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2,6 %% » A i & &5 Si0, 2 CaO > &R 2.5 ¢ C-S-A i sidp iz
WP R F kRS2 BT TR EE 3 R R FF
s A

4 25 s B BHE B AR

Author(s) Year Significance

Feret 1939 slags used for cement

Purdon 1940 alkali-slag combinations

Glukhovsky 1959 | Theoretical basis and development of alkaline cements

Glukhovsky 1965 first called '"alkaline cements" because natural
substances used as components

Davidovits 1979 Geopglymer term-emphasizes greater
polymerization

Malinowski 1979 | Ancient aqueducts characterized

Forss 1983 | F-cement(slag-alkali-superplasticizer)
Ancient building materials characterized

Langton and Roy 1984 (Roman,Greek Cyprus)

Davidovits and 1985 | Patent leading to "pyrament"

Sawyer

Krivenko 1986 | D.Sc. Thesis * R,O-RO-R,05-H,O

%/iili?lep 5y and 1986 | Activation of syntheric melilite slags

Malek et al. 1986 | Slag cement-low level radioactive waster forms

Davidovits 1987 | Ancient and modern concretes compared
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ik (%) (%0) (%0) (%) (%0) (%) (%0)
W E K 28~38 8~24 1~3 30~50 1~18 — —
s 21 6 3.3 64 2.0 — 1.1
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Rate of heat evoludon(kj/’kg H)
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% 43 ¥ - NipEk gL

F S g B (0.48cm)
o I Rk S
FEaa
, 80%
RIHAAT A
L/Sg|| Kk % 0.35 0.4 045 0.35
kL | - 10% 20% 30%

4.2 #EF

1.7k ik
RIEEITR Y FURE AR 2P erd ek B L AR

o BB AGUE P ok 44 3 £ 45 907 o

444 KR ES D

7P "R Ea R
CNS61-R2001
- § 1 (Si00)% 20.7
§ 1 42(ALO:)% 5.4
¥ 1 48(Fe05)% 3.2
§ 1+ 45(Ca0)% 63.9
3 1+ 42 (Mg0)% max: 6.0 2.0
= F 1 F2(S03)% max: 3.5
w4 2 (L.O0D)% max: 0.3 1.0
7 % 7% 5 (Ins.Res)% max: 0.75 0.1
¥ i = 4T(C3S)% 51.0
# Fh = 4 (CS)% 21.0
S = 45(C3A)% 8.9
SR v 4T(CLAF)% 9.8
FREE AR AP
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% 45 R BIEF
KR A % — A]-kik (Type I Cement)
¢RI

i) Bl A
CNS61-R2001

BpEzF g E (%)

Air Content of Motar (%) max. 12.0 72
‘o & :Fineness (cm”/g) max. 2800 3310
7 & :Soundness (%) max. 0.80 0.05
FUR 55 B Compressive Strength » kgf/cm® (MPa)
3 (days) min.126 (12.35) 210 (20.60)
7 (days) min.197 (19.31) 282 (27.66)
28 (days) min.281 (27.54) 384 (37.67)
#EPFRE © Time of Setting (Vicat test)
#= 4% :Initial setting(hr:min) min. 0:45 2:30
# % :Final setting(hr:min) max.8:00 3:50

