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  1 Introduction 

Nickel-base Colmonoy (AWS ER NiCr) alloys, offering 
excellent resistance to wear, corrosion and high tempera-
ture properties [1], fi nd extensive application for hardfac-
ing of austenitic stainless steel (SS) components used in 
sodium-cooled fast breeder reactors operating at temper-
atures up to 823 K. This alloy replaces more widely used 
cobalt-base Stellite alloys because of the high induced 
radioactivity originating from the Co60 isotope in Stellites 
[2]. However, Colmonoy alloys deposited by the GTAW 
process are affected by a signifi cant dilution by the aus-
tenitic SS substrate caused by large differences in the 
melting temperature range between the substrate and 
the deposited alloys [3]. Dilution has a signifi cant effect 
on microstructure, hardness and hence, wear-resistance 
of the deposit [4, 5]. To overcome the adverse effects of 
dilution on hardness and wear-resistance of the deposit, 
the minimum thickness specifi ed for Ni base deposits on 
hardfaced components is high, which in turn increases 

the deposited volume and hence the susceptibility of the 
deposit to shrinkage cracking during deposition due to 
the associated thermal stresses.

Both Colmonoy alloys and austenitic SS are non-magnetic. 
However, it is observed that the hardfacing alloy deposits 
of Colmonoy on austenitic SS substrate exhibit ferromag-
netism. The susceptibility to magnetic attraction is highest 
for the highest level of dilution and reduces with dilution. 
It is reasonable to assume that magnetism not present in 
the undiluted deposit but observed in the deposits diluted 
by the base metal is caused by dilution, which results in 
an increase in the Fe content in the deposit and makes it 
essentially a Fe-Ni-Cr alloy. Fe-Ni alloys are magnetic in 
certain composition ranges, which are popularly known as 
Invar alloys. It is well-known from magnetization studies 
in bulk FCC Fe-Ni alloys [6] that with increasing Fe con-
tent in the FexNi1-x lattice, the magnetic moment shows a 
systematic increase and reaches a maximum at x ≈ 0.6. 
Thus the increase in magnetization seen in the diluted 
samples is largely caused by the increase in Fe content. 
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Nickel-base Colmonoy-6 (AWS ERNiCr) alloy is the material chosen for hardfacing of austenitic stain-
less steel (SS) components used in India’s Prototype Fast Breeder Reactor. Gas Tungsten Arc deposited 
Colmonoy hardfacing alloys suffer from signifi cant loss in hardness and wear properties due to dilution from 
the austenitic stainless steel substrate. Although both austenitic SS and the undiluted Colmonoy-6 alloy are 
non-magnetic, the hardfacing deposit diluted by SS becomes ferromagnetic. In a multilayer deposit, magnet-
ism is highest in the fi rst hardfacing layer and decreases progressively in the subsequent layers. As in actual 
hardfacing deposits, dilution is diffi cult to control for any deposited layer, it is not easy to study variations of 
magnetic properties as a function of dilution. Hence, a separate set of deposits (twin-deposits) were pro-
duced by co-deposition of Colmonoy-6 alloy rods and austenitic SS fi ller wire on a copper block. Magnetic 
properties of hardfacing and twin-deposits were examined using Magnegage and Feritscope equipments. 
The saturated magnetic moments and Curie temperature of the twin-deposits were measured from room 
temperature to 873 K. Further, optical, scanning electron microscopy, energy dispersive X-ray spectroscopy 
and hardness measurements were performed for both hardfacing and twin-deposits. Correlation between 
hardness, microstructure and bulk magnetic property of deposits with different dilution levels could be estab-
lished. It was also possible to correlate hardness with the magnetic property of the deposits. Thus, the present 
study indicates a potential use of magnetic techniques for estimating hardness and dilution of the Colmonoy 
hardfacing deposit in a component, which cannot be subjected to destructive examination.
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For transition metal alloys containing Fe, the trend in the 
magnetic moment variation is documented as the Slater-
Puling curve which shows a maximum at an electron-to-
atom ratio of 26.5. Both the Fe-Ni bcc and fcc alloys fall 
on this curve, with the magnetic moment increasing with 
Fe content in the Ni-rich region [7]. The presence of dif-
ferent alloying elements also has a defi nite action on the 
observed magnetism in case of Fe-Ni alloys [7-9]. For 
example, a Cr to Ni addition seems to reduce the mag-
netic moment of Ni; Mo being iso-electronic to Cr also 
decreases the magnetic moment of Ni. Secondary effects, 
viz. lattice parameter changes are also another responsible 
parameter for high magnetic moments in Fe-Ni alloys. Mo, 
with its atomic size larger than that of Ni and Fe, is known 
to alter the lattice parameters of Fe-Ni alloys [8, 9].

