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[ Abstract] The superplastic forming is an advanced processing technique and has been used in manufacturing some dies ,

especially extrusion die and forging die . In heavy load condition , the superplastic formed dies often exhibit low service life

owing to the low surface strength and poor wear resistance . A commercial cold working die steel GCrl5 pre-treated into

ultrafine grain sizes was chosen as the substrate material , on which the surface was thermal-sprayed with the powders of

a wear resistant alloy . At some appropriate te mperatures and strain rates , the accom modated superplastic deformation of

the substrate and coating occurred and the good cohesion was well performed. The coated layer shows high microhardness

values and fairly s mooth transition in hardness from substrate to the surface . The wear resistance of superplastically for med

specimen has also been improved, compared with the GCrl 5 steel coated with the same alloy powder and treated by fla me

re melting .
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1 INTRODUCTION

Dies play an important role in modern manufac-
U are be-

ing innovated day and day, such as spark erosion, ul-

turing industry . New processing techniques

trasonic and electrombeam machining, superplastic
forming and so on. Their application has re markably
improved the efficiency and quality of the die- making
and lowered down the production costs. A variety of
the dies used in extrusion, forging , blanking , etc are
experienced very severe working conditions of com-
bined heavy load, impinge ment and friction and they
often failed due to caving-in or excessive wear and
tear. In order to enhance the hardness and wear re-
sistance of the die surface, various surface modifica-
tion methods (e. g. surface coating, deposition,
spraying and laser treat ment) are used for prolonging
their service life .

The present paper suggests a new technique in-
cluding the thermal spray of wear resistant alloy pow-
ders on surface and the accommodated superplastic
deformation of the coating/substrate combination,
expecting to well- weld the coating layer with the steel
and to strengthen the die surface simultaneously dur
ing an easier superplastic die-forming process .

2 EXPERI MENTAL

2.1 Materials and processing

A commercial die steel GCrl5 was used as the
substrate material, whose nominal compositions are
listed in Table 1 . The steel bar was machined into
rectangular specimens with dimensions of 10 .5 mm X
8. 0mmx17.0 mm. In order to obtain an ultrafine-
grained microstructure for the superplastic deforma-
tion, the specimens were repeated 3 times by heating
at 840 ~860 C in salt bath and quenching in oil , and
finally tempered at 200 C. The resultant grain sizes
were about 3 ~5Spum.

The steel substrate was firstly blasted with
coarse sand. On its 8 .0 mm x 17 .0 mm surface , the
commercial alloy powders (its compositions are also
listed in Table 1) were flame sprayed to form about 1
mm thick layer.

Table 1 Nominal compositions of tested die steel

and sprayed alloy powders ( %)

Material C Cr Mn Ni B Si Fe

GCrl5 1.04 1.55 0.32 Bal .

Alloy

powdersl'oo - - 25 1.5~3.53.0~5.0 Bal.

2.2  Superplastic deformation tests

The coated steel specimens were compressed at
760 ~ 810 C at different initial strain rates, and the
strain rate of 2.5x 10" *s"! was found to be satisfac-
tory for the accom modated superplastic deformation of
both the substrate and the coating .
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2.3 Hardness measurement and wear test

The Tl microhardness tester was used for mea-
suring the hardness distribution from coating to sub-
strate in the coated specimens. The wear resistance
was evaluated with an MM 200 test machine using a
block-omrring arrange ment in air at room te mperature
without lubrication. The rings were made of steel
GCrl5 and heat treated to a hardness of 64 HRC.
The wear tests were performed with the load of 196
~ 588 Nat 400 r/ min. The mass loss after 40 min test
was measured by an analytical balance .

3 RESULTS

3.1  Superplastic deformation of substrate and
coating

Fig .1 shows the m values (the strain rate sensi

tivity upon flow stress) and the R values ( the ratio of

strain rate between coating and substrate) at the ini-

tial strain rates of 2.5 x 10" *s"!

deformation te mperature for the coated specimens.

The measuring technique of m and R values has been
[2.3]

as the function of

The substrate steel behaves
rather high m values which are higher than 0.3 in
the temperature range of 780 ~ 800 C and for the
coating the m values are also high in 770 ~ 800 C,

reported else where

indicating that the superplastic deformation occurs for
both materials at te mperatures of 780 ~800 C. R>1
means that the deformability of coating is larger than
the substrate’ s, and vice versa. In particular, at 790
C R =1, which means that the deformabilitics of
both materials are similar, resulting in an accom mo-
dated deformation. Therefore, a good cohesion was
produced between the substrate and coating and the

Fig.1 Temperature dependence of
sensitivity parameter m (a) and strain rate ratio
R for coating and substrate (b)

hardened layer formed on the substrate surface .

3.2 Hardness and wear resistance

Deformed at 790 C and 2.5 x 10" *s~ ! and fol-
lowed by air cooling , the profile of microhardness for
the GCrl5 steel thermal sprayed with Fe-base wear
resistant coating is shown in Fig.2. The surface
hardness reaches up to ~ HV 1 000 and smoothly de-

creases to that of the substrate .

