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Wear and tear of Bow) Mill - Crusher grinding Rolls and pulverized Fuel bends, very much depend on quartz (SiO,) particle size 
distribution and quartz content in Coal. In Indian coal, quartz is considered to be most important constituent causing wear and tear. Coal 
used in thermal power plants contain high ash which while being carried pneumatically in pulverized form causes extensive wear/ erosion 
on components viz. P F bends. Milfparts, Coal burner nozzle, orifice etc. 

Many a times, it is observed that, wear parts are discarded even when the total weight loss in these vital, machinery components is only to 
extent of 10 to 15% That means, nearly 85 to 90% materials is scrapped and remetted again in foundries Similarly, single steel alloys, 
which are traditionally used to combat wear are not capable of withstanding devastating effect of abrasive wear when it is coupled with 
tension, compression, torque and shock leads Therefore, the metallurgist is compelled to design the material which balances interdepen-
dent properties viz hardness, toughness, and strength. There is a growing need now to conserve industrial goods/components by adopting 
latest technically and commercially viable Reclamation/Wearfacing Techniques This paper presents -

1 Weld overlaying on metals/alloys, which are considered to have absolutely poor weldability, e.g. Bowl mill crusher, grinding rolls of Ni-hard 
Grade. IV. or chrome iron 

2 Composite wear plate concept, when a wearing part is subjected to both stress and abrasive wear, the same should be made of two alloys 
fully bonded together i.e. a strong, tough base metal and hard wear resistant overlay. Though, this is performed by employing conventional 
hard facing welding consumables regularly, the fact that composite wearplates offer not only just unmatched wear resistance property but 
also, it provides muscles on metals/machinery components, to combat wear very efficiently and economically. 
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INTRODUCTION 

The crusher rebu i ld I spec ia l 
purpose machine : 

It is d e s i g n e d to r ebu i l d rol l c r u s h -

ers bow l a n d m a n t i l e c o n f i g u r a -

t i ons as we l l as c i r c u m f e r e n t i a l 

w e l d i n g 

•« 01 10 
C/.afcM KMCCN1 

Fig 1 : Effect of chromium content on the carbon range for 
austenite at elevated temperature 

a n d w i re f e e d s p e e d . M o u n t th is 

e q u i p m e n t o n a s tu rdy f r a m e . 

T y p i c a l s ta t i c s a re a s f o l l o w s : 
1. Deposit ion rates 

= 7kg/hr. - 2 .8mm 

= 5 kg/hr. - 1 . 6 m m 

CAUOONV. 

Fig 2 : Isothermal section of the iron-chromium -
carbon system at 1290°F 

T h e bas i c p r i nc ip le is th i s : - C e n -

t ra l l y l o ca te a g u i d bar w h i c h fo l -

l o w s the c o n t o u r of y o u r spoo l o r 

f i t t ing . A t t a c h a w e l d h e a d to a 

c u r r e n t c a r r y i n g s l e e v e w h i c h is 

m e c h a n i c a l l y c o n t r o l l e d to f o l l o w 

the g u i d e bar at t he c o r r e c t t r a v e l 

s p e e d , i n c o r p o r a t e a d j u s t m e n t s 

fo r s t i ckou t , b e a d w id th , v o l t a g e These f igures are based on weighted 
average for a SOL (single overlay) 
LI Travel speed, vo l ts , amps are 

predetermined by the wire used. 

c, •i&F.iBe» 
C/ MCrf.^C) 



Welding Process 

Firs t g r i nd , b last a n d c l e a n t h e a b o v e w o r n o u t c o m p o n e n t s a n d s tee l 

p la tes . T h e n c h e c k fo r s u r f a c e d e f e c t s by " D y e p e n e t r a t i o n tes t " . 

Crusher grinding rollers Composi te wear plates 

a)Base 

b) Weld ing 
Process 

c) Filler 
Material 

N i H a r d F r . l l , G r . I V , H i g h 
chrome or any Al loy Iron /Al loy 
steel 

Open arc welding 

Fully Automated electronical ly 
control led Al loy overlay Weld-
ing 

Self shielded F C A W wires of 
1.6, 2 . 8 m m (weld deposits 
shall be 

Any type of steel plate with 
carbon equivalent less 
than 0.3 % or IS2062 
plates 

a. Chrome - Cardide 
b. Tungsten Carbide 
c. Complex Carbide depending 

on appl icat ions) 
d. Polarity Electrode (+) Ve DCRP 
e) Weld ing 
Technique 
single bead 
with out 
osci l lat ions 
f. Feed rate 
g. Travel 
h. St ickout 
i. Posit ion 
j. V/A 
k. Hardness 
of weld 
over lays 

Multiwire oscillations 

0-15 mm/sec/vairable 
0-150mm/sec. vairable 
40 m m or more 
Flat / Horizontal 
40-45 / 600 - 650 
575 - 625 BHN 

• Chrome Carbide - C - 5%, Cr - 27%, Min - 3% 

• Tungsten Carbide - 60% Tungsten Carbide in Stainless steel matrix. 

