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ABSTRACT

Influence of additon of by-pass dust(BD) to ordinary Portland cement{OPC) and blended cement systems on the
hydration and mechanical properties of the cements was investigated. BD content increment in OPC and blended coment
systems shortened induction peried, In each curing time, both OPC and slag cement systems shower their maximum value
of compresstve strength and bound water content at 5 wt% of BD addition. As curing time passes by, while the content
of Ca(OH); in OPC increased. that of blended cement decreased. From XRD resulis the peak of Friedels salt {C3A -
CaCl, * 10H,0) grew gradnally, as BD content increased. With BD, Ca(OH), content decreased in blended cement
comparing control case. As BD content increased. it was observed by scanning electron microscope that C-S-H(Il) was
dominant hydrate and the microstructure of hardened cement pastes had been more dense than thal of neat paste.
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Table 1. Chemical Composition and Physical Properties of Starting Materials

8i0; | ALO; | Fe,0p | CaO | MgO | NewO | K0 | 80y |ig loss| £C20 | TiO, | P,0s
Cement 207 62 32 63.6 22 011 D&l 1.91 i4 11 0 0
Slag 342 156 I 422 6.3 0.24 0.48 0.08 D 0 0 ]
Fly-ash 63 215 5.6 43 1 073 1235 Q.18 12 0 0.91 0.4
Bypass dust | 204 52 3 589 26 0.09 1.62 1.82 6.4 a { 0
True density(g/en) Average particle size(jumn)
Cement 3.13 17.2
Slag 29 10.5
Fly-ash 223 459
Bypass dusl 2.4509 218
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Fig. 1. XRD patterns of staruing malerials.

Fig. 2. Particle size distribution of starting materials.

A 364 A 6 Z(1999)




620 VR

BA%

E kiln® inletF-#4]4] Heold kiln duste] KCH: &7t
dle] Ol 55 5 witW%(CUBD)E A Zehe] AMEalE)
olgel| t§ ek A 2 AEE Table 19
FAE)sdal XRD F39} YEEEE Fg 13 Fig. 2¢0
el BDe Hd¥Ae] 1FEEA= AlMERT] of
7 o Ydrrt YA EEHNT AME TEE
)] 0-Si0;, Ca(OH),, CaCOy F2E AR gl
Eei=

22 ABM=E

1 FEAS AHE, 1E3 EZEAE AWE S |
Z TEU= AEZdo] o4 A7z 712A BDL
A7VHO, 1, 3, 5, 7 wiReel o 1572 24598 71E
ZHoed ) E48 HoliE ATHE 2447 714
E38t & SR7aE AvMwater/solid=0.5)8} 287} &
2 Zgele] AE 30 mm 0] 45 mm® cylindrical
PE. bottled] 50 g¥ F9UE F vhtsle] g viA|)
7] 9t AEslY 20°CE F9% incubatorA] 7 =
AL FYsi Az A= 2PE Z2ElEE
KS 50059 uldl Azdle] Atl4s 100%, 20°CA
S-std)

23 24
XAREEAe 1 3, 79, 288 AY A Heh
o] Rigakui} Xray diffractometer D-Max/IIICXE -8
slo] PRSI, SH 7L 30 kV-15 mA Cu target
(A=1.5415), Ni filter® AEE15197, scanning speed=
2min, 1000 cps2 578K, AFH WE FE 9
35 sl
BD7F #7018 i A ebs YEEErate of
heat evolution)¥} F=EPTE & (cumulative beat evolution)
2] ™2 Tokyo Rico Co.. Lid®] 632 Calorimeter®
olgalgen, 2HLE 213C, FE 60%2] FEFZ0A
@EE A7l wlg sEe] vRe G4 FEE &
HE7] 98le) 7=} 143k 72270 A bl
B2 23] v, AEINRL. B AE Y49 F
3 HEL S5l AdEL B2 B= 112 s
BD o] ARIE =gl vz n)als o
e addr] et 1Y, 39, 74, 289 AFH Al
™5l Scanning Flectron Microscope(JSM-5400, IEOL
Co)8 ¢|&3led z} A)E2| fracture surfaces L&Ak
Fei=
Az
(=]

