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Analysis of influencing factors on effect of
calcium treatment in Al-killed steels
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Abstract; Due to the insufficient understanding of the influencing factors of calcium treatment, the effect of calcium
treatment in different enterprises is different. In order to improve the precision of calcium treatment,influencing fac-
tors and influencing rules of the effect of calcium treatment of Al-killed steels are briefly described in the current
work from the composition of molten steel and slag, the types and carriers of calcium alloys, the operation of calci-
um treatment process and the timing of calcium treatment. Many factors are affecting the effect of calcium treat-
ment, and the main factors different enterprises facing are also different. The results can help steel enterprises to

understand the main influencing factors of their calcium treatment operation, and then realize the precise control of

calcium treatment, which improves the product quality and reduces the production costs.

Key words: Al-killed steel; Ca-treatment; steel composition; slag composition; process operation

1T 5 R 4 A RE 7 5 B8 R AR 7 A AR R IR
R A LR 2 — o AR A )
ARSI A S AR W 2 G| I B e R R K
S50 B K Y AT DE R . B AL BRECR 2 AN AR 4
& e 2 S A B e W R M B AT B T ik 2 —
J 2 TS TR 59 R 1 e A e e T L b B
R H D T IR UORS Bk e AR e IR B IR
21y 07 O 5 SRS A B I A B0 R R B L
AL Oy AU @ R A W P I AR e ok AR
SRR AR ) 5 B0 TR A e 2 1 » DT 52 B AN v A 4
J& Je IR B o B . A F L AR L B Ak B
TEW DK VA5 I e 2% W 4 ol 4 O T — LA R T

B . BEE RIS T — B0 A e 4 B A R T A AL
5 AN I A Wy w1 TR A g AR
AR50 B0 AR A RN PR RE R E 2 R Z — 2
e Je ey, JUHIE A SR B Ik, XM
S 2 W 2 0 L AR 7 ) S A 4 DR RS A R B R e
AWy 2T AE 2 N P BE Y 4% 1) S P O 5 B AT
FE A HOROU 7 o B A0 P R 4 A AN R AR
JEJe ey F BB

SR o AN ] A oMb B9 55 b 3R T 2548 A LA Kk B R
B4k BRACR AR AA ] A7 284 Ml A 5 Ak BRACRAR 47
B2 R RE Y T 2B BOM R 53 A — A b SR HI AT fiE
AR 25 33k I R D 5 A FRASOR 19 52 0 [ 3R AR - A 0k

ESTAR: BHEE AV ETR LT %I H H (2016YFB0300102, 2017YFB0304000, 2017YFB0304001) 5 [# % [ X Fl 2% 3L 4 % B i H
(51874031, U1860206,51725402) 5 1 e B I A BHIF Ml 55 3% & 00 9% & W B 35 H (FRF-TP-17-001C2, FRF-AT-18-004) ; i 5t 4 /&

£ i [ i 15 £ BRI 50T R 920 & (GREMD AE mURHER

EEB®E . XIBEA983—), B, i+, BRITFI;
BIRMEE: B CA985—), B, 4, @IHEE;

E-mail: liuzhentong@sgqg. com;

2 BUAE 5 0 (HQSO) ¥ Bh 3 H

YfEEE . 2019-04-22

E-mail: wenyang@ustb. edu. cn



30 W

B 5055 &

BN DN R R G e LA R TR AR A
AEARTT R 4F 1 B A BB RO, o AR SO R I 4 49 29
Ak BSR4 R 0 DN 3R AT ) O AT L O S B A e
1 85 A AR AR AR (I —E 945 T

