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ABSTRACT

A commercially available Ni base eutectic alloy powder (EWACI005EC) ivas modified by mechanical mixing of 2wt.% 
Al powder with it. Hard surfacing of mild steel substrate was carried out by gas thermal spraying o f both the original 
& modified powders. Oxidation resistance o f the hard surfacing produced by using both the original & modified powders 
ivas studied under constant heating at temperatures o f 800, 850 and 900"C for 8 hours and also under cyclic heating 
up to 15 cycles where, each cycle was designed as heating for a period o f 2 hours at temperature o f 800°C followed 
by cooling down to temperature o f 300°C. The characteristics o f microstructure and hardness of base metal and 
both the coatings o f original and modified powders were studied. Wear resistance o f the hard coatings o f both the 
powders were studied at ambient temperature using “PIN on DISC” wear testing method at nominal loads of 2.5 
and 3.5 kg. It was found that at all the test loads, the coating of the original powder is having comparatively better 
wear resistance than that o f the coating of the modified powder Under ihe cyclic heating original powder coating 
was marked to be comparatively better oxidation resistant than the modified powder coating. But, at a given 
temperature the hard coating o f the modified powder was found comparatively better oxidation resistant than the 
same produced by spraying the original powder

Key words : Thermal spraying, Ni base eutectic alloy powder, modification o f alloy powder, hard surfacing, micro 
structure, hardness, wear, oxidation resistance.

INTRODUCTION

Hard surfacing is largely used to 
deposit a w ear re s is tan t coa ting  
e ith e r on a w orn  ou t or new 
com ponen t w h ich  has to be 
subjected to w ear in serv ice [1]. 
Depending upon desired thickness 
of coating, the hard surfac ing  is 
commonly carried out by gas thermal 
spraying of powder, plasma spray, 
weld deposition and weld cladding 
for applying a thick (>50 |.im) coating 
of ha rde r m a te ria l on a 
com parative ly softer and tougher

s u b s tra te  The the rm a l sp ray ing  
process is one of the most versatile 
technique used for application of a 
moderately thick (upto about 1.5mm) 
coating of material having resistance 
to wear and oxidation or corrosion 
(2], The properties of gas thermal 
sp ray  coating  are in fluence d  by 
various factors [3] such as process 
param eters, surface trea tm ent of 
substrate and physical and chemical 
c h a ra c te r is t ic s  o f pow der. The 
abrasive wear of a hard material is 
p r im a rily  de fined  as rem ova l o f 
material from its surface by means

of mechanical action, which is to a 
large extent dictated by the oxidation 
re s is ta n c e  o f an a lloy  at h igh 
tem perature applications, With the 
in c re a s in g  dem and o f h igh 
temperature applications as turbines 
e n g in e s  e tc ., the s tu d ie s  on 
oxidation resistance of an alloy have 
gathered trem endous im portance. 
Resistance to oxidation of any metal 
at h igh te m p e ra tu re  p rim a rily  
depends upon the nature of oxide 
film/scale formed at its surface. !f the 
scale is loose and porous, oxidation 
will continue until whole section of
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metal is oxidised otiierwise, in case 
of an adiierent and non porous oxide 
layer, it will act as protective cover 
to ttie underlying metal [4],

In case of dry and hot gas corrosion 
of turbines/engines, so called MCrAly 
a llo ys  are com m on ly  used as 
p ro tec tive  coa ting  (M g e n e ra lly  
stands for Ni, Co and Fe), whiere the 
desired protection is attributed to 
formation of a thin oxide scale on it 
du ring  ope ra tio n  at e leva ted  
tem p e ra tu res . A long w ith th e ir  
resistance to oxidation some other 
properties of these coatings are also 
in tended  as the ir high s treng th , 
hardness 3,nu toughness at elevated 
temperature [5], During deposition of 
fhe powders by therm al process, 
va rio u s  types o f m e ta llu rg ic a l 
transformations in the deposits are 
inevitable, depending upon chemical 
com pos ition  of the pow der and 
the rm a l cyc le  o t the p rocess , 
especially dictated by the cooling 
rate. These transformations leading 
to form ations o f va riou s  phases, 
precipitation of eutectic or any other 
inter-metallic compounds at the grain 
bounda ries  la rge ly  g o ve rn s  the 
chemical and mechanical properties 
of the coating [6].

