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Table 1 Chemical composition of ZK60 Mg alloy (w/%)

Zn Zr Mn Fe Mg

5.51 0.46 0.01 0.003 Bal.

F2 ZKe0 S EMEEUREKESH
Table 2 Experiment parameters of ZK60 alloy powder during

hydrogenation reaction

Sa’\rlr; ?Ie Experimental condition Sal\rlr; ?Ie E)é;;enr(;meor;[al
1 2 MPa, 12 h, 250 C 8 4 MPa, 24 h, 300 C
2 2 MPa, 12 h, 300 °C 9  4MPa,8h,350 C
3 2 MPa, 12 h, 350 C 10 4 MPa, 10h, 350 C
4 2 MPa, 12 h, 400 C 11 2MPa,8h, 350 C
5 2 MPa, 12 h, 450 C 12 2MPa,10h, 350 C
g  2MPal2h 350 C+ gy b 12h, 350 C

2 MPa, 6 h, 400 C

7 2 MPa, 12 h, 300 ‘C 14  2MP,18h, 350 C

784, ZK60 Ky RS FE B H AR KA 22 ) o i FEAIG
T 250°C, ATHIEAEN Mg, BEBHEA R A AL RN
300°C i H BB 2> MgH,, {H 3 NaE A Mg, 1t B I
I A, A TS B 350°CHF, T4
U 43R MgH,, ULEATEZIREE N ZK60 B & &M Rl
PLogdEft; MR ETFE 400°C, MgH, ZB#H %k, 3
ARG Mg I, BEEZIREE N AR T ZK60 Atk
(34T o 24 TR R I 3 3] 450°C I, ATHTIE 43y Mg 1.

A R — ARG R 0 Hy 5 1 50
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2R SR A o i P8R v Hp 20 7 B 1 S 205 e )R,
PR b2 oA R T S A R R AT

Mg +H, = MgH,: AH, =-77.5 kJ/mol (1)
SR, AN — MG, TR S A
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MgH, TE55 sl B IE R 25 A N o AR B 43 o il S S, R
2 MPa, 350 C, 12 h E2&EALH) ZK60 ¥y K 29, 7£2
MPa, 400 C FfRi 6 h(RIRFE 6), xR XRD B
R 2 s, TS T eS80 TIESR R, &
400 ‘C#iE 6 h, BIfELE 2 MPa &% T 24 &850 70 fiF
R 3 NIRIEKIA Y MgH,, {EATSREIR ELUHb 0 22 5|
Mg WL, B/, e B R ATE— N A IEm
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. .
A A el 0N,
] 0
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g 300 . N .L . AT v v v
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o » . . . e
250 C 3 R4
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Fig.1 XRD patterns of ZK60 alloy powders hydrogenated at
different temperatures under 2 MPa for 12 h
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Fig.2 XRD patterns of fully hydrogenated alloy powder treated
at 2 MPa, 400 ‘C insulation 6 h
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Fig.3 XRD patterns of ZK60 alloy powders hydrogenated under
different conditions at 300 C
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Fig.4 XRD patterns of ZK60 alloy powders hydrogenated under

different conditions at 350 C
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Fig.5 XRD patterns of ZK60 alloy powders hydrogenated for
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different reaction time treated at 350°C, 2 MPa
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MgH, I&5% 4y, M HE =~ 350 CHRIE 3 h J5 MgH,
MARMSE AR Mg 5 Hyo FIH XRD 43 #r 45 it
SR EA G MgH, fis & 2{f N a=0.4517 nm,
¢=0.3022 nm X 54l MgH, 1% XRD F A fi A% 5 S0 E
(a=0.4517 nm, ¢=0.3020 nm)dE& #HiL. 350°C 5E 4= it
ZAJ5 a-Mg HH 1) &A% £ Y a=0.3209 nm, ¢=0.5211
nm, S5HR%E a-Mg A i A% % #( a=0.3209 nm, ¢=0.5210
nm) ELEL, 7R 1R 2 o VRV B N AT AR AR, XN — A
MTHT EPAIE 1% T2 F AT L A A

RISCH i@ IEAg s, 45 G AR AT SR I
UE. Wik kE 7, 8 XTI 4, SLIRI6UEHE H <8 KR EUE,
A LATE — 5 2 B b 46 40 58 A S AT R I )7 SR
K, AR TENR AT SR 5 &S0 %% 1

+Mg
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Vacuum 350 C, 3 h
i § AN e K
<:v.=§ ‘ Vacuum 350 C, 2 h
3 Y o G - 1
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c
o M K55 7 € I G G0 O T
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L ] 2 { 20 &
)
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6 ZK60 & by KL HT 5 Al 205 (1 XRD &1
Fig.6 XRD patterns of ZK60 alloy powders before and after

hydrogenation and after dehydrogenation
R, AWK A I A E L E N 2 MPa; ik

11~14 XK 5 MR, TeaUEaAFE —En
SRS A], PEAn A SRS 26 AF R, Al 10 h AR e A
th, ME 2 h AEEEama. AAld—eRE, A
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—EHT), —E RN, EAESMES AR
HBEAT o SRT A XRD B 4 ml %0, 775 I [a) e i
—EAH G YRR R, T A S A i ST R R R K
2.2 SREIEFHMMALEL