ZH A AJTEE EAE] 10CHM 2477 33
g T 3 g2 ABsl 1000°celH EXE F A s}
o FEAFE S, 382 AP ETEH 24
g2 A wke AL Ao

EEEE

ke - ojaal - U9 - o wH

3 CafOH),~= Differential Thermal Analysis/Thermal
GravimetryZ <[4-8ld Air E571904 800°C7A] &4
sted A G4 FARTH sl Adte v

3. &z ) OF

3.1, TEigREse

Z275EES-ll WA= By-pass Dust?] 5= A=
7] Yl A=FEHEAR 20°CelA] FF T 15 ANIE
BDY A7 gt dE Fe 39 vhERfRvh
BDE) AHFrR <lE)] A 2 #=s] EAgle] 9 e
W 27)% Frkele & gdse) sITh o7l F
SHE olge] 27)¢ BHE 27| TIES A4S
28l OHeol23 Clel2o] ksl Alied] milE
Z412{7] wBon} M AYpEdlids BDY] Hrbe|
VTS e HRFAGY S 8 o] oA
E TS AEy FehtdET=E T 49 Fig 50
VERICE £ AMIESAE BD2] VR ¢l Ehd
Bihert FoRBIAE st Eeoleld] A el

20
? 15
=
3
€
=1
; 10
§
2 0
k]
T
00 L L
[} 10 x 20
Tima(hour)
Fig.3 Heat evolution curves of ordinary Portland cement
added bypass dust.
20
:E 151
o —=— QOPC-SlagtTatth BD
g
z
2
E 10
g
3
=l
@ o5k
I
)
M 'rlo 2Io 20
Tirne(haur}
Fig. 4. Heat evolution curves of slag blended cement added
by-pass dust.



By-pass Dust® o8& &3} A A7 g E4397Hm 621

20

—— DPC-iyash

—— OPC-flyasin3wi% B0
~—-s— OPCHlyash+5wt¥% BO
—— OPC-lymein7wi% 8D

Heat Evolulion Amount{calig*hr)

o0 3 L 1

a m 20 x
Time¢haur)
Fig. 5. Heal evolution curves of fly ash blende cemeni added
bypass dust.

Bkl 1% AwEL] A59) fAE A Vepich?
wEpA] EEAEE S EfAe oA wyEE 27
T BAe AdddE v BDY 9% AloE 5
Art, At AL TAEED Alinite A= 7
SellE Fer)7h SAlskA] e wbsle] AAE AHS
9] BD H7PSIM e F277t EAsies 2T E
2o] S2Ae Aol Bad APas BRd 4 gloh?

32 AT
FEFEE KS L 51059 8L 3lE 15 =54
Z AME Rege A@drdos E2Ysidon A

Comprassiva Strength(kgf!cmz)

BD Conteni{wt%)

Fig. 6. Compressive strength of various hydrated specimens;
(a) O OPC, (b) O OPC-slag, (c) £ OPC-fly ash, 3
days ! dotted lines, 7 days : dash-dotted lines. 28 days :
straight lines,

