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In this third and last article the hardfacing consumables, their characteristics and selection is discussed.

GENERAL

For a user, the idea l ha rd fac ing  
deposit is one that will resist all types 
of wear described earlier. In reality 
the fo rm u la tio n  and se lec tion  of 
consum ab les  is governed by the 
predominant wear mode and by the 
econ om ic  c o n s id e ra tio n s . These 
factors have led to the development 
and availability of a large num ber of 
h a rd fa c in g  co n su m a b le  c o m p o ­
sitions in a variety of forms.

Hardfacing consumable includes a 
wide range of alloys, ceramics, and 
com b ina tions o f these  m ate ria ls . 
Conventional hardfacing m ate ria ls  
are normally classified as steels or 
lo w -a llo y  fe rro u s  m a te ria ls , 
chromium white irons or high alloy 
ferrous materials, carbides, n ickel- 
based alloys, or cobalt-based alloys. 
A  few  c o p p e r-b a s e d  a llo ys  are 
som e tim es  used fo r h a rd fa c in g  
applications, but for the most mining 
and mineral processing applications, 
hardfacing a lloys are e ithe r iron, 
nickel, or cobalt-based. The m icro­
structure of hardfacing alloys consist 
generally of hard phase precipitates 
such as ca rb id es , borides, or 
intermetallics bound in a softer iron, 
nickel, or cobalt-based alloy matrices.

B e fo re  se le c tin g  an a p p ro p ria te  
h a rd fa c in g  a lloy  fo r  a g iven  
application it is necessary to carry 
out a careful analysis o f all service 
conditions. A balance among wear 
properties, environmental resistance, 
weldability, and econom y must be 
ach ie ve d . B a la n c in g  p ro p e rtie s  
within each alloy system has led to 
the d e v e lo p m e n t o f g re a t m any 
commercial hardfacing alloys. Most 
of these are marketed as proprietary 
alloys. It is not uncommon to find 
one alloy composition identified by 
m any d iffe re n t c o m m e rc ia l 
designations. This chapter describes 
ch a ra c te r is tic s , chem ica l com po ­
s itions and form s of com m ercia lly 
available consumables.

CLASSIFICATION SYSTEM

Owing to the multiplicity of options, 
variety of chemical compositions and 
range of properties, many standard 
o rg a n iza tio n s  have a ttem pted  to 
g roup  and c la s s ify  a va ila b le  
hardfacing consum ables. In North 
A m e rica , the A m erican  W e ld ing  
Society c lass ifica tions  are m ostly 
used.

American Welding Society (AWS) 
Classification System for Hardfacing 
Alloys

The A m e rica n  W e ld ing  S oc ie ty  
(AWS) has developed a specification 
sys tem  fo r h a rd fa c in g  rods and 
e le c tro d e s  th a t uses  an 
a lphanum eric system with a prefix 
“E" for electrode and a “R" for bare 
wire or cast bare rods. Consumables 
des igna ted  “E" (e le c tro d e ) ca rry  
current and are used in processes 
such as SMAW, SAW and GMAW. 
Rods do not normally carry current 
and are thus used in oxyacetylene, 
gas tungsten arc, and plasma arc 
welding processes. A series of letters 
in the identification system denote 
the chemical symbols for the major 
e lem ents  in the alloy. Thus, the 
designation R N iC r-A  designates a 
bare rod (R), with n icke l(N i) and 
chromium(Cr) as the major elements 
comprising the hardfacing alloy. The 
“A ” suffix denotes a particular range 
of chemical composition in a family 
of nickel/chromium alloys.

The AW S consum able designation 
system  is only app licable to high 
speed steel, iron/chrom ium  alloys, 
manganese steels, cobalt/chromium 
alloys, nickel/chromium/boron alloys,
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copper base alloys, and composites. 
Many other fam ilies of tool steels 
and alloy steels, are commercially 
available and will be listed in a later 
chapter. Fusion hardfacing alloys are 
also available in powder form  for 
sp ra y -a n d -fu se  a p p lica tions ; 
however, these are not covered by 
the AWS designation system.

CONSUMABLE TYPES 

Iron Based Alloys

Iron-based hardfacing alloys are the 
m ost w ide ly  used g roup  and 
generally offer low cost and broad 
range o f desirab le  p roperties  for 
ha rd fac in g  equ ip m e n t th a t is 
sub jec ted  to w ea r in d igg in g , 
c ru sh in g , g rin d in g  and m a te ria l 
transportation.