L 4R An Iy & A 5 89 % o8

RN — T AL B M e 2 RS
) FactSage T8 1 1 600 °C T 48 22 94 9 W 45 4k 2
I W AR A SN 1 R . Bt 2 9 RS
ST BOH N B rh Je Je W i B AR Bk AR O AL O, —
CaO +» 6AL,0; = CaO + 2AL0;, >R & Je ) —
CaS+CaO, Py WA B 17 DXl B A 28 Ak el
P B bR A 50 5 5 B b, S BTG [ A A 4R
1% 6 i 5 14 5 /NS 5 2R S5/ N 4% 4 (Cag ) » E CaS
77 A 1 B K A A KNS 2 (Cay) o B TR N
TR R S A R B VRS I Z ) B RS 1Y B
NI 43 FCR 0..000 8 %6 5 4 Hp 4 11 i K o 4 B0
0.002 6%, B P v BA 52 X a0t b7 (4 90 A5 7 11 Xk

0.010
7=1873K
w([S])=0.001 4%
_ 0008 w([Al])=0.034%
& w(T[0])=0.001 5%
Tﬁ 0.006 WS
1
= ALO,
§ 0.004 3CA6 Ca0
;:"2 A2 ¢ CaS
0.002 Ay Ca,
X\ t A\"p\.
0 0.001  0.002 0.003 0.004 0.005 0.006
w([Ca])/%

1 BEEMEAEIERAYBETHARTHLER
Fig. 1 Calculated inclusion transformation during Ca

treatment process of pipeline steel
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modification in pipeline steel

L2 WRERS IR
AP i o ) 82 W B 2R BUAE P 5 T — 2 o

v B 32 T 5 B g BT TR R A D Y A A
EEG I I W) s R R A AR AL 5 A0 FeO 552
Xof 5 AT S Ak o DT I8 AP 1) A5 238 0 5 Ak B ASCAR

KL AATT0 B A 40 9885 Ak 2L B i 2o
T 0 8 HR I A A 4 ke S B, L ST 4 Ak B A, 2 A A
T T DA B e sy iy S sl Fe e, R AR B
AN TEE AR S B i AN B Tl
CaO 1R i It LATE i 30U 10 S T 22 ] 23 & A= CaO
I8 0 ik S » 3 il L R 8 ik A5 A% s BB K op s 2
e AL O, JeZe Wb iy 8, AT AR S S8 IR . K
U FE AT MR RS A R AR AR B L 0 201 [ B 25 Ok A i
A ST 1 3 8 43 o e WEER B R AT R AR, DT S 8 R
28 )5 4N Hh A aE A R

H ) 12 05 P A 5 2 MR Ay 9 2 3 o A v
T DA b — s B A B TS A R IS kb e
5 2R 3R] 5 2 A 25 A DA B TP AR A A 2 5 i
HIE A ERIZINEL R N, — XS SHS S
VR e 2% W e M Y A B R A3 B AR BP A Y U AR
RN Iy —J7 . 2y B T R RT I A A A A R
M2 ECH b TLOJ BT & 43 g X i 2 1R 2 4
b BB 6% WL %€ 30 45 b B S A v TLO D 5T 43 5008 i iy
JRHZ—,

PR 1, ARSI A, o 45 4 B L R R N
A I 0 B4 I FE 1 5 5 28 MR A S I X 4 D
T SR N DA R T AR S B AR T B e R A
K T 3 R B A3 AN S AR TR] S PR 07 8 57 R DG 45 Ak
B 254 2 RO [ 19 0 80T B2 L 3 A v
7 B8 S A R Ak B RS AL

2 eEAt R ABARE R a

20 B 4 4k PR AR L S ) S Em A DT A
PR WG R 2 3k o g I 3k e ) T S A D 2
T » 30 3 WA 2 0 1A R AT TR LS A
TBCIEAT IV o T 53 50 TR W Gl G T
TS SRR 4 52 00 [ B P A S AROR St 5 1
FCRE B B 032 A L MR B A A b
HEOR B RAE BB SRR b OT K ORI R A 2K
J TG 2R 2 BRS Ton Ak i RSG5y 71 4 — I L A A AL
AL ABUST A B /N T T A 28 4 AR G A 2 4
H R 2 HUAR s T 20 B4k — 8 10 1 B R f S i ddi A
4G 0 B AT P B K v R e A B T
o 2 AR RLBR B Ok 5 B K TR A i R AT e S
I8 o 38 2o SR 4 Bl T 2 A 3 8 4 B
FBR I A A e 2 T 3 LA K OHE B RO 5 B o) A



