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Current Status of Powder Preparation by Hydride-Dehydride Process
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Abstract: The Hydride-Dehydride (HDH) process is a powder metallurgy technique based on the
reversible reaction of metal hydride formation and decomposition. Due to its simplicity, low cost,
and suitability for recycling materials, it has been widely employed in the production of powders for
reactive metals such as titanium, zirconium, and niobium. With the advancement of powder
metallurgy and additive manufacturing technologies, increasing demands have been placed on
powder performance. As a key powder production method, the HDH process has garnered growing
attention for its research and optimization. This paper provides a systematic review of the
fundamental principles of the HDH process and its current applications in representative metal
systems. Particular emphasis is placed on the enhancement of powder properties through
post-treatment techniques such as fluidized bed modification and radio frequency (RF) plasma
spheroidization. Finally, the future development trends of the HDH process for the preparation of
high-performance metal powders are discussed.

Keywords: hydride-dehydride process; metal powder; titanium alloy; fluidization modification;
plasma spheroidization
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Fig. 1. Fundamental kinetic behavior of the titanium hydriding
processl!

BA R R ER S AEN S A AN B A
e BEES 11 JeiB it TiH, 3R 10 30 52 S8l
HNEAL I, SR 5 TERURL R TH K AR ) BRI Bt -5 4 22 )
Bt RS NSRRI T BN 5 R TiH A= AR
2, 3 NEREAR R R AR I B AE A R
v (1l

TiH.(s) +
ANT /

)

i(s)+ H-(0) =
N~/ & \NO/

-

)e

~

SRS
D

Jit S B T A s m b e SR R e E —
SEME G, TiHe ISR T SmAS b, JFiE
B ) R e AR R S, SRR A
2o S5 ST FR R S B AN I AR Ak e B
K, R UE N IE F IR R R R R

AT 02, T AR S FE AT TR
PIWEFE . SEoeR, ST S5 E AL,
400°C T, ERPIATEA . A Ak 15 R
400-500°C B}, K3 M IE A= B TiHi042, 500°C BA
R R NETERR, R CEIE NP, R
] 47 A R 1) R i e I3k P P 2 s T 9 /S o S 3
MR R BRI — RN T ORI SRR
e b o-Ti SmA% S5 K i\ THA AT B A7 B, 45 DY T
A TRT R B EL AR 1, T N2 (1 [ TV BE AR o EHR 2
WA FE SRR &, 5] A AR
¥k, BARMFIIKRATIL 3.84%. %45 ARG
FHEGR T BRI TE, S TiH) oa (8 T HUACK #E T A
TEJR A .

JA TSN, WHEGEMMA T 2T T 2
TR A stk . TEEALBY B, R B &4 S G )
(SHS) ERB LGB Tk, @ik
k5 AU A R B SEBLER I PO Ak, R R H
SHS St m BB a4 . seas ik Ak Jik
F 2% 0.25MPa, SALIREIEHILE 350-500°C, F)
PAF AR B BUE 4.662% 1640 TiH) o1 EALEL,

— 745 —



)
AFC

17 BIMBHERIY
THE 17™ ASIAN FOUNDRY CONGRESS

4 1EMHNE
Part 4: Additive Manufacturing

T HEARAE 4.040%. BRGEREH, SRH T ISR
W3, ARG SIAEE N i S AR
BRI, BAX T ALGUNERIREE . A 2508 > B J@i5 4,
TSI SR A . AU R, BT m s
it AT R T2 SR AE e U e s TR
A SakERTHR, T O N CEERUT
RGN, RN R T R K B w7 dr. EUR
ERkrRIDEH, S AR 19.4%.

