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CNRE Heat—Resistant Steels for Components in
Ultra—High Temperature

Hu Xiaoqiang, Zheng Leigang, Xia Lijun, Yuan Lin, Li Dianzhong
(Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese
Academy of Sciences, Shenyang 110016, China)

Abstract: Under the ultra-high temperature service conditions above 1 000 °C, the traditional high Cr-Ni heat-resistant
steels struggle to meet the rigorous material requirements for heat-resistant components due to their severe internal oxida-
tion and insufficient high-temperature strength, becoming a bottleneck restricting the development of high-temperature
equipment. To address those critical issues of current traditional high Cr-Ni heat-resistant alloys, the present work has in-
novated CNRE heat-resistant steels for components in ultra-high temperature, synchronously alloyed with carbon, nitrogen
and rare earth elements. Firstly, the alloy costs of CNRE heat-resistant steels have been significantly reduced by substitut-
ing Mn and N for Ni. Secondly, intergranular oxidation of CNRE heat-resistant steels has been suppressed by C+N co-
alloying to control grain boundary precipitates during sevicing at ultra-high temperature for long term, while the initial
strength has enhanced through solution and precipitation strengthening effects. Additionally, the high-temperature micro-
structure of CNRE heat-resistant steels has been stabilized with rare earth elements, and then the elevated-temperature
strength of those steels could be enhanced. Compared to the typical traditional high Cr-Ni heat-resistant steel of HK40
(ZG40Cr25Ni20) , CNRE heat-resistant steels with less than 6% Ni have reduced the alloy costs by over 50%, but could
still achieve the comparable or superior high-temperature performance. At present, CNRE heat-resistant steels have been
adopted to make a lot of components for metallurgical machinery, petrochemicals, energy and power plants. It provides
strong technical support for cost control, performance optimization and independent control of high-temperature equip-
ments. For example, containers made by CNRE heat-resistant steels instead of the expensive imported molybdenum alloy
have completely met service condition requirements of 1 250 “C/138 MPa in hot isostatic pressing (HIP) equipments.
Also, bottom rollers made by CNRE heat-resistant steels, substituting the traditional high Cr-Ni heat-resistant steel of
HP40 (ZG40Cr25Ni35NbM) , have effectively resolved the surface nodulation issue in continuous heat treatment fur-
naces. Meaningfully, those novel CNRE heat-resistant steels has enlightened a new concept on the steels with less content
of alloying elements.
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Fig. 1 Mass fraction of various phases in a novel CNRE steel as a function of temperature (a) and M—C pseudo—binary phase dia-

gram (b) under thermodynamic equilibrium state
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—&— CNRE-1

500 —8— CNRE-2

~#— CNRE-3

—¥— CNRE-4
CNRE-5

—4&— CNRE-6
CNRE-7

—&— CNRE-8

—4%— CNRE-9

—&— 40Cr25Ni128i2

—a—3108

—+— HK40

—<—HR3C

—— TP321

Fi 58 BE/MPa

100

700 800 900 1000 1100 1200 1300
o8 B/ C

I3 CNRE i i A5 8 G- Ni U A A 5
TR AR BEX LY

Fig. 3 The high—temperature tensile strength comparison be-

tween that of the CNRE and traditional high Cr-Ni heat—

resistant steels
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tween CNRE and high Cr—Ni heat-resistant steel
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Fig. 8 Microstructure of high Cr—Ni type heat—resistant steel (a) and CNRE ultra—high temperature rare earth heat-resistant steel

(b) after oxidation at 1 000 °C for 500 h
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Fig. 10 Comparison of cost and high temperature durability between CNRE (a) and traditional high Cr—Ni heat—resistant steel (b)
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Fig. 12 CNRE frame assembly (a) and post—service assembly (b) for hot isostatic pressing equipment application
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