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MITSUBISHI
HARDFACING ALLOYS

Mitsubishi Materials Corporation has been developing and manufacturing special hardfacing
alloys since the 1930's.

These hardfacing alloys include Cobalt base,Nickel base,lron base and Tungsten Carbide
Compounds which offer outstanding wear resistance at both room and high temperatures.
They are deposited onto metal surfaces which then become resistant to wear, corrosion and
heat, giving increased life expectancy in service. To keep costs to a minimum the alloys are
deposited only on those parts of a component which are subjected to extremes of heat or
wear.

As well as their more applications in marine or vehicle engines, the special properties of these
compounds make them valuable across a wide range of industrial applications. The oil &
petroleum, nuclear, plastics, steel and metal-processing industries rely on them, as do glass
bottle and ceramics manufacture. Quarrying, mining, earth-moving and construction, timber
and the wood-pulp industry- all find hardfacing alloys essential to their day-to-day equipment
reliability and long-term productivity.

POWDER BARE CAST ROD

— IMPORTANT NOTE ——— e Y -

‘ The properties listed in this booklet are typical or average values based on laboratory

' tests conducted by the manufacturer. They are indicative only of the results obtained ‘
[
|

in such tests and should not be considered as guaranteed maximums or minimums.
Materials must be tested under actual service conditions to determine their suitability |
for a particular purpose.

Mitsubishi Materials Corporation makes no warranties, expressed or implied, includ-
ing but nor fimited to,the implied warranties of merchantability and fitness for a partic-
ular purpose, except as expressly stated in Mitsubishi Materials Corporation's sales
contract,
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MITSUBISHI

HARDFACING ALLOYS

NOMINAL CHEMICAL COMPOSITION (wt%)

Ly ‘ L | TypycaL |
ALLOY | ’ } ‘ | HARDNESS |
‘ ' N HRC
Co Cr w C Fe | Si Ni | OTHERS ’ |
‘ LK | = ;
‘ ' | | 54(G) 46(D)
R ENER RSN
wi | 'Bai | 30 [ | vslles |22 lez | L TJMB) :
é R T e R T R 7:’4'(6) 37(D)
[nae | | ‘ | g s P
H l | l p { = ’
" ot | Bal | 30 55 | 13 |<125 <2 |<3 & _;3*.3&9)_,_,
| r | , —  |48(G) 40(D) |
- | \
i Neizd| Bal | 30 8 15 |<8 |<2 [<3 | (48(T)
SRR el 3 ~ i S §E0 5 4 B LS. ! e e
ww z | L | = Mo 125(T) 30(P)
g No2i ,_ Bal | 21 i 0.25 | <2 i1 = \_2.5 B e
o w2e| Bal | 27 | — 025 | <2 15 | <25 | M5 125(T)  30(P)
Sl I e W e s | | | 33(D)
e}
o | Bal | 26 | 12 18 | — |<2 | 2 = j}?ﬁ%) 44(P} |
o ————— 5 - = — - — S —— i — —_— - ey — = —."—-\l‘- -
| Bal | 26 | 14 ol = =2 = 2 ,ggg‘?\) 56 (P)
' Nolll§| Bal | 32 | 17 25 | <3 |<2 s - ;E;E%} 58(P) |
| o | Bal | 28 |19 | 09 [<3 g |V '5°<T)
| N0 | Bal | 85 #— <003 | <3 2.6 Mol |53’*P |
ARl V2 T Mo:285 (57(G) 56(P)|
| Nfw | Bal | 175 <003 | <3 3.4 | B8(T)
| vo| — | 78| — | 02| 25 | 35 | a |B N6 [37(P)
& | W8 | - | uo | — | o4 20 | 38 | pa B2 47(P)
3 + Tl e
= ol = {aesi | b= | omd a5l as | e |9 S8 A
[ | | | 5k len/oy
| WM| = | 155 | — |<003<3 34 | Bal | Mo325 150(P)
|5 Tungsten Carbide + Alloy B [HRA 76(G) |
5 Tungsten Carbide + BISHILITE" No.6 'HRAB3(G) |
Applicable Standard MHA No.1  :AWS A5.21 ERCoCr-C(BARE CAST ROD), AWS A5.13 ECoCr-C(COVERED ELECTRODE)
MHA No.6  :AWS A5.21 ERCoCr-A(BARE CAST ROD), AWS A5.13 ECoCr-A{COVERED ELECTRODE)
MHA N0.12 :AWS AS.21 ERCoCr-B(BARE CAST ROD), AWS A5.13 ECoCr-B{COVERED ELECTRODE)
MHA No.21 :AWS A5.21 ERCoCr-E(BARE CAST ROD), AWS A5.13 ECoCr-E(COVERED ELECTRQDE)
MHA No.32 :AWS A5.21 ERCoCr-F(BARE CAST ROD)

