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HEAT TREATMENT OF LIQUID PHASE SINTRED DUPLEX POWDER PREFORMS

%
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ABSTRACT

.

.The purpose of the present work is to investigate the effect of heat trea-
tment on duplex powder preforms with liquid phase sintering.¥ For such a .
study, 4607 alloy steel powder with the separate addition of some diff—-
erent brazing alloy powders were prepared as well as NC 100.24 iron powder.
Some cylindrical duplex preform samples were produced by suitable compaction
and sintering for different times. NC 100.24 iron powder was invaribly loc-
ated in the core,whilst the sheath material was one of the alloy steel pre-
pared with and without the additives. The specimens were then properly heat
treated to record its effect on hardness values. Crushing tests and micro-
hardness tests were performed across the material transition zone. The
results were discussed in terms of micro-structures examination.

INTRODUCTION

Recently the production of duplex materials by powder metallurgy technique
Ls goining more interest due to the wide f!vlds of their applications in
industry such as gear production,porous bushings etc. Many researches
(1-12) in the last decades are directed to obtain adequate mechanical

‘properties to meet specific practical requiremencs. _

The application of liquid phase sintering provided by addition of super-—
alloys as brazing materials during the producticn of duplex powder mater-—
ials is not fully investigated(13,14). This new trend in using such brazing
alloys is developed to substitute for the trad‘tional copper additions to
provide liquid phase during the sintering proress. In the same time such

superalloys will probably result in better mechanical and bonding propertiei
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fdue to their inherent high properties.Moreover, there are not sufficient

published data about the heat treatment of such duplex powder materials.
This may be due to the difficulties encountered in carrying out heat trea-
tment of porous materials despite of its well known contribution to the
modefication of mechanical properties.

*
Therefore,the aim of this work is to investigate the effect of additions of
cobalt and nickel based brazing alloys to form liquid phase during the sint-
ering process and to study the sheath/core interface properties before and

.after heat treatment,since improving the bonding strength at the sheath/ .

core interface has a significant role during servicing duplex machine parts:
EXPERIMENTATION

Some cylindrical duplex preform samples were produced by the compaction of
different powders at a pressure of 980 MPa. A core to sheath area ratio of
0.37 were adopted.Iron powder of NC 100.24 was invariably located as a shea-
th,whilst the core material was one of purposely prepared 4607 steel powder
alone as a base metal and also mixed with some different brazing alloy pow-
ders with an amount of 3.5 wt.%. Powders of 4607 steel was prepared from
‘EMP 4600 alloy steel with 0.75 wt.% graphite additions.Powders of SF40,
‘SF1,684 DR,NBZ30 and copper were chosen as brazing alloys to accomodate
liquid phase sintering of different systems.The chemical composition of
each material used is given in table 1. The combinations of the mater-
ials both in the sheath and in the core of each used duplex preform with

the corresponding code is shown in table 2.

Table 1| Details of Used Powders

Type of Powder ) Composition % Melting
. ' Fe | cu |cr |si |[B |c |w Ni |Mo/ Range C |-
- Co »
EMP 4600 Ball —— |-= | — | -= p.75 }- 1.8 |0.48] ——aeo
Copper -~ 999 - |- |- |- |--1} -- S 1083
SF40 3.5 — |1t |3.5]2.2f0.5 |-- | Ba1t.] —- |970-1160
684DR 1.5 —- |7.5}4.0f[1t.5]0.3 |-- | Bal.] -- |970-1160
NBZ30 -~ |-- |19 10 [-- Jo.15|-- | Bal.| == |1080-1135
SF1 — = }19 |8 0.8]0.4 |4 7 .
Y7 Bal-1i510-1050
Co.
 LNC.100.24 Ironj|Balf—-——- J-— J0.3 }—— 0.1 |- | —— | o | e __ 11




’ . SECOND A.M.E. CONFERENCE

EP-].Z 149 MLE. 6 - 8 May 1986 , Cairo

Table 2 Codes and materials of used duplex preforms.

