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Advanced Manufacturing Technology for Refractory Metals
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Abstract: Some modern sintering technologies such as microwave sintering, some advanced high purity technologies
such as electron beam melting, some near net shape forming such as 3D printing and some oxidation resistant technologies
such as coating were introduced, including the base theory, superiority, research status and primary application in refrac-
tory metals. It is the trend to higher purity, higher oxidation resistance and net shaped forming for refractory metals manu-

facturing. Some important questions should be solved at the first for advanced manufacturing technology application in re-

fractory metals. It would need a lot of experiments base status,

and need to enhance the single crystal’ s purity, variety

and size. In order to instead of traditional forged pieces, it is necessary to resolve how to control the internal structure, de-

fect and mechanical property of the near net shape forming products.
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Table 1  Status of refractory metals resources of earth’s crust

and places of Chinese reserves in world

Abundance in  Reserves proved  Reserves proved Places

Names onths crust/% in world/ x 10* ¢ in China/ x 10* t in world

W 1.3x10°* 227 102 1
Mo 1.0x107? 1 460 498. 87 2
Ta 2.4x10°° 29 3.5 3
Nb  3.2x10°° 534 35.2 3
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Table 2 Mechanical Properties of WC-3Co prepared with different sintering process

Sintering Sintering Sintering Relative Vickers Flexural Fracture Grain size/
processes temperature/ °C pressure/MPa density/ % hardness/MPa strength/MPa  toughness/MPa » m'”? ram swespm
SPS 1300 40 99.3 2257 1906 10. 36 0.32
HP 1450 50 99.6 2 264 1301 11.01 0.47
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Table 3 Comparisons of election beam melting and competing
process
Sintering VAR EBM
Suitable grain High purity, raw
. . size, lower material preparation
Advantages Fine grain ’ . . prep
consumption of lower cost, lower
energy energy consumption
. . Limited purity
Limited purity, lectrod pumty, L in . hich
. . eleclrode re- arger grain 1gher
Demerits  higher energy p 8er 8 e

. varing of high operating demand
consumption ! . & & ! °
cos
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Fig. 1  Schematic of electron beam cold hearth melting process
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Fig. 2 Schematic of electron beam floating zone melting
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BRI R R A T ROR T E SR R A K
Mo & 4 B b, TR R T KA 42 ) B 5 B B 1) /Nt
FETRREST, Y T R A Mo B BRI 3A D SR
3.3 EBFIMEE
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3D FTEIEEARAE Tl Fe il 5 ol 45038k 9 & v 1 2 %2
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1 7 T I A o B AT 2 B [ R 455G 7K SF- 14 B S A
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4 & 13 9t UE $2 K ( Metal Injection Molding, MIM)
Je N AL GE Ry R IR 4 BOR R 55 OB £0R A 45 & i

Metal powder

E%i%ﬂ’]—l‘]%ﬁME’JL@ﬁEﬁZ&ﬁO MIM 3 2 K 4
JE AR SRS R BEAT IR &, R A R RS T SR
-3 RN Zrﬁﬁﬂal&rn, TR 3 frm,
BPeai i AR I R s i, i H R A S
BBCPF 4 B HL AR P BE . MIM R 72 il & JL A 2 R &2
2 ABEI ) TR RE B R AT T R A
LLIEERIDR V0

Die assembly

Mixing HPelletizingH Injecting shape H Debindingl_.| Sintering H Post treatment

Binder

B3 MM L L
Fig. 3 Process of MIM
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Table 4 Comparison between MIM and other processes

Casting in

Parameters MIM  Traditional P/M  Cutability melting mold
dfﬂi;}; 98 88 100 98
Tensile strength  High Low High High
Elongation  High Low High High
Hardness High Low High High
Complexity  High Low High Middling
Surface roughness High Middling High Middling
Production High High Low Middling
Material range ~ Large Large Large  Middling-Large
Cost Middling Low High Middling
MIM A H B A o 48 R U N I 8 85 45 4 M s ot

G A MBI HE) R AR TR AL, MRS A A R R
T A O RE R R MEE R Stk L DIE] i TR A,
X TR A R 3 v A 1 SR TR 48 P/ L 2P0 I
AR K KB i, Wi H, R BE AR A7 Hb W R R 2% IR 1
R, oM MIM H AR AR KM =4 REAamE. ¥
B R AR ORI E A C BN W
I Mo il i, BAKK C & AR TS MRS A
PERE .