TR LR P

2.4 F

AEER T w AR PRSI L RS R T
TG REF - EH KR EFE R THELCE T H

P ek 4.6 957 o

346 ¥ HPEBF

¥R A B C D
R s —AE | -AEE | ZAF R
b Sl il 0.4cm 0.48cm 0.95cm 1.27cm

AT A % B [0.4-0.24cm | 0.48-0.4cm [ 0.95-0.48cm | 1.27-0.95¢cm

g 2.65 2.69 2.66 2.72

H-HA W 37.3% 37.5% 36.8% 38.3%




3R FH

AT AR 2T P B R ASE TR LG TP
B BRI TR AT S

4.% %

AEHTR O 2P A P B ASLT R LG U P
r > R ij('t{"?ﬁ-ﬁr'%\' 4.8 751 ©

5. -k Al

AEER AT i”“‘ﬁjffw PP FEF R RE S A ER
555 F-100 » Bt pe k520 B dan ok o

24T BEBRF

¥ a8 P o
(Inspection Item) (Test Result)
vt 4 & ## (Finenss by Air Permeability) (m*/kg) 405
A4 IP',:
Z% #325 & 4 (Amount Retained on #325 Sieve)(%) 7.0
) ' v & (specific gravity) 2.67
(Physical -
Test) LR FE S 7 % (7 day) (%) 76.6
es
(Activity Index) | 28 % (28 day) (%) 103.3
‘&4 § LOI (Loss on Ignition) (%) 2.25
= 5 it SiOy(Silicon Dioxide) (%) 38.38
= 5 it = 48 ALOs;(Aluminum Oxide) (%) 17.46
L
i = § it = 4 Fey,O5(Ferrie Oxide) (%) 2.08
A
. |# it 4% CaO (Calcium Oxide) (%) 33.71
(Chemical
. |% 1“4 MgO (Magnesium Oxide) (%) 5.52
Analysis)
= % it £ SOj3 (Surfur Trioxide) (%) 0.40
L B (Basicity) -
A it 47 £% (Sulfide Sulfur) (%) --
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348 B ABY

e % 7P k=%
(Inspection Item) (Test Result)
. vt 4 & ## (Finenss by Air Permeability) (m*/kg) 425
f;gl_ #325 & 4 (Amount Retained on #325 Sieve)(%) 5.7
(Pi/fcal b & (specific gravity) 2.74
e L e 7 % (7 day)(%) 77.9
(Activity Index) 28 % (28 day)(%) 110.6
‘&2 § LOI (Loss on Ignition) (%) 1.51
= § it Si02(Silicon Dioxide) (%) 36.93
) = % it = 48 AI203(Aluminum Oxide) (%) 15.89
;i = 5 it = 48 Fe203(Ferrie Oxide) (%) 1.75
(Chemical 3 it 47 CaO (Calcium Oxide) (%) 36.09
Analysis) 3 v 4% MgO (Magnesium Oxide) (%) 6.15
= % i %r SO3 (Surfur Trioxide) (%) 0.71
# A & (Basicity) -
Fe it e (Sulfide Sulfur) (%) --
FHAG P MBE AP KR AR PR
6.i* ¥ ¥ &

FelaRie M p Bl FAMATR Y L P EE 2 F 4 B
HApdrd 49~ % 410~ £ 4.11 #775 o

A9 EHp 2 L F A0

e 4 # pa 4 (Sodium Silicate)
B Pk
? AR R (Ins.Res) Max. 0.01 %
-3 ¥ SiO; (%) 37.0 %
¥ 1“4 NaO (%) 17.7 %
Mole ratio 2.16
Iron(Fe) Max.0.02 %

THRKR B
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£410 §5 g2 BAp
ol A 4 % 1 40 (Sodium Hydroxide)
PRI P %
Chloride(ClI) Max. 0.005 %
Sulfate(SO4) Max. 0.003 %
Silicate(SiO,) Max. 0.01 %
Phosphate(PO4) Max. 0.001%
Heavy metal (as.Pb) Max. 0.001%
Iron(Fe) Max. 0.0007%
Aluminum(Al) Max. 0.003%
Calcium (Ca) Max. 0.001%
Magnesium(Mg) Max. 0.0005%
Potassium(K) Max. 0.1%
Total Nitrogen(N) Max. 0.001%
Arsenic(As) Max. 0.0002%
Sodium Max.2.0
Assay (NaOH) Max. 95.0
FRRR LG
% A1l pipez.  § = i
B z, A+ ps (Phosphoric Acid)
PRI WS
Chloride(Cl) Max. 0.001 %
Nitrate (NO3) To pass test
Sulfate (SO4) Max. 0.006 %

Alkali and other phosphates (sulfate)

To pass test

Substances Reducing KMnO,4

To pass test

Heavy Metals (as Pb)

Max. 0.001%

Iron (Fe)

Max. 0.005%

Arsenic (As)

Max. 0.0003%

Specific Gravity

1.700-1.710

Assay

Max. 85.0%

AR A




43 e w3

431 BB R KR R L st

B it g
WA - A5 A~
80%7" 1 8 &

e be 5% A L s R de ke n R R AR TE

Z 412 #75% o

I S E ERT g
]‘\ JE 2 .L_,{“‘

| v oROR J\gﬁj»iﬁ' LB R
o é‘;‘l-'}"j'rl(il'l’h ¥ 025 zZ_ ’J\(f" ’P'Eﬁ ’ r‘]/” ﬁvr}jl”& F‘t

G

60% ~

A~ Bc:DwﬁLw%ﬁa
L
50% ~

L

70% ~

R R A 4o

% 4.12 -kir fJ‘F»}gf’r;f;, g 4 3k s e
MR E L
IR ,}e» i K Ao »gl-\*‘:l‘;,w 7 L ﬂhL * :E 0 S :E #i"fr"}‘ * EE_: /)é" oK | +
K - (wlc) TN L] (kg/m?) (kg/m’) (kg/m’) (kg/m’)
50% 1665 328 66 17
025 60% 1665 394 79 20
‘ 70% 1665 460 92 23
80% 1665 525 105 26
50% 1665 279 96 -
A 035 60% 1665 335 115 -
‘ 70% 1665 391 134 —
80% 1665 447 154 _
50% 1665 243 109 _
0.45 60% 1665 291 131 —

