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Abstract A geopolymer was produced from coal ash generated from an integrated gasification combined cycle (IGCC)
plant and its water resistance was evaluated. For this purpose, the geopolymer specimens were immersed in water for 30
days to measure changes in microstructure and alkalinity of the immersion liquid. Particularly, the experiment was carried
out with foaming status of the geopolymers and parameters of room temperature aging condition, and immersion time. The
foamed geopolymer containing 0.1 wt% Si-sludge had pores with a diameter of 1 to 3 mm and exhibited excellent foamability.
Also, the calcium-silicate-hydrate crystal phase appeared in the foamed geopolymer. In the geopolymer immersion
experiment, the pH of the immersion liquid increased with time, because the un-reacted alkali activator remained was
dissolved in the immersion liquid. From the pH change of the immersion liquid, it was found that geopolymer reaction in
the foamed specimen was completed faster than the non-foamed specimen. Through this study, it was possible to
successfully produce foamed and non-foamed geopolymers recycled from IGCC coal ash. Also the necessary data for the
safe application of IGCC coal ash-based geopolymers to areas where water resistance is needed were established; for
example, the process conditions for room temperature aging time, effect of foaming status, immersion time and so on.
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Fig. 1. Procedure for geopolymer fabrication.
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Fig. 2. XRD results for geopolymers aged for 3~28 days at room temperature; (a) non-foamed and (b) foamed geopolymers. The
inverted triangle (V) shown in (b) indicates the calcium-silicate-hydrate crystal phase.

Fig. 3. Surface microstructure of (a) non-foamed and (b) foamed geopolymers.
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Fig. 4. The crystalline phases on the surface of the geopolymer with aging time at room-temperature. The photograph (b) is a
magnified by 50,000 times of the white box portion in the photograph (a).

(b)

of the geopolymer after immersion for 28 days; (a) non-foamed and (b) foamed geopolymers. The aging
time of both geopolymer at room temperature was 3 days.

Fig. 5. Surface structure
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Fig. 6. The change of pH of the immersion liquid with immersing time; (a) non-foamed geopolymer, (b) foamed geopolymer, and
(c) cement concrete. All specimens were ground to a size of 5 mm before immersion.

Al ARFE ERIg & (IRlnh old] »E AJFe
thall AH= (aging) A7kl W ¥ FZE 20,0008 2]
e R skl Figo 40 VERAITE. 397F AlE g
Aol vl 28U A AlH x| AdE AAHUA
UE7b £3 B A4A7% o vAE

o] AHEL XRD ZA¥KFig. 2l EelE%o)
calcium-silicate-hydrate 02 It} 2 sl&E 2
A AEE fJste] WEARZA H7FE Si-sludge’t
AR AYS ZXERE 732 o old Ak g
At AL F7HQ] A T8 o g dAckHr)

AeZYue URFoE Yol kgt Ao=m U
A ot Zrwrb ofst W AlHo|AY, Ad2AREAIE
o] FEA F& g, Q#l A7F B | EH
nlAlgk Fdolu 7lg=0e] A & St

Fig. 5& 28Y 7F S0l XAE A eEgn Al
FRARIOIT}, (a) AR B2 R @ EHEA] 24|
Be 33UV AIAA THE ZQld, FHe] FEFoR &
Z5o] F3e] Aol WAL T, (bys EE A
LEYMEA JA] F2ATHS 3YRE AAA R Ao
LS ARAIEE #EA gty B3 (matrix)] e
7h ofgh &y A eEemoellrlel 28Ut HASIHY
Hel o] WS Zlo= ke

N

o

5|

=

FAPH=7)0 FR50l B 2 HLE A oEH,
Jeln AME ASAE AN F 2 289 FA

M

A vk ZoFEw AR pHE WX A E
g 79 Hlal] =2 zke] ®MelelA Wslslal ASS
& Utk v e ZEw HRAe 7d A Al
A pH7F 718k WhA OE X o ZEme] A9, AL
A 3R AxE AeE ALstale 2R XA
pH7F WHakA] AU 38 ot AsiGith 79 A

