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Table 1 Chemical composition of experimental steel (/%)

Samples C N Si Mn Cr Mo
A# 0.13 0.048 0.33 0.87 9.21 0.28
B# 0.13 0.049 0.34 0.51 9.08 0.26
C# 0.09 0.045 0.24 0.52 9.13 0.19
D# 0.10 0.044 0.25 0.53 9.13 0.20

Ni Al Nb \Y W B
A# 3.64 0.89 0.080 0.21 1.41 0.002
B# 1.39 1.00 0.081 0.21 1.45 0.001
C# 7.09 2.93 0.074 0.19 1.30 0.002
D# 3.67 2.86 0.074 0.20 1.29 0.002

Bl 1 AR Al S 2RI AR [ 3 A H
Fig.1 Solid solution microstructures of ferritic heat resistant steels with different Al contents: (a) A#, (b) B#, (c) C#, and (d) D#
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Table 2 Temperatures for the onset (A;) and end (Ag) of the

austenization process of experimental steel (°C)

Steel A# B# C# D#
At 723 738 727 856
Acs 760 753 750 905

B2 AFE Al & EZEARNMANIE 1050 CFRIE 1 h 1 EMANR
Fig.2 Microstructures of ferritic heat resistant steels with different Al contents at 1050 C for 1 h: () A#, (b) B#, (c) C#, and (d) D#
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Fig.3 Grain size and hardness of samples under different quenching

methods
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Fig.4 Microstructure of ferritic heat resistant steels with different Al contents under water quenching process: (a) A#, (b) B#, (c) C#,
and (d) D#
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Fig.5 SEM microstructures of ferritic heat resistant steels with different Al contents under water quenching process: (a) A#, (b) B#,

(c) C#, and (d) D#
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Fig.6 Oxidation mass gain (Am) curves of ferritic heat resistant steels with different Al contents at 650 C (a) and 750 ‘C (b)
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Fig.8 SEM morphologies of high temperature oxide layer of experimental steel at 650 ‘C for 168 h: (a, b) A#, (c, d) B#, (e, f) C#, and
(9. h) D#
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Fig.9 SEM morphologies of high temperature oxide layer of experimental steel at 750 C for 168 h: (a, b) A#; (c, d) B#; (e, f)C#; and

(g9, h) D#
3 &£ ip

1) SEIHNTE —E R T 40T, SRRFK
INMEIRCN DR AN . CHEN. B#N, TLHAAN A+ Al Al
Ni R INTE— @ FEFE 4k 7 kLR~ s

2) IR AT A AR S BEE Al JT K (138 hn g T
s SR B IR R R IBROR, A MR BERR T, W
(REE RN, HBREESWH Al SREMEZ, {ANSIK
HL RSP WA R K.

3) 7£ 650 CHEL T, PN 3%Al LLAs I 1%Al
(T iR B R BE 58 £ 750 CIREE T, AW b A& ek ik
WA Ni 22T —EMFEA, A-Ni HBOK, BER
DL TR P A

S3E 3k

[1] Liu Zhuhan, Ning Zhiyuan, Luo Qinlan et al. Materials and
Corrosion[J], 2021, 72(3): 495

[2] Li Linping(ZE#k-F), Liang Jun(ZZ %), Zhao Lei(& &) et al.
Heat Treatment of Metals(£: )& #4b3)[J], 2019, 44(2): 68

[3] Rajesh Kannan P, Muthupandi V, Arivazhagan B et al. High
Temperature Materials and Processes[J], 2017, 36(8): 771

[4] Muhammad Ali Abro, Junhee Hahn, Dong Bok Lee. Metals
and Materials International[J], 2018, 24(3): 507

References

[6] Xu Hong, Liang Zhiyuan, Ding Jianliang et al. High
Temperature Materials and Processes[J], 2018, 37(8): 733

[6] Li Jiansan(Z=# =), Liu Yang(xl] ¥), Yuan Zhou(i J).
Corrosion & Protection (J& 75 B 47)[J], 2018, 39(6): 437