2.2 EEHEE

Ry S BN FAZ A0k, XAl 524 i
WK o MEAIE T 2T 2 M T4 R B 4
Hilkr. USOERFT, #68HhHEY BETEBIFAR
B IEN), o aES-EMI(ZH sa0)s v-A
W(ZH). eEMINZiH) FI-EMNZH), HAE-
SWHNZeR) R WFSS, EAES BT, EEA
BInE 2 FoRe DS R S TR ZeHa.
dEEMIR KA E, MERES N 2.14%. 18
400-800°C T, HEME S RAM T —RAIAHA,
Bl:0-Zr—B-Zr—8-Zr—e-Zr. WEIIFEH, o-Zr iBD
At Ne-Zr. SALERESREARARUR AR, Lk
15%, oA RAE T PEE HLIARTE, bR = ARk
BN, B RMBLIH . SR SR
TELLI I AREE RIS, BRI R AR R AR, o
EAVA T TA A Iy N R k2 e A I 13787 N ol L )
PE, FEAE R A AR, IR IAE] 540°CHY ZrHa
FEUGM#, T30 CIABIRR il 2. IR
R BRI R IE , ARSI IR FE B R AT DA%
Jit ST B], E PR R SR Tk AR A 5y [ SR 4
B, TREINEEREE ISR . X TR R R 1L
ARAERE, IR TRENE, B TR AR S AT Re

Ario [19]
800 |
(Bzr)
700 |
[(aze) 550°C sl .

‘emperature (°C)
2
=)

L s L L s
o 10 20 30 40 50 60 T0
Atomic Percent Hydrogen

B 2 AR

Fig. 2 Zirconium-hydrogen phase diagram('é]

Liu H &AL T &b BREBFIBAN T2
o AN RPN T BT EDE. '
I B AL PR AN B 3 B, WAL RE 2
B T AR LR I AR, BER T ZeOo BRI IE S
PE, FEM R SR TR B T S0, N A B ftisiE,
et 7 A R SR, BRI ZeH RS . AR
JtZtH, HNEEE, A SERELERE,
Bl 2.14wt.%. Z3d 30min FIEREEFT 650°C K 60min
IR fS, RN T A& & 9ppm, AF
HA 0.21wt. % = 20 B4 Ze #r oK .

B 3 REE B S AR RS

Fig. 3 lllustration of the optimized vacuum activation assisted

hydrogenation process!'®!

2.3 EREEE

BT B, e, Pesm el 4
P, AfESREhaEZMAERN. Al
fii L R, HE R G B el AN BAH (FE K T
38% B /R B ). Horbo oy P [ AR, A
JE A S o 4 R A S 5 54 e £ D A T B
fr B R R T [ A R ) 2 e AR S
HBo PHAA FPREIVER, BRI RS YT L IR A4
Hy, A R IR A SR b D T AR TR BRA . pAR
HAR S RINETE, 2 et Ry MM T U B
X, FETREmEAN. @Y

Weight Percent Hydrogen
04 as a8 1

Lol I |
m—
Kelvin
450
400
%0
o
o
® 300
£
3
= 250
)
£ e 200
< - —
& f’_,-'::»"_?/- kY
= - _J.‘:’:::....q"f o “. H 150
77" \\ 6 ,." I‘H 0
- H
” A i1 !‘ !
N i 1
- N -
AW H y
T k! 4 ? T 0
20 20 40 50 0 E)
Nb Atomic Percent Hydrogen

Bl 4 FREHE R

Fig. 4 Niobium-hydrogen phase diagram(2°!

— 746 —



&," %17 BIMEBESIW

AFC THE 17™ ASIAN FOUNDRY CONGRESS

4 1EMHNE
Part 4: Additive Manufacturing

S A FE e e & s AL B AR, B
NbHoos, ZfLah /BRI 5 Fros. 2l KR
S, MERESECN 0.99%. 450°C AR KES
SN AR« AL IR R IE B 550°C I, & fb
RN A Re i LU e A HEAT . 800°C I I &R
N, BB ER B LR A . iR 850 CHI
900°CH, Zead PR/ s E A IR B ) il AL B, B8
A RES S e . (22
(1) 43t
(2) b2 MRpf
(3) XMBE

@) FURTEAND I #

(5 RERR

B 5 AN IEEADBRRE
Fig. 5 Schematic diagram of the fundamental steps in the

niobium hydriding process!®!
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