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Abstract

A Controlled Low-Strength Materials (CLSM) is suitable for mine backfilling because it does not require compaction owing
to it high fluidity and can be installed quickly. Therefore, a CLSM utilizing CO»-solidified Circulating Fluidzed Bed Combustion
(CFBC) coal ash was developed and it’s properties were investigated, since. CO»-solidification of CFBC coal ash can inhibit
exudation of heavy metals. The chemical composition and specific surface area of Pulverized coal Combustion fly ash and CFBC
fly ash were analyzed. The water ratio, compressive strength and length change ratio of CLSM were confirmed. The water ratios
differed with the specific surface area of the CLSM. It was confirmed that the porosity of CLSM affected its compressive strength
and length change ratio.
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1LHE <7 1(blast furnace slag), A|73<&e) I(steel making

slag) 5ol Utk o]FolA St aofa WA E=

Aol it uhe) vt AbdEopoll A W A e = B]ALA|(Fly ash)@} HFEHA(Bottom ash) 2 L}
A EAMEE 0] HHAE] 7 Qlti(Kong et al., 2010). tf 1=0] 2|1 HhlERo] 70% o] Aol HIARE oFe A Q)

AR AFAFARES S o)A Aehdla 33 (Lim et al., 2016). AetAfj= AHIE Y&, v &

e = AetAl(coal ash), EEHEoll A viAE= A, A BES Soz 9n ke gt 3

2] S A = A AL, AEARof| A A = AR W4 0] Mgkl 442 AarAo wheh gebr|=d],
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1268 284 - JdA49 - o8- HE
u] el o 4HF2)(Pulverized coal Combustion, PC)3}

£315-52H A& (Circulating Fluidzed Bed Combustion,
CFBCQ)of| A 2l == AetA| &2 123 4= QI Lee et
al.,, 2011). CFBCR Y& Q] AL 11X A& 53}
sho] sk WAl 0= AFS] AR o] thefEt 7t
A8 4o dial FHLEE Aa ARgo] 7ssh
1,300 ~ 1,600 C A== PCH A djr] 2F900C 2]
W Aag AaishE S AT 5 e A
o] Qlof 7 s o QA EIL glom T A
A AANA ZR|Sh= BlEo] HA} Sk A0
CH(Jang et al., 2017). SFA|TF thFE-0] 2 B= A
A= PCE 2ol A WY B = AlekAfo]w, CFBCH
AdejofA WA sh= Mgt G ol BelE=
23] 40 o3l Ca0, SO; Adito] S7Fste] ol& A=
Aol 283 AL free-CaOol| 2|5t Gzt FGt
Ay, 2HFe] SOsof ofgt HufjsHat S o] 9271 3l
o] 5 &-&5h=t| AlgtE o] LitkJang et al.,, 2016). w}
2hA CFBCATRHAE b2 o & Sh-8-5k= {eto] tf
S A7 27 Fofl Jlem Sk A AR Aol A
+ CFBCAEHAE 7H5EHIBHCO, IYSHAIA F=
So] 28 ogho QI BAH AIYAS ot
Hel= HoRe nfdslar 9JtiNam et al., 2012).
CFBCAHAE 288 = A= Weho = gitol 2§
He AZE 18%3F LA (Controlled Low
Strength Materials, CLSM)7} HE %17 ¢J o1 CFBC
MRS Z8T 4 Sl 7T 7E RokR iR
I Qe CLSME 2 f-57d 22 sl thgat¢o]
BAEA] AL Al&Rt o] 7tk 2 AR A
24 AR 54 7HAAL Sl Ao R HAEaL Q)
tHRyu et al., 2008; Han et al., 2016). =-ujofj= 713
b S H Ak esko] oF 5,0007) o]/ F4tol
EAfsh o] & Aot FFo] EAh BAR: of
2,0007l oJAFo 2 A& QItiKim et al., 2015).
oldgt A5t FE9 EAl= FARY] AREER Q1%
HAALE dod 9u7t qlow, Abdulaet JE
ol ozt Bk e 9 A EAIE WA A1
o= Utk wEbA 2 Agtol A= HlgARe] A RERsE =
FH T wAIE FAIE] 98 CLSM 7 A
Totelom 2 ARl oFg/dE flsll CFBCH. 2ol
A HiEEE RS ebsE AlA Az HAEAY

Al .