They are only partially covered by 
AWS, and because of their number 
they can best be classified by their 
suitability for resisting specific type 
o f w ear and th e ir  g e n e ra l 
m icros truc tu res . M ost iron -based  
hardfacing alloys can be categorized 
into four groups; pea rlitic  steels, 
austenitic steels, martensitic steels, 
and high-alloy irons,

Pearlitic Steels : Are essentially 
carbon steels with minor adjustments 
in composition to achieve weldability. 
These a lloys conta in  low carbon 
(0.45%) and limited amounts of other 
a lloy ing  e lem ents , resu lting  in a 
pearlitic structure. Pearlitic steels are 
useful for buildup overlays, primarily 
to rebuild machinery parts back to 
size , E xam p les  in c lu d e  sha fts , 
ro llers, and o ther parts in heavy 
m ach ine ry  su b jec ted  to ro llin g .

Tab le  1(a) - C h e m ic a l co m p o s itio n s  o f s o m e p e a rlitic  h a rd fac in g  alloys
G rade C

(%)
Mn
(%)

Si
(%)

C r
(%)

H ardness
(Rc)

A IS I 1045 0.5 - - 1.5 -
0.5 0.8 0.3 1.0 -

0 .45 0.7 0 .2 - -
0 .4 1.5 0 .6 4 .0 38
0.3 1.0 0 .7 2 .5 32
0.2 1.0 0.5 1.5 -

sliding, or impact loading. Typically 
this group of alloy has high impact 
resistance and moderate hardness 
(25-38HRC), as well as excellent 
we ldab ility. Some usage o f these 
a llo y s  fo r re p a ir w e ld ing  and, 
buttering layers for crusher jaws, 
hammer mill hammers, etc,. These 
a llo ys  are no t cove red  by AWS 
classification system.

Martensitic Steels : Alloys in this 
c a te g o ry  are des igne d  to form  
martensite during air cooling of weld 
deposits. As a result, they are often 
te rm ed  “s e lf h a rd e n in g ” or “ a ir 
hardening" and resemble tool steels 
with hardnesses in the range of 40- 
45HRC. Their carbon content can be 
up to 0.5%. Other elements such as 
molybdenum, tungsten, nickel (up to 
3%), and chromium (up to 18%) are 
added to increase hardenability and 
s tre n g th  and to p rom o te  the

formation of martensite. Manganese 
and silicon are usually added to aid 
weldability.

The m ajor hardfacing applications 
for these steels include unlubricated 
metal-to-metal rolling or sliding parts 
such  as u n d e rc a rr ia g e  p a rts  of 
tractors. The im pact resistance of 
martensitic steel is inferior to those 
of pearlitic or austenitic steels, but 
there is com pensating increase in 
hardness and abrasion resistance. 
Typ ica l a p p lic a tio n s  are, earth  
scoops, d rag line  bucke ts , s lu rry  
pump housings, etc. Again these 
a llo ys  are no t cove red  by AWS 
classification system, however, they 
are covered by other designations 
and chemical compositions of some 
pearlitic and m artensitic grades of 
hardfacing consumables are given in 
Table 1,

Table 1 (b) - C h e m ic a l c o m p o s itio n s  o f s o m e  m arten s itic  
h a rd fa c in g  a llo ys

G rade C
(%)

Mn
(%)

Si
(%)

C r
(%)

Ni
(%)

Mo
{% )

E 502 0.10 1.00 0 .90 4 .0 -6 .0 0 ,40 0 ,4 5 -0 .6 5
E 430 0.10 1.00 0 .90 15 .0 -18 .0 0 .60
E 410 0.12 1.00 0 .90 11.0-13.5 0 .60

0 .7 -1 .5 2 .0 m a x 1 .Omax 5 ,5 -9 .5 2 .Omax 2 ,Omax
0 ,7 -1 .5 4 .5m ax 1 .Omax 11-15 2 .Omax 2 .Omax
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A u s te n itic  S tee ls  ; These are 
m ed ium -carbon s tee ls  con ta in ing  
s u ftic ie n t m anganese  to cause  
re te n tio n  o f au s te n ite  at room  
temperature, The chemistry of these 
m a te ria ls  is c o m p a ra b le  to the 
wrought and cast classes of work 
hardenable  austen itic  m anganese 
s tee ls . Thus they re spond  in a 
similar manner when used in high 
s tre s s /im p a c t m ode w ith  w ea r 
resistance increasing with severity of 
worl< hardening.

