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Table 1 Tensile properties of aluminum alloys at room temperature before and after cryogenic treatment

Percentage of change/ %

Number of

Alloy State 0,/ M Pa Gp.»/ M Pa & % HBSy. 02/ M Pa o o prgeei )
1230R W 63.3 36.5 48 18 5
1230R L 62.6 57.1 40 19 - 1.1 + 56.4 5
2017CZ W 421.5 265.2 18 104 5
2017CZ L 439.1 302.6 15 114 +4.2 + 14.1 5
2024CZ W 459.1 316.7 18 116 5
2024CZ L 483.1 329.5 16 133 + 5.2 +4.0 5
2618CZ W 447.5 320. 1 11 119 10
2618CZ L 451.4 322.4 10 120 + 0.9 + 0.7 10
3003Y4 W 146.2 126.7 10 45 5
3003Y4 L 156.3 134. 1 9 47 + 6.9 +5.8 5
4032R W 183.8 131 15 80 5
4032R L 212.3 153 13 85 + 15.5 +16.8 5
5254Y4 W 277.8 183. 1 14 66 5
5254Y4 L 275.8 180.3 14 66 -0.7 -1.5 E]
6063RZ W 128.9 101.6 18 40 10
063RZ L 125.3 96. 4 22 38 - 2.8 -4.9 10
7075R W 371. 1 227.5 12 120 5
7075R L 416.3 262.6 9 130 + 12.2 + 15.4 5
7075CS W 636. 6 598.7 7 147 5
7075CS L 658. 6 614.0 6 168 + 3.5 +2.6 5
8009SPR W 405.9 336. 1 9 79 10
8009SPR L 453.4 350. 1 7 88 + 11.7 + 4.2 10
8009RSR W 388.6 336.4 10 73 20
8009RSR L 420.2 365. 1 8 81 + 8.1 + 8.5 20

W —Pre cryogenic treatment; L —Cryogenic treatment; CZ—Quenching + natural ageing treatment; CS—Quenching + artificial ageing treatment;
Y4 —Full hardness; R —Hot extrusion; RZ—Hot extrusion+ natural ageing; SPR —Spray deposited+ hot extrusion; RSR —Rapidly solidified+ hot

extrusion
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Table 2 Tensile properties of aluminum
alloys at room temperature after

twice cryogenic treatment

Ally  Smte b w20 H/liasfigz

1230R L2 63.1 4.2 45 18

7075k L2 4441 282.8 6 136
8009SPR L2  460.1 356.0 7 89
8009RSR 12 4221 366.1 9 81

L2 —Twice cryogenic treatment
R3HA LIRS 8009 i MR £ 4
il 7 57 P RE R R
Table 3 Elevated temperature tensile
properties of 8009 aluminum alloy after

cryogenic treatment
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Table 4 Change of the diffraction peak intensity

of some crystal planes in aluminum alloys before and

Alloy State Temperature/ C 0"/ MPa 0o/ MPa &%
20 405.9 336. 1 9.0
8009 v 350 196. 8 188.5 5.0
SPR L 20 453. 4 350. 1 7.0
350 208. 4 201.7 4.7
¥ 20 388. 6 336.4 10. 0
8009 350 178.9 172.0 5.8
RSR . 20 420.2 365. 1 8.0
350 187. 1 184. 1 5.4
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after cryogenic treatment

Absolute intensity (Relative intensity/ % )

Alloy State
(100) (200) (311) (220)
1230R W 3171(100) 2923(92) 837(26)  495(16)
1230R L 2032(68) 5919(100) 1008(17) 441(7)
2017CZ W 743(100) 468(63) 143(19)  62(8)
2017CZ L 980(69) 1420(100) 164(12)  48(3)
2024CZ W 501(86)  400(69) 579(100) 122(21)
2024CZ L 548(98) 558(100) 285(51)  94(17)
2618CZ W 2646(100) 1903(72) 441(17)  193(7)
2618CZ L 2003(100) 1406(70) 441(22) 726( 36)
3003CZ W 8848(100) 2957(33) 433(5) 250(3)
3003CZ L 5550(100) 2197(40) 295(5) 129(2)
4032CZ W 2509(100) 1013(40) 517(21)  143(6)
4032CZ L 2051(100) 1150(56) 345(17)  163(8)
5254Y4 W 3342(100) 1615(48) 236(7)  83(2)
5254Y4 L 926(100) 660(71)  395(44)  84(9)
6063RZ W 582(100) 141(24) 122(21) 188(32)
6063RZ L 352(96) 174(47) 217(59)  368(100)
7075R W 1378(100) 788(57) 410(30)  182(13)
7075R L 1903(100) 1150(72) 293(15)  127(7)
7075CS W 1165(100) 938 (81) 182(16)  72(6)
7075CS L 647(100) 619 (96) 184(28)  83(13)
8009SPR W 622(100) 210(34) 117(19) 83(13)
8009SPR L 2796(100) 293(10)  146(5)  44(2)
8009RSR W  983(100) 131(13)  51(5) 39(4)
8009RSR L 2207(100) 183(8)  47(2) 40(2)
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Table 5 Increment of XRD peak intensity at

