FRIRIN

SPECIAL STEEL - 1-

« XXXX -

Nb B EUTIWNEBEFHEET M X324~ mal
7H 2014 BE 22 i

L VY KA R AR A BR A FlH A L, KR 030003)

# E AR Cr-Mo-Ni-V 5 A 4 B/ PR R IERE AR 0. 05% w[ Nb ] 2L IS 750 “CiB kT 4L 4L &
1 050 °CE K +500 °C IR] ¢ S50 T3k BT R A 77 ) — Al Nb S0 A 4 fb U4 T8 7 40 45 25 4 X324 7= i o XF Nb i
B A AL A SR AR 2 A X32 I B AN FE AN ) T RS R 10 1 B8 UEAT T 40 Bt , I3 5 4 HH 2 U BE (OMD) Fags 4
FL T 3 fCBE (TEMD) A5 5 2 0P IR 50 AR IO 4 20 B e Ak ATt A EAT T 3R AE 20T o S5 3R W, X32 Al iR K S 4 &
FORRCIRER OGS, /N E R SR R 5 M,,C A8 (R SF 24 30~100 nm ) 5 850 220 325 101 U G
A WA N AEAE DB ARV 19 (ND, M) CRRAEH) B2 LA Cr Fe S EANETIR G S WEE X, SR Nb A & Ab 8L 4 T 5 4
SR A9 (X32-Nb) 72 BELIR k8 FL2F 1l B i T v, 35 X32 AR A BE J32 5 S B A T o, (PR
SRR, SR AR S RS A A A . X32-Nb i B Bl i A 50. SHRC SR 1 548 MPa i 3R 14, 5%, 98 5k a5 5%
I8y 70. 5 b, L P R .

KR NG &b ARSI A ALZUPERE ;s fRALIAT IR

DOI:10. 20057/j. 1003-8620. N260084 RESES TF142.3

Effect of Nb Microalloying on the Microstructure and
Properties of X32 Steel Strip for Backing Material of
Bimetallic Band Saw Blade

Qin Jie, Zhang Zhibo, Xu Mei, Li Cong
(Technical Center of Shanxi Taigang Stainless Steel Co., Ltd., Taiyuan 030003, China)

Abstract: The Nb micro-alloyed X32 steel strip, used as the backing material for bimetallic band saw blades, is based
on a medium-carbon Cr-Mo-Ni-V high-alloy composition system with the addition of 0. 05% w[Nb]. The manufacturing
route involves hot rolling and annealing at 750 °C carried out by TISCO, followed by multi-pass cold rolling, quenching at
1 050 °C, and tempering at 500 “C performed by the users. The mechanical properties of the Nb micro-alloyed X32 steel
used as backing material for bimetallic band saw are analyzed under different processing states, and the microstructure and
carbide precipitates of the experimental steel are characterized by optical microscopy (OM) and transmission electron mi-
croscopy (TEM). The results show that the microstructure of X32 steel strip in the annealed state is mainly granular pearl-
ite, with a large number of M,,C spherical carbides approximately 30 nm-100 nm dispersed in the fine ferrite matrix; the
microstructure of the finished product is mainly tempered troostite, with a small amount of undissolved (Nb,M)C carbides
and fine needle-like alloy segregation zones (primarily composed of Cr and Fe) distributed within the laths. The Nb micro-
alloyed X32-Nb experimental steel used as backing material for bimetallic band saw exhibits higher hardness and strength
at the hot-rolled and annealed, cold-rolled semi-finished, and finished processes compared to X32 steel, without obvious
deterioration in elongation. Moreover, the finished saw blade demonstrates a longer service life in the idling test. . The fin-
ished X32-Nb experimental steel saw blade exhibited a hardness of 50. SHRC, a tensile strength of 1 548 MPa, an elonga-
tion of 14. 5%, and an idling-test service life of 70. 5 h, thereby meeting the application requirements of users.
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Table 1 Chemical composition of the experimental steels %
Ti H C Si P S Cr Mo Ni v Nb
bR 0.30~0.38 0.20~0.35 <0.009 <0.005 32~42 0.90 ~ 1.50  0.60 ~ 1.00 0.32~0.42 <0.10
X32 0.32 0.26 0.007 0.003 3.85 1.30 0.75 0.35 -
X32-Nb 0.32 0.26 0.007 0.003 3.85 1.30 0.75 0.35 0.05
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Table 2 Mechanical properties of the experimental steels
in the hot-rolled and annealed state

. JEMRREER ,/  BURIEREE KR I CEERE
BRI MPa 7 R /MPa  A/%  (HRB)
X32 495 641 2 92

X32-Nb 553 705 215 9
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Table 3 Mechanical properties of the experimental steels
in the cold-rolled semi—finished state

