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Abstract: The role of calcium carbonate, glass particulate filler, and
discontinuous fibreglass in reinforced unsaturated polyester is experimentally
investigated. The composites were manufactured in three forms; particulate
filler, fibreglass reinforced and filler-fibre mixed systems.

The results indicate that the strength obtained in the composites filled with
calcium carbonate was lower than Nielson’s theoretical value. But when the
matrix was incorporated with glass particulate filler and coupling agent, the
strength was increased higher than that of the theoretical value.

The tensile strength of the composites filled with randomly oriented fibreglass
showed approximately 35-509% of the Holister’s theoretical strength. And the
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shear strength decreased with the increase in the length of fibreglass.

In mixed system, however, volume fraction of filler which shows the

maximum strength was in agreement with optimum volume fraction of

composites simply filled with particulate filler.

1. ¥ -]

W EMS B el ERERER, KRS
R, BERTES © BR—BER=RSEA
%2 25EE #akke Sod o2 2 &
FUre] M Esh HiEfkel S5t MES 4
PeAboF MBS TEAS 2 A =i
911 u} Sheet molding compound (SMC) ¢} Premix
o] 2}3F Bulk molding compound (BMC) 2} 72
SGHRHER SRS BA Rl B Bigesk 2 {EH
S e Qe

SR FE ROl Wl Al = Goodier o Bt 1
O] ey #el AT, RRAHEK
ol el A el matrix Zke] BEET) H
ez EHERS 328 Nielsen 9] HGRE100]
gl ol ofd fEyrE ol AT &

8 BEERFET el A e S BlEE
o w2 EEi o =M Kelly-Dabies o} Hill"™?
Hukuda-Kawata!®™4 59| HREy H5o] U,
grieol matrix 9] TEHZME FEE Cox,
Dow, Rosen, % Holister'>™® 5-2] 3] 4ol Ado
v 443 Holister™? 1= fEdk #AMS 5Fl9H
pEol o8k ailg Aloketel A EREA
v,

— o B EHERENTRA A BilRE LA
fHo] EfTHC] wheh MR Yu EREES 3
Ty it mMEa e el ghE R
A D3k A @lEAs T35 g &
deobel HiRiEel A e BgETE el (EAEHA H
o}, olml gl WETES WMo ot f
FESS ZhA] Hol glEg ukA Heh =3 E
= mEEe R FFIEE W el 2

= BIESS A RRERT R (multi-load-path
structure) ol 23l A fEEsl =g HfEe] Aoirt
B Ragsife 1wk T A4S M FIIED
os 7FA) iR ek, A5 Holister o] #i{yikile]

84

A S —H e R wmEsle A #Hat
9 B

Gc:Gf(l'— —é—-‘l—) Vito'n(1—Vy) (D
(‘47]/‘1 Uc% @QH’O’] gwﬁﬁgy Uf—E_ ﬁﬁ(ﬁ‘g}
BIRREE, o', E it WERRS BiES B
Ve MRS BESReIhHelz BB
B9 WEGRE o 2 FIHESH o,k A

_ord
lc“‘ 2rf (2)
g‘ .
a'f:(ff(l_'_éi ) ®

(714 ok d= M FIERIES ERo|
o) olmE HARKA HEEARET MimgiE

7Aoo} mEbtel BifgRIS] IUETEE Dol HED
AT7t =k
zE A A B BBL plastics o]  Fihg ol

T3 9 REIRD polyester iR E MM R St
mA gt Bk glass 2 A A G ol
o & ORUR RS FIRMRIE S Nielsen o] iR
2} u) w3k Rl coupling agent & blending
2 glg) & W Gl EMLE Bt w6
WS A7) Aol 2 A ste] SMC 2k BMC
9 AL7o] EEPWOR EFISY HEHEANAA
Holister & #&dpls} vl wslz fdfEe] ol
w2 JUEIREY #MEE EEIer] olEL E
ol 2 she] RR—EMER =0 BER S
Gl kel Hshe] EEI