DUPLEX MATERIAL
: CODE
SHEATH /  core
NC 100.24 iron / EMP 4607 steel A-1
» NC 100.24 iron / 4607+ 3.5% SF&4O A=-2 .
’ NC 100.24 iron / 4607+ 3.5% SF1 A-3 :
NC 100.24 iron / 4607+ 3.5% 684DR A-4
NC 100.24 iron / 4607+ 3.5% NBZ30 - A-5
NC 100.24 iron / 4607+ 3.5% Cu. A-6

Such preforms were sintered at a temperature of 1150 C in a dry hydrogen
atmosphere. Sintering times invoked were 10,25,60 and 90 minutes.Similar
single material samples were produced by making use of the above techni-
que.Each one of those specimens was prepared from one of the materials

‘combinations listed in table 2. .

Six Brinell hardness measurements were performed and an average value for
each single material was recorded and plotted against sintering time as
shown in fig.(1). Such results were compared with the hardness values ob-
tained from the cores of the corresponding duplex samples having the same
materials combination in the core. At this stage,all the specimens were
heat treated as follows. The preforms were heated in a hydrogen atmosphere

for 20 minutes at 900 C and then quenched in a water both(15).

Brinell hardness were then after heat treatment similarly measured again to
be plotted against sintering time on fig.(2).Duplex samples were cut into
two cylindrical parts for the following examination. Micro-hardness values
were traced across the duplex specimens to have an indication about the
nature of the bonding zone at the interfacey Fig.(5) exhibits an example.
Crushing tests were also performed to evaluate the shear strength of the
interface material in duplex samples. Fig.(3)shows such shear strengths

Efesented against sintering time for the different duplex specimens. The
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results so obtained are discussed with the aid of some micro-structures

examination of the core and sheath materials.
DISCUSSION

Fig.(1) reveals that there are three trends of the hardness values in
relation to the sintering time in the case of the as-sintered preforms.

The first trend is recognised by an increase of the values reaching a
‘maximum at 60 minutes sintering time followed by a slight decrease in hard-

‘ness. That was observed in the case of SF1, NBZ 30 and copper brazing mat- .
erial as shown in table 2 under code number A-3,A-5 and A-6 respectively. ]
The second trend is the continuous increase in hardness within the inves-
tigated range of sintering time.Duplex material ,code number A-2 and A-4
which included SF40 and 684 DR brazing alloys respectively present such
a case. In the case of EMP 4607 steel with no additions of brazing alloy,
code number A-1,the trend can be described as an increase of hardness val-
ues reaching a maximum value at a sintering time of 60 minutes and remain-
ing unchanged beyond that time. Such findingé are justified and discussed

in details in the first paper presented in this proceeding by the same

,authors( 14).A detailed metallographic study was carried out on specimens
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containing SFl and 684 DR as brazing alloys and of ENP 4607 alloy steel to

represent respectively the above described trends.

In the case of heat treated specimens,tigs.(2) and (3) show that all the
alloys used followed the same and similar trends relevant to both hardness
and shear strength values. Thus it may be concluded that there is a direct
relation between such hardness and shear strength values.For similarity it
can be observed that the preforms,A-3 containing 3.5 wt.% SF1 brazing alloy

.attained the highest values whilst the lowest values of preforms A-6 cont-

_aining EMP 4607 steel with 3.5 wt.% copper.The following discussion is bas
ed on the measured hardness values of fig.(1). A comparison of fig.(1) and
fig.(2) illustrates the effect of heat treatment on the hardness values of
each alloy used.The hardness values increased with 90% in the case of SF1
brazing alloy.For 60 minutes sintering time,the increases were 150% and
140% respectively in the two cases of 684 DR brazing alloy and EMP 4607
alloy steel.Such an effect of heat treatment is analysed below to be just-
ified with the aid of micr-structure examinations.The microstructures of
these alloys before and after heat treatment are illustrated in fig.4 for
the preforms sintered for 90 minutes.Figs.(44) and (4h)represent EMP 4607
steel alloy with the addition of 3.5 wt.% SF1.The structure of as sintered
Ealloy,[ig.(&a),exhibits a complete net-work of rich cobalt alloy enclosing -
grains of austenite. The structure is composed largely of an intimate mix-—
ture of Cr./,C3 spins and solid solution.However, after heat treatment,fig.(4b

the structures becomes finer and consists of fine carbides in the matrix of

lower bainite (Troosto-martensite).