Most commonly available alloys in 
this category can be subdivided into 
low and high-chrom ium  types. For 
most mining and mineral processing 
a p p lic a tio n s  the fa v o u re d  low  
chromium alloys usually contain up 
to 0.5%Cr and 12-15%Mn and some 
nickel and molybdenum. They are 
generally used to rebuild machinery 
parts subjected to high impact such 
as impact crusher, shovel lips in hard 
rock mining, crusher jaws, crusher 
rolls, mantles, ball mill liners, etc. 
They are no t reco m m e n d e d  fo r 
joining manganese steel parts due to 
the possibility o f cracking.

The as-deposited hardness of these 
alloys is about 20HRC, however, the 
cold work can raise this hardness up 
to 50HRC depending on the degree 
of cold work. Austenitic manganese 
steels are not corrosion resistant and

Tab le  2 - C h e m ic a l c o m p o s itio n s  o f tw o A W S a u s te n itic
m a n g a n e s e  h a rd fa c in g  a lloys

G rade Ni Mo Si P A s-D e p o s ite d
(%) . (%) (%) (%) H ardness

(H RC )

E F eM n-A 2.7.5-6.0 - 1.3 0 .03 20

E F eM n-B - 0 .6 -1 .4 0 .3 -1 .3 - 20

(O th e r E lem en ts : C -0 .5 -0 .9 , M n-11-16 , C r-0 .5 )

popular grades are given in Table 2.

High-Chromium Iron Alloys (AWS 
RFeCr-A and EFeCR-A)

The common feature of these alloys 
(p o p u la r ly  know n as CrC 
h a rd fa c in g s ) is the p resence  of 
prim ary, e u tec tic  and seconda ry  
chrom ium  carb ides (Cr7C3) which 
has a hardness exceeding 1500VPN 
which provide a" high resistance to 
ab ras ion  and e ro s io n  by so fte r 
s ilic a te s  and q u a rtz . The 
m icrostructure of these alloys also 
co n ta in  a u s te n ite , p e a rlit ic , or 
martensitic depending on the alloy 
com position and processing. Their 
m ic ro h a rd n e s s  is in e xce ss  of 
50H R C . A u s te n itic  has low er 
strength and better toughness than 
p e a rlit ic  and m a rte n s ite -b e a r in g  
matrices. M artensitic grades have 
the highest hardness and resistance

to deformation, but they are more 
prone to c rack ing . The chem ical 
compositions of some of these alloys 
are given in Table 3.

Though these alloys contain more 
ch rom ium  than m any s ta in le s s  
steels, they do not have comparable 
corrosion resistance due to their high 
carbon content. With as-deposited 
h a rd n e ss  in e xce ss  o f 50H RC , 
chrom e white irons are not easily 
machined and are used in the as- 
deposited condition. Most of them 
can be app lied by oxyacety lene, 
FCAW, SAW and SMAW and some 
proprietary grades can be applied by 
almost anyone of the fusion welding 
processes.

T he ir good o v e ra ll p e rfo rm ance  
rating and relatively low cost, has 
resulted in this class becoming the 
most widely used hardfacing system.

Table 3 - C h e m ic a l c o m p o s itio n  o f h ig h  c h ro m iu m  iro n -b ased
fille r m eta ls .

becom e e m b rittle d  at e leva ted G rade C Mn Si C r Ni
temperatures. These alloys are also (%) (%) (%) (%) (%)
extrem ely difficu lt to m achine and A u ste n itic  Type
thus are used in as-deposited form. R F e C r-A I 3 .7 -5 .0 4 .0 -8 .0 1 .0 -2 .5 2 7 -32 -

In the AWS c lass ifica tion  system R F eC r-A 2 3 .7 -5 .0 1 .Omax 0 .5 -2 .0 27-32 2.5-4 .S
these are designated as EFeMn- or M arte n s itic  Type
RFeMn and chemical compositions N/A 2.5 1.0 0.7 26 _
and as-deposited hardnesses of two N /A 4.0 1.5 2 .0 30 -
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A lthough  these  a llo ys  have low  
impact toughness and tendency to 
spall, they are used in a wide variety 
of wear situations such as, low and 
high abrasion, and erosion. Typical 
applications are on m ixer blades, 
screw conveyors, excavator blades, 
c rush ing  m ills , d ippe r tee th , 
pu lve rize rs , scoop tram  bucke ts , 
ham m erm ill ham m ers and hopper 
liners,etc,.

