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Tlo

g AlHE

ARE Iyt H9e] EFAE 4oix THE
AHEZL &3t AW E (blended cement,
posite cement)olt} ” ITF AWHEE RE XE
P AHER wER FAES FAR 4F4
of & FREAA =" Ud3d} gdzre] Az
A, TS B B AR X 5 55E
EXo wigdle 42 zta ok & old Ag
st EEAlE XTERE AHES FRRESA] A4
&= Ca(OH) .9 o8t 384 T4 ES o
M AWE FES AdUsH sl AEu ¢34
& A 3 gAY E A st AEE
g, ojEje EREER Fa3 AL =] o4
(fly ash), <4 <L a(ground granulated
blast furnace slag), XZ%(natural pozzo-
lanas), A#7t F(silica fume) Sojth
B2 = 2oz, ol 2919 8L 2y
o] AE L AP EYA AR EA T & HE T
=3

ol TPAEL EET ARY X FEHA A
g Eeglx Yok EES AEE SO0 By E
AlLO7F B2 Ax Yoyt Ca08 L Ak ojE
< A E 9] Ca A& E3} v-g3std C-S-HE
=3 £EAE Vet mEtA gegER o R
FHolo} iy, olH ASEEE AH ETEH,
gho] o, HFHF F Fol Utk

o152

ol

e

{(za@-1) Transmission electron micrograph of sil-
ica fume,

$2) ZaE WA el TEY ABS XER
= AHESY F0HRYE 23 gov] 4 22
U4 BAS ASA S FEaR AL Rl A
A 744 Azt g SW AWNE 8429
Ca (OH) 9 F&atel Fahigo] Qs U <
shihgo] NAFY S Fo CaOrt MgOSh 2
& el 240 §a3el ALY HAGC

Saph AL mepd agely BRe A9
sg gosly] 9% A2 T B ssgEde
1ag 2L ohlrl wWHM THW A8 PG
24 ol Y + Uk

(a-DE g Fo ARG Apglelnt

fu x

2. 12 &8ia



1) seiae 24

a2 & a(blast furnace slag) &= 3LE0|A
g A we] 12(1, 350~1, 550C) oA A
ok dARMely Fas Fo FEY EAE=
51023]- Al O3 501 /\-]ﬁ]_g]_ a}g—g],cq ég}]j_g xgx%
stedl Sdlas FEO /SRR AFs Eud
o 8§ FdaE AYdstd AR AR =Y
TR L A gront 800C °13k= Fdshd J/A
47 A (latent hydraulic property) & Zt= {2|a
9 éiﬁllﬂ "o} @dzhe &3] ¢ Wad u
%o E& E5AA SYFEE T4 &ula(gro-
und granulated blast furnace slag) gtz %= g}

s 19 SEAgY e Agste 984y AR
Zhuke] FF FAH wet zolrt lont AT
49 AAE ZE FHAAY RAEo|lmR 4
AEEE g Edo] FYsity. 38 Lo 74
& Ca0, Si0,, Al0,;, MgO & 4AFo] 93~
98%E AA|3hH 4% MnO, FeO, S ¥ &Z
& YRST Atk olF HRL A4 B BT G
Ngo 74 4eH z;% AEE 1 gotzye
E-DF Zrh

Chemicai compositions of some
blastfurnace slags

FE-D
Mean Minimum | Maximum

Na,O 0.39 0.25 0.50
MgO 5.99 3.63 8. 66
Al,0,4 13.29 10. 26 16.01
SiO, 33.48 31.96 37.29
P,0s 0.13 0.00 0.34
SO, 0.04 0.00 0.19
K,O 0.70 0.44 0.98
CaO 42.24 37.92 44.38
TiO. 0.55 0. 49 0.65
MnO 0. 64 0.34 1.31
FeO 1.24 0.29 9.32
S* 0.94 0. 68 1.25
F- 0.16 0. 06 0.31
Cr 0.019 0. 003 0. 050
Ign. loss 0.42 0.00 1. 04
Total 99. 68

s aEs GVI=MO/SIO,) 7t 3 BRIERE
7} wad, 22 Y28 AYT Fde diE
AR T8 T4 FEL melilitec]w I 9
o psudo-wollastonite, rankilite, larnite, mer-
winite Bo] A3l Ao webAE perovskite
5 &A%t} melilite= gehlenite (2Ca0 - ALL,O;
- 8i0,) &} akermanite (2CaO - MgO - 2Si0,) ¢
IEA R B% &Hadrs AR FATAA 9
Bzo3 Zto] uld} gehleniter} B2 AEAA A
2} akermanite7} & AJROZE HG. ¥