‘ ‘ 70% 1665 340 153 _
Rx 80% 1665 389 175 =
fal 50% 1684 330 66 17

0.25 60% 1684 396 79 20
' 70% 1684 462 92 23
80% 1684 568 106 26

50% 1684 281 98 -

60% 1684 337 118 -

B 0.35 70% 1684 393 138 -
80% 1684 449 157 _

50% 1684 244 110 —

0.45 60% 1684 293 132 _
‘ 70% 1684 342 154 _
80% 1684 391 176 -
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Bk R ()

ﬁw*w
gay | e | NE Jat;i | THPE | kR ek £ kAT £
X g Nf—Aa-
F (wlc) 7w (kg/m’) (kg/m’) (kg/m’) (kg/m’)
50% 1683 324 65 16
0.25 60% 1683 389 78 19
' 70% 1683 454 91 23
80% 1683 518 104 26
50% 1683 276 96 -
0.35 60% 1683 331 116 -
C ' 70% 1683 386 135 -
80% 1683 441 154 -
50% 1683 240 108 -
0.45 60% 1683 288 129 -
70% 1683 336 151 -
kR 80% 1683 384 173 -
o 50% 1682 337 67 17
0.25 60% 1682 404 81 20
' 70% 1682 471 94 24
80% 1682 530 108 27
50% 1682 286 100 -
60% 1682 343 120 -
D 0.35
70% 1682 401 140 -
80% 1682 458 160 -
50% 1682 249 112 -
0.45 60% 1682 299 134 -
‘ 70% 1682 349 157 -
80% 1682 398 179 -
432 BB tB sk R E R RRL
SRR L b T B T 431 & TR b

KRR IR o de 1 o MRt Ao d 413 96T e

5 1 R 2 e

ARSI T 2RISR R
R Lo bR F AR Y o
5l

SR (6 * PR > R Lk P fo & 47 7% f33
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433 BRHA S KR RHG R K2 ot

v

"=

% 413 ieiF G F R R e

Liquid / Slag 0.35 0.40 0.45
LR B
e EAR R RN S0%
A
-k (kg/m’) 288 307 323
7 E a5 e (kg/m’) 144 154 162
Z§ i (kg/m) 35 38 40
A ps (kg/m’) 37 39 41
i 75 1 i (kg/m?) 504 537 566
% b (kg/m’) 1439 1343 1258
4+ £ (kg/m) 1684 1684 1684

Wi 1AL B Si0,=106 g/l » Na,0=105 g/l » B4k & 0.74 M

RN SEE & LR S R ERE O CE CE L
KRB 10% ~ 20% ~ 30% > feit Aok 414 o e

414 P AR ORR L FRE Y

’ ’-{—E’]—t‘ij;‘ At

B RORGR O B 10% 20% 30%
LR R B
Bt M AT A 80%
-k (kg/m®) 404 359 314
# A (kg/m?) 39 78 118
Aok (kg/m’) 155 153 151
#* £ (kg/md) 1684
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25 80
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4 415 § - ;W HE A
e [ kan | kot (wio) | ME AT HIHE AW o BE
) ) 50% 25A50C
025 60% 25A60C
' 70% 25A70C
80% 25A80C
50% 35A50C
A 035 60% 35A60C
: 70% 35A70C
80% 35A80C
50% 45A50C
60% 45A60C
0.45 70% 45A70C
80% 45A80C
50% 25B50C
05 60% 25B60C
: 70% 25B70C
80% 25B80C
50% 35B50C
, 60% 35B60C
KSR 4 R
for g 70% 35B70C
B 0.35 o3
80% 35B80C R
50% 45B50C
60% 45B60C
0.45 70% 45B70C
80% 45B80C
50% 25C50C
60% 25C60C
0.25 70% 25C70C
80% 25C80C
C 50% 35C50C
60% 35C60C
0.35
70% 35C70C
80% 35C80C
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' 70% 35D70C
80% 35D80C
50% 45D50C
045 60% 45D60C
' 70% 45D70C
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442 3B F R 2

AR IR wiz’mﬁﬂﬁmﬁ gT%ﬁf&%
ARFIATELR €20 1998 £ Nen T 5 ViR R a2
K%}J AR E (FIV P o

