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The Effect of Composite Treatment with Boron and Cerium
on Solidification and Precipitation of S32654 Stainless Steel
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Abstract: The high alloy content of super austenitic stainless steel brings excellent performance, but also leads to bottle-
neck problems such as coarse dendritic structure, severe segregation, and strong precipitation sensitivity. It is crucial to
regulate the solidification structure and precipitation behavior of super austenitic stainless steel. In this paper, B and Ce
composite treatment was carried out on the basis of super austenitic stainless steel S32654, and the effects of B and Ce
composite treatment on solidification structure and aging precipitation behavior were systematically studied. The results
showed that after composite treatment with 0. 002% B and 0. 035% Ce, during the solidification process, the inclusions all
transform into Ce containing inclusions with increased number density and size, and no borides form; The dendritic struc-
ture is significantly refined, and the secondary dendrite spacing is reduced by 25%; The number of o phases increases and
the size significantly decreases; The segregation of Mo element significantly reduces, and the solidification structure is sig-
nificantly improved. During the aging precipitation process, Ce significantly increases the role of the o phase and Cr,N
nucleation sites, slightly promoting their nucleation; B and Ce can jointly inhibit the growth of the o phase, significantly
reducing its size, but have little effect on the growth of Cr,N. Overall, the composite treatment of B and Ce has a good im-
provement effect on the solidification structure and aging precipitation of S32654.

Key Words: Super Austenitic Stainless Steel; Boron; Cerium; Solidification Structure; Precipitation Behavior; o phase;
Cr,N

November 2025 * 95 -+

B BT B AN T 2 i, 38 B T A A 5
AR S 1 R P85 AT S kA ﬁﬁ%‘@ﬁﬂﬁu
T A R ,Q%AEEWHJDF RE S DL 57 B
PR AR IS AR . R AR SN e
'k”ﬁﬂf‘éﬁﬁi\E%H%1£,T$D?§ﬁ7k?ﬁ1{3%ﬁliﬁ%fﬁ*J%Iﬂl

T Y RIS AR 2 e i S ) S
FERF> o BRI A B 4 i i e — 42 W IT 817,
TE R FEARTHERE AT R I, L2 98 IO AN B I Y
A R T RIS A, FEREE R
BT RS FECRYUR AR NA IR JTR

BEEWH: ERH AR 7B H (52325406 ,52374334, U1860204 )

TEEREN: BILH(1996—), B, 14
BIEIERE : 2L (1963—), 55, W+, Bz
Editorial Office of Special Steel. OA under CC BY-NC-ND 4.0

E-mail: yujiangtao@baosteel.com;

s BHE: 2025-08-11

E-mail: jiangzh@smm.neu.edu.cn



« 06 -

FEIRIN

546 45

PATT ™, HL 4 @ (AR R T 5 A Bk AT N
T AR AR BT H AR 2 T B KA AT
LR B ORI Ak i TR A AR . e, e
IR AR R B0 $32654 1Y IR AL R 2 i
PRI, 2% R EC AR AN 5 B [T 2 LRI 11 AT R
(OB E PR S

B 4 JC 3R A R 5 ) B [ A 2R AT R Y
HEHNE, AEZHRFCELELMAESLET
B0 T R VA 4 L CC AR AN 55 9 1) 5 [ BT 3 )
R, AR IR AR N 42 )8 )4 (o x Laves
FHEE) AR A ALY (Cr,N M,C, 25 B F B KT 2,
Cr.Mo FINE £ G S0 EZ MM —E R E L
A3 5 [ 2 SO AT H AR BT B 0 SR, R
R EEG LR T M & S BURSYEEME L
A3 T AT AR e BT HL R 2% 1k DL B A 3 1 A )
R, AN BE MR AS I 25036 68 2 AL AR AN 45 5 11 45 [
FBT RS, PR, B3R FLfh B D 6 5 HAT 30 7
BHAEERE Y.

