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ABSTRACT

This research is a study of investigation of proper welding hardfacing for wear
protection and life extending of Mae Moh coal crusher using shielded metal arc welding (SMAW)
process. This work was study welding procedure of 3.5 % Cr steel, welding hardfacing in different
preheating conditions were studied. After hardfacing, macro/micro structure, hardness test and
abrasive wear resistance test were studied. The samples were hardfaced with buffer layer and
different layers of hardfacing. For 3.5 % Cr steel, austenitic stainless steel and martensitic
hardfacing electrodes were selected as buffer and hardfacing, respectively. Fifteen types of welding
procedures were investigated. Four different preheatings include without preheating, 250 °C, 300
°C and 350 °C preheating were applied in this study. Characteristic of the macro, microstructure
and worn surface deposits was investigated by optical microscope. The hardfacing deposits were
also determined by a dry sand rubber wheel machine according to procedure A of the ASTM G65
standard. The results indicated that the multilayer hardfacing with and without preheating revealed
no crack or defect in the Heat Affected Zone (HAZ) and other regions. Hardfacing deposits show
martensitic microstructure with high hardness and good abrasive wear resistance. Abrasive wear
resistance was higher when three layers were applied. The results showed that the most important
variable to improve abrasion resistance is the microstructure of hardfacing deposits, where the fully
martensitic act as barriers to abrasive particle cutting. The advice procedure for repair 3.5 % Cr
steel of coal crusher is welding by minimum preheating at 250 °C with 1 buffer layer and then
welding 2 hardfacing layers at crusher teeth No. 1, 2, 5 and 6. For crusher teeth No. 3 and 4 were

welding 3 hardfacing layers.
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naswilununiled (Martensite) w3011 Tud (Bainite) 1aaenagdi 2.10 Feauiianiinaveq
@ [ oA [ [ [ I~ < [
TassasamganmadinanTauiauana1esn gy Auudansnsn anuudaslsedeas
<3 1 < PN 3 a

AMMIIEY ANUTI MIADAIUNMTAAZANNUTIGIZANNATUUT NUHANTZNUIINAIIN

Fou [4]
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I
— ———— ﬂﬂLl a+ Fe,C

Zone 7: unaffected
base metal

200 =

0.15 1.0
Fe Wtk C
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weraalunisnadl 2.2 nasdnums Taseadugamanansdagudi 2.12

A J ' X <
M1319N 2.2 GI'J’E)EJ'N‘U@QIQW%@TH Tamsmwuuaﬂamwequ 9]

Type of base metal | Type of underlaying filler metal | Type of hardfacing filler metal
Carbon steel Low-hydrogen mild-steel type Higher-hardness pearlitic type
Low-alloy steel Lower-hardness pearlitic type Martensitic type

Cr-Ni stainless steel type High-Mn austenitic type

Low-C, 16Mn-16Cr type High-Cr iron type
High-Mn steel Cr-Ni stainless steel type 13%Mn type

Low-C, 16Mn-16Cr type Martensitic type

Austenitic type 50 u

510 2.12 Tnsadwuuueedmiian [9]
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d’ 1 = < Y =) ° ¥ o
M1319N0 3.1 FIuRauMaANYeIannanay lasiloud (% UIMUN)

C Si Mn Ni Cr Mo Cu Fe

0.38 0.40 0.52 0.17 3.42 0.30 0.04 Balance

3.1.2 aaion (Electrodes) H1Fumaidontidaom 2 ¥iia daii

(1) a’Jm%auﬁm%"uﬂiiu‘?‘ﬁﬂﬁv%u"lvﬁfhﬁ'aﬂamﬁauﬁ’uw S A9y
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3.1.3 1n509B0N (Power source) W UTLUVBULIDGIADST BWO Fronius 7Y TransPuls
. o ~ o A 9 4 4
Synegic 4000 Haniadzili 3.2 Aruguadulsmsweuaelulas Tuswawesuazseiisvo
A A [ (2 9 9 A A @ A 1 3
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o [ a