some crystal planes in aluminum alloys

after cryogenic treatment

Crystal planes

Alloy
(111) (200) (311) (220)
1230R Obvious
2017CZ Obvious
2024CzZ General Obvious
2618CZ General Obvious
3003Y4 General
4032CZ Obvious General
5254Y4 Obvious Obvious General
6063RZ Obvious Obvious Obvious
7075R Obvious
7075CS Obvious General General
8009SPR Obvious
8009RSR Obvious
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Table 6 Change of diffraction peak intensity
of some crystal planes in aluminum alloys after

twice cryogenic treatment

Absolute intensity
Alloy & (Relative intensity/ %)

Remark
state

(111) (200) (311)

1230R L2 4340(100) 4290(99) 1106(25) (200) decrease
7075R L2 1661(100) 1247(75) 262(16) (200)increase
8009SPR L2 4735(100) 302(6)  215(5)

8009RSR L2 1675(100) 138(8) 45(3)

(111)increase

No change

FHAR, BBk 4 8 AL AR 5 [k . B A S
NAAEAEARAR )8, AE S AH RO TR AT B R
BAILS, B T8 A S A 3 HL Y
e MBI .

3.1 RAIETIE P ARFR Y AR UL

PR YA 2 2 [ AR o i 3, el [ A I 4
BHFE a= V(0V/0T), (a WEKRE, V N
R, T IR AT A, EE AR S SRR AR
e V= Vee™ 10 L Bl H a b 68. 1 x
10 K™ ', VR R B 200 K IR 5 | 4l AR BRI 4
FN 1. 37% o RBIAR K AR 2L E5 8, T
FPEREFAAE LT R .

1) ARFRW 4 v] LLAE A RE Y R0 2 6 B n s A
FBLFLAS BIOR A o R oRKIA S FmE i YU 55— 48
e BCEMRR U, X 4 e A R T4 =
MR RE , PR R, RAEHSEANER
iR N4 Zn, Ag, Sc i 8090 & 4 1F HL T 7 fiv il
I, RIUA ARG A T g RS o)

2) RS AEWCAR, 4 AR R IR d Ak T AR i I
T i lE R 2>, #R 45 Peirls Nabarro 2y 2 R] 401,
PR R BH ) ¥ 1K

3) RFRWCAR I, MR IR AR AR KB A Y
71, AICAE R KR B AL .

4) MY A7 F P FE A U0 g0, AL B S A
R PSR ) AR A AR BB, R T R R VA Ak B 3 R
B, PR AL B B R P N, B T DAV A A A
B, AN B AL, PRI AAS TS .

5) MORMAFRA df s W 4 0K 2 30N B BT
] MR BEPTRR AR BIAT e, X FIAN A LR 5 FC A
LR EAT B IR 0 T A R 0 1 A 11 R
— R,

DA b3 e A8 Ah #G F) 42 m AR B
3.2 FRANIEITIE A @RI SR

DRV A B R P AR AR AR 2, S B B BT
RSB — A0 . SR A R R, FER
PO AL BERE R P OF AN i A S < i R I 0 A 4
i, IR ER VRV AL BRI HL BRI SN SR AR . O T AR R
RATJE, AR TR A B R Hh R e 3
RN o FITUE R Bl A2 SRR R TRV A B RE i
TR ALAT AR A A T KR AL A
2, AERR IR R A e AR T IR R A,
e i dehn A AR Zh, BRI B R T 45 2
) o IXPRURV AL BEAEAT50 & B di R A A e, RO
IR, 43Xl ot oL B ) A R - BELAS AR A B T A2 I
A SRR ASE R, X e IRV A BE A i b
Fesh v .