Fig. 69 vlERTE A8 sdolA el &g Byl &
AE W& Azl tHz 15 AvE 2o e A
3t Ve ok AME S5 BAge] BDA- H
7Hael we} s%cEo] alA] 5 AlHEE 30yA =
A7} Frbele AES JeldAR ¢lF 7% A7
= BETE SR RS #EE S §jidh BD 5%
A7t AR BHr) AR umsle] Ax ke 1E
AMELE oF 1), Sl AHEE (68, Eato] oA
AEE |29 Fristach BDY A7 glE e
F7he KCl 2Jg Alies] 8} F a2 < 2ok
21} BDY b elAd Alite EECZRE
CalOly7} SelEln e Tgityd a8 #Eado] 9
A= T o5t MAi37) v dem 47
o}, olel= ge| S9llo ARELAE BDES] dvle] 4
2ol 28] AFAZ A8 dEd e st
7t G5 R Ee gy Eo) Fw Zow Azt
o}, o] ofA] TFAEES S T ARER
UE BD #rRE g s dElge| AZsdnh A%
7deliMe] e uE AnkRe Ake 3d ek &
At BD 5% 7k Sdl2 £ AMEZL 15 A
E But A 4de] R, SEla AEE 2E
28 ooy} e o7 dio] WAEl e HE
BD g715 8 EF AnleEs A 1A Aw g
HEde] Jevs S B 9 sirh 22 54 &9
¢ B 7l Agela] £Ed] S S8
Foido) Wt Rl ASH HS FHA, 2o JF
2 ol2e] 82 YHE) Ui ke JgEA ¥
=k el BDE 9lE U9k e KCre 2717

#HE] 2720 OHOlLL EAAA fel72S w4
7] S0, ALO,. CaO, Mg0OFe] Wolee] §28 22

L

AFIAL wEka] Agge] 7 ol2e] g FAH
22 ALl HEAF = 2 slEE el 25}
A Aoz AE 288 P €A 7d Al
Azl A8 el BD JIEE cls) AlRlEs) F
ol AAge] BDE A5 22 15 2F AWER
ot 7= T E3) 9o ?

33 g ¥ ca(oH)=l B4

BETHE MRS 0CAA Rk 2 W] A
AR 000 Cel XS] Pl R Ty T A9E
Fig. 79| viERdn) @ e Aule] Azl a2
HrHe Srkehe Ade R . 1F 2% A
A= BD 5%7F= 28530 Tviths ZEE e
AR 17 5%elM B Berae] JA ehd
T olple PEAT dde) RYEh Ao Az
Zdo 2 Belo| oiAE ES AlHlEE BDY Mok

A 36 A 6 2(1999)



622 -

-[J-orc
= J)-0PC+Iwl% BD
=f N~ OPC+2wWL% BD

=\ /- OPC+3wl% BD
OPC+7wit% ABD

ro- -
iar ¥ = _]-0PC+slag
B ¥ —()-OPC+alag+1wt¥% BD
= QPC+slag+3wt% BD

=\7-OPC+slag+Swt BD
QPC+alag+Twi% ABD

Nonevaporable water content(%)

L g - a - LJ- oPC+lly ash
- {_)- OPC+lly ash+twi% BD

51 - - OPC+Ny ash+3wt% BD
- 7 QOPC+HNy ash+5wt% BD
oF . 8 OPC+My ash+7wt% ABD
L L E—— re——— L
o 5 10 35 20 5 30
Time(days)

Fig. 7. Nonevaporable water content of OPC, OPC-slag.
QOPC-fly ash system.

24 - -

) OPC+5%BD o |
.//_,’
S B R—
o 15 ,/ OPC 1
5
"g 12 s
I OPC+Fly Ash+5%EBD
g 9 v\v_i__‘___‘ 4
3 v
8 6 i‘“——n___‘A ]
3 OPC+Slag+5%BD -
bt T T T

0 5 10 15 20 25 30
Hydration Time (Days)

Fig. 8. Calcium hydroxide content of various cement pastes.

o] BEE Afrae] A JENT.

BD 3%2 @718 #4F AdE2] F5hR)H A
Ca(OH),®) %42 Fig. 8o veldlcl. BD #7t=2 <l4)
1% ARES} 3 AMES 02 296 VERiY. 1F
AMEE AHe) Az uet Ca©HRRE Z71514

PELEl

oy - e

|5

Lr, BD Z7pA] Fahbgo] £ Ca(OH)2 A%
o] wokth mEfu} 25 AEE Ae] A wet
Ca(OH),4) %] Fhisigicd o)zle Bowh <] 2
A5 Z2E2W Bz Agsle AE FIIEE
Ca(OH),2} Whs3r Z2 2 A9 ” |2 E E
Ed g H3lE ZHEE FuE ¢ AT