Figs.(4c) and (4d) show the microstructures in the case of 684 DR brazing
alloy. Well -formed laminated pearlite and sorbitic pearlite can be easily
.identified in as -sintered preforms,fig.(4c).After heat treatment, the

.structure is mainly lower bainite,fig.(4d).

For EMP 4607 alloy steel,shown in figs.(4e) and (4f),the structure of the
as sintered alloy fig.(4e) shows fine lamellar pearlite and some troostite.
Due to heat treatment,fig.(4f), the structure becomes consisting of lower
bainite and needles of carbides which are separated on the cleavage planes

-of the original iron solid solution.

lFig.(S) illustrates the micro-hardness values across the trancition 7ane
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between the core made from EMP 4607 steel with 3.5 wt.% SF1 and 684 DR bra-
zing alloys and the outer layer made from NC 100.24 iron for specimen sint-
ered for 90 minutes and heat treated. The figure shows that there is a diff-
usion zone divided on both sides of about 4mm and 7 mm respectively 'in the

cases of SF1 and 684 DR.
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Fig.5 Distribution of Micro-llardness Through the Interface Bond of
Two Duplex Preforms Made From (4607+3.5% SF1/1ron) and (4607+
3.5% 684 DR /Iron) After Heat Treated.

The figure also shows that the micro-hardness readings are much higher than
the corresponding Brinell hardness values shown in fig.(1). This is explain-
ed by the elimination of porosity effect in the case of miro-hardness meas-

urements.
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CONCLUSIONS
. ; ibl
The basic process of liquid phase sintering is sufficiently flexible

to be extended to a wide range of using brazing alloys.

ial

As far as the interface bonding strength of sincered duplex material,
- 7 brazing
(iron coverd steel),is concerned,the addition of 3.5% cobalt base Bra 5

alloy as a liquid phase to the steel part is justified.

d i

The highest values of both hardness and shear strength were attained In
t of

the case of adding 3.5% cobalt base brazing alloy to the gEcELEERECES

the duplex product (iron/steel).

of duplex
The effect of adding nickel base brazing alloy to the steel part o up
materials on the diffusion zone in both sides,iron/steel,was more pronoun=

ced than that of adding cobalt base .

REFERENCES

1- Dixon,C.F. and Skelly,H.M.,"Int.J.of P/M", 1965,1,4,28.

2- Skelly,H.M.and Dixon,C.F.,"Dept.of Mines and Technical Surveys,
Ottawa,Mines Branch Research Report'', 1966.

3- Haller,J.,"News Sheet,Federal Mogul Corp.,Detroic', 1969.

4- Tobata,T.and Masaki,S."Int.J of Powder Metallurgy and Powder Tech.'.
1979,;15,3.

5- Skelly,H.M. and Dixon,C.F.,"Int. J. of Powder Metallurgy', 1971,7,3.

6- Marx,J.B.,"The Forging of Powder Preforms,Ph.D Thesis,B'ham Univ.,
England", 1971.

7- Skelly,H.M and Dixon,C.F.,"Powder Metallurgy", 1976,19,4,232.
8- Davies,R. and Negm,M.I.,"Powder Metallurgy', 1977,1,20,39.

9- Skelly,H.M. and McGoey,J.T.,"Int.J.of Powder Metallurgy and Powder
Tech.', 1978,14,99.

10- Okimoto,K.,Shima,S. and Oyane,M."Journal of the Japan Soc. for Tech.
of Plasticity", 1977,18,195,319.

11- Negm,M.I.,"Second MDP,Cairo University Conf.' 1932, 869-880.
12- Negm,M.I.," Second MDP,Cairo University Conf.", 1982, 605-612

13- Negm,M.I.,Hamouda,M.M. and Abd-Elatif,M.H.,''Proc. of nine ng;CA“
Conference,University of Western Ontario,Canada',2-8 June,l :

14~ Hamouda,M.M,Abd-Elatif,M.H,Said ,G.A. and Negm,M.I,"Second A.M.E
Conference,Military Tech.College,Cairo,Egypt', 6—8 May, 1986.

15~ Price,W.J.C,Rebbeck,M.M,and Wrsonski,A.5.,"Powder Metallurgy',1985,
Vol.28 ,No.2 79-8¢4 .



i)

u




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

