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IR N o, KA ZK60 Bk, aiBiE .
GHEkTT . TP GIA%: 2175 pm 161 pm) KA EE AR
BIREBRANEEFEMN, otms. FEA Ar L
BFEMN. SRS, FHAI] %S ZK60
B A4l 5 B ) Ry R, O 4 AR B UKL R ST AR
65~75 pm kY AR BURLAE Ay S g ph okl A3k SL 30 AR LA
EMAK 29, MABREN. 5, BEE&EBANENL
IR, SeB P N HE 3.0x10° Pa i H B IS,
EFRNFELL Hy AT HAREE IR EE R AE 2
MPa. fEEMLM B, £ 2 MPa &L T, 0lK& &k
K n# A 350, 400 F1 450 °C, FHARTE 12 hs BEJS
A B T e E A & 3.0x10°Pa , ARG RIETE
350 CIELME T 3h. BRRZE IR, P HCHFE M.

- S AL B S I A R R R i AE P AR A
BB | AR 7 ) TD-3000 B X 5 2 7 54T ¥ M
i, SKH Cu fEFHMREES, &k 30 kv, EHI
20 mA, 20 FHETEHE 202 80 KFEHTIA] 0.5 s,

Wk H AR B A F T VHX-1000 8RR
2B AL AL RT . R A S R AL M
kL A/ o R F JEOL2020FETEM Xt & AL-li & )5 & 4
¥R HEAT HRTEM MEE2, 15 X bl o R A AR
iR .
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2.1 XRD BiE& 5 #r

1 72 ZK60 & & wIuhkn R R HAE A [FR FE
(350, 400 A1 450 “C). 2 MPa &% F{#i& 12 h f¥] XRD
Big. W 1 rTLE S, 78 2 MPa &UJE FHRIE 12 h,
% 350 CEAMAH T ZK60 B:A MR 5 R A K
B &M AR XRD ERELTEL, A 4 4> MgH, FHIEAE H
B, HATHREERAC. YIRS ZK60 &4k K C i
A SRR A BT TR BRI 5 5, AR BB A8 R0 5
7 Mg R T 5 Hy B, RBDEBE 918 B
400 ‘CHF, MgH, A AT I B B 18 2, 75 98
K, M a-Mg AH U (1 $0 s g/ AT S5 R B R
Yo I AL R N C e DL AT . MR E N
450 CHf, a-Mg 584N, LA MgH, 1§ H
AT 98 P Ay, X 1 B 450 °C iR R TE BIE & o B
g

R1 ZK60 HFAEMUFERS
Table 1 Chemical composition of ZK60 Mg alloy

Element Zn Zr Mn Fe Mg

wl% 5.51 0.46 0.01 0.003 Balance

SMER, URB Mg JEFRERE A, REBETE 2 MPa &
JE. 12 h WA R4 MgH, A8 .

LL 450 C. 2 MPa FHRIR 12 h (I T2 %FEE 3
WAL, PR S 58 R o & 73 Al 2.1537,
2.1518, 2.1524 g, H-FI{EZ1N 2.1526 g. Bl 2 g
ZK60 & &M AR FLM i 7 0.1526 g [ Hy, A MgH,,
WA N 7.51%, BRAK T BRI BB A% B 7.69%.
NHEAEEF Zn, Zr FuREmimm s TRES H,
RAERRL, FrCAEEZEMKIE T, ZK60 B& 4
W o-Mg A FEAR A A Y MgH, A .

Ja, FIH XRD Zr#ras Rt HEA iR MgH,
HH B f B 8 B A a=0.4529 nm, ¢=0.3024 nm, X5
4l MgH, #1f) XRD &} 5 4% 4 ${# (2=0.4517 nm,
¢=0.3020 nm)FE A — %, 1AL 450 CHf, ZK60 B:&
SRR O A . XWEERE, Zn HEE R TR
Y BEA W WA b, RS 5 SR . R4E
Mg-Zn —JeAR U, WIuhH5 s ZK60 £ 4 A T B ik
ETE Mg Zn TR TE & @ AL &4, (A 4 2 Ik XRD
MR, VG ZK60 # 42043 L 7F 350, 400 11 450 CE 4k
Qb TR T BRE AL A3 X AT S L R A R I Mg-Zn 4
JE AL G VAL AL Zn AH BAT AT (R, X AT Rt S 06 T
F1) ZK60 B & & AR 1 Zn & BB Z .