3.1.4 qﬂnm‘i%’ﬂqmﬁgﬁ (Thermocouple and data logger) l¥dmsuingurgives

Q u

Qy 1 d' 1 d' [ ~ k) 14 v A a
FUINMUNDUFDULUAS IS INNITLITOY !Lﬁﬂﬂﬂigﬂ‘ﬂ 33 Useneudiamesi luauitaria K uag

= { ' < { <
Aunuveyade Picolog U USB TC-08 Wuginsain ¥ lumsinudoya
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a . . [ { I
3150/l ¥A 1305180 (Flexible ceramic pad heaters) 1anana31n 3.4 13

] Y 9 Qy J 4' 1 Y 9 a 1 [ 1 1 [ A
wuldanudeuruaunoudeon TasunulranudeussinazaenUIMaII1eNaIIUAD
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ATDUFIULUUUAFINATUNIU
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3.1.6 1N309A0IEWIUIUINOY (Band saw) §1 UE-712A udnsasgld 3.5 141y
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= A
3‘1]7] 3.5 TNy Ig NI ULIUIUD Y

3.1.7 n303daluliues (Abrasive cut-off machine) §1 BRILLANT 220 naaaagia
Y
3.6 1 lumsdasunudmiusiounaaeuniaTanginet TasldnnuEisen 1550-1600 501
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ADUIN ammﬁﬂau%mm 0.3 YaaltuasaouUINn 1ummmmzLﬂﬂumamamwammzma

9 2
AITUIDUBDDNITNBUITU

]
A

51 3.6 15 0sdn lWiwes



38

d‘ o A t: v . = Y ! .
3.1.8 1AIINUIDUFUNUUVVIBN (Hot mounting press) 8410 Struers 74 CitoPress-

v Y
1 naaensgl 3.7 WdmSuimhiseuduauldaunsosve ldie

d' A o A Qy Y
31]7] 3.7 TN UTDUF U ULVVIOU

3.1.9 1A30390ANUINT (Vertical milling machine) 8%0 HELLER U 28 ueaaagai

U

Yo o o A 9 £ A Ya ) A ' o
3.8 Gl“]fﬁTVii‘UﬂﬂW')Wu’l%uQTul“H@MTﬁLiﬂﬂllagllﬂleUTQVl@]@\‘]ﬂ'lﬁ ﬂau‘lﬂﬂﬂﬁaummumuaz
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3.1.10 1A399UABUNY (Grinder-polisher) 810 PACE TECHNOLOGIES j1 NANO
Y d' o o G a
1000T GRIDER-POLISHER 1ilumiunanvuia 8 117 uaaasagli 3.9 1dminadoufianh

Y f °
Glﬁ,N'I‘L!ﬂﬂuu'lvlﬂﬁi’.ﬁ]ﬁ@'ﬂTﬂiiﬁ%)'lﬁuﬂﬂ'lﬂlmzﬁ;ﬂﬂ'lﬂ

d' A o £
31]1’] 3.9 INTONVATUIIY

v Y ! Y
3.1.11 @Al (Etching reagent) 1% lun1snar vt i¥uaiueas suduaiu la
9

x ¥ dr:' =) 3’; a v A
m’;ﬁ]ﬁaﬂmqﬁﬁynwmﬂuazﬁ;amﬂ Farheualn1gunavua 3 vila Aeil
(1) 139918 Nital, 2 % (2 cc HNO, + 98 cc Ethyl alcohol)
(2) @1392918 Nital, 10 % (10 cc HNO,+90 cc Ethyl alcohol)

(3) ?15aza18 Viella’s (5 cc HCI + 2 gr Picric acid + 100 cc Ethyl alcohol)

v ¢ . Aq Y a P2 )
3.1.12 NABIANIIAN (Microscope) 1% 1UNTNAIIEH IAsaadgamanialans

a = a A
INYT Y 3 YUAND

(1 ﬂé’mi}amiﬁﬁuuﬂ%’um (Optical microscope) G Olympus éu SZ2-ET

[

9 v
Hmdweneaua 4-28 1 naaenazili 3.10 [dmsuaswdeuTassad
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- v @ ) o o \
317 3.10 ndesganssaiuuylduas Mdaves 4-28 101

2 n 404 9aN33 avuuylduas (Optical microscope) 1o Olympus §'L!