A

Wt U T e A R R v O R R R e i

TR ) AL 2 A AR T WS S B R T, R KR T A
SN AR T T AT A5 B A R TR R o AR IR
WH AR 53 F R 8 O WE TR R A
WL HIRBE IR AR

HEr, B NI R A & RE R BUE B 6 & 5 R s 2
ZeTE R IF 10 00 8 B b o 38 1 Y Brogan 2% FY 4 W5
W0k o A T R A F L i B Y Roussel 257 45 B
FHRBIE LG E RS AX WL RCEngESE, BNA
S TE 3 E AR P R S R R B BRI g O . S
TR A T R U R s B R 4 760
mm X $720 mm x 1 600 mm W & K HE & H, FKH
2 TP A B R T B R ) A BE RN TS mm Y
95W-3. 5Ni-1. SFe @ % B & & M BE MY 0F . I/ R4
EETFHIRBEARBIE KSR NPLE W kA, 46548
HEAL T A T W/ Mo EABIE . W, WA
PR B 2 B AR S AR {4 A0 MoSi, R F5 {4 S T
*Eu)r‘/j‘)ﬁ%’a%d‘zﬁ%kﬁﬂkE’J%ﬁﬁ%ﬁﬁﬁ

REWTR BB AR A= EM . @8 ER0R

%\£FM%E,E*ﬁL%mﬁ&* e AJ S BUAR A
AL, BAT RN AR R, JCHEE S & E A Mk
FIAR B AL R I W BE 5 5 AT MR PR R A R B, B T T
[N i 0K

5 mEMAHEAR

KRB B RMEIF LR FEN AT 02—
e S 2 IR EE AT 3L 2 700 °C, BE i P9 BE v 200 5 18 B8 1)) 4%
BT 1000 °C, St b, e MHEw, M54SR
il i 22 T 0 B AR B AT B P, B R &
A AL MERE B 4 o

H 20 2 50 AR A, 45 [E 1 Xf 45 Bl 6 J 3%
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Y. . G8WE. fH4aE (Pt Rh, In)5 KIR2E
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FEAL PR )2 = IR A AR ML B A A S AT B 5
BEUE N SI0, JZBHME T A [ NP . tkAh, Sio, 7E & i
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Nb - W & & M UL MoSi, 1k 2 5 I # A& w1 800
CF 10 ~20 h; FREIAY“8157 %2 B & i FH 2 # 5 S
Wb e s . BHL, RSN, SIS 0567 ik
R A A 1700 CFAMETF 15 b7,

REREEZRIBIAAMPLELE R & E&mE S, [
ABBRNYIEMNRE. THTEEINEAGIFNRER
FZR PR Ir, BIUNER G RiJ2& 2 447 °C, 1200 CLL I
FTAA 7, 2200 CFABBERMN A 10 " g/em’ -« s,
MERERAY S BRI 2 n, EMm iR ERTY
i, e RERER SR FEHMN L4 Re /E3
L Ir VE¥R 2 WA K & ShHLR e % W] £E 2 200 °C T 1E
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Gt FEMNTR MR & T2 W58 I 8 K6 4/ IR TR
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LT 25 TR v A% 28 M s 4 Ja b R i R T S M RE Y
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2 H A oE i — KA
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R AT M HT A AL AR M

6 # &

FT T X <5 B B kA Rl ) e R JE R R, AE

EIBFZE T MR B8 REIR AN Tl 55 4
AHEATTENRWEZMEN, —H 280 % & ZER,
Wt 5 P R R e G R TR ) 9 B IO T, M s b
B # © 22 1) 35 B 2B L R L AR AL T BE B AT v
FET7 1 K

i B 3 [l X < Jim B RO B, R A Sl i AR ) 7
o PEREMERE 2 Jm & @ APRE, 75 P LLR LA AL
O e s 45 AR be 45 BOR 78 36 [ i Ak 16 55 5 = B B,
NS B 2 S i) S o IO 30 5 8 e A 1 A i i
WEIE, AT LT BRSO BE IR I . @ XERE &
Ji v B R I — P R R R A O
FRUAS I 92 BUHL AL AR 0™, 4 BB I8 B K ML ASE 2 1 v J A
i Bl F #3 R S i 5 5K o QI i B 1 58 2 U %
GEHBAT ST D N N S BUR SOE R R N ERALZUR A
VIR B A | ORRE R R R R R 4 e DA R ER s )
P RE B VA 7 25 O B [ T (D X 42 3 Jas b ek el e R Al g
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