A SCHK A T AE- 193 CKIN (A fR 1R, 2218 T+
HH] 150 CHIGAAFL T E, X 1~ 8 &R 12 M
REaA S TR A2 . FFRR I

1) A b B AT DUER & 1230, 2017, 2024,
3003, 4032, 7075 F1 8009 # 4x [ & w7 1 53 JiE
HIYAYER T T M X 2618 A 5254 &4 K=
kRN K X 6063 A 4 I i BRAR L = iR by
R, $em 7 HBEME

) ZIREALE USSP REAFES
7075 G A PTR+ #5r i 2s 8009 i #EE A 42
(SR U oM« e A B AR R, TR R [ &5 +
PP A 8009 T R A 4 10 = ) 2E e — X
R A E AR A K {HXE T 1230 Tk &g — ik
TRV AT 5 35 U e I o B L — RV AL B BT R
B .

3) WA AL B AT DLEH B 4R S AR A 4 8009
(10 v Ul ) e e S e R B

4) ARG T A 41 X SR 5 E
(1558 5 B 5 ) AR A

[ REFERENCES]

[1] Owaku S. Cryogenic treatment [ J]. Heating Treatment,
(in Japanese), 1999, 39(1): 12- 13.

[2] Kamody D J. Using deep cryogenic to advanced [ J].
M aterials and Processes, 1999, 6: H67- 69.

[3] LI Werxian( 22 #k), GONG Haoran( 223#54%), BO
Zherhai( #1¥EHE) , et al. SJEMEAAEE [J]. Mate
rials Review (#4 &L 34R), 2000, 14(3): 16— 18



55 10 5 6 JY) MR A, S5 BRAUR G S IR AL * 895 °

[4] LIHuan(Z %), LI Jizbao( 22K E), SUN Lizhi( ) sha: Central South University of T echnology. 2000.
L) et al. ARURALBERT SiC/ 6061A1 5 44 KL Bk 42 [8] GAO Yingjun(fm3E48), WU Werming ( 5= ffi ),
SB[ J]. Acta Metallurgica Sinica( 4 J& 2% #R) . FENG Guan-zhi( {57 ), et al. fK#d T+ Zn, Ag 5%
1996, 32(12): 1279- 1284. Sc I 8009 & 4 IEHF A% 4T [J]. Acta Metallur

[5] TANG Guang ping( % J6°F) and HUANG Wen-rong( 2 gica Sinica( &JEZH), 1995, 31(2): B9I- 96.

) . MEIR B AL B AE A 4 M RE A AL U4 R R R [9] WU Werming (& ffi #]), GAO Yingjun( & % 18),
[J]. Metal Heating Treatment( 4x & ALBE) , 1998, 5: FENG Guarmzhi( {558 2), et al. AFLi F& & & v BB
36— 38. FHEFHEMNIERFH ARSI [J]. The Chinese

[6] CONG Jryuan( M\753) . & w0 &% ik Sk v 25 Ay (0 BF 5% Journal of Nonferrous Metals ( *F [E & 8 4 )8 % ),
[J]. Metal Heating Treatment ( 4 J& # 4k #), 1999, 1997, 7(4): 123— 126.

11: 27- 29. [10] Owaku S. Cryogenic treatment [ J]. Heating Treat-

[7]1 CHEN Ding(Fr #%). 865 &MEA LB [D]. Chang ment, (in Japanese), 1981, 21(1): 44.

Cryogenic treatment of Al and Al alloys

CHEN Ding, LI Werrxian
(Department of Materials Science and Engineering, Central South U niversity,

Changsha 410083, P.R. China)

[ Abstract] The effect of cryogenic treatment on the microstructure and properties of twelve kinds of commercial Al alloys at — 193
C for 24 h was investigated preliminary. The results show that cryogenic treatment can improve the room temperature strength of
1230, 2017, 2024, 3003, 4032, 7075 and 8009 alloy but reduce the ductility of these alloys; there is not obvious change in 5254
and 2618 alloy; the room temperature strength of 6063 alloy is decreased but the ductility improved. The XRD crystallograms before
and after cryogenic treatment of these alloys were studied. It reveals that the cryogenic treatment can change the diffraction peak in-
tensity of some crystal planes in these alloys. Finally, the effect of cryogenic treatment on the elevated temperature properties of 8009
alloy at 350 C and the effect of twice cryogenic treatment on the properties of 1230, 7075 and 8009 alloy were investigated. Mecha

nism of cryogenic treatment of Al alloys was discussed with volume shrinkage and crystal plan turn.

[ Key words] Al alloys; cryogenic treatment; turn of crystal plane
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