>

(“CFBC-F” o %ghe} HlEtl(“CFBC-B e} Hah S
g3 S0} PCHBA(PCF” 2 BEHE FARE
AT AL BgBtol A2 CLSMO] B4H71E
AxJshee

2, dEniE 3 Y

2.1, &8 xiz

CFBC AL} nfebiis YA 99| 8telakal do
A e = ZE TARSE AJA ARESEReH, PCHIAE
A= AR 9] e oA WA == RS R85t
Ak AMES] 4oREE-E F3F CLSMeo| s
o517] 9ol 15 H5 ZEWE AJHE(OPC)E A+
5kl o™, CLSM 9| 2513} oHg /& 25}
A3 HAAZ AFEE Calcium  Sulfo-Aluminate
(CSA)= HAYS] A4S AL83I5IT), CLSMe] wh9l-a}
= AaA7IL f58e 7RI S8 AREE
polycarbonate (PCH|) -52Hli= CAM] 213 A8t

2] = ek 22 YEhy
© T G EE Sl I S 9lom, Q1
ot =22 0.8 MPao]s}, Wi & (Back Hoe) o} 22 %
] F2120.7 ~ 1.4 MPaR = 9] ¢t&7 =7t @ LETh
ey Y2 AU PC-FE AR CLSM 9| A
2.0 MPa®] 7ol A W5 Z&o] 7hgslrhal Bl
)31 QJtiLin et al., 2004). E5§F ACI Committee 229
H Ao A= flow 300+£10 mm o]A}o] Eojof 315
EAS Wkl B arE| 3 QIEHACT 229R, 2005).
webs 5795 577171 1 AR s EAl=
o] nAlE7 1S HAEAIA CLSM O] JA=9] 24t
< BoloHA vHE7] el f-5/d0] S7HEAIRE o
3 B ol Tl B A BIE SR Al &=
AABHE 7HA & 4= Qlth & AtollAl = ol2fgt £4
S 53 4L 7|52 5o Table 13} Zho] ufjgt
= AAI5F3AEE CFBC-F&F CFBC-B+= 7158htst v

= &0t CO 5 A} AlA ARNESHRH: ZF Al
o] EhH KS L 180 6709 78wiiol whet &
22 SF7E B9l 1 B2 235t CLSMS

vl
(



CO, 4BHE CFBC A4S 283 A= 155 o] S4B/

Table 1. Compositions of controlled low strength materials
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NO PC-F CFBC-F CFBC-B OPC CSA Superplasticizer
F-1 90.00 - 9.00 1.00 0.25
F-2 90.00 9.00 1.00 0.25
F-3 63.00 27.00 9.00 1.00 0.25
F-4 64.40 27.60 7.20 0.80 0.25
F-5 65.10 27.90 6.30 0.70 0.25
F-6 65.80 28.20 5.40 0.60 0.25
A =3t 3. Znt Y EE
2.3, S 3.1, CFBCMEIT] % PCAEIo| EM
CFBCAgo} PCAEH o] WARS BHels)7] ¢4 CFBCAERA|e} PCAIE 2] BARS BAja} Al
F A2 0] A(SEM, ISM5410, JEOL, Japan)& A} Fig. 19] e %) 43-9-5% 1 ol2jo] Aetaol
Gsto] gelstalon, slekd JiEe w45k #dl vlaHA 2 A e] B9 AR B S FAS vE
XA &FEA7|(XRF, ZSX100e, Rigaku, Japan)ZS Y Q= AL Folskgit) uiH PCAER @] PC-F

olgalo] BBl Eak v 2lalr] 9
3 BET41 7](TriStar3000, Micromeritics, Norcross,
USA)E o]g-5to] Eelskqit). 2Hd CO,a1% 3} o
HE 3RoIsly] ¢sfA] X-Ray Diffraction (XRD,
SmartLab, Rigaku, Japan)2 ©]-83}%ck XRDZA
Z7-& 45 kV, 200 mA &] CuKa radiation(A=1.54 A)
ZAFE1o] 5°/min ] scan speed 2 10 ~ 60°2] ¢