• Complex carbides - Mixed carbides of C, Cr, Mo, V, Ti/Nb, W etc. 

• Al l processes are F C A W (Flux 
co red arc w e l d i n g ) u s i n g sel f 
shielded f lux-cored wires and are 
"Open arc". 

LI Power sources : 

Conven t i ona l cons tan t v o l t a g e 
machines for automat ic weld ing 
with 100% duty cycle rat ing in the 
350 to 450 amp. range. 

• Control Capacity - Main console : 

Wi re Feed speed - var iable elec-
tr ic-mechanical 0 to 150 mm/sec. 

Electr ica l s t i ckou t - ad jus tab le 
manual 0 to 80 m m 

Travel Speed - Var iable electro-
mechanical - 0 to 110 m m 

Bead over lap (Indx.) - var iab le 
electro-mechanical - 0° to 360°. 

• We ld technique : 

Single bead deposi t ion wi th no 
osc i l l a t i on - fo r g r i n d i n g ro l ls 
Multi wire deposit ion wi th no os-
cil lation - for composi te Plates. 

• Posit ions : Flat to hor izontal 

F e - C r - C 

Effect of Chromium on Struc-
ture 

% C r S t r u c t u r e 

0 % F e r r i t e a n d c o a r s e 

g r a p h i t e 

0 . 3 % F e r r i t e + p e a r l i t e a n d 

f i ne r g r a p h i t e 

0 . 6 % F i n e g r a p h i t e a n d 

pear l i t e 

1 .0 F i n e G r a p h i t e a n d 
s m a l l a m o u n t of ( C r 3 C ) 
c a r b i d e s 

3 .0 D i s a p p e a r a n c e o f 

g r a p h i t e , f o r m a t i o n o f 

C r 3 C ) c a r b i d e s a n d a l -

loy c e m e n t i t e . 

5 .0 M u c h m a s s i v e c a r b i d e s 

C r 7 C 3 a n d a l i o y c e -

m e n t i t e u n s t a b l e . 

1 0 - 3 0 % F i n e c a r b i d e s - p r i m a r y 

c a r b i d e s of C r 2 3 , C 6 , C 7 , C 3 is d i s -

p l a c e d by C r 2 3 , C 6 

Metallurgical Consider-
ations 3 Alloy weld Deposit 
[3] 

T h e c o m p o s i t e w e a r p l a t e s , 

w h e r e in m i l d s tee l base p la te is 

c l a d d e d w i t h h i g h c a r b o n h i g h 

c h r o m e I ron l i ke w e l d d e p o s i t s . 

T h e r e f o r e , it w i l l be i n t e res t i ng t o 

l o o k in to -

* Effect of Cr on carbon range for 
Austenite. (Fig.4.1) [1], 

* Isothermal Fe-Cr-C, (fig. 4.2) [2] 

* Fe-Cr Binary and (Fig. 4.3) [3] 

* T T T d iagrams (fig. 4.4) [4] 

C h r o m i u m is a p o w e r f u l c a r b i d e 

a n d f e r r i t e f o r m e r a n d c o n t r a c t s 

g a m m a - i ron . C h r o m i u m / V a n a -

d i u m f o r m s i s o m o r p h o u s so l id so-

l u t i ons in A l p h I ron a n d de l ta i r on 

at h i g h e r t e m p e r a t u r e s but f o r m s 

" S i g m a p h a s e " at l o w e r t e m p e r a -

tu res . 

Carbides of Chromium 

C h r o m i u m is u n i q u e as it f o r m s 

t h ree c a r b i d e s h a v i n g t h ree d i f f e r -

en t c r ys ta l s t ruc tu res . 
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C | f 2 3 C 6 

Cr7 C3 

C r 3 C 2 

F e 3 C 

M 6 C 

F.C.C. 

Hexagonal 

Orthorhombic 

Orthorhombic 

B.C.C. 