2 ® B
21 B O R

A el A MRS ke REEL vt 72
2

AfaF polyester ffl = A-&KTT (#1) it BaA
(G-7T13BP Mt 3.6ps(A.V 1 15~20)) & (A

Polymer (Korea) Vol.2, No.2, March 1978



HAT HaMRe BEBE WY o)

Y fibreglass & HA HEMHKRL 25 0EE
H)o 2 A7 9~1ly, d7e] HRML 7.5%9
A& #ANUT. BELHZA methylethylketone-
peroxide(MEKPO) &= HA bant %5 (%
)& WA, BEH Silicone oil & Dow
corning jit: B (FikR, KA 350 cps) &, coupling
agentZ 4] y-Methacryloxypropyltrimethoxysilane
(KBM-503, #&5E= : CH,C(CH3) CO(CH,)sSi
(OCHy)3)> HA {F#it S5 G < 63
o RORFEEM A bl AR G -
RIEE 300mesh) &, kK glass = K ol Al fif
Fgt fibreglass & ¥4 (KLY 300 mesh)d}e]
e},

2-2 2% 8

R OEEBAA A 20 4-ton press(Shi-
madzu, INEH $-2) 2} CM-10 type thickness
tester (Shimadzu), Homogenizer (100V 1800R/M,
Seiki) 28]z Tensile Strength Tester &= Uni-
versal Testing Instrument (Model TM-SM) <, &
#7]= Pot mill(Patent 398793 Model UB-21,
No. 06, Yamato, Co.)< {fifgic},

2-3 B %
1) Bk S # R0 polyester plate Kl

REIFN polyester Effifoll BFALZ43} KiHk glass
£ 47 589 E B43% 5 Homogenizer £ 3 4
] Fd FEAT vha B GE Hetd 1wt
%<l MEKPO & A 7}3le] 45°C oA 30470 fm
B3l Ao

Kk glass ol coupling agent & {B&38l A%
= BilEl BIR&ES 1wt %9 KBM-503 & #
ASHA BASH Kk glass & HEA7 ok &
A A 128 o] 3 HAE F BLHIE el
22 27 A A

O

2) BHEMRFEOFR—F 70 polyester plate 5%

2,3,5,13 2 26mm 2 77 Hwkdl fibreglass
= TFER @ 1wt %Y MEKPO(E/(L
DS EAT I polyester B2 mold ¢kol

B A 2A A235 1978d 39

A BEAA 45°Coll 4 3043 2 ton/em? 2 fi
BE o},

olw fibreglass &= M|ALHC = FEAZ on #5
Jirg wbi rolling 814 5#E BokB A1A g ok
+ BBk

3) RR—EHER RS BAFR Feadn
polyester plate #i&

gadE S SBHE AT polyester BEeR
Z+7}t B 4355 Homogenizer 2 4314 584
71 o2 1wt %2 MEKPO & A7l3te &G
L2 BEA fibreglass o F{AA 45°C o] 4
30rf] 2ton/em? 2 JnEESte] RRA4ETh,

Rtk glass & 74 $-1= 1wt %2 KBM-503 coup-
ling agent & A3t 128:f o)A 204
WA b E(AE Asiete ghabzbg o
e ko g WAk,

4 BE AXE

SUERRE S RORECGR, SHERFEER 2 R
R—EBHER = BARZ 8553 REF po-
Iyester plate oM Zz+ SEFIZ REH-S 58
A abgo] —#Ek A A AT oS FlE
BRIE 50mm/min 2 GRSt @IER T MEE
= Figkol th(ASTM D638). &bl sypiamses
= A 65%X25(mm)2] glass i 29 Z aceton
o7 A} A oS 2L 2K)e gF
v FiE glass i —piol Zhzb BEEAT RERK
< BWERTH 1wt %9 MEKPO & 43 Ry
1 polyester BiES RS glass iz Atolo]
HES A7l 10mm o2 A HAiste] 45°
C & 3040 Dnghsls s2AelA 18R ¥
A7) T8 50mm/min 9] BUEHER 5M WE
skl Figk 1.13kg/mm? 2 g}