. JEARGREER o/ PUhEREE MR R ICEE

A MPa 7 R /MPa A%  (HRC)
X32 759 801 8.0 23.0

X32-Nb 824 875 75 255
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Fig. 1 Tensile strength of experimental steels at various pro-

cessing slages
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Table 4 Mechanical properties and idling—test service life of the finished experimental steels after heat treatment

T H SRR EE R/ MPa PihiiRpE R, /MPa R A/% fifi f£(HRC) 2 I A /h

bR =1 100 =1 400 =12 >48 >50

X32 1172 1536 14.5 50.0 66.0
X32-Nb 1195 1548 145 50.5 70.5

Fig. 2 Microstructure of the X32-Nb experimental steel: (a) hot-rolled state, (b) annealed state
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Fig. 3 Microstructure of the X32-Nb experimental steel: (a) cold—rolled state, (h) annealed state
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Fig. 4 Microstructure of the finished X32—Nb experimental steel: (a) quenched state, (b) tempered state
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Fig. 5 Thermodynamically calculated equilibrium phase dia-
gram of the X32-Nb experimental steel
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Fig. 6 TEM images and selected area electron diffraction patterns of the X32-Nb experimental steel in the annealed state: (a) ma-

trix microstructure of X32=Nb in the annealed state, (b) electron diffraction pattern of the matrix—a—Fe, (c¢) spherical carbide, (d)

electron diffraction pattern of the carbide-M,,C,
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Fig. 7 TEM images and selected area electron diffraction patterns of the finished X32-Nb experimental steel in the quenched and

tempered state: (a) microstructure of X32—Nb in the quenched state, (b) microstructure of X32-Nb in the tempered state, (c) mar-

tensitic matrix structure of X32-Nb, (d) electron diffraction pattern of the matrix—a—Fe

TR ERESL RTES T

Fe C 14.95 49.31
Ti 2.74 222
Cr 1.85 1.41
Fe 45.04 31.96

Nb 35.41 15.10

4 5 6 7
fE/keV

K8 NbAfr A E ST LB I St D TSI (a) & Nh ALY, (b) 2 DCH TR E-MC B AL , () #rih A EDS J3#ir

Fig. 8 TEM images and selected area electron diffraction patterns of Nb precipitates in the X32-Nb steel: (a) Nb—containing car-

bides, (b) selected area electron diffraction pattern—-MC carbide, (¢) EDS analysis of Nb precipitates

FW, £ (Nb, M) C B g5 A 9 B H 2L A T A0 37 7 45
¥, 5 a-Fe 2k 2 4 3L & 2 8] 3% 1 Baker-Nutting ¢
#,0100] . //[110]co T NbC AT a-Fe [ ik &
B2z AR/ XCRh SRR SEA ) 56 R A B T R S if
A IF 3G AR T FLACRE , A7 R0 ) B8 AR ok i 4R
MALZHZ RN X32-Nb 45 X32 7E AL & 2%
Kt 45 T RS F ELA T vy A A B M SR T

I it S B AR AR A R b [ R ECAARAI 4% P9 1) 40
ETIRA 4 M 5 X0 T 22 19 ML, C ik A 4 A T BB AIE
T AL TR S Sy A A B, Bl KRR RE F1 5, L
AL R BT I o PERE
3 iFig

I AN X32-Nb #5 X32 ZE VLR Ak 2 5L Al
KCTJPRAS T Y 2 00 B 5 J 250 r i o, X 2

FR A TAEFL R AR A, 38 4 FE A Y Nb JE A
Vs U 007 41 TR 72 BTG R 1 P45 o B 4 oK )
NbC ALY HT H X B8 EC A S AR BT HLAVE T (%
JETH R I R B 3G, )5 22 y-Fe—a-Fe #
AR PR T 22 BTG AZ S, DT 3 T A A 1
JEE I T

TEIE Kok T iR B A X32-Nb A 448K 2% NbC
WAL DT AP TR R R4, T ad AR rp R AR I
ETHLFTZS A A, 300 o 4 3R R ok S e Ak ot
K, TTARAS TG /N (2 5] BRI ZHZL, I fifi v
FLIB KR AR A e AR R, LSRG M
PR

TE R it v Tk L DK B B, B K X32-Nb 42 5¢
G W ARV K R AR AR A T IR 2L, i Dok
P NbC M U AFAE o R K5 X32-Nb 897 (1) Nb 343 B



*6 - FEIRIN

BRI, T I SR o) B R AR it b A s T B B 1) S
KR FEE KR, 5 AR 25 P A9 Nb fifi Cr Fe
A 4 T8 E LU M,Co 4 K G ik 4k 9 12 285K B80T
T 500 CAEAT M, Co BT 43 B84 I 4 {E 24 0.06,
G, A R T8 T v o

4 it

1) ¥ 0.05%w [ Nb ] 135 42 4k 193 55 7 X32-
Nb 8 X32 e LR k W 5LJ5 8 B 5 B 1 4
TR, e VR L K A B R 4 50.5HRC, T v 5% JiE
1 548 MPa, i K 3 14.5% , 45 4% 23 #R 36 75 i F 44
70.5 h, i R M RE

2)X32-Nb ik B I AFLIR R TEAN/IN R R 1

(1] Al , TR, WA . Wa R AR B T 2 S50 R
PILT] BERHEE, 1990(1) : 45-51.

