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Mechanical Properties of Ultrafine Grained 5052 Al Alloy
Produced by Cryogenic Rolling Process

W.J. Nam

Abstract
The effect of annealing temperature on microstructures and mechanical properties of the 5052 Al sheets rolled 88%

reduction at cryogenic temperature was investigated for the annealing temperature of 150 ~ 300C, in comparison with
those rolled at room temperature. The presence of equiaxed grains, whose size is about 200nm in a diameter, was
observed in the alloy deformed 88% and annealed 200°C for an hour. When compared with the deformation at room
temperature, the deformation at cryogenic temperature showed the higher strengths and equivalent elongation after
annealing at the annealing temperature below 200°C. However, for annealing above 250°C materials deformed at
cryogenic temperature showed the lower strength than those deformed at room temperature. This behavior might be
attributed to the higher rate of recrystallization and growth in materials deformed at cryogenic temperature during
annealing, due to the lager density of dislocations accumulated during the deformation.
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Fig. 1 TEM micrographs of 5052 Al alloy, (a)
deformed at cryogenic temperature and
(b) deformed at room temperature, with
65% reduction

Fig. 2 o] et A9 dd o] B 7)
AR AA W3le 2AWYPA BASE Az
z wslel YA @AV ok AFFEE %
7] 540ColX @xz3 AW 237MPa ZHH
A 88% UA F$ 382MPa B ALY
64% Z7hgk wtw, Ao ddd HSel=
346MPa = oF 47% F7}sRTH. olg Ze) =A
2o gtdEe AU AedA ddte A
oo natd wWE £52 AFPEIF sk
%L, 4 W T AL F kil

ret

BZAMIIZEE XM 133 M 8T, 20043/ 705



gol FAHLANN gdstE A qAHBR, ¢
d WYF Zobol e FH AAUEI} %]
gRroz Bl
3.2 oy =70 ™E JIAN HdF
H 5}

Fig. 3o FAL4 8% ¢As 2AE 150
~300TC 2% WA 1A B o dd A
gk AlEe 71AA AEE eSS

T T T T T

—~®—T$ (cold) -M--YS (cold) -~ A %El (cold)

400 | —0—TS (eryo) --O--YS (eryo) - & %El (eryo) .
&

200 -

Engineering Strength ,MPa
Elongation to Failure, %

100} o

0t4 016
Engineering Strain
Fig. 2 Mechanical properties of 5052 Al alloy,
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Fig. 4 TEM micrographs of 5052 Al alloy, (a)
deformed at cryogenic temperature and
(b) deformed at rcom temperature, with
88% reduction and annealed at 200C for
1hr

3, oldy %7} 200Co °)2W(Fig. 4),
3o v)w A go| FgPxo] obHAAY (subgrain)
U Foll M —‘?—1 kel Az QA FHo=z,
olAA Y AF/AFH](aspect ratio)’t TA
St AHe udlch e Fig. 4 o4 okt o

AE ARG A AR S5 ke 2

Xé%%.‘i A oW SA4E ZAY 27
. o)sk o] 200CAA A
X—'? g5o] WP o, ob2AY A7) WMt
a7 ggerns = WMyt vu A @
ZETE, EF e ojdy 2:=oA oln A
Ao AuEE A% WF dLrEe vt o
F AYEHPeER ody 2EE 20008 s
don FdANES AT WH3e BEHA
Fsdrh. o mAzA FEdA & £ kol
200CoNA 200nm =279 AZA AR Ao
UG, ol AZAYES, Ao
AZARol B F=rt A3 Fide A
Fie g8 FEo IA FFS vHH RIo
ol AAE AZA A2 A77)F oHEAES
Z3} fatstez Ao ojFrts Zgd & 9
e vAA Raon g YHH Fol ot

2% 2D AAd AA 7dsx Zagdn Bl

e



FAL otd o Azd 5052 Al dF9 71AF A=A

ojdsl 227} 250Ce ©]Z9W, Fig. 3 oA
o} o] A% A ga9 A
#25=d o]= Fig. 5 9 vARHdN & &
AFo] 200CHA AFE AAA] A4 A4
A YA B&o FF F2d] o] RojH 7] Wi
ojttk. wEhbA 250CelA oAd®g LAY 7]|A
A AL 250CAA ojdH e A9 ofdFH A
AdE AEA 4R 25 27 EX 93
A dFE EE ¢ 5 UATh. Fig. 5 9
AR AR A e &A7F wAg Z7]19 A
24 4 2 o lum B A AAAH AR
TAE &g BodFu 9oy, Fig. 6-(¢)
o] Ao @ whake] mA|ZA A Fig. 5
oA #zEE wAxZ o]Le ofF] ALlE FH

o opagYel AEekn Udee ¢+ Atk
w

ojd® 2%7} 300Co} =43y, ZE 9
A M AAA] HEH He AAY A7) 20
pm 55 2AYez A nAzFE d&

%o, o e 7AH AFA2E, ¢
T 240MPa =5, FQAE 24% FFELE T2 E
el

o}

Fig. 5 TEM micrographs of 5052 Al alloy, (a)
deformed at cryogenic temperature and (b)
deformed at room temperature, with 88%
reduction and annealed at 250°C for 1 hr
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Fig. 7 Engineering stress-strain curves of 5052 Al
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