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Abstract

Use of circulation fluidized bed combustion
(CFBC) bottom ash in high volume Slag cement
without grinding

Jeon, Sang min

Advisor : Prof. Kim hyeong ki,
Ph,D Department of Architectural
Engineering,

Graduate School of Chosun University

In reinforced concrete structures, concrete is being studied in
various ways to replace cement. Among them, high volume slag
cement is a cement with a large amount of blast furnace slag,
which has advantages of long-term strength increase and reduction
of construction cost, but there is a limit of replacement rate due
to the initial strength drop and increase of shrinkage rate. On
the other hand, it has a characteristic of expanding when using
CFBC bottom ash.

In this study, chemical and physical properties of concrete were
measured by mixing CFBC bottom ash with high volume slag cement.

And, by direct tensile test, we predicted the cracking time by

comparing with the physical properties of concrete.
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[0 3-2] =8t2=3 2L (CFBC) HHEOHAI

(1) XRD(X-ray diffraction)

oI30AMs 2
28.66° ,32.20°
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, 34.06°

,37.36° IIANMME &
, free—lime O] EMoIF D 012101 Il =9 £=21
& Portlanditedt 18.02°

AT

SE 22 (CFBC) HHEOHAIS XRD
Sofl =E8& 2= 28 =8R8 2
26.6° ,48.68" I30ls ABNAMRE &
447, 31.34° , 38.62° , 40.80° ,53.88
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A Q P Q: Quartz )
a / P: Portlandite
A L A: Anhydrite
p L: Free lime
E: Ettringite
A A C: Calcite
Q G: Gypsum
G cC L PQ ,
E Q aq
CFBC
“ bottom ash
5 10 15 20 25 30 35 40 45 50 55 60
20 (dig.)

[0& 3-3] X-ray diffraction spectra of CFBC bottom ash and blast

ol
=

(2) &=

[Og 34]2 1
(CFBC) HHEOHAI,

213 um, =ct0loH
CFBC) HIEOHAIS

=
FIF
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100 -

—
’
I}
CFBC I’
;\-; 75 - ﬂy ash 7
g (36.2 um) 7
“E’ Slag Pt
= (8.9 ym) -7
o 7
> 50 - 7~
'-% /Cement
= / (47.9 pm)
£ y;
3 25 P/
A CFBC
P bottom ash
< 213
0 - . .( Hm) .
10 100 1,000

Particle size (pm)

[O& 3-4] Particle size distributions of raw and blended
binders (with D50 size)

gt [0 3-5]2 AME, S0-CFBC20, S70-CFBCO, S70-CFBC202| &

S LERH Jef=olitt. [O8 3-5]0lA ECHAIIN CFBC HHE
OHAISl L&Dt DNE=eH2 AIMERN =Ci= XS =IoHRUCH. et
cid= ALZotXl 210 CFBC HHEOHAIRH 20% XI2tol( AtEst
= AMUES &= 47.9umlllA 111umE Sotot= AS
= QUL OddLt D2scHDE 70% XI2totd AtE8 Z<R0l= S70-CFBC
m, S70-CFBC202l Y &= 15.6 umE AIHES AT

8u =
AE 2 = UL, =, LTIt 2 CFBC HIEMHAIE At

Il

S0 ROMKI = =
SI0IC SA 2Ysts D200 AT B B2 AsDet
82 ¥ 4 UCHE 242 =HOIGIAL
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S70-CFBC20 7
(15.6 pm) 1
— [
& 735 1 s70-CFBCO /
[<F)
@ (11.8 pum) 4
: P
© e
q>, 50 - ’ Cement
= 7 (47.9 pm)
S ,
=
e /I
3 25 - ,/
w S0-CFBC20
2 (111 pm)
O T T 1
10 100 1,000

Particle size (pm)