=Astc. GEAe Blsly] o AC
SR

o BEE A

e
=
=2

Committee2299)| A F43}11 Q=

76 mm 0|7} 152 mmol %og *E‘?l_

o=
=2=—3=

ATk AAA Xﬂﬂ" KS L 4151oﬂ o)A 5o 40 * 40 *
160 mm’® BT ol 4] 72 7} oFAiAlo]| ] oAyt 5 ek
I} =A|0) 20 £3C Y] =2 oA 714 oFAY 9 1B
OF & /\1/\]0].031;} 710]34%0 Xﬂ;q_ﬂ A]ﬁi
KSF2424 7|9 .4746‘}0:] FeleE AEF QA o]x
(293-252, Japan)E B‘H ¥ 53,7, 14,21,28% 7]

Fo 2 Z4sto] AxpEst L PP 2519

=

1m

=

o} = EE =7 =4 7)(X2000, Montauban,
France)& AME-3191S Uﬂ] AZ+=E Al EAE KS L ISO
6790 ©J715ko] A4 79, 28919] A =5}
et

o) A% 7] YA 7R
3tz A B A] A= Table 29] YEFY it} CFBCH]
AHAY], CFBCHIEA| 9] 749 PC-F2} vlusle] SiO,2}+
ALOs9} 72 Fa34Ee] Fhego] iAo R o
O]} CaO B SO Fo] %A LhebeL, PC-Folj=
ABIA| &= g2} TiO, $HaFo| 24 3h= A2 &
M\:} o]a{a} §]—U‘—X‘] §_/H zﬂ-al:__ 7]-;(]‘— o]
GgAulzh ol PCL
HAP oA g5
AE FYs] uieelw, B2E E?JQ

71%2.0~2.5 ﬂEo]uﬂ

g
Az}
371 ¢

*iﬁl

How 3
B0

A

al., 2007). PCE YU Q] HLool= Yaa AR EHE=
At £ o0& Qlaf Ao g =2 Si0, 9}A1203
FFE 7= AR LA glomn, o|eo Agke]
ShebdEo g HAEe] e A& EIsHITHShun
et al., 2010). CFBCAEHA|2} PCAEFA Q] B FH 2]
< 15| 918l 74 BET =4S AASEIT H]
FHZ B4 CFBCHAM Q] H|#EHZ]o] 29.95
m /gi 71 2 AL Folstgon, CFBCHEA| <]

©.3.45 m’/g o], PC F4.12 m*/g 2.2 CFBCH]
*JXH tju] iAoz v Ao] 22 A 2elst

k.
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(A) CFBC fly ash

(B) CFBC bottom ash

(C) PC-F

Fig. 1. SEM images of CFBC fly ash (A), CFBC bottom ash (B) and PC-F(C).

Table 2. Chemical composition of CFBC fly ash, CFBC bottom ash and PC-F

T FCzO3 CaO Si02 A1203 MgO Ti()z SO3
ype (%) (%) (%) (%) (%) (%) (%)
CFBC 10.6 324 17.3 8.94 2.44 0.5 4.56
fly ash
CFBC 5.74 46.7 14.0 2.7 1.41 0.2 18.3
bottom ash
PC-F 7.5 6.3 57.8 21.8 1.5 - 1.8
32, CFBCAfENYe] CO TEEH S I Ca0 0] 7hebatst T & 717w Ehbs)
EIISIE SIS U WSS B9 COE SOl AlebAje] Swlo] CaCO:7l AE: XRDE:
173} sl= 7]&0]H, calcium, magnesium H metal HATE F3l AT 4= Qi webA] o]t A=
oxide®} ¢ EZ o] CO¢te| Hhg-& T3l eHg3ls ol B33t e 2 EAele 535 855 9
o] g3fj=|A] o= vhiko] A== Agk 4= IS Ao = wtEck

AL ik ASE HRg-E o] 28 7|2 & S HP~0}
o oo} 22 Hkg-Ale] oJsfA] Calcite(CaCOs)E

AT S ojulgic
CaO + H,O — Ca(OH), €))
Ca(OH), + CO, — CaCOs + H,O 2)

