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The works described in this paper are part of a general study concerning new methods 
for the realization of parts of turbo-engines and turbo-pumps ; the results presented 
concern the superalloy INCONEL 625. A t  first are presented the metallographic 
structure of the deposits and secondly test-pieces developped in order to  characterize 
their mechanical properties (i.e. NOL-Rings, tubes,...). The physical and mechanical 
properties of the sprayed and heat treated materials are then compared with those of 
forged and sintered materials. The performances of the sprayformed test-pieces was 
observed to be similar to  the forged or sintered ones. 

INTRODUCTION 

The progress in the design of turbo engines in order to increase the efficiency, for example of 
the combustion chambers, and the availability of new materials with higher mechanical properties at 
high temperature increase drastically the machining costs by traditionnal processes. 

The spray-forming appears then to  have an important industrial potential in that it could permit 
to  obtain thin complex parts with high mechanical properties at a moderate cost ( I  ,2).This technique 
consists to spray a more or less thick coating on a substrate of the given final shape and then to  
remove this substrate in order to  obtain the part constitued only by the coating. 

The aim of this paper is to  present some results about the mechanical properties of such 
deposits obtained by plasma spraying under low pressure. Several materials were tested ; in this paper 
are presented the results obtained with the INCONEL 625, a well known alloy appreciated for its 
ductility and commonly used as armour plates. 

A similar work dealing with VPS (vacuum plasma spray) forming of INCONEL 71 8 was recently 
published by Holmes et al (3). The results obtained showed excellent properties ; the fine grained, 
recrystallized material exhibited better mechanical properties than critical grade cast inconel 71 8 at  
cryogenic, room and elevated temperature. 

EXPERIMENTAL PROCEDURE 

The chemical composition of the IN 625 powder used in this work for the sprayforming is 
presented in the Table 1. 

The powder grain size distribution determined by image analysis is presented in the table 2. The 
figure 1 illustrates the spherical morphology of the atomized powder. 
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Table 1 : Chemical analysis of the INCONEL 625 

weight % 

Cr Mo Al Ti C Fe Si 

Table 2 : Powder size distribution 

---------- ----------- [ SIZE T INCONEL 625 1 ---------- ----------- 
b m l  t [% by volume] 1 

Fiaure 1 : The INCONEL 625 powder 

EXPERIMENTAL CONDITIONS 

The material was sprayed under a low-pressure of argon with a Plasma-Technik F4 gun. The 
level of residual oxygen into the chamber was kept under 50 ppm during the whole operation. 
Substrates of a cylindrical form with different compositions and dimensions were set in front of the 
torch, on a revolving axis. The gun was animated with a longitudinal motion, as shown schematically in 
the figure 2. 

CARIER GAS AND POWDEZ 

COATING 

Fiaure 2 : The torch-substrate configuration 



.auoz uo!le6edo~d 
le!lua~a4a~d Aue lnoyl!M 'a~nme~4 al!~np e saleapu! (6 a~n6y) s!sAleue a~na3e~j ayl 

'pauuo!luaw A~s~o!A~J~ aJnpnJlSoJ3!w 
snoaua6owoy pue auy ayl 4q~ uo!lela~~o3 poo6 u! 'suaw!3ads al!sual-o~3!w aql wo~4 pue ~U!J-~ON 
ay1 wo~4 pau!elqo synsaJ aya uaamaq pahlasqo seM ama~agp xue3y!u6!s ou 'aJow~ayl~nj 

'(P) (8 a~n6!4) alnoJ 
A6~nllela~ JaPMOd e JO 6u!6~04 e uno4 panss! saldwes ~UM pau!ejqo asoql ox Jel!u!s  ha^ aq ox ~eadde 
sqnsaJ ayl (E) 8 LL lauo3u! ayl 40 ase3 pauuo!lualu Alsno!AaJd aqx u! sy .(slsaa E Lllensn) suo!l!puo3 
awes ayl u! palu~opad slsal IeJaAas 40 a6e~a~e ayl s! anleh y3e3 .a~n~e~adwaa snsJaA (~'1.n) 
yl6~aJls al!sual azew!lln ay1 pue (s-A) y16~aJls pla!A ayl '(a) uo!~e6uola ayl s~oqs L a~n6!4 aql 

