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On the Weathering Mechanism of LD Converter Slag
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Synopsis:

In order to elucidate the weathering mechanism of LD converter slags, the actual slags were exposed to air
as well as water and autoclaved. The behaviors of disintegration, mineral phases and reaction products of
slags were mineralogically examined. Various factors which affect disintegration were also discussed.

Results obtained are as follows:

(1) LD slag mainly consists of five mineral phases, namely dicalcium silicate, tricalcium silicate, lime,

wiistite and dicalcium ferrite.

Two types of lime in precipitating state are observed. One is a large cluster

with the order of milimeter in size, and the other is a small dispersion with tens of micron.

(2) Disintegration of slag is closely related to the amount, distribution and characteristics of the lime
phase in slag. The higher in free lime content, the more disintegration is, but when the slag contains less
than 19, of free lime, it hardly disintegrates. Divalent oxides, FeO and MnO, dissolved in lime phase also

restrain disintegration.

3) The volume expansion by hydration of lime is a main cause of weathering and disintegration of slag.
p y hy _ g g g

Silicates on surface also hydrate, but don’t result in disintegration.
(4) Accordingly, to use steelmaking slag for raod and construction materials, an effect to decrease free

lime in slag should be made.
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Table 1. Chemical composition of slags used.

CaO Turndown

Chemical composition (%)

SiO, | carbon (%) free | Ca0 | 10, | T. Fe | FeO |Fe,0, Mgo[Mno ALO,| TiO, | P,0,| F | S
<3 l <0.15 | <1 |47-48|17-19 \13—16 9-14| 4- 9’ 2 | 56 | 23| 2 2 | <1 |<o0.2
<0.15 | 3.11/51-50]13-19]10-18] 7-15| 2- 8| 1-2| 46 [ 16 | 1-2 |23 | <1 |<0.2

54 |0.16-0.49 10.2-3 |52-56|13-20(11-16 7-12| 5-10| 2- 5 | 4-5 | 1-4 | 1-2 | 2-3 | 223 |<0.2
050 0.2.2 |48.55|15-16|18-15| 7-13| 4-10| 2-10 | 35 | 1-3 [1-2 [1-2 | 2 [<0.2

s <0.15 | 4-16/47-5112-15]14-20]10-20| 5-12] 1-11 | 56 | 1-2 | 1-2 |12 | — |<0.2
- 050 10.2.8 |43-54|10-14|13-27|10-22| 6-12| 2- 4| 3-4 | 1-3 | 1-2 |1-2 | 2-4 |<0.2
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Photo. 1. Representative mineral phases and their crystallization in slag (EPMA SC images).
a. slag for low carbon steel, b. c¢. slag for high carbon steel

Photo. 2. Traces of free lime in slag etched with glycol (SEM).
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Table 2. Typical chemical composition of mineral phases in slag determined by EPMA (mol%).

v

Mineral phases lAmmﬂMg)mp3$q P,0, | Ca0O | TiO,| MnO | FeO Rpsgg%
(4
Dicalcium silicate §-Ca, . . .
(Si, P)O, C,S 0.3129.6| 2.0|66.6| 0.5 0.9 26
Tricalcium silicate (Mg, o
Ca, Mn, Fe),SiO; C;S 0.2| 0.4123.5| 0.6]72.0] 0.3 0.9 2.1 17
Wistite (Mg, Ca, Mn, Fe)O f 6.2 — — — 126.2| — 14.6 | 52.8 | — 24
Lime (Mg, Ca, Mn, Fe)O C 1.7 | — — — |83.5| — 8.7| 6.4 | — 13
Dicalcium ferrite-titanates ss 1.1
Cay(Al, Fe),05-Ca(Si, Ti)O, C,F 0. 55| 1.8 — |65.6| 4.0 (Mn,O5)| — 21.1 20
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Photo. 3. Micrographs of slags quenched from various temperatures (EPMA SC images). m : melt
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lime CaO C,S slag
enriched layer
slag

Photo. 4. Micrograph of the neighborhood of lime
in slag sampled in the middle of blowing
(EPMA SC images).
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exposed to air

autoclaved

disintegrated

Photo. 7. Various hydrates of slags exposed to air and autoclaved (SEM).
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Fig. 1.

