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Transient liquid enhanced sintering characteristics of
nanostructured YW -7N ir3Fe powders

FAN Jing-lian WANG Deng-long CAO Jian-hu
( State key laboratory for PowderM etallurgy
Central South Unwersity Changsha 410083 China)

Abstract Nanostructured 9OW 7N i-3Fe pow ders(M A powders) w ith tungsten crystalline size of 8~ 18 nm were prepared
by m echanical alloying (M A). The powders were m ixed w ith an organic polymer binder then mjected and debinded A fter
that the brown canpactwas consolidated via transient liquid phase sintering at 1 480~ 1500 C for 3= 5m in Them echan-
ical properties and m icrostructure of the sintered alloy were studied At sane ting the brown campactwas consolidated via
traditional liquid phase sintering at the san e temperature for 120m in for canparison The results show that transient liquid
phase sintering helps to obtain fully dens¢ fine spherical grained tungsten alloy w ith good tensile strength and elongation
the size of tungsten gramns is 3= 8 Hm; the alloy has typical liquid phase sintering m icrostructure the fine spherical tung-
sten grains unifom ly mbed in the continuous fiber binder phase long tme traditional liquid phase sintering coarsens the
tungsten gram rapidly and makes the density and tensile strength decrease except that elongation increases M ior addition
ofY,0, nMA powders mproves the tensile strength (1 055M Pa) and elongation ( 16. %% ) of the tungsten alby via tran-
sient liquid phase sintering

Key words transient liquid phase sintering nanostuctured W -N rFe powder mechanical ally injection molding
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Table 1 Properties of MA powders after grinding for 40 h

PCA Crystalline Lattice A pparent Tap Specific surface
size/mm distortion density/(g* an™®)  density/(g* an”?) area/(m** g ')
No PCA 7.8 0.70 5.61 8.26 0. 40
PCA 1( alcohol) 15.7 0. 34 2.22 4.52 1.90
PCA2 stearic acid 18 0.28 5.84 9.09 0. 67
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Table 2 Relative density and m echanical properties of alloys via transient liquid

phase sintering( LPS) and traditional liquid phase smntering( LPS)

Sintering m ethod Stering tine/m in 0, MPa 0y, MPa 8% Relative density %%

TransientLPS 3-5 910 550 10.8 99.5

Trad itional LPS 120 800 475 17.8 98 0
Tngent LS w i

rnsient LPS with 3-5 1055 575 16.3 99.0
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Fig 6 Tensile fracture m icrostructure( a) and

opticalm icrostructure( b) via traditional

liquid phase sintering for 120m in
2 4 B Y0, 0 W BARE A 4 B AL 4

5 75 BRI R

FrpHRE"", Mo ENEEEEE SR
—MIRE HRICE, e LUl E 7 41
s kL, FARA SR 0. PEESLFAE R fwT,
A& Re, JUIEM B T AL AR
T UK KBB4 A S AE R N AR BT DI R T Msh &
F1 RN TR MA R RIS SR T AR
FHIF, BT AR EEE, MA B KA SED
W . I T — PR A A SR, ASCIEE B
KT MARRESHRN 0.0 Y,0, % &8 %8
WAL SRR .

2B TR 0. 046 Y,0, 1% IR AH B2
S EEMN M. ERERY, 5K Y,0, 1
HESA, W Y,05 5 A 4 0z A o B2 A ZE A
KRR, 143K 1055MPafl 16. 3% . iX
YLERVS I Y, 0, X A2 2] TR 47 (1 AL /E L, 42
T ORGSR B TR R AR N Y,0, 1 & 4

B 7 W 0.0 Y,0, % i A
e BB < B 1 b 1 T 3
Fig 7 Tensile fracture m icrostructure of

transient liquid phase sintered tungsten alloy
with 0.0 Y,0; addition
LT DS . AT, BN Y,05 5 W gL
WA AL, SRR/ IS, fr ik o bk 2



W) 8RR S5 AR SE M 2R W iRV S TR . 5 4%
SN, WL g A BT R D, X
A kLA AL A T S e K E R T 5K

3 458

1) KAV A S 7SS T ok R~F R
7.8~ 18 0 mm f{] 9OW -7N r3Fe 4K R, A
FEFEHIF PCA J5 1 2k /D 7 8 K (0 B R Fn 4 B
{H DAV ARAE 5 MA B3 IR0 I, 6 R0 2 ks
S Y BIR RS, XS BIEAF] .

2) RH 3~ 5m il I A e 45 1T 15 BT 4 3L
S A 4, HEMALE 3~ 8 lm 41 /NER
TE AR RN IE 2250 A IR A A AL e, I LY ()30 AH
PSRRI, 4R BA R 4F 09 R4 o 58 R0 4E 4 4k
AE . RH 120 m in (4% G2 K I TRV AH 8 45 & A EROIR
W AR PR, FLBRZENE N, 3 SO X3 B F b7
R T B, (HZEfH R .

3) VSINTHEE Y,0, P KR B oo I I VA e &5
BEE W R AR .

