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Effect of Ffee Lime on Disintegration of LD Slags

Hideaki Surto, Toyokazu YOKOMAKU,

Yumiko HAYASHIDA, and Yoshikazu TAKAHASHI

Synopsis:
The determination of free lime in LD and synthetic slags was done gravimetrically by carbonating free lime

under the stream of carbon dioxide and water vapor. The results obtained by this gravimetric method
were discussed and compared with those of the chemical wet method, i.e. by use of the tribromophenol
extraction-atomic absorption spectrum method. Disintegration by the autoclave expansion test was found
to be closely related to the free lime concentration, and LD and synthetic slags containing more than | wt%

free lime were found to disintegrate. Mineralogical studies of LD, synthetic and remelted LD slags were
carried out in focus of the free limé phase by means of microscopic and EPMA examinations. From these,
the free lime phase containing FeO, MnO, and MgO was microscopically found to be hydrated under
the atmospheric condition. Free lime grains present in LD slags were clustering, surrounded by the di-
calcium silicate phase, but these were dispersed homogeneously after remelting in air. Free magnesia con—
taining FeO, MnO, and CaO was observed in LD slags containing about 10 wt%, magnesia. This magnesia
phase was neither hydrated in microscopic examinations nor disintegrated by the autoclave expansion test.
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Table 1. Chemical composition of LD slags. (wt%)
T-Fe | FeO [Fe,0, |M-Fe | CaO | SiO; | MnO| MgO | Al,Oy S P,0; [CaO/8i0, | f-CaO
LD-1 [9.75]|6.61|3.66|2.05|57.32| 8.67 7.61 | 3.36 | 1.28 0.129 | 2.99 6.61 10.44
LD-2 | 8.66|7.13 | 1.48 | 2.08 | 54.43| 13.64) 6.12 | 3.40 | 1.29 0.084 | 2.30 3.99 2.93
LD-3 |8.8 [3.49|7.4 |0.40|52.1|20.8|6.9 |3.00| 1.04 0.024 | 2.07 2.50 0.45*
LD-4 (14.0 | 5.60 |13.26 | 0.39 | 47.8 | 16.6 | 8.6 | 2.99 | 1.16 0.052 | 2.69 2.88 0.33*
LD-5 [ 9.3 |5.22/0.13|5.15(55.6|11.9 5.2 |9.86| 0.64 0.084 | 2.18 4.67 5.25

* Tribromophenol extraction - atomic absorption spectrum method.

Table 2. Chemical composition of synthetic slags.
(Wt%)
CaO FeO, Fe, 05, SiO, f-CaO
S N-1 34.2 65.8 (Fe,Oy) 0.09%
SN-21 39.1 60.9 (Fe,O4) 0.07*
SN-3| 37.7 61.9 (Si0,) 0.03*
SN-4 | 45.0 56.3 (SiO,) 0.05%
SN-5| 42.6 57.4 (Fe,Oy) 3.00
SN-6| 46.6 53.4 (Fe,0,) 5.99
SN-7 | 58.8 41.2 (Fe,Oy) 18.62
SN-8| 31.2 68.8 (FeO) 5.09
SN-9|( 29.3 70.2 (FeO) 2.83

“* Tribromophenol extraction-atomic absorption
spectrum method.
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Fig. 1. Relation between reaction time and percent =
of weight gain for LD-2 slag and effect of
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Fig. 2. Relation between reaction time and percent
of weight gain for LD-2 slag and effect of
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Fig. 3. Relation between reaction time and percent
of weight gain for LD-2 slag and effect of
temperature at water saturated bath on
reaction rate at constant reaction temper-

ature (800°C).
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Fig. 7. Comparison between free CaO percent ob-
tained by gravimetric method and that by
tribromophenol extraction-atomic absorption
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Table 3. Schematic representation of disintegration
of LD, synthetic and remelted LD slgs.
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Photo. 1. LD-5 slag after dipping into water for
5sec. [A] unhydrated free magnesia
[B] dicalcium silicate.

