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Hydration Behavior of LD Slag at Autoclave Test

Akira OramoTto, Eiji FuramMura, and Kazuo KAWAMURA

Synopsis:

An investigation was made of hydration behavior of LD slag in autoclave test for evaluating expansion

potential of it. The results obtained are as follows:

(1) Hydration degree of LD slag by autoclave test was expressed by the following empirical formula

for generally used conditions.
W=0.02 p0-63 {0.3% J—0.47 f0.70

W: hydration degree (%) p: steam pressure (kg/cm?)

¢: treatment time (h) d: mean particle size (mm)

S free lime content (%)

(2) Hydrating mineral phases of slag and hydrates were not dependent upon the autoclave test condi-
tion. Hydration of LD slag was caused substantially by lime solid solution and unassimilated lime. In
some cases, disintegration, though a little in quantity, caused by unassimilated magnesia was observed.
Reaction products consisted mainly of Ca(OH), and also of CaCO; and Mg(OH),.

(3) Evaluation of expansion potential of LD slag in autoclave was able to be made under any condi-
tion tested in this experiment. The most effective test condition was selected to have sufficient amounts

of hydration and easy operation.

Differences in expansion potential of LD slags could be determined

by any of three measurements: volume expansion measurement using block specimen briquetted, disin—
tegration measurement, and weight increase measurement.
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Miw Rz Liiia R 5 DT, {iEA%E DL HBEDKM
DI UL T X 7oy, BRESRUR OELAFNI LT BE R
DEN D, RKESH 0.3 kg/cm2(JBE 70°C) DA
BE D= A g, 5kg/em? (HJE 150°C) Ll LD
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KFpORE & EEFXFEEYT L DT-TGA X b

Table 1. Chemicalzfcomposition of samples (%).

CaO [ f -CaO| Si0, | FeO

Fe,0, | MgO | MnO | A¢,0, | PO, | Ca0g;0,

LD slag| LD— 1 (846 | 1.66 | 114 | 28.4
LD— 2474 | 7.16 | 12.6 | 15.8

| LD— 3450 | 8.40 9.8 | 20.8

LD— 41482 | 292 |11.8 | 19.4

ID- 5426 | 9.00 8.4 | 23.7

LD- 61416 | 592 | 10.7 | 187

LD—- 71451 | 6.20 | 12.6 | 14.0

LD—- 8870 | 4.20 8.7 | 25.5

LD~ 9835 | 8.08 9.4 | 252
LD-10 | 41.6 | 4.832 | 11.7 | 183
LD—11 428 | 8.36 | 10.5 | 20.1
LD—12 882 | 8.60 | 10.2 | 21.6

7.8 | 11.8 4.8 0.7 1.7 3.04
5.2 18.0 | 5.6 1.0 1.8 8.76
10.1 85 | 4.8 0.7 1.9 4.59
9.7 4.0 | 4.3 0.6 19 4.08
5.7 9.8 | 5.2 0.6 1.8 5.07
11.0 9.2} 6.3 11 2.3 3.89
8.2 78| 72 1.7 2.9 3.58
11.1 9.0 6.0 1.3 1.9 4.25
10.3 10.0 6.8 0.9 2.2 3.56
9.8 7.8 6.5 1.2 21 3.56
4.8 | 108 6.2 0.8 2.4 4.08
14.2 7.9 5.3 1.1 1.7 3.75