Chromium is particularly of great 
i m p o r t a n c e in c o m p o s i t e 
wearplates because of format ion 
of various carbides and its dif fer-
ent behaviours. 

Cr^, C 6 - A low temperature form 
of the carbides, Th is has ten-
dency to p rec ip i t a te at g ra in 
boundaries in the form of g lob- ' 
ules, platelets, lamellar or cellular 
growth. It goes into solut ion at 
1050°C. 

Low ductility of alloys is attributed 
to the grain boundary precipita-
tion of Cr23 C6. 

Cr7 C3 : The temperature range of 
stability of Cr7 C3 is greater than 
that of Cr23 C6. The solid solubil-
ity of iron in C 1 7 C3 is so exten-
sive that it does: not permit forma-
tion of C1 3 C2 in ferrite matrix and 
causes precipitation of C 1 7 C3 to 
precede that of Cr23 C6 even in 
binary Cr-C system. 

Cr 2 3 C 6 : f o r m s eu tec t i c w i th 
Chromium. However, format ion of 
Cr23 C 6 can be suppressed by 
rapid cooling when a metastable 
equilibrium prevails between Cr -
Cr7 C3, In presence of Iron, for-
mation of Cr23 C6 carbides is very 
sluggish. But Cr7 C3 may trans-
form to Cr23 C6 after long ageing 
times. 

High Chrom Irons contain pro-eu-
tect ic carb ides which are very 
stable. As the Chromium content 
exceeds over 10%, the carbide 
formation will depend on : 

1. Chromium to carbon Ratio -
Cr3 C cementi le is the only 
one present less than 3 : 1 

2. Chromium to carbon Ratio -
Chromium rich Carbides Cr23 

C6 or C 1 7 C3 more than 3 : 1 
or both present. Molybdenum 
or tungsten adds to the effec-
t ive chromium contents and 
tend to stabilize Cr23 C6 car-
bides. 

The composit ion of the carbides 
found, varies depending on over 
all a l loy Compos i t ion . The re-
markable feature of Eutectic car-
b ides present in High Chrome 
irons is their discontinuous form, 
which leaves matr ix more con-
tinuous. This improves toughness 
to a great extent as compared to 
the toughness when the Carbides 
are present in a massive and con-
tinuous form. Wnen Chromium is 
more than 10%, high chrome iron 
o f fe rs i m p r o v e d ab ras ion and 
heat resistance. In addit ion dis-
continuous form of carbides im-
prove toughness too. 

H igh c h r o m e i rons , w h e n a i r 
coo led , re ta in more austen i te , 
than when these are quenched in 
oil/water due to cooling rate stabi-
lization. 

Metallugrical Microstructural 
Examination 

Micrograph shows the alloy car-
bides (long white) - Micro Hard-
ness 1621 HV, martensite - Micro 
hardness 720 HV and smal le r 
white carbides in grey matrix - Mi-
cro Hardness - 1000 HV in case 
of DW STD and DW F W Alloy, 

Micrograph shows dentrit ic cast 
s t ructure conta in ing Martensi te 
micro hardness 720 HV and white 

carbides micro hardness - 1621 
HV in case of D W HT A l loy , 
which is designed for high Tem-
peratures services. 

Weldability of Composite 
wearplates 

Composite wearplates on account 
of mild steel base plate have very 
good weldability. 

Three tier welding procedure is 
designed to perform satisfactory 
weld joints of high strength. The 
same is explained pictorially in 
Figure 6.1. 

Weldabi l i ty is improved when an 
austenitic S.S.fi l ler wire used to 
take the advantage of low yield 
strength and good ductility of the 
we ld meta l . The we ld deposi t 
yields during welding and this en-
sures m i n i m u m of the st ress/ 
strain on the hardened HAZ. With 
l o w h y d r o g e n we ld ing 
consumables, stress/strain is re-
duced further in weld metal and 
hence p r o v i d e s add i t i t i ona l 
advantege in restricting hydrogen 
d i f fus ion to the base metal on 
cool ing. No preheat ing or post 
weld heat t reatment is required 
after the welds are made. 

Engineering Properties 

CUTTING AND FORMING 
Composite wearplates are usually 
cut by argon/nitrogen air plasma 
cutting machines. It can be cut by 
gouging/cutt ing electrodes or by 
carbon arc. The quality of cut of 
composite wearplates is best with 
P lasma/A i r p lasma equ ipment . 
Compos i t e wearp la tes can be 
cold rolled for large diameters or 
formed by way of a brakepress 
for smaller diameters. 
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Minimum bend radius 

H a r d f a c e o u t s i d e 

H a r d f a c e ins ide 

1 0 0 0 m m 

2 0 0 m m 

F I X I N G 

C o m p o s i t e w e a r p l a t e s c a n b e 

w e l d e d t o a n y e x i s t i n g m e t a l 

s t r uc tu re by w e l d i n g the m i l d s tee l 

base w i t h l o w h y d r o g e n of s ta in -

less s tee l e l e c t r o d e d e p e n d i n g o n 

the m e t a l s t ruc tu re . 