A 4 T 16 R M 4w AR LR R 1Y
ARGERTY  FERZMASITTE T, BN
—MaFHERNITE, BN TRES
& ARA SR A AN T
AR, BT R 0 AR A A AT R 0 b R A
FHTE R SR, B AR T 550 AV o) 58 T o B e
SRR ST , Y B B R B ST
e AL I S TR A P RE D PRk, Al B
A BA —ERRBRTE, RZHFREW, 7+
JCE Ce NN ANALAEL T2 20, A JEAT S AH R
B, X B A 2 B IO AR R,
BAVERTIIBTTE R, Ce A b2 580532654 i}
RAOHT H0 Ao R RS RS I, X LA 2 40 i BT
P TR B R BUIR 2 X S32654 17 B
Ml Ce B AU AL B A Ce ZHE VMR MEFT , 1t 1
W E [ ST PR BT AT R, S 8 P 8 G AR
Y A ) T 5 ) A

AW 5T AR B IR N 559 S32654 1 B |
AT T B Ce B G ACFE, REGEASGE T BN Ce A 40
BT B [ 2 ORI O e AT S i sZ e BB T B A

Ce B A5 Aub ¥ 200 Tk BEE [ 2 280 | 43 058 61 i AT RO 1 1)
YEFIALE, #8751 B AN Ce 5245 Ah BHLXF AF 00T 1 2o 72
W o A Ce,N T A% 5 A4 K g S AILEE, Xt B A Ce 7E
BHRCAEAFEN T E G N HEAEESEME.
1 ELWhHBlKkAE
1.1 SKEMES&E

AT 25 kg IR E R T B Al Ce &
A b B (1) 8 B TG AR 85 4K S32654 FAs 1.
Tl A JE AR 4 JE % AR 4 R R | PR R A
Tk gl 8k 5 A & RHE L e o m oAl A/ A%
(% wNJ11.26%) MSAB A QGHE 1 0.12 MPa)
TR A &AL, M IABREE S 4 (% w[Mg]20%)
HATIR AT B Ce EGALTE, 7EBHICe B
GBI B, B AR A, Ce LA iR 215 £ Ce
(Fwl[Cel99.5% LA 1) BIE M A, Wi WA 2R
AR 90% F121%. felm, BEAFHSER Y. FIHA
AT T BRI T S AN A S PR AL AR LT, 2 R
UL 1o T 85 5E AR R 40 B B8 BE [ 20 2R ) L
FEEEAE 1 280 “CRpil 4 BTAk 8 h, Bl J5 7E 1200 "CLE A
RO AAEL I B 6 mm VAR , T ISP 8500T S5
1.2 BREHRS TR

A B R ) A7 i 1) B 1 4 280 43 B ik, RS
A 10 mmx10 mmx5 mm. A G 2% B W 5 B
(ODM, Olympus DSX 510) X[ l56FT BE 5 il AE A 7
w125 WL, If-18 1 Image-pro Plus 6.0 B {F X} 3 242 )
(5 AR AT G R e M . il A
1#%% (SEM, Carl Zeiss Ultra Plus) FIBETE{Y (EDS, Ox-
ford x-max 50) X J& Z& ) FATT H AH 09 HE 550 A0 RS A
i T R S ) o R4 T AR A3 AT o 76 K (HCL:
HNO,=3: 1) F 1.7 V2247 X RE 54T 5~15 s HL it
J&g b, 1 H] ODM WL 1 A b 4121, Jf-3d ik OLY CIA
m3 EG 5 B 8 i AR AR TR . o BT
AHWLZE FN 3 BT B RE SE AE 3 g FEBR+100 mL £h 2
Hh5~10 s, L EZ M 1.5 V,ﬁﬁﬁ'lmage—pro Plus 6.0
BRA AT H AR 0 50 AR ST A TS RN AT
1.3 BT HITASFRIE

766 mm G EVJEL 10 mmX10 mmX5 mm [

®1 KEABRERERFERNULZRS (RESE)

Table 1 Chemical composition of the experimental super austenitic stainless steel %

W= C Si Mn S Cr Ni Mo Cu N 0 B Ce Fe
BOCeO 0.014 0.37 2.96 0.003 9 24.42 22.54 7.32 0.44 0.50 0.002 4 - - Aim
B0.002Ce0.035 0.013 0.39 2.99 0.002 1 24.46 22.52 7.30 0.46 0.50 0.0014  0.0019 0.035 P
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Table 2 Elemental compositions of o phases formed in

the two heats experimental steels %
[RS2 Cr Mo Ni Mn Fe

BOCeO 27.87 24.54 14.43 3.34 29.82

B0.002Ce0.035 28.24 23.77 13.98 3.32 30.69
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Table 3 Chemical compositions of precipitates formed in

two heats steels %

AR A GiR=2 Cr Mo Ni Mn N  Fe
BOCeO 30.85 22.11 11.74 2.52 - 3278
B0.002Ce0.035 30.63 21.97 11.59 2.34 - 3347
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