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Effect of yttrium on microstructure and properties of
ZK60 sheet in annealing states
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Abstract: ZK60 and ZK60(0.9Y)alloys were hot rolled and then annealed for various times. The evolution of
microstructure and properties of the alloy were investigated. The results show that all alloys after annealing for 30 min
have recrystallized structure. But the grain of ZK60(0.9Y)alloy is more fine and the growth amplitude of annealed grain
is less than that of ZK60 alloys after annealing at 300—400 C. The grain size is 20 um and oy, is 226.9 MPa when
ZK60(0.9Y) alloy after annealing for 120 min at 400 C. The calculation result shows that the activation energy of grain
boundary migration of ZK60 alloy recrystallization is increased from 42.66 kJ/mol to 56.34 kJ/mol because of the

addition of yttrium element. In addition, the growth model of recrystallized grain was established.
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Fig.1 Microstructures of alloys 1 and 2 after annealing for 30 min at various temperatures
Alloy 1: (a) As-rolled; (b) Annealed at 300 ‘C; (c) Annealed at 350 C; (d) Annealed at 400 C
Alloy 2: (a") As-rolled; (b") Annealed at 300 C; (c") Annealed at 350 C; (d') Annealed at 400 ‘C
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Fig.2 Relationships between hardness and time
at various temperatures of alloys 1 and 2: (a) At

300 C; (b)At350 C; (c)At400 C
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Table 1  Average grain size of alloys 1 and 2 after annealing

Average grain size/pm

Alloy Temperature/'C
30 min 60 min 90 min 120 min
300 13.0 14.8 16.0 18.9
1 350 15.0 18.3 20.3 23.3
400 17.5 21.0 25.0 29.4
300 8.1 8.9 9.5 10.8
2 350 11.4 12.2 13.3 14.0
400 13.8 16.1 17.8 20.0

T2 A A2 BOMHR KIS )2 Ak g

Table 2 Mechanical properties of alloys 1 and 2 after annealing

Alloy Time/min 300 € 350 € 400 ©

oy/MPa  6y,/MPa 0/% o,/MPa 00>/MPa 0/% o,/MPa  6y,/MPa 0/%

30 250.5 188.1 17.6 240.6 169.3 16.1 220.1 150.2 14.9

1 60 243.9 176.0 15.3 231.2 150.2 14.0 209.3 141.2 12.6
90 230.9 145.5 14.0 215.3 141.6 12.1 194.0 129.6 10.0

120 221.6 136.8 12.3 200.6 129.4 10.3 187.6 110.9 8.7

30 303.7 250.6 27.8 291.6 233.4 26.9 274.1 209.3 23.6

: 60 299.8 2453 27.2 287.9 229.8 24.1 260.9 180.7 20.6
90 290.6 238.6 23.1 281.3 208.9 19.6 240.6 177.2 16.9

120 287.9 229.1 20.1 274.0 201.2 17.8 226.9 171.1 14.0
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Fig.3 Microstructure evolutions of alloys 1 and 2 after annealing at 400 C: (a), (b), (c), (d) Alloy 1 for 30, 60, 90 and 120 min;
(@), (b"), (c"), (d") Alloy 2 for 30, 60, 90 and 120 min
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Fig.4 Relationship between grain size and annealing time of

alloys after recrystallization annealing: (a) Alloy 1; (b) Alloy 2;

(¢) In m—1/T curves of alloys 1 and 2

S 2P, TR AN R B R AR B S lnm
5 UTKREWE 4c)pin, KRR, SRFEE
HATE MDA, THE ARG EEQ, = 42.66 kJ/mol, O, =
56.34 kJ/mol.

FOERNKXG) T, HHREFHKME. 54111
KofH M 206 901.89, A4 2 UK {EH A 790 167.32, ¥4O-
Ko M AR JCRAES T I BN (DD fE, W& 1
H2 PGS S AR KRB ) R ] 40 TR A
XA

132
D2=12LU6+206%H8%em{—§?;J 4)
X4 2
D2:5525+7%H6T3%em{—§%;§] (5)

3 S5 WE

31 Y XEMBERRBAR TR

KRAR T LI+ 45 B KRR TS 43R5 4
A — S EE SRS, CER[12-13]45H: FF45 4
RSF D 5 EkRi KRR E G RIS St B % N H
K

1/4
W% R D:K{%} Pt Rl GY N %

il

AR D 2 (AR T REE « B KR E . 3B IR A) 25) 1
R R P 4 iR R IR A . ARG, AR InY
JCEMIA A 2 A KM Zng YA, ZAHAE 4L
Tk R TR RN /N R, A R A TR R A A (Can
5(b)), JLBEREATUNE S(e), ML T EL KA O STk
I FC N MgsZngY Al o 1ZAH 5B R A 45 & el 1),
DT b 2L ) 2o A b A A o DA i, R AR T B R
Mg ZngY HHRLF JE [ R S A4 P2 AR AN S8 59 A 0, Jl T
BRI AL S IR BRI, b B B O 5 2 1 v
B P SR P AR (B 5(d)). AR REA A BH
W HIEE), SRR, EXHEE A SIS
HEER- . FIR,  SREC AT Mg, Zng Y AR F 1] 12
(LNEESEANPIA 2 VAN T 5 E Aoy A e

32 Y tEMBLEREBRKKRIFE

FREG R AR ARG — N e I RE . K
AR CANRURLAAAE, oRE RIS A iEsh. 5
RTINS SR B Bl AT I N 5544 (Zener) B

3 Ay AS — L) )~ M N
Fp,1; pz=%, Horholy 85 —ARRRIN L vh
r

FAALTRTR i 6 b [ EROIRER —AHTRORE 4%, 55494
BEL 7 BRI 5 ARRBURE IR AR AR 0 O e B, SkE
THAARK. &4 2 L 5LH)E, MgZngY A
BRCAAE JC A0 /N BORE O AR AR PRI A, R



18 5 10 1
Vol.18 No.10

PEEREEFIR
The Chinese Journal of Nonferrous Metals

2008 4 10 H
Oct. 2008

Zn

Y

3 6 9 12 15 18 21 24
ElkeV

FURETHLAE, JUAFAS T FRE S SRR, T
FLZARMIURE R Af e 1, 7 i AR A
%, DPULEIRJGERE R, REA PRI &4 2 H4dindh
RERSTIOR

33 Y EMEERAENFERERFE

XL £ B KOS IR T 22 PERE AT 0, R INY 1Y
T4 2 ATERERMAE T 54 1, Yous ik a
T35 RER M T EAARBLAE AN T e 1) MgsZngY i
R R T I R AORERE L R PR AR 1 DA B AL
R SIS i, RMEER R~ A BRI,
BE A 7 R SR, DR FF AT AT HLAE Y 2) Y
TCRMIMAAERF & IR K4S AL B A, MR

Bl 5 1 A2 LA AL A
e BT

Fig.5 Dislocation configuration and
EDS of alloys 1 and 2 after hot rolling:
(a), (c) Alloy 1; (b), (d) Alloy 2; (e) EDS
pattern of Mgz;ZngY in alloy 2
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