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Abstract

In order to investigate the durability of high performance polymer concrete composites, polymer concrete specimens were
prepared using the ortho-type unsaturated polyester resin (UPR) and iso-type UPR as a polymer binder and the calcium carbo-
nate and silica fine powder as a filler. The durability of polymer concrete specimens was measured by hot water resistance,
chemical resistance, pore analysis and SEM observation. The compressive strength of the specimen using the iso-type UPR
was higher than that of using the ortho-type UPR, and the compressive strength of the specimen using the silica fine powder
was higher than that of using the calcium carbonate filler. From hot water resistance results, it was found that the specimen
using the iso-type UPR was superior to that of using the ortho-type UPR and the specimen using the calcium carbonate filler
was superior to that of using the silica fine powder. The compressive strength reduction rate was measured after the chemical
resistance test and the sodium hydroxide solution showed the highest reduction rate, followed by sulfuric acid, hydrochloric
acid and calcium chloride solutions. When using the alkaline solution of sodium hydroxide, the weight reduction rate of the
specimen using calcium carbonate was lower than that of using silica fine powder, while for the acidic solutions of sulfuric
acid and hydrochloric acid, the weight reduction rate of the specimen using the silica fine powder was lower than that of
using calcium carbonate.
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Table 1. Synthesis Proportions of Unsaturated Polyester Resin (ortho-type)

361

Process Materials E Mole ratio B Proportion (g)
OH COOH

EG 40 183.55

PG 70 393.65

Reaction PA 40 437.94
MA 60 434.89

THQ 50 ppm 0.104

o SM NVM% = 65 709.14
Thinning p-TBC 20 ppm 0.042
Total weight 2159.316

& A8 ARgSHA eFa1,5] EHE ARAR ARgSlo] vhE AR T

Resin concrete®}al F-27]% 3hH, AIHIE ZF 2 Eof n]5le] 7|44
7T g 9 K3-5 ) TS Fud ALk €4 )
AE71(8-104) wEell[1,6] k7 W] 99k Ak e
SItH6,7]. EEW ZHBE E3AR AHEEE e AdAEs
EEEYNAHE 4], o ZA] 7, HlEm £, Hdetado]
E FA] Fol ARH AL 9l o1k8-10] FAVd T 7HA Helld wskE
go a2 FA7F 71 wo] AR AL )lTH6,10,11].

Ze AFAZ AMHEHE BXSEAHE 47X (unsaturated
polyester resin, UPR)+ ortho-type B! iso-type HXE3}E2] oA HZ 5=
A7} dRbd o2 ARgE 3 gl AT WollA] ortho-type B33}
Z B2 FA)7} iso-type EESEY O NHE A6 H|Sto] A
Hat s Wellals Wolx)= 2o defA glrh10-12]. A=l
M iso-type HEIFZANAHE FX7F AWkH 07 AMgH I 9lo
wH12] F-Eluetelld = BAIVdE S2418k] ortho-type E=3E3FEe] ol
HZ 271 Z8H 22 ES Az o] ARSI ok Baxs)
ZEAHZE A= ARE 2 JES /A AIE methyl ethyl ketone
peroxide (MEKPO)%} 75 3142 Z8l4F FE(cobalt octoate)L}
U elAl THE (cobalt naphthenate) & 4 71ske] 4 3FA17]=H[7,12]
AglrFol ulg- 7] wiizel AEe] AF S R $lste]
G714 4191 polystyrene (PS)©]L} polymethylmethacrylate (PMMA)
= A A7keto] ARt SlH7,13,14].

