
o] A7 = ew zZhzte] FAA|L A A7)E 9, 15,
25, 55 micron °]itk PAke] 277} hE FAAE T
3k Qo S Alejshd Zhzbe] MMA HigEE A
£ 1l xAo] 71E MMA H3HE (Table )3 5L 3H5ch

>

146 ZAJ7ls &

Polymer (Korea), Vol. 27, No. 2, 2003

Figwe 2% A1) $Fo] 180 phr AAT AL,
A 2719 Msjel gE MMA WIgHEe A3 A
27 AEe] MRS e gek AR G
28 243 MMA HEEY BT Belde 5
ek ol A 432} 2o\ ARl wWet 2 A
£59 Sl e AT Age] AdHos Ak
A gnja ol e BTE QAT ofx A
= ol $4R 49 BB 54 F a7E B9
o] & dHA ol Aol = FHEN 79 gt
A9 A7o] 29 2 ERALS avl, $3)= s} 2
o A9 g AAT B opje) mE B A
A ojolx 2ol ¥Hrge gk
Aol 2 2 YAE BHoke B A A
[*]

Hopn ghdst = glvk 4R 2717F 9 micron?]! FA
AL 3t 98 MMA WRES] A+ 27| A=
7} YF E=o} PMMA A Az 33 A oHe A
o] Q& Ao g Al FAA 3=Fe] 180 phrdl
734 MMA WEE2 384S 23] & 9 15 micron
oJu} 25 micron Z7]8 FHAIZF /M AGgr Aoz
Atz o)

FAAE 73 MMA HIEES Al Axd
PMMA A= FAAY A} 27l A4 glol &4
o 74 9 =3} Fato]l Al B HBYE FFst
A ¢k Aoz yepgrh ey TR A 27
7} 25 micron ©]38}3] 7ol A3} F el el o
3 r AL vlmA ofsdt Zlog veRith SRR
oz} Z7)7} 55 micronQl 7A-$oll= wigEe] A=IT W
& #ulk opyz} FAA AAY] Uxrp HE 27 d&
o A3} vkgo] AY=E Fotol T sl FAAL

30000 T

250001

20000+

15000+

100007

Initial Viscosity (cp)

50004

H— r ﬁ

9 15 25 55
Filler Size (um)

Figure 2. Initial viscosity of MMA compounds containing
fillers of different size.
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Table 3. Flexural Strength and Density of PMMA
Panels Containing Fillers of Different Size

size Oum  15pum 25pm  S5um
flexural up 850 790 650
stength _down 880 830 760 apparent
kger’) A T30 4D IO separation
density up 1.7166  1.7523  1.7540 observed
3 down 1.7190 1.7560 1.7616
(kg/em’) ---mEeEeeeeni ot e

A -0.0024 -0.0037_ -0.0076

1000
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"o bottom
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500 , , . ,
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Figure 3. Flexural strength at the top and bottom of PMMA

plates containing fillers of different size.
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Figure 4. Density at the top and bottom of PMMA plates
containing fillers of different size.

PMMA 249 Az B 7AH 54 147



148 Kiletal

/Kc-;lo

—

o)Z= WA FAAL] YA 2715 =H
w2 B}, JELE. MMA Hﬂ?ﬂs«l Zﬂi
A7 &AL Fo
Pak olu]E) #hA)e *PGH«I EH XME
ARSI Zo] njgkalsln Ay A
2715 Z+= BW-1539] ARgo] AA

roff

4

Lo

4r o 12

=2
BRSNS
13
N
E
do,
3L
K
oX,
1
>,
n
[t
ne

(.._{

LN
30
ftfo

24 o
of
)

[

A
icron<)

% 4 9]