In the present study, the origin of magnetism in the diluted 
deposits is explored. As both hardness and magnetism 
indicate distinct relations with dilution of the deposits by 
substrate base materials, an attempt has been made to 
establish a correlation between hardness and magnetism 
of the deposits.

In a multilayer deposit by the GTAW process, dilution is 
highest in the fi rst layer, deposited on the base metal, and 
dilution decreases progressively in the subsequent layers 
made on previously deposited layers. It is not possible to 
control the extent of dilution in different layers and hence, in 
order to produce hardfacing deposits of known and consis-
tent dilution levels, 4 mm-diameter Colmonoy-6 rods were 
co-deposited with ER 16-8-2 fi ller wires (SS) of various 
diameters on a water-cooled copper block (twin-deposit). 
The copper block does not melt and the deposit thus 
formed is of uniform composition and known level of mixing 
between the hardfacing alloy and stainless steel. Another 
set of samples was prepared by making multilayer hardfac-
ing deposits of Colmonoy-6 rods on 316LN stainless steel 
(SS) plate. The microstructure, hardness and magnetic 
property of the deposits are correlated with the dilution of 
the deposit by austenitic SS. Hardness of the deposit is 
correlated with its magnetic property so that non-destruc-
tive measurement of the magnetic property of the deposit 
could be used to predict the hardness of the deposit.

  2 Experimental 

For making deposits on stainless steel base metal, 
4 mm-diameter Colmonoy-6 rods were deposited on 
125 mm × 75 mm × 30 mm 316LN SS plates using the 
GTAW process. The 316LN SS base plate was preheated 
to 673 K, and after deposition, the deposit was cooled 
in vermiculite powder. The  preheating temperature of 
673 K was selected based on recommended minimum 
preheat temperature for hardfacing of austenitic SS com-
ponents for Indian Prototype Fast Breeder Reactor so as 
to reduce cooling rate of the deposit and avoid shrink-
age cracking. Separate deposits of Colmonoy-6 (size 
100 mm × 15 mm), with the number of layers varying from 
1 to 5, were produced on fi ve different 316LN SS base 

plates, with the second layer deposited over the fi rst layer, 
third layer over the second layer and so on. For these 
multi-layer deposits, the interpass temperature was main-
tained at 673 K so as to ensure identical cooling condi-
tions for all hardfacing deposits. All further investigations, 
like microstructural examinations, magnetic and hardness 
measurements, and energy dispersive spectra (EDS) 
studies were conducted on the top surface of the layer 
(Figure 1) so as to avoid the mixed zone, where previously 
deposited layers melted and mixed with subsequently 
deposited layers and re-solidifi ed.

In order to produce deposits of known and consistent 
dilution, 4 mm-diameter Colmonoy-6 rods are co-depos-
ited with ER 16-8-2 fi ller wires of various diameters on a 
25 mm-thick water-cooled pure copper plate by the GTAW 
process. The copper block does not melt, thus producing 
a weld metal produced by proper mixing of the hardfac-
ing alloy and austenitic SS. Deposits thus produced would 
be referred here as twin-deposits 1 to 6. For deposits 1 
to 5, SS fi ller wires of diameter 0.8, 1, 1.2, 1.6 and 2 mm, 
respectively, were used and for deposit 6, two SS fi ller 
wires each of diameter 2 mm were used along with 
Colmonoy rods. Before melting, the weight was measured 
for Colmonoy rods and individual fi ller wires and dilution of 
the hardfacing alloy by SS was estimated (Table 1) from 
the weight ratio of molten SS to molten Colmonoy-6 in 
the deposit.