3 BR Y £
3-1 B SHFES
BTN polyester f5i5, fibreglass $} =4
o it Table 10] TAYE BN
3 BAEEAES HEAH &Y 34 = Figure
134 ey,
8%



& B OB-& W OB-H B OO

o1
gmsos Powder.
CO3 Powder:
05 aC03 Pow
3
=04
L
<
H |
Y03 i
w
X
2
o 02
>
0t
) 10 20 30 40 70 80 S0 100

50 60

WEIGHT CONTENT(")

Figure 1. The relation of volume fraction and
weight content in particulate filler.
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Figure 2. Theoretical and experimental datas for
the tensile strength of Unsaturated
Polyester filled with particulate filler.
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Figure 3. Theoretical and experimental date for
the tensile strength ~of short fibreglass
randomly reinforced Unsaturated Polyes
ter.
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Figure 4. Experimental datas for the tensile strength
vs. volume fraction of fibreglass (length=
25mm) reinforced Unsaturated Polyester

filled with particulate filler. (CaCOj).
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Figure 5. Experimental datas for the tensile strength
vs. volume fraction of fibreglass (length=
13mm) reinforced Unsaturated Polyester
filled with particulate filler (CaCOQsg).
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Figure 6. Experimental datas for the tensile strength
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vs. volume fraction of fibreglass (length=
3mm) reinforced Unsaturated Polyester
filled with particulate filler (CaCOg)
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Figure 8, Experimental datas for the tensile strength
vs. volume fraction of fibreglass (length=
25mm) reinforced Unsaturated Polyester
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Lsidmr Chbregiass lengen)

Coments of particlaze GrASSUAD

e :0
o: 173
a2
a: 30

= x:3

\

\10

2

T

=

(O]

z

i

4

—

v

45

[

z

]

=

Ner

0 5 10 15 20 25 0
VOLUME FRACTION OF FIBREGLASS(®:)
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filled with particulate filler (Glass).
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filled with particulate filler (Glass).
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SBS Block Copolymer X3%2| Rheology 0| BA5t B%L
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Styrene-Butadiene~Styrene (SBS) block copolymer o w8le] #s (kA o] what o 2l7AR] F29) B S
£33, 29 HES) rheology A Q] HWE Y] MRS BEDT. = EWHMEEET ol JEEE WEY KR
ol A3t = A 3] Hrafatet,

R RES WiEel = cone-plate IS RESIRERIGE 2} rheometer & AL-83}9i vk,

SBS—HE RS A BE-—WMEEL, AE-RRRENY RESIBEE RIS ®irste] B-2 homo-
polymer %} H4lst £EE Jetl A qt, homopolymer Foll $lol 2 pargtcks ¢eix] 2l Cox-Merz 9 ¥l
> BSrEhA Gsteh. SBS—HEBH R el REEFRSE ofbF A §iEd £ MER] ekirstd ol
el R iRl el A ES FR homopolymer #i#) —3) strain {RTEME MR RRK0) WA= gl ok,

Characterization of Epoxy Resin
Az o = 2

Gel permeation chromatography has been used to separate and characterize the first seven members of epoxy resin
polymer homologous series on preparative and analytical scale. The epoxy resin was prepared by the reaction
between Bisphenol-A and epichlorhydrin. NMR was used to idenify the oligomers. The relationship between
extinction coefficient and degree of polymerisation was also desermined.