) H
Scope.Al Himdaengaaua 25-500 1 udasaszl 3.11 IddmsvasrvaenInseadresgania

Aa g 1
3) ﬂé’mi}amsﬁﬁmaﬂmammuammm (Scanning Electron Microscope,
~ 9 1 [ A A YA a 4
SEM) 8% FEI Quanta 400 314 SEM-Quanta 1aa3a431# 3.12 Tag Tvuanlonen1sinsizy
ﬁ"u@guumﬁ'u (EDX line scan analysis) uazmﬁmﬁzﬁﬁmuum}ﬂ (EDX point analysis) LR

TuAUDININAD Backscattered electron
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a v /a g \
g‘lj‘ﬂ 3.12 ﬂﬁ@\ﬁ;ﬁ‘ﬂiiﬁuﬂ!aﬂ@]i@ullﬂﬂﬁﬁ]ﬂﬂi’lﬂ

3.1.13  1A329NATDUANNUD (Universal hardness tester) 10 Zwick/Roell ’3:' U ZHU
< A < o o 1 < a s . Py <
L‘]JL!Lﬂﬁ@ﬂﬂﬂﬁﬂﬂﬂ??ﬂl!ﬂlﬂi%ﬂﬂNﬂfﬂﬂ AAATANUUVILUUIALNDT (Vickers) ‘Vi'JﬂﬂL‘lluLW%’i
a a = A 9 A 1 PR a [ 9}3}1 1
gﬂﬂiWﬂﬂﬁTuﬁlﬁaﬂMﬂTulﬂT NHN?%W?TQWUTTJ?HJ@ 136° ﬁTNTiﬂﬂﬁUllﬁ\iﬂﬂ]‘lﬂﬁﬁlm 3-100

kef 1HaAIAgUaN 3.13

M . d
519 3.13 I DINATO AN

, .
3.1.14 gUnsamaaeuMs@ntise (Wear instrument) 1/5 N0 UAILIATOINATOUNS

ANNIOMINNINTFIY ASTM G65 UagNnI 1wy 212-300 1ulasmas uaaadagili 3.14
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(M ()
51/ 3.14 ginsainaaeumsdnnse(n) IA3OINAADLAITTNNTD

(V) NI1wvUIA 212-300 IGHE

3.1.15 1n509¥91119n (Weight instrument) §0 DENVER INSTRUMENT 1 TB-
d’d ] o =R a o ] dl dl d’ o
214 Alanuuiudanatdoud i 4 (3UN 3.15) Auinasgiu ASTM G6s mmua 13 1u
4 4 {1 3 o £ ' o
ﬂ'liﬂﬂﬁf)ﬂﬂ'liﬁﬂﬁi@ Lﬂ?i'EN"HQ“LI'WTuﬂﬁ'l“ﬁﬁ1ﬁ"]§'l\11l'l1’iuﬂ“]fuﬂ’luﬂ'ﬁ]ulm%ﬁaﬂﬂ’liﬂﬂﬁ@ﬂﬂ'li

=
anNyse
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3.1.16 gilnsaioug

(1) warwnes 156 (Bakelite)

(2) N3£AIYNIY (SiC paper)

(3) unudn¥ia1a (Polish pad)

(4) Wdﬁlgﬁui (Alumina oxide powder)
(5) 13 uthay (Blower)

(6) Tﬂ@mm%u (Desiccator)

(7 AuRys (Grinder)

(8) 11931318 (Vernier)

(9) u1/aaneaiaed (Brass brush)
(10) Az aLan (Slag hammer)
(11) ﬂizuaﬂ@umm%am (Portable welding rod)
(12) @214 (Driller)