LD slag/LD- 1 |869 | 0.48 | 17.7 | 157
@D 2187.7 ) 0.38 | 18.2 | 224

15.2 5.8 6.5 2.3 2.3 2.08
12.9 1.1 4.5 2.4 1.9 2.86

BF slag| BF— 1426 | 0.44 | 82.9 -
BF— 21850 | 0.86 | 88.5 -

- 7.2 0.5 14.0 - 1.29
— 12.6 0.7 15.6 - 1.04

Natural{®NS~ 1| 35 — | 781 -
sand g 9l 90| — |ss1 | —

1.9 1.0 1.2 '} 138 - -
0.7 0.5 1.5 6.9 — —

(1) Sand added, O, blowed into
(38) Amaba, Chiba Prefecture

(2) Red mud added
(4) Yudama, Yamaguchi Prefecture
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ENR JOMERERE &L/ =y + L CEERT
Bl ZRkoKfEERR Lico LD-2 ©,30kg/
cm?x24h ORIz BT, 3.0% Thokdd, “hEr
CaO pkfET S &, 9.3% o CaO pKFILC &
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THfF25E 02 k5. '
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Fig. 1. Influence of steam pressure on hydration.

_3<
. Steam pressure 80 kg /om®
Particle .size 1~2mm LD-2
3 /o/
& LD-3
g /
/‘ D— ‘/LD—4
S ./. E!/ had
had -
. 1+ o [s) A A
2 o8l a
= L
S 06 A
= ro_A 4 i BF—1
0.4 §— LD-1
| T x /
03- * o o
[e]
0.2 i | S U i H L1
2 3 4 6 8 10 20 30 4050

Treatment time (h)

Fig. 2. Influence of treatment time on hydration.
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FBHENPNEL ot. ZOEWIMAERIIKERR >~ A —
#THELICAZ 7 (KE 5~10mm) OBEKILELH
BIRZRD B, AROKZIVAT 7DE5H, BERILE
W Iehote, COZ EMLBRERKRE W EESAED
ENKAEEOE & e 2> CKMEFET 52, NED
INEL I B o h BRI E DK FIERE IS 5 &N
78D, KRMBERGZENFIOTHEDEEZ DR
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Fig. 3. Influence of particle size of supplied slag on
hydration.
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Fig. 4. Influence of particle size of supplied slag
on disintegration.

5. 7g¥s 1/d=4 2% d=0.25mm OER B D
FThTwss, Zhix —0.5mm OFEREL ¥Hific
0.25mm &L Lz bt 25DTHDC, —0.5mm
SR EREBRIZ LD LN I DTH S .

AR E U robHER e b3 % 3UBPRI I D 8% Fig.
4R TA, BMERIERER X oTC Bicok- {HER L
To. MERNRRK LB DL, Hich DXL oXIE5 5
B3, BHEROK E\BHAIE 3~5 mm, LB/ X
FIL 5~10mm O NEHFHICE\CTTHSB. Lich
D THHERZ Lo ESEE2FRT 2 BEIE, Lo
AR ERBC RS THIEOREIIEA L 5.

AC MF X 5 KMEI Fig. 1~3 hLEKEN, 4L
HEpRS OB EC X v BELZIT 50, XIbicA
7 7D f-Ca0 ENRBRAECFELFOIRTTHY,
KABFZURARTEDLEINS.

W=kpcltczdcafc4.......................................(4)

W:KF&E (%) bp:7RKES (kg/cm?)

¢ AUEEERE] (h)  d: BESEHRIE (mm)

f:f-CaO(%) k, Cy, Gy, G, Cy: EH
SEfTo7 AC KRER (n=150) oERH I L b,
()ROBHEERD, kOKBRANESh 1.

W:()_ 02p0-63¢0.34d—0-47f0-70 ........................... ( 5 )
32 F—bo v—-TRBEGLKINEWBS LK

Y]

BFEA T 72 BT 58O T £ o
WED D DO F fe 2 M P O P O ZEME I
DWTHER LB T B090~18 2 51z X % L
REEOEFERL f-CaO XN L B5bDTHD, 13
M 2Ca0-8i0,(C,S) %> 2Ca0-Fe 04 (C,F) Dk