(2] Z= B4, Nb 7k Cr-Mo-V-Nb i 580 v 1) 40 2L 40 Ak R 1 1k
TEFIID]. Z&5LE K%, 2014,

(3] RAEL, EUR, JRSCHE, 5%, 17Cr2Ni2MoVNb 14 %8 53 1 NbC
BT HH AR o R R B SE R (7). 4 Jm FA A B, 2023, 48 (1) :
122-127.

(4] EHAW, B 0, B b, 5. NbXRELIRRR I AR 4 5
PERERSENAL) ], SEMBH S, 2020(4) : 12-15.

(5] 8@RA, AT B8, skorid. et &m0 o NbC AT AR Y
A RALEEL) ], TRERMSA2EA, 2023, 45(10) : 1729-1739.

(6] WhizEH# . 30CraMoNiV i i 3 B2 59 A AR T 47 S B AR Ak B T 20 0F
FEID]. Kb MR K, 2021.

[7] Singh P P, Murugesh Kumar R, Mula S. Synergistic effects of hot
rolling and heat treatments on microstructural characteristics and
achieving ultra-high strength in a V-Nb microalloyed steel [J].
Metallurgical and Materials Transactions A, 2025, 56(10): 4524~
4542.

(8] EMWG, 4% & . FAbFET 20X 0 5T 5 4t 4 4535 A4 RMBO 4
HAVRPERER ML) ], FRIESN,2018,39(6) :54-57.

(91 B %45 /I, T ibsat . X32 v L AR HA 728 3l B RT3 o 4 21
WFTLI]. 4L49.2018,35(2) : 64-66.

[10] 3k sk, B5eZ, X, 4 . Nb & G Xf W3Mo2Cr4V (Nb) &%
AL GUR ) S PR RE RS A [J]. R R, 2007, 28(3)
44-46.

S LR B0 B R R BURLIR R B A, B
1R K [A] JE 4G M, C 23320 7 ] MC Ak e 78 o ik
55 HX X32-Nb 2 L5 fohr 2 U0t/ N A7 5% JiE
B, Nb JT 2 AT R A SR K AR 2L, Bk ik
YIERALTREL

3) X32-Nb 3t 56 4 28 5 i ¥+ 1K B
DL JE AR 3, B & e R ILT 58 2 L
WS WAFTE D S A0 BT IR G S W R X (Cr Fe .C) I
(Nb, M) C R ALY i o NbCHaRALYIHT H 5 a-Fe £k
F AR IR 2 (8] 3 Baker-Nutting )¢ 2 , 43 B T % AKX
S eI T LR i SoRRLAE  aifb gl 2
T LA B g R R R R BT I KR RE T
BA mbtIg 97k ee

[10] s, #e OB, Ko HR, A8 MA2 B B o R TR BE X i
WAL HLRI R (], WA @ AR S TR, 2017, 46
(3): 829-834.

L12] ZERA AR B XUH . PR T 20060 B Nb 55 Mo 280 H13 4
AL GPERERIM[T]. G Jm AL, 2019,44(7) :39-45.

[13] LiX L, Deng X T, Lei C S, et al. New orientation relationship
with low interfacial energy in MC/ferrite system observed in Nb-Ti
bearing steel during isothermal quenching process [J]. Seripta
Materialia, 2019, 163: 101-106.

[14] Azevedo de Araujo A L. Effects of microalloying on hot-rolled
and cold-rolled Q&P steels[J]. Materials Science and Engineer-
ing A, 2017(707) : 225-235.

[15] 220 0], (R . TALRA P e ()], Met S h 4
2, 2025, 24(4): 309-321+331.

[16] Zhao T, Hao X H, Wang Y F, et al. Influence of thermo-
mechanical process and Nb-V microalloying on microstructure
and mechanical properties of Fe-Mn-Al-C austenitic steel [J].
Coatings, 2023, 13(9): 1513.

(17000 H, 5, £ Fi, S ECT 2R M42-X32 X4 &
R A R rsE I [T]. SO T T2, 2019, 48(10):
217-219+223.

[18] Craven A J, He K, Garvie L. A J, et al. Complex heterogeneous
precipitation in titanium-niobium microalloyed Al-killed HSLA
steels—II. Non-titanium based particles [T]. Acta Materialia,

2000,48(15) : 3869-3878.