(13) MUINA8I1I0 (Screw tap)
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Cr steel (3.5 % Cr)
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- gUFUIIU 250 °C, 300 °C

uag 350 °C

- 1¥PU3INUAY DIN 8556
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A 3 v
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(Z < Y = Y I oA = 9 A A
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a
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3 < v v ) ) o
31 3.17 mannd 3.5 % TasWen (N) Muni (V) Aunas

g ' 2
(M %umu%@mﬂmmuiawmm

a4
3.4 N3RITMsITON
4 a 4 4 Q 0’ {
wouarenssnIsmadon Tihdrearadouduland sU9 3.18 uaaanis
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51 3.18 msdamsenginsai lumsiou

L'

4 1 I 4 o ay 1
marountaeamiu 15 Qouly Tasihduauluds 3.3 ldanudeunsu

=

A a 1 v A a 9y Y 1 a I
puNTRUNYUUANANNUAD JUNYUNDI 250 °C 300 °C tag 350 °C Taglduruasiinilu

%] { [ g’; o 4 I [ 4
arlvianudou (U0 3.19) nasnmivihimsnaasuieunenuilag ldmeaunls lumsiyon

o = A ' A o = o = = ,4'
HHEANANNI1T19N 3.2 mimﬁmLmamau"lmmmmminm 3.3 uazuaaindzdin 3.20 09 3‘]]‘1/]

u

9
2 A

] H . H 9
3.24 dwsulunsaimsiiennguugines lanaasuseunnuni susesiuuay latisuse

U

e

=p

U

(3

51 3.19 dhanudouasidinuen

d' (Y A < 9 =
M1319N 3.2 aulsmsFeumannan 3.5% Iﬂil,llfm

ﬁ?ﬂ!‘?;ﬂﬂ naIgle 1SIAU ﬂ'«lﬂJ!%'J!#i’)N mm%auﬁni’h
(A) V) (cm/min) (kJ/cm)
Gi?uwamﬁq 155-158 20-24 15-17 9.65
G]‘?ui’t]\iﬁ’u 130-133 20-23 17-19 7.20
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P anudouneudon | swaudusesiu | snouuwenuds
BHITH
(§(®)
(IH) RT - - 1
(2H) RT - - 2
(BH) RT - - 3
(IB-1H) RT - 1 1
(1B-2H) RT - 1 2
(1B-3H) RT - 1 3
(1B-1H) 250 250 1 1
(1B-2H) 250 250 1 2
(1B-3H) 250 250 1 3
(1B-1H) 300 300 1 1
(1B-2H) 300 300 1 2
(1B-3H) 300 300 1 3
(1B-1H) 350 350 1 1
(1B-2H) 350 350 1 2
(1B-3H) 350 350 1 3
3 rd
o 5 nd
1 1 1
Base metal Base metal Base metal
(IH) RT (2H) RT (BH) RT

a8 A4 A4 1a Y & Y ' A
3‘1.]1’] 3.20 mimamaau'lm”lnu%uimwuuaz”lnqu%mmﬂ@umau
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st

1

Buffer

lst

Base metal

Buffer

(IB-1H) RT

Base metal

Buffer

(IB-2H) RT

Base metal

(IB-3H) RT

Tjﬁ 3.21 ﬂm%ammu”lmwau%uimwu 1 ‘]ﬂ!uﬁ 'luau%mmﬂauwau

lsl

2

Buffer

1S[

Base metal
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A ! <3 A
A9 A1 AANVUUIVDINITIFON (1H) RT

5zazm1q%m5§"uwaﬂ AU (HV)
U9 (mm) A 1 A 2 ARG
0 714.9 683.9 699.4
1 709.3 695.1 702.2
2 706.8 527.3 617.05
3 413.8 558.7 486.25
4 288.7 344.6 316.65
5 211.5 233.4 222.45
6 216.3 223.6 219.95
7 218.8 216.8 217.8

Hardness (HV)