MHA No.190:AWS A5.21 ERCoCr-G (BARE CAST ROD)



MITSUBISHI
HARDFACING ALLOYS

AVAILABLE FORM

COVERED
ELECTRODE

IMPACT

EROSION

CORROSION

HOT ABRASION

.2

TYPICAL APLLICATION

o

SEAL RINGS, CUTTERS,
CHAIN SAWS, CRUSHERS

DIES FOR DRY CELL BATTERIES

ENGINE VALVES,
EXTRUSION SCREWS

ENGINE VALVES,
EXTRUSION SCREWS

ENGINE VALVES & SEATS,
EXTRUSION DIES

'o olololol o Powosni

!
|

ENGINE VALVES & SEATS,
EXTRUSION DIES

HOT TRIMMING DIES, VALVES

OlO0|0|0O0|O0(0C|O| O

HOT TRIMMING DIES,
NUCLEAR VALVES

ENGINE VALVES

TRI-CONE ROCK BITS FOR CiL
DRILLINGS

CRUSHERS

TURBINE BLADE INTERLOCKING
SURFACES

VALVES

EXCELLENT WEAR RESISTANCE UNDER
HEAVY ABRASION AND CORROSION

MOULDS, VALVES AND PLUNGERS

SHAFTS, SLEEVES

SHAFTS, SLEEVES, VALVE PLUGS

VALVES

*3

o) HeX ol ol Nall Kol Hol el Hol RONNONReH He)

o|0|6|©6|0O|€6|B|O|OC|O|O0|0C|O0C|O|0|C| O 0| 0O

|0l |0|0|6|6|Q|0|0(0C|0O|C(E|CG|O[O0|0| 6

EXCELLENT WEAR RESISTANCE UNDER
HEAVY ABRASION AND CORROSION

*3

O

OlO|O| X|[X[X|[O|O|O|O[O|O|O[O|O|0O|O|O| O] O |BARECASTROD

olo|lo|o|olo|e|o|o|o|o|olo|lolo|e|o|o|o|oMETALTOMETAL
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O|jCc|®o|0|C|O6|C(0|C|C|0|BC OO OC|[0|Q|C|C

@@O@OO@@@@O@OO@@OOO'@CGLDABRASION

O

GUIDE ROLLERS, SHOVELS,

SHOVEL BUCKETS

A Y =

MIXED POWDER

G:OXY-ACETYLENE, D:SMAW, T:GTAW, P.PTA
3 EXCELLENT O GOOD & SATISFACTORY X NOT RECOMMENDED



PROCESS

AVAILABLE HARDFACING PROCESS

SMAW Process
S | omeas | smaw | GTAaw

~ Alioy No.
1,8, 8H, 12, 12H
4.21.21E

| 32,190, 1016, 694, 400, 800

40. 50, 60, ¢ ¢ >
S e ' | ' | | () Available
X Not Available

700 o
@, < H O | % Mixed Powder

501, 502
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=
=
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AMPLES

-

AUTOMOBILE & MARINE INDUSTRIES

ENGINE VALVES
(MHA No.6, No,12, No.32, No.1)

STEEL & METAL-PROCESSING INDUSTRIES

MITSUBISHI
HARDFACING ALLOYS

—_—mm—m—m—m——,—————

ENGINE VALVE & SEATS
{MHA No.b)

CRUSHER PARTS FOR LIMESTONE ROVCK'
{MHA No.1016)

| | |

ROLLERS {(MHA No.12}




WOOD-PULP INDUSTRY

CUTTING BLADES (MHA No.&}

SCREW (MHA No.6)