X-ray diffraction pattern of the
disintegrated slag (—80 mesh).
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C phase in slag reaction zone

Photo. 8. Scanning electron micrograph of the disintegration front of slag.

CHHpy, HFET 5 silicate 2 £ M, CoF Ml E%R E D
B lichleb CTREMCIIG L, Fleohii@mns LT
CHIFIc DBAEE LT WADERLIS. IR
HELE RO IGAERY L, BUNSXEEC L5 &, T
MBS R b5 b OoDIEREE <, FHELb
CRERET2b0LE2ZBND. ZOHKRTA VIS
B4 A8, FERERE = v FRAERS D IS
R R ~RETH 2 L LEL LT 5 . free CaO
BEOEVEB TR L F28 LT RBEREC bT, &
2 silicate D RIGEFYO—HCTH B CaCO; THF
HElT5150ThH5.

Fe<q FRINBED 25 2 Bbht lmm §ijE
DRELF e =1 NI TEXRBLCHRIGET, T
F— 7 U— T TY, FOELDARDY brucite, Mg
(OH), &7 %7203 CREID BT ZE LT,

BHIEEWTE6 » ARBERSIOA - 27 LT L
TCBEDOPE A S 70 FREN: & free CaO & X DBR
e Fig. 2 DB ThDH. MAEORERIZEH
BDTIL—FKLTED, free CaO B & & LI
K& lesrniextL, free CaO s 19 LITFTOBE

WE & A ERBEE Ligw.
R ORI 2T, 1) AREORICAERY: b
BAE L BRI BRE TS, i) 262 mm LI

Wik s, ©2LRY OFENEHE I, AT S0l
MO BEDIENE T OFMCHT HURAE, Mo bEERE
DEERE S LS., L Lihb I oBEOE D
Wik, free CaO BEOFWRHT & Fig. 20 <0.25
mm DELEH 2T LT A H 55, C
O HUREE & DBSRIC DV T, B CARA B L
= free CaO EDOF B OERI LV ic <, HEETI
T WolE 5 CHOLFNLEES B L 10D, Tk
5 CHIE FeO, MnO, MgO 7c X &EHE LTk H %

100 1
= exposed toair during 6m.
\g’f' 80l—] undisintegrated & ° / ©
> disintegrated into
on < 025mmsize o
-8 < 4 mmsize o 55‘
60[— < 8 mmsize o ©
5 v b‘;\;‘/
< L o o
§4O (74 /. Py
5 VAR U
o o
@ . o8 o
=) 20 i ¢ o 407-_51‘\—‘“’
[
52
>‘£g 0 ‘:1.‘2‘,
Q 8’ R
gc |
7 L L
&g o 05 1 _ 5 1
s Free lime (%)
100 T T >
2 autoclaved at 200°C, 3hrs .
b4 disintegrated & / °
@ 80— undisinteg f—
5 disintegrated into g &
o . oYY &
@ < Q25mm size o v Do
o <4 mmsize o / o4
c 60— _<8 mmsize o o/
o 5 &
g / oo LS
— L7
g) 40 / L 3 °
£ [ ol
Tl)_ o ‘/ 1 s 0"
a 20 L 4 ’08 T .
c - o
S ° 433" é“ @y o
‘6 b g - ® o o
sl
§ '% N | L 1 LAl 1 1] i
go 1 5 10
e C Freco . (q)
w3 rce lime (%

TFig. 2. Relation between the free lime content
and the disintegration of slag.
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Fig. 3. Effect of the divalent oxide dissolved in
lime phase on the disintegration of slag.
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Fig. 4. Effect of the cooling rate on disintegration.
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Table 3. Dissolution of powdered slag into water.