800

700

600

500

400

300

200

100

Base

1 2 3 4 5 6 7

Distance from hardfacing (mm)

. ' ) .
317 a.1 3 mlmnnuuAsveImsren (1H) RT
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A ! <3 A
A1T19N A.2 AANVUUIVDINITIFON (2H) RT

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 733.2 724.2 728.7
1 742.6 655.7 699.15
2 737.9 715.7 726.8
3 741.1 715.4 728.25
4 713.7 676.3 695
5 502.1 322.9 412.5
6 272.5 241.1 256.8
7 212.6 202.2 207.4
8 218.8 197.9 208.35

Hardness (HV)

800

700

600

500

400

300

200

100

. ' . .
511 a2 nawlannuudsvesnsi¥on (2H) RT

3

5

Distance from hardfacing (mm)

Base
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A ! <3 A
A1919N A.3 AANVUUIVDINITIFON (3H) RT

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 700.2 721.4 710.8
1 632.6 731.9 682.25
2 637.1 721.4 679.25
3 641.1 700.2 670.65
4 648.7 731.9 690.3
5 654.2 669.4 661.8
6 397.4 455.4 426.4
7 367.7 292.5 330.1
8 306.3 241.9 274.1
9 232 201.7 216.85
10 191.5 186.4 188.95
11 191.5 182.2 186.85

Hardness (HV)

800

700

600

500

400

300

200

100

. ' < .
gﬂﬁ 7.3 N3 AIANNLYIVDIN T IO (BH)RT

5

6 7 8

Distance from hardfacing (mm)

Base
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v f d i
M3197 1.4 ANNULTIVOINTLTON (1B-1H) RT

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 340.4 523.4 431.9
1 467.7 336.3 402
2 296 241.3 268.65
3 241.7 275.9 258.8
4 447.6 387.9 417.75
5 357.4 275.9 316.65
6 289.2 213.3 251.25
7 228.2 209 218.6
8 213.3 214.3 213.8

Hardness (HV)

800

700

600

500

400

300

200

100

Buffer

3

5

Distance from hardfacing (mm)

Base

51/ a.4 nslmnnuudiavesmsi¥en (1B-1H) RT
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M3197 1.5 ANNULTIVOINTLTON (1B-2H) RT

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 671.5 621.8 646.65
1 653.4 655.4 654.4
2 524.4 468.2 496.3
3 496.2 473.3 484.75
4 240.1 245.6 242.85
5 405.6 407.4 406.5
6 326 405.9 365.95
7 259 294.5 276.75
8 225.7 225 225.35
9 225.2 211.8 218.5

Hardness (HV)

800

700

600

500

400

300

200

100

siii a5 A51AIANULTVDINTFON (1B-2H) RT

3

Buffer

4

5 6

Distance from hardfacing (mm)

Base
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3197 .6 ANNULTIVOINTLTON (1B-3H) RT

Hardness (HV)

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 673.8 664.4 669.1
1 579.4 587.9 583.65
2 562.4 546.5 554.45
3 405.3 483.3 4443
4 4233 429 426.15
5 373.6 321.3 347.45
6 220.5 241.4 230.95
7 232 276.3 254.15
8 3553 292.2 323.75
9 225.2 2242 2247
10 197.3 203.1 200.2
11 200.1 201.5 200.8

800

700

600

500

400

300

200

100

sifii a6 A519AIANULTVDINITFON (1B-3H) RT

4

Buffer

6 7

Distance from hardfacing (mm)

|
| Base
|
I

10
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v f d i
M99 1.7 ANNULTIVOINTLTON (1B-1H) 250

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 451.1 473.9 462.5
1 384.4 473.9 429.15
2 418.1 409.6 413.85
3 254.7 234.2 24445
4 526.4 496.8 511.6
5 428.4 515.1 471.75
6 267.3 307.4 287.35
7 211 227 219
8 199.6 205.5 202.55

Hardness (HV)

800

700

600

500

400

300

200

100

51l a.7 n3lanundavesnsion (1B-1H) 250

Buffer

3

5

Distance from hardfacing (mm)