AN pH7b FA HsteA] B3kt

Alo] A" AN pHZE F7Fshe AE ZSHA|
2 ARE d7e 248t T kgl FefskA] Eehal i
E3 Aol =0l FHohr] wioltt. wbA HEE A
Z2|v] AJHe] AN pH7F WE A e EE| vl s A
o ® =y, FAAZ] we} eshunt Frkehs
AHARRE R Ao EHE AN S50l
ek Een ko] e FREA keS¢

PN
T Aok

N
WE A oEelH AHe] AN pH WSS HE AL

N



204 John J. Bang and Seunggu Kang

Aol 3UFE AlHAAMTE pH7F F7F8laL 2 9] 7Y o]
Fom FRAEE BE AHE 7T, AN pHe
148 A o|FoA F/EETE EIEJAY 235]H

go] A== FE 2 Aoy A A
)

A oEele] Nige] APoRA Hu
3 S B AY BB %S ACE B

p=4 =
Ak, ol TE A A, AR EEEwA
e AspeL 98 7k HE wEo] yolxwA 2
Q&M Hkgo] HHW] wwow A7k mebd
Iy A eEeH Al Al F2ATL 7o T
SHAIRE R 2| e Fejre] A9 AR 28UE F

AN

g S5l A185)
T @ ) 3 el Be Bede ARES wEe
3 WE AeEYn wr} WEE A oEen9]

= o
o] Hojo} x| @Eem Whgo] ghrErks A oA F
29 A8 Fe

Fig. 6(c)= A= AlHF} Hwsl7] lste] Al
E 7ol st A A3g ol AeEFH A
A|A Aol Hjg] AMHoZ =& pH # F, 124~
12.8 ¥ 919 3S Uepdth XEAE AWE = %
O FA tri-calcium silicate(3Ca0 - Si0,) % di-calcium
silicate(2Ca0 - Si0,) §°] EAlsl, &5 F7kehd 3}
Hhgo] dojuta] Ca(OH),7F €Tt ZsiAlel A/d€
Ca(OH);= OH7IE X3t 7F4ze)d Edol7] W
oll, NHIE SIS =l "1™ 2 PR A eZe
H ®Th Zheh Gz 545 etk AztE o

S HPE 2] QEE v 28U7E AXATIH A
o] pH7F 12.2~12.6 92X ARIE Z3s|A|e} A A}
Sk 7S BRIt o= &st nje} o] mukeE 4z
DAL §EE] & ZoR I Ca(OH)7t
AREE AIHME iAo 75-ok= thEr

4.4 E

IGCC(integrated gasification combined cycle) &4
AN A= HE3|E AEEat] AeEYHE Ax
S 7o v W AR sl Thesh e AR

a3t

1) Si-sludgeE 0.1 wt% 7t X eEgHole 27
| 13 mm8l 7]550] AdE o] waxifo] o3k AJH
= doH, HEE o EYude S¢tow wF Tt
e 715l SRS k. Bgk AR X Qo EEw A
Hol M= Si-sludge GO Z calcium-silicate-hydrate 2
Aol el v v 2] o ZguddN = A o]
UEPA] 43kt
2) AEZEHE AT AR AREE

23t F mRESE Zo] Zof Fol yef HA|He] pH
7F SV v A Qe HR|AL HXA| Tk
w2t pHZF F7keh WA, WY X eEEw o] A9, g
AR 3= AxE A4S AlLslae 289 Al
R ZX| 8] pHYF WskA] edAv Q3] ok 1At
ATt

3) B4 pH ZHOZNE, W
Hl

(<]

>

A eZe whgo| W] F4%

>,
i)
flo
2
?i
{
ot
2
X

oZH whgo] o WA FAE Roz AzkEr,

4) B ATE Fa] dolrl Ao FeAlH =
A, BTG} MPE AR Aol ol mE PAN] %
Zelw @ BATE WS 5 HolHES 35 W

o] =2 20163Pd: ArIdst Ad FElE A
TEHAS.