7 4 ZK60 B KA [FPR A T (1 SEM B F . M
Ta AT AR, SRR R D 2 DR JER IR B ) R R
K, BIVNTIRAHE. EEK 7a 5 70 7TLLE I,
350 ‘C, 2 MPa & JE{#iE 12 h {#15 ZK60 ¥ A 3 4 i
e, LA /NTRL, IR B P OR R R N .
7c T LLVEH, & Eh-IE S fok R R T E T O,
WORL KN ARG 55 o B RURL RSP IR A& 100 pm /2
fi, BARKEN. SH-BEAnEE, 22— Mg
MgH, = Mg IHI AR FE, MoH, M 22, itk K,
It H Mg #459 MgH, I, gl I AR P28, YR )R,
DRI T 25 5 HE DU ORE 8 2 B R, R Al /N ks, HSZ FR
TR AE B KT IR , HDDR i F2 1 3% A5 A4 1 ita hnpLak 77,
FIt LLSF 35 FORE R /N AR AN K

Kl 8a. 8b 43 il Ay J5 4 H R AN A S5k AR 1) D B R
Fro MWEIFRRTEUE H, R 4R R dki K/ 100~180
um, fRCHL R AN 5], 350 'C, 2 MPa, 12 h & fkb)E
AR R /NN B ume X B A R, RIS F
—ERE A, I A% E AR R NI A

K9 %1t 350 C, 2 MPa, 12 h 24eEb-TiEA
JER AR TEM B Fik X B AT AR FE . X EEBE
W7 M AT IS B 2, ZK60 kAR Ak Skt KN 4],
H kLR~ 20 nm A4 . iX 31 HDDR L&/ LA
R AL k. #3350 °C, 2 MPa, 12 h S AL
A5 ZK60 # K XRD BT A7 59 0 119 2 o o B AN i
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7 ZK60 A S R SEM M

Fig.7 SEM images of ZK60 magnesium alloy powders: (a) original powder, (b) after hydrogenation, and (c) after dehydrogenation

8 ZK60 B& kKK OM M
Fig.8 OM images of ZK60 magnesium alloy: (a) the original

powder and (b) after hydrogenation

SAXIHE, WA a-Mg M ERLR S 208 34
nm, RZERVEENA, HEERS WML R —%. B
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A LUK ZK60 7 oK 76 4 A - il &

10 NE A MG K ARLE 400 'C, 2 MPa, 6 h
FAETFEE— DA H SR TEM J8 5 K%k X i1 A7 518
FEo WERBARE A AT RN, 3 A HOGEL M o A 45 2D 2 kL
K/NA 20 nm 245 Ry R diki . xTELE] 2 () XRD
W, eSO ARLE 400 'C, 2 MPa, 6 h#t— 4k
HJE 3 #RIEHKIH N MgH,, HAZEEJIA/NEN Mg
U . it H P 8b W] AT, MgH, T34 i ki K /NN 5 um, TEM
T MgH, HF SRR R TEVER I, XA B R T
A A R B R R LA YK kL. X U FE IR
JE iR, MgH, KA T 85 i, SRR R 43
MRIH M d kL K 1 MgH,. B 10 TEM HE i3k — 25 BHIE
THTSCR B, B IR S MgH, 233893 7 i

Afb-fiiE (HDDR) i #2, 5e8 KA NE M-I
- E AR, BRI T & R NdFeB
KWL RS FET LR IR N NdFeB & & 1E
650~900 ‘C#1 0.1 MPa f] H, AU 135 1~3 h, LK
Nd,FeB REAH (AL ~FZ) 0.1 mm) WA I B AL 43
RN R B AK 72 4 Fe,B, a-Fe AT NdH, T &40 (R R

<} 100~ 300 nm), 4R Ji5 75 H [F] ) 3 FE Y5 B N BRAIK H, &
FiAd A PR R A4S A NdoFeB A (b R ~F 4
3 0 0

B9 Sfb-AALH )G ZK60 B A TEM B 7 % SAED fEFf

Fig.9 TEM images and SAED pattern of ZK60 powder with
completely hydrogenation-dehydrogenation treatment:
(a) bright-field and (b) dark-field

B 10 X sEAeE Ak KiE(T 400 °C,2 MPa, 6 h f 4L ) TEM
8 & SAED fE+¢

Fig.10 TEM images and SAED pattern of fully hydrogenated
powder treated at 400 ‘C, 2 MPa, 6 h: (a) bright-field
and (b) dark-field
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AL AL - -2 A AR A A R .

ZK60 A & fb- AW 5 /2 MgH, 14 B
5@l 2. Mg+H, 1 MgH,, Hy B et E
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Fig.11 XRD patterns of pure magnesium hydrogenated at
350 C, 2 MPa, 12 h and 350 °C, vacuum incubated 3 h
dehydrogenation
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ZK60 Nanocrystalline Magnesium Alloy Powder Prepared by Hydrogenation
-dehydrogenation and Their Microstructure Evolution

Xu Lianlin, Fan Jianfeng, Zhang Hua, Xia Zongkun, Dong Hongbiao, Xu Bingshe
(Key Laboratory of Interface Science and Engineering in Advanced Materials, Ministry of Education, Shanxi Key Laboratory of Advanced
Magnesium-based Materials, Shanxi Research Center of Advanced Materials Science and Technology,

Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: A new technology to manufacture nanocrystalline materials of ZK60 alloy powder was developed via studying the influence of
hydrogenation temperature, hydrogen pressure and reaction time of the HDDR (hydrogenation-disproportionation-desorption- recombination)
process on the course of hydrogen-desorption by XRD, OM, SEM and TEM. The microstructural evolution of the alloy powder was researched.
Results show that the temperature plays an important role in the hydrogen-desorption process of ZK60 alloy. The optimal HD process for
preparing nanocrystalline Mg alloy powders is that the alloy is hydrogenated at 350 <C under 2 MPa hydrogen pressure for 12 h and then
dehydrogenated at 350 T for 3 h in vacuum. The grain sizes of ZK60 alloy are refined to about 20 nm from 160 pm.

Key words: HDDR; ZK60 alloy; pressure; temperature
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