Base
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v f d i
M31971 1.8 ANNULTIVOINTLTON (1B-2H) 250

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 605.2 649 627.1
1 602.8 664.4 633.6
2 492.3 438.9 465.6
3 524.1 460.8 492.45
4 250.9 261.9 256.4
5 388.2 421.3 404.75
6 396 358.5 377.25
7 324.4 276.1 300.25
8 270.2 234.2 252.2
9 230.4 213.3 221.85

Hardness (HV)

800

700

600

500

400

300

200

100

siiing Aslan LA IN TN (1B-2H) 250

Buffer

4

5 6

Distance from hardfacing (mm)

Base
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v f d i
3197 1.9 ANNULTIVOINTLTON (1B-3H) 250

Hardness (HV)

5zazm1q%m5§"uwaﬂ AU (HV)
U9 (mm) A 1 A 2 ARG
0 599.4 649.8 624.6
1 530.7 576.8 553.75
2 503.9 571.1 537.5
3 531.4 505.6 518.5
4 466.3 472.9 469.6
5 422.6 420.5 421.55
6 280.6 230.6 255.6
7 258.9 265 261.95
8 401.6 372.5 387.05
9 392.6 261.3 326.95
10 318.4 226.9 272.65
11 228.9 180.3 204.6

800

700

600

500

400

300

200

100

sifi .9 Aslan LA I TN (1B-3H) 250

4

Buffer

6 7

Distance from hardfacing (mm)

Base

10
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M13199 A.10 fhmmu%wmﬂm%n (1B-1H) 300

(141)

5zazm1q%m5§"uwaﬂ AU (HV)
U9 (mm) A 1 A 2 ARG
0 467.9 412.9 440.4
1 364.5 406.7 385.6
2 244.9 283.9 264.4
3 237.2 414.6 3259
4 588.7 555.8 572.25
5 414.4 426 420.2
6 304.3 280.8 292.55
7 223 244.6 233.8
8 195 2233 209.15

Hardness (HV)

800

700

600

500

400

300

200

100

Buffer

3

5

Distance from hardfacing (mm)

Base

51l a.10 ns AU sveIMsIFon (1B-1H) 300



M3199 a.11 fhmmu%wmﬂm%n (1B-2H) 300

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 625.9 620.8 623.35
1 627 564.5 595.75
2 477 520.6 498.8
3 422.2 382.3 402.25
4 276 300.2 288.1
5 529.2 538.9 534.05
6 405.3 365.7 385.5
7 290.4 320.2 305.3
8 240.8 282.9 261.85
9 222.2 220.1 221.15

Hardness (HV)

800

700

600

500

400

300

200

100

Buffer

4

5 6

Distance from hardfacing (mm)

Base

s a1 aslanNuLA eI TN (1B-2H) 300
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M35199 A.12 ﬂ'wmmuﬁwmﬂm%n (1B-3H) 300

Hardness (HV)

(143)

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 678.8 624.5 651.65
1 545 573.5 559.25
2 526.2 549.7 537.95
3 420.3 490.4 455.35
4 412.7 489.9 451.3
5 224.8 412.7 318.75
6 237.1 246.9 242
7 331.6 275.3 303.45
8 365.3 375.6 370.45
9 278.4 282.2 280.3
10 230.5 2432 236.85
11 209.4 213.7 211.55

800

700

600

500

400

300

200

100

4

Buffer

6 7

Distance from hardfacing (mm)

sifii .12 aslanNuLA eI TN (1B-3H) 300

Base

10 11



d’ 1 3 A
M13519%N A.13 ANANULUIVUDINTLEDN (1B-1H) 350

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 479 443.8 461.4
1 383.9 496 439.95
2 360.6 303.3 331.95
3 265.9 225.5 245.7
4 562.2 325.6 443.9
5 370.4 449.7 410.05
6 291.7 3323 312
7 238.5 255.2 246.85
8 212.1 214.4 213.25