Photo. 2. SN-8 synthetic slag after dipping into

water for 5sec. [A] homogeneously
hydrated free lime.
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DIREDO/NZ Y %1k £-Ca0 X n s>t zo -
MgO FIIKESTIC Th HTCHARMIISERL X7eh
DL, Fld—brLr—TFaBic o ThERE L,
D RKELD ZDEEOVWTSINTE IR UERS
BTws. ZoFEEE, MgO #rhic FeO,MnO »3fE
BLTWBRDEEZLND,

—7%, ESiEsE SN-5, SN-6, SN-7, SN-8, SN-
9 rhd {-CaO o EPMA Z3#7ic X % & 3tk SN-5, SN-
6, SN-7 13t CaO ¢33 v 3tk SN-8, SN-9 134y 10
wt% FeO % ZATWHZ &H EPMA O EmiF X
DL SN $RERECRME L T f-CaO
D FeO RESHIIED TH—TH 7.

34 BmIFFEOBRBER

f-CaO % & FhVisfFELEL P, 1600°C TH4E
501F (20%Rh &) KX D BIER Lok, A3
AR (i FeO @) hicgdihs CaO jx Fer+
Fes+ ofsfbic & v dicalcium ferrite 4B b+ 5 = &
Z RVH LY.

32 HMITHLIZ LXK, 4~ hy L — TN
XD HREEE L {-CaO RE L 3B EGR S5 T L5
bofz. 3.3 BTz o -CaO $8I1E CaO T <,
FeO(2~8 wt%), MnO (5~11 wt2;), MgO(2~3 wt
%) mEBT LS, KMRGERZTZ LWL L
7o

PRkl LD-1 23%{b L7z £-CaO BE & ket
¥ (f-CaO R 20.4wt%) & #iikstEl LD-3 (f-CaO
IREE 0.45wt%) %L H, 1620°C THE S iF (20
%Rh Z&T) CTHEMY Tlhoi. okt
BE@Byosc itk b, ~CaO EE AR 15 min
T 20.4wt% H 519 10wt% FTEA L, IF—EE i
Dfc. WRAB CRIAMEER L & BT, BEFEAT A
MEZR L. —EREFRMEOBIEE (58, KhiE
T) itk % £-Ca0 REOEREIL, FHOLHBEL LD
BRE TR L, FEAERDOLNL,rD. FHEMRL
PERIFE (RM) % 4 — b 2 b~ TR T Do ks,
9 10wt9, f-CaO BEORAEL, 0.45 wto ~-CaO
IREETIEAREE Linp Dz, F— by v — THIT X B HR
BOBRFIE £-CaO RESBHVIHETIELICHERL
(Table 3. B) 3 50Tk, EEX VLT 2EM

Photo. 3. Rapldly cooled remelted slag after dip-
ping into water for 5sec. [A] dis-
persed free lime hydrated from inside
[B] dicalcium silicate.

Photo 4 Slowly coo]ecl rcmelted slag after dip-
ping into water for 5sec, [A] dis-
ersed free lime hydrated uniformly[B]
dicalcium silicate.

(Table 3. C)#RL, [ U -CaO R ORI O FEE
DT LR DT BEMHTOIKIESELD-1 13
%%Lt&%b,mé%@fﬂﬂ)M#mTLth#
ﬁﬁﬁﬁ,mmfuﬁah?,ﬁﬁ%ﬁm a %

