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Abstract Most of the sulfur is obtained from desulfurization of natural gas and crude oil. In Korea, more than 120 tons
of sulfur are produced by refinery, and about 50 % of the produced sulfur is used as a raw material for the production of
fertilizer and sulfuric acid. Modified sulfur is manufactured from excessive sulfur that could be used to improve concrete
properties, and this study evaluated concrete strength and durability that contains modified sulfur. Flexural and compressive
strengths of concrete with sulfur modified polymer were comparable to those of OPC concrete with mixing water at similar
temperatures, while the strengths increased a little as mixing water temperature increased. It was also confirmed that the
resistance to freeze-thaw damage was more dependent on entrained air characteristics obtained by a proper use of air
entraining agent than on the use of sulfur modified polymer. When concrete was immersed in 5 % sulfuric acid, the rate of
reduction in compressive strength of OPC concrete was less than !4 of the strength reduction of concrete with sulfur
modified polymer. Also, the resistance of concrete with sulfur modified polymer to scaling due to the use of de-icing salt
was evaluated as Class 1, while that of OPC concrete was evaluated as Class 4, as aggregates were exposed. Accordingly,
it is believed that sulfur modified polymer could be effectively used for bridge deck concrete since sulfur modified
polymer improves the durability of concrete.
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Fig. 1. Cycles of freezing and thawing test.
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Table 1 o] N ANTHAE FFES ] 1% EASHA
Surface scaling resistance rating by ASTM C 672 o], /AP 5] ARZEAE AHE OiE 1%
Rating Condition of Surface st 28] AFE AEHe ZIE BT |
0 NOsaling A7 20+ 1°C A 8042 %2] Fealoln %
ot ety PO g A gRe Ssglon), olF 20+ 1CAN
2 Slight to moderate scaling TS AAEITE M1 ulgRe ZEAf e} FoA)
D Modieslng (omocous pgngne ) & /YK, AES MYEE HISH ST
M2 Highe Ixhe R ZhERjeh AME, F8EEH,
Mol 238 27Psska, 2abige R sreaAlet
g SRS ol8all Fig 28 o] & AFs = WigsE 113, 283 SRS Tt widele W
gk, BARLAGY NBES 4% FADE ) olth. Ea M3 wige A2AS F3F 222 )
el ASTM C 67200 2As) dsiiom, s463 T2 238 B2 1A Mids & & #2249 AHE

RolEL Fig. 33 72om, 50 MolE7kA] SAsI T
232 ASTM C 672014 #|A1e+ Table 19 wie} ¥4

T o] 13, EsHEE Wi UYske WHe
Z 399tk OPCE M1 Wigo® 9as siien, /id

we) Aol tid B2 AN, BEde A% 43 FUE A 2adEE M2, M3 WEoR ¢
o) AR SN sl ATl Bl de 5 A2 FYSAth ALRY Belve] ERES AWE
ol BASIG WS AR ASTM C 2671 o FF Ol 5%z shlon], ARBYAE ALKF E
Asl 28U7F FFFY A2 ABB A AR 7, © FFOM 1 %S A
28, 562 F 5% FUHSOP] FANA AFP=
5 Fouses 2489,
3. AEET U BN
2.3, AP 2 wigAl
3. 45 ¥ ¥4
F9 AFAAE Table 29F 7ol /AR ZEH9]
EUE 5%, AHDIA EUE 1%H o, A5 W Hiehel mE AFE oS 2 FAE A¥dde
W (M1, M2, M3)3} Higlee] &% W31 (20°C~80°C)  Table 49} 72tk M3 ®iHPA(SMPC-M3)e] AE 74
o, wigdAl= Table 33 2t} /AR ZEivle= 9 28UlX 37.9MPa, 472 MPaZ 7P 58 7=
65+ 3°CollA A&-g3td wigsidon, AIHE tH] 5% 5 Hole Zo= Jehdon, IFUEE FU A9E
S EYsd 2l NERE EEwe] EAe = B a8 ERE ZEE £ & OPC
Table 2
The experimental variables of sulfur polymer modified concrete
o . Sulfur polymer ~ Re-melting Water
Classification ~ Mix method content (%) temperature °C)  temperature ('C) Surfactant AE water reducer
OPC-M1 M1 - - 20 - Cement x 1 %
SMPC-M2 M2 5 80 80 Sulfur Modified
SMPC-M3 M3 5 80 80 polymer x 1 %
SMPC-W20 M3 5 80 20
SMPC-W40 M3 5 80 40
SMPC-W60 M3 5 80 60
SMPC-W80 M3 5 80 80
Table 3
Mix design of sulfur polymer modified concrete
o Ww/C S/a Unit weight (kg/m®) Admixture (g)
Classification Y o

(%0) (%) W C S G SP Surfactant AE water reducer
OPC 45 56 177.1 390 917.7 746.6 - 0.195 3.904
SMPC 45 56 177.1 390 917.7 746.6 19.5 0.195 3.904
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Table 4
Compressive and flexural strength according to mix method

Chang Woo Hong

.. . SPcontent Water SP re-melting Mix Compressive strength (MPa)  Flexural strength (MPa)
Classification o N 2
ratio (%) temperature ('C)  temperature ('C) method 7 day 28 day 7 ay 28 day
OPC-M1 0 20 - M1 37.6 41.8 4.4 6.0
SMPC-M2 5 80 80 M2 35.5 384 4.7 6.2
SMPC-M3 5 80 80 M3 37.9 472 6.0 6.9
SMPC-W20 5 20 80 M3 304 44.4 53 6.0
SMPC-W40 5 40 80 M3 30.9 44.6 5.7 6.1
SMPC-W60 5 60 80 M3 33.9 452 5.8 6.4
SMPC-W80 5 80 80 M3 37.9 472 6.0 6.9
o Wlal IFE 13%, BT 15% SR T QoM. wE Sk 80°Ce A% 302 A Fol 40
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Table 5
Surface scaling resistance rating by ASTM C 672

Rating
4

Classification
OPC

Condition of specimen surface

SPC-W-80T

SPC-W-20T

MolZelMFEl "E|Rke] F7tsl7] AlZtste] 30 AfolE
olFolle §43] T7kRe AoZE UehtoH, HE 50
AolZME 194.6 gmS Ho] FHute]rt 415 A
o2 yehgth v MARE ZEWE N-eE 23
ZE9| Hpolr= migre] 25& 80°CE g SMPC-
w802l A% HAF 500120l 422 gm*S B
g £%7F 20°C21 SMPC-W209] 7-9-= 47.2 o/m’
o2 wiglge] 227 80°Cel A9t v xHd] &
e e ZoE e oy, wigere] 2kl mE
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C 6720 weh 39 "] A3dS Hrksk 43 OPC=
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