Hardness (HV)

800

700

600

500

400

300

200

100

Buffer

3

5

Distance from hardfacing (mm)

Base

51l a.13 nsmlranuudsveamsiFon (1B-1H) 350

(144)



M13190 A.14 ﬂ'wmmuﬁwmﬂm%n (1B-2H) 350

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 629.8 663.1 646.45
1 613.9 589.2 601.55
2 591.9 570.3 581.1
3 342.7 570.3 456.5
4 321.7 294.1 307.9
5 523.4 385.6 454.5
6 496 320.2 408.1
7 354.9 285.2 320.05
8 279.4 258.9 269.15
9 222.5 234.1 228.3

Hardness (HV)

800

700

600

500

400

300

200

100

Buffer

4

5 6

Distance from hardfacing (mm)

Base

siii a4 Aslan LA U I TN (1B-2H) 350
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M3190 A.15 ﬂ'wmmuﬁwmﬂm%n (1B-3H) 350

Hardness (HV)

5zazm1q%m5§"uwaﬂ AU (HV)

U9 (mm) A 1 A 2 ARG
0 645.4 645.4 645.4
1 529.8 533.9 531.85
2 4959 473.2 484.55
3 427.2 454 440.6
4 349.6 4239 386.75
5 234.7 349.1 291.9
6 230.8 212.2 2215
7 386 326 356
8 426.2 416.6 421.4
9 281.9 254.7 268.3
10 2347 230.1 232.4
11 227.1 215.9 221.5

800

700

600

500

400

300

200

100

4

Buffer

6 7

Distance from hardfacing (mm)

s .15 aslan LA U I TN (1B-3H) 350

Base

10

(146)

11
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Abstract. The objective of this research is to develop the welding procedure for multilayer hardfacing
of 3.5 %chromium cast steel and study wear behavior of hardfacing deposits. Austenitic stainless
steel and martensitic hardfacing electrodes were selected as buffer and hardfacing, respectively. Four
types of welding procedures were investigated, using shielded metal arc welding (SMAW) process.
Three different preheatings were applied in this study. Characteristic of the macro, microstructure
and worn surface deposits was investigated by optical microscope. The hardfacing deposits were also
determined by the dry sand rubber wheel machine according to procedure A of the ASTM G65
standard. The results indicated that the multilayer hardfacing with and without preheating revealed
no crack or defect in the Heat Affected Zone (HAZ) and other regions. The wear resistance of
hardfacing presented a little difference. The best abrasive wear resistance was obtained from sample
without preheating. This was due to the full martensitic microstructure of the hardfacing.

Introduction

Hardfacing is a commonly employed technique in order to improve surface properties of
components for mining operation such as crusher and earthmoving equipment [1]. It is applied of
hard; wear resistant material to the surface to reduce loss of material by wearing using several coating
methods. Shielded metal arc welding (SMAW) is commonly applied due to the low cost of electrode
and practical operation. Hardfacing is mainly used in maintenance to reclaim machinery parts by
repairing the surface worn in service life [2]. Based on statistic of cause responsible for the wear of
mechanical part, approximately 50 % is abrasive wear [3].

Both hardness and toughness play the important roles for wear resistance. The microstructure
should be hard enough and ductile. In some applications where impacts are severe, martensitic
structure may not suitable; therefore, tough buffer layer is needed [4]. The hardfacing deposits are
usually applied by single or double layers to avoid the formation of cracks due to welding contraction
strain in weld. In addition, a tough buffer layer is necessary before hardfacing layer [5, 6].