32 W

B 5055 &

B, W& L2 RME, BIERPB IR EBORE
th o 2R 77 BUAAR B » i i e — LR ) T 20K LA D i
] R0, PRI S BRAR IR 4 o R 110 B9 0 5 Ak P 2R P R
&k,

MR E T T & 45 G 4 Fh 28 FE 2 AL 4E CaFe
2 .CaSi Mgl Ca L5, K X IEWAEZ . &~
) il 2 B 4 ELAT A TR) 0 R a5 9 R £ ol 7 32 A 4
FRISE B 1) 1 2SR EA T 1 4%

M CaSi 4 1 Pt A5 H 45 3 o b 4l 45 4 AIG, TR
AN 5 RE 65 D A s8Rk S R T R MR B A KT R
S0 B VT IV O T G ) MACA S R R T v
SR AN S T AR RE & R SR B A, i Bl T
AR N CaSi #3551 1) J53 B AN G- PRAIE 5 B LAY 78
G B G » DATIT R AR A5 A 2 9 2800

MR 05 28 1 P A 2 0 R Dy Tz s i R
5 1 B T BOAS A P G R R S R
LRl AERY e L NI T R (1SR e
T . Y ORBE A B0 6L B 00 1 ORI 22 Bl g

" w([CaO])/%
T - N

* PR

— 1873K -

— 1873K 50% Wi AH
e 1.5um

) =10um 25

0 75 30 75100
w([CaS])/% W(IALO])/%

() Tk Bk 4 A 5

w([MgO])/%

w([CaS])/%

(R $2 T o B BB A58 115 4 2% A B AR AL it T L R E
TR P s A R AT L RS R R 2 R i
AU JZ B Bz A8 2 Bl 0 4 40 2k HL Bk R 1 IR
7RI 03X L8 AT BE 8 — B RE LR AL Ak
(G

WA o I AR A5 4 TP R DA % B A T A ok
A2 B EERNAET S RPN REN S
G A A T R 2 X AN Ry B P e e
A EE LS — ke TR R MR R A (EA B
AT D o B 2R fol 3 R 52 A5 O A £5 L O i AR
M. BlnGEg G 4 b & A —E & 04845, 8 o bt
78 0] DAFE Tolb A 7= v s 80 ek kAR 45 4, A R
UF 1) e 2= W s 1k sk 2R S ) B 3 BE A5 R A R AR . Tl
Az 7 RO R R A IS B I R W A3 43 A
K6 prRtY T R RS S A MR e R
5 AT S B e % W 1) R R P Gt 3R W A A A B
A 7 S R Hh 2O A B 4 Y 2% BT R L R S
HMPLEW . A .

w([CaO])/% w([MgO])/%
0 25 50 75 IO%

0 25 50 75 100

w([ALO,])/%

(b) ek gka 45 .

6 TAEFRMERAESHEREMES S/

Fig. 6 Compositions distribution of inclusions before and after addtion of SiFe alloy in industrial process

3 AAEITELRENT W

BUACIR 4 i 5 0 4 4 Ak B SR MR 2G5
MRZL B B A BN AN 7 BRI IR R
MRZG A ARG R A il L R S &
X Ak BRASCR 5 A S

MR 2R G A L IR AT . IR R
KNSR BREAR B RAREA R LG
BAE TR T A L A o ke A AR T Bl
AT a5 PR AR R TR B9 5 4ok A KAk
A AE B IR A — 3 R B vk B o v S M
AR F 55 2 T DA 5 Ah— i S Y 448 3 2 T . DA T