To obtain undiluted deposits, bare Colmonoy-6 rods were 
melted using the GTAW process deposited on the same 
25 mm-thick water-cooled copper plate. The nominal 
chemical composition of the pure Colmonoy-6 hardfacing 
deposits and 316LN SS are given in Table 2, and details 
of welding conditions employed in this study are listed in 
Table 3.

Specimens of undiluted Colmonoy-6 and different hardfac-
ing and twin-deposits were polished by standard metallog-
raphy techniques. Microhardness indentations were made 
on the specimens for identifying locations for metallogra-
phy before and after etching. Micrographs were taken at 
two different magnifi cations of 200X and 500X, and the 
area fraction of precipitates, their morphology and size dis-
tributions etc. were estimated using the ImagePro software 
from 100 micrographs of each deposit. When viewed under 
optical microscope, the blocky precipitates were revealed 
even in the unetched condition, while both the blocky and 
needle-like precipitates were revealed after etching with 
Murakami reagent. Hence, the area fraction of total precipi-
tates was estimated by image analysis, and the difference 
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Figure 1 – Colmonoy-6 hardfacing deposit
on 316LN stainless steel
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in the area fraction of the total precipitates and the blocky 
precipitates gives the area fraction of the needle-like pre-
cipitates. As there is a variation in precipitate morphology of 
the different deposits, the aspect ratio of precipitates was 
kept fi xed for each deposit during image analysis, and the 
area of precipitates was normalized to a circular morphol-
ogy in which the size of precipitates is represented as the 
diameter of the normalized circle.

The metallography samples were further examined under 
SEM for detailed study about blocky and needle type pre-
cipitates. The EDS for the matrix and precipitates in differ-
ent deposits were also obtained. Assuming that most of the 
carbon and boron in the alloy are in the precipitates and 
that the matrix is free from these elements, the approximate 
composition of the matrix for each layer was estimated 
from EDS analysis. From the above results, the ratio of Ni/
Fe content of the matrix for each specimen is estimated 
in order to indicate dilution of the sample. Microhardness 
measurements were performed at 500 g load.

Magnetic measurements on different hardfacing and 
twin-deposits were carried out using Feritscope and 
Magnegage. While the Feritscope uses the principle of 
magnetic induction for measurement, the Magnegage 
uses the attractive force between a permanent magnet 
and the specimen. The magnetic fi eld generated by the 
Feritscope interacts with the magnetic component of 
the specimen and magnetic dipoles inside the magnetic 
domains of the specimen are arranged in a preferential 

direction as a result of external magnetic fi elds. In con-
trast, the Magnegage is used mainly for measuring the 
attractive force produced by weak magnetic fi elds. Further 
to be noted, Feritscope gave direct readings whereas for 
the Magnegage, air reading and white-dial reading were 
taken for different samples and tearing-off force of the 
magnet for the sample was estimated from the readings 
by applying standard formulas. As these instruments are 
used for estimating the delta-ferrite content in austenitic 
stainless steel welds and castings, the results obtained 
are represented as Ferrite Number. However, the term fer-
rite number can be a misnomer here, as the microstruc-
ture of the deposit does not contain any ferritic phase. 
Hence, in this work, the magnetic property estimated 
using Magnegage and Feritscope would be referred as 
Magnegage reading and Feritscope reading, respectively.

For twin-deposit samples, with uniform composition 
throughout the deposit, the hysteresis loops were gen-
erated by recording the magnetic moment in response 
to variations in applied magnetic fi elds using a vibrating 
sample magnetometer at 300 K. The saturation magnetic 
moments were obtained from the hysteresis loops gen-
erated by plotting magnetization against magnetic fi eld. 
Variation in magnetic moment with temperature in the 
range of 300-873 K was also determined for twin-depos-
its at a constant external magnetic fi eld of 500 Gauss. 
From this, the Curie temperature, above which magnetism 
disappears, is estimated for each of the deposits. Since 
dilution is not uniform across the sample for the hardfac-
ing deposits due to the presence of remelted and re-solid-
ifi ed zones, magnetic hysteresis tests were not performed 
for deposits made on SS plates (hardfacing deposits).