ARtz or Few ZAE EEe TAAZ sbdgolvt
A7 AREskaL glom, AR AR, H5& SAE AAkd =
© MAE ARgste] Azt itk ol gt Al el EE 4
AN ARG A3 A SEIA 12-13 wi%E ARSskaL
ALUH10,11] AEolM 2Ash= ABL7R= oF 85% Abx|staL 97
[7,15] Wiizell Een] 23T E B3RS 71 AAEE A DA77
A EEHW AFAY ARES Ailete Aol Hig- Flsitt
[1.411,12]. v ZAE S3ARE B8 AME Z32E7 2
I A sk uAE, U, A, dekEAd, virked 9 uis A
4 5ol vl SFEtol[1-4] vieA, A, WA, B, WA
9 IAPAE AFol o] 277hA] ThekeE Abgdtole] de] &8
S1o1H1,2,8,16,17] AlHE ZAZE] H|ste] 7FA0] @Al vixaL &
g E AHSHA Bo2H Wddolv vl oFst TRl[1,18]& 7}
A3 7] Wil 171573 AREA S Bl Aol 3UTH10,18].
wbA] E2in ZIYES] e Ast] flaEiA Alsl] #HA
S T T ATAY AR A 6] S8 3 shellA] o

= 2E HaARe HAxde mEI
Slsto] ek gl A2t viEe SAAE ARt e 49
Aol H7HES WA vt wige] SAAE Azt ol
A et Ao m Wl Al el A dE A
Alslolth g Al Aot 5-29] 5705 W3l SEM< ©]8-3t v
Azxz B, AsEdE § SATE £
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2.1. AE=

e ZAYE Az AMS EElW AR ortho-type X
iso-type EXSEYONNHE FXF FAdste] ARSI oH, FAA)
2 AEE man, SEARAR ZAEAS AREISIth AskAE
)2 metyl ethyl ketone peroxide (MEKPO), =142 cobalt octoate
(CoOc) =& AHE-3Ith THAZE ey A7) v 27
73 30 pum ©Jsh), A= ZAEH(0.1-1.2 mm) B F2 ZA(5-8 mm)
© e dxste] ARSIt

2.2, EXEER|OAHZ X &Y

2.2.1. ortho-type EX3IEE(|0|AHZE X &Y

T 959 F5F2 U] Table 19 YERASIT Table 1214 or-
thoZll <74]:= ethylene glycol (EG) 40+, propylene glycol (PG) 70+,
phthalic anhydride (PA) 40+, maleic anhydride (MA) 602 27}k
3 2] GRS 100 : 11022 33, BEIFEE 28.6%, ©f
AE|23} H-S-EF 1] = tetra-n-butyl titanate (TnBT)S ARE-3}At} 3L
47 R371E A4 9712 W= F PA, MA, EG, PGS st
140 pm O % U3kl WRESFHEA] 1.25 C/min®] £E= 175 T7HA
EEE ASAIFTE 175 Coll =dsbd 2 h §t A8 & vl 05
T/min®] &%= 205 T7HA A5 % thtop condenser®] %2 100
T olatz #el). 205 Coll =23HH 271E ASTM D 1980-67¢1] )
2} 4784 KOHZ %3101 30 mg KOH/g ©1817} S-S wf w3
< Fasky WZsHSIh 190 CollA SEFAAZ tetra hydro qui-
none(THQ)= 718t 160 C olatellA] REg/] w9l AEjal B
el ASAAA|Q] p-tert-butyl catechol(p-TBC)S | 3715l
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Table 2. Synthesis Proportions of Unsaturated Polyester Resin (Iso-type)

Mole ratio
Process Materials Proportion (g)
EOH ECOOH
EG 40 184.648
PG 70 396.006
Reaction IPA 40 494.079
MA 60 437.498
THQ 50 ppm 0.104
Catalyst Fascat 4101 0.3% / IPA weight 0.741
SM NVM% = 65 727.820
Thinning
p-TBC 20 ppm 0.042
Total weight 2214.219
Fw8] wikstal, 3|Aste] RS AlxETh iy SR AAG vy Ak F&e wAskL th] 373 Al S
AL F 677 A3l ¥ F FAd s Seay &2
222, iso-type EEIER|O|LHE X Y AR Axste] dEAE s $H AAES S
9 9R2] Tk w2 Table 20 HERASITE v 42719 ol
e 23k Whg-o] Aol S Ak midtel whebA NS Tt _ S: - Sy
= ‘_ ASFAE TFaod (%) = ———— x 100
che) ahie] o el wh-S o Aol MeSEst el Ak ENKE
1
FUEE A A0 W) Yol ARg vhete] ofae2 A7), S, AE A B
3} Y WS AFEItE B AFeME IR IPASH S, : A3 B e
EG/PGE WA o AHZ3} 5E-S A7l F o]oix] PG} BX3MIRI
MAZ Flete] H3 FRA7IE 2% WS Aeeiitk 3 L 4T W w.c
7% Az BY7)E WE F IPA, EG, PGE FSI51T 140 pmO SR B () = ———————— x 100
et wRkshaA 125 T/min®] £E= 175 T7HA 52150 . ZELC
175 Coll =2ehd 2 h B9 fA13 Foll Tl 0.5 C/min®] S A, ¢ : A A <
WA 5%