2 5& ZK60 & &k R IESAGET . 5 LS
)51 XRD i, R MEMN K2 450 C. 2 MPa
M2 h, AR 350 ‘CHI3h. MEIRA LA H,
ZK60 & &HIIhk K2 450 C. 2 MPa EfbAabFE )5,
o-Mg U TH 2, IE B iZ & 1F T o-Mg Ml 42 58 1 MgH,
Ml MM EA R KL 350 CREATEE, MgH, 1§58
AR a-Mg VBRI B, TEWIAE 350 C %S H

=Mg
*MgH,
110
( v ) (1'01(200) (2%1)
450 °CI I ‘(2'20)(310;(1131301;202
S M v
g 400 "Cl llk L i v v e v
Z 2
L [350 C =
= T il % va % e
5101)
(1(882 T 102)  (110) (103)17,{201)
Untreated § J ( n ) " . éllé
20 3‘0 40 50 60 70 80

209

1 7E2 MPa &UE T ZK60 & &1k K K34 AITE 350,
400 1 450 C i 12 h (1) XRD F i
Fig.1 XRD patterns of ZK60 alloy powders hydrogenated at 350,
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400 and 450 “C under 2 MPa for 12 h

73 h, MgH, # 4 R E ALK o-Mg B E AR FH
XRD i 4 Rt HAF BN a-Mg AH I &A% BUE N
a=0.3213 nm, ¢=0.5219 nm, 5HriE a-Mg AH g A% 5 %
(@=0.3209 nm, ¢=0.5210 nm)tb#%, 7Ei% % R VFuE N
IEAUAHSE . ATAT, 350 CIRIE AR E 2 3 h J5, MgH,
MosEama.

2.2 &AL TEM BEED

ZK60 & & R IR AL AL S 1Y) OM 441
HBRWE 3 Frx. MWK 3a Al EF|, Jiih ZK60 B4
S REEE R R S S 150 ~ 200 pm, SRR K AN
5o S5 T R AR AR R K /N 5 8 B b R RS — B
H I 3b Al %1, A48 AKTE 450 'C. 2 MPa &% TR
12 h JG & EREA N MgH, A, kP RSN 10 pm
KA.

4 & ZK60 & &4 A -A T ZHSM KN iE
S . B da R 9K S TEM B3 480R0 % B 1
HLF AT AERE, B 4b J2AH R XIS 3415 . B 3%
B IR 1S, S-SR TR A & R T
T AERE IR, o-Mg AH R R~ 2075 30 nm, X
M. Takanori® & A\ #1175 1] 300 nm 2 45 ¥ ZK60 84 4
RLE A/ o W 4b BEI G R TR B, BARAFIEL
80 nm A S RL, HBEAN DXIHA I ditoRL A2 48 /)N B3
S . BRI EA-I A AL H S S 4 XRD I I A7 5 0%
(2 i B EARN W R A AT, 1R a-Mg A -F 3
kL RS 208 36 nm. X5 TEM W BT 75 dit ok R~ A
ZEANK, 0% 2 T E A R — 2

A - I Z(HDDR)VE & — Fi =l 5 5 2801 ] £ 2% 111
1% Nd-Fe-B BAMEM B BAR F B . B B RAKFEM
B & @ b &Y NdFey,B iR W A K 4B B

=Mg
¥MgH,
After hydrogenation
(110) 10 at 450 ‘C for 12 h under 2 MPa

3 B ()200) 20
<
5 |5 | 220)(310(11801202)
2 After dehydrogenation
FE’ 2 at350 C for3h
= LA n A, )
(101) Untreated
(168()).2 0
002 110)(103
(1) (1)( 0 X112)(201)

1 ' i L 1
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2019

K2 ZK60 & <& KA FE B EE N XRD KH
Fig.2 XRD patterns of ZK60 alloy powders after hydrogenation

and after dehydrogenation

K3 ZK60 #:4&4 OM i
Fig.3 OM images of ZK60 Mg alloy: (a) starting ingot and

(b) powders after hydrogenation

4 SE-TREAL IS ZK60 44 K TEM I
Fig.4 TEM images of ZK60 alloy powders treated by HDDR:
(a) the bright field and the corresponding electron
diffraction patterns; (b) the dark field

RN, A AR P2 ) (NdH, . Fe,B. Fe), {H Bk
PRI, M NBUE Y B, 7R R R R
ViR R NN I W e T A AN O R A
Nd,Fe,B A, 5k K /NFEHI7E 180 ~ 300 nmt" 81,
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HDDR . & 72 LB [ B A A% O e AR 78, AT f8 1
PEM BB ) e . i 45 DASCE AR R, R
ik T G MR R .