ROTOR (MHA No.1)

CHAIN SAW (MHA No.1)




PETROCHEMICAL INDUSTRY

VALVE STEM (MHA No.6)

|
|

PLASTIC EXTRUSION SCREWS
(MHA No.6)

|
|
|
|

THERMOWELLS (MHA No.6)

MITSUBISHI
HARDFACING ALLOYS

CRUSHER PARTS (MHA No.1)

GLOVE VALVES (MHA No.B) ‘



EXAMPLES

- ELECTRIC POWER & ELECTRICAL INDUSTRY

ST S ——

GATE VALVE DISCS {(MHA No.8)

BEARINGS (MHA No.6)

‘ il
| E‘“"“G:-.-_-QW

| |
1 |

S e Tty et

CUTTING BLADES (MHA No.6) ADJUSTING BOLTS (MHA No.4)

OB =l R i cid LR =0



MITSUBISHI
HARDFACING ALLOYS

MACHINERY & OTHERS

RING (MHA No.12)

.
e

CENTRIFUGAL MACHINE SCREW
(MHA No.501)

CYLINDER LINEAS FOR RUBBER EXTRUSION
(MHA No.12)

" ROTOR FOR REFUSE DISPOSAL
(MHA No 12)

STIRRING RODS (MHA No.6)

WORM FOR FODDER CRUSHER
(MHA No.12)




PHYSICAL AND MECHANICAL PROPERTIES OF MHA

PHYSICAL PROPERTIES MECHANICAL PROPERTIES |
MELTING | count COEFFICIENT| DYNAMIC =
ior | o | RE | mie | SnE S | ot i
(gerl) L | (eallgT) | (50~600C) | ELASTICITY | ~ (N/md) % (N/md) 3 |
114 ) | me/m* T (N/mai) 35¢ g
MHA No.1 848 | 125~130 | 0094 | 13X10 249000 760 1580 |
MHA No.6 842 | 1260~137 | 0101 15.3%10°F 206000 920 1700 |
MHA No.12 847 | 1zs5~1341 | oos | 1amxaot | 200000 970 1780 |
MHANo21 | 830 | 1se~1a2t | oo | 14exic” | 207000 800 200 |
MHAN032 | 888 | 1260~1349 0101 | 138X10° | 274000 770 0 |
MHANoIOWS | 900 | 1215~189 | 0104 | 128X10° | oes0 | 620 1650 |
MHANC.1%0 |  B69 1214~1286 0.105 120%10¢ | 2a000 | 880 2480
MHANoG% | 904 1253~1437 | 0098 | 13210 | 25000 | 800 1910
IMHANGS0D |  B61 | 1275~1488 0105 | 127x10" | 24300 | 6% 1760
MHA No.40 8.2 1006~1084 - | 132xw0* o =
'MHA No.50 8.14 1002~1081 | - | tzexio* | - | - -
|MHA No.60 7.80 o7i~1075 | - 12.6X10°* ST =
MHA No.700 863 1263~135% |  0.09 12.0X107 215000 | 470 | 1430
#  N/adX0.145=Fksi, F=(CX95)+32 i g i o :
CORROSION RESISTANCE
MEDIA CONCENTRATION|TEMPERATURE T (F) | MHANo.! | MHANoS
ACETIC ACID 1 % | BP T I,
| e | RT 2 B,
: 80% ' BP = I S,
_ACETIGACD, | l RT O 8
| GLACIAL | | ep 8] A
NITRIC ACID | 10% BP @ o |
65% B6C (151) A 2 |
HYDROCHLORIC ACID 1% 501 (122) - @)
| FORMIC ACID 80% Tk | = e
PHOSPHORIC ACID 10% BP ° o= |
50% g6Cti5) | O o)
SULFURIC ACID 5% AT R, @)
5% 6cOs) | O S
5% 8P X |
| SEAWATER RT e O | CORROSION RATE
| CHLORINEGAS(WET.DRY) | AT &) 0 “6813“6"&2%1’5
| SODIUM HYDROXIDE 5% RT ® e <| Q?g;nlrmm%r