FokRAEIPMBAIHIHY & 77 GEHIFT B IYH
AEF KRR SRR PR A PR T R R A
BV BEME kP FREMe R ERkY £ W R
ke el F gl RHAG SRS FERER LSBT ER
Wy o> Rl E 3915 5 Pt B4 4-1 5% -

PI=[1- (W2- W1) / VIIX100% cvoooreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee (4-1)
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%51 PREBALIARRLES

S5 ‘L S B iy S5 iy S B iy
25A50C Eq 35A50C & 2 45A50C Eq ) 35B80S1 E-
25A60C & 32 35A60C & 2 45A60C & 32 35B80S2| = B
25A70C & 32 35A70C Eq 45A70C |Z=i= 3 % | 35B80S3 & B
25A80C & 32 35A80C - 45A80C |ZEin IR %
25B50C & 32 35B50C e 45B50C -
25B60C & 32 35B60C & 2 45B60C & 32
25B70C & 32 35B70C - 45B70C |Z=in 3R %
25B80C & 3 35B8&0OC & 3 45B80C |Z=in IR %
25C50C & 32 35C50C & 2 45C50C & 32
25C60C - 35C60C & 2 45C60C & 32
25C70C &3 35C70C & 3 45C70C |Z=in R %
25C80C Eq 35C80C & 2 45C80C |Z=in IR %
25D50C & 32 35D50C & 3 45D50C & 3
25D60C Eq 35D60C & 2 45D60C Eq
25D70C Eq 35D70C & 2 45D70C |Z=7n IR %
25D80C F- 35D80C E 45D80C |Z=iw I %
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252 HrE@dkgs

x4 iz Hix& &

B ( kg - ) S5 ( kg . ) S5 ( kg . ) S5 ( kg . )
25A50C | 1981 |35A50C| 1940 |45A50C| 1930 |[35B80A | 2216
25A60C | 2038 |35A60C| 2033 [45A60C| 2018 |40B80A | 2184
25A70C | 2075 |35A70C| 2066 [45A70C - 45B80A | 2171
25A80C | 2229 |35A80C| 2164 [45A80C - 35B80S1| 2096
25B50C | 1988 |35B50C| 1970 |45B50C| 1944 |35B80S2| 1994
25B60C | 2041 |35B60C | 2028 |45B60C| 2018 |[35B80S3| 1864
25B70C | 2051 |35B70C | 2044 |45B70C -
25B80C | 2215 |35B80C| 2143 |[45B80C -
25C50C | 1987 |35C50C | 1978 |45C50C| 1953
25C60C | 2047 |35C60C | 2030 ([45C60C | 2011
25C70C | 2131 |35C70C| 2067 |[45C70C -
25C80C | 2201 |35C80C | 2165 |[45C80C -
25D50C | 1984 |35D50C| 1964 |45D50C| 1951
25D60C | 2033 |35D60C| 2018 [45D60C | 2002
25D70C | 2109 |35D70C| 2098 |45D70C -
25D80C | 2173 |35D80C| 2152 [45D80C -
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3 &k

Lfet 2 ok BB BdR e A 53 7 0 0 A% T arig ok faik
K> &Ddjepert T 2MEFERE > £ DFRET we=0.25 FHE
FUHE A 50% T fe it HEE 25D50C 4o 5ok 4 Bk K=0.1440 cnysec %
PRt BA F o@m ARITT w/ic=0.35 BRE AITUHE A 80%T
fie b Shh 35A80C ‘& v i -k fadic K=0.0304cnysec & et ¥ ko] ¥ o
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4% 53 LBk