!
ik MR

o
zo, i

-

A

—
W
2
=]

ok
o
o

¥

02‘.1 £

. 712 MMA 9i3HE 3 712 MMA o)
Eol 2447} A7 MMA wiEHEe] AS da A
3k A FAE LE v 9% 2= %éii 7 3}=
£ PMMA HAe] v 2x7h H 128 Tl o]27]
uﬂﬂ*fﬂl 735t wkge] |YF 373‘6] ZeY=le] B HE
Aol "WojAlx w4 I W3} dade] Yes A7)
skl aejre oA AHsb ke ofh A}
o 33 e £xF AsAA Al glerw JE
MMA Hi3}Eel A#lelEAE Holsle ol=gt Al
sk A48 ARE AAECk 712 MMA WEE
o] 443 BW-153 180 phr H7Vskar, 7)) 37}
e dao)sAe] S 02, 04, 0.6 phrE HIIAA
Az3 MMA vigHES *F%M AZ3 13 mm F7A<)
PMMA 2hA}2] ﬂ"éé AsE Ay Aol EA] (n-DDM)
2 04 phr o)A 53k pl\/[MA o] AL HAzjo)E

HFO] FHRo7 AP o] A3} e ) »E{A
og2x 95 g4 u] wislE Alo] s Ao e HEy]

ck 28y PMMA HAS] B9 H2A4L A8 ¥
33kA] L Ao w ASFch
MAAL] dRE GA AT A9 MMA wigtEg At
43t Y3 PMMA BA°] A% 2% ®H F2A
ol £ = A o= 01316* +7<1174°
3 Asty] st MMA WEgE Wil AHrkEe o
AAA ) 57 L kel HEE Fo] 13 mm —,—771].4
PMMA erxHE Azxgk & 0 AAE AT Table 4
o velllRe] 71& MMA widES] =4 9 AES
71Eo 2 ZHAQ BW-1532 180 phr, Asflo]FA|Ql n-
DDM< 04 phr, 231 7§A|A]2]l CPN#} BPOS 7+z+
0~03 phr -8 #igF=<l Ssi APsigch
A3 9 AARE 5 7ER] AfAAl Qg o]
3} "bg A2l A A 7EA] AR Al 23 A
VE“_E HAste] A3 F &7 FAT
F-ES JAEl BH FEAHS AAspA A3
‘4. Table 4°] ofel] ol vepd HAAE 24
%ol Al A3} vk Al&Elel] gk AFeA 7
(CPN/BPO/BPEH)7P g 7F 02/0.1/03 & w7l
B3] k354 Yepgort 71 AA sl F=
= ANAEA g 2313 #skE o} 550~600 kge/em

1% od o

oN rH o2 ) ¥R opf b oY

oﬂﬂ‘
o

a4

=
>

[

148 A5 5

Polymer (Korea), Vol. 27, No. 2, 2003

Table 4. Composition and Properties of MMA Com-
pounds Containing Different Amount and Types of
Initiators

material contents (parts)
MMA syrup 100.0 100.0 100.0 100.0
EGDMA 3.0 3.0 3.0 3.0
A-174 18 1.8 1.8 1.8
BYK-W980 0.2 0.2 0.2 0.2
DC-1400 0.1 0.1 0.1 0.1
BW-153 180.0 180.0 180.0 180.0
n-DDM 04 04 0.4 04
BPEH 0.3 0.3 03 03
CPN - 0.1 0.15 0.2
BPO . 0.3 0.2 0.15 0.1
surface flatness  poor good fair poor

AEE WA e A1 0] etk Ak FFAPF
A Ax Y FA ostH BPEHS F3ih-gol
= 94 TollA 60+, BPOY E3julkg-of of
g B = 100 TollA 19.8%-21t) 8kl CPNS #3)
whgoll i wkghr)E 93 TollA] 1#0]22 CPNS A
7] webA] Aol dAH o R APEng w9
f‘i““l b ol 5 gAY CPNO| oFo) wWolA
H Z7]9 Hkgeo]l FA3] dojyA HEER HIAHS
A "ojmaj= 2gS = Aow Amdch A 7}
A ANAE ooz FH3 wdE ohh A3}
o FBAe] NAL olF = UAUARE o)) F3REE-o]
Ax =] A2 Al&o] TE MNAAZRE Q2 v
o1zl goizdel o3l dAsfjolErbgo] oy At e
2 RARFS AT 891°] HEE VA FEE
2388 Wolz= e g Algsnt