215 C7HA] d5AFttop condenser®] +%% 100 C ©]3tZ #a)).
215 Ceoll =gapd A712 ASTM D 1980-67¢] whe} &5184 KOH

% 279%t0] | mg KOH/g o3P/} 51908 o) s Fasha wzsp 233 HBTI A

AT Wk, G2g=ZoflA 70 T Ao 28Y 7+ YA AlES sk 3 <
1o Whge] Bk B FolE A Eo) BEANR MASH PGS B TAEE Fs0] A 1) s} vinslel HHAE 18 -
31
Ql51o] 205 C 714 A5A17Ek A7R= ASTM D 1980-67¢] wha} =% skt

5o 30 mg KOH/go] *d w7k whe-= x3ste] nheF2ids st

8T g n1ag =X
3 7R ). 190 TN FFFAAZ THQE 7k 160 234 M= % 558 58
T olatellA] ukg/d ARl ~ER Riew] o} A3 AAQl p-TBCE A7 2.5-5 mm W19 AEE AFsto] ohHECE A|F3taL 48 h
S A7kst] 5] wakskL SISl 442 Axskr ARAA F2 RAULR ATEE B 338 SHUA
23, Alsip 235. SEM 241 A"
231 U=ZUT A AAS opESR AHEa HARAX TR FARAAERA
FAAE BEIE HE FA] FAES] BE AIPE 34 (scanning electron microscopy)< ©1-8-5F] AL mA A S S
- - o
Al AZYHKS F 2419 : 2007)°] whek Alzsha, d573E Alg 2t

KS F 2405l w2} AJ31315
2.4, E2|H Z32|E HiEAA|

232, LIOEEA AJE Er ZAYE 5AE FAAE Axs7] 99 uiddA %
ekZA A|8& ASTM C267-01 2 ASTM C579-01 A &= Table 30| UERASITE vigha Al FolA W= vk} o] 2579 B3
upe} st vekEAd Aol ARE-EE A9k H,S0s, HCI, NaOH SR AEH = }\*]E ARGl Eov ARAE Axsrslon &
Z]

% CaCl 438 Aol 5% SN0 Axslo] opiy Agg oI AWA WS 4GA0, 10, 11, 12 i) A 5 A
Sashith Aok gele] e Al A it HEm sglo 7t IR FHAL W 20 wiem Aok, Al Buas
H[10,11] & 657F Ak S=g-ollo] AXAA AAsHATh A]m]n 3 AME3HATE Fe ZA(5-8 mm)E AL 48-51 wt% AREER] & 16
Z A7) B Aok =gl o ZEE] TAAZ o] BAH mwS T F9] agtel thale] FAIAE A|Z3FSIC
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Table 3. Mix Proportions of Polymer Concrete (wt%)

. PB" (UP/PS) Filler(wt%) Fine aggregate Coarse aggregate
Specimen Remarks
P (wt%) CaCO; Silica powder (Wt%) (wt?o)
0-C-09 9 20 0 20 51
0O-C-10 10 20 0 20 50
0-C-11 11 20 0 20 49
0-C-12 12 20 0 20 48 .
ortho-type UP resin
0O-S-09 9 0 20 20 51
0O-S-10 10 0 20 20 50
O-S-11 11 0 20 20 49
O-S-12 12 0 20 20 48
1-C-09 9 20 20 51
1-C-10 10 20 20 50
I-C-11 11 20 20 49
I-C-12 12 20 20 48 ) UP resi
180-type resin
1-S-09 9 0 20 20 51
I-S-10 10 0 20 20 50
I-S-11 11 0 20 20 49
I-S-12 12 0 20 20 48
UPB : Polymer binder (UP 80% + PS 20%)
145 45
polymer binder - polymer binder
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140 —0— 08 %::/ 40 —o— 0‘§
£ s g DN
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Polymer binder (%)

