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Fig.2 Schematic diagram of tensile sample (Unit: mm)
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Fig. 3 Hardness curves of end quenching samples after

aging: (a) Hardness—distance curve; (b) Hardness— quenching

rate curve
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Fig. 4 Curves of tensile properties of end quenching
samples after aging: (a) Tensile properties—distance curves;

(b) Yield strength-quenching rate curve
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Fig. 5 Optical images of samples at different quenching rates: (a) 398.0 ‘C/s; (b) 3.0°C/s (ED is extruded direction; ND is

normal direction)
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Fig. 6 SEM images of samples at different quenching rates: (a) 398.0 C/s, low magnification; (b) 398.0 ‘C/s, high
magnification; (¢) 3.0 "C/s, low magnification; (d) 3.0 ‘C/s, high magnification
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Table 1 Energy spectrum analysis of typical second phase
particles in Fig. 6

Mole fraction/%
Zn Mg Cu Fe
W1 8322 157 1.81 928 4.12 Al,CuFe

Particle Precipitate

W2 2573 23.59 34.01 16.67 0 T
W3 3551 19.29 30.83 1437 0 T
w4 9226 488 221 065 O n
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Fig. 7 Relationship between area fraction of second phase
based on SEM images and quenching rates

41.6 C/s JEE P, (W) S8 AT H AR TR 23 oK
T m N KHT AT B VKGR R AE 3.0~
4.8 C/s JaHEIA, BEVEJGEZ RN, 5o AT HIAH
THIRR 23 5020 TR BRI ) & 88 AT HE AH TR 9345
VAT AR T B2 T B 380 1R 4,
PERRRE, B 8 Fis AV JGHE L) 398.0 C/s Al
3.0 ‘C/s B} 1) TEM HE R o 7E VR KGR 214 398.0 C/s
B, SN EEE AT IS A, W 8(a)fTR. 1R

Fig. 8 TEM images of samples at different quenching rates: (a) 398.0 ‘C/s, low magnification; (b) 398.0 ‘C/s, high
magnification; (c) 3.0°C/s, low magnification; (d) 3.0°C/s, high magnification
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Fig. 9 (011),, selected area electron diffraction of sample
at quenching rate of 3.0 ‘C/s
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Table 2  Contribution index C, of quench-induced

precipitates

Quenching rate/ Dul% C/% Co/% clc,

(Cs)
41.6 3.6£0.8 1.5+0.3 2.1£0.5 0.7£04
4.8 7.9+1.5 3.6£09 4314 0.8+03
3.0 15.4+2.2 83+1.8 7.1£1.5 1.2+0.6
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Effect of quenching rate on microstructure and
mechanical properties of 7136 aluminum alloy

ZHENG Peng-cheng">°, MA Zhi-min" >, LIU Hong-lei*, LIU Sheng-dan"**, XIAO Yang’, WEI Wei-chang" >’

(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. Key Laboratory of Non-ferrous Metal Materials Science and Engineering, Ministry of Education,
Central South University, Changsha 410083, China;
3. Nonferrous Metal Oriented Advanced Structural Materials and Manufacturing Cooperative Innovation Center,
Central South University, Changsha 410083, China;
4. Northeast Light Alloy Company Ltd, Harbin 150060, China;
5. Department of Light Metal, Zhengzhou Light Metal Research Institute, Zhengzhou 450041, China)

Abstract: The influence of quenching rate on the microstructure and mechanical properties of 16mm thick
extruded 7136 aluminum alloy plate was studied by means of immersion end-quenching technique, hardness test,
tensile test at ambient temperature, optical microscopy(OM), scanning electron microscopy(SEM) and transmission
electron microscopy(TEM). The results show that the hardness and strength decrease slowly with the decrease of
quenching rate when the quenching rate is higher than 15 “C/s, and decrease rapidly when the quenching rate is
below 15 C/s. As the quenching rate decreases, the number and sizes of 5 precipitates at (sub)grain boundaries and
on Al;Zr dispersoids in grains increase, and the number of #' hardening precipitates decreases after aging, leading
to lower hardness and strength. The contribution of (sub)grain boundaries and dispersoids to quench sensitivity at
different quenching rates was analyzed based on the ratio of quench-induced precipitates associated with them. In
the range of 4.8—41.6 “C/s, (sub)grain boundaries make major contribution to quench sensitivity. At 3.0 ‘C/s, the
contribution of Al;Zr dispersoids exceeds that of (sub)grain boundaries.

Key words: 7136 aluminum alloy; quench sensitivity; mechanical properties; aging
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