7FA ] g ANAAL] AE W FFE AT R
» PMMA 2419 B9 HEA-2 /WA= QAT E4 0
AlEls A 22 AL WEHE 2
g AeellA MMA wiEE9] AR 2 24 HIE
Zo] ZAS AT )= Zlo] A . sA H gl PMMA
A EA Avket g2 = 83 T ot =
2)d EAF FFolnE oF 5—@3}7] $8led Table 51l
vehd 2433 2ol rtaAle] S HEAZ PMMA
o] B4 WX JFe AH Hokoh

Figure 5% 7}A4]9) EGDMAS] &0 whE PMMA
Ao 2 F=e] W3E vehla itk EGDMAS
gero] Zrlatel wel PMMA BAle] 7AA Z=st
k7t Frshe AEE Yeliz gl d ol A
+ 7}2AQ] EGDMA®] #efo] F7}ghe] we} PMMA
Tzu Zlw Mxr} FIVshe d dle] v AeE
AZEe) g AR AdkE e g ¥ PMMA 3HAe]
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Table 5. Composition of MMA Compounds Contain-
ing Different Amount of EGDMA

material contents (parts)
MMA syrup 100.0 100.0 100.0 100.0
EGDMA 2.0 3.0 4.0 5.0
A-174 1.8 1.8 1.8 1.8
BYK-W980 0.2 0.2 0.2 0.2
DC-1400 0.1 0.1 0.1 0.1
BW-153 180.0 180.0 180.0 180.0
n-DDM 0.4 04 04 04
CPN 0.2 0.2 0.2 0.2
BPO 0.1 0.1 0.1 0.1
BPEH 0.3 03 0.3 0.3
600*‘
T
Q
2
s
jo)]
S 5501
o
T
3
3
o
500 - : : .
1 2 3 4 5 6

EGDMA Content (phr)

Figure 5. Flexural strength of PMMA plates containing
different amount of EGDMA.
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BAe) 7)AA D) Zokslt o] hasks AR
el gl ) oleldt Aok 543 BYK- 980
<] 3] Yl WA HE 23]2 PMMA Fx19 B4
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Ao g A7)

ALA H5sh PRI L Sa A Aol
9 A5t PMMA BAS Bl A G 2
A 2AE ehout FaEAbAS 3 03 phroll 4
Azg PMMA A9 B4l 1 5 Aoz
ehatek

HAEGAL] . o do AY ARz iy &
o) ZlmAY FEEAA 59 3= wsE 23
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Table 6. Composition of MMA Compounds Contain-
ing Different Amount of BYK-W980

material contents (parts)
MMA syrup 100.0 100.0 100.0 100.0
EGDMA 3.0 3.0 3.0 3.0
A-174 1.8 1.8 1.8 1.8
BYK-W980 0.1 0.2 0.3 0.6
DC-1400 0.1 0.1 0.1 0.1
BW-153 180.0 180.0 180.0 180.0
n-DDM 0.4 0.4 0.4 0.4
CPN 0.2 0.2 0.2 0.2
BPO 0.1 0.1 0.1 0.1
BPEH 03 03 0.3 0.3

600 - S

550 4

Flexural Strength (kg; /cm?)

500 : ! : v
0.0 0.2 0.4 0.6 0.8 1.0

BYK-W980 Content (phr)

Figure 6. Flexural strength of PMMA plates containing
different amount of BYK-W980.
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Table 7. Composition of MMA Compounds Contain-
ing Different Amount of Acrylic Acid

material contents (parts)
MMA syrup  100.0 100.0 100.0 1000  100.0
EGDMA 3.0 3.0 3.0 3.0 3.0
A-174 1.8 1.8 1.8 1.8 1.8
Acrylic Acid 0.0 0.2 0.3 0.4 0.5
BYK-W980 0.3 03 0.3 0.3 03
DC-1400 0.1 0.1 0.1 0.1 0.1
BW-153 180.0 180.0 180.0 1800  180.0
n-DDM 0.4 0.4 0.4 0.4 0.4
CPN 0.2 0.2 0.2 0.2 0.2
BPO 0.1 0.1 0.1 0.1 0.1
BPEH 03 03 03 03 03

best

850
800 I
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650 4

600 -
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500 v

00 01 02 03 04 05 06
Acrylic Acid Content (phr)

Flexural Strength (kgs /cm?)

Figure 7. Flexural strength of PMMA plates containing
different amount of acrylic acid.
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