In the context of the role of powder 
characteristics on wear resistance of 
hard coating, an investigation has 
been carried out to study the effect 
of com positional m odification of a 
s tandard  Ni base e u te c tic  a lloy 
powder on improvement in oxidation 
and wear resistance of hard surface, 
produced on a mild steel substrate 
by gas the rm a l sp ray  p rocess , 
especially in reference to the cyclic

Fig.1 : Schematic presentation of the cyclic heating pattern.

heating simulated to some service 
condition leading to dry and hot gas 
corrosion of turbines/engines. The 
w ear re s is ta n ce  and abras ion  
m echan ism s o f the hard coating 
have been studied with respect to its 
com position, oxidation resistance, 
hardness and m icrostructu re  The 
performance of the coatings of the 
m od ified  pow ders  has been 
com pared to tha t o f the coating 
produced by using a commercially 
a va ila b le  Ni base e u te c tic  a lloy 
powder.

EXPERIMENTAL

The hard surfacing of 5 mm thick 
mild steel sheet was carried out by 
gas thermal spraying of modified and 
commercially available nickel base 
eutectic alloy powders (EWAC 1005 
EC). The m od ified  pow der was 
developed by mechanical mixing of 
about 2.0 wt.% aluminium powder 
with the nickel base eutectic alloy 
pow der. The m od ified  pow der

containing aluminium coated nickel 
base eutectic powder was produced 
by v ig o ro u s  p ro ce ss in g  o f the 
powder inside a ball mill using steel 
ba lls ot w e igh t approxim ate ly 20 
times of the weight of the powder 
mixture.

The gas therm al spraying of the 
powders was carried out using a 
neutra l oxy-ace ty lene  flam e at a 
pressure of oxygen and acetylene as 
3.0 and 1,2 kg/cm respectively. Prior 
to th e rm a l sp ray  the su b s tra te  
surface was m echanically cleaned 
and p re h e a te d  to 300°C . The 
spraying was performed at a torch 
speed of 12 cm/min by maintaining 
a gap of 12 mm between the torch 
and the subs tra te  under ve rtica l 
placing of the torch.

The tra n s v e rs e  s e c tio n s  o f the 
coated specimens were prepared by 
standard m etallographic procedure 
and etched by dipping in a solution 
containing glycerol (5 cc), acetic acid
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(10 cc), n itr ic  acid (10 cc) and 
h yd ro ch lo r ic  acid (15 cc). The 
microstructures of both the coatings 
o f the unm od ified  and m od ified  
powders were studied under optical 
m ic roscope  and com pared . 
Hardness of the base metal and the 
coatings was measured by vicker’s 
diamond indentation at a load of 5 
kg. The distribution of hardness on 
specific m icrostructural features of 
the coatings was also studied by 
v icker’s m icrohardness indentation 
at a load of 10 g.

The w ear c h a ra c te r is t ic  o f the 
coating was studied on "PIN ON 
DISC type wear testing machine by 
s lid ing  the coa ted  face  o f the 
specimens of size 30x3x50 mm on 
a steel disc. The wear tests were 
performed at different normal loads 
of 2.5 and 3.5 kg by s lid ing the 
coated sam ples through d iffe rent 
distances, as a function of sliding 
time of a wear track of diameter 88 
mm rotating at a speed of 300 r.p.m..