‘v #-. Photo. 3 bgl"—j—‘klz}ﬂf{ L7z f—CaO PFBOJ':E}-E‘-%
Y. [AJiE -CaO MHTHEIL D KFIREASHET LT
W5, [B1ik dicalcium silicate #8Tdh 5. 60 minysfit
B LIciEPiEE Ssee KPR LD CThHS. 1-
CaO HHDRE DI, 2Ca0-Si0, #d, 2Ca0-Fe,O, #H,
A ERVIR (3hx FeO BiBE) BNEELTVS
Photo. 4 13 60 min JE#4 2% LicixiPiEx ki 5sec
ZLIcbDTHS. [A]l B~ AkfRER DS f-
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CaO #, Bt dicalcium silicate i TH%5. < kY
v & 2 hO#EE (dicalcium silicate fH) VX &5 HED
FBAREX LD TWD. KISz T+ ok, Photo.
SwFRT Lo £-Ca0 HOMNE» DL DL B2l
Photo. 4 127/ T X 9 10— T KFAR G 36T 4 5 () A3
oYY gt

f-CaO #Hn4£ grain (30~50p) BH—ICHHETEHD
i, L U R IR LicZ LS X DO ETED BT
DB KIEF R LD-1 (59 Smm X, f-CaO jRE
9.13wt%) Z2egh, 1620°C TE4E % DIFIC X D iIEH
(FAMRR 15 min A%) 21127 L ORE, Bk
B4 & MEkic (Photo. 3, 45M8), f-CaO #akkiy
— AL TVw5 C e, FCaOREX9. 13
Wt% H 5 15min % 8.79wt% WETFWL Lis. T
PCEEMT Az Ltk y, -Ca0 RIEVMERER TR
WEOBE, §9 10wt% FTHD L BRetE T
VE & A EZLDS I D T &, B XU & 5, {-Ca0
AE— BT 5 T RPN TO CaO DO {Lifiig s
FHxh LCHKSLHERTHS. BILEEELA T I~
D CaO DOFEMHEERICHE T 5 AWM -2k 5 &
Ca0 mfE hiz dicalcium silicate RfEA 4% L CaO
DOEALZB< T EBmbnTnwa. KR, LR
T35 -CaO MO D it dicalcium silicate FEAMF
ELTW. ®ETLEFTO -Ca0 ¢ grain K&
VBB —IC S L -Ca0 ok & X L IEER
ULTCHoie. -CaO FHPMFAET AL dicalcium si-
licate D EEEMN L DHDOIELEHT S D EFE 2 b
55, HEMTsz el b, BT, EhF
o Wiz f-CaO JREZ A LI—IT 589 % O 1T
BTl v, BESEBUTOLSKH 5. B
CTUsIT 5 & Fert 4 &3 Fedr o4 L iTis 0 flikd
1z dicalcium silicate AHANE T IATe. T OFERE, Fi#EL
CaO 20T %5. £ LT, ko Fe,Oy iiREHEM
T 5icoh CaO OFMFE L, -Ca0 Wl
BT 50Tk O -CaO JRET 20Wwt% 7> DY
10wt% FCRADLELDEEZI LS.
Ca0-Si0,-FeO Fx LU0 CaO-SiOy-Fe,03 FDIRAE
49 dicalcium silicate D EEFFHRDOIIRIEETE 5 FEWTC
I DTKRELEL LS, Ca0-510,-Fe, 03 FEDIc & X
¥ 1600°C oufEIE CaO-5i10,-FeO ZDrh & <
5~ dicalcium silicate #g{Alic X2 TV 572, dical-
cium silicate DIFHFEIE Fe,O5 IREE DRI X 1T
T EMREZLRD. LarsoN B2 X —ERBELSED & X,
CaO REMSHEMT Bicoh T Fed+ A & iREEZSHN
T 5z &% Ca0-58i0,-FeOx HFAFFTRVWHLTWY