CFBCAEIA|] CO, 113} ol g
XRD-£4] A¥E Fig. 2] YR itk
CFBCAER] o] QA4 H S AR Lime(Ca0),
Periclase(MgO), Quartz(SiO,), Anhydrite(CaSOs)5
o] =)o) A= AS Shelsiry. CFBC Aeka)ol
AL A3} 0] Al2E Blaste] B gkt Fof

gtalsty] g1

3.3. CLSM2| & H|&

-2 A v]-8(Water-backfill ratio) 2] 79 2|2
A7} 7B sk Fofl Wtdol B2 9 = A=
A =9 Blgo] Ui ot i5t4d Aste] Uglo] &
], 5w o m A FA(workability) W 2144 0] &5}
E o] Algo] oA Hr}. o]3t 29 vl &
CLSM 9| st #of = o, vigzo] 2
$2 5 EZ4e0) e Aoz d#A] QriLee et al.,
2014). Fig. 32 240 19542 vral517] 2|4
300+10 mm2] flowE ¥+=t] 23t EH|E8(W/R)9]
EE2ANE YeERYITE F-19] 49 300+10 mm2]
flow s &7] $13l o &(W/R)0] 7H -2 35%7}
29 ¥ Itk ol2jgt A= F-19] =422 PC-F9
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Fig. 2. XRD spectra of CFBC fly ash by CO, Solidification
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ERARE 7A T
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Fig. 3. Water ratio of controlled low strength materials.
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34. U=

CLSM 9] =712 9] 742 2.0 MPa2] 7*13._01%1
& ZFZbo| 7pssiclal HalEq Qlom, 11
A B A =2 ofles 7L M%
H A QtH(Lin et al., 2004). =7 = X
e = e Y Hew, = ¥
735 17 e el workability) = 57} )%
== AstEtta Ea1E 3 QJci(Lee et al., 2014).
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CLSM2] F3&o0] 2|a1 o|2 Q&) =UAo] FAE
o] A=A T ) = 7}6} A0 & Trtr]o] X ti(Ishida et

al., 2007). W2 F-29] A& & H|go| 7P @
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Fig. 4. Compressive strength of controlled low strength materials of air-dry curing (A) and seal curing (B).

149%= Q18] 3} & CLSMe] g=-go°| 7H
o] 2 Q& /o] Aat=E o] ThE ulgh thiH] =
b 3As Aoz daEh F3~62 4=
745~ £% CFBC-BY] HjmHAo] 22 Fo&a 7
Qlste] F-2tH] & Hl&-S A7AASH, ZAE B
ZEIE VPR ¥ %9 CFBC-B= 249
Solakal B 4= Q= FEREA 0 93 giillE
O R F-2 ] g o2 oI5 wrt Sk A e
2 bt CFBCAgHA|e} PCAEA 7} 7 &l of]
7]0f8li= o= Table 29 3Fat2/d 24 Aaks F-4
o = Ql5e0), sFetRA] ZFof Si0,, ALOs2FCa02] 7
S 3 E 5 Ca(OH),2F2] & vh3-2 245}
AA ZFEZR0|| 7|08k C-S-HAYAS ZRA1A 74
b R 2o wokEnh & aRkgo] z1d
=W Ca(OH)p: Ca’’, 20HZ 32|y 20H=
Ca”, Si*", AI'" 0] 9] 822 7]<4:3)510] C-S-H &
C-A-H 3H=9] QS 703} T3 CaSOs=
Ca®, SO, & A A3] 32| =|n Ca’ = t}hA] Si™", Al
0]&0] 829 7&5l5l3 SO, ettringite(3Ca0 -
ALO; * 3CaSO, " 32H,0)231H] A4S Eaf) 7=t
ol JFE nAE= A0 HiE5L QtiRyu et al.,
2012). whaka] o]gt EAJ 0= Ql8|| F-1~62] g &
%= CLSMO| &X 7291 2.0 MPa oJAle] 9F&=7be
7h e = S Eelakic