I



MITSUBISHI
HARDFACING ALLOYS

18-4-1 HIGH SPEED STEEL

13 Cr STAINLESS STEEL




PROPERTIES

COMPARATIVE WEAR DATA (OHGOSHI TYPE WEARING TEST RESULTS)
10 I I §
® 10° : ,
i %
= -
<
w ——0————0
=
=
E 4
D) 0 D\/ |
B T Dry in Air
O____O,,_..——-—O o, Room Temperature
Load 18.2kgi(179N) g
Rotaing Specimen: SUJ-2(HRC57)
Fixed Specimen:© MHA No.1 {ans:ﬂ
LT 3 MHA No 8(HRC42)
10 ® SKD 57 (HRCS4)

| | | :
0.054 0.083 0.119 W S45C (HRC20)
SLIDING SPEED (m(sec)

T g‘_ﬁ

. =
e . 1
o A
i ~

\
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MITSUBISHI
HARDFACING ALLOYS

OCESS

HARDFACING PROCESS

e0OXY-ACETYLENE PROCESS

This is the best process to control dilution of the hardfacing alloy by the base metal
because the OXY-ACETYLENE flame temperature is much lower than that of an arc, so
melting of the rod and preheating of the base metal are easily controlled. A general oxy-
acetylene hardfacing guide is:
(1) The surface of the part to be hardfaced must be free from rust, scale, grease, dirt
and other foreign materials.
(2) Preheat and postheat the work (if necessary) according to Table 1 to minimize the
possibility of cracks developing in the deposit or base metal.
(3) Produce "sweating surface” (ie.just melting the surface) by excess acetylene feath-
er before starting hardfacing.
(4) Use excess acetylene feather as shown in Figure 1 for depositing rod.

Flame Adjustment

—_— — -— STANDARD
Hardtacmg Alioy No. 1 Recommended Flame FE'/?)T(TER
— OUTER ENVELOPE FLANE
O30t AnlG T ax / ACETYLENE FEATHER
ACETYLENE . S EINEE CONE
FEéTHER  e=ca
(3X)
kX
I-— -3X
Fig. 1 ACETYLENE FEATHER
Table 1. Guide for Pre-heating and Post-heating
2 x LA : — f
BASE METAL J PRE-HEATING l POST-HEATING
= =5 — — =
Low Carbon Steeis (C : 0.4%6 max) | :
(small items) | Unnecessary | Air-Cool
IEow Carbon Steels (C : 0.46 max) | |
large items) ; Le
High Carbon Steels ‘ ggg~gig:§ Slow-Cool in Diatomaceous Earth
| Low Alloy Steels |
| (small items)
. : ‘ e LT ————— =
High Carbon Steels i
Low Alloy Steels , 953%0~ 161%%% Slow-Cool in Diatomaceous Earth
(large items) l
| | . TR
e \ 600—~650C Hold for 30 minutes in 650C
AeSusHeiTypo Siatis | 1100~1200°F (1200°F ) furnace and Slow-Cool
Austenitic Stamless Steels ’
(Bl Rarms) | Unnecessary | Air-Cool
| .
Austenitic Stainless Steels 500~600C o S
(large items) I 030-~1100°F Slow-Cool in Diatomaceous Earth
' Heat uniformly in 800~850C
800~6501C | (1480~1570°F )furnace and keep |
13 Cr-Type Stainless Steels 1100~1200°F 650~700°C (1200~ 1300°F ) for 4hrs.
| per 1 in,(25mm) thickness and cool

| | ' 507 (80°F ) per hour. I
' - o i 14




®GAS TUNGSTEN ARC(GTA)PROCESS

When the oxy-acetylene process is not suitable for the base material or when carburization by
oxy-acetylene deteriorates corrosion resistance of the base material, GTA is recommended. The

general guide for this process is:

(1) The surface of the part to be hardfaced must be free from rust, scale, grease, dirt and

other foreign materials.

(2) Preheat and or postheat the work according to Table 1 if it is necessary to minimize the

possibility of cracks developing in the deposit or base metal.

(3) Use direct straight polarity. Recommended nominal current settings are shown in Table

2.
(4) Horizontal position is preferable.