SEUE A U R FE . Basak S % BT R UL b
A MR ARG B B WO AR S RS B

HT T 2 A I ] Y B AT TR RS2 D R L AE IR
BRI A 25— E T b R 357 DR 10 25 RS B4
AAE R A JOE A A B S B A 2
WL TN ST AR R PR BT R S A AT
FMRARERAIE AT REA R E LM . RS A
JEE X HMC A SR B 0 A R 2 AT T T AR X T
AT HE— 25 0T Ji A%

TEF5 LR IR AR i e v B 4k 23 L 5 25 UM
ARl 2 Dy S P AL . O T IR 11 4
bt A BF T AE 8 Sk A — R B R



PUEZE SR ) R P O E S A TSN 33

LB

FRAIRZNL SRS

[OMN2

B7 REREHETE

Fig. 7 Schematic of wire feeding equipment

N7 S A W LA By L O ) B R A A B
HIRIXATTRILATAE — 58 WA L Ay ifs 2t — 25
FEAE .

5 L IR B REL 118 AR 2 R R A A B A B YRR
I A Y ¥R 32 Bl i KR TRt T A A A TR P
F4 452 B ISF TR 5 DT i o 45 O WACAS R o DRI 5 A B2
Rl 5 BRI A B VIR . A O BRAR B — Rtk
ASUNIE 8 B G LM B B AR W
FEOXT SRR AG 20 R R IR B2 18] 2 3 BES R
S B B A S B S S — il BT X
R BE % T 1 M i 10415 04 47 FBORIA A%

B8 SEREZNETEE

Fig.8 Schematic of reasonable wire feeding position

4 45 KL BT ALEY R

TE R FH RPN #5240 LE R 5+ RH RS 528
JEIN R AFAE G AL BRI BLAY G080 A SE Al 7R LE K
Hr A RH RS #5 2Z2 18] 9 47 85 4k PH . A7 26 Al SR BUCAE
RH A H e BEAT A5 A0 L K B0 AN [8] ) 5 Ak B i
HLXT 45 A0 BEAICR 2 A7 S0

PHAL PRI Pl BEA PRl — TP LF KR4S
FOMN RH K5 BT 86 i 2647 85 Ak B, 3 Fp 2509 18 A5
S 5 Ak T AR B AR T T 0 R R A 25 BR 5
S Ak B R RS e R W B 22 X OR RST
S WA REBE 5 4 1 L T ELAE BE S 9 RE RS R
T PR 25 BB 2 o sk 0 o ) 0 9 s S RS A R
TS Ab AR R FEAR . 28 A R 7E RH OKGHR )5 47
BHAL PR T2 R0 5 R B AL PR AT AE 4208 i RH S
oK B T A e 24 ) 0 LR KR T Sl 2 ) B 22 b 25
B s AR R /N RS e 2 A B i 1) % Ak B e A
PR 58 4 i ELIA D 85 Ak B1US BeA A3 A0 B B A I
PR 5 R AR A A B AR RS TR A 5 2R
JRCE R RS ) 785 5 R TR £« K 6 S s ) I RE S B
JE AT B B B I (8] R AT 25 B R BRABCR AN

LA 55 A S BN ] o %) 55 A BEAOCR AT
W, AT RIF ST WIS A A b BT ) IR B B s A
JH ] =) CaS, B 3 1) A 3 00 RS 1) 477 5, CaS
P i [ I e 2 Wy e A2 g B R R Eh . PG Ty
SEAE 5 Ak PRE PRIE AL 85 9 O I [] L3k 21 S A 4 ek
PR H B

HIRAS AR AR 7 B B A KPR K
S LA B 7 A Rl 2SR SR HE & B O ROR R RS
AET 2 BRibZAh B4R B 5 B A AR . E N
DRI TR U AL AR 2 T BORS A BESCR FE A
UL o PR P 58 B 0T 5 Ak BESCR B DR IR AR AR E 2L