. ZOBAE LT Fedr o F g4 00 ¢
f5& L ferrite ion Z 4T 57D THBLEHEX LT
WA, GET, BETIAR T 270 Fedt A4 o 1t
JE BT B EE , ferriteion 4 KT % /i -CaO
MERATICIET AL L ER BT ENTED. ZDOTL
13 CaO-Si0,-FeO-Fe,0, FDIRFET SiO, 2 —52
DL X0 CaO-FeO-Fe,0, T CaO Digigss FeO
5 FeOp b bz ot CaO DiEfiEE » & 118
My HEREFLTVWDIEALLE LS. LL, 9
wt%s OHIRFEIOTEFEBR ORI TIE 15 min 1%,
RO BIFIE L E L A EE LWERRE LT &
V¥, Fert—Fedt oG X% -CaO DEMFED
hniE 7 <, dicalcium silicate DKL X 0 kgl 1-
CaO Ml LictH 2B _ELBEbh5.

k3B X OBIREEE O BIEME Ok o {-Ca0 18
iIcowT EPMA o280t 22k £ ORER,
WEkl e Li—ic 5T L -CaO M4 grain N
FeO, MnO, MgO BEREREESEL LB oh
T, W L—icin 2. ¥ grain o2 h 5Dk
Eo,xx5Y Xl o, BRERTOERFHPICE LN
telEp otz f-CaO D RED FeO, MnO, MgO jfz
EREIETT 5 2 2 X Db Lie. ke 260 min
HiEf Lz & -Ca0 fgo FeO, MnO, MgO i
BEE, 0.5wt% FeO, 2.1wt2 MnO 3 X8 1.4wt%
MgO Thot. ZOELOMEE CaO FEHic Fed*
AFX L L COBMBEMTLEAE R WD L Bbh 553
MnO DI DTEERH 55 TiE 7o v,
35 959 00O%RE

f-CaO % & it e BileC BRA AL E ¥, BRF
W 1 A B K iE U CBERGE Bl 2 T o /. Ak
IS DEF, -CaO MOEHTK RABER IS, 77
v 7 OFEEXEE I N0 £ OB R IHE I HIA
Aotitcons, KE (Ca(OH,)) HEHICKICIEMFT %
12T Y 5y 2 OREPBEINL P DICOPFLLT
WA, 2T, A~ b L — TSR E 125
~200°C, ¥ 1~4h) %ZEXC micro 2 7
v PR ERIPN, SRIERRHC D W BRI 21T
otz 32 WiTH — b L — TOHE T 0 iR
ERERE O REOETF % Table 3 iz macro PR
L. ZoERe X 5L, (-CaO IREXEWVEE, it
T55, -CaO MERHE—I SR LTWHRRILELTW
B EDOTHREOEFIRRELE DTV b f-
CaO % &TeEkIcT ClL o 9 v 2 BAET 5 & ke
PEET S Z EAPELp 2. -Ca0 DFETS
BRIPEO IR O X SIS, KERLETS
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&, CaO WkFMEEE T, ol X % &%
BIRIC XD, U5 v oREEMILBETTS. Oy S
v ZHNENCET TS 2 ic Xk b 1-CaO HRmET S
BIAF LS BHbvd., TONRRNREIGIZE D2 5 v 25
tEEBEBENTRZ 2. FRE LR, SR srh
&K oERic -CaO MABRbhikvE, KEKTRN
o -CaO FECHB LAV OTCEFLTA— &L —
TG T CRARERK D .

Ca0-Fe,0, FOAKIEHE (SN-1, SN-2, SN-5,
SN-6, SN-7) » CaO-FeO FZ##l (SN-8, SN-9) o
WMERFTOBEMIEEER O R, fig cid -Ca0 REIC X
5%, —HENC 2 5 v IBRFEELTW. L, B%
T, TDX 5o 5 v 7S SN2k, SN-),
SN-6, SN-7 CH—KMD Y I » 731 Liz. £-CaO
mEOE W SN-6, SN-7 |3 f-CaO »¥H—icHAi LT
WHZERXY, 759 BT TREFELTVSIHIIT
ESB bEE 2 ERNC DRTho L Bbha. 4~
b V- TR OREHI AT LT — 7,
—HD 2 5 v &% b0k SN-5 (f-CaO RfF 3 wt
%) TIREH I VIB{LL, Photo. 5 itRTTEL, f-
CaO B> TY 7 v s P TEE L. F— b
S —TEGEH R LLTEE, 2075 v 23t
L7c. CaO-FeO FRAERIEALE SN-8, SN-9 i — b
7 L— FAENT 3 ) macro BT WE K > B L L723,
M EMAIRD L &, B—icdhd 5 -CaO fgi3sk#n
FIGOFEE, RBEKENDDS, 75 v 7 ORETERE
Sl FELUWREREET T, 25 v 2I3RAEL
7ot3, 1-CaO fBE& OEEHRIZA S0 Tl o7,