2) TR

S % &2 AHEY Folo] el B
2 A7 kY 4 U g B HolW 1
AL 4% =2y Ca®7t ZY¥d B3 Fo] A
o oA whg-& Welgch 7 a2 pHIL FF
A A=A WL Al&Ec gdeid TEH

AW ES] 372 YA Ca(OH),= OH o]
& T8l sUlag gAseth EE e Wy
OE THE OH o]d oaixE EA4sE + 3
o ¥

4 St g SASA 23 Thgshd
ol <Ll UE Cal8 Si0,Ro] £&31H
C-S-HA $3=& FAsIvA Fastd e
T ALO BT £&3l9 C-A-HA +3E& 4Xst
1} ool AR T¥dE HE FHEA gt 1
=} odrlel A3t &A% ettringitev} mo-
nosulfate?] F8}8o0] YAF3IHA F= AFL &
gsHA gkt

2 Zea9 A 4744 (latent hydraulic
property) & gehlenite 242 €M IE X =E 3§}
o 71 wgAS BE Bile] whgoAE vhgo] o
olg % ARE o1} Ca(OH) 7l F&shH ¢
A GA whgol YyA Ho| dZFHn”

olﬂ%l&

6X2Ca0 -+ ALO, - Si0,+68. 5H,0
- 5Ca0 - 6Si0, - 10. 5H,0+5XCa0 - ALO, - 10H,0
+2Ca0 - ALO, - 8H,0
AH=238. 78kcal/mole

6x2Ca0 - ALO, - Si0,+5Ca (OH) ,+53. 5H,0
— 5Ca0 - 6Si0, - 10. 5H,0+6X2Ca0 - Al,0, - 8H,0
AH=-182. 18kcal/mole
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AFm ' ' " Si/Ca = 0.621
. e '
0.4} o o Slag Rims
’ and el e 1
¢ Relicts »"
8 Tp ~
L e, 2 . A
2 %
0.2} :. . ]
o o ° -]
b ° ®o s
e 2 C-S-H
_g-H + Ca(OH),
Ca(OH), ¢S 5 Lo
0 = - ; . . ;
0 0.2 0.6

04
Si/Ca

{a@-2> Si/Ca and Al/Ca atom ratios from in-
dividual X-ray microanalyses of a slag
cement paste (40% slag;w/s=0.5) hyd-
rated for various times at 25C. Mg/Si<
0.15: <, 28days:(]1, émonths;(O, 14mo-
nths. Mg/Si>0.15: ¢, 28days;Hl, 6mo-
nths; ®, 14months,

E gFvg B a8 duiEe Ca(OH) %
GA e Rt AGE AF - (el 2 H
© A=Y Mt FEshd LEHR ¥ 44
ettringite & AJ/JshdA T3

2A1(OH) ;+3Ca (OH) ,—~ 3Ca0 - ALO, - 6H,0
AH=~], 2kcal/mole AG=-(. Zkcal/mole
2A1(0H) ;+3Ca (OH),+3X CaS0, - 2H,0+19H,0
— 3Ca0 - ALO, - 3CaSO, - 31H,0
AH=-197. 9kcal/mole AG=-4.9kcal/mole

12 Z#¥ 1 gehlenited] H]3] CaOvt AlO,
o]l Hol WhgAL Hoixith, FIAEELS
EAAOE ZERE AHES] $35loA Yehs
FIPHEES FAHY Ca(OH),o 4o A
SN ESS U YA FAHAGA YA o]
A& W F-E oyl vheR7d e o 58 21
# F gloy LHEFE FES EE 99E K
ol Utk XA microanalysise] 23+ 3=
Si/Canje] th3l Al/Cal] 283 Al/Cas|e] gk
Mg/Cadl9] &4 A& (a%8-2, o Ktk '

3) J1&Ad A|HIE (Supersulphated Ce-
ment)

Al/Ca=0.09 +0.38 (Mg/Ca) ]

i
1

0.6

Mg/Ca

0.2

T Al/Ca
{a¥-3)> Al/Ca and Mg/Ca atom ratios from in-
dividual X-ray microanalyses of the same
slag cement paste as in <1&-2> Si/Ca<
0.5:<, 28days;[], 6months:(, T4mon-
ths. Si/Ca>0.5: ¢, 28days;HM, 6months;
®, 14months.