  3 Results 

Figures 2-4 show optical and scanning electron micro-
graphs of the undiluted Colmonoy-6 and that of different 
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Table 1 – Precipitation content and hardness of different deposits

Twin-deposit Hardfacing deposit

Deposit 
no.

%
Dilution

% 
Blocky 

precipitate

% 
Total 

precipitate

% 
Needle 

precipitate

Hardness 
(VHN)

Layer 
no.

% 
Blocky 

precipitate

% 
Total 

precipitate

% 
Needle 

precipitate

Hardness 
(VHN)

1  3.93 8.93 17.23 8.30 727 1st 5.09 16.26 11.17 454

2  6.14 700 15.91 8.91 697 2nd 6.88 18.80 11.92 746

3  8.84 6.38 14.61 8.23 619 3rd 7.63 19.65 12.02 810

4 15.72 6.54 13.90 7.36 435 4th 8.02 19.86 11.84 803

5 24.55 5.90 13.28 7.38 380 5th 7.76 19.80 12.04 785

6 49.10 5.63 13.04 7.41 292      

Table 2 – Nominal chemical composition of 316LN stainless steel and Colmonoy-6 [wt. %]

Material C Cr Ni Mo Mn Si P S B Co Fe

316LN SS 0.024 17.7 10.80 2.0 1.2 0.40 0.04 0.01 - 0.16 Balance

Colmonoy-6 0.700 14.3 73.75 - - 4.25 - - 3.0 - 4.0

Table 3 – Welding conditions used during hardfacing and 
twin-deposition of Colmonoy-6 and 316LN SS

Welding process GTAW

Shielding gas Argon

Shielding gas fl ow rate 10 l.min–1

Arc voltage 13 V

Welding current 100 A

Welding speed 0.8 mm.s–1
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hardfacing and twin-deposits. The blocky precipitates 
are identifi ed as borides and the needle shaped pre-
cipitates as carbides [10, 11]. It can be observed that 
for hardfacing deposits, the size, morphology and dis-
tribution of both blocky and needle precipitates vary 
widely in different layers of the deposit. In the fi rst layer 
both number and area fraction of the precipitates are 
small. In the second layer there is an increase in size 
and area fraction of mainly the boride precipitates. From 
the third to the fi fth layer, morphology and distribution 
of the borides are similar, with a marginal increase in 

the size of the precipitates. Less variation in size and 
volume fraction is observed for carbides than for borides 
with increasing number of layers or decreasing dilution 
[12]. For twin-deposits, less variations in morphology 
and average size of boride precipitates were observed 
than for hardfacing deposits. The area fraction of 
blocky and needle-like precipitates estimated by image
analysis of optical micrographs of hardfacing and twin-
deposits as presented in Table 1 also refl ects the higher 
infl uence of dilution on area fraction of borides than of 
carbides.
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Figure 2 – Microstructures of different Colmonoy-6 deposits under unetched condition

a) Undiluted Colmonoy-6 b) Hardfacing deposit second layer c) Hardfacing deposit fourth layer

d) Twin-deposit 2 e) Twin-deposit 4

Figure 3 – Microstructures of different Colmonoy-6 deposits under etched condition

a) Undiluted Colmonoy-6 b) Hardfacing deposit second layer c) Hardfacing deposit fourth layer

d) Twin-deposit 2 e) Twin-deposit 4



01
02  2012  Vol. 56  WELDING IN THE WORLD  Peer-reviewed SectionN°

105

As the precipitate size is very small and contrast is poor 
[Figure 2 a)], the area fraction of precipitates could not 
be estimated in the unetched condition in the undiluted 
Colmonoy-6 deposits. However, on etching the contrast 
improved [Figure 3 a)] and the area fraction of total pre-
cipitates could be estimated by image analysis to be about 
15 %.

