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Thermal Fatigue Properties of Low Temperature Transformation Alloys

Coating by Laser Cladding

LIU Kun, CHEN Xizhang, XU Shuwen
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Abstract: The low-temperature transformation alloy cladding layer was prepared on the Q235 substrate by laser cladding
technique. The thermal fatigue test of the low temperature transformation alloy (LTT1, LTT2) cladding layer was carried out
by the metal thermal fatigue test method. Using simple thermal stress, heating and water were quenching alternately, where in
the number of thermal cycles are 4000, 4500, 5000, 6000, respectively. Alternately with water quenching, the upper limit
temperature is set to 600 °C and the lower limit temperature is at room temperature, heated to the upper limit temperature and
kept for 55 s, and the circulating water cooling time was 10 s. The surface crack of the cladding layer after thermal fatigue test
of low temperature transformation alloy (LTT1, LTT2) were observed by 3 D laser confocal microscopy. The grain
morphology and crack propagation trend of the crystallization near the fatigue crack of the sample were studied by electron
backscattered diffraction (EBSD) technique. Results show that the thermal fatigue crack is mainly related to the number of
thermal cycles. With the increase of the number of thermal cycles, the surface crack density of the cladding layer also increases
and crosses each other. When the number of cycles reaches 6000, the crack depth of the LTTI cladding layer increases by
43.2% compared with the number of thermal cycles of 4500 times, and the average crack depth reaches 210.3 pm. The crack
direction expands along the grain boundary. The ratio of alloying elements affects the thermal fatigue properties of the alloy.
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Fig.1 Particle morphology of powder cladding
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Table I Chemical composition of cladding powder and Q235 steel

(w/ %)

C Ni Cr Si Mn Mo

Cu Ti \'% Ce Fe P S

LTTI 0.03 6.06 7.81 0.28 1.22 233
LTT2 0.03 9.34 8.68 0.38 1.16 232
Q235 0.16 0.14 0.53

0.5 0.11 0.07 0.17 Bal.
0.53 0.07 0.56 0.43 Bal.
Bal. 0.031 0.026

1.2 REHE

WOIBEN FE T ES8: Ti% P Ry 2800 W,
WEEHE Vs 7 mm/s, FEEFHE Vel 1 r/min,
WA RN 8 L/min, JHEAI IR B THE 710
TR ALA 20 AR a7 )2 R T D HUR 95 1K
FE, TR A 2 fizs . %F LTT1 M LTT2 K

TS & S Z AT 55 00, BV IR B
35k N=4000, 4500, 5000 F1 6000, %4l
AT 7, NIRRT, e E R
9600 C, FRRIEEE NS, A BRI
PRk 55 s, PAEMIKREIETE 10 s, #9% 5515019
MG 3 iR, BT Omax F Omin 73501178
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Fig.2 Schematic diagram of the thermal fatigue sample
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Fig.4 Crack distribution on the surface of the LTT1 cladding layer under different thermal cycles
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Fig.6 Phase diagrams and grain orientation maps near the crack of LTT1 cladding layer under different thermal cycles
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