MbBEZ IR TW50-9. MgO REMHTHD (Mg,
Fe) O (MW) &k 2\t MgO (R) #Hix FeO 7
EDEBEDHT LR LTRE LIRS & IR T
5P, i KFMp L LTk Ca(OH),, CaCO,, Mg
(OH), 7ol oficBEBAKO KIS B Xh T3
PO M BEER LCBREIRORE. X5k
B D KR KF I W35 AC RBR &MY
B o THHET R bR,

AEBRTEE LICEFAS 7 (LD-1~11) 8%
HELT GS, GF, CaO FEHtk (L), MW,k Xk
CaO(U), R (FH ML Photo. 1 (a) (b)(c),
Photo. 3(a)i/nd) OFKMHEBRHIhis, Zhbo
KPR35 AC REBRgiho B84 PHERB D AC
MBw X OTHN. AC REaLHx 0.3, 5, 40kg/
cm?x3h & 20kg/cm2x4h B{FEH Lich, LoZ(L
LD TRFT 2 EWHOBEBEN LB L\ 5 X 5 /efH
Fix R o7z, AC U X 5 BT o)
%3 &, Photo. 1(a), (a") wR\WWCLAHE LVK
MO, F7e CoS I b —IDOKFIDEEH H S
50, MW iz By, Photo. 1(b), (b)) 1
BTk CF fHicBE W KFIOE”E Hh 5 . Photo. 1
(c)s () WUMEIPHM UL KR LIcEFAERT. 20X
51 UTHEWH ORI 2Bl UeiER, LEs UM
ITE LYy, GoS e CoF Ml —#ic By KR D B
BROIIH, MW I KFOBNL R bhich ot
IR R S KRN R Shiehoreh, %R (4-2)
T5 X 51 FeO Ip EoBEE O I G E iR 3
bDEELZbhB.

AC REBRi X o> Tk Lic A 5 7 &R EE Bl X & Bl
L, ZEHHEOEITEC — 78 X0 5, KRR
X BESEWHOBE TR, FERy Fig. 5 it

200 1p_g

Autoclave treatment
30 kg/em?, 24hrs,

160~ 1~2mm size

( ) Lattice plane(hkg)

80t

401

Peak height of X-ray pattern (mm)

Mg (OH). (001) (001)1“
! ' L =] 1 i ) |
0.02  0.040.06 0.1 02 0.4 0.6081 2

Particle size of disintegrated slag

Fig. 5. Investigation of chemical components of
disintegrated LD slag in relation to size
distribution by X-ray diffraction.
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LD—3 autoclaved at 5kg/cm?, 3h.

LD-—1 autoclaved at

40 kg/cm?, 3h. LD—S3 autoclaved at 0.3kg/cm?, 3h.

Photo. 1. Microstructures of LD slags before (a, b, ¢) and after (a’, b', ¢') autoclave treatment.

2%, A S 705 BREIVNE WS OR, KA
T B¢ Fig. 5 oo Lk ke
T EEL RS, KT oh, LEDOY— 271
2 KT L, 22T Ca(OH), &, ¥— 71k
72 Mg (OH), ¥ — 7 N EL b, ¥l MW, G5,
C,F 04D v — 7 L KT Lo THR S h, BRIE
7B, MW HIRHA~T GS #, CoF iz 5 2ME
TEAIEAEL, CS H, CF HoKMPREIIS.
# Jokfitpy DT-TGA X v ER Lic. KFHIH
&, AR CIKFIDHE A IR DT & BT B 728D, A
S PR —44 pm O & L, AC BEBREMED 3 ke
/em2zx3h 75 30 kg/cm? X 103h X\ RWHEiFEE &
St-. GREEEE Table 2 w74, Ca(OH), & Mg
(OH), 7%, 30kg/cm2x103h TIXZ HiC CaCO; 238
Hxht. Bl CaO ZkfigoiE 52 Mg(OH),
Ik snesgl, Rtk Mg(OH), i1 MgO KFi
I 0~8% Thote. id LA S 7 OMgO &bt
119 & %\~ LD-113 MgO KFatns 23% L@, &
Jux CaO BT OBENDINNE LRI DD TH DT,
Mg(OH), & LTi3 LD-2 0@E52%\. BT
MgO KFtEvE kR MgO as Mg (OH) »/ (MgO as
Mg (OH) ,+CaO as Ca(OH),;, CaCO;) %i¥. CaO
ZokFME & Mg(OH), &%, Thth #3770

Table 2. Results of TGA of autoclaved LD slags.