Nickel Base Alloys (AWS RNiCr and 
ENiCr)

Many available nickel based alloys 
have proprietary com positions but 
the alloys covered by the AWS are 
given in Table 4. Most of these alloys 
are similar in composition, however, 
there is a small variation in carbon 
and boron  c o n te n t w h ich  is 
responsible for the change in the 
bulk hardness from about 35HRC in 
the A alloy to 60HRC in the C alloys, 
The matrix in these alloys is solid 
so lu tion s treng thened  n icke l and 
wear resistance is obtained by the 
presence of hard chromium boride 
(ha rd n e ss= 1 3 0 0 -1 8 0 0  VPN) 
particles in the microstructure. They 
are not hardenable by heat treatment 
and thus are genera lly  used as- 
deposited.

The physica l p roperties o f n ickel 
based hardfacing alloys are similar

to those of nickel and they-have  
corrosion characteristics sim ilar to 
other nickel-based alloys. They are 
not particularly chem ical resistant, 
but they will not corrode in normal 
in d u s tr ia l e n v iro n m e n ts  and in 
outdoor services. These alloys retain 
their as-deposited hardness up to 
about 540°C. N ickel-based alloys 
are considered to be very brittle, 
however, they can be form ed at 
room  tem peratures. The ir melting 
po in ts  are 1090°C and they wet 
ferrous and other substrates better 
than  m ost o th e r n o n fe rro u s  
hardfacing alloys and thus are easy 
to apply. They are a lso m ore 
m achinable than other hardfacing 
alloys of comparable hardnesses.

N ickel-based hardfacing alloys are 
available in coated electrode, bare 
w ire  or pow der fo rm  and som e 
proprietary versions are available as 
sw e a t-on  pas tes  w h ich  can be 
applied to a surface with a variety 
of techniques, including paint brush 
and are then fused on the substrate 
with oxyacetylene welding process. 
As a family these alloys are suitable 
for abrasive wear and metal-to-metal 
wear, and are w ide ly  used on 
m achine com ponents that require 
finishing of hardfaced areas. These 
a lloys have lim ited app lica tion in 
m in ing  and m inera l p ro ce ss in g

industry except in the hardfacing of 
cast irons.

Cobalt-Base Alloys (AWS RCoCr 
and ECoCr)

The cobalt-base alloys contain high 
chromium (>20%) which gives these 
alloys a high corrosion resistance. 
T hus these  a llo ys  are w e ll 
established in industries that require 
heat-, corrosion-, and wear-resistant 
surfaces. There are many cobalt- 
based p roprie ta ry  alloys such as 
Stellite and Tribaloy. The Tribaloy 
alloys are cobalt or nickel-based with 
molybdenum, silicon, and chromium 
as their major alloying elements. The 
cobalt-based alloys that are similar 
to Stellite alloys vary in carbon and 
tungsten content to produce alloys 
with different hardnesses. The matrix 
is essentially cobalt strengthened by 
ch rom ium  and tungs ten . The 
compositions are balanced so that 
the bulk of the structure is hard, 
brittle layer (intermetallic compound) 
phase and have two layer hardness 
usually in the range of 50-60HRC. 
They are suitab le for applications 
tha t re q u ire  ex tre m e  chem ica l 
resistance.

The wear resistance of these alloys 
is enhanced by the form ation  of 
carbides. The high chromium content 
leads primarily to the formation of 
chromium carbides.

Table 4 - C h e m ic a l C o m p o s itio n s  o f so m e N ic ke l-B ase  A lloys

G rade C
(%)

Co
(%)

C r
(%)

Fe
(%)

SI
(%)

B
(%)

T yp ica l
D epos it

H ardness

R N iC r-A 0 .3 -0 .6 1.50 8 .0 -14 .0 1 .25-3 .25 1 .25 -3 .25 2 .0 -3 .0 25-35
R N iC r-B 0 .4 -0 .8 1.25 1 0 .0 -16 .0 3 .00 -5 .00 3 .0 0 -5 .0 0 2 .0 -4 .0 30-45
R N iC r-C 0 .5 -1 .0 1.00 12 .0 -1 8 .0 3 .50 -5 .50 3 .5 0 -5 .5 0 2 .5 -4 .5 35-55
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Table 5 - C h e m ic a l C o m p o s itio n s  o f s o m e C o b a lt-B a s e  A llo ys

G rade C
(%)

W
(% )

C r
(%)