REFERENCES

[1] ChaiatD, GumanasEY, Gaman I Effect of processing
and albying on m icrostructure and properties of tungsten
heavy alloy[ A]. Tungsten RefractM eta] 1994 Proc Int
Confl C]. Princeton N} MPIK 1995 57— 64

[2] o, B5E, REE. HYEHES SRR %GR
W) MARBEEOR, 1993 11(2): 1197 124
FAN Jing-lian 7ZHAO Mu-yue¢ XU Guo-fi, Influences
of molybdenum on the properties of tungsten heavy alby
[ J]. PowderM etallurgy Technolgy 1993 11(2): 119
- 124

[3] GemanRM, BoseA, KenpR B etal Additive effects
on the m icrostructure and properties of tungsten heavy al
oy camposites [ J]. Advances in Powder M etallurgy
1989 1 401— 413

[4] KenpR B Geman R M. M echanical properties of mo-
lybdenum alloyed liquid phase sintered tungsten based
camposites|[ J]. M etall and M ater Trans A 1995 25A:
2187~ 2189

[5] Hogwood M C The development of high strength and
toughness fibrous m icrostructures in tungsten-nickel iron
alloys for kinetic energy penetrator application [ A ].
Tungsten R efractM eta] 1994 Proc Int Confl C]. Prin-
ceton N} MPIFK, 1995 37— 45

[6] Bentley A R. M icrostructural aspects of highly deform ed

[ 10]

[ 11]

[12]

[15]

Tungsten Refract M eta]
1995

tungsten heavy alloys [ J].
1994 Proc Int Conf[ C]. Princeton N} MPIF,
145— 155
Km DK, LeeS RyuH J etal Correlation of m icro-
structure w ith dynam ic defom ation behavior and penetra-
tion performance of tungsten heavy alloys fabricated by
mechanical alloying [ J]. M etall and M ater Trans A,
200Q 31A: 2475— 2489

Soon SH, RyuH J Canbmation of mechanical alloying
and to-stage sintering of a 93W -5. 6N 1. 4Fe tungsten
heavy allboy[ J].
2003 344 253 260
FAN Jing-lian HUANG Bairyun, QU Xuan-hui W-N i
Fe nanostructured m aterials synthesized by high enegy
ballm illing[ J]. Trans N onferrousM et Soc Ching 200Q
10(1): 57— 59

WRE, Mk, R, F SHESESE AR
411 PEFGEEBE¥H], 1999 9(2): 327~ 329
FAN Jing-lian QU Xuan-huj LIYimin etal Solid
state sintering of tungsten heavy alloy[ J|. The Chinese
Joumal of NonferrousM etals 1999 9(2): 327~ 329
WRE, WAz, KIAEHE, F. IS SAaREs
SR ERSG TR EM SRR, PHL
MK 22224k, 2001, 32(4): 390~ 394

FAN Jing-lian HUANG Batryun ZHANG Chuan-fi, et

al Densification and grain grow th of the MA nano-crys-

M aterials Science and Engmeering A,

talline tungsten alloy powder under constant pressure
[ JI. Joumal of Central South University of T echnology,

2001, 32(4): 390~ 394

RyuH J Hong SH, Back W H. M echanical alloymng
process of 93W -5.6N 1. 4Fe tungsten heavy alloy[ J].

Joumal of M aterials Processing Technology 1997 63

792~ 297.

WRE, WAz, M, 5. TS sgsa e
RUKREERIMTE T [ 1. AR\ EE AR, 2003 21(3):

132— 135

FAN Jing-lian HUANG Baryun QU Xuan-huj et al

Study on the new binder for mjection molding tungsten
heavy alloy[ J]. PowderM etallurgy Technolbgy, 2003

21(3): 132- 135

WEGE, Az, M. AR & AR KR
[f)#4 J73% [ P]. CNO11010657. 2002

FAN Jing-lian HUANG Baryun QU Xuan-hui Pre-
paring M ethod of a Thin W all Tungsten R ing Penetrator
with High Properties and W ithout D istortion [ P ].

CN011010657. 2002

Fan JI, HuangBY, QuXH, etal Them al stability

grain growth and structure changes of mechanically al

loyed W N rFe camposite during annealing[ J]. Inter J



[ 16]

[ 18]

RefraM etalH ard M ater 2001, 19 73— 77

Patk S Kin DK, Lee S etal Dynanic defomation
behavior of an Oxide-dispersed tungsten heavy alloy fab-
ricated by mechanical alloymg[ J]. Metal & M ater
Trans A, 2001, 32A(8): 2011~ 2020

RyuH ] Hong SH. Fabrication and properties of me-
chanically alloyed oxide-dispersed tungsten heavy alloys
[J]. MaterSci& Eng A, 2003 A363 179~ 184
WIRSE, THAR, ITR%E. La CeXf 93W NiFerr

SR RE R [J]. REMERES T,
2003 26(3): 7— 10

FENG Q in-fen DING Hua-dong FANG M in-xian In-
fluences ofLg Ce on the dynam ic properties of 93W N i
Fe[ J]. Omdnance M aterial Science and Engineering

2003 26(3): 7- 10
(JwiE T2