Some possible by-products of epoxy resine formed by reaction of bisphenol A with epichlorhydrin were synthesiz.
ed, and the gel chromatography behaviour when mixed with the epoxy resins was investigated. The most
important by-product, which appears as a shoulder of the monomer peak in the gel chromatogram of technical
resine, is present at relatively higher concentration compared to other by-products. This product is obtained by
reaction of one OH-group of the bisphenol A molecule to form a chlorhydrin ether and the other OH-group.
reacting to form a glycidyl ether.

By using pure samples of compounds of the homologous series of epoxide resins consisting of bisphenol A and
epichlorhydrin (obtained by preparative gel chromatography) the calibration curves have been established for the
quantitative determination of the homologs in the gel chromatograms of the epoxide resins.

From well resolved gel chromatograms of resins formed by various molar ratios of the starting materials also
the molecular weight distributions have been determined.

Epoxide resins with very small amounts of by-products show molecular weight distributions according to Flory’s.
theory. Epoxide resins with larger amounts of not completely epoxidized products on the other hand show devi-

ations from the theoretical distributions.

Polymer Separation and Characterization by Thin-Layer Chromatography (TLC)
obFEH  wl 2 2
To describe some applications of TLC to polymer chemistry, mainly three subjects are discussed. The first
subjéct is concerned with a brief intreduction to TLC as applied to polymer chemistry, the second one with the

end-group éffect on polymer separation by TLC, and the third one with characterization of cellulose-styrene graft

products which were prepared by mutual irradiation technique using 7-rays.
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Photopolymerization of Acrylonitrile
in Frozen State

A4gd ¥ w4 9

Photopolymerization of acrylonitrile was carried out
in the presence of Nickel Chloride(l) in frozen state
at —/78°C.

Ethylene glycol was added to acrylonitrle-HyO-NiCls
ternary system so as to keep the reaction system in
glassy state at —78°C.

Several information on reaction mechanism was dis-

cussed onthe basis of kinetic results.

Synthésis of Néw Phosphorus
Containing Polymers

sEdga A A«
Oox & =

Several new phosphorous containing organic polymers

were synthesized in the following ways:

1) Transesterification of triethy] phosphite(TEP) with
diols (Bisphenol A, 4, 4’~thiobisphenol A ete) fol-
lowed by Arbuzor reaction of the polyphosphite
with ethyllodide

2) Transesterfication of diethyl phosphite with dials

3) The direct reaction of diols with phenyl phospho-
nic dichloride (PPD)

The characterization of these polymers were performed

by the examination of solution viscosity, molecular we-
ight determination by vapor phase osmometry, phosph-

orous analysis, thermal analysis, and solubility.

F¥y—%E A0 A L-Proline I}
L-alanine B S0 HEEE
g 3 OH A 2
o] 4 ¥
Polypeptide frell A  KEHES HE 3t L-Alanine
NCA o} KELAL FEESE L-Proline NCA & 71
BRE FHEATA AEEHE Telve] MEELEE
#atsty] A3l olAl BV E™rhol A Feletul g A
Az gEAAHT. Fo=IF5R gk wlebA

cis #3% 713 PPl a-helix o) & g b 4mES
IR 3} X-Ray & mEH3Igch,

L-Proline NCA 2| E&RERE

grAEd 4 ¢ %
1A &
o1 & %

n-Butylamine & BfAKIZ olxEvE" 2 WA
] o] A} L-Proline NCA ¢| E & KEH & Halo
3+ ch,

Zeled] EAEE KEC #AH wek Fo454
3 m/I8h A9 axstgdch, (m: L-Proline NCA o] &
%, I: n-Butylamine 9] 24), H&FAERE 453
= C0:9 &g 243t T3

A% % 9= L-Proline 8] ¥%E 0.217 mole/l 2 ¥4
g5ty m/I & 20~200 &2 WASGon MELEE
7°~30°C 9] M S 2 3t

w, oA EYEY 9 a4 3] Fo] A L-Proline NCA.
o) EHEKER oF 20 #BE7 AR SRR
ob-gel HE3H

&+
il

*ﬁ]—%i‘ébﬂﬁ L-Proline 1}
L-Valine #EAR#2| #E% 4

ghofd Fd OF A &
fétey o F 7
a-olm) e AT FE S HEAAA AHEE polypep:

tide o) HEMEABEAN KERAY BB R
93he] obA] E1] E & ko] 4] L-Proline NCA ¢ L-Valine
NCA & R—RZE FEFAZA