Aas £ Eelao weE NEATIV g
7} EA8tA] ¢dow fAasix] Kt

e aet A3 Alele] HhEE Y AJH Eo|
A o] AFHYCH Y FAE AHMES 80~
85%2] &, 10~15%9) Ho4ixe} 5% &4
A (2 FTEA= AWE 387) 2 o]FA 9
on TEAE AFHEND O w48 2= Sl
ok $IPYBL FE C-S-He} ettringitedld]
3l 3golA Hujo] olErh. 3YdA HIE 91%,
&2 22%7) WSS R BT TS 26%
Gk ol CaSOE I3"H SO,E& EF ett-
ringite2 v}l ¥RF &Hioe] g3t G
ot QYAE ettringite= 43% A &0tk

2
ol

3. E2to| o

1) E210] ofz{e| =M
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o4 (fly ash : Pulverized fuel ash)+=
A2 & o daTAdgA JAXeE #
(ash) 24 d4xe] WHF Holx At
%‘3} St T ARAL A e A4
o &Sy YwHoR Tl
214, Si0,, ALO,, Fe,0,7} 21
CaO7 A7F Hm ol g o}k Cal
7} Wil ARl we At Hoh &3 AHMES
Zglo] fHE Si0,+ALOs+Fe,0, gFol 70%
olgolojol gt EEo] o4 e AAYLY
Tl &Jal YAHEE BT T3 f5E &)
2 go] en o] ¥l Ao 7} oA AH =
A 2= 3k

(R-2>= Egjo] 49 £AL EQ FHolth A
HE Z3HE Edo] o= §Ae) o] i TR
o Z4o] Folok jirt. YA Eojo] fHE T
A AHEE FHGAol Folx|H'Y o] £3E
A

SR

=)
rSL‘
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KO

H X
=l

Lol
g ¥
ﬂ*m»nﬂiz

%
&

fo . w
:4“

}:I

=)
7\1

Zalo] o3 AlHES F3x o] dFHAC Y
FE2Y 222 OH o]29 93f Si0, & ALO; -
Si0, ZAo] FAHulo} OH o]2EL S && “J’z}

PR g} 2om olE3} ’&4%2}7*4 2%
=), HlE o2 HAgAoE T U
oxy anionE& TXoA "ol urpaAM 8

%EH fHe ZNHANA alited) 3N
RIS belited] 481 ahg AUk 53
t2)5]™ aluminateu}t ferrited] WHE-2 WEA

n\‘ rR

7}
Chemical and phase compositions and density of
a typical fly ash low in CaO and high in glass
(E-2 Chemical composition (%)
Na,O | MgO | ALO, | Si0, | P,Os | SO, K,O
1.5 1.6 | 27.9 | 48.7 | 0.2 1.2 4.2
CaO | TiO, |Mn,0,|Fe;0, C H,O | Total
2.4 0.9 tr. 9.5 1.5 0.3 | 99.9

Phase composition (%)

Density
{kgm™)

2.8 | 6.5 1.6 L9 1.5 86 | 2,220

Quartz | Mullite | Hematite | Magnetite | Carbon | Glass

gk (ag-oE ol A4 o] tE Al
E9] $3A] Ca(OH).o 9 WH3E XS Ao
t}'® Z7le] Ca(OH).® ¥ Wolxjuh F7]d
FEY o Z4En

Zdo] o4 AL 28Y ool ARHMUE
oY BRGELS EZHoIth

ugAol JFS wAe Axlke FEA FdFeld
f2l9) &4, ¥BEAAE FFE E£oh A=
£ pH, {59 AWES &8 ¥, sulfate o]
& 5TE&E E F AUtk
Sajo) of4] AWES FHAY v7EE TEY

AdES) A8 §ARE Ca(OH),7h 433
#8127) alite2FE YW Ho|AE 24
U= ARES] 98 8 Fol7t gort A
ua Ca/Sivl o Zolx 1 Al/Cadle #A
L19 (g8-5)& Si/Canld] Wil Al/Ca¥lE
lolch. 671EE HolAEMA Hol& AF, &
monosulfate, monosilicate?} C,AH.2]

zr;}..
TEH
1 A

[¢]

o{)lo&kmrﬁrirlo_u,m

&Nk 2

BN rlo W '

o,
o

N
rr
a

A4 ¥Z(natural pozzolanas) & tFE I
Aoty AP IEYL AU ERE A3 oA
of

AHgslol gronl AN EEY AWMES AT
Zo] o]FojA gt " IEPOE AYX Ge
ol REL ExFsle] HA FEAAE ALK
A25 T1 T T T T T
24
é]zo_ 0%—0— t
Z
= .20%\_0
L15 o
3 40%
®10 -
5 5 60% _
3
O
oLl i I J 1 1
013 28 91 180 365 630

AGE IN DAYS (SQUARE ROOT SCALE)

(33-4> Calcium hydroxide contents of pastes of
Portland-fly ash cements containing 0,
20, 40 and 60% of low-CaO fly ash.
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AFm™
N
0.4f
o3 b
9
&
0.2+