Figure 1. Compressive strength of polymer concrete versus addition
rate of polymer binder (O : ortho-type UPR, I : iso-type UPR, C :
calcium carbonate, S : silica powder).
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Figure 191 70 CollX 5 h 71 A 2w 23 ES] 454
T II=ZE YeRfdch 23l B kel o] Zg
HA7¥go] S71gel ulet S Es SV 2 AdA 12 wt%e
oA @318 FraEs dito] BN ot d2 ZEy A4
A A7V 11 wt%/HR = AREE dAdo] vehH] ekgkou £
o A 12 wt%ole AR d4o] dojva ¥} 97 o
2} EAEI) DaEE o Fun) ol2fdk Ayl ojn| vt
x5 A2 vlaiA Zol7t Jle& & UTHI0,11]. B YN
2 AR 2ok g Ee vlske] stdrdt FAIAQ] b
ZdE7F B A YERd AL 9lEH6,10,11]. o] 23t dd2 7HA %

l
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Polymer binder (%)
Figure 2. Reduction of compressive strength measured before/after hot
water immersion versus addition rate of polymer binder (O : ortho-type
UPR, I : iso-type UPR, C : calcium carbonate, S : silica powder).
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Figure 3. Weight reduction of specimen by sulfuric acid aqueous solution
immersion versus addition rate of polymer binder (O : ortho-type UPR,
I : iso-type UPR, C : calcium carbonate, S : silica powder).
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Figure 4. Weight reduction of specimen by hydrochloric acid aqueous
solution immersion versus addition rate of polymer binder (O : ortho-type

UPR, I : iso-type UPR, C : calcium carbonate, S : silica powder).
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Figure 5. Weight reduction of specimen by sodium hydroxide aqueous
solution immersion versus addition rate of polymer binder (O : ortho-type

UPR, I : iso-type UPR, C : calcium carbonate, S : silica powder).
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Figure 6. Weight reduction of specimen by calcium chloride aqueous
solution immersion versus addition rate of polymer binder (O : ortho-type
UPR, I : iso-type UPR, C : calcium carbonate, S : silica powder).
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Figure 7. Reduction of compressive strength measured before/after
sulfuric acid aqueous solution immersion versus addition rate of
polymer binder (O : ortho-type UPR, I : iso-type UPR, C : calcium
carbonate, S : silica powder).
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Figure 8. Reduction of compressive strength measured before/after
hydrochloric acid aqueous solution immersion versus addition rate of
polymer binder (O : ortho-type UPR, I : iso-type UPR, C : calcium
carbonate, S : silica powder).
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Figure 9. Reduction of compressive strength measured before/after
sodium hydroxide aqueous solution immersion versus addition rate of
polymer binder (O : ortho-type UPR, I : iso-type UPR, C : calcium
carbonate, S : silica powder).
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Figure 10. Reduction of compressive strength measured before/after
calcium chloride aqueous solution immersion versus addition rate of
polymer binder (O : ortho-type UPR, I : iso-type UPR, C : calcium
carbonate, S : silica powder).
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Figure 11. Total pore volume versus addition rate of polymer binder
(O : ortho-type UPR, I : iso-type UPR, S : silica powder).
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Figure 12. Average pore diameter versus addition rate of polymer

binder (O : ortho-type UPR, I : iso-type UPR, S : silica powder).
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Figure 14. Bulk density versus addition rate of polymer binder (O :
ortho-type UPR, I : iso-type UPR, S : silica powder).
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Figure 15. Micrographs of specimen surface observed before/after hot
water immersion (I-S-11).
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Figure 16. Micrographs of specimen fracture surface observed before/
after hot water immersion (I-C-11).
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