Mn
(% )

Ni
{% )

Mo
(%)

Si
(%)

Fe
(% )

T yp ica l
D epos it

H ardness
R C oC r-A 0 .9 -1 .4 3 .0 -6 .0 2 6 -32 1.0 3.0 1.0 2 .0 3.0 38-47
R C oC r-B 1 .2-1 .7 7 .0 -9 .5 26 -32 1.0 3.0 1.0 2 .0 3.0 45-49
R C oC r-C 2 .0 -3 .0 11 .0 -1 4 .0 2 6 -33 1.0 3.0 1.0 2 .0 3 .0 48-58

The abrasion resistance o f the three 
basic AW S a lloys  inc reases  w ith 
ca rbon  c o n te n t and h a rd n e ss , 
however, the harder the alloy gets, 
more prone it becomes to cracking. 
Thus A alloys are w idely used to 
produce wear-resistant areas on 300 
se rie s  s ta in le s s  s te e l chem ica l 
processing equipment. The cobalt- 
base hardfacings can maintain their 
room temperature properties up to 
abo u t 650°C . T he se  a llo ys  are 
considered to be nonm ach inab le . 
T h e ir h igh ch ro m iu m  co n te n t 
provides good oxidation resistance 
at temperatures up to 980°C. These 
alloys are expensive com pared to 
other hardfacing alloys, thus they are 
bes t used w h e re  th e ir  u n ique  
properties are really needed. They 
are available in both rods and wire 
form. Again these alloys have limited 
applications in m ining and m ineral 
processing industry, however, some 
typ ica l a p p lic a tio n s  are kn ives , 
ro a s tin g  oven  flow s , to n g s  fo r 
handling hot castings, etc,. Cobalt- 
based a llo ys  p rov id e  ve ry  good 
re s is ta n c e  to h igh te m p e ra tu re  
(370°C) slurry erosion. Compositions 
o f som e C o b a lt-b a se  a llo ys  are 
given in Table 5.

High Speed Filler Metals (AWS RFe5 
and EFe5 )

These steels are characterized by 
their high hardness and exceptional

resistance to softening at elevated 
temperatures. This property enables 
machining to be carried out at higher 
speeds encountered in some mining 
o p e ra tio n s  such as d r illin g  hard 
rocks. Originally they contained up to 
20% tungsten to promote resistance 
to heat so ften ing  and to im prove 
wear resistance by forming carbides. 
Most present day high speed steels 
contain tungsten and m olybdenum  
fo r hea t and w ear re s is ta n ce , 
chromium for hardenability and other 
elements such as vanadium or cobalt 
for additional w ear resistance and 
heat resistance. The carbon content 
va ries  in the d iffe ren t h igh-speed 
alloys, but most contain about 1%. 
Two layer deposits of these alloys will 
have hardness in the range of 55 to 
60RC. This hardness will come down 
by 10 po in ts  w hen hea ted  to 
te m p e ra tu re s ' as h igh as 650°C . 
A lthough tool s tee ls  con ta in  high 
alloy content, they are not considered 
to be corrosion, chemical or oxidation 
re s is ta n t. Typ ica l a p p lic a tio n s  o f 
these alloys are in hardfacings of

rock drills, bucket teeth and ripper 
teeth and chemical compositions of 
some popular a lloys are given in 
Table 6.

Carbides

The volume of carbides (excluding 
c h ro m iu m ) used fo r ha rd fa c in g  
a p p lic a tio n s  is re la t iv e ly  sm all 
compared to other common alloys. 
Lately there has been an increase in 
their use.

Their as-deposited structure consists 
o f d is c re te  e x tre m e ly  ha rd  and 
abrasion resistant carbide particles 
surrounded by base metal matrices 
which provide toughness support. 
H is to rica lly  only tungsten carb ide 
g ra d e s  have been used fo r 
hard fac ing  app lica tions, however, 
recently carbides of other elements 
such as va n a d iu m , titan iu m , 
m olybdenum , tanta lum , etc, have 
also performed satisfactorily, These 
consum ables are ava ilab le in the 
form of bare, tubular rods and coated 
electrodes, and are used with gas

Table 6 - C h e m ic a l c o m p o s itio n s  o f h igh  sp eed  s tee l 
h a rd fa c in g  a llo ys

A W S  G rade C W M o V
(%) (%) (%) (%)