Table 2. Guide for GTA Welding Current

NOTE: Usa direct current stralght polarlfy
Electrode: Thorium-Tungsten 3.2 10 5.0 mm dia Ar Flow Rate: 10 to 15 litres per minute

eMETAL ARC PROCESS

— PRodDia | ee3omm) | 5@2°(40mm) | 316°(48mm) | 1/4"(6.4mm)
Base Metal o ‘
Mild SteellLow Alloy Steel | 70~110A 90~130A 130~170A 170~220A
Austenitic Stainless Steel 80~120A | 100~140A 140~180A 180~230A

When it is necessary to hardface in exposed field conditions, the metal arc process is usually

appropriate. Recommended nominal current settings are shown in Table 3.
(1) Direct current reverse polarity is preferable.
(2) General guide for this process is the same as GTA.

(3) If the information in Table 1 is inadequate, Table 4 provides additional information.

Table 3. Guide for Metal Arc Welding Current

Electrode Dia. Diract &EenT L Alt;r;ating Current
1/8" (3.2mm) 80~110A 90~110A
S'éé' (;(;m—r;) 100~160A 120~170A
3/16" (4.8mm) 130~180A 140~190A

Table 4. Pre-heating Guide for Hardfacing by Metal Arc Process

! Alloy No. Pre-Heating Temperature
ﬁ MHA No.1 300~500C 570~930°F
MHA No.6 150~350C 300~860F |
MHA No.12 QJFEO'C 77;80;50'? :
0 MHA No.21 150~250TC 30(;;'480’F ‘

15




OFINISHING

H

MITSUBISHI
ARDFACING ALLOYS

All of our hardfacing materials can be finished by machining or grinding. Generally alloys having hardness
less than RC 55 can almost always be machined, whereas, alloys having hardness greater than RC 60 must
be ground. For better surface finishes Mitsubishi Hardfacing Alloys should be ground.

®MACHINING

Information given in Table 5 serves as a general guide to machining. If the hardfaced surface is not smooth
enough, manually grinding the surface before machining is recornmended.

Table 5. Recommended cutting conditions

MHA No.1

MHA No.12

Cutting conditions — — —_— ==

Finish cutting | Medium cutting | Finish cutting

|

Depth of cut(mm) 0.1~05 0.5~2.0

1
|
| = st
|
|

Medium cutting

MHA No.6

Finish cutting | Medium cutting

01~05 | 05~30 0.1~05 0.5~3.0
Feed(mmirev) 005~01 | 0.4~03 0.05~01 ; 01~04 | 005~01 | 01~05
| Cutting speed(m/min) 10~20 | 7~15 | 15~25 | 10~20 20~40 | 15~30
ke grade | VPOSRT i VP10RT VPOSAT VP10RT VPOSRT | VP1ORT
Breaker FJ.MS I MS,GJ ' FIMS | MSGJ FJ.MS

NOTE: 1. Use a shank more than 1 In. (25 mm)dia.
2. Final grinding of cutting edge shall be done by diamond grindingstone

®GRINDING

General information for grinding is shown is Table 6. When
coolant is used, it is necessary to pour sufficient coolant both
for the work surface and the grinding wheel to avoid cracks in
the deposit.
If cracks occur from grinding, the following techniques are rec
ommended.

(1) Frequent dressing for grinding wheel

(2) Lessen grinding depth and feed

(3) Increase work speed

(4) Change to softer grade wheel

(5) Decrease wheel speed

(6) Supply enough coolant both to wheel and work

| MS,GJ

Table 6. General Grinding Guide

ABRASIVE GRAIN

HARDNESS GRADE | G TOH
GRAIN SIZE | 40TO 80
NS 900 TO 1300 MTRS/MINUTE |
(GRINDING SPEED | 30094200 FTMINUTE
COOLANT

DRY OR WET

16



©CHARACTERISTICS OF MITSUBISHI GAS ATOMIZED POWDER

MITSUBISHI HARDFACING ALLOY POWDER has a number of advantages:

1. A high purity and a very low level of oxygen due to the inert gas atomizing
process.

2. Good fluidity because of the spherical shape of each particie with the minimum
of satellites.

3. A wide choice of alloy powders.

4. A full product range for Plasma Transferred Arc Welding, Thermal Spraying and
the HIP process.

""‘-::T- )3’:‘;.;

Appearance of Alloy Powder SEM Image of Particle
Structure of Particle

®PLASMA TRANSFERRED ARC WELDING

Plasma Transferred Arc Welding (PTA) has come to play an important role in hard-
facing.