- OQQ 2

)t

.
x
\/
Cb&oo /go/o/ C-5-H

TP ES YR Ao
. @9 A= zeolites
Aok, F¥hgL aluminosilicate 20| I3y
o] C-S-H$ aluminate 32 A4S JAHI0
ZAT FaRAd uet Y] A= o=

A vlx=d
=g}
=

A X9 FSIMT JA TERE A
3 FHES
A3t Ejo] ofHe et

ZAo] BT AL HIF WeE

34

= thEv fARE

==
g AT 2

feld gRerEey ¥

T3y

0 0.2 04 0.6 0.8
Si/Ca AELe C-S-H, stratlingite (C,ASH,) &+ C,AH,,
(1@-5> Si/Ca and Al/Ca atom ratios from in- w= C,ACH,°ltt. Ca(OH),

dividual X-ray microanalyses of a S1-day

-old paste of a Portland-fly ash cement o}
(28% of a fly ash low in CaO;w/s=0.5). '

Open circles,
belite;open squares,

in situ product from alite or
regions near to fly 5. =

ash particles, and in some cases also to

Ca(OH),;full circles, undesignated pro-

duct. P : suggested composition of in situ

product from fly ash possibly composed

Al

2|7}

1) A2|7t &of =4

S Holak

T
=

Agl7t F(condensed silica fume,

oA Hd EETE 90Ul 23~30%7F SR

micro-

largely of C-S-H and hydrogarnet. silica) & silicono]\} silicon alloyg A4 o &
Aete H7kaol A AXE 0 dojHje 2THY K

e B+

AF X

EFgolgt FEH. "X ArEolt) Qlzk= A& 100nm FEY FACR ]

¢l MY EXET-L Italian pozzolan, Santorin FHAL 15~95m?/goln SAZ A ZuphHe) uh

earth (Greece),

Trass (Germany) %o]t}.
TRES nAE 4 FH 07 o]Fojzr Ao
Z " @] vl 9 I7] HEge] E& Wol YRR

g fg4d FFol} Si0, 9 #dFH2 HHEVIE s
94“'98%4 Si0, 2 i3t (alloys AT o A

ot 2 BSERE KCL A9, 353 Solth (R0

by EEUY A9 MRl HL & = OFAQ Ayt F9 gy s ok IE
hHel Al R RHEA R ERCE & gL REEY Si0.9 ¢ EE =TEY
zeolite & 7F& A} 72 9 &4 4do] ot Fol = ojEsh=r] vl 7H8A S0 7 BET
2ot Hd EEYY ojd A2 FEF] wrk 2 Fh

(FE-3L EA] Hd 2F

@9 et & Nol

1 Yt 2) TEHELE

2) TEUS AEd] Aelzt Fo) AMge] B ATE H2

Chemical compositions of some natural pozzolanas
(FE-PD
Na,0 MgO AL,0,4 SiO, K.0 SO, CaO Fe,0s Loss

Bacoli (Italy) 3.08 1.2 18.20 53.08 0.65 7.61 9.05 4.29 3.05
Segni (Italy) 0.85 4.42 19.59 45.47 6.35 0.16 9.27 9.91 4.03
Santorin Earth 3.8 2.0 13.0 03. 8 2.5 - 4.0 5.7 4.8
Rhenish Trass 1.48 1. 20 18.29 52.12 - 5.06 4.94 5.81 11.10
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RATE OF HEAT LIBERATION
cal/g OF CEMENT/h

A— 0% SILICA FUME
B-10% SILICA FUME
C-20% SILICA FUME
D-30% SILICA FUME

TIME, h
{(a#E-6) Change in rate of heat evolution of cement-silica fume pastes with thime.

Chemical compositions of microsilica from the
production of elementary silicon and
75% ferrosilicon alloy

FE-4
Si 75% Fe-Si
Si0, 94~98 86~90
AlO, 0.1~0.4 0.2~0.6
Fe,O,4 0.02~0.15 0.3~1.0
MgO 0.3~0.9 1.0~3.5
CaO 0.08~0.3 0.2~0.6
X.0 0.2~0.7 1.5~3.5
Na,0 0.1~0.4 0.8~1.8
C 0.2~1.3 0.8~2.3
S 0.1~0.3 0.2~0.4
Loss 0.8~1.5 2.0~4.0
PH Em grk e AMEd] Azke At e
SAZE Dol FES w80l BeRtEA alited] 2
7) 58 TpEskAT. ™ (2362 duvt # A

AN AWES] $5HE THE Bolw Yed A
ol eSS S5t AT T 4 Uk 30%
A74e HolAEAA CalOH), BHE 149yl
glojBom C-S-He] Ca/Sivl+= A7t § 5ol
Zolel ma AAs Aawth
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