L-Proline NCA 7} o] &8 ¥ HANA & cis-#iE
E 712 £ Poly-L-Proline 18] helix #i#= #
ol BEYH ¥4, L-Valine NCAYE ®el &84
FEEA £ L-Valine NCA 9] EBEA™ 2o HEAR
o] k37 L-Proline & Poly-L-Valine 8] B-4F88l &
B Rl RES Y ol ERAKERKEE poly-S-me-
thyl-L-cysteine o 4] A3 cross-S#EE WA= A
2 FFHc
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Ethylene glycol 5} phthalic anhydride &] Z&]of ~=
3} kgl glelA Fpgo 2 P4 diethylene gl
yeol(DEG)of| g3te] zstgl=t,

DEG A4 &g zJdAdA 43 F7sh A%k
ol FAAwel wet YA Fol & B TR
A HA EAE A$E R 3 g

DEG 44 ¥/ wg AzplEoz AALs,

Z7|<+4]  RCOOR’-+R”OH—R'OR"+RCOOH

(ester + alcohol—sether + acid)
—H,0
2R"”OH—>R’'OR"’
(alcohol—>ether)
R : (Polymer Chain)
R’ :——OH
R’’:CH,CH,;0H

F7 A

MMA o] Suspension Polymerization

Azd 349 A 2 A
C% € H

MMA (Methyl methacrylate) 9] BEEES] oA ¥
e ASE d7E Bdow AIBN & BA#EI=, pol-
yvinyl alcohol & ZEH|Z A-43te] BEEAAZ T

RERS] BES phase ratio &) ko] W23 poly-
mer {9 RAAE Amstm, 2 A$Y BLEFM
u} & conversion & TEAT 7 H o] d& A
HRS TG TESY BAE ke Axsty.

Etherification Reaction of 4,4’'-Dihyd-
roxydiphenylmethane with Glycidyl

Methacrylate

FF9A4gd W ¥ A4
o% g
4 71 %
A 7 4
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The etherification reaction of 4.4’'~dihydroxydipheny-
Imethane (4. 4DPM) and glycidyl methacrylate (GMA)
catalyzed by triethylbenzyl ammonium chloride (TEB-
AC) has been studied. The reaction was in good
agreement with second order reaction and the apparent
activation energy was estimated 16. 8Kcal/mol. However,
after the mixtures stayed for 24 hrs at room temperature
the reaction proceeded at very rapid rate and followed
almost first order reaction kinetics several interesting
informations regarding the effects of the catalyst or\the
kinds of DPM on the reaction were obtained. The
possible reaction mechanism was elucidated from the

experimental points of view.

Graft Copolymerization of Acrylonitrile
to Polyvinylalcohol

gesgd oz o

oz A

£gMof 4] potassium persulfate (KPS)E A}-§-3}e
polyvinylalcohol (PVA)e] acrylonitrile(AN)& 50°C ¢}
A 2HZEZZFAZAD, o« A4dd FHAY F+
S5 ¢ 8% 59, KPSY =3 PVAZ uF
Lo HXE= gL ZAstg 2r, methylacrylate £+

AN g Zo] $AA A4E d3HE A4

v o

Polymerization of Vinyl Monomers
on Clay surfaces

FFnsd = o ¥
o4 % %
ZHEE AAse WY EHAL 32

o) methyl methacrylate(MMA) ¢} vinyl chloride mo-
nomers(VCM) & 2183t z8E T wo] A2 radical
FEe A=