Co‘ncen‘tration
Sam- | Free CaO Imrtrixrc;lresed - of 101(1:) gﬁa ;A;ater
ple (%) ( min)
Ca Si
0.5 11.4 156 27.6
2 11.5 144 24.0
A 0.01 10 11,51 156 | 23.6
60 11.6 160 21.6
0.5 11.6 204 17.6
2 11.7 216 16.8
B 1.60 10 11.8| 204 | 184
60 11.9 136 15.2
0.5 12.1 716 3.2
2 12.2 588 2.4
G 5.20 10 12.2| 684 | 2.4
60 12.5 884 2.0

* Concentration of Fe, Mn or Mg : <4 ppm
Method : 1 g of slag (43-74p) is immersed in 25 ml water at
50°C with ultrasonic agitation under air-tight condition
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BRI Ty, 2 S oK O kMR T
BHEFEZ OIS, WTRILTLEFA S 7 THHRIC
Teh L, REBOILKE DGy, silicate %
& TRMRIGIMREI N D.

S X CHOKRRIEE L B EENREC D50
ES KRR T BT, DE¥DL e T VEREYR T
7ot CHEE FRGHARRF Ilmm ROAK
LB EED AL 10t/ cm? T 15mmex 10mm il
L, 1000°C k&rhT lh HER L7k & QK& D
RETEM SR LR R A -2 v~ 7B L.
ZF ORI Photo. 9 W RT X O, HBE T KHD
silicate @7K$ﬂ0ii > ADEE Lot U, AJKZ B
DA TR F DO HER, AKiE Ca(OH),

EEE & SRE
riquette in wh
of lmm were embedded

rlquette in w:
lime was embedded

Photo. 9. Autoclave treatment of slag briquettes
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CELTED, i) RERBREE LD LE
Zbhb.

KLARTE RO RISAE RGP L BINE DI D3,
CaCO; 23ZD b, FleEmEBE T WT CaCO; ©
ARNMEEIND Z BB TWDS., £ TKEED
ABAR latm @ CO, %% LAALTH— b7 V—7F
IR U455, free CaO B BB ClIgEE N =
D, AEERMIE E A ED CaCOy THOR. ZDX S
KEK T ORI XD THRENRD bhich, ik
Lz CO, TTIRRBILIE D TEL, EEOREE
B it Ca (OH), TH B DT, ARt LTk
FRGEDHFEGHRENEE L B,

BRI R 5 2t CoS EFE L, a' (B)-CaS—r-CS
ERIC L ombrnELxbRD. = 7% o7 501F
A CHEEME - A LTI C Bisso ks,
EHNDOETHCTER LB ECRPHABRILIh T
bt L, o2 b bBbTet S, @E
DERIF A S5 712ty PoOs A5 CoS MBI L, B
FlE LTI B DB R Z b,

3-5 B cEiEiEE
UEDER I DB A 5 2O B E & LCRRRIG

STAGES »
o | 1t | n [m [ | v
> Car C?,f,;.
'! water - halv &
(P
3 ar Ca.P Ca
k| P
) P
5 Cc c c
Ca*  JGx"
&
water P =
(3 [l ol > (=
TS 1C-57HE |C-S HE)
C-S-H®
GS S) -5
35 {or G GS os  [CsH
G & &
water s B
Cat e G ledadod |
ﬁxdra!e . hydrate
CF,
CF or f fz C%F, hydrate
P : Ca(OH):
C-S-H : outside products Ca0/Si02 =16
C-S-Hu) : inside products Ca0/Si0z2 =20

Fig. 5. The disintegration mechanism of LD slag
by hydration.

X5 ENEE L. %2 T silicate DKFIE 5 A2
HEEL LTI O KATRE OZI S & O\ THH
BEMEYE L2 TR D.