[0 3-5] 2EExE=3H

8 [E3-1]2 15 ZsdS AME, D2&2fd(Blast Furnace
) E 24 (CFBC : Circulating Fluidized Bed Combust
ion) BFEOHAI, Zct0I0HAI2l Oxide composition of bindersE LIEHH
SBOAI =2Rs3 22LH(CFBC) HIEMAIS 3= £

ctOIOHAIELCH Cal0, S0 0l &8REHAH U=z J22 LIEHSECH Ca0g
22{(CFBC) BIEOHAIDI D2&HIABL =2 =
=l

, 2= 2R Si02 Al0:2 =X 185 ZEUME

HL
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[E3-1] Oxide composition of

binders
Compound Ca0 Si0. Al203 Fe203 Mg0 S0s Na-0 K-0 TiOo
Cement
60.6 23.0 3.41 3.13 3.68 2.56 0.83 0.90 0.0
(Type |)
Slag 45.7 29.1 11.7 0.454 3.08 2.80 0.19 0.46 0.67
CFBC
51.1 11.0 6.8 4.5 1.3 19.9 0.3 0.5 0.9
bottom ash
CFBC
23.2 29.7 13.8 6.6 1.6 6.9 1.5 1.0 1.1
f lyash
(* Loss of ignition)
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SRR
e zaRss

SO-CFBC10, SO0-CFBC202l

[H3-2]= Mortar2 BHEHHIZAM SO, S50, S702 Al¢

0, 30, 70% XI2&t =Xt0lx1, CFBCO, CFBC10, CFBC20
222{(CFBC) HIEIOHAISl XI&&0ICH.  SO-CFBCO,
dR0U= AMHEN et =stRsE 22d

(CFBC) HIEO0HAIS XI&t&0l12, S50-CFBCO, S50-CFBC10, S50-CFBC20,
S70-CFBCO, S70-CFBC10, S70-CFBC20S] Z=R= 1N2&cH0 tist =&t
SESE B2 (CFBC) HIEOAICl XIEE0ICH. SZEMEI(W/B)S 2L
A== 2dA8E O QoA =l X 0.3%2 Z28GHACH.
2 SZE M2 28 HYUZ|EIS AAZ Qo ZeIIE=2A K5
ME ZEM 2 A2 0.2%5 EL6I/CH. 2 AWM AIE-= 2
el 32 2& AHXGIH & 0%2 ZAHE Ao CH
[E3-2] Mix proportions
Weight composition
Mixture Water Cement Slag CFBC ash Sand
S0-CFBCO 1 0 0
S0-CFBC10 0.9 0 0.10
S0-CFBC20 0.8 0 0.20
S50-CFBCO 0.5 0.50 0
S50-CFBC10 0.3 0.5 0.45 0.05 1.5
S50-CFBC20 0.5 0.40 0.10
S70-CFBCO 0.3 0.70 0
S70-CFBC10 0.3 0.63 0.07
S70-CFBC20 0.3 0.56 0.14
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Mercury intrusion porosimetry), XRD(X-ray

(MIP

diffraction)
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[O8 3-8] DIMIEZZ 24401
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[0 3-9] XRD &4 Al=

H4Z2 &8 21
BHetol ME Al#ES 3sty |8 24 24

(1) Ol&=3tk

[0 3-10]2 [ 3-11]2 = 70AI2t S0to 5L H&S LIEHH
Ct. &M [O8 3-10]2 2% 0.5 Al2t olliel = =D LSS (Stage
1)2] B2 S0 ¥ S70 25 CFBC HIEOHAIDL 2 & 2 YI20]
LIEtLIE S 2 UCH EFF 0.25 A2+ (1
o m=J+ &5t SO0-CFBCOR! B2 = =D
Cil Brolf SO-CFBC20Sl Z< 11 2t0l 0.8 mW/g MtXl S
SO-CFBC201+ OF&DJEXIZ S70-CFBCO2I E< 0= = =JI1 W3Jt 0.7
miN/g OIXIE, S70-CFBC202l ZR0= = =J| L3It 1.3 m
JbstCh. €£8F 1-10 Al2H(Stage 2) NMASE SO L S70 25 CFBC BHE OH