[7] Xiao Yun(¥4 %%). Thesis for Master(fifi+-1£30)[D]. Guangzhou:
South China University of Technology, 2015
[8] Hou Shuzeng(f% 13 4%), Bao Chonggao(fifl 5= &), Fu Ge(fT #5).
Rare Metal Materials and Engineering (¥4 4 )8 # k1 5 T 1)
[J], 2019, 48(7): 2364
[9] Li Jiansan, Wei Haitong, Yuan Zhou. Journal of Failure Analysis
and Prevention[J], 2019, 19(3): 802
[10] Xu Xupeng(¥BEIE), Liu Shouping(X!5#F), Han Xiaoyu(H#
12 57) et al. Transactions of Materials and Heat Treatment(#7 )
FHb 22 HR)[J], 2017, 38(1): 106
[11] Liu Ning(*] %), Zhong Lang(fl' &), Chen Chen(f% /2) et
al. Journal of Jiangsu University of Science and Technology, Natural
Science Edition( L7 B K224, H AR AR)[I], 2019,
33(2): 27
[12] Wu K, Li C C, Cheng F P et al. Corrosion Science[J], 2017, 121: 116
[13] Wang Sheng(E k). Thesis for Master(fil 4= & 3 )[D].
Shijiazhuang: Hebei University of Science and Technology,
2019
[14] Li Qiangfeng(Z=58 %), Zhao Hongjin(B¥ i 4:), Yang Yanli(#
%EMF) et al. Journal of Iron and Steel Research(§N4:HF 7% 2
#%)[3], 2019, 31(7): 668
[15] Wang S B, Chang X F, Key J. Materials Characterization[J],
2017,127: 1
[16] Wang M, Liu Z Y, Li C G. Acta Metallurgica Sinica, English
Letters[J], 2017, 30(3): 238
[17] Klueh R L, Hashimoto N, Maziasz P J. Scripta Materialia[J],
2005, 53(3): 275


https://onlinelibrary.wiley.com/doi/10.1002/maco.202011669
https://onlinelibrary.wiley.com/doi/10.1002/maco.202011669
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2019&filename=JSRC201902020&v=7ERvzYJqCapdRUAcYDw7mILsJo%25mmd2BdEYZ7G92Lvy%25mmd2FJ%25mmd2Bx3IbnQw91bU0Voq4CoegqPs
https://schlr.cnki.net/en/Detail/index/WWMERGEJ01/SJDG098F3CD4F1AAFE21FA5F3F74D001A85E
https://schlr.cnki.net/en/Detail/index/WWMERGEJ01/SJDG098F3CD4F1AAFE21FA5F3F74D001A85E
https://schlr.cnki.net/en/Detail/index/SSJD_01/SSJDF8CDBD93C78F98C6E89C12AC370072EF
https://schlr.cnki.net/en/Detail/index/SSJD_01/SSJDF8CDBD93C78F98C6E89C12AC370072EF
https://kns.cnki.net/kcms/detail/detail.aspx?filename=RNWS201811020&dbcode=CJFQ&dbname=DKFX2018&v=2DSE8UHC8PQLTrRRZK2QR6Z2svUfMZ8Ec4cB870LZeSXpjoNqXWNpt_lLmejAUPU
https://kns.cnki.net/kcms/detail/detail.aspx?filename=RNWS201811020&dbcode=CJFQ&dbname=DKFX2018&v=2DSE8UHC8PQLTrRRZK2QR6Z2svUfMZ8Ec4cB870LZeSXpjoNqXWNpt_lLmejAUPU
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2018&filename=FSYF201806005&v=a2T%25mmd2B9v5CXYcxKLDhSqNxYFn4YvNFe8rwGylE6u9DfNCiM%25mmd2FQFP0h%25mmd2FKWYrJ3xfQglK
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2019&filename=COSE201907047&v=LXX2Z%25mmd2F7qkhnJXmm8NTfDOPvXTtx%25mmd2FNUFoP5LcAqquYyl2wQg6A%25mmd2FOIjK1ASXmy6pFd
https://kns.cnki.net/kcms/detail/detail.aspx?filename=FSYF201806005&dbcode=CJFQ&dbname=CJFD2018&v=a2T-9v5CXYf3I5nBUDufXfw-yxtZLzU7spuJkrGD0cKWaL8yIb9pHOdD5qUj0AOQ
https://kns.cnki.net/kcms/detail/detail.aspx?filename=FSYF201806005&dbcode=CJFQ&dbname=CJFD2018&v=a2T-9v5CXYf3I5nBUDufXfw-yxtZLzU7spuJkrGD0cKWaL8yIb9pHOdD5qUj0AOQ
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2017&filename=JSCL201701018&v=6chMg0TJ8r%25mmd2FoANDwWOaNvmXs0%25mmd2FGWYOtxRpLEjHyFJv658XhFLdiXXTwz%25mmd2B8vU6rCy
https://xueshu.baidu.com/usercenter/paper/show?paperid=1m7v0x20hk2u0r50jq710ga0jk170587&site=xueshu_se
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CMFD&dbname=CMFD201901&filename=1019017490.nh&v=7s2%25mmd2B0QfLsgB8PBFR1LdLPLJhGaO9n7g%25mmd2BA9prse3XSm3RkXPI%25mmd2FpabFcqfaccN4YKo
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CJFD&dbname=CJFDLAST2019&filename=IRON201907009&v=wAs0hLj2RMdYw%25mmd2BYMlMhh74TFHGKT5is1VdkdZDpNzL5ySaO%25mmd2FoE48rzNDI0uwF4CN
https://www.sciencedirect.com/science/article/abs/pii/S1044580316313055
https://xueshu.baidu.com/usercenter/paper/show?paperid=a855955056babfb7e8e0a650d55df102&site=xueshu_se
https://xueshu.baidu.com/usercenter/paper/show?paperid=a855955056babfb7e8e0a650d55df102&site=xueshu_se
https://www.sciencedirect.com/science/article/abs/pii/S1359646205002381