It is clear from Table 1 that hardness of the fi rst layer of 
hardfacing deposits with maximum dilution is quite low 
compared to that of the undiluted deposits (716 VHN). 
In the second layer, with decrease in dilution, hardness 
improves substantially and variation is almost negligible 
from the third layer onwards. Similarly for twin-deposits 
hardness improves with decreasing dilution and reaches 
saturation for low-dilution deposits. It is interesting to 
note here that the hardness of the undiluted Colmonoy 
deposited on copper plate is lower than that of the second 
and subsequent layers of hardfacing deposits and twin-
deposit 1. This could be due to low precipitate content 
(about 15 %) in undiluted Colmonoy-6.

The EDS analyses (Figure 5) of the matrix for the hard-
facing, twin and undiluted deposits indicate high iron 

content and low nickel content at high dilution levels, i.e. 
in the fi rst layer of hardfacing deposits and twin-deposit 6 
as compared to that of undiluted Colmonoy-6. As dilution 
decreases, the nickel content in the deposit increases for 
both hardfacing and twin-deposits. It can also be noted 
(Table 4) that the fi rst layer of hardfacing deposits and 
all twin-deposits contain molybdenum, an element that is 
absent in Colmonoy-6 alloy but present only in the 316LN 
SS substrate material. Further, in twin-deposits, the molyb-
denum content increased from 0.23 to 0.75 wt. % with 
increasing austenitic SS (ER 16-8-2 fi ller wire) content in 
the twin-deposit.

Table 5 shows the Feritscope and Magnegage readings 
obtained for both hardfacing and twin-deposits. It is clear 
that magnetism of the deposit increases with increasing 
dilution. Having established that the deposit is ferromag-
netic and dilution of the deposit by the austenitic stain-
less steel is the cause of the ferromagnetism observed, 
saturation magnetic moments were estimated for twin-
deposits at 300 K using vibrating sample magnetometer. 
Induced magnetization vs. magnetic fi eld hysteresis loops 
for the twin-deposits at room temperature are presented 
in Figure 6. It can be observed that for deposits 5 and 
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Figure 4 – SEM images of different Colmonoy-6 deposits

a) Undiluted Colmonoy-6 b) Hardfacing deposit second layer c) Hardfacing deposit fourth layer

d) Twin-deposit 2 e) Twin-deposit 4

Table 4 – Variations in matrix composition estimated from EDS analysis of undiluted Colmonoy-6
and different deposits [wt. %]

Element
Twin-deposits Hardfacing deposits

Colmonoy-6
1 2 3 4 5 6 1st 2nd 3rd 4th 5th

Ni 82.46 80.60 75.50 74.4 68.06 62.63 58.78 80.22 83.67 83.67 83.48 83.47

Fe  7.97 10.10 13.68 15.8 20.33 24.40 21.20  9.46  6.31  5.88  4.82  4.83

Cr  4.58  4.40  5.83   5.05  6.88  8.66 16.20  6.35  5.67  6.43  6.63  8.01

Si  4.76  4.44  4.53  4.1 4.1  3.56  2.82  3.97 4.4  4.02  4.63  3.69

Mo  0.23  0.45  0.46  0.6  0.63  0.75  0.99 - - - - -
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6, for which dilution is highest, the saturated magnetiza-
tion is about 40 emu/g; it decreases to 26.6 emu/g for 
deposit 4, and for deposit 1, with minimum dilution from 
austenitic SS, this value is only 7.2 emu/g.