References

[ 1] D. Satterthwaite, “Cities’ contribution to global warm-
ing: notes on the allocation of greenhouse gas emis-
sions”, Environment & Urbanization 20 (2008) 539.

[2] A. Bogomolov, B. Lepri, R. Larcher and F. Antonelli,
“Energy consumption prediction using people dynamics
derived from cellular network data”, EPJ Data Sci. 5
(2016) 1.

[ 3] O. Ohunakin, O. Leramo, O. Abidakun, M. Odunfa and
O. Bafuwa, “Energy and cost analysis of cement pro-
duction using the wet and dry processes in nigeria”,
Energy and Power Engineering 5 (2013) 537.

[4] E. An, S. Cho, S. Lee, H. Miyauchi and G. Kim, “Com-
pressive strength properties of geopolymer using power
plant bottom ash and NaOH activator”, Kor. J. Mater.
Res. 22 (2012) 71.

[ 5] J. Davidovits, “Geopolymers: Inorganic polymeric new



Study on the immersion test of geopolymers made by recycling of coal ash 205

materials”, J. Therm. Anal. 37 (1991) 1633.

[6] J. Davidovits, “Global warming impacts on the cement
and aggregate industries”, World Resource Review 6
(1994) 263.

[7]1 T. Bakharev, “Durability of geopolymer materials in
sodium and magnesium sulfate solutions”, Cem. Concr.
Res. 35 (2005) 1233.

[8] J. Davidovits, L. Buzzi, P. Rocher, D. Gimeno, C.
Marini and S. Tocco, “Geopolymeric cement based on
low cost geopolymer materials. Results from the euro-
pean research project GEOCISTEM”, Geopolymer’99
Proceeding (1999) 83.

[9] A. Fernandez-Jiménez, 1. Garcia-Lodeiro and A. Palomo,
“Durability of alkali activated fly ash cementitious
materials”, J. Mater. Sci. 42 (2007) 3055.

[10] A. Palomo, M. Blanco-Valera, M. Granizo, F. Puertas,
T. Vazquez and M. Grutzeck, “Chemical stability of
cementitious materials based on metakaolin”?, Cem.
Concr. Res. 29 (1999) 997.

[11] T. Silverstrim, H. Rostami, J. Clark and J. Martin,
“Microstructure and properties of chemically activated
fly ash concrete”, Proc. 19th Int. Conf. Cem. Micro.
(1997) 355.

[12] T. Ueng, S. Lyu, H. Chu, H. Lee and T. Wang, “Adhe-
sion at interface of geopolymer and cement mortar under
compression: an experimental study”, Constr. Build.
Mater. 35 (2012) 204.

[13] S. Yong, D. Feng, G. Lukey and J. Deventer, “Chemi-
cal characterisation of the steel-geopolymeric gel inter-
face”, Colloids Surf., A: Physicochem. Eng. Aspects
302 (2007) 411.

[14] J. Provis, A. Palomo and C. Shi, “Advances in under-
standing alkali-activated materials”, Cem. Concr. Res.
78 (2015) 110.

[15] J. Davidovits, “Geopolymer chemistry and applica-
tions”, Ins. Geopolymers, France, 2008.

[16] F. Skvara, L. Kopecky, J. Nemecek and Z. Bittnar,
“Microstructure of geopolymer materials based on fly
ash”, Ceram. Silik. 50 (2006) 208.

[17] K. Komnitsas and D. Zaharaki, “Geopolymerisation: a
review and prospects for the minerals industry”, Miner.
Eng. 20 (2007) 1261.

[18] A. Nikolov, I. Rostovsky and H. Nugteren, “Geopoly-
mer materials based on natural zeolite”, Case Studies in
Construction Materials 6 (2017) 198.