The loss in weight of the specimen 
due to sliding was evaluated as a 
measure of wear of the coating. The 
oxidation behaviour ot the coatings 
was studied under normal heating 
and cyclic heating by keeping the 
coated specim ens of size 9x9x30 
mm inside a muffle fu rnace  at a 
stretch for a period of 8 hours at 
temperatures of 800, 850 and 850 
°C and for cyclic heating up to 15 
cy c le s  w here , each cyc le  was 
designed as heating for a period of
2 hours at tem perature o f 800°C 
fo llo w e d  by coo lin g  dow n to 
temperature of 300°C for 1 hour as 
schematically shown in Fig 1. The 
gain in weight per unit area of the 
coating was evaluated by measuring 
the weight and graphical estimation 
o f surface area of the specim en, 
which indicates the ability of coating 
to withstand at high temperature. All 
the tests were repeated w ith the 
co a tin g  p roduced  by the rm a l 
spraying of the modified powder.

RESULTS AND DISCUSSIONS

The microstructure of the base plate 
has been found to consist of ferrite 
and pearlite (Fig. 2) as the common 
feature  o f m ild s teel. The typical 
m ic ros truc tu res  o f therm al spray 
coatings of the original and modified 
powders presented in Fig. 3 (a and 
b) respectively reveals the flawless 
interface and sound coating having 
p ra c tic a lly  n e g lig ib le  am oun t o f 
porosity. In a c lose  look on the 
m icros truc tu re  o f the coatings at 
h igher m agn ifica tion , the orig ina l 
powder coating (Fig. 4(a)) shows the 
presence of cellular structure in the 
matrix with a comparatively thicker 
layer of eutectic (marked by arrow) 
at the grain boundary whereas, the 
precipitation of eutectic (marked by 
arrow) at the grain boundary of the 
comparatively finer co-axial dendritic 
m a tr ix  o f the  m od ified  pow der 
coating has been in general found 
(Fig. 4(b)) to become comparatively 
thinner due to modification of powder 
by addition of aluminium.

The overall hardness of the base 
metal and the coatings of the original 
and modified powders are measured 
as 133 ± 6, 567 ± 60 and 300 ± 15 
VHN respec tive ly . The hardness 
distribution in the matrix, in reference 
to the lo c a tio n s  o f the g ra in  
bounda ry  e u te c tic  and over the 
grains, of the coatings of the original 
and m odified pow ders has been 
found as (783 ±  120 and 245 ±  15 
VHN) and (270 ± 10 and 310 ±  18 
VHN) respectively. This may have 
extended a positive contribution to 
im prove  the w ear re s is ta n c e  of 
m odified powder coating because
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F ig .3 : T yp ica l m ic ro s tru c tu re s  o f the  th e rm a l sp ra y  co a tin g s  a nd  in te rfa ce s  o f the
(a) o rig in a l and  (b) m od ified  pow ders .

Fig .4; T yp ica l m o rp h o lo g y  o f bo th  the  co a tin g s  re vea led  a t h ig h e r m a g n ifica tio n  
(a) the  o rig in a l p o w d e r coa tin g  and  (b) m od ified  p o w d e r co a tin g .

100

— I--------------------------------1--1 I
•  AT NORMAL LOAD 2 5 kg.
■  AT NORMAL LOAD 3-5 kg.

-------  COATING OF ORIGINAL POWDER
-------- COATING OF MODIFIED POWDER

_ J ___
100

SLIDING TIME (min)

F ig .5 ; At a g iven norm al load o f 2 .5  and 3.5 kg the  
na tu re  o f va ria tion  in w e a r c h a ra c te ris tic s  o f the  hard 
co a tings  o f the  o rig in a l and m od ified  p o w ders  w ith  the  
increase  in tim e o f s lid ing .
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to
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E2Z3 ORIGINAL PO W D ER  COATING 
C S a  M O DIFIED PO W D E R  COATING 

S LID IN G  TIM E -  10 m in .

it :

L d x :
2-5 3-5 i 5

N O R M A L LOAD (k g )

F ig .6 : At a g iven  s lid ing  tim e  o f 10 m inu tes  the  effect 
o f in c rease  in norm al load from  2 .5  to 4 .5  kg on the 
w e ig h t loss due  to  w e a r o f bo th  the  co a tings  o f the 
o rig in a l and m od ified  pow d e rs .
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the hard th ick  e u te c tic  at g ra in  
bounda ries , as obse rved  in the 
coa ting  o f the o r ig in a l pow der, 
reduces the wear resistance of the 
matrix due to chipping of the thick 
layer of eutectic at grain boundaries. 
However, the w ear res is tance  of 
hard coating is also governed by 
other characteristics of the matrix as 
discussed later.

