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Properties of recycling tungsten heavy alloy

GAO Haryan, WANG Xinping, HE Yue-hui, REN Bin, CHEN Lrbao, HUANG Baryun
(State Key Laboratory of Powder Metallurgy,
Central South University, Changsha 410083, China)

Abstract: The recycling tungsten heavy metal alloy powder was obtained by oxidation-reduction process. T he recycling
powder was mixed homogeneously with appropriate amount pure nickel and iron powder. Then the mixed powder was
pressed and sintered to get the recycling tungsten heavy metal alloy. The results show that the mechanical properties of re-
cycling tungsten heavy alloys are nearly the same to that of the alloy produced by pure metal elements mixed powder. T he
density of recycling tungsten alloy increases first and then decreases with the increasing sintering temperature. T he maxi-
mum density is 17. 12 g/ cm®. Hardness decreases with the increasing sintering temperature. The tensile strength and e
longation get the best match when the sintering temperature is 1 440 C, the tensile strength is 922.95 M Pa, and the e
longation is 20. 18% . After vacuum heat treatment, the mechanical properties of recycling tungsten alloy improve. T he

tensile strength increases about 6. 44% , and the elongation increases about 43.42% .
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Fig. 1 XRD pattern of oxide of tungsten heavy
metal alloy formed at 900 C for 4 h
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Table 1 Properties of recycling tungsten heavy metal alloy after sintering

Number  Sintering temperature/ C  Tensile stirength/ MPa Elongation/ % Hardness(HRC)  Density/ (g* cm™ ) Porosity/ %
R1 1380 791.59 30.5 16. 86 3.32
R2 1 400 836.61 14. 42 27.5 16. 97 2.19
R3 1420 888.94 17. 65 25.0 17. 09 1.79
R4 1 440 922.95 20. 18 23.5 17. 12 1.34
R5 1 460 879.26 21.0 16. 93 1.82
El 1420 770.77 27.5 17. 11 2. 11
E2 1 440 870.93 14.42 26.0 17. 20 1. 68
E3 1 460 896. 61 15. 06 24.5 17.23 1.21

R —Recycling alloy; E —Elements mixed alloy
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Fig. 6 Microstructures of recycling

tungsten heavy metal alloy at
different sintering temperatures
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Table 2 Properties of recycling tungsten heavy metal alloy after heat-treatment

Number Sintering temperature/ C Tensile strength/ M Pa Elongation/ % Hardness( HRC) Density/ (g*cm™ %)
R1 1380 845.6 7.14 31.0 16. 96
R2 1 400 890. 8 23.13 27.0 16. 98
R3 1 420 940. 9 24. 64 26.5 16. 99
R4 1 440 992. 1 26.07 23.5 17. 19
R5 1 460 928.7 23.97 22.0 17. 04

R —Recycling tungsten heavy metal alloy

T VFZ“ W5, Bt DA R B i B R 48 i 6 3
BE . B 11(d) iR N Z 1 440 CRESS 5 RE 5 1
FJESA, BT CUE th, K 45 AH 3550 40 A 75 55 0kL
B, HARGEHH EARKENWE”, EHEBRRE
BD, SR B S KE 8 ks b
A BB FHRUIR” A EmT R, A W B RE G
Y A7ALE, 150 B L BT %) 7 2 T LA 0RO P e 2 Dy 4
NE, GERIME S FIPURR A . 7RI S5
T, BT RG> A YA, B RORE (8] 1) 45 & ) 3
SR, LERLAY ) AE R A5 RORL ) B I AR T g ) 3 i,
R3] T RAF SRR L G . e iR E 1R A 2
1 460 CHJ BIFE S T D TESR WKl 11(e) Fim, BHT4
Wk KR E, JAF T 36.5 Um, Kh4EAH 4 BUE
BEA, AEESRORL P R AR TE B8 ) B, Xl TAEA
TFR YD, AHE OR8] A FLBR H B, X L83 5 3L
THAES SRR,
2.2.3  HAEFEXTEAE S SRR

sl RS &R E N ER, HESE64
MR AR RAN-EIR T2, mHAESE
SRE R Hy A IR, B, L g
i, MERSTEEH O VP .S N Z5ZL 5, XL
MIE LR & ER WA SR o
FEEEALE W EMATL, FHAEEEAMR .
O M EZMEHBRTHAE R, URg R
Wi R TH A AT IR SR N, 5 7™ B FEAIK
85 SRS Rl 5 AR PR . P S AT B ok kG
SEAHI S AL TG SR, S 5 P BIFEHRAL,

KRS =% E A ST A A H DA
LBRFUTEMBRN, HEREEEAM, NMEsa
SPERE . P S A A SRS TR 2.

SHK B S, ARG S 0 R RN B R AR AR
K, PrhrsmEREM R AREERR . B 2
UL, A E, FAEA S PUhoR B L b B R
Zi4Em T 6.44%, FEMPFAFR] T ORNME L, LL#k
MERRTAFE R T 43. 42%, Ut B LS P N AR

SA IR B S T B IR
3 4w

1) 2R VA BT (0 45 A 4 U HI [RDICR R AT ) 2%
H 5 TR SR ARG5S A S M ReAH 4 1) B AR S
FEEEEE.