C|

|0

me”

m

—_

AE AMESH 2 2Z20] O A LIEFGCEH. Iz
OPC : Ordinary Portland Cement)2l H<S %3} Stage 3 SHHOUA 18 Al
2t2| main peak 2f0| CFBC HIEOHAIZE 20% =}
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20tH SAIN 30 Al2H2] shoulder peakIdt STH&ICH. &0, OPCL %=
St MQ Ol3&= CsS, shoulder peak= CA2l =30l 28t 2ioz &
AN QULCH. S70-CFBCO, S70-CFBC200IA= LD=Z=ciiJE CFBC HIE OHAI
2 Xt et main peaks 2ZrAoleE BHAH 0] DAl Shoulder peakes
FEFLERL &2 =ICH. [O8 3-11]2 Al2Hl 12 =& gEzoz N2
Sl E AIE6HA 22 UM SELIE=H2 o St
SO-CFBCOOIAl = =& & LIE0| 94 J/g , OPCE CFBC HIEOHAIZ
20% X|&8t SO-CFBC202 AR ==& & LHek 81 J/g 22 240%™
X8t S70-CFBCONIME ZE & 2Z20| 30 J/g EesddsE
CFBC HIEO0HAIZ 20% X|&t8+ S70-CFBC 202 HL =E & Y2k 35
J/g @& 242t SII6IRUCE.
0.6 : —: 15 =
| ——>»| 10 b)
os 1| 1 =S
I i 0.5 c)
— ! ' L Ey— i
=04 ! 1 0.0
E 1 L 1 0 025 0.5
£
=03 ____a) S0-CFBCO
2 _ -,{. b} SO-CFBC20
] "
£ 02 - \ c) STO-CFBCO
A ‘d) S70-CFBC20
0.1 i !’ -'__;.g-':.
Ih' ’.’ ‘*‘-‘-“'-"“'-u....
0.0 - 3
0 10 20 30 40 S50 B0 7O

Time {hours)

[0 3-10] Al2H0I @E
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100

SO-CFBCO

80 (93.9 J/g) \ """"
= SO-CFBC20
= 80.9 J/
S 60 // ( g9)
2 /
s 40 / S70-CFBC20
S / (34.7 J/g)

,/

g 4
S 7

20 / S70-CFBCO

/ (30.2 J/g)
74
o .

(0] 10 20 30 40 50 60
Time (hours)

[0 3-11] Al2t0l HE =& ZE

(2) 2=2 (MIP : Mercury intrusion porosimetry)

[0 3-12]= gl 2 G & 2MEH0 OE S=
4% S

i JefZoICH. (a).(c).(e)2 dHEZE 2H

S X

=22 X0 HA= ez EEE
S70-CFBCO1t S70-CFBC202l Z2=& S8t AlZ2H0l [E
Ct. Jdeld D22s=cide XIE0l &
XgH AIZHOI XE+5 2=2 IJI= HOtHO. MtA 2
A0l D=zl oM Jes =
(CFBC) HFEIOHAION et H&ts

Ol
A
_O'j
_El_
P
S
1o
0K
Jy
10
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0.18

o
-—
o

0.14
< 0.12
€ 0.10
0.08
0.06
0.04
0.02
0.00

mL/g)

m

Log Diff. vol

Collection @ chosun

3 days
/Water curing

S70-CFBC20

S70-CFBCO

S0-CFBC20
—— S0-CFBCO

i M RTIT A » 1

10 100 1,000 10,000

Pore diameter (nm)

(a)

3 days
/Sealed curing

S70-CFBC20

S70-CFBCO

S0-CFBC20
—— S0-CFBCO

WA

10 100 1,000 10,000
Pore diameter (nm)
(b)



0.14 - 28 days

/Water curing
S0.12 -
=5 S70-CFBC20
£ 0.10 - S70-CFBCO
[<}]
g 0.08 - S0-CFBC20
2 ——— S0-CFBCO
> 0.06 -
S 004 -
S
S 002 -
0.00 T == e S A —=
1 10 100 1,000 10,000
Pore diameter (nm)
(c)
0.14 - 28 days.
/Sealed curing
> 0.12 -
=5 S70-CFBC20
£ 010 - S70-CFBCO
[<}]
g 0.08 - S0-CFBC20
2 ——— S0-CFBCO
> 0.06 -
& 0.04 -
(@)
S 0.02 -
0.00 e/ . P M AT T
1 10 100 1,000 10,000
Pore diameter (nm)
(d)
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Log Diff. volume (mL/g)
(@] (@] (@] (@] (@]
O ©o ©o ©o o
N BN (0)] [00] (@]

o
o
o

91 days
/Water curing

S70-CFBC20

S70-CFBCO

S0-CFBC20
—— S0-CFBCO

0

I 5y SR

10 100 1,000 10,000
Pore diameter (nm)