During wear test under all the normal 
loads, it is observed that there exists 
a high in itia l fric tiona l drag force  
which reduces with the increase in 
s lid ing  d is tan ce  at h ig h e r tim e 
followed by gaining a stability. This 
may have primarily happened due to 
breaking/blunting of asperity on the 
coating surface. At a given normal 
load of 2.5 and 3.5 kg the w ear 
characteristics of the hard coatings 
of the original and modified powders 
in respect to the time of sliding at 
am b ien t te m p e ra tu re  has been 
shown in Fig. 5. The figure shows 
that at the lower load of 2.5 kg the 
wear loss of both the coating of the 
o r ig in a l and m od ified  pow ders  
becom es p ra c tica lly  s tab le  a fte r 
sliding a distance covered in time 
beyond about 80 minutes, whereas 
at the higher load of 3.5 kg the wear 
loss of both the coatings has been 
found to be continuously enhanced 
s ign ifican tly  w ith the increase  of 
s lid ing  beyond 80 m inu tes . The 
figure also dep icts that the wear 
characteristics of both the coatings 
of the original and modified powders 
are practically same, with a tendency 
of undergoing relatively higher wear 
loss in case of using the modified 
powder, especially at the lower load 
of 2.5 kg. However, at a given time

F ig .7 : The  e ffe c t o f u n in te rru p te d  hea ting  a t d iffe re n t e leva ted  
te m p e ra tu re s  on the  w e igh t ga in  d u e  to  o x id a tio n  b e h a v io u r o f the  

co a tin g s  o f the  o rig in a l an d  m o d ified  pow d e rs .

F ig .8 : The  e ffec t o f c y c lic  hea ting  a t e le va te d  te m p e ra tu re  on  the  
w e ig h t ga in  d ue  to o x id a tio n  b e h a v io u r o f the  co a tin g s  o f the  o rig in a l 

and  m o d ified  p o w ders .
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15
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Flg .9: C u m u la tive  w e ig h t ga in  p e r un it a rea  o f the  co a tin g s  w ith  the 
in c rease  in n u m b e r o f hea tin g  cycle .

of sliding of 10 minutes llie  increase 
in normal load from 2.5 to 4.5 kg has 
been found to enhance the weight 
loss due to wear of both the coatings 
significantly, as shown in Fig. 6.

The ox id a tio n  b e h a v io u r o f the 
coa ting  und e r c o n s ta n t 
(uninterrupted) and cyclic heating 
(Fig. 1) at e levated tem pera ture , 
indicating the ability of the coating to 
withstand at high temperature, has 
been show n in F igs. 7 and 8 
respectively. The Fig 7 shows that 
du ring  c o n s ta n t hea ting  at 
te m p e ra tu re s  o f (800, 850 and 
900°C), the oxidation resistance of 
m od ified  pow der coa tin g  is 
comparatively better than that of the 
orig ina l pow der coa ting , as it is 
clearly revealed by weight gain per 
unit area of the both types of powder 
coatings. This may have happened

due to presence of Al in modified 
powder. During thermal spraying the 
added Al may have reacted with the 
Ni present in base powder (EWAC 
1005 EC) leading to formation of a 
high temperature compound, NI3AI, 
hav ing  ox id a tio n  re s is ta n ce  at 
elevated temperature. In addition to 
that the Al may have also formed a 
significantly adhesive, coherent and 
non porous oxide (AI2O3) layer on 
the coating , wh ich poss ib ly  also 
caused an effective reduction in rate 
of oxidation of the coating, However, 
under the cyclic heating of 5, 10 and 
15 No. of heating cycles, the weight 
gain per unit area of the modified 
pow der coa ting  has been found 
g rea te r than tha t of the o rig ina l 
powder coating as depicted in Fig. 
8. This behaviour shows that under 
c y c lic  hea ting  c o n d itio n s  the 
oxidation resistance of the original