Autoclave treatment Contents in autoclaved
conditions slags 20
* hydration

Particle| Steam Treatment Mg (OH),|Ca(0H).[CaCO;s| ratio®

slze pressure| time (%>

(mm) (kg /em?) (h) (%) (%) (%)

—0.044 3 26 0.3 1.0 0.0 23
LD-1

—0.044 30 103 L1 2.1 1.8 23

—0.044 3 3 0.3 4.3 0.0 5
LD—2

—0.044 30 108 15 11.4 55 8

-0.044 3 3 0.2 8.4 0.0 2
1LD-3

~0044 30 103 0.6 14.8 4.0 3

~0.044 3 3 0.0 1.2 0.0 0
1D-4 —

—0044 30 103 0.3 7.7 31 2

—0.044 3 3 0.2 9.6 0.0 1
LD-5 T

—0.044 30 1038 0.4 15.4 i 3.9 2

% MgO hydration ratio =M,/ (M+C;+C2)
M MgO as Mg (CH),
C; CaO as Ca (OH),
C: CaO as CaCOs

f+CaO ¥k X0t MgO B HEIRED LS.

R S FOKRGHIET A (1~2 F) ot
CaO okFlic X v, DpEOBRE MgO s i)
WEN K LW, Table 2 DfER IhE, o AG
RERSLMDBE LS o5 &, MgO KAk, m < 7s
3 ¥ 5 BN R RS, KFMOEECE TIEDT
ek, 30 kg/cm?x 103 h MU Tk, #ilziE LD-5
DKFE Ca(OH), 15.4%, CaCO;3.9%, Mg (OH),
0.4% THD, ZHIILERAT rho CaO ED 357%,
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MgO &d 3% 2K Licz & ks, HEDTRRD
HEALCREEE W25, =D X 5 kB TEH MgO ozkFl
B CaO OKFNCH LML E WS Z &g, MgO 23k
FOEEE B LixisnEE L2 TI v, 30kg/cm2x
103 h DAFECARFN LR A 5 2o CaO &3 LD-1
2% 2.6%(f+CaO 1.66%), LD-2 %% 12.4% (7.16%),
LD-3 7% 14.2%(8.40%), LD-4 % 7.8% (2.92%),
LD-5 2% 14.7%(9.06%) LD TENMEE S, W3
HNDAZ 7 TH f.CaO BEHHZ TAMLTED, C,S
M B0k CF HokMb+oExbh, t0Xs57
AKFRABITI L S D KFIEF AP wIFsiF 5 A5 — i
HYT24DTHAHS.
3.3 WERMAERZDLE

AC BRI X225 VyolgEkoERE & LT
i, BREEERE, BERE X OCEEHNEIBEFEHE X
NTED, ThbOBEIEFECOWCTHIRE B % 7
7o, AC REBEMFRIRIF A 5 7 OIgEMERIE e —Bmc
R I TS E&42 R, KKIEDE 10kg/cm? &
20 kg/cm?, PRRERIA 4 h & Ui, BIERE R4 Fig. 6
Y. EEENE, BEE, ARPEROKNEE
LHPEMBEIEFAS 7, BIFAS 78 X ORAWE T
RIgOTMBRER L. REEFRRAS Z2DZe oW1k
5L, BFRAERE LK LEREYRL, REEFA S
7 LD’-1, 2, #5235 7 LD-12 OlEEERI K X
{7 2fe. LI DCERIFA 5 7 DIEEEREE & LT
BEROWTHOREESEA L 5251255,
77 VIR R D\ TR TR IR R v h b iz <
ODNTENKRELTHIITHD, Bz X5,
BFAS ZIXERBEINL, TR LR LS, kg
R, COETEFEAS 7 iRk o%k. EiEA
7 7 OKFW & LTy Ca(OH), 2384 (—0.5mm)
R S, EBRNT (AC REBRB O +d, BTF)