N Ak - SR X ZK60 B A 4 itk AT ki ga ik,
W EREET a-Mg M5 H, Z B G -5 ]
W NI . BRI E SN a-Mg AH 8 AN
MgH, #, KA R 2R —WEM R, HEE RN
fEBE Mg-Zn &R E B RE,  SRRSE A
150 ~ 200 pm J&/NF) 10 pm 4, kLR A T YA
s Ja SR R FL 2, MgH, AH A R T
Hy, JFEHASE] o-Mg A1, KRS 10 pm 4840 2
30 nm AoAq, EHA T A E ZE R ORI AR IR S Y B
KT ZK60 &4 Mg-Zn &g L &P 5 R A
A SN T AN B B, AH AT RN 1 AT, Mg-Zn & [A]
G YA & B D, 72BN SRR I AR v in Ak T A 3],
FIT AT 8 & AR BB Ak e B % ZK60 B 4 i Al Ak - i &
RN, PTAEEEA SR B, 564
Nd-Fe-B # i VE#1 K HDDR J5:AH EL, A S256 h B it
FIRLH T ZK60 B4 S al A - ak, FEQ
& &tk (hydrogenation) . it & (desorption) 1 & 41
(recombination) 3 ML A2, BiAb I R 4 )8 ML & W &
IR AE BB, AR AL 32 TR T I A E 2
RSB, BRI, AR AR S SR R A AL - A
(HDDR)iZ% 2ty HDR 2.

N T EAE ZK60 G a A L- i S b B Sk bR R
HDR 1%, FIRIAFEEEAANE. KH T 5 ZK60 £
G FE L2 S HOF A8 T A - A B X2
BoNaige R oA Mg M, i i& &9, A
FEAA- IS AL B AR — e A B i . B 5 24l
BERH ARy MEETT. JFEUL AR XRD K
B W B AT AT, WD U g BE Ry 1 A A RR N B —

After hydrogenation =Mg
(110 at450 ‘C for 12 h under 2 MPa ¥ MgH,
i (1912200
] 00) (21}{220) (310)112) 802)
5 i i T T80T
S .
> )
E l After dehydrogenation
< at 350 'C for3h
9] am
= Il . - 1
(101)
H Untreated
1%
Pk (102)  (110)(103)(112)(201)
| % - S1-
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KI5 aligk<a ok R &L 5 M &S 19 XRD &
Fig.5 XRD patterns of pure Mg powders after hydrogenation

and after dehydrogenation

) Mg #, £ 450 'C. 2 MPa &4k 12 h J5, Mg W&
%, Mg MA RN MgH, #: 4R )5, 350 CrEi
A LEE 3 h, MgH, A XK R —1 Mg 4.
M XRD 7 #r &5 it 5Hn 45, A3 28 MgH, #H 1)
s BN a=0.4523 nm, ¢=0.3021 nm, X 54}
MgH, ") XRD K fr & # % %18 (2=0.4517 nm,

¢=0.3020 nm)AHIT, fEi%ZE RVFTE N IRFE— 3G
A5 1S Mg AH 1) &A% BUE 8 a=0.3213 nm,

¢=0.5212 nm, 55 #E4lE Mg AH & 4% & %(a=0.3202 nm,
€=0.5211 nm)AH Lt [RIFETE 1% 25 o VR Y0 B N PR B — 2
F UL BEAE 450 'C .2 MPa ffiff 12 h J5 sl 58 & Ak,
SRIGAE 350 CaEZfRIL 3 h XWEalis, wEN
Mg . XiFB/E IR S - IR A T2 %4 T,

ZK60 BB & a-Mg AHBH S AT AAS 52 Ak SR )
SO, AR SE A AL OB AR R AN B A IS R,
BRI AL - A - E 4 (HDR)E 2 .

3 & it

1) NS S (HDR)YE AT LA 45 745 ZK60 854
SRy AR HBEAT SORLARAL, AE il s R SR T ZKeo &
ehARTEEEAA . BE, #EHNEL-TEA L2385
f&: 450 'C. 2 MPa F{Rii 12 h & fk; 350 CHZT N
i 3 h.
2) WA AL, ZK60 BE G 4 i b b g4k
230 nm £, HAR/NHEES . X ZKe0 &4k
Ui, BSOS AR BRSO AL 7R Il S
P2 SEBL
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Abstract: A hydrogenation-desorption technique was applied to process as-cast ZK60 alloy, and the nanocrystallization mechanism in this
process was studied. The phase and microstructure evolution of ZK60 alloy powders at different states (before hydrogenation, after
hydrogenation and after desorption) were characterized by powder X-ray diffraction, optical microscopy and transmission electron
microscopy. The results reveal that ZK60 powders are completely hydrogenated at 450 <C under 2 MPa for 12 h and then thoroughly
dehydrogenated at 350 <C for 3 h in vacuum; meanwhile, the grain sizes of ZK60 alloy powders are refined from 150 pm to 30 nm.
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