R F eS -A 0 .7 -1 .0 5 .0 -7 .0 4 .0 -6 .0 1 .0-2 .5

R FeS -B 0 .5 -0 .9 1 .0 -2 .5 5 .0 -9 .5 0 .8 -1 3

(O th e r E le m e n ts  ; M n -0 .5 % ,C r-3 .0 -5 .0 % ,S i-0 .5 % )
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Table 7 - S u ita b ility  o f h a rd fa c in g  a llo y s  fo r va rio u s  w ear m od es
W ear fvlode/ A b ra s io n Erosion-
H ard fac ing
C onsum ab le

Low
Stress

H igh
S tress

G oug ing So lid
Partic le

S lu rry

Iron C hrom e X X X X X
N icke l C hrom e X X
M anganese  S tee l X
C oba lt-B ased X X
Tool S tee l X X

tungsten arc and shielded metal arc 
welding processes.

The melting points of carbides are 
generally high and in many cases 
they tend to d is in tegrate  prior to 
fo rm in g  a m o lten  w e ld  poo l. 
Therefore, the carbides themselves 
cannot be deposited by conventional

SELECTION OF HARDFACING  
CONSUMABLES

Hardfacing alloy selection is guided 
p rim a rily  by w ear (m ech an ism / 
a b ra s ive n e ss ) and co s t c o n s i­

d e ra tio n s , H ow ever, o the r 
m anufactu ring  and environm enta l 
factors are involved such as base 
metal, deposition process, impact, 
corrosion , oxida tion , and therm al 
requirements.

Wear Condition

Hardfacing is applied prim arily to 
reduce wear loss, hence it is the 
s ing le m ost im portan t fac to r that 
gove rns the se le c tio n  o f the 
h a rd fa c in g  alloy. In fo rm a tion  
regarding the various modes of wear 
ope ra tin g  in m in ing and m inera l

Tab le  8 - L a b o ra to ry  a b ra s io n  te s t data  fo r s o m e m ate ria ls  and  
h a rd fa c in g  d e p o s its  (2)

welding techniques. To overcom e 
this problem, carbides particles are 
usually inserted in a steel or alloy

M a te ria l A b ra s io n  F a c to r '
Low

S tress
H igh

S tress
tube that is used as the welding 
consumable. Another process that is

M od ified  ch rom ium  iron h a rd fa c ing  
(5% C , 217=Cr, 8 .5% N b, 9% M o, R c-68

30 3.0

used for carbide hardfacing is the 
plasma spraying process (PSP) or

T u n gs ten  ca rb id e  h a rd fa c in g  
(SM AW , 2 .4% C  58% W , R c-64

17 2.1

D-gun. These are not truly welding 
processes as they do not create a

C h ro m iu m  iron h a rd fa c ing
(4 .8% C , 23% C r, 2% M n, 1% M o, 0.4% V , R c-58

20 1.6

metallurgical bond. The hardness of 
the deposits  is about 60RC and

C hrom ium  iron ha rd fa c ing
(3.1 % C, 14% C r, 2% M n, 1 .5% S i, 0 .5% M o, R c-53

4.6 0 .95

these deposits are not machinable 
and hence must be used in the as-

C a st w h ite  iron-A  
(2 .5% C . 25% C r, Rc-61 )

5.7 1.0

deposited conditions. Some typical 
applications of these materials for

C a st w h ite  iron-B
(3% C , 18% C r, 1 .5% M o, 1% Ni, R c-61)

11 1.4

hardfacings are: rock drills, oil drills, 
sand m ixer b lades, bucke t teeth

C ast lo w -a lloy  s tee l
(0 .4% C , 1 .9% N i, 0 .8% C r, R c-54

2.1 1.1

(u.sed for very hard rocks), ripper 
points, bulldozer end tips, etc.

M artens itic  s tee l ha rd fa c ing  
(0 .8% C , 6% C r, 1% M n, 0 .4% S i, R c-50)

1.7 0.95

The consumables covered by AWS 
are RWC-5/8, RWC-8/12, etc,.

