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Effect of Heat Treatment on Microstructure and Hardness of
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Abstract: The effect of heat treatment parameters on the microstructure and properties of QAI11-6-6 aluminum bronze
alloy extruded rod was explored by performing orthogonal test, in combination with metallographic microscope, X-ray
diffractometer, scanning electron microscope and hardness tester. The results show that the microstructure of extruded
aluminum bronze alloy consists of o, k( AlFe, AlFe,, AINi), v,, and the remaining B’ phases; the heat treatment
including solid solution and aging can effectively improve the hardness of the alloy extruded rod; the influence of four
process parameters on the hardness of the alloy is in the following descending order: aging time > aging temperature >
solid solution time > solid solution temperature. The sample was quenched by water cooling after solid solution at 910 °C
for 45 min, and then treated by aging at 450 °C for 150 min. The hardness of the alloy was increased to 40.1HRC from
previous 33.4HRC in the extruded state, presenting obvious age hardening effect. It is found that precipitation of more
martensite-like B’ was the main reason for significant increase in hardness of the alloy after aging treatment.

Key words: QAI11-6-6; aluminum bronze alloy; extruded rod; solid solution; aging; hardness; heat treatment;

precipitated phase

BHMET Cu-Al-Fe-Ni REIUEIMIES G 02 B8, N T Tl i o BE R P T pf 224 400 °C 1A
HARSFLATERE R & S 4R, 400 CLUR R P ITARMEESTIE, iR S EeE e K
HAAR W R E K S5 PERE, SR B Al 35 700 MPa DL L, 58 I BREIRAE , FR T B2 b BT s AL 5 4,
HEBPERITE L BA DU A0 e T BE PRI I plte Sl LAl & G il o SpAAL B T S 8nT s

@ WimBEHE: 2024-08-25
EE&TH: SRR I AR ISR H (GXTCY2022-06)
EEE N XNEEF(1998—) , &, e ;J()\, g A, FHEBFIE IR NE G A BRI T, E-mail ; liuyingxue9897@ 163.com
WIEEE MRS (1966—) , 5 IR HRIH N i+, 8082, FEM S 7 b A @& 8 #oRn T BRI MEER L, E-mail: gylin6609@

csu.edu.cn



55 1 )

XNZET 4 B HIRT QALL1-6-6 & & Hf Ho bk 4H 2 55 0 B2 (1 52 161

el LA QALI0-4-4 SR A 4 IR oE X 42, i
SR AL BT 2280, B BRI b
[RIEE, A4 o AN A, AL B T 228060 & e PERE I
Mt AN []

QAlL1-6-6 A E M2 M & &L Ref & 4, B A
1 14 S R NGRR3R R s, H R
QAIL1-6-6 517 HRI0 H AL 30 % FLALLY M B O BFGE HEit
Wb B EE R F A0HRC DAL (80 75 4 il 4 T 25 1 G
T, ARSCEN AT QALL1-6-6 5H T Ml A 4 BF A T T i1
FNI RGN T 2 2805, B 76 16 2 5E o Rk 401 3ok
I RRIAR A B K

1

IR [ N R R A 0 Al ) QAT11-6-6
BRTTHIAET B (16 mm, B 33.4HRC) , & 41k
SO 1R AT A R EER

R QAII-6-6 SBEMULFENS (RENH)

Table 1  Chemical composition of QAl11-6-6 aluminum bronze %
Bl Al Fe Ni Mn S Pb  Cu
SEME 10.80 6.07 5.70 0.52 0.11 0.01 A&

FRUEMH 10.00~11.50 5.00~6.50 5.00~6.50 <0.50 <020 <0.05 A
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R2 L(3) EXREAR
Table 2 Lo(3*) orthogonal test scheme
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IR Eibasint s Ekeadiny ] A 255 L g dinyL]
(A)/C (B)/min (c)y/c (D)/min
860 45 400 90
2 910 60 450 120
3 950 90 500 150

Pab R B 7E SX-G13133F F 47 =X g B 14 52
B, SR HR-150A 793 FCA B -0 o 47 7 4 304 i
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Table 3 Results of orthogonal test

IR T A B C D £ (HRC)
1 860 45 400 90 37.0
2 860 60 450 120 35.7
3 860 90 500 150 37.8
4 910 45 450 150 40.1
5 910 60 500 90 37.0
6 910 90 400 120 36.2
7 950 45 500 120 36.7
8 950 60 400 150 37.0
9 950 90 450 90 39.2

H 36.8 37.9 36.7 37.7
Hy, 37.8 36.6 38.3 36.2
‘s 37.6 37.7 37.2 38.3
R 0.9 1.4 1.6 2.1

22 LB RSHABETFEFEREMALGHE

RIRGE QALL1-6-6 45 75 #il 20 21 5 1 B 22 [A] 7y 5C
F AR A I B A I 25 (R 3) RS
5 A BB PR S A R HEA T B A B AT
22,1 FESH®ALRE MR

K1 R QALLL-6-6 & 4B AR X S ZeqiT it
BIE . dE L AT, B RS AR S = 5 T A A
BN kY, VARRIAE) BOAH s o o AL Cu 3k
PRA A R R S5 H8) R TELC 37 7 5 B AESE L Cuy Al
R EER A E A LRSS R RO T AR G 4
SV HNMARAR 1 V% B A, N AR ASAH ; y, AHE
PL CugAl, Ry AR I A4, R 5 I AR, L b R 45 1)
B o MIAETE—E BT, Al Fe \Ni o0&
Pynl Be 1 7R SR 3 Y Cu TR T SRS AR, 530
o AT Y Cu W 5% 2E A%

B 2 MRS QAILL-6-6 A4S BMAZ, H
2 mJ L QALLL-6-6 A 4 miRs E G, KR4 4
AR A IEHT IR (aty, ) BB S F 43 A1 1 K/ N —
AL/ NBURLIR « FRAA AR, k AH B4R 0.5~2.0 pm,



162

T

i

o545 %

* p-Cu Al
v 1-Al(Fe. Ni. Cu)
v 1,Cu,Al,

qpo

<

¢

70 75 80_85 90 95 100 \
260/¢)

1 o O -
S ———
4;) SIO 6I0 710 SIO 910 100
20/
1 HRESHEM XRD Ei&
Fig.1 XRD pattern of an extruded rod
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Fig.2  Cross-sectional structure of an extruded rod

under metallographic microsilope
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Fig.3  Cross-sectional SEM image of an extruded rod
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Fig.4 EDS analysis results of points in Figure 3
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Fig.5 Optical microstructures of typical alloys

after different heat treatment
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Fig.6  XRD patterns of typical alloys after different

heat treatment and the partial enlarged view
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Fig.7 Optical microstructure of alloy after solid solution
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Fig.8 SEM microstructures of typical samples after

different heat treatment
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Fig.9 Effect of temperature on hardness of

aluminum bronze alloy
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Fig. 10 Effect of time on hardness of aluminum bronze alloy
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