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Microstructure and properties of ACR copper tube during
three roll planetary milling process
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Abstract: The microstructure and properties of the pure copper tube during the rolling process of a threeroll plan-
etary mill were studied using optical microscope, Brinell s hardness measurements and laser-thermal rating measure-
ments. The irrsitu microstructure evolutions, resulting from both work-hardening and dynamic recrystallization sof-
tening during the threeroll planetary milling process were summarized systematically. The results show that, corre-
sponded with the transformation of microstructure, the hardness increases along with the augmentation of the de-
formation, keeps fluctuation responsible for the coactions between the work-hardening and the dynamic recrystalliza-
tion and drops when the recrystallization completes. The thermal conductivity of the copper tube increases, because
the cavity and other defects are bucked in the processes of the deformation. After the recrystallization, the thermal

conductivity decreases along with the diminution of the crystal grain.
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Fig. 1 Schematic diagram of

three-roll planetary mill
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Fig. 2 Macroscopic model of rolled copper tubes
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Table 1 Thickness and relative

deformation of samples

Sample Thickness of copper tubes/ Relative deformations/

No. cm %

1# 2.10 0

2f 1.65 21.43
3* 1.48 29.52
4% 0.98 53.33
5% 0.72 65.71
6" 0.22 89.52

AR AR 50% HN Os 7K, 12 it Ta]
I~ 3 min; AR AR 5 ¢ =&AL+ 25 mL
iR+ 100 mL 2&48K, ZINEh 10s A4 . 4
A5 B K Nephoto2 4 AH B 583, Al & AR R
] Brinell Hardness Tester HBS ~ 3000 A (K fiffi J&
1%, WEFLA TR~ 2 AR EET .



916 & 5

XA, G AT EELENS RS ACR SR 1 41 A0 M e A + 883 °

2 GRS

2.1 AEEHEHRELET

Kl 3(a) s A FIEHI SR SR A . 7
M EARRAH T XN HrR M, | TR0
EE IR, A AT I A HE B A, H
[ LE 3405, REAR i Ak . YA /NI B B K
() SRR AR A S P &%, A 3l K s, il &h
VS RTIS T E BEA RE, 3 IR A B4 HE BRI I K
K, [FIR & T %, st — 2K, of
AWK, 4 AN 25 a5 B B KT
PO, SRRDE T 414, B ] BE R 41,
o A] BE DRI A 0 70 3 R AR S A DAY, A KOR
FAE 30 73 45 T ARG AT 52 3ok o TR A
EIN VA JNE B KL 300 C/s, 45 i ELAG B st
[ o 52 ) 4h i Rr S, W U AR L S
PIANELZA X 2] I KPP % 5 A T 3 e A7 A
o= N S I/ Rt 16 MU D TS N o s A £ S
EWHIHLEARE S, XA e AT A FLH 5
fmRE /NI A IE BCsE I . B 3(b) s oA AR TE
H 20% I A AR . INEI AT LA
JE IR B A R R BT, R R, I e
B . B 3(¢) BT AR TE 4 30% F) 8 & 22 W 4 AH TR
B BHERCIL, W RECH BT 2, SRR TE RN
W, MR TR A B s, SRR RS T
BT,

Cu 2—MERBEBMKMNEE, Y AL
Wi, I HE LA B Y A A O ke, R DL ek AR
TR R TR - 9B T AR ) AR AR B
N, fE—@RIN AR E LML T, Hie S8

SHEERNKAE . NE 4(a) AT LR B4R A
25, WA R PATE I A 2 s F, 5 R A
AL AW o« M A < AR R R AT U g B A
dn A B R EE R R, N RIS AN B s A A
LG T 5AT . LR DAWIE HE, 2 SR AR
B RIE B 50% 7oA W IF 86 & A 4 e . IS 4
(b) HHRl B B 2 AR T AN B, B A R4S
dA%, BCRE T B0 2 /DS df R O A AE R AT AL
JEL O AORE N R R TR R AR AR N T . AT 4(e) 1T
W, &R CEEAE K, AR T2 B,
ENY NG B TR T BN =K o s T SR R T DN
M FHR R T, KRBT EaH 702U
FRIBB, A A PR RS 20 i S T AR T IR P 3 o
WEIEE, 4RI B AT AR S B, BRI ROE AR
Rtk ml i A MR B EAT T S A BE

FEAE I E NFLHLS, 32 205U AR 5 Ik Rk 4222
B, ORI ETRRE B, R B A A K
IR, XAE 4" FF 5 BV IURE R B LS e o
LU A B . 2B RIL B 50% oA ol &
PSR KR TR R P R R L
EH R AE B FVE IR E SRR, Se4ik 2
THIRIE S5 R B, i DAAE BRI SN ik AT
¥, TR S L b J LLIE 3h (1 05 20 A 5 45 it i
FE . BRI DI, Haisid ks, =
WIEILE] 90% A i, BIRHEANE X, AR E
KIARTE, P45 FEAE 2K 6° FF dh O IURE L B
I 45 R AT I, L P-4 B2 sl & 45 dh e
TE R/ (5 Sl o BhAS T4 T B kL 2 5
BR, AR IR, 3] DL g A 208 R el
AT 15k o P A7 £ A0 45 RO RL 8 I 2 351 ) I it
A XK B S F AT AR, S K [ I

3017 2" R3OS W AR
Fig. 3 Macroscopic metallographs of samples 1* , 2* and 3*
(a) —Sample 1* ; (b) —Sample 2 ; (¢) —Sample 3*
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Fig. 4 Microscopic metallographs of samples 4*, 5* and 6"
(a), (b) —Sample 4" ; (¢), (d) —Sample 5* ; (e), (f) —Sample 6"
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Fig. 5 Relationship between Brinell hardness

and deformation of mill bars
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Table 2 Thermal diffusivity and

thermal conductivity of samples

Sample Thermal diffusivity/ Thermal conductivity/
No. (em? = s™ 1) (Weem 'K )
1* 0.725 2. 495
2f 0. 745 2.564
3* 0. 750 2.581
4% 0. 680 2.340
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