In order to study the stability of magnetization of the 
twin-deposits at high temperature, variations in magnetic 

moment with increasing temperature in the range of 300-
873 K (Figure 7) were determined at constant magnetic 
fi eld. It can be observed from Figure 7 that except for 
twin-deposit 3 all other samples follow a similar trend, i.e. 
for a given temperature magnetic moment is higher for a 
deposit of higher dilution. The reason for the discrepancy 
in behaviour of twin-deposit 3 is not clearly known from 
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Figure 5 – EDS results, keV vs. Intensity (counts), of different Colmonoy-6 deposits

a) Undiluted Colmonoy-6

c) Hardfacing deposit - fourth layer

b) Hardfacing deposit - fi rst layer

d) Twin-deposit 2

e) Twin-deposit 4

Table 5 – Feritscope and Magnegage readings for different deposits

Deposit
no.

Feritscope
reading

Magnegage
reading

Layer
Feritscope

reading
Magnegage

reading
1 40.10 13.24 First 110.75 20.72

2 61.40 17.79 Second 30.5 18.15

3 88.40 17.98 Third   4.75  3.91

4 92.64 18.50 Fourth   2.24  2.71

5 116.170 19.10 Fifth   0.99  0.03

6 146.30 19.30
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the present study. In addition to magnetic moment, the 
Curie temperature is also found to increase with increas-
ing dilution. For deposits 5 and 6, this temperature is about 
480 K, and it decreases with decreasing dilution. For 
deposits 1 and 2, the Curie temperature is about 350 K. 
This indicates that high-dilution deposits are strongly fer-
romagnetic with a moderately high Curie temperature.

  4 Discussions 

The results presented above clearly confi rm that dilution 
from the austenitic stainless steel substrate signifi cantly 
affects the microstructure and properties of the deposit. It 
alters the volume fraction, size, morphology and distribu-
tion of precipitates in the matrix. For both hardfacing and 
twin-deposits, there is a clear decrease in the boride con-
tent with increasing dilution. In contrast, the correspond-
ing variation for carbides is only marginal. However, cool-
ing conditions of twin-deposits being different from those 
of hardfacing deposits, less variation in precipitate size is 
observed for different dilution levels of twin-deposits. It is 
important to note that not only the matrix composition, but 
also the precipitate composition is altered by dilution. As 
both types of precipitates are essentially primary precipi-
tates (formed from the liquid metal during solidifi cation), 

it is reasonable to assume that composition changes in 
the molten metal caused by the dilution is affecting the 
nucleation and growth kinetics of the precipitates. Further, 
dilution increases Cr, the major element present in both 
borides and carbides, in the melt; it can alter the types 
of borides (CrB, Cr2B) or carbides (M7C3, M6C or M23C6) 
formed from the melt [10, 11]. The variation in morphology 
and composition of precipitates from layer to layer has a 
signifi cant effect on the hardness of the deposit. Hardness 
of Cr borides being much higher (2400-2500 VHN) than 
that of Cr carbides (1000-1200 VHN) [13] and volume 
fraction of boride precipitates varying more distinctly 
than carbides with dilution for both hardfacing and twin-
deposits, probably explains the wide variation in hardness 
observed for different hardfacing and twin-deposits.

Results also confi rm that magnetic properties observed in 
the deposits are also associated with dilution. In hardfac-
ing deposits, dilution of the deposit is highest in the fi rst 
layer and negligible from the third layer onwards; accord-
ingly, magnetic properties are signifi cant only in the fi rst 
two deposit layers. Thus, magnetism observed both in the 
hardfacing and twin-deposits is caused by the high Fe 
content in the alloy due to dilution from the substrate. This 
is also in agreement with almost no magnetism observed 
in the third, fourth and fi fth deposit layers of hardfacing 
deposits, with no signifi cant change in Fe content from 
that of the undiluted deposits.

Though the results indicate that the magnetism observed 
in the deposits is caused by dilution, the origin of magnet-
ism needs to be explained. Apart from the substitution of 
Ni atoms by Fe in the Fe-Ni lattice caused by dilution [6, 
7], the lattice parameter effect due to Mo [8, 9] is also 
responsible for ferromagnetization in the diluted depos-
its. In this context, it is important to note that the highest 
content of Mo is present in twin-deposit 6, which shows 
the highest readings for Feritscope, Magnegage and 
saturated magnetization. However, the origin of magnet-
ism cannot be attributed to changes in lattice parameters 
caused by the presence of Mo alone in the diluted zone. In 
case of hardfacing deposits, magnetism is observed even 
in the second deposit layer, which does not contain any 
signifi cant amount of Mo. Experimental measurements 
of lattice parameter variation with dilution of the weld 
samples would throw light on this issue, although being 
a multiphase alloy; results may not lead to unambiguous 
conclusions [14].