C o m p o s i t e w e a r p l a t e s a r e p r o -

v i d e d w i t h c o u n t e r s u n k h o l e s o r 

p lug w e l d h o l e s by a s p e c i a l l y de -

s i g n e d m e t a l a r c d i s i n t e g r a t o r 

s y s t e m . 

S t u d s a re w e l d e d by s t ud w e l d i n g 

m a c h i n e on t h e m i l d s tee l base of 

c o m p o s i t e w e a r p la tes . 

a n d s k i r t i n g p l a t e s , b u i l d o z e r 

m o u l d boa rds , o re sc rape rs , g r i z -

z ly ba r s a n d s i de p la tes , s lu r r y 

p ipes , d r a g l i n e bucke ts . 

S T E E L M I L L S 

B u n k e r l iners , pa l le t c h u t e l iners , 

r e c a l i m b u c k e t s , ho t d i s c h a r g e 

c h u t e s , v i b r a t o r y f e e d e r s , d o w n 

c o r n e r p i p e s , t r a v e l l i n g h e a r t h , 

con t ro l ga tes , c h a i n gu ides , ro l l -

i n g m i l l g u i d e s , 

p la tes . 

b u r d e n l i n e r 

P O W E R P L A N T 

C y c l o n e b l a d e s a n d hous ing , re-

c e i v i n g h o p p e r s , i n l e t v a n e s , 

s c r e w c o n v e y e r s , p ipe l i nes f o r 

a s h , I D . f a n r u n n e r s , i m p e l l e r s , 

bow l mi l l l i ne r p la tes . 

E A R T H M O V I N G 

B u c k e t t e e t h , b u l l d o z e r b l a d e s , 
Cost of benefits of wearplates 
1. Ni-Hard/Cr.cast Irons Composi te wearplates 
2. Heat treated steels 
3. MS plate/Micro alloyed carbon steel. 

Weight : 

Fabricabil i ty/ 
weldibi l i ty 

1 or 100 Kgs. 

a) Very Bad 

b) Moderately good 

c) Very good 

0.75 or 75 kgs. (This improves 
eff iciency of M/c) 

Very good, can be fabricated 
welded in desire shapes. 

P U N C H I N G / S H E A R I N G 

N o t r e c o m m e n d e d d u e t o t o o l 

d a m a g e . 

M A C H I N I N G 

By spa rk e r o s i o n s y s t e m 

G R I N D I N G 

Poss ib l e w i t h c o n s i d e r a b l e p res -

s u r e . U s e h a r d w h e e l g r i t s w i t h 

so f t bond. 

S C A L I N G R E S I S T A N C E 

Exce l l en t up to 1000°C . 

H E A T T R E A T M E N T 
No t r e q u i r e d . C a r b i d e s in h a r d 
l aye r a re s t ab l e at a l l t e m p e r a -
tu res up to m e l t i n g po in t - 1 2 6 0 ° C 

C O R R O S I O N R E S I S T A N C E 

C o m p a r a b l e w i t h 1 8 % c h r o m e 

s tee l but not r e c o m m e n d e d f o r 

s e v e r e c o r r o s i v e a p p l i c a t i o n s . 

Application 

M I N I N G 

D u m p t ruck body t r ays , o re c a r s , 

d i p p e r s h o v e l l i n ing , a p r o n f e e d -

ers, m i n e a n d q u a r r y sk ips , d e c k 

Down Time 

Mode of 
Repairs/ 
Reclamat ion 

Repa i rs take long t ime . 
M a c h i n e r i e s b r o u g h t to 
workshop. 

By welding, using 
hardfacing elecrodes high 
heat inputs, brings material 
fat igue closer, result ing in 
early scraping of compo 
nents. 

Can be fi l led at site on short 
n o t i c e . Hence , N e g l i g i b l e 
downt ime 

F ix ing of wea r p la tes w i th 
studs or nut-bolts or Weld ing 
involves negligible heat inputs. 