5k 3k 3k 3k
S B “#EcK S5 % K S5 m#c K B “#c K
(cm/sec) (cm/sec) (cm/sec) (cm/sec)
25A50C | 0.1140 | 35A50C 0.0997 [45A50C| 0.0881 |35B80S1 0.0454
25A60C | 0.1052 | 35A60C | 0.0555 [45A60C| 0.0464 (35B80S2| 0.0441
25A70C | 0.0852 | 35A70C 0.0323 [45A70C - 35B80S3| 0.0444
25A80C | 0.0436 | 35A80C | 0.0304 |45A80C -
25B50C | 0.1259 | 35B50C | 0.1192 |45B50C| 0.1176
25B60C | 0.1163 | 35B60C 0.1044 |[45B60C | 0.0925
25B70C | 0.0864 | 35B70C | 0.0585 |45B70C -
25B80C | 0.0857 | 35B8&0C 0.0439 [45B80C -
25C50C | 0.1423 | 35C50C | 0.1273 |45C50C| 0.1210
25C60C | 0.1283 | 35C60C | 0.1199 |45C60C| 0.1097
25C70C | 0.1185 | 35C70C | 0.1000 |45C70C -
25C80C | 0.1126 | 35C80C | 0.0905 |45C80C -
25D50C | 0.1440 | 35D50C | 0.1355 |45D50C| 0.1331
25D60C | 0.1350 | 35D60C 0.1292 [45D60C| 0.1283
25D70C | 0.1284 | 35D70C | 0.1131 |45D70C -
25D80C | 0.1149 | 35D80C 0.1105 |45D8&0C -
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% 54 P HFEFES
HBh 24 B 24 B 24 ol 24
3 % PHF% PCHE% PHE%
25A50C| 17.5 |35A50C| 14.5 |45A50C| 10.7 |[35BS0A| 423
25A60C| 15.1 |35A60C| 6.2 |45A60C| 4.8 |40BSOA| 4.3
25A70C| 10.8 |35A70C| 3.2 |45A70C - 45B80A | 4.1
25A80C| 4.5 |35A80C| 3.0 |[45A80C - |35B80S1| 4.6
25B50C | 19.9 |35B50C| 17.3 |45B50C| 16.3 |35B80S2| 4.5
25B60C | 14.8 |[35B60C | 122 |[45B60C| 10.1 |35B80S3| 4.2
25B70C| 9.8 |[35B70C| 6.2 |45B70C -
25B80C| 9.1 |35B80C| 4.4 |45B80C -
25C50C| 23.4 |35C50C| 172 |[45C50C| 14.4
25C60C| 17.5 |35C60C | 16.5 |45C60C| 10.8
25C70C| 143 [35C70C| 122 |[45C70C -
25C80C| 13.6 |35C80C | 11.4 |[45C80C -
25D50C | 22.2 |35D50C| 20.1 [45D50C| 17.8
25D60C | 18.1 |35D60C| 143 [45D60C| 14.0
25D70C| 134 |35D70C| 11.5 [45D70C -
25DS0OC| 11.1 |35DSOC| 9.9 |45D80C -
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30 pe vt

e Bk BEREZ Rt o fet
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4 55 FURH A%

e PR 58 R e R 3 R e TR 3 R ey TR 58
(MPa) (MPa) (MPa) & (MPa)

25A50C 17.49 |35A50C| 12.30 |45A50C| 10.62 |35B80A | 28.73
25A60C | 19.01 |[35A60C| 16.01 |45A60C| 14.83 |[40B80A | 24.98
25A70C | 22.61 |35A70C| 20.95 |45A70C - 45B80A | 17.49
25A80C | 25.67 |35A80C| 24.94 |45A80C - 35B80S1| 21.98
25B50C 17.07 |35B50C| 11.87 |45B50C| 8.74 |[35B80S2| 15.43
25B60C | 17.45 |35B60C| 14.49 [45B60C| 11.62 (35B80S3| 7.68
25B70C | 20.36 [35B70C| 18.81 [45B70C -
25B80C | 21.95 |35B80C| 20.86 [45B80C -
25C50C | 16.26 |35C50C| 11.24 [45C50C| 7.49
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25A50C 2.74 |35A50C| 2.19 |45A50C| 2.01 |35B80A| 3.19
25A60C 3.33  [35A60C| 2.57 |45A60C| 2.50 |[40B80A| 3.00
25A70C 3.68 |35A70C| 2.72 |45A70C - 45B80A | 2.59
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57 Byp WAL A E I RE B Sl Vg E SR 535 B
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(MPa) (MPa) (MPa)
25A50C 3.54 35A50C 3.48 45A50C 3.02
25A60C 3.61 35A60C 3.54 45A60C 3.43
25A70C 4.08 35A70C 3.70 45A70C -
25A80C 4.76 35A80C 4.52 45A80C -
25B50C 2.75 35B50C 2.65 45B50C 2.45
25B60C 3.13 35B60C 3.06 45B60C 2.57
25B70C 3.61 35B70C 3.27 45B70C -
25B80C 3.74 35B80C 3.61 45B80C -
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25D60C 2.68 35D60C 2.54 45D60C 2.38
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25D80C 3.20 35D80C 3.02 45D80C -
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25A50C | 0.94 |35A50C| 1.10 [45A50C| 1.31 |[35B80A| 0.57
25A60C | 093 |35A60C | 1.05 |45A60C | 1.07 |40B80A | 0.90
25A70C | 0.88 |35A70C | 1.04 |45A70C - 45B80A | 1.17
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