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Fig. 2 True stress-strain curves of uncorroded Fig. 3 Characteristic strength and fracture strain
and corroded specimens as a function of corrosion rate
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Fig. 4 Stress-strain curves of uncorroded specimens at different treatment temperatures and low strain rates
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Fig. 5 Stress-strain curves of corroded specimens at different treatment temperatures and low strain rates
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iz FHA% 48 Hopkinson $ KT B LA K 2l J5 (1) 5 i — 1R # 1il Hopkinson $7 #1258, /0 3@ T 10° s
AR R R B . 0 T IR RE, BE T 58 Hopkinson T AT B A4 12 50 77 1 S8 78 AT 3 B T AL,
TR P i FE L, B3R 5 R ) TF AL 55, I FH MR % 2 11 o 3K Ry i T X R AN A A A T
T ST A I R A R A A o RO JE A e T — 1A ) Hopkinson K2 B AT DA B ek B A B X T
SR ASE o R IR R B A R o R R R 5 0 A IO 1 O s, R R I — S R e i R
HUAE HE B3 RE 5 FF D B 2, TR B 58 BN 2R o 3277 96 T AR 3 0 4000 1y 5 i 0008 1 4 22 M B 1]
B, R, EEGEAT AT skt

(1) 7E AT 1 S 38 A8, K JEE B2 2 0.9 mm ASAE IR A 2 A/ BT B [T v, O R AR [ o /1
B 5 ROFF I A BRE ), DA /N D BT 0 52 M0 o SRR 55T AT A e e i T Ao o L P B 4, DA 2 A
&%,

(2) TE AT |22 e At s, 55 200 0w T (] 20 o 2he AR 422, G I&T 10 B o 38 o ) 20 4 il 2
B SRR S AT 1, RN S RO B, DA 4 v 2 Ak e 1]

PREE SN 0.55 MPa, 15 £ I AR I A5 14 38 5 38 30 45 o 182 B, ph e o 42 o) ik & (ORTIE fish %
P ) 2 5 2 ), 3 ek o R 4 i ok 4z 210 0 7 0 B8 SR A 1] B 1sF 1) A7 20~ 50 mis 352 ROKG  7E A B A i
ST L BN AR R R R AR A S, A9 B0 USRS - R AR 2R, W 1 AR 12 s, AR, A 10° s B
NEARZRT, R SRy 400 F 500 °C B, 0RE PR ARAAE 38 B 433 R 898.3 i1 802.7 MPa,

034101-4



38 & XIGRIESE . PRI T R fb 22 QR4S RANANY & R ST 5531

K10 fEiR—dsiil Hopkinson HiATAE

Fig. 10 High temperature integrated control Hopkinson tensile bar device
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Fig. 11  Stress-strain curves of specimens at different Fig. 12 Stress-strain curves of uncorroded specimen
treatment temperatures and corrosion conditions at high temperature and high strain rate
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Table 1 Characteristic strength of uncorroded and corroded specimens

Characteristic strength/MPa Characteristic strength/MPa
Specimen gfs! Specimen  g/s”!

25 C 400 C 500 C 25 C 400 C 500 C

107 588.9 611.4 576.0 107 497.6 594.7 476.4

107 612.6 630.1 593.3 107 507.4 524.9 490.5

107 623.9 645.9 615.5 107 533.6 564.8 530.4

Uncorroded 1 665.2 690.1 638.6 Corroded 1 578.4 614.9 570.9
10 716.5 742.9 662.0 10 682.8 712.9 625.8

10° 861.7 898.9 837.3 10° 792.8 829.7 762.8

10° 980.1 1025.7 963.8 10° 826.5 867.4 775.9
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Constitutive Relationship of Q245R Steel of Carbonization Kettle
under Thermal Corrosion and Thermal Shocking

LIU Zhiyuan'**, CHEN Wenfei**®, XIE Zuoran'?, JIANG Haocheng'*?, LI Jin"**, ZHU Jue'**

(1. Zhejiang Provincial Engineering Research Center for the Safety of Pressure Vessel and Pipeline,
Ningbo University, Ningbo 315211, Zhejiang, China;
2. Key Laboratory of Impact and Safety Engineering, Ministry of Education, Ningbo University,
Ningbo 315211, Zhejiang, China;
3. Ningbo University - Hongri UHPC Mechanics Joint Research Institute, Ningbo 315211, Zhejiang, China,
4. Ningbo Special Equipment Inspection and Research Institute, Ningbo 315211, Zhejiang, China;
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Ningbo 315211, Zhejiang, China;
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Zhejiang Administration for Market Regulation, Ningbo 315211, Zhejiang, China)

Abstract: An electrochemical accelerated corrosion test was conducted on the Q245R steel sample to
simulate the actual corrosion conditions of the carbonization kettle. It was found that corrosion not only
causes changes in geometric dimensions, but also causes degradation of the material’s mechanical properties.
Tensile tests were conducted on Q235R steel materials at different temperatures, corrosion rates, and strain
rates (low strain rate of 107°—1 s, medium strain rate of 10—10* s™', and high strain rate of 10° s™"). A fitting
method was carried out based on the modified Johnson-Cook constitutive equation and MATLAB software,
which provides the relationship between its characteristic strength, heat treatment temperature and corrosion
rate. According to the results, it can be seen that the fitting curve is in good agreement with the experimental
curve.

Keywords: carbonization kettle; Q245R steel; corrosion; Johnson-Cook constitutive equation
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