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Abstract: In order to further refine the grains and prepare uniform nanocrystals, the ball milled GZ132K alloy powder was
treated by hydrogenation-dismutation-dehydrogenation-recombination (HDDR )technology. By changing temperature,
hydrogen pressure and time, the optimum hydrogenation conditions were explored by orthogonal design. Then the optimal
dehydrogenated powder was determined by single factor control variables. The phase transformation and microstructure
evolution were analyzed by XRD, SEM and TEM, and the HDDR reaction and refinement mechanism were discussed. The
results show that the optimal HDDR process parameters of GZ132K powder by ball milling are as follows: Hydrogenation
at 400 ‘C, 4 MPa hydrogen pressure for 12 h, followed by continuous vacuum dehydrogenation at 450 ‘C for 6 h, the

grains are refined from the initial 12~76 nm to 9 nm with more uniform size. It is also found that the HDDR process of

ball milling GZ132K powder is actually a combination and decomposition process of Mg and Gd metal hydride.

Key words: Mg-Gd-Zn-Zr alloy powder; HDDR; grain refinement; nanocrystalline

B B AT B /N B R TR AR BEIR
Fug e R bR M AR A A DL B B A
AR, Y RE A T AR B AR 5 (H 55 B 28 4 A R
il AT . AR OR  Mg-RE & @ AF R Skl
i Mg-Gd-Zn &5 & N R J7 22 PEfE & 2 G, it
CONTE TR RS s S A o e N B
Tiid:. HET,BEE A SRR AR FoRn 40 Ak 1 iR A28
I A 8 R 5 (] e e v T A A R A o R

I 75 H H#9:2022-04-14

HEEWMB: MK AKRFAESUL7I0118); I TT 4 A RFF 2= 34
(20210302123134); LU PG @7 FOBT 4 K5 16 TR 5E Be i 4
i H (2021SX-FRO05)

TEFER A W(1996—) , B+ A= WF 58 T5 1) < B & 480 A4 k.
L3/ : 035160148524, Email: Fenghuan9622@163.com

BIRAEE A EE(1977—), P, 082, P A= S0 BF 52 5 1)
o HEBE G A B ORE B K T ML 3 £ 03516014852,
Email: fanjianfeng77@hotmail.com

R 5T 5 28 1 I 1 A2 B A5 38 15l BL 4R i+
B ARG AR S E RS B A
LU A 5 A AL BR A 0.5~1.0 pum; J5
S5 28 20 OB AR S [ 258 UM, 2 BT I = e Bk
& G5 AR A TR SR A AL AR

A b - b - i A - T 4 (Hydrogenation-Dispro-
portionation-Desorption-Recombination, HDDR) 1F &
— R B H A RO R A0 AL HOR | B W) B Takeshita
1 Nakayama # " Harris A1 BA SV p5 8 H v FH F
Nd-Fe-B REEMEM BE, 05 AWHE 528, 65 1t
TiAIY AZ31M Mg-3Ni-2MnO,™ AZ91M ZK 60"
Mgl iy B 5%, I S BLAR 45 1 4R fb 3 5 . Takamura
S5 U L X AZ31 H R KAkt £ 4T HDDR 4b B, 45
RRUI AR ORI B 9K 5 R4 36 h b
L dnb RSP /N 2] 500 nm LR, ALZBE TY
20 pm, Hu FFU24 S 5T AHSS 5 4038 AZ31
HA ARG R A& T 40~50 nm B9 A, HET,C



(EEEF AR N06/2022

B % ,% .HDDR EH& GZINK 58 MmKkEMEK <457

Z:F W] HDDR XF AZ & ZK #4844 B AR 140
RAER, BXF GZ Z & 42 5 HAAH R 9 4 Ak 8CR
HH & SCHRAR /b . A SCR ] HDDR T 25 Ak #ER 5%
GZI32K BER M A, WF5¢ HANFE A8 A2 U8 50 i
A 5 A B AN HLER

1 SEBHRESIE

S WG MR N BRI GZI32K B4 kAR, 1
S SCR 5 bR R e 1 R, BRRFREC 2 ¢ B
TooE SRS R ST, MEZS 2h JFRRA—
FE AL AR, W R RIS THE = E b iR
AL, AR IR (300,350 A1 400 C) EUEQ.
3 Fil 4 MPa) FIE 8] (8 .12 #1 18 h), it & 1k 1E 52k
5 WA AL 1 g S T & S
M I 2h 5, 40 FHE 2 300,350 Fi1 400 C H
ZSA 6 h,

F1 REBEGZINKE A LMK B NHEH SRR S

Tab.1 Nominal and actual composition of ball milled
GZ132K alloy powder

Element composition Mg Gd Zn Zr
Nominal/% 85.13 12.60 1.62 0.65
Actual/% 84.82 12.49 2.36 0.33
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Fig.1 XRD patterns of original and hydrogenated samples
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Tab. 2 Results and analysis of orthogonal hydrogenation
process

Test conditions

Groups A B C w(MHx)/%

Temperature/ C  Pressure /MPa Time/h

1 1(300) 1(2) 1 1(8) 0

2 1(300) 2(3) 2 2(12)

3 1(300) 3(4) 3 3(18)

4 2(350) 1(2) 3 2(12) 62.46

5 2(350) 2(3) 1 3(18) 60.05

6 2(350) 3(4) 2 1(8) 83.92

7 3(400) 1(2) 2 3(18) 89.88

8 3(400) 2(3) 3 1(8) 89.38

9 3(400) 3(4) 1 2(12) 96.48

M, 0 152.34 156.53 173.30

M, 206.43 149.43 173.80 158.94

M, 275.74 180.40 151.84 149.93

my 0 50.78 52.18  57.77

m, 68.81 49.81 5793 5298

m; 91.91 60.13 50.61  49.98

R 91.91 10.32 7.32 7.79

Pl 2 GZI132K #3 K 43I #E 4 MPa ZUE T ,350 ,400 #1 450 C
Ak 12h 19 XRD &3
Fig.2 XRD pattern of GZ132K powder hydrogenated at 350,
400 and 450 ‘C under 4 MPa hydrogen pressure for 12 h
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Fig.3 XRD pattern of hydrogenated GZ132K powder
dehydrogenated at 350, 400 and 450 °C for 6 h
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Fig.4 SEM images of GZ132K alloy powder in HDDR process
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Fig.5 TEM images and grain size distribution of original, hydrogenated and dehydrogenated GZ132K alloy powder
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Fig.6 Schematic diagram of hydrogenation reaction
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Fig.7 Schematic diagram of dehydrogenation reaction
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