(e)

91 days
/ISealed curing

S70-CFBC20

S70-CFBCO

S0-CFBC20
—— S0-CFBCO

[08 3-12

10 100 1,000 10,000
Pore diameter (nm)

( (a) Water curing 3days (b) Sealed curing 3days (c) Water

curing 28days (d) Sealed curing 28days (e) Water curing 91days (f)
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(3) XRD (X-ray diffraction)

[08 3-13]2 HHEtel 2 I & 24 2ol ([HE
JdeHZoIt, FUE XRD U2l £ ZZgs #&oi background
noiseS MHEH 0ICH. [OE3-13]0IA 20t A0 &S 0IXIX &
raw materialOff CHS' peak(&EX [1E3-7])2 HAIGHA &LQUCH £
2 JdcHZ0AM y =2 Intensity countE =LotH DESIALLE
| SAl HEAIGHKI 2 UCH. CFBC ash =0l 28t BISHE &CIQIGH0F &
O3 WEXSZ E(Ettringite) peak & P(Portlandite }

04, raw materialOil 2|8t peak 210l CFBC HIEOHAl =0l 2lof A6t

peak= LAHGHK 2oL,

I

o

rir

()2 JeiZE 2™ 8.8 MIMS E peakIdt SO-CFBCOS! HHEGIA Ch

E BiE0l Bloh ESol 3H U=z Hds &2 & = JA2H, UE e
£° E peak= X0IJt A Q= 222 HOIECH 2L (a)dlA
(b),(c)2 AIZt0l X0l [tet E peak= E&E X0 EHE=E A2=2
EHOIEICE. E£8t P peak? Z<R0l= SO-CFBC202l Z< (a)UlA ZECHAIT

CFBC HIEOHAIOI 2lof Zai= P peakIdt 2O0IXIEH, AlZHOI XIE0ll et

A
CHE HBigtS He XH0IJF e A0l &telECh,

(d),(e),(f)2 e H=0= 8.8 E peakdt (d),(f)0IM=
S0-CFBCO2I HHEHOI CHE BHEON HIdH =X (e)2 Z2<R0= Hel H
ol Xl= 2101 &QIEICt. E£8F 33.5° E peako Z<0= (d),(e),
JJeHZOllA SO-CFBCOSI HHENOlI CHE HHEOI HIoH =2 X2
Ch. P peakel B<0l= (d),(e),(f)2 eHZOA H2l HI=&t

o

I
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—

o
O —_—

.

m 1o

o
|0
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E E A 3 days

|
M - ! /Water curing

m
2
2
>
>
3

~S70-CFBC20 | ol Gy
S70-CFBCO
S0-CFBC20 \

——S0-CFBCO j |

v
85 9 9% E o E il / 34 45 3%

28 days
/Water curing

G 34 45 3
85 9 95 £ C E/P// ‘

I ‘
—S?O-CFBC@',\,i‘ U RN | | SR N N . _h
S70-CFBCO
S0-CFBC20 J &
—SO-CFBCO \ | \
0 10 2 30 40 50 60
2 theta (deg.)
(b)
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91 days
E A IWater curing

‘ v
E G
8.5 9 9.5 G é/‘ ? E/lZ//v 335 34 345
‘ |

N S
s7tocrBC20 | | 1 .
S70-CFBCO
S0-CFBC20 Jm ﬂ
—sversoo | [y Lol U
0 10 20 30 40 50 60
2 theta (deg.)
(c)
E) E 3 days

| [ 4 i
M . ‘ v o ISealed curing
RESHN:
| E 175 18 185 ‘ A
‘ I V ) 3 f \ f
85 9 95 A ‘ C E