M a n g a n e se  s tee l bu ildup
(0 .7% C . 14% M n, 3% C r, 0 .3 % N i, R b-97

2.1 1.0

M ang a n e se  s tee l bu ildup
(0 .1% C , 14% M n, 10% C r, l% N i, R b-91)

0 .8 0.6

M ild s tee l b a r (0 .2% C , R b-95 1.0 1.0

(‘ A b ra s io n  F a c to r = w e ig h t loss o f m ild s te e l/w e ig h t loss o f sam p le  m ateria l)
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T ab le  9 - S u ita b ility  o f h a rd fa c in g  a llo y s  fo r v a r io u s  b a s e  m eta ls

B a se  M e ta l to  be ha rd fa ce d F e -B a se d  A llo ys  
(a lloy  co n te n t)

C o -N -B a se d
A lloys

T ungs ten
C arb ides

< 20% >20%
C arb o n  S te e ls  

0 .1 0  - 0 .3 5 % C  
0 .35  - 1 .0% C

Yes 
Yes (1,2)

Yes 
Yes (1,2)

Yes 
Yes (1,2)

Yes 
Yes (1,2)

Low  A lloy  S te e ls  (0 .3% C  M ax) Yes Yes Yes Yes

Low  H a rd e n a b ility  M a rte n s itic  
S ta in less  S te e ls  (410, 40 3  type )

No Yes (1,6) Yes (1,6) Yes (1,6)

H igh H a rd e n a b ility  M a rte n s itic  
S ta in le ss  S te e ls  (420 , 4 4 0  type)

No Yes (1 ,3 ,6 ) Yes (1 ,3 ,6 ) Yes (1 ,3 ,6 )

A u s te n itic  S ta in le ss  S te e ls  (321 Type) No Yes (3) Yes (4) Yes

A u s te n itic  S ta in le ss  S te e ls  (347  T ype) No Yes (3) Yes Yes

A ll O th e r A u s te n itic  S ta in le ss  
S te e ls  (300  S e rie s)

No Yes (3) Yes Yes

13%  M n S te e l Yes Yes Yes Yes

C ast Irons Yes Yes Yes Yes

W hite  Iron No No No No

1- P re h e a t requ ired  -  2-
3 - F o r lim ited  a p p lic a tio n s  o n ly  4-
5 - Use a b u tte rin g  la ye r o f N icke l 6-

O x y a ce ty le n e  p ro ce ss  p re fe rre d
U se  a b u tte ring  laye r o f 347  typ e  s ta in le ss  s tee l
P o stw e ld  h e a t tre a tm e n t requ ired

processing was covered in earlier 
a rtic le  and shou ld  be taken in to 
cons ide ra tion  w hen se lec ting  an 
a lloy. A lso , e x p e rie n c e  w ith  
hardfacing a lloys fo r a pa rticu la r 
a p p lic a tio n  are a ve ry  v a lu a b le  
reference,

Table 7 lis ts  the s u ita b ility  o f 
hardfacing alloys for various wear 
m odes th a t are fre q u e n tly  
e n co u n te re d  in the  m in ing  and 
m ineral processing industry. Often 
more than one alloy appear to satisfy 
a p roperty  requ irem en t. In such 
cases o ther fa c to rs  such as life  
expectancy, co s t and ease  o f 
deposition will play a major role in

th e ir  s e le c tio n . If lo n g e r life  is 
required then a more expensive alloy 
can usually be justified. However, for 
m a in te n a n ce  - and em ergency  
repairs, the selection will be based 
p rim arily  on the g rades  tha t are 
im m e d ia te ly  a v a ila b le  and 
secondarily on longer life. When a 
w o rn -o u t h a rd fa c in g  has to be 
replaced with a new hardfacing then 
one shou ld  exa m in e  the 
performance of the previously used 
a lloy. If the p e rfo rm a n c e  was 
sa tis fa c to ry  then the sam e alloy 
should be used, otherw ise a new 
and im p roved  a lloy  shou ld  be 
chosen.

Some laboratory abrasion test data 
on som e h a rd fa c in g s  and base 
m aterials are provided in Table 8. 
These tests were carried out under 
h igh - and lo w -s tre s s  ab ras ion  
conditions. The interesting feature of 
these data is that under low-stress 
conditions, most materials performed 
better than mild steel (which was 
used as a re fe re n ce  m a te ria l), 
however, under high stress abrasion 
conditions the performance of half of 
the materials was no better than the 
mild steel. A lso under low stress 
c o n d itio n s  som e m a te ria ls  w ere  
thirty times better than mild steel 
while under high abrasion conditions
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Table 10 - T he p rices o f v a rio u s  c o n s u m a b le s  in C an ad a  in 1991
C onsu m a b le  Type Price

($ /Kg)
Iron -based  a lloys

L ow -ca rbon  s tee l bu ildup  a lloys 9.67
A u sten itic  m anganese  s tee ls 9.95
M artens itic  s tee ls 11.30
H igh -ch rom iu m  irons 17.40

