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Study on the control of D inclusion in the SWRHS82B steel by
Ca0O-Si0,-Al,0;-CakF, refining slag
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University of Science and Technology Beijing, Beijing 100083, China)

Abstract:The effect of refining slag on the total oxygen content and D class inclusions in SWRH82B steel was
studied by laboratory slag/steel reaction equilibrium experiments; The formation conditions of MgO -Al,0;
spinel inclusions is explained from chemistries of molten steels and slag compositions by Fact—Sage software.
The results show that low basicity and high Al,O; content of refining slag is beneficial to the removal of D
class inclusions; The melting point of primary style composite oxide inclusions become higher while basicity
and ALO; content of refining slag is getting increase. Melting point get to lowest when basicity and Al,O;
content is 0.93 and 5.1% respectively; Compare with controlled trial, MgO - ALLO5 spinel inclusions exist in
steel when basicity and AL,O; content of slag is 1.14 and 25.6% respectively.

Keywords:82B Steel; refining slag; inclusions; MgO - AlL,O; spinel

PR BT 22 F e I e 2 I N TP RE R s 2l i JERE Bk A W R L5 G AR b i RS, B 3 AL
TRAR. T RIS MR AL BN — 20, A8 dhkibigz P ES2 I AR B TR RE. R, 82B Yk

W75 B #3:2019-03-20
E£WA Al B 7 B H (2161100002716022)
BISEE M (1967- ), T, WS B0 NS L R RS 1 %8 8% B L s B BIF 5T, E—mail : lijing@ustb.edu.cn.



8 Heskttyh L2 2019 4% 8 H
AR A TR OGO AT ) T AE L 5 9, O 28 T 0 — B A i A ek S v LA b gk AT

TEH I o 2 bn i vh | 4% B e 22 WL 25 5 50 A 1)
AR AR e 2 W o 25 A (AR ) B 25 (R
fR5R) (C 2K (RERRER) \D 28 (BRIR S L4 ) \Ds 26 (H
RLERROI2L Hor | &2 e WXt 82B frdk Mfig i) fi
ELEG N D H>D K>C HK>A 2. T 82B MR H
Tk 4 D6 480, A9 Rl B S B 2 e 4% M R RS D
ARG S LI RBr, L D 28 SURANAR Y Je 2%
YRR MR faF Rk, BEAA WIS D K
e F v i LI S,

K SCHRHRAE , i B o X e e ) b R AR
(4 5 B o s A T B — B S A A
o3 (e i rk i U TP AR e 2= b ALOS Aot
T 2130 Fi A A AT DU 1 e 2 RS /s B
ALO; . SiO, 7t B AR T 4 /N Ak 1 2 2% 4 mT LA
S fh R R R BT A L A0 A iR A A AR R
8 A7 6 T T A SR AR A8 20 A A S 2 A I AR DR 1
. s AW, SCh A HT T E N 82B I A
ARAAETE I A T A RS 0 A o3 A7 1 0 5 38 3 5N
VAL WIS T T 2 A AR e 2 1 A AR Ak
Koy ;i it Fact-Sage #2254 115 T 82B #
T MgO - ALO; J& 24 AR B4, Sl S8 B Je 24 0 A 4K
P T R T TR T R K i

1.1 EBWER

SO T AR A BT SWRHS2 X85 1 kL, 1k
O NER 1 s IR BT T Ak 2 R A [R]
TS HRS AR I B U0 SR T3 B ik 27 12X 50) T

A 1 Y S
1.2 WEFEHILWLR

SCRHEAT T 4 418, BP1f 2% 3% I 4%, AR
9N OXT RS B4 B THE E 1600 °C i, 8
AR 20 min, HEBR 2SS @B R SR 21 mmx15 mmx
25 mm 1) 60 g FRLFT 10 g Tk iR 5 A MgO R
($26x40, 461 99.99%) , /M E A S5 ARG A
s ORI R L RIEVE T (20 min) , TH RO FF 4R
@ F 97 ] 8] 43 555 #) 20 min 40 min 60 min 90 min
K IO OFE R R T 258 i, SR 5 K%
.
1.3 WMEFHEXRWHTHE

IS T, o R R 5. K R AT
2 1.3 wm BAUE I, >R H MLA250 9 48 fi# 25 53 Bt
I HTAR R  Je 228, AR 4 A RE BEHLIC 5% 20
AN E A I ARTES B AR ST R B, Je 24 R4
KM 1~3 pm.3~5 pm . 5~8 pm . 8~15 pm,15~30 pm
0 R R B R, B 100 wm 38 0 26 | Bk, R
XRF 2 61 15 43 B il HE 0 i 43 5 VAR B D) iR
G510 MYNAERE , TS L BR R A LW, #RH]
EMGA-830 H A &/ i Bl e b T.0 & .
2 #RE5ITiE
21 T AEFRBEGEEEZYETHR

T 82B 4N AR P2 T2 1 B R 6 LF oF
Ui LF F# 10 min LF H 55 8KRE 6 28 5 f B A, R H
SEM/EDS WL ZH AR AW Je 24 TR A RSE Lo F gy
A, R 21 0 LF Skl i e 22, R B R I A

1 SWRHS2B HUZEMS /(REDH, %)
Table 1 Composition of SWRHS82B Steel /(mass fraction, %)

WA C Si Mn

Cr

p S Alt T.O

SWRH82B 0.8289 02196 07600 02734 00106 0.0120 0.0013 0.0039

&2

BHEELZERS [(RESE, %)

Table 2 Composition of the refining slag /(mass fraction, % )

% CaO Si0, AlLO; MgO Fe 054 MnO Cak, R
I 532 259 7.8 3.4 1.6 0.1 8.0 2.05
2* 41.5 44.6 5.1 7.9 0.3 0.2 0 0.93
37 433 22.0 259 7.9 0.4 0.2 0 1.97
47 35.0 30.7 25.6 7.8 0.5 0.2 0 1.14
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Fig. 1 Production process of 82B steel in a domestic plant

160 mm? ¥ ¥

EAbW e 2 F 2k Si0,-MnO-ALO; A (N=19), /b &
} Ca0-Si0,-MnO %4 (N=1) il Ca0-Si0,-MgO %!
(N=1), WK 2~E 4 ff7. Hf Si0,~MnO-ALO; %

e 7% JT 5 TC 2R 5 Wi A A ARARL, Sk A 3 i ) i 4
YRR A A AR B SR PRI Ca0-S10,-MnO B e 2
ESARJE B SRS Y, S T AR T v R S I 4R

4.5
40F Ca0 SiO, ALO; MgO MnO MnS TiO,
wt% 239 4523 11.56 40.81
351
30k Si
% 25F Mn
® Mo O
g 20
151
1oF Al Mn
|Cal
0.5 C Mo Ca
0.0 4 o 1 | !
’ 1 2 3 4 5 6 7 8 9 10
e /keV
B 2 SiO,~-MnO-AlLO, #
Fig. 2 SEM images /EDS of Si—-Mn-Al oxide inclusions
35+ CaO Si0, ALO; MgO MnO MnS TiO,
wt % 15.50 42.02 8.44 7.04 18.04
30F Si
25+
z 2.0 Mn
2] O
15k
1.0 - Ca
Fe A1
0.5+ M Mn
G
Fe
0.0 Mjl sovel. /\*/f\ L "l L
1 2 3 4 6 7 8 9 10

5
fiett /keV
E 3 Ca0-SiO-MnO %!
Fig. 3 SEM images /EDS of Ca-Si—Mn oxide inclusions
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