ooy &

3.5. Zo|Hst EY
Ho|Hgg2 CLSMo| & #1384 Aeka-5- ¢k
of Y= UL uf CLSM ] s=Fo] FHiglo] ula} 3

=57t S7FeHA HaL o] 2 Qlel HxpSHst
ofigof wet - Fo] IAE St e, xS
2 AUEETE worlel et aditha B
QItYang et al., 2013). Fig. 5(A)oll= 71 A% &=
loH3} 2743t A7 UehllaL, Fig. 5(B)= 2
FA T oz}t 243t AaE YR ST 28Y
7o 2 71e 2400l A= -0.05 ~ -0.50%
flo] o] WSl o, Hy AT 2AolA=
0.05 ~ 0.60%2] HeIjoll A B4 WAgskict 711
FAeE 270l A= WA CSATE EQ) = 9soll =
S5kl F-2~6 7% F-1 tjd] & vl&o] & o7
7l wet -2 FHo] wolA]aL o] 2 Qlsf A4
H 35T 7R 2455 9 Aol EE e
& HEojRle)y. Ashas-o 243 fFARE U
FAEE 2o AM= AL S0 Q| =25
o] x|l HAAO] CSAQTR sl HARt 2
SIS 4= Qlrk whetba] 14 o 7EA] H o] X3y x

FESHo] ol Hr ZFEHA 14Y o]
FEl= AAS] xSl dojus 21s ERlE 4
lct. CSATEA v|A Y52 CSA0| g CaO 423}
Hhg-oll ofsff Akekds A7go] A= 274 3%
o] Ao 7o, ol-e-2l(Hauyne)d} WH-3-5ho] o
FuAbA Bl ko] 84| /ol o8l HaE
ool x| AB/dEl XA (ettringite) o] ©f 3l B0l W
AskCkal B 1237 QIt(Won et al., 2001). E-2FAY
ZZAA F-1 tu] F-2~62] o] 2 Aok A
& g1g 4= Q=] ofelet Auks CFBCARAS)

ofr mN
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Fig. 5. Length change ratio of controlled low strength materials of air-dry curing (A) and seal curing (B).

Ao BB o] SO, FHo] PC-F tju] o}
F-2~6 7o) 27 Qojuji= A 0 2 Feheri(Jang et
al., 2016).

>
mx
rhu

2 AolAE PCAERA] 2 CO, 131 CFBC
SRS ggate] A2 FFhol Y= CLSME] 7]
49L& ARG oH, thea 22 AES Ik
1. CFBCH]AHA|, CFBCH}EHA) 2] 7 PC-F2} B] 11
5lod Si0,9} ALOs 9} -2 FQ57-E-2] glafo] Al 2]
o7 w2 Holu} CaO Y SOs gHegFo| =4 vehd A
< 1L} vl A 2443} CFBC-F2] v
0] 20.95 m'/g & 71 g BT = AU
o, CFBCHFE A 2] 7-9-3.45 m’/g o] v, PC-F2] 7%
4.12 m*/g 0.2 CFBCH|AHA)] tfju] Aljd o2 v zH
o] 22 718 Bl

2. XRD E-443} CaO7} gh4ke} 3H4-8 72 HA
CaCOs7} A/d el whe} CFBCA &0l CO,17g 3}
7H3E A 0= o] R0z A& FRIsHL

3. F-19] %-%- FA| 521 PC-F2| H|3t 2| 0] At 2]
o= 5o neh & Hlgo] A4S o, F-2~69]
735 A= CFBC-F2] vk &o] Ajg oz 3
o2 & Hgo| Z7IEE AS Eelekyick

!
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=
4 PEYE FRFIY YRPHT AP S0l 5
WekA] Rt 471 M0 R SepkS AR 4 9l
£ FEe 4ito]

gob 7] wiZoll 717148 diml <F
Z7}w7} 27819l F-19] S F-2~6 the] &

Z17] B2 AsksE w2 datoll wek CLSMS 24|
<8l 2o} 712 A AR BE Vs o=
e

A 2

£ AT ARIEAAIRMOTIE)S EHe
714 7HAUKETEP) ] 2| €& Wo} a5t A7 744
AYtHNo. 20141010101880).
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