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Abstract

Integrated gasification combined cycle (IGCC) is a next generation energy production technology that converts coal into syn-
gas with enhanced power generation efficiency and environmental performance. IGCC produces almost coal gasification slag
as the solid by-product. IGCC slag is generated about 140,000 tons for a year although recycling of it is still in the early stages.
We evaluated the potential of IGCC slag which is generated from a pilot plant in South Korea as an alkali-activated cement.
Samples which were activated with the combined activator of sodium silicate solution and caustic soda had an average com-
pressive strength of 4.5 MPa, showing expansion. Expansion of the alkali-activated slag was presumed to be caused by free CaO
in the slag, although it was not detected by the ethylene glycol method. Samples that were activated with the combined activator
of sodium aluminate and caustic soda had an average compressive strength of 10 MPa. Hydroxy sodalite and C;AHg were found
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to be the new crystalline phases. IGCC slag can be used as an alkali-activated material, but the strength performance should be
improved with proper mix design approach to calculate optimum proportions which can alleviate the expansion issue at the same

time.
Key words : IGCC slag, recycling, potential, alkali-activated cement, compressive strength
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wt%)3} 7FHd &Y (NaOH, Sodium hydroxide, Junsei
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Fig. 1. (a) Sieve analysis results of as-received slag, and (b) particle size distribution after rod-milling for 30 minutes and (c)
further vibration ball milling for 60 minutes. D90 value was reduced from 87 um (Fig. 1(b)) to 30 um (Fig. 1(c)) by

additional ball milling.
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°F 20% 7} el B4 @ % 4 Ak e
LOI gke &elao] EAlske Holt kel Astol <)

st Axz vhdEh
S 5 AR s 19 A" FARA
HA 1|7 (scanning electron microscope, SEM) % o
2H2337] (energy-dispersive spectroscope, EDS) &
A3 BgA Si00 Wt TS 45.78 wit%, Hl
ALO;9] H e 2631 wt%, Ca02] H-
F& 105 wi%= UERTHFig 2). RIRARE ]
2] Si0, Hat gl XA FF 24 Al
5243 wt% Rk 2 olf= IGCC Eezoll= 442
Si0,%1 A (Fig. 3(a)°l Ffr=lel 7] el
SEM/EDS #E4 ZAFA=zRe Add Sefae vigd

Si/AM]= 14801901, &) wjdy] Akl o]
e AREBIITE 3 Cr-Fe-Al-Mg AMstE ZAo] &
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o,

fr oo o Mr X ¢
e

Fulmgtatd AR 71 A= dsol BRIE
H(Fig. 2). 2&-A AelEe &eloe d iy ¢4F
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SAEU (Fig. 3(a)), EDS #4olxE &4 Alz Mge
%ol AU Fig. 2). ©]& Al Fe, Cr, Mg &2
AbslEo] 2% Wslel] ulel thFek AMAA, A &
ol Al FANE Hole 2ud FEE 7V| ulE

Table 1. Chemical Composition of IGCC slag

Si0, ALO; | Fey0; Ca0 MgO

K0

Na,O TiO, MnO P,05 Igloss

52.43 20.85 6.64 8.59 3.22

1.17

1.65 1.07 0.12 0.26 -0.75
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Fig. 2. Back scattered electron image and elemental mappings of the IGCC slag with chromite, an Fe-Cr oxide, inclusion in the

Al-Si-Ca oxide matrix.

R o
AL Al, Mg, Feol FoAECZ AHEHT) v
FEEE 71Ae dFnEd 44, dEel F A
st=oln] A 3 Na, Mg, K, Ti, Crz} Feo] W%
o2 A AZ=AhFig. 2).

XA 3" B4 A3} Sl EAsks 2482 £2
& d(quartz), AFEA (magnetite), ZEZ 4] (chromite)
o]THFig. 3(a)). B A o3t wi7d=e] T4l oF
25° 2000 $1X]8 Ao AAFATKFig. 3(a)). SN
S ARG 719014 1,0000C 70 71 7 XA 3
4~ A s MAE WA= S oF 220

ol & sIATH(Fig. 3(b)). o= WIHZEL] Aol st
% ojmlab, w7 =e] SR o

HE f

d 2 ke o] gl
HROZ SI07h AT AYS AN, s1de
se)aole e Aol AR o) Az AMHE

dl, 3293 (spinels, (Mg,Fe)AlL,O,), 73] (anorthite,
CaALSi,Og), Ad4 (hematite, Fe,0;) 522 HHE S
ThFig. 3(b)). °l2ldt A3} 2-g-2 71E AlZke] AW
O& T2 Tl e Ao 34M4E e

e 3343 22 A4E S0 IPsERTe|ER

28 7Hded A|aguolET}

(b) An : anorthite
He : hematite
Mg : magnetite
Q: quartz
Sp : Fe-Mg-Al-Cr spinel

10 20 30 40 50 60 70 80 90
2 theta (Cu Ka)

Fig. 3. XRD patterns of unheated IGCC slag (a) and the
heated slag in DTA/TG up to 1000°C (b), which
shows evolution of new crystalline phases from IGCC
slag with heat treatment.
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Fig. 4. FT-IR spectrum of the IGCC slag in this study. The
vibrational bands are assigned to those of quartz,
aluminosilicate and spinel.
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AE AAE=E], Wu et al. (2016)° Jshd Cr* o]
20| F'E Xgsle] ZHA A S IADEE o] Wl
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A ol AN - H 3
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oh 7o Wz BASIAIL T 40°C oA FAEE Al
S Ooe] AgEA o FAAE 22 ZEel
HASHATHFIg. S(a). &0 L8 TS FARIRE
Aow #AAF AT F4~100 um 2719 7]Fo] &
AEo] ALS & F YAtKFig. 5(b)). SN2l T
H Ca0s} MgOe s Aol Qo] Lo &4
S Agsle 891o] BUBP), ol qrakds) sletE o
2 A3 %2 FeElX S (free Ca0)et Z2] mldA|
ok(free MgOY’t F8l=" {37} soju}r] wi#olch,
A7y EElzre] A9 Aol 4k8l, Ca0 ¥ vladlE 4t
dol eibel 5 EPlze Ry s doinho,
FEINB)e] A et $e odd FEEHBow
FEF F 9oy B AFixe A4 FT|ZYolEY
o] AAF A eksht), XA H S ol g sk
WP g A oy mlEe] Ca0e XA 3ERe
2 3§75 Y= oo fEX3e B9 02%
olate] w|Fo R EASIE g 3] | g T
2 AL oIt Bug ul gt} H|E oga
ZEFHOE IRIFA kot FeEXsle nFes
T 5y A4S dogle v fEldsv gaEe] Q)
Ko

7Fsd€ wiAIsh] o

1u}

aZ] ZFA|9h BReE & IGCC SE2e] H
A2 e wHelgle]l gz A= (Fig.

Fig. 5. IGCC slag samples which were activated with the combined activator of sodium silicate solution and caustic soda cured
at 40°C showing expansion (a). SEM image of swollen top part of sample which was activated with the combined
activator of sodium aluminate and caustic soda cured at 40°C (b).
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Fig. 6. XRD patterns of the feedstock, IGCC slag (a),
silicate-activated slag (b), and aluminate-activated
slag (c). The position of the amorphous hump was
shifted to higher angles from that of the feedstock
(b). XRD pattern of the feedstock was redundantly
presented for a comparison.
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