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Progress in Hot Hydrostatic Extrusion of Powder
Metallurgy Hard Metallic Materials
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(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Recent research progress in hot hydrostatic extrusion of both sintered powder metallurgy hard metallic materi-
als and powder compacts is reviewed. Both the fundamentals and the technical features and application potentials of the
technique are introduced, and the factors affecting the formation and stability of the lubricant layer during extrusion are an-
alyzed. In particular, examples for the development of the lubricant for hot hydrostatic extrusion are presented and the ap-
plications of the hot hydrostatic extrusion process to the forming of sintered P/M heavy tungsten alloy, y-TiAl based alloy
products and the full densification and consolidation of nanocrystalline powders of aluminum alloys, dispersion strength-
ened copper alloys, and NdFeB magnetic alloys are addressed. Based on this, summary remarks are presented on the ad-
vantageous aspects and the prospects of the technique.
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Fig. 1 Schematic illustration of hot hydrostatic extrusion process:

1 —punch, 2 —lubricant, 3 - female die, and 4 — work-piece
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Table 1 Chemical composition of BD-2 glass

Composition P, 05 Na, O PO K,0 Others

Content, w/% 50 25 8 10 7

R2 BSG-l WEHUZEMS

Table 2 Chemical composition of BSG-1 glass

Composition Si0, B,0; CaO NaF Na,O  Others
Content, w/% 30.5 39.5 10.3 5.5 9 5.2

Pl 2 Jr 7 oy S I 5 A9 AN [ B BE 7 % TR A JRAE AN
Al AR N BORG RE. nTRUA Y, Bl BD-2 RS & & Y
B, BD-2/ 47 S5 57 Moo ARG R . (U, fE IR
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(b) BD-2/BSG-1/graphite type

Fr A IR RS A 1E, n UAST IR R/ NG
PARCWE . —MeoRUl, (ESFIERR & T &AL 11 B
&, BRI R P B e ) dwe /N R %5 A OSE 5 e
N B A BY A BOR B K, U EES A B8 K, e
B JIER  TAR BORS B Ak, B IR ad R e
TE R GE S R T, WAEBT Rk, &1
P m o TS 1B U= P2 18 2 30 L L R e Y L P D
EREBIEN B EE. v TIALEGE . 90K &R B AR5
SRR IR T e T 220K

4 PMERFEILZHINA

4.1 BEESBEE
1 A SR R ARG S AR IR AR, LR
Bl Tl sk 32 VR 45 M X Bl i 20 PR gt %

SIS RITALE . (R, HRUBARIR GBS B
<05 LR REAR X LA, PR 29 1 LA D i o
Mg PERE. UL, RRSE RS LA Rk,
HAWHEZ ML

AT, EEAMEPR R Sk
KGRy A be sl T2 S5 R4 ALY . 208 9 1
ST P AR SR AL I ROR o BE R . R
R FIELH] . BeR oG . FrIR T, Sl S Bl
FRMBRIEASERA, SR, T AR R IR
PEXEASTE AL, T Akl e 7™ A A8 T S 4 o 5 A 2K
R, SrE T2 R R LIHREHF ERA,
ERAMEZ . RS, LhERaE.
B b A B ARBHF I A

B3 B 78 iy Wy TR SR A BT TR S A 1Y

B3 PR EES SR I A (a) K B8 SEM
B (b) 5 W AH TEM B R (c)

Fig. 3 Hot hydrostatically extruded tungsten alloy bars (a),

SEM observation of microstructure (b), and TEM

observation of W phase (c¢)
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Table 3 Mechanical properties of deformation strengthened high density tungsten alloy

Composition Processes  Area reduction/% Tensile strength/MPa Elongation/% Ref.
93W-4.9Ni-2. 1Fe HHE 0 960 23 [21]
93W-4.9Ni-2. 1Fe HHE 60 1300 15.2 [21]
93W4. 9Ni-2. 1Fe HHE 65 1350 12.5 [21]
93W4. 9Ni-2. 1Fe HHE 70 1410 11.2 [21]
93W4. 9Ni-2. 1Fe HHE 75 1540 9.2 [21]
93W4. 9Ni-2. 1Fe HRF 18 1199 7.6 [22]

90W-7Ni-3Fe HRF 18 1136 10. 8 [23]
93W-5Ni-2Fe HRF 17 1103 13 [24]
93W-5Ni-2Fe MHRF 72.6 1430 14 [25]
93W-5Ni-2Fe CHE 59 1590 4 [26]
93 W-5Ni-2Fe CHE 59 1592 8.2 [20]
93 W-5Ni-2Fe CHE 85 1736 5.6 [20]
93W4. 9Ni-2. 1Fe HCE 80 1496 3.3 [19]

HHE—hot hydrostatic extrusion; HRF—hot rotary forging; MHRF-—multi-pass hot rotary forging;
CHE—cold hydrostatic extrusion; HCE—hot clad extrusion
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Fig. 4 Hot hydrostatically extruded y-TiAl-based alloy bars
macrophoto (a), metallograph (b), and TEM
micrograph with SAED pattern( ¢)
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Fig. 5 Tensile curves of hot hydrostatically extruded Ti-47Al alloy
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Fig. 6 SEM micrographs of fracture surface of hot hydrostatically
extruded Ti47Al alloy; (a) room-temperature and
(b) 800 C
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