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ABSTRACT

Integrated coal gasification combined cycle is a new power generation system with
excellent energy efficiency. The system generates coal gasification slag, CGS, as an
industrial byproduct, and the aggregate using CGS was included in the category of slag
aggregate for concrete in the Japan Industrial Standards (JIS) in 2020. However, many
are left unknown in terms of its influence on the long term properties of cementitious
materials. In this study, mortar was prepared using CGS aggregate as fine aggregate,
and changes in physical properties were evaluated over the course of one year.  The use of
CGS aggregate resulted in reduced drying shrinkage of mortar and increased Young's
modulus, which was attributed to the high rigidity of CGS aggregate whose density was
higher than that of natural sand. It was also found that, with a smaller water cement
ratio and sufficient curing in water, the mortar had a significantly decreased volume of voids
Furthermore,
microscopic observation revealed that a layer of reactants was formed on the surface of the
CGS aggregate particles, indicating that the dense matrix was formed due to the pozzolanic
reaction of CGS aggregate.

and developed a higher compressive strength over the long term period.

Keywords : Coal gasification slag aggregate, Slag aggregate, Fine aggregate, Pozzolan,
Drying shrinkage, Compressive strength, Microscopic observation
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Table 1 Mix proportion of mortar

(EILZIILDEER)
Fine W/C st Unit Weight (kg/m®) Water
No. Name .
aggregate (%) (L/m3) C S Sc reducing agent
1 L-50 Land Sand 50 400 343 686 1028 - AE
2 C-50 CGS 50 400 343 686 - 1116 AE
4 L-30 Land Sand 30 400 273 908 1028 - SP
5 C-30 CGS 30 400 273 908 - 1116 SP
*s: Unite volume of fine aggregate

Table 2 Materials of mortar

(ELZILDHED
Material Type Symbol Characteristics
Water - W Tap water
Ordinary Portland ) o
Cement C Density: 3.16g/cm?, Specific surface area: 3,120cm?2/g
Cement
Fine Land sand SL . .
Asmentioned in Table 3
aggregate CGS aggregate Sc

AE Water reducing

agent

AE Lignin based type

Chemical -
. High performance AE
admixture . SP
water reducing agent

Polycarboxylic Acid Based

Deforming agent DF

Polyalklene glycol type
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FREESZ DTN H V& VT, JIS R 5201 (2
WL THTIREIOR N T o —%, 558 500nl OE /L
HNVTT A—H—Z L) ZEBREE T NENHE L.
FAE 7 v — (% W/C=50%Tl% 220+ 20mm, W/C=30%Tl&
275+20mm Z FNENHL L L, BEEZEKET 2. 5%

UUFE LT, {LRBEMFIOTIMEICCRELEZ., &
512, JSCE-F 532 ([ZHEHL L THEEE MM D 20 FEft4
DTV —F ¢ U TREPELT-.

FILH VD IFREEE LT, EfERE S v o
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Table 3 Physical properties of fine agregate

(H B+ DYIEE)
) Value
Item Test method Unit
Land Sand CGS aggregate
Fine Modulus JSA 1102 2.63 2.62
Density in saturated surface-dry condition g/cm?® 257 2.79
Density in oven-dry condition JSA 1109 g/em® 2.52 2.78
Absorption % 1.98 0.35
Mass of unit volume kg/L 1.74 2.03
JISA 1104
Solid content % 66.7 73.2
Content of particles finer than 75um sieve JSA 1103 % 1.30 4,19

Table 4 Chemical composition

of aggregate (Unit: Mass%)

(E#M DI (B EEh) )

Aggregate ig. loss | SiOz | Alz O3 | Fe20s | CaO | MgO

SOs3 | Na20 | K20 | TiO2 | P2 Os | MnO Cl Ba

CGS aggregate 0.29 | 349 21.7 595 | 19.3 | 3.76

0.28| 884 [0.63| 1.71 | 0.29 | 0.06 | 0.017 | 1.56

Land sand 1.97 | 75.8| 124 2.87 10.43| 0.86

0.10| 2.69 [2.34]0.35| 0.05 | 0.04 | 0.002 | 0.045
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3. B #E R

3.1 JLyiateik
EFEALZNDT Ly atiik% Table 5123 . it
BRI OWTIE, BUKAIEEZ DT NICHET L2 &
THTEO 7 m—n G 60, C6S BMAEHRWD Z LI
LISV, EREIZOWTE, AR
DOIRMENIZEAERCTHDICE 0BT, (1
WEY S CCSHMAZEH LI FME T3 2 m & 7
ol 747 vy aZHWEHEAEIZALBNLD LD
(V) CCS BMIZE D RF /DB L I- I hetE
MEZOND. TV =T 14 7T CCS Bz
5T ETHML, BEEO®E Y L FEERICEM ORI
RRLEIC L DL EZDND.
Table 5 Fresh properties of mortar

(Z Ly a KGR EBRDFER)
Dosage (Cx%) | Flow | Air | Bleeding

No. Name

AE/SP | DF | (mm) | (%) | ratio (%)
1 L-50 0.2 0.002 | 227 | 19 25
2 C-50 0.2 0.002 | 239 | 0.6 4.2
3 L-30 1.0 0.002 | 254 | 1.7 14
4 C-30 0.9 0.002 | 256 | 14 25

3.2 FrIRURE
KPEEICBWTHIE LR SZbE%2 Fig. 112
R B, ESBROMITA (—) ZUUHE, E
(+) ZELEFRT D, FBIHEEIL W/C 2 30%
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Fig. 1 Change in length of mortar
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Fig. 2 Change in compressive strength of
mortar cured in water
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Fig. 3 Change in compressive strength of
mortar cured in air after 28days water curing
(kHhEAE 28 HORICRAPERLEET > HEDERRE)
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MaEHRLZGMEZL b 6T, o 715k
B LTI, CGS 'B#IE)IAL & MLl FicZe - T
D, BENENDOY o TEREIE, BEAY RN—A R L
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VITRBNE N EERIBLTCWS. i, B OE
FEDREO R0, HLIRINAE RS CGS ‘B M & Wiz G
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Table 6 Mechanical properties of mortar
after 365 days of air curing

([P EAE 365 BIZH (T H5REFME)

Compressive strength | Young's modulus
No.| Name
(N/mm?) (KN/mm?)
1 M-50 62.3 15.2
2 C-50 52.7 15.2
3 M-30 123 271
4 C-30 101 30.8

(2) phITIREE
EBALM O T®E T Fig. 4, b TR
TEBYTHD. KPBBEDEEIE, WTho W/C
IZBWTH, CGS BMZEMH L7cSa o M x
W DGE ERIENENLL EE /e o7, L Len
DRTBEAEZIT- AT, BRI E - Tl
JIREIME T L, CGS BMAEZMH L-HEICHE T
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ZT LG EICHMITREMETTob0EEZLOND.
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Fig. 4 Change in Flexural strength of mortar
cured in water
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Fig. 5 Change in Flexural strength of mortar
cured in air after 28days water curing
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Fig. 6 Pore size distribution of mortar
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Fig. 7 SEM image of boundary between aggregate particle and cement paste
(BMALF LAY FR—X MERED SEM H5R1%)
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Fig. 8 BSE image of boundary between aggregate particle and cement paste
(BHMHFEEAY PR—Z M ERADRSEFH)
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Fig. 9 BSE image and EDS spectroscopy
(BMAFOEFEICEITHRFEFEHRE EDS 2FHER)
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