$E Agsel 43 HPor F4 FEE W
HAA AAAY FH5HE et 295 B
o AAAS BedE FRHAA FHE A% 2YE

el

< ZEvlsl EElA Hol AFA4] ZHES A
A ZHER Sy
AAAZE AIBNE 2741} N, N-dimethylaniline
T+ N, N-dimethyl-p-toluidine & 7} A &3 A 2 A&
3k BPO & A& or], mxrl: MMA 9 VCM 24
2% 3o

N, N-dimethylaminoethyl methacrylate 2
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SB Diblock Copolymer %2
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Styrene-Butadiene(SB) diblock copolymer #12} S, B
# homopolymer o w3le] REFHEE AEHUL A¥
9}, S homopolymer o &= EHEEE ALP S ) £ &
%Sl #i59) rheology 99 BAfRE =AM

%3] SB—E&%gS 7o & Ehihsg, Casson Plot
%oz 1Y o] RE SERY HUS EHS E
= AE ¢ T AU, EE, FEEEEEHA dA
E o) REEM] strain fkfFtke] £ &R mode 7t
S AE ¢, ol o2 BES WA TIHRT
of ERERTE SEAZ R BHIA FHUAG, R
& KIS polystyrene f5-FHo] 7] =)ol HEHy Z
domain & TS5 3, ©] polystyrene domain o] [EEA45EL
#Ho 2 WES e E Aoz YA,

Preparation of Sequential Copolypeptide
Containing Glyeyl and r-Benzyl-1-
Glutamy! Residues

ML F HE OHE
O X &
& %k

Copolypeptide with repeating unit sequence, in which

o

a glycyl residue is flanked progressibly by two successive
7-benzyl-L-glutamyl residues, has been prepared by pol-
ymerization of p-nitrophenyl ester of the sequential pep-
tide. Polycondensation was carried out in a polar solvent
with triethylamine as initiator. The highest molecular
weight obtained was 21, 000 (127 residues). The polymer
was insoluble in most of the organic solvent except in
such a strong acid like dichloroacetic acid.

Molecular conformation in solid state will be dis-

cussed.

Determination of Compositional
Heterogeneity of Styrene-Acrylonitrile
Statistical Copolymers by Thin
Layer-FID Chromatography

Frgd On ° 9
Kyoto University H. Inagaki

The feasibility of determining the compositional hete-
rogeneity of copolymers by thin layer-FID chromatogr-
aphy has been demonstrated. Styrene(ST)-acrylonitrile
(AN) statistical copolymer products, which were prep-
ared at different conversion of monomer to polymer,
were employed as test samples.

Good separation was achieved by developing in a
concentration gradient, using the system tetrachloroeth-
ane-tetrahydrofuran. By this procedure, the composition
distribution curves of ST~AN copolymer products were
determined. The result agreed well with what one can
expect from the influence of conversion upon the com-

positional heterogenity.

EmAT BAMES #EkEEd B
Bt HZe (1)
Fibreglass Reinforced Low Density
Polyethylene 2| 325@) F RE
EBEAITXK & F B
O% v #
Polymer matrix &= low-desity polyethylene2 {# 3}
2 fibreglass & —Hme s ISt HAAAT
I $5R fibreglass &) #H&FE M7} continuous fibre ¢
@& Holister & 848 M S A9 UA3] =z discont-
inuous fibre Wl & Ea@MS WY FAEAH ol Hi-
gh densiey polyethylene 9] A 9-xur¢c} Fozlo noE
t}, =¥ N-S-aminoethyl-y-aminopropyl trimethoxy
silane © 2 fibreglass o] FEEE S < 10%71AY Z&
HE A= BEREE T d4a A3 SRS 99
.,

BSF EArrEe| EEREd st
#z (D
Fibreglass Reinforced Polypropylene

of mEEM.E HR

EEK TX & B OB
O& m\
BE ¥ A
RS F #EHA&MEIEA  Polypropylene-Fibreglass £
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