powder coating is better than that of 
the modified powder coating, which 
m ay be p r im a rily  a ttr ib u te d  to 
thermal spalling of modified powder 
und e r c y c lic  hea ting  cond ition s , 
un like  its  coa ting  rem ains stable 
under co n s ta n t tem p e ra tu re  
c o n d itio n s  as d iscussed  above. 
During cyclic heating the cumulative 
w e igh t gain per unit area of the 
coating with the increase in number 
of heating cycle has been shown in 
Fig. 9. The figure shows that the 
difference of cumulative weight gain 
in between the moditied and original 
powder coatings enhances with the 
increase in number of heating cycle, 
which reveals the possible increase 
in rate of oxidation of the modified 
powder coating at higher cycle of 
heating, dominated by the spalling 
action.

CONCLUSIONS

1. M o d ifica tio n  o f the o r ig in a l 
powder by alum inium addition 
changes m icrostructures of the 
coating s ign ifican tly  from  the 
presence of ce llu lar structure 
w ith  a co m p a ra tive ly  th icke r 
layer of grain boundary eutectic 
to a fin e  c o -a x ia l d e n d ritic  
m ic ro s tru c tu re  w ith  a 
co n s id e ra b ly  th in n e r g ra in  
boundary.

2. D u ring  hea ting  at co n s ta n t 
tem pera ture  of 800, 850 and 
900°C the oxidation resistance 
of modified powder coating is 
b e tte r than  tha t o f o r ig in a l 
powder coating.

3. M o d ifica tio n  o f pow der by 
a lum in ium  a dd ition  reduces
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4.

5.

hardness  of the  coa ting  
significantly w ith its practically 
uniform distribution in the matrix 
whereas, a large varia tion  in 
ha rdness d is tr ib u tio n  in the  
coating of the original powder 
results from the formation of a 
considerably hard thick layer af 
eutectic at the grain boundaries.

U nder c y c lic  hea ting , the  
oxidation resistance of original 
powder coating is comparatively 
h igher than tha t of m od ified  
powder coating.

Both the original and modified 
pow der co a tin g s  show

p ra c tic a lly  sam e w ear loss 
behaviour w ithout achieving a 
stability after sliding a distance 
in time beyond 80 minutes at 
higher normal load of 3.5 kg, but 
it approaches a stability at lower 
norm al load of 2 .5 kg a fte r 
sliding a sim ilar distance.

6. Increase  in norm al load 
considerably enhances the rate 
of wear.
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A T T E N T IO N  M EM BERS
It was decided in the 225th Council Meeting of the Institute held on 9th December, 2000 in 
Mumbai that :

“..... any member whose subscription due upto 31/03/1996 was outstanding for
3 years as on 31/03/1996 and continues to remain due currently, shall be deleted from the Register 
of the Institute. This will be an implementation of earlier decision of the Council vide its 197th 
Meeting held on 17th March, 1995.......”

-  Members may contact IIW Secretariat, if required.

[Following report has been received from Martin Pape, Customer /  Product Management, Technical Glass, 
of SCHOTT DESAG AG, Huttenstr 1, 31073 Grunenplan, Germany]

ATHERMAL W elding Protection Filters are manufactured by Schott Desag and Schott Desag has found a 
large quantity of fake Eye Protection Products with Athermal printed on the product. Typical characteristics 
of the fake product are :

Wrong declaration (i.e. Shade 11; Currect Shade is 9) of the shade. According to Din Certco regulation the 
welder would not be able to identify the right shade for a particular welding process and consequently this
will cause eye damage. During an extensive laboratory test by the Company mentioned characteristics were
identified. Fake products meet only optical Class 3.

The edges are not fitted properly which could cause injury to the welder’s eye.

The fake product (the glass and the plastic foil) has ‘Germany’ printed on it. According to international Law/ 
Regulations evry product of German origin has to be marked with “Made in Germany” .

[Editor of the I.W.J. takes no responsibility for the above summarised report] —  Editor
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