- 2830 - WA S REMES T2 50 3%

[18] Jiang Xin({T. «»), Zhou Yajun(J& IF %), Mao Daheng(E K1) et &) et al. Iron Steel Vanadium Titanium(4ME:54K)[J], 2019,
al. Hot Working Technology(#i T. T. Z)[J], 2019, 48(8): 17 40(04): 164

[19] Ning Ke(7* ®]), Zhang Luan(ik 7F), Zhang Heng(7k fi7) et al. [21] Wang S B, LiuJ Z, Qi Q et al. Journal of Alloys and Compounds
Hot Working Technology(#vJil T. T-2)[J], 2018, 47(16): 188 [J], 2017, 693: 264

[20] Xie Fenghu(i#f X&), Yang Huiping(#4:-F), Cao Xiaoen(# I

Effect of Al and Ni on Phase Transformation and Properties of
1Cr9AI(1-3)Ni(1-7)WVNbB Alloy

Zhao Manman®, Guo Dong*?, Qin Sen', Feng Jie', Dai Yongjuan®
(1. College of Materials Science and Engineering, Hebei University of Science and Technology, Shijiazhuang 050018, China)

(2. College of Mechanical Engineering, Tianjin Vocational and Technical Normal University, Tianjin 300222, China)

Abstract: To study the effect of Al on the phase transformation and properties of ferritic heat resistant steel, a new type of high aluminium
ferritic heat resistant steel was prepared by adding Al element and adjusting additive Ni on the basis of T92 alloy composition. The
relationship between the phase change temperature of ferritic heat resistant steel with different Al contents under heat treatment processes
and quenching organization grain size, hardness and oxidation resistance was studied. The results show that the equilibrium phase
transition point of the experimental steel increases with the increase of Al content, and the Ac; and Acs temperature of the experimental
steel becomes higher with the austenite grain size becoming larger. When the total amount of Al and Ni elements added in steel is 2.4wt%,
the grain size of austenite after quenching is the smallest and the hardness is the largest. Adding 3wt% Al makes the steel has stronger high
temperature oxidation resistance than adding 1wt% Al at 650 <C. At 750 <C, the modified additive Ni plays a certain role. The larger the
Al-Ni ratio, the stronger the oxidation resistance of the steel.

Key words: ferritic heat-resistant steel; Al content; equilibrium phase transition temperature; grain size; hardness
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