Characteristics of PTA are;

1. Automatic welding is readily available and requires less operator skill,

2. High deposition rate (Twice that of GTAW)

3. Smooth deposit surface and fewer defects in the deposit.

4. Less dilution in deposit than GTAW

5. Alloy not available in rod or wire form can be used.

6. Blended powders can be used.

7. Controlling bead thickness is easier with PTA than with oxy-acetylene and
GTAW(0.25—6.4mm, 0.010—1/4in.)

Mitsubishi PTA Powder

1.High quality and purity PTA welded beads obtained.

2.Good fluidity of powder

3.A wide range of Mitsubishi Hardfacing Alloy Powders from which to choose.

Typical Mitsubishi Hardfacing Alloy Powders

Particle Size : 180/45 pm (80/325 Mesh), 150/45 um (100/325 Mesh)
Other Particle Size Available

Apparent Density © >4.0g/cnt

Flow Rate : <18sec/50g

Unit Weight - Skgs/bottle or 10 Ibs/bottie

17



®THERMAL SPRAYING

Mitsubishi Hardfacing Alloy Powders are made to suit requirements apecified for
different thermal spraying methods.

®HOT ISOSTATIC PRESSING (HIP)

HIP is one of the metal working processes used for densifying rod or castings and
manufacture of bi-metallic materials.Powders or rod are loaded into a pressure ves-
se! after which the temperature is raised very high in an inert atomosphere.The
subsequent application of high gas pressure presses on the items isostatically
which increases the apparent specific density of the pressed powder.

Characteristics of the HIP Process

1. Homogeneous products free from segregation.

2. A very fine microstructure, higher toughness and strength.

3. Manufacture of bi-metal products such as bi-metal rolls and bi-metal cylinders.

10

MITSUBISHI
HARDFACING ALLOYS

U-notch

Impact Strength (kg + m/cnf)

Microstructure of MHA No.6 as HIP HIP CAST

HIP

Unnotch

CAST

18



AVAILABLE SIZES

(OBare Cast Rod & Electrode @Bare Cast Rod

‘ Diameter
| inches | 0.079 [0.004 | 18 | 532 [an6 | w4 [ 506 | pLenihg
mm 20 | 24 | 32 | 4 |48 | 84 | 8
MHA No.1 o | @ | o0 SHIEren) 13250 e
MHA No.6 © 8 @ O ) (& 6]
MHA No.6H ® | & | O @) @) 0 O | Any Length Available
MHA No.12 e o O | 6 O O 5]
MHA No.21 — | = O | O 0 @) -
MHA No.32 = ® o o o ®
MHA No.1016 o oo 0|0 |0 | o
MHA No,190 o | o | o @0 e e
MHA No.634 — | = =1=]® | ®| ®
MHA No.501 — | === |I=1]="77@e/] 3
. 150~360(6.3"~14.2%)
MHA No.502 — | - = | = | = | = ®
% Polished =Ty =

MITSUBISHI MATERIALS CORPORATION

HIGH PERFORMANCE ALLOY PRODUCTS DIV.

SALES & MARKETING DEPT

1230 KAMIHIDEYA, OKEGAWA-SHI, SAITAMA 363-8510, JAPAN
TEL : +81-48-786-3323 FAX :+81-48-786-3416

E-mail : OSG@mme. co. jp

MITSUBISHI MATERIALS U.S.A. CORPORATION
2401 Hassell Road, Northwest Tech Centre, Suite 1540
Hoffman Estates, IL 60195 U.S.A.

TEL : +1-847-285-6910 FAX: +1-847-285-3405

E-mail : mmusdivd@mmus. com

MITSUBISHI CARBIDE

MMC HARDMETAL U. K. LTD

5 Galena Close-Amington

Heights-Tamworth-B77 4AS U. K.

TEL : +44-(0)1827-318706 FAX : +44-(0) 1827-62965
E-mail : MHAEUROPE@MHUK. com

Ot NO3IT V5. 1LAS 2t (5A)