34, XM3|1E njMHTE 24

BDE A7l mhE el Ess paEsty] fEM X
A Bld 24L& sy BDE Hrhet A FHst
Ao i3l ZAZ Fg 9 Fig 1091 WERD 54
o) FEAARE 2 Jolg F9] @ ¢ g214% BD
ol wel 11° FZe] Friedel’ s sall{CiA - CaCl, -
10H0p0 €13 2ldsize] shert ZrslRa EPAE
Egsks Al BDS A7 AT A CatOH),2] A4
o) Zhidhs AL #E T U

Fig. 112 A% 7¢elsq2] AsAle] SEM ARRlez,
1 ARE ZaA A BD FH we vlAlTiae] ¥
& vernl BD Bk AdAE BE, 15 AN
EE CaOH:% Typel®t Typelll®] C-SH F¢] A=
Ax599E +2= VERZ AT BD 5% ArlE #
A3E Y2k Typell C-S-HAF LERGFRL R1Th
Typells HEEE-L2 F715t 25 LEokEa] A9
Ao oHE $EEe] FFE AH A" w4

Z2F 8T ziez ded dnh i % Fiel
ANE EFE AAE FEA FEx el 2 vlA T
Z7h dEEA) By, s%e] BDE rhe &0

2000

1500

1000

L L i

g

T

=
T

Intersity

OPC+5la
carony, 2320

Ca(OH),

2
o
T~ T T T T

| 5 by X

2000 10 20 30 40 50 60

2 OPC+Fly ash

Ca(OH),

-
o
(=)
=]
T

1000 [ Ca(CH),

500 |-
L
= 1 L : 1 L L 1 N

1C 20 30 40 50 &0

Fig. 9. XRD patterns of specimens hydrated for 28 days.




By-pass Dust® <[5 &5 AES] A= 2 E4%7)D) 623

o0 L Ca(OH), Ca(OH),

L OPC+Ewt% BD

500
0ee | T i it
10 20 30 40 50 [59]
i OPCHSLAGHw% BD
C,a(OH)2 Catﬁ
£ 500 {Friedel's Salt 2
C
g L
Ot 0 1T
{ 9 20 30 40 50 60
1000 |- OPC#Fly ash+5wi% BD I
| Ca({OH
500 | GafOH), b,

Fig. 10. XRD pallerns of specimens contaming BD hydhated
for 28 days.

T AHEE BD7E £¥e] ASHE ahe-alel £37)
2 B0l Typeld Typell C-§-H7} 2e=|e] 2Lt v
ATag e 7S BAY £ 90k Eojo) 4] &
T AES] 38 Zeto) ol A} F9)0] 24 moke)

ag B ded A% 1499R] AHE AsA
£AFe| Aleld| FFe] EAEIL o FFE TSP wh
SAGER YA Ao Bumy go)” Eao] <
A EFAHES BD BErle] A5 vkes) Znlo) of
Aot e Typel C-8-H7F 29=]L} BDES #7187

S Tefo] dja] o] ®AdE AUg SRS 22
21om Typelat Typell C-S-H7F “5%8] BA4=] 2L

@ DTS R ey
@ B

Kiln?] g7 #ZFE F4F BD(By-pass DusyS

Eelel 1F AME 2 A EES] sEhleEA

A B4 HAE AP g ZhEERe ged
& AEE 48 o oldn

]

2l

M

s
L &71e]) R2dE 27] $aiEe] A409E 9 OH
123 Clo|o] 4 Alite?] FEE 147
uE BDE #7HR wE A2 ggxnae] aea)zlo)
37 Zom 3 45 wgeke] vl Alo] iy
=3
Z1F ARl= 2=gleX BD 3% 7= Hriake]
LTS 2 ERE A 52 G99k &Y &
AHE= BD2 H3FE alkali activarion?] gk
= iz g4 Fd we) BaEEs 271E4Y AaE
HAsle G948 dE o vt SEeldlal T

O o

32l

It

i

ot ol

Fig. 11, SEM Photographs of various specimens cured for 7 days : (a) POC, (b) OPC+5 wi%BD. (o) OPC+8lag, (d}
OPC+Slag+5 wt%BD, (&) OPC+Fly ash and () OPC+Fly ash+35 wt%BD.