Chromium steel is very sensitive to crack in the heat affected zone. The metallurgical and
mechanical properties in the region of heat affected zone (HAZ) can be degraded by welding. It has
generally been accepted that hardness of low alloy steel is significantly affected by heat affected zone
microstructure. The preheating is some of the process variables of relevance that control the
microstructural development and hence influence of final properties [7]. In this work, the
microstructure and wear behavior of hardfacing deposits on the 3.5 % chromium steel substrate with
different preheating temperatures weld by shielded metal arc welding (SMAW) was studied and
compared.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of
Trans Tech Publications, www.ttp.net. (ID: 202.29.145.1-21/05/15,10:01:49)
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Experimental

Materials and welding condition

As cast chromium steels were supplied in an annealed condition. Chromium steel plates with
dimension of 150 mm x 100 mm x 10 mm were used as base metal. The composition of the steel is
shown in table 1. The commercial hardfacing electrode and buffer electrode were applied in this work
for shielded metal arc welding (SMAW). The chemical composition of electrode is shown.in table 2.

Table 1 Chemical composition of 3.5 % Chromium steel plate (wt %)

C Si Mn Ni Cr Mo Cu Fe
0.41 0.68 0.66 0.17 3.10 0.28 0.15 Balance
Table 2 Chemical composition of hardfacing electrode and buffer electrode (wt %)
Electrode C Si Mn Cr Ni Mo Nb Fe
Hardfacing 0.5 0.8 1.3 7 - 1.3 0.5 Balance
Buffer 0.11 1.2 4.2 19.2 8.5 0.7 - Balance

Four different types of samples were prepared by hardfacing deposited onto chromium steel, as
illustrated in Fig. 1. Each coupon was welded under different condition, varying preheating and
hardfacing deposition layer. In addition, only the first sample was welded with no buffer layer. The
welding parameters employed can be seen in table 3. The welding positions were flat, preheatings
were no preheating, 250 °C and 300 °C. After deposition, the samples were cool in air.

2 " Hardfacing 2 " Hardfacing 2 " Hardfacing 1 3! Hardfacing
1 3! Hardfacing 1 3 Hardfacing 1 3! Hardfacing 1 3 Hardfacing
Substrate Buffer Buffer Buffer
Substrate Substrate Substrate
(RT-0-2) (RT-1-2) (250-1-2) (300-1-2)
Without preheating ~ Without preheating 250 C preheating 300 C preheating

Fig. 1. Layer of four specimens prepared by hardfacing.

\Macro and microstructure analysis

Optical microscopy (OM) was used to analyze the macrostructure and microstructure of
specimens. Cross sections of the weld were polished and etched with Nital 2 % (Hardfacing and
substrate) and Kalling’s reagent (Buffer). Different types of microstructures were first identified on
the standard of morphologies and confirmed by chemical compositions and hardness values.

Hardness test

Hardness values of hardfacing deposits were measured by Vickers hardness (testing load 100 kgf.)
on transverse cross section. More than eight reading were taken at close proximity estimate 1 mm
from base metal to second hardfacing deposits.

Abrasive wear test

The hardfacing deposit plates were section for wear test as 12.7 mm x 25.4 mm x 76.2 mm. Before
the abrasive wear test, all specimens were weighed on an electronic balance with accuracy of 0.1 mg.
The tests were carried out using the dry sand-rubber wheel machine (Procedure A) under ASTM G65
standard. Round quartz sand was used as abrasive particle of size 212-300 um. The sands were backed

at 120 c’C in a furnace for 1 h. The normal load, duration the tested were 130 N,



Key Engineering Materials Vol. 658 169

150
sand flow rate 300 g/min, wheel rotation 200 rpm, wheel diameter 228.6 mm and total revolution of
the wheel was 4309 m for each test. The abrasive wear resistance was determined from mass loss
result.

Table 3 Welding parameters

Electrode Current (A) Voltage (V) Travel speed (cm/min)  Heat input (kJ/cm)

Hardfacing 155-158 20-23 13-15 10.82
Buffer 130-133 19-22 16-18 7.14

Results and discussion

Macrostructure and microstructure

The hardfacing macrostructure and microstructure of weld, heat affected zone (HAZ) and base
metal is depicted in Fig. 2. In addition, the microstructures of various locations of the multilayer
deposits were studied in some details. Fig. 2 (a) shows macrostructure of sample without buffer layer.
It revealed fusion is