5 4iE

M2 A T5 THT X B 150 L 9 805 A T AR 114 5 i PR 3R
S SRS o FUAE AT T 06T 2 B 3R A A B 9 A i
O3 BRI B AL B A B S AR B R G AL BE T
ZARNERY R R LA SRS A PRI HLAY 20 o 45 Ak BEASCR
LA NS OF 2% N IR o AT I S A S S N
SR . 2l HA A 2% B i S22 R e
SR TR T i FA R A BE X 45 Ak B k17
R V2 1) o DA T A4 280 AR 9 Ak PRASCR

SE

C1] 70k, kB, ML, 5. DK SPHC 45 &b 3 1 44 77 %
Ay#rl)]. W EE 4, 2017, 27(1): 50. (SUN Bo., ZHANG
Liang-ming, WU Yao-guang, et al. Thermodynamic analysis
of calcium treatment for SPHC steel in Masteel[J]. China
Metallurgy. 2017, 27(1): 50.)

2] #esoc, RAA, RS, S5 5540 35 2 6 -l 98 578 b i
g s w g m L] DG 4. 2017, 27(4): 11 (YAO
Deng-yuan, WU Hua-jie, LU Peng-yan, et al. Effect of Ca



34

e

555 &

[4]

[6]

[8]

[10]

[11]

[12]

[13]

[14]

treatment on sulfides morphology in S-bearing non-quenched
and tempered steel[J]. China Metallurgy, 2017, 27(4):11.)
MR, BRXIE, B, & BALEEX 430 AN H AR 2R
e (1], s E A 4, 2017, 27(10): 15, (YU Da-
gang, CHEN Xing-run, CHENG Yun-xia, et al. Effect of
calcium treatment on inclusions in 430 stainless steel slabs
[J]. China Metallurgy, 2017, 27(10): 15.)

I R GEVRRE L SR A F 6T R B R B AR b e e
Ytz mg [J]. B8k, 2017, 52(4). 25. (GAO Sheng-ya,
JIANG Min, HOU Ze-wang, et al. Effect of calciumtreat-
ment on non-metallic inclusions in high carbon aluminum kill-
ed steel[J]. Tron and Steel, 2017, 52(4): 25.)

FEAE, K, T LME . . EEAL R A R ()], W
2, 2018, 53(4);: 37. (TANG De-chi, ZHANG Hong-yan,
JI Li-peng, et al. Cleanliness of calcium-treated wheel steel
[J]. Tron and Steel, 2018, 53(4): 37.)

MW, XU, IRRIAE, SR R TR RN SR RS AL B LA
ML)l Mk, 2019, 54(9): 62. (XIAO Zun-hu, LIU
Peng, XU Gang-jun, et al. Selection of calcium treatment
technology of LF refining for different steel[J]. Iron and
Steel, 2019, 54(9): 62.)

EARER . ZEME, M. & A0 b A b 3 T R 4 R e
Ze RS2 R ()], 4N 4%k, 2019, 54(11) . 27. (WANG Lin-
zhu, LI Jun-qi, YANG Shu-feng, et al. Effect of calcium
treatment on characteristics of non-metallic inclusions in steel
containing high AlI[J]. Iron and Steel, 2019, 54(11). 27.)
YANG Wen, ZHANG Li-feng, WANG Xin-hua, et al.
Characteristics of inclusions in low carbon Al-killed steel dur-
ing ladle furnace refining and calcium treatment[]J]. ISIJ In-
ternational, 2013, 53(8): 1401.

Mitsuhiro Numata, Yoshihiko Higuchi, Shin Fukagawa. The
change of composition of inclusion during Ca treatment[]].
Tetsu-to-Hagane, 1998, 84(3). 159.

YANG Wen, CAO Jing, WANG Xin-hua, et al. Investiga-
tion on non-metallic inclusions in LCAK steel produced by
BOF-LF-FTSC production route[ J]. Journal of Iron and Steel
Research, International, 2011, 18(9). 6.

LIU Jian-hua, WU Hua-jie, Bao Yan-ping, et al. Inclusion
variations and calcium treatment optimization in pipeline steel
production[ J]. International Journal of Minerals Metallurgy
and Materials. 2011, 18(5): 527.