Al 36 8 A 6 F(1999)



624 Vg - ARG - BB -
AEE 2 1sh AR ARe Vel 29 B}

. A#o] Aztglel wlet Ca(OHRYe!
Z7halglen. BD A7 3likgoe] £31F o Ca(OH),
o] 4Aa%o| e Frteldc). et &5 AEA
= FFe] 2y o wul BD7E £@2e) ASAY TE
2 Bz ahgsle] ARe sEH4YER] Ca(OH)St Bt
458lo] Ca(OHY,S] AB4gFo] Fa8t,

4. ZFAE =3HEh= AslA BDIR] we} 17 F22]
Friedel' s salt(CsA - CaCly - 10,0000 #1%t Hd =7}
=7lek= A FuaAA 4z @ 5 oA, FE,
BD 5% & 7p0) wal7se] WEkE B2 Ao A
E Z2o) #Aglo] W] Typell C-S-H7} 451
A vehde A1e g0 5 Ao

3. 1 A

REFERENCES

1. A. Croft, “Concrete for the Next Millenivm,”" Concrete,
Tuly/August, 18-19 (1997},

2. N, L. Thomas, “Corrosion Problems in Rewnforced Con-
crele : Why Accelerators of Cement Hydration Usually
Promote Corrosion of Steel.” J. Mater Sci. 22, 3328-
3334 (1987).

3. N. Tsuyuki. 5. Suzuki and J. Kasai, “Effect of Sea Water
on Calciwm Mnosulfate Hydrate Containig Amino
Acid,” Proc. of the 9th Inter. Cong. on the Chem. of
Cem., 4, 322-328 (1995).

LR ebis

olad - B5E -

4.

10.

11.

. A. K, Suryavanshi and R. N. Swany,

o
&

TS

A. Nakamura. E. Sakai and M. Daimon, “Influence of
KCI on the Hydration of Alite,” J Jpn. Chem. Sac. 6.
434435 (1998) (in Jpn.).

. N. B Smgh,-K. N. Bhattachatjee and AK. Shukla,

“Effect of Alkali By-pass Dust on the Hydration of
Granulated Blast Furhace Slag Blended Cement,” Cera.
and Con. Res., 25(4), 1508-1509 {1996).

. W. Jiang, M. R. Silsbee and D. M. Roy, “Similarities

and Differences of Microstructure and Macro Properties
between Portland and Blended Cement,” Cem. and Con.
Res., 27(10), 1508-1509 (1997).

“Stability of
Friedel’s Salt in Carbonated Concrete Structural Ele-
ments,” Cem. and Con. Res., 26(3), 733-738 (1996).

. C. K. Larsen and J. Tritthart, “Effect of Temperature on

Chiortde Ingress and Chioride Binding in Hardened
Cement Paste,” Proc. of the 10th Inter. Cong. on the
Chem. of Cem. Gothenburg Sweden, 4, 4 w069, June
(1997).

A. Nakamura. E. Sakai, N. Nito and M. Dazmon, “Hy-
dration of Calcium Silicate Compounds Containing
Chlorine,” J. Jpn. Chem. Soc.. 5, 373-377 (1997) (n
Jpn).

A, v, AL, Eeelols] EEAHES 7
A& NaS0,8 93” s=addis=], 35011), 1227-
1232 (1998).

M. Kawamura. Q. A Kayyali and M. N. Haque. “Effect
of Flyash on Pote Solution Compesition in Calcium and
Sodium Chloride-Bearing Mortars,” Cem. and Con.
Res., 18, 770-773 (1988).