Variations in magnetic properties as determined from 
Feritscope and Magnegage readings for hardfacing 
deposits as well as twin-deposits [Figures 8 a) and 8 b)] 
show a fair correlation with the Ni/Fe content of the 
matrix, with the correlation being better for the former 
(correlation coeffi cient: 0.9793) than the latter (correla-
tion coeffi cient: 0.969). Good correlation obtained for 
both Feritscope and Magnegage readings with the Ni/
Fe ratio indicate that Feritscope and Magnegage, instru-
ments normally used for measuring delta-ferrite contents 
in stainless steel [15, 16] can be used for estimating the 
Ni/Fe ratio of the matrix, which is an indication of dilution 
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Figure 6 – Variations in saturated magnetization
with applied magnetic fi eld for twin-deposits

Figure 7 – Variations in magnetic moment
with temperature for twin-deposits
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of the deposit. Further, for twin-deposits, a good corre-
spondence [Figure 8 c)] is also obtained for saturated 
magnetization against Ni/Fe ratio (correlation coeffi -
cient: 0.9896). Figure 9 a) presents a plot for Ni/Fe ratio 
against dilution of the matrix as measured by weight ratio 
of molten SS fi ller wire to molten Colmonoy alloy for twin-
deposits and Figure 9 b) indicates a strong relationship 
between Curie temperature and hardness with dilution of 
twin-deposits. Hence, in case of hardfacing of n compo-
nents, where dilution is diffi cult to estimate; the magnetic 

properties measured using Feritscope/Magnegage can 
be unambiguously used to have an assessment of the 
dilution of the deposit by the substrate (Figure 10).

As the hardness of the deposits is affected predominantly 
by the volume fraction of the precipitates and magnetic 
properties by the composition of the matrix, there is no 
direct relation between hardness and magnetic proper-
ties. However, both are affected by dilution and hence an 
indirect correlation exists between hardness and magnetic 
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Figure 8 – Variations with Ni/Fe content of the matrix of different deposits

a) in Feritscope reading b) in Magnegage reading

c) in saturated magnetization

a) in Ni/Fe ratio b) in hardness and Curie temperature with dilution

Figure 9 – Variations for different twin-deposits
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properties (Figure 11). Hence, one of the potential appli-
cations of the results presented here can be the use of 
magnetic measurements as a non-destructive tool to esti-
mate the surface hardness of Ni-base hardfacing coatings 
on austenitic stainless steels. Hence, it should be possible 
to predict the hardness of the deposit simply by measur-
ing the magnetic properties of the deposit by Feritscope 
and Magnegage. The importance of such measurements 
is signifi cant in hardfacing of actual components for vari-
ous applications, which are not suited for in-situ hardness 
measurements.

  5 Conclusions 

The major conclusions from the present study on Ni-base 
Colmonoy-6 hardfacing deposit are the following.

1. Dilution of Ni-base hardfacing deposits by austenitic 
stainless steel substrates affects not only its hardness 
but also the magnetic properties of the deposit.

2. Estimation of magnetic moments for twin-deposits 
at room temperature and high temperatures sup-
ports results obtained by Feritscope and Magnegage 
techniques. A good correlation could be established 
between the magnetic properties estimated from 
Feritscope and Magnegage equipments and saturated 
magnetic moment obtained from magnetic hysteresis 
loops, with dilution for hardfacing deposits as well as 
different twin-deposits.

3. The magnetic properties of deposits could also be cor-
related to their hardness and hence, it is possible to 
use the magnetic properties of the deposits to predict 
their hardness and apply this principle to estimate the 
hardness of deposits on fi nished components as a 
non-destructive technique.
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