Simpson I D, Tritsiniotis Z, Moore L. G. Steel cleanness re-
quirements for X65 to X80 electric resistance welded linepipe
steels[J]. Ironmaking and Steelmaking, 2003, 30(2); 158.
WANG Xin-hua, LI Xiu-gang. LI Qiang, et al. Control of
stringer shaped non-metallic inclusions of CaO-Al,O; system
in API X80 linepipe steel plates[J]. Steel Research Interna-
tional, 2014, 85(2): 155.

ZHAO Dong-wei, LI Hai-bo, BAO Chun-lin, et al. Inclusion

evolution during modification of alumina inclusions by calcium

[15]

[16]

[17]

[18]

(191

[20]

[21]

[22]

[23]

[24]

in liquid steel and deformation during hot rolling process[]].
ISIJ International, 2015, 55(10): 2115.

XU Jian-fei, HUANG Fu-xiang, WANG Xin-hua. Forma-
tion mechanism of CaS-Al; O3 inclusions in low sulfur Al-kill-
ed steel after calcium treatment[ J]. Metallurgical and Materi-
als Transactions B, 2016, 47(2). 1217.

W, A, skanig S AR b B 2 B AR B 2k
Zewr(J]. b EIA 4. 2018, 28(s1): 70. (YANG Wen, LI
Chao, ZHANG Li-feng, et al. Reduction of B type inclusions
in pipeline steel by optimizing calcium treatment [ J]. China
Metallurgy, 2018, 28(sl): 70.)

M, KA, B30, SF. MgO-AlL Oy 296 25 ¥ 45 4k B )
2% R DA REOF 7 [(C1// 8T Jua (2016 4F) 42 R 40 2 R
£ Kb P E &84 4, 2016: 152, (LI Chao, ZHANG
Li-feng, YANG Wen, et al. Thermodynamic and industrial
study on the calcium treatment of MgO-Al, O3 inclusions
[C]//The 19" (2016) National Steelmaking Academic Con-
ference. Changsha: The Chinese
2016 152.)

YANG Shu-feng, ZHANG Li-feng, LI Jing-she,et al. For-

Society for Metals,

mation and modification of MgO « Al;O;-based inclusions in
alloy steels[J]. Metallurgical and Materials Transactions B,
2012, 43(4) . 731.

W, BANE. WaSE AL ]. REHR M. 1986
(1): 9. (JTANG Meng-long, WU Xiao-lei. Review on calcium
treatment in ladle[ J]. Heavy Castings and Forgings, 1986
(1:9.)

R, FOK, EE, A BRI TZLI] WA
24, 1989, 1(2): 1. (ZHANG Bin-ying, ZHI Shui. GAO
Feng, et al. Study on new technology of wire feeding into
steel[ ] . 1989, 1
(2): 1)

LI Ming, LI Shu-sen, REN Ying. Modification of inclusions

Journal of Iron and Steel Research.,

in linepipe steels by Ca-containing ferrosilicon during ladle re-
fining[J]. Ironmaking and Steelmaking., 2018: 1.

Basak S, Kumar Dhal R, Roy G G. Efficacy and recovery of
calcium during CaSi cored wire injection in steel melts[]J].
Ironmaking and Steelmaking, 2010, 37(3). 161.

Verma N, Petrus Pistorius, Richard Fruehan, et al. Transi-
ent inclusion evolution during modification of alumina inclu-
sions by calcium in liquid Steel: Part II. Results and discus-
sion[J]. Metallurgical and Materials Transactions B, 2011,
42(4): 720.

REN Ying, ZHANG Li-feng, LI Shu-sen. Transient evolu-
tion of inclusions during calcium modification in linepipe steels
[J]. ISIJ International, 2014, 54(12). 2772.

ZHANG Li-feng, LIU Yang, ZHANG Ying, et al. Transi-
ent evolution of nonmetallic inclusions during calcium treat-
ment of molten steel[J]. Metallurgical and Materials Trans-

actions B, 2018, 49(4) . 1841.