3:5-1 MG

BHYHE OXTLER LR RT & Fig. 5 DL
D THAH. FTFCHOBHMLE - v (stage ), Caz+ M
W ~IEB LT < 23, Cazt olEHBEEN X T
KREWI2®, TOERMCEK Ca (OH), HER-KEL
(IL), 2\ icix G 3T Ca(OH) i 25 (k35 (1) -
WoUlE § silicate fid Ca?+ ASEH U (1), silicate ¥
F Eizix Ca oAr7ews C-S-H gel 2345 LC (I, 1),
CHEBS DI, EERIDI/PNELRE. GF KX
O HIE S DI EHEEI NI VA(V), T hb
LRI AR LI LD S (V).

BigL stage T 206 I @l <o CaO+H,0=Ca
(OH), RItic & 725 %) 100% o@FEzZRC L h iz
BEELZ BRhA. silicate #HIL, Ca2+ 23EH LTE Uk
gel RNREEBEELE DT, FAkEIHCHEAL
BARTAEL, IhKkfInE- IR GF HtHEh
T 57, BEHENMERE T, HE~0FE ke
tEZbIS.

3-5-2 MG

[P BTk, RHEREE { bRXTESET%
H,O ST sredind, KEEESWHUSLL
EF3%. Lo silicate = f, C,F H7e & OKIE
G & A EETET, ERCHOZNKIG TS EE 2
bhb. ZoBE, WHEIG L&D TIREEHE 5L,
Cazt OBEHFHH I B D, C HOBEEME T Ca
(OH), Z{t L, WERMBCEDSDLEEZ DID.

ZD XS RIED TR B EREE Lo
TRy, LrdUTLTETTAEELH DD T
LCE2D LTy, Er OB 5%
o Td, EHEGK X A5KFERIT RSV, &
H~0EHx b5 O TEEESEMER L EELD
n, WTRSTENE B 2 T,

4. &

EEOEFA 5 7Y AV COKPRE, RE2EF IV
F— 7 =AY B, BIFEAS 7, KR
Wpte EXRGMIFIICTREL, b 2, 3 oERYINL
T, BALEE#EC OV TEE L. Th bR
FIThEOXDLEY THS.

(1) #EFER s 7tk i silicate (GoS, CsS), wiis-
tite (f), ferrite (C,F) ¥ L0 lime (¢ ) @5 >kl
Mo bicoTws., CHizik 10 1 mm T3 7

o
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SAZ—ROKELLDE, ¥ 10p BE DM
Licbolndy, MHEIELERFOIDLEEL DN
5.
(2) REBEBBICI—1r27v—TRIBAFTID
BEBEZEEIIO LL 5l tsh, 25 rtho free CaO
BEOE I ERETIHEAEY R T, free CaO 1% Ll
FToAs 7133 & A ERE L. KpPREERCE -
T3 free CaO BEDOE\A S FIXERET 5.

(3) BEORRICHOE, /1% XOHHPEC
Bi%T%. Z7-CH~D FeO, MnO 7z ¥ DEIHEENS
{7 h EEMEMETL, FBELEILKS.

(4) KKBBEFIOA— 27 v— 72X 5HERE
DR IGERIIEE A LD Ca (OH), TH Y, L OHE
L EhoTELLTWS.

(5) silicate FUXKFITBP, AT FOREIIE
b\, AT S BERE- R LTS CGS HD o
(B)—r BRI LTRE LigL.

(6) BlEozEnb, BFEAT 7oRILAHERSIL
CHIOKIIC & b/ 5 FRERC L 2 b0 ERFTH
EEZDRD.

(7) #FERZF 737D free CaO XA/ &b 1
% T dsbziickh BILRiER ik TE5 L& 2
bhah, EEOHBFEC OV TUTKREM, B LE
JRREBI G U CRRET D LELN D D.
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