C arb ides 36.47
C o b a lt-b a se d  a lloys 90.00

Table 11 - A va ilab ility  o f c o n s u m a b le s  fo r va rio u s  p ro c esses

SM AW G M A W FC AW O xyfue l F lam e S p ray

Bu ildup X X X X
Iron C liro m e X X X
N icke l C hrom e X X X
M anganese  S tee l X X X X
C oba lt-B ased X X X X X

Tab le  12 - P e rfo rm a n c e /c o s t in d ic es  fo r so m e h a rd fa c in g  a llo y s  (2)

M ateria l P e rfo rm a n ce /C o s t
In d ice s*

Low  S tress  
A b ras ion

H igh S tress  
A b ras ion

M od ified  ch ro m iu m  iron h a rd fa c in g  
(5% C , 21% C r. 8 .5% N b, 9% M o, R c-68

2.3 0 .23

T ungsten  ca rb id e  h a rd fa c ing  
(SM AW , 2 .4% C  58% W , R c-64

1.2 0 .15

C hrom ium  iron ha rd fa c ing  
(4.8%C, 23%Cr, 2%Mn, 1%Mo, 0.4%V, Rc-58

1.4 1.1

C hrom ium  iron ha rd fa c ing
(3.1%C, 14%Cr, 2%Mn, 1.5%Si, 0.5%Mo, Rc-53

3.8 0 .78

M artens itic  s tee l ha rd fa c ing
(0.8% C , 6% C r, 1 % M n, 0 .4% S i, R c-50)

1.3 0.70

M anganese  s tee l bu ildup
(0 .7% C , 14% M n, 3% C r. 0 .3% N i, R b-97

2.3 1.1

M anga n e se  s tee l bu ildup
(0 .1% C , 147oMn, 10% Cr, 1% N i, R b-91)

0.4 0.3

the same material was only three 
times as good.

The impact resistance of hardfacing 
alloys decreases  as the carb ide 
content increases. As a result, in 
situations where a com bination of 
im pact and abrasion resistance is 
desired, a compromise between the 
two must be made. In applications 
where impact resistance is extremely 
im portan t, aus ten itic  m anganese 
steels are used to build up worn 
parts.

Base Metal

The m e ta llu rg ic a l co m p a tib ility  
between base metal has a significant 
influence on the choice of hardfacing 
consumable. In situations where the 
base metal and consumables are not 
metallurgically compatible, then it is 
necessary to apply a buttering layer 
b e fo re  d e p o s itin g  the se lec ted  
consum ab le . Table 9 show s the 
c o m p a tib ility  o f v a rio u s  base 
m a te ria ls  and ha rd fac in g  
consumables for a range of welding 
processes.

Costs

Consumable costs generally depend 
on form  and am ount and type of 
a lloy  con ten t. Thus, iron -base d  
pearlitic alloys are cheapest, while 
coba lt-based alloys appear to be 
most expensive. Prevailing prices of 
some consum ables in Canada (in 
June 1991) are given in Table 10 for 
general comparison.

The deposition  p rocess plays an 
im portant role in the selection of 
consumables. It was reported earlier 
that some alloys are not available in 
all forms (bare rods, coated elec-
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T ab le  13 - AW S h a rd fa c in g  a llo y s  an d  th e ir  a p p lic a tio n s  in m in in g  
and  m in e ra l p ro c e s s in g  in du stry .

trodes, tubular rods, solid wires or

A p p lica tion AW S H a rd fa c in g  A lloy are only used in certain processes.
B re a ke r Bars FeM n Table 11 can be used as a guide for
B u cke t Teeth FeM n the a v a ila b ility  o f ha rd fa c in g
B u lld o ze r B lades FeM n co n s u m a b le s  fo r a d e p os itio n
C oal C o n ve yo rs N i- and  Co pro ce ss . C o nsum ab le  p rice ,
C oke  P u sh e r C oC r however, shou ld  not be taken in
C ru sh e r R o lls FeM n iso lation as a sole criterion when
C utte r tee th W C selecting hardfacing alloys and the
Drag cha ins F eC r performance / cost indices (Table 12)
D rag line  B u ck e t Teeth Fe5 are more im portant. F inally some
D rill co lla rs W C typ ica l a p p lic a tio n s  o f som e
G yra to ry  C ru sh e r F eC r hardfacing alloys are given in Table

H am m erm lll H a m m e rs FeM n, F eC r 13.
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