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Research Progress on Performance Regulation and
Preparation of Soft Magnetic Ferrite Stainless Steel

Wang Rongkun, Zhang Xiyue, Zhang Xinyu, Li Wanming
(School of Materials and Metallurgy, University of Science and Technology Liaoning, Anshan 114051, China.)

Abstract: As automatic control technology deeply expands into complex environments such as gas-liquid-oil mixed media
and alternating temperature-pressure conditions, soft magnetic ferritic stainless steel has become a key material due to its
excellent soft magnetic properties and corrosion resistance. However, the optimization of its multi-objective performance
presents significant contradictions, restricting its high-end applications. This paper, based on the typical characteristics of
the 430 series stainless steel, reveals the antagonistic effect of chromium content on magnetic properties and corrosion re-
sistance. It proposes to achieve synergistic regulation of composition and microstructure by controlling ultra-low interstitial
atoms (C+N)<100x10°, adding stabilizing elements (Ti/Nb), and optimizing heat treatment processes. Secondly, it ana-
lyzes the mechanisms by which solidification quality and grain boundary engineering enhance fatigue strength and anti-
wrinkling property. It further focuses on the Metal Injection Molding (MIM) process, clarifying its core advantages in the
preparation of high-precision complex parts—tolerance +5 wm, magnetic property deviation <5%. It also demonstrates the
feasibility of its large-scale application through cases such as Indo-MIM post-heat treatment technology. Finally, it points
out that future research needs to construct a quantitative model of composition-microstructure-performance to break
through the contradictions in multi-objective performance. Through the deep integration of MIM technology and simulation
technology, it aims to promote the industrial breakthrough of soft magnetic ferritic stainless steel in new energy vehicles,
micro-sensors, and other fields.
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Table 1 Classification of Ferritic Stainless Steels
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Table 2 Typical grades of ferritic stainless steel

wlCrl/% AL A
8~13 0Cr13;00Cr13Si2;00Cr138i3; AISI405
14~18 00Cr17Si3;00Cr17Si2S;00Cr18Mo2 ;0Cr18Si2Mo2;430;
430F;430FR;18-FM; MG2;MG4;1.41051L
19~25 K-M45; 1Cr25Ti;00Cr26Ni6Mo4CulTi
26~30 00Cr30Mo2;000Cr30Mo2; 1Cr28Ti
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Table 3 International Soft Magnetic Stainless Steel Production Companies and Their Product Lines
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[ K245 (Carpenter) 23 ] 430 430;430F ;430FR
H AR AR IR AR A BR 2 7] K-M K-M31;K-M35FL; K-M35CS; K-M35ST; K-M41F ; K-M62F ; K-M45 ; K-M57
7 ] %\ ] (ZAPP) ZAPP 1.4105;1.4016;1.4125;1.4113IM
BARAEEMN T (Valbruna) MG MG2;MG3;MG4; MG5;MGC; MGT
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Table 4 Chemical composition of Carpenter Company s 430 series soft magnetic stainless steel %
ik Cr C Si Mn Mo P Ni S
430 <17.50 <0.015 <0.90 <0.40 <1.75 <0.02 <0.20 -
430F 17.25~18.25 <0.065 0.03~0.70 <0.80 <0.50 <0.03 <0.60 0.25~0.40
430FR 17.25~18.25 <0.065 1.00~1.50 <0.80 <0.50 <0.03 <0.60 0.24~0.40
XM-27 25.00~27.50 <0.01 <0.40 <0.40 1.00~1.50 <0.02 <0.50 -
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Table 5 Performance parameters of Carpenter Com-
pany’s 430 series soft magnetic stainless steel
we ks WL B u, HRB
KiEK  400~500 0.40~0.85  300~500 >92
4308 FLHLIE K PG 360~480 0.30~0.85  400~700 82-~91
ALPLEB K CG 240~400 0.20~0.85  500~1100  75~82
SE4siBk 120~200  0.20~0.85 1100~2400  72~80
FiEK  400~560 0.20~0.65  300~500 >92
J30FR FLHLIB K PG 320~440 0.25~0.80  500~800 82~91
AHLE K CG  95~200 0.25~0.80 1100~2500 80~88
Se4niBk 95200 0.25~0.80 1100~2500  80~88
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steel under different heat treatment processes
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B-H curves and magnetic domain distribution of
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Table 6 Comparison of ferritic stainless steel grades across countries

I (GB/T) FEE(ASTM) HZ(JIS) WAz (EN) [ FRARE(1SO)
06Cr13Al 405 SUS405 1.4002 X6CrAll3
022Cr11Ti 409 SUH409 1.4512 X6CrTi12
022Cr12 - SUS410 L - -
10Cr17 430 SUS430 1.4016 X6Cr17
Y10Cr17 430F SUS430F 1.4105 X6CrS17
10Cr17Mo 434 SUS434 1.4113 X6CrMol7-1
10Cr17MoNb 436 - 1.4526 X6CrMoNb17-1
022Cr18Ti 439 SUS430 LX 1.4510 X3CrTil7
019Cr19Mo2NbTi 444 SUS444 1.4521 X6CrMoTi18-2
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Fig. 3 Hysteresis loops of soft magnetic stainless steels with

different Cr contents
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Table7 Differences between products prepared by PM
process and MIM process
T ﬁ?ﬂf@ﬂ;ﬂ(i ﬁ]%'(ﬁﬁ;{r)ﬁiﬁﬁ
AR BORL R ST /pum 75~150 0.5~50
ARSI/ 1 T i AHEIN HALRE  Her sk o
e 2 I ] it 2 (R B /% 78~85 >98
TR/ BR A7 it /g >1 >0.01
BB /mm 0.5 0.1
1 /NME /mm ¢2 $0.1
R pk ek
T Al N5 [ERS8
iVERE (B REEEAR RER ORIRER IR/

MIM T 20 nl DL 5 22 b <6 ok 52 G P D e
ST, X5t MIM DOl A B3 e G B 525 T 17-4PH
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Table 8 Magnetic Properties of MIM Processed Alloys

g %ﬁﬁﬁjﬂﬁ/ FORHH HORRIRE
(A-m™) w,/10° B/1
SUS 316 L 2.11 <1.05 <0.25
SUS410 L 160 2.0 1.29
SUS430L 140 L5 1.58
MIM 2200 120 2.0 2.00
Fe-3Si 20~130 4.5~18.0 1.50~2.12
Fe-50Ni 7.5 413 1.50
Fe-50Co 80 9.5 2.2
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Fig. 6 Comprehensive performance comparison between MIM

and other processes
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