PR AU ORIV IR I & [L~ Photo. 3, Photo.4
DX S -Ca0 B~ HFHLTVWDILETH5.
[ij— f-CaO RERXIVF — b & L — TRHMEHTFClE
#9 %5 &, macro W7 AR VE BRI AU 7 M0
7o -CaO [REEME VA, Table 3. B X 5 g pilE
SRR XA, BLLT, Table 3. C X dHicEmX
D #5{k L7z Photo. 6 iz f-CaO B o & A 28
DOFEMEES IR T. FEIWRT XS, EHEPS2 5
v O MBFELT LA R SN, B— 5T B NED
f-CaO FHRAKFIEIG DR, AERKICE2T V2D
DHFEH LN/ ZOFEMFRAEE SN-8, SN-9 ri3
micro FIFHIMSEEIZEHES % X ' macro MY EEORRF A3
L LTz,

EFEESUE (LD-1, LD-2) 2T, #— koL —
TG HEEZT, &5 v 2 FAEOKRT LM CHl
Erfilh ot F— b v—TNEEKERR LTSI
20T, £-CaO MARAET HES T, ROEHHEM

. SN-5 synthetic slag after autoclave ex-
pansion test (125°C, 3h) showing di-
rectional crack formation along free
lime phase [A] free lime.

Y

T ow s

‘ ; ~+ 1 50u
5 » T i VR ARG R E DR

Photo. 6. Remelted slag after autoclave expan-
sion test (125°C, lh) showing crack
formation near surface [A] free lime
[B] dicalcium silicate [C] rosin.

L, 779 R <EHHMERLLY, f-CaO o
BWERPLL 77 v R LTWD Z &I
7z. Photo. 7 iz figtPiEelE LD-1 o — b~ L — T
#(150°C, 3h) OFHERY. T OFEH G, ~-Ca0
HBRET BEIP S 2 5 v 253 U TWw5 215 2k
W, EBIE, 2D 5y st f-Ca0, dicalcium silicate
EDEE Y LT ED TR SO WE (7
EYRXVIF 9 0 DEEOIL MR L ST i
Hoohighore. Lal, B & R b sy
7 v 7 DEKHERERT (Photo. 5 ZH) Tie < gy T
HDH.

f-CaO % &%t wiElEl (LD-4) Cida— ko L —
TREBHORBICIE Y T v o OFAILL B oo
7o fE0C, -CaO OkFIFISIC X 2 Ta Uzoukint
X BEENERS 7T v vOREDRHATH S T & 13k
ETHHD, FRERH CHEIh: -C0 L35y
7 OFA L OFFERT SIATE BRIV micro B9 7R PR ESEE
ETRAD LR »r O, FELRIOERRDL ST
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Photo. 7. LD-1 slag after autoclave expansion

test (150°C, 3h) [A] clustering free
lime [B] dicalcium silicate.

o .l b e SO . i

Photo. 8. LD-2 slag after autoclave expansion
test (125°C, 3h) showing crack form-
ation along leaf like dicalcium silicate
phase [A] dicalcium silicate.