E7 == s 7 - 3
biRD b, BIFAS 7 EKMEB ORI LD BIC D
Treatment time 4h
0.4 Steam pressure
10 11 0 10 kg /em®
ot ® 20 kg /em®
Particle size 50 £
0.3 1
1~2 mm Specimen |
I * <8 ~ 4ol 40#x55mm
S ooe r 21 R briguetted
(sample :—0.5mm)
2 L a 6 a X
g 32 £ 80 bt
e 01 = ]
E] 2 g
2 & 4 g
by ®
= 00 2 5 s 20
& @ b - 1
2 [} a2 =
= L 2 10
—01 Particle stze c}lq > i ‘ 1[
1~2mm 0 L
—0.2 [ 0«:&03—»—5—?%'
T @ e o @ e IS S-S BN - oA NN
RN S O P s
1) ; 237} :
zzmqgg zzmgag Z Z = A= ]
(a) (b) fe}

Fig. 6. Comparison of autoclave test procedures for
evaluating expansion potential.

DDy DIEBE R R S o BB L LT, B
Z7XDMSEBbNOBIEAERRENE 2 bh b
B, BEEE &2 o,

RARD AR Uleookehd, BEx R L. AC
AT ORAW & RBRB OB 5 (—0.5mm) oM%Y
XBEHTIZ IO CHIRT % &, B4 it Anorthite o
B Y X5 e@Bdbhie. ¥4 NS-1 & NS-2 o
HETHBERDOA X NS-1 12zt h NS-2 X v 3
Anorthite %34 <{, Anorthite NEKRWOKREDOIREAE &
EOTWB L5 THS. LERAMITEEEME R
WOTeDT, KEKERIG LI x#E 2z, sLA
Ry (RKED 10,20 kg/cm? o 4D BEIT K
180,210°C) 1w X % d ohdbdiini .

Bl X 5 wSRAMCERL 5> 5 AC RBE&MAEOH
HW T, BIEA S Z7oKMEREGNcElL, ¥
KGR & KT OB b Z R L bhichorle.
LI U RE TR E AC RBE&GIEE
Lt w2 5DT, BEDEFEAS et AC R
FHTREELYRE X128, LabERR XIOVEER
DR TEAW GG EETHIE w2 & brotk.

4. = g

41 EEREBAROENT

KRR SR & MERDBIRY Fig. 7 wr$2, 292
Ot x 1 7 DB B LD b,

(1) KFELRDIVGBAEIIBILRLIE & A S8R
L7g\udy, BB WEED LB Lisuway, B 5 KFIE
T B AR bt 5 1 7.

(2) AFEE & D CEBR LRI BN 5 & 1
7.

Steam pressure 3~45 kg.“em?
Treatment time 3~24h

805 Particle size 1~ 2 mm
60|
40
. 30
e 5 b
= r LD-3
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Fig. 7. Relation between hydration and disintegration
of autoclaved LD slags,
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Fig. 8. Relation between expansion and
disintegration of LD slags.
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Fig. 9. Change of particle size during autoclave
treatment.
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LD—1 autoclaved at 3 kgfcm?2, 3h.

LD—2 autoclaved at 30kg/cm?2, 7h.

Photo. 2. Hydrate layer (a) and crack (b) of autoclaved slags.
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Fig. 10. Hydration of lime and periclase in
disintegrated LD slag under 0.5 mm.
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Photo. 3. Brucit layer around unassimilated periclase (R) (LD-1 autoclaved at 30 kg/cm?, 7h).
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