A/EAR RESISTANCE Inc reas ing w e a r res is tence 
DURA W E L D W E A R PLATES 
Ni-Hard/Chrome Iron Casting 

HEAT T R E A T E D STEEL with hardness 
between 260-400 BHN (Martensitic steel) 

MICRO ALLOYED CARBON STEEL 

MILD STEEL 

I X _L "TCT "30 " 1—2 T 
Composite wearplates offer wear resistance 
30 : 1 over M S. 
20 :1 over M.S. at 600*C (Ore Chutes in Steel Mills) 
12 :1 over Heat Treated and Manganese Steel. 
3 :1 over Traditional Ni-Hard or Hard welding alloys, (this enhances availability of machine for 
production by reducing down time.) 
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ABRASIVE WEAR TEST CARRIED OUT 

Experimental Conditions : 
1. Abrasive Wheet Coarse (V 108) 
2. Test Time 40 min 2400 revolutions 
3. Test load 4,400 kgs 
4. Track length 105504 cms 

Sample Code Mass wear / unit area 

IS 2062 Plate 
Micro alloyed C.S. plate 
Composite wear plate 

19,2655 grms / cm2 

13,8869 g rms / cm 2 

0.21566 gms/cm2 

SIZE AND GRADE SELECTION Plate Thickness 

Thickness Weight 

Hardfacing Overlay Mild Steel Base Total kg.Sq.m. 
MM MM ±1mm 

4 6 10 81 
6 6 12 95 
7 8 15 122 
7 10 17 132 
9 10 19 144 
9 12 21 160 
12 6 18 140 
17 10 27 217 
6 25 31 238 

* Standard sheet size 2800 mm X 1 4 0 0 mm 
•Larger Sheet Made to order. 
* Composite wearplates Supplied as per drg. reddy for installation. 

PLATE GRADE 

Grade Typical use Relative Cost 

DW STD High stress abrassion 1 
Alloy and heavy impact use 

upto 450°C. Plate can be 
rolled to 200 mm radius. 
Hardness - 55 - 60 RC 

D W F W Fine particle erosion, 1.2 
Alloy extremely tough matrix, 

Hardness - 62-67 RC 

DW-HT High stress abrasion at 5.8 
Alloy (a) upto 800°C 

Hardness - 63 - 65 RC 

DW-HT Complex nodular 1.7 
Alloy(b) chromium carbide 

High impact resistance 
Upto 500°C 
Hardness - 58-62 RC. 

(COMPOSITE WEARPLATES are available in various grades and sizes.) 

compact rollers, scrapers, ripper 
teeth and shanks, loader buckets, 
excavator shovels. 

MISCELLANEOUS 
Cult ivator t ips, concrete mixers, 
c l inker chutes, m ixer paddles, 
pa thways , suc t i on sweeper 
b lades , aspha l t m i xe r p lant 
spouts and troughs. 

CONCLUSION 

COMPOSITE WEARPLATES 
• The wear resistance of com-

posite wearplates is just un-
matched and cannot be com-
pared with conventional lining 
materials of similar hardness. 

• C o m p o s i t e w e a r p l a t e s are 
made in v a r i o u s g rades , 
wh ich can res is ts impac t 
abrasion and heat resistance 
upto 800°C. 

• Composi te wearplates have 
strong, tough base metal and 
wear resistance over lay fully 
bonded together. 

• Hard deposi t of compos i te 
wear plates has Cr23 C6 and 
Cr7 C3 carbides in the matrix 
of pro-eutect ic carbide and 
martensi te, the hardness in 
the range of RC 60-65 and 
primary carbide contents upto 
75%. 

Grinding Rolls 

Applied to all grades of mild steel 
or cast steel pipe or fitt ings with 
less than 0.3% carbon equivalent. 

Ex t ra laye r of a l loy can be 
over layed in ful ly l ine i tem, as 
spec i f ied to areas of ex t reme 
wear - or overlay can be selec-
t ively laid only to specified areas 
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in s i ng le o r d o u b l e layer . 

Mos t f i t t i ngs c a n be r e l i n e d o v e r 

a g a i n e v e n if w o r n t h r o u g h . 

W e a r c a n be d e t e c t e d by u l t ra -

son i c i nspec t i on . 

W e l d a b l e f o r e m e r g e n c y f i e l d re -

pa i r w i t hou t loss of h a r d n e s s . 
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Fig 3 : Iron Chromium Phase Diagram 
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Fig 4 : TTT Diagram C-41% Cr-23.67 Mo 1 32% 
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Fig 5 : Weldibility of Composite wearplates 
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