R L 5. GixFresitogs, -Ca0 oK
Xk AEBERCX D, 2Ty oRxo 1-Ca0 Hr5
ek L, #OMBCEET S5 v 2B DT <
f-CaO PMETET 5 BT T QA T & DAl
f-CaO #» Sithic L 256D 25 v ZHBFFELELR T
EWIRICE NS ET LY 5 v 0588645, —EFRLE L

- gl 2] g FRa B R Z, v o i
25 o 2REL MG X S HREEIROEES X 8T

JRtT b Bbhs. LI T v JOFEELLT Y
BFTC DV TRIRIEM 50> TRV, £0—2,L T
kD% L7 dicalcium silicate frEz b s,
wEEi -CaO 23357 Lt huid  dicalcium  sili-
cate P HD Y T v & OFVI LDz —H, kR
i f-CaO 237743 % &, Photo. 8 [z7”¥ X 5T dical-
cium silicate A LD I T v FFELER L ED LRI,

Photo. 8 X f-CaO MMWEFITY I v 2554 L
TWAEFETH 5. dicalcium silicate MBI E 4K
LEBiid 5 WIXERDBRCT I 7 v s BFELLTL
oo T\ 5. dicalcium silicate f8 grain R —icF

ETEHEFTOY 5 v 254034 v, dicalcium sili-
cate FH7 EDKFNMIGIC & BRI EHEIRIC X2
175w7$%¢%5:kufC%)ﬁﬁEL&m%@
1% LD4 Tixo 7 » VREBR LN Inhp2/cl b
FEz bl HE2T, 29 v 2340 £-CaO fHoik
FBSIT X 5 AFEESEFERTH S LEHROT b5,

AAREBROTTDH2D, ARLITETR, TEVETE
W B AR R Sk IR ERFR O RIS 1 1, R Y
BRiCEHOBEE LT

x [

1) SHEEE, NMEEE, KERE, EHME: ¥k
WIOEE & 3 4 Rte 19-9930 5 407 wE#n 51
G|

2) BEEE—, R, EHMEE, MR- $
L, 62 (1973), S395

3) KT, R ET, HEERM: gl 163
(1976), p. 1252

4) W. C. ALLeN and R. B. SHow: J. Am. Ceram.
Soc., 39 (1955), p. 264

5) B. PuLirs and 4. Muan: ibid., 41 (1958),
p. 448

6) ek pE=, FRBINAE, REE—E: FIREIOESR
&, W1 o#E4, 19-8756, MEFn434 5 H

7) HIEFHL, WEATFTR, BREmE¥ L, 16
(1952), p. 394

8) H. Wrrzer and W. Fix: Arch. Eisenhiittenw,,
45 (1974), p. 791

9) A. Muan and E. F. OssorN: “Phase Equilibria
among Oxides in Steel making” [Addison-
Welsley Pub. Co. Inc.] (1965)

10) JI&RE, F WE, RERFE, RURT: #
REIOEE LW 3 oEl&, 19-9856, 243, WEFn50
#TH

11) G. TroMEL and E.Gorr: Stahlu. Eisen, 83(19
63), p. 1035

12) G. Koéncic and H. RELLERMEYER: ibid., 87
(1967), p. 1071

13) F. BarpenueNer and H. von Enpe: ibid., 88
(1968), p. 92

14) E. ScairMann and E. OverxkorT: Arch.
Eisenhiittenw., 39(1968), p. 815

15) K. H. Osst and StrapTMANN: ibid., 42(1971),
p. 769

17) L. Hacurer, W. Fix, and G. TroMEL: ibid.,
43(1972), p. 361

18) F. BarDENHEUER, G. Kauper, and K. von
WeDEL,: idid., 44(1973), p. 111

19) F. Oeters and R. ScuHeeL: ibid., 45(1974),
p- 575

20) H. Larson and J. Cuipman: Trans. Met. Soc.
AIME, 197(1953), p. 1089

21) C. BopsworTtH and H. BeLr: “Physical Chemi-
stry of Iron and Steel Manufacture” 2ed.
(1972), p. 348 [Longman] London

22) M. TimuciNy and 4. E. Morris: Met. Trans.,
1(1970), p. 3193

— 59 —