Fig.2 Microhardness distribution from

coating to substrate

Fig .3 is the mass losses as a function of load in
the 40 min wear tests, where curves 1 and 2 are the
same substrate with thermal sprayed coating but fol-
lowed by superplastic deformation and by flame
re melting respectively . These two kinds of speci mens
exhibit the similar wear behaviors but the wear resis-
tance of the superplastic deformed specimens is obvi-
ously better than that of the re melted one .
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Fig.3 Relationship between mass loss of

coating and load for different treat ments
1 —Coating superplastically welded at 790 C ;
2 —Coating re melted by flame

3.3 Microstructure

The optical micrograph of the 790 C superplastic
deformed GCrl5 steel with coating is shown in Fig.
4. The coating layer is dense and homogeneous, no
cavity was observed which was inevitably remained
after thermal spraying . The coating has been welded
onto the substrate . Furthermore , a new ( but was not
identified) transition layer was found at the interface
by which the well- metallurgical cohesion was formed
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Fig.4 SEM micrograph of coating
superplastically welded at 790 C

between the substrate and the coating layer.
4 DISCUSSION

The results of present investigation indicate that
the m values of the substrate and coating are both
higher than 0.3 at 780 ~ 800 C at the initial strain
rate of 2.5 x 10" 4 s 1.
that the accom modated superplastic deformation oc-

Therefore , it is believable

curred in such compressive conditions, the fact of R
~1 means the similar strain rates for both materials .
Because of the great difference in the properties of
both materials and, thus, in the flow stress and de-
formability , the nearly equal strain rates are essential
for the accom modated deformation .

It is generally reCOgnized[4’5] that the process of
superplastic deformation involves the sliding and( or)
the rotation of the grains which is adjusted by the
motion of dislocation, and is also accompanied by the
microscopic diffusionl® “81.

deformation, the microprocesses at the interface re-
[9

During the superplastic

gion, such as the interdiffusion T get much activi-

tiest 10}
lographic and che mical compositions between the sub-
strate and coating . Meanwhile , after deforming , the

, resulted from the great difference in crystal-

motion of dislocations would also lead to the recrystal-
lization and the formation of new grains across the in-
terface . Therefore , both materials were well- welded
to each other and the pores were closed.

The present investigation has suggested that the
new processing technique composed of thermal spray-
ing and superplastic deformation can produce a hard
ened layer on the GCrl5 steel, in which many hard
particles are precipitated from the coating during the
superplastic deformation, and result in remarkable
improve ment of the surface hardness and wear resis-

tance for the die steels. The technique is supposed to
be suitable for the forming of the dies, although the
technological details need further studying .

5 CONCLUSIONS

1) By thermal spraying with Fe-base wear resis-
tant alloy powders onto the surface of ultrafine
grained GCrl5 steel, followed with superplastic de-
formation at te mperatures of 780 ~ 800 C and strain
rate of 2.5 x 10" * s~ ', the coating is well- welded
with the substrate and the hardened layer is formed
on the surface .

2) The new processing technique re markably im-
proves the surface hardness and the wear resistance of
GCrl 5 die steel .

[ REFERENCES]

[1] Klarenfjord B and Lars Ake Norstrom . Progress in hot
work die steels [ A]. XU Luoping and Lars Ake
Norstrom . Proceedings of an International Conference on
Tool Steel for Dies and Molds [ C]. Shanghai: Shanghai
Jiaotong University Press, 1998 .3 - 13 .

[2] WEN lJirba, LI Yarxiang, ZHU Yiao min, et al. Su-
perplasticity of FeNiBSi alloy coating [ J]. Acta Metal-
lurgica Sinica, (in Chinese) , 1995, 31 (3): Al35 -
139.

[3] WEN Jirba, LI Yarxiang, HUANG Jirliang, et al.
Optimization of superplasticity and superplastic compress
welding between flame sprayed alloy coating and
5CrMn Mo steel [ J]. The Chinese Journal of Nonferrous
Metals , (in Chinese) , 1995, 5( Suppl.2) : 56 - 60 .

[4] WEN Jirba, XI Jukui and YANG Yurrlin. Structure
and properties of Cr- W- Mn steel by superplastic thermo
mechanical treat ment [ J]. Mater Sci Progress, (in Chi-
nese) , 1992, 6(2) : 133 - 136.

[5] HE Jingsu and WANG Yan- wen. The Superplasticity of
Metals, (in Chinese) , [ M]. Beijing: Science Press,
1986.197 - 214.

[6] Derby B and Wallach E R. Diffusion bonding: develop-
ment of theoretical model [ J]. Metal Sci, 1984 ,18(9) :
427 - 431 .

[7] Ridley N, Wang Z C and Lorimer G W. Diffusion bond-
ing of dissimilar superplastic titanium alloys [ J]. Materi-
als Science Forum, 1997, 243 - 245: 669 - 674 .

[8] HUANGIJC,FUHC, LUOB Y,etal. On activation
energy during initial stage of superplastic deformation
[J]. Scripta Materialia, 1998, 39(1) : 95-102.

[9]1 LIU Li ming, NIU Jrtai, TIAN Yanhong, et al. Dif-
fusion bonding mechanism and microstructure of welded
joint of aluminium matrix composite Al,Oy/6061 [ J].
Trans Nonferrous Met Soc China, 1999, 9(4) : 826 -
830 .

[10] DENG Zhong yong, HUANG Bairyun, HE Yue- hui, et
al . Superplastic behavior of hot-forged TiAl based alloy
[J]. Trans Nonferrous Met Soc China, 1999, 9(2) :
278 - 280.

(Edited by HUANG dJin song)