\ ¥ E\ I

~S70-CFBC20 | G . A |

S70-CFBCO

S0-CFBC20
——S0-CFBCO \

0 10 2 30 40 50 60

2 theta (deg.)
(d)
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E 28 days

| ?? ISealed curing
/\ \
| | P
| E 175 18 185 / \/\5 LA
/ V 2 25 33 / \
R E / A
85 9 95 milCc E e T
N o | E L |w w5 s
S70-CFBC20 Y
S70-CFBCO
S0-CFBC20 H r
——S0-CFBCO M |
0 10 20 30 40 50 60
2 theta (deg.)
(e)
E 91 days

ISealed curing

RS |
L ) | 2

V 2 325 33 / \/
85 9 95 8/ Vil E/P///' »—u—u—&=—~—<

E E g 34 345 35
S70-CFBC20
S70-CFBCO L
S0-CFBC20 )
" ¥ f
- socro0 | [ ] J\UM W e
0 10 20 30 40 50 60
2 theta (deg.)
(f)

[D& 3-13] XRD &4
( (a) Water curing 3days (b) Sealed curing 3days (c) Water
curing 28days (d) Sealed curing 28days (e) Water curing 91days (f)
Sealed curing 91days )

Collection @ chosun



BIEOHAIE
H1Z2 &8 iR

H

K|0
1o
ok
o)
<H

ol

o%

s}
A

jild

ol

W
=]

scid Al

[l
T

tOl

2 2{(CFBC) HHE OH Al

(e}
JJ
T

-

KO
il

i0J
xr
IH

~
i
K

o
1o
0

Rr

O
OF

&0
i0J

i)
11

A0
K

ol

i0J
oJ
o

un

J
Kk

ol
o0
30

U
RO

J

0
K0
ol

=
-

H

0
K

ol

9]

AHotRALEH.

Ki

Bl

o e

H

Bl

20
o0

i0J

U
()

0
70
3]

=
-

A

FAIGIA Ol el

LT
[}

=)
=

bl
ze

b

&

Z 0l

of
9oHel o

[
—

[—

E Ol

off AlE
Ol A

o

o
F
[=a|

=

HiAsE 2N AHES THE 2 Hi
Al

=2
=

Xt
o
-~
o

=
—

H2Z2 Ar2lHs & ol

o

IH

1o
£

Rr

1)1

Mortar 2l

Jt.

11

0l

ol
e

i0J

ok

o
il
2

il

Collection @ chosun



bH

ot A L.

H[OE 4-1]0 22 5X5X5 ALOIE20 SES ALE

0

ok

Al

ok

oD

0

o)
100
un

ol
Bl

—_

-
ok

=
Bl
KFJ
=8

r
83
o)
RO
KIr

1
A

n0
K

{“/Collection @ chosun



= A8k 22T gl HEIHNZ 10L HAE Sl 222 HHE
SHRAUCH. HHE ¥ 2R A0 E =RUIHELS =Fa6H| Qo [2
4-4]2t 22 2.5X2.5X30cmel S EE ALZoIACH. 20l SH0 JIFO0]
T= B [0O8 4-5]2 201 iE Al OHE6HH [ 4-6]0M 20l=
DeMec gaugeE AtEGHH =HGIALH. HIg = AIES HIE HOZZ &
RCHIE SZAI2tEs =3et 7 0= 2H AMES 2E€ot0 Z0IHIIE =
ot 28 2d, AX 2, =35 o Al JHA 2l XAS A
EolRUL. LSLU2 Y A= ANEHS SctAE 25 3822 238t
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[O& 4-6] DeMec gauge

H42 AEZ21

1. MortarQ &=2E 8 Z1

Aee 2 ZIILTF AL AS Hol
g & AUCH (a)9 JHTOA S5021 2 CFBC HIEOHAISl XI&S0|
= 2SS FHE LASANY X0l X 2O S502 F2e
S BHEIOIA CFBC BIEIONAIl XIBHS0I M2t Biats U
Lh 3 XOILXI 2= (b)2 D20 S0, S5021 22 CFBC HiE
OHAISl XIBHEO THet Sl XOlE HOl oLt $70° HR0= CFBC
HEEIOHAIS) XIEHS0| 10%2 22 2EIF JHE 2 LIEFRCH.
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(c), ()% (a), (b)S DEHZEZ HIDHEH DREHIS T X8
Sh= F ARl XUl ek 2E0t 02| WES 2O SIHEkALE b
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S50-CFBC202] & <0l =
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