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Strength Development of Sulfur—Polymer—Based Concrete Surface Protecting Agents
Depending on Curing Condition and Hazard Assessment of Sulfur Polymers
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Abstract

The amount of by-product from sulphur increases in domestic industrial facilities. However, the amount of its consumption is
limited so that the amount of unused sulphur continues to increase. Therefore, in this study, the use sulfur polymer as the concrete
surface protecting material was conducted. The compressive strength showed that as the substitution ratio of filler increased up to
40%, the compressive strength also increased. A high compressive strength was shown at the curing temperature of 40C (SS, FA)
and 60°C (OPC) according to the type of filler. The difference of compressive strength between air dry curing and water curing
was insignificant so that there was no significant influence of moisture during curing process. The evaluation result of bond
strength showed that the highest bond strength was shown at the air-dry condition of 40°C regardless of type of filler. Bonding
didn't occur properly during water curing in comparison to air dry curing. Also, in case of the specimen cured at 60°C,
discoloration and hair cracks appeared due to the influence of temperature, and the highest bond strength was shown at the
substitution ratio of 20% (SS, FA) and 30% (OPC) according to the type of filler. The releasing test result of harmful substance
showed that no harmful substance was released, so there is no harmfulness in the surface protecting material using sulfur polymer.
As a conclusion drawn in this study, it is most appropriate to substitute silica by approximately 20%, mix and cure at the air-dry
condition of 40°C in order to use sulfur polymer as the surface protecting material.
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Table 1 Properties of SP

Density VisCosity |y ition Point | Melting Point | U1e"
(g/cm’) (cP) © © Content
(25) (135) @)

194002 | 25~100 > 150 90~110 84~96

Table 2 Properties of SS

Tvpe Densit'y Diameter of Moh's Melting Point
P (g/cm®) Particle (m) Hardness (0)
#8 2.60 90 7 1,713
Table 3 Properties of FA
Moisture Density Loss Ignition Specific Flow Value
content (e/erd) @) Surface @)
(%) (g/em’)
0.3 2.11 3.04 3,990 101




Table 4 Properties of OPC

. Specific Compressive Strength (MPa)
Density B - X
( g/cms) Surfa(;)e material age material age material age
(g/cm’) 3days 7days 28days
3.15 3,492 23.4 30.7 39.9

Table 5 Mixture Proportions

SP SS FA OpPC

Series No. (%) (%) (%) (%)

Plain 100 - - -

90 10 - -

80 20 - -

70 30 - -

60 40 - -

90 - 10 -

80 - 20 -

70 - 30 -

60 - 40 -

90 - - 10

80 - - 20

W N[ [ | W[ N ]w| |~

70 - - 30

4 60 - - 40

% SP : Surful Polymer, SS : Silica Sand
FA : Fly Ash, OPC : Ordinary Portland Cement
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Table 6 The amount of Harmful Materials allowed in Korean
Standards (Ministry of environment, 2007)

Items Framework Act on Wastes Control Act and
(mg/L) Environmental Policy Enforcement Decree
™ 0.0500 1.5000

As 0.0500 1.5000

Hg 0.0100 0.3000

Pb 0.0500 3.0000

Cd 0.0200 3.0000

Cu 0.0100 1.0000

CN 0.0005 0.0050

TCE 0.0100 0.3000

PCE 0.0300 0.1000

Oop - 1.0000

3% CN @ Cyanogen, TCE : Trichloroethylene, PCE : Tetrachloroethylene
OP : Organophosphate compound

Table 7 Test Method for Detection Analysis of Harmful Materials

Test Items Test Method and Equipments
crtt UV—Vis Spectrophtometer
As, Hg, Atomic Absorption Spectrophtometer
Inductive Coupled Plasma
Pb, Cd, Cu, CN, Emission Spectrophtometer
Automated Thermal Desorption—
PCE, TCE, OP Gas—Chromatography

3% CN @ Cyanogen, TCE : Trichloroethylene, PCE : Tetrachloroethylene
OP : Organophosphate compound
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Fig. 1 Test results of Compressive Strength depending on

the Curing Condition (S—series)
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Fig. 2 Test results of Compressive Strength depending on
the Curing Condition (F—series)
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(a) S—series at 20C (b) S—series at 60C

Photo 1 Surface of specimens
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(b) F—series (F—3)

a) S—series (S—3

(c) C—series (C—3) (d) Compression test

Photo 2 Cross section and Failure mode of Compression
Test Specimens
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Fig. 4 Test results of Bond Strength depending on the Curing
Condition (S—series)
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Fig. 5 Test results of Bond Strength depending on the Curing
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Table 8 Test Results of Harmful Materials Analysis

Test Item Unit Result

Ca™ mg/L N. D. (LOQ 0.0070)
As mg/L N. D. (LOG 0.0050)
Hg mg/L N. D. (LOG 0.0005)
Pb mg/L N. D. (LOG 0.0400)
Cd mg/L N. D. (LOG 0.0020)
Cu mg/L N. D. (LOG 0.0080)
CN mg/L N. D. (LOG 0.0100)
TCE mg/L N. D. (LOG 0.0080)
PCE mg/L N. D. (LOG 0.0020)
03 mg/L N. D. (LOG 0.0005)
Oil % 0.4

3% CN : Cyanogen, TCE : Trichloroethylene, PCE : Tetrachloroethylene
OP : Organophosphate compound, N. D : Non—detection
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