2) BT RO R TE ek, B LA S E
(8 45 R B 38— M G R TR Bk T e I e 45 R
21K 40 C, 7£ 1380 CHe4 45 min B[ 15 2 H —
SEPURLR AL 2 ARG 4

3) FAEE G B BE A be 45 IR FE 1 I = s T
EMEAFEIL, 21440 CREEBIMNBELESSE
MRl 17. 12 g/ em®, 1 Bl 5 6 45 96, & )
T v 1T B

4) BEERGRER T &, BAESESRIH
OB % E (FR 2R R A S T e T S RIS, AR AR R
1 440 "CI P A= A 4 10 5 5 0 98 1 8 1) 468 B 1) T
&, PIPREE Y 922.95 MPa, FEMZE N 20. 18% .

5) 2RFHAHEE, BAEBEESERE N
e, LA RE RN B AR AN K, by o AE B A Ak BR
e T4 6. 44%, JEAR R LA H TR S T 4
43.42% .

REFERENCES

(1] BROLE, BUBRME. 856 & ORI B8/ AR A AT B0R
[1]. MR\ ER AR, 2003, 21(3): 169 ~ 174.
CHEN Lrbao, HE Yuehui. Technology of recycling
scrap of tungsten heavy metal alloy[ J]. Powder Metallur
gy Technology, 2003, 21(3):169 ~ 174.

[2] mfoR. S 9 R BRI iR & B A F i IR B
S R B T e B R B AR [T Sk, 2003, 18
(1): 8~ 12.
GAO Zarrong. The tungsten resource condition of the

world and the severe challenge faced of China studied af-



* 2042 -

hEA )RR

2004 4F 12 H

[10]

[ 11]

ter No. 9 international tungsten symposium[ J]. China
Tungsten Industry, 2003, 18(1): 8~ 12.
ZHAO Wurzhang. China upgrades its tungsten industry
[J]. Metal Powder Report, 1994, 49(4): 14 ~ 16.
i B SesRB R AR X)), HRAE A
J&, 1990, 93(7): 13- 15.
FU Zheng. Recycling and significance of tungsten alloy
waste[ J] . World Nonferrous Metals, 1990, 93(7): 13~
15.
KM, BRI, R AR R[], RS e,
1981(3): 1~ 10.
ZHANG Chaofan, YU Xing-bo. Recycling of cemented
carbide waste[ J]. Cemented Carbide, 1981, (3): 1 ~
10.
. WA SRIBESEIM]. dE: mE TR
Ak, 1990. 76 —78.
LI Hong gui. Rare Metal Metallurgy] M]. Beijing: Met-
allurgical Industry Press, 1990. 76 ~78.
FkE. PEEHFBENTFR[]]. HAFOEE,
1999(9): 4~ 10.
JI Yong-kang. Study on the consuming of tungsten in
china[ J]. World Nonferrous Metals, 1999(9): 4 = 10.
KR BEEBEGE)]. RAEEEMHE TR,
1988(2): 34 —41.
ZHU Gursen. Tungsten heavy metal alloy[ J]. Rare
Metal Materials and Engineering, 1988(2): 34 ~41.
Sankaran V, Wolf-dieter S, Behno L. W-scrap recycling
by the melt bath technique[ J]. Int J of Refractory &
Hard M aterials, 1996, 14: 263 ~ 270.
Vadasdi K. Effluent F. Manufacture of ammonium
paratungstate( APT) by recycling the byproducts[ J].
Int J of Refractory Metals & Hard M aterials, 1995,
13: 45~ 59.
ZHANG Zhaosen, CHEN Lrbao, HE Yue hui, et al.

Recycling high density tungsten alloy pow der by oxidiza-

[ 14]

[ 15]

[ 18]

tiorrreduction process| J]. Trans Nonferrous Met Soc
China, 2002, 12(3): 450 ~453.

Haubner R, Danninger H, Lu X B. Recycling of heavy
metal[ J]. Rei Hard Metals, 1988, 7(12): 195 ~200.

ENI. gegh i a X W-NrFe & &AL 8540 &
PERESE W BT X[ T]. Seasd R At 5 TR, 2001,
24(5): 31~ 34.

MA Guo gang. Effect of sintering time on the mi
crostructure and mechanical properties of W-NrFe of
heavy alloy[ J].
neering, 2001, 24(5): 31~ 34.

RN, W%, mEESESERENELE. W
H4 )&, 1988, 67(12): 266~ 270.

LI Jiejie, LUO Lran. Recycling of tungsten heavy al-
loy[J]. Rare Metal, 1988, 67(12): 266 ~270.

Churn K S, German R M. Fracture behavior of W-Nr
Fe heavy alloy[ J]. Metal Trans, 1984, 15A(2): 331~
338.

Ordnance Material Science and Engt

Danninger H. Influence of some trace impurities on
properties and porosity of tungsten heavy metals[ J].
International Journal of Refractory Metal & Hard Ma-
terials, 1986, 5(3): 144~ 152.

Lea C. Segregation to inter-phase boundaries in liquid
phase sintered tungsten alloys[ J]. Metal Trans, 1983,
14A(4): 667~ 677.

FER, OB ¥, EBUE, . BAMRESEAERE
ENEALH B B TZ AR )]. RS eRlE S
TFE, 1999, 22(1): 4-09.
QI Yurrxin, ZHAO Tong, WANG Garlian, et al
Oxygen coalescence embrittling mechanism and toughen-
ing technique of liquid phase sintered tungsten alloy[ J] .
Ordnance M aterial Science and Engineering, 1999, 22
(1): 4-09.

(4 Z=rH)



