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Continuous cooling transformation of 2A12 aluminum alloy
studied by using in-situ electrical resistivity measurement
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Abstract: The electric resistivity versus temperature curves of 2A12 aluminum alloy were recorded during continuous
cooling using the in-situ electrical resistivity measurement. The phase transformation temperatures and critical cooling
rate without phase transition of the alloy can be obtained from the relationships of electrical resistivity vs temperature
curves. TEM was applied to the microstructure observation during the continuous cooling process. CCT diagrams of the
tested samples can be established. The results show that the phase transformations of the tested alloy mainly take place
between 220 ‘C and 400 °C. The phase transformation finishing temperature decreases with the increase of cooling rates.
While the phase transformation starting temperature increases suddenly until the cooling rate reaches some value, then
decreases with the increase of cooling rates. The critical cooling rate for preventing phase transformation is above 38 ‘C/s.
The decrease of solid solubility is the main reason for variation of electric resistivity with a low cooling rate of the alloy.
The decomposition of solid solution of the alloy is similar with the isothermal phase transformation, which can be well
described by the Johnson—Mehl—Avrami (JMA) equation.
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Table 1
fraction, %)

Chemical composition of tested alloy (mass

Cu Mg Mn Zn Ti

4.68 1.65 0.69 <0.10 <0.10
Ni Fe Si Al

<0.10 0.28 0.17 Bal.

Kk FEREAT 500 °C, Th FEALEE S, 235 R Y
Pov By W BRI AN A e A, FIH
] 2 TR (0 o 2R 2T 0 i R v A L R Y
HLUBHLAIEL L AR o A L PR S L PR, A5 R AS )74
A7 A AR IR M2k, MR AR AR AR W AT AR
THIR R ARG R R S AR Y Tl o [ Ak
Ja, R AR EER, SRR J EANALTT 4R

BRRIE . AHASTHG AR . ARG R AIR S . AHARSS
WEIR AT K, R TecnaiG*20 BLI%E Gt HL - WA
BSOS, TR WL B B Be i
O I AHBEAT 17370 Mr, S8 AT H BELU R )
FHARTR S R RIS E o GBI BT ST i e B Ut
JEAEZE AL, HURIBCA 30%A 1 FH R -

2 HERE5SMH

21 HBEEXR—REHEZHNESSHSH

B 1 T o SEG A S AE AN RN A EH R (1 ) vy
FHA—iR BE M2, B BT s th IR 72 20 2635 2 P 3974
HIHR, A HIEOR I, R 2k i
ey gk, HZA. 1. OD=3a M, Wik 1A
(O

FERL R I AR R SA L R, 4R 8
HEABAT AT, [ 1A P BEL 28 980/ 32 2 Hh i B2 A1
gk, FBHAR—IR A o HEk, TR
CABT H A5 AN A7 A S B AR, — B ik
Mt T, AR B SO R A, A A
BHAKG A AEAR . DRI, AT RS FoBH e —L RS ih
AR SRR AR5 B, AR Ny 0.033 °C/s B,
AT DL TR A P T e i 55 R 485 AR 0 3l kg 420 “C Rl
275 Co {UAHIHEAR N 11.388 C/s I, HLPH—EE Hh
P AL, W 1) Fs,  AITAS B A
ARGE R, ISR PR R BRIV EE A B B A AH AL,
TEIESAHE R T, AT EAR, YA HERR
IELEERS,  BEARIETF o HOE AR, (A AHAR AR5y
A%, WA R R R, MARIRBI K, &
AERARIR B A AR R A, B 1) i 28— LR
SR, T AR B 3T ES
HIOE Y. ) i B AL RS i 2k, IR R 2 L 2,
R AT Lk, BEITRANA J T R Al
I FEAHITR, IR RINT 2A12 & 4IRS HITR
TR T 38 ‘Clso RHBEAEMATAHINS, IXFEAEIR R
(] N LA 2] 100 °C, W RURFRAN K, HEARIEAA
FARKIM LA B, AFAPE NS AHAZ RN, HE DLW
FHAZ FF 4R AR G5

T 1) R EE R, 2 R A R 2
500, 430, 410, 285. 265 F150 C#-k, K2 fink
FVEJARFEMPEM AL L RFEAE 500 C K I (]
2(a)), 1A —LEBAT 56 4 ] 5 2R A4 T 1) v v A 5



2070 A e R 2011 49 H
1900 1900
@) 0.033 C/s ®) 0.075 C/s
E 1700F £1700F
g | g
< 1500} ! <1500} ,
‘? H | é |
2 I 2 [
& 1300F : .§1300— :
£ . | E |
S 1100F : I .51100— ! :
B I : B | I
B [ I 3 I !
D 900 i { D 900 i |
|
700 1 1 | 1 1 I 700 1 1 ! I ! 1
0 100 200 300 400 500 0 100 200 300 400 500
Temperature/‘C Temperature/‘C
2000 2000
(c) ) (d) .
11.388 ‘C/s 38.000 C/s

g 1800t 1800
2 2
£1600F 21600F
2 2
ki I 2
b | @
= 1400 I £ 1400+
= ! =
= ' 2
E | :
o 1200+ | 5 1200F Reference straight line
2] : m

1000 1 1 I : I 1000 d 1 I I

0 100 200 300 400 500 0 100 200 300 400 500
Temperature/'C Temperature/‘C

1 AN[RDEE A VS AN P PR A FE 2

Fig.1 Representative electrical resistivity—temperature curves at different cooling rates: (a) 0.033 “C/s; (b) 0.075 ‘C/s; (c) 11.388

C/s; (¢) 38 C/s
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Table 2 Phase transformation temperatures at different

cooling rates

Sample CO(zlin% 1 Starting e Finishinge

rate/('C-s™")  temperature/'C temperature/ 'C
a 0.033 420 275
b 0.052 396 265
c 0.075 377 243
d 0.985 348 234
e 3.578 367 223
f 5.633 352 181
g 11.388 331 -
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Fig.2 TEM images of samples quenched at different temperatures: (a) 500 ‘C; (b) 430 C; (c) 410 C; (d) 285 C; (e) 265 C;
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