'(3 .00s pue OSE) sa~nlwad~al y6!y pue a~nle~adwal 
 woo^ ol '(n 02) 3!ua6oA3 w0~4 'sa~nle~adwal auaJajj!p le paJnseaw aJaM Sa!lJadoJd le3!uey3aw 
-6u!Ae~ds 4 pa~edald Ap3a~!p (9 a~n6y) suaw!~ads ~U!J-~ON asn 01 seM auo puo~as ay1 pue (s a~n6y) 

s~apu!lA3 ayl 40 ssauy3!yl ayl u! pall!w suawpads al!sual-oJJ!u asn 0.1 seM auo ISAJ ayl .le!Jalew 
pa~!sodap ayl 40 sa!uado~d al!sual ayl Apnls oa pale6!1sa~u! aJaM sAe~ slua~a~~!p  OM^ 

.le!Jalew paleal1 way aql 40 aJnpnJls 3!yde~6ollelaw aqi sxuasa~d 
P a~n6!4 aql -paw~opad aJaM sluaw1ea~1-1eay 'a~nl3n~ls ayl az!ua6owoy ~ayun4 oj JapJo ul 

'(% IOA 1.0 01 SO-0) sa1$so~odo~3ew pue sapued uaqowun awos 40 a3uasa~d aql ssalun '~zg 
13~03~1 ay1 40 a~nl3n~ls ~euuo!~ua~uo~ ayl 01 as013 A~A s~eadde aJnl3nqs ayl '6u!q3~a le3!waq~ 
Aq paleaAaJ szg 13~03~1 paAe~ds-se ayl 40 aJnl3nJls 3!yde~6o(lelaw ayl s~oqs E a~n6!4 ayl 

.amleu su uodn 6u!puadap sueaw 
Jaylo JO 6u!y3aa le3!way3 '6u!u!y3ew Aq Jayya paAowaJ sew a1eJlsqns ayl '6u!Ae~ds Jayy 



JOURNAL DE PHYSIQUE IV 

Fiaure 5 : Micro-tensile specimen Fisure 6 : The NOL-ring specimen 

NOL-Ring 
Micro-tensile specimen 

Tensile strength (UTS) 
Yield strength (R0.2) 
Elongation (e) 

TEMPERATURE [K] 

Figure 7 : Tensile properties of the sprayed and heat-treated INCONEL 625 versus temperature 
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Fiaure 8 : Yield strength of the INCONEL 625 versus temperature, for different fabrication routes 



Figure 9 : Fracture zone observed by SEM 

LOW CYCLE FATIGUE (LCF) TESTS 

The LCF life-time was explored in the following conditions : temperature 500" C, stress 600 
and 650 MPa, frequency 10  Hz, R 0.05. The figure 10 shows the morphology of the specimens. Under 
these conditions the average number of cycles before failure is very high (1.200.000 cycles for 600 
MPa and 60000 cycles for 650 MPa) and largely exceed those obtained for powder metallurgy 
elaborated specimens (40.000 cycles). This excellent behaviour appears to be due to  the appearance 
of a plastified zone. Further investigations are underway. 

ADHERENCE TESTS 

The spray-forming of thin parts may include the necessity to realize assemblies between a bulk 
material and a sprayed one, as illustrated schematically in the figure 11. In order to  assess the 
mechanical resistance of such assemblies, adherence tests were performed in order to  determine the 
adherence of the sprayed material on a bulk material. 

Fiaure 10 : Morphology of the LCF specimens Fiaure 1 1 : Schematic view of a composite 
asembly : bulk material and sprayed one 

The configuration of the specimens is illustrated in the figure 12. The base material used was 
HASTELLOY X. The surface preparation was made by sandblasting and furthermore using a negative 
transferred arc prior to  the spraying. 
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Fiaure 12 : Morphology of the adherence test specimens 

After spraying the face of the first half test piece with IN 625 (up to a thickness of 1 mm), the 
joining was obtained by brazing the two parts in such a way t o  ensure in the same time the heat- 
treatment of the materials. 

The first results obtained are presented in the table 4. In fact, they appear to  have little 
signification, the rupture occuring the more frequently inside the brazing material. The choice of this 
brazing material is actually under discussion and further testing will be considered. 

Table 4 : Results of the adherence tests (rupture inside the brazing material) 

............................................. 1 Rm, MPa 150 106 2 8 

CONCLUSION 

Thin and thick parts in INCONEL 625 were realized using plasma spray-forming under low- 
pressure. 

The mechanical testings realized on machined specimens gave the following results : 
i) the mechanical tensile properties of the sprayed material after heat-treatment are very similar to  
those obtained with the same bulk forged alloy. 
ii) The specimens present excellent and outstanding LCF life-times. 

The following step will be the realization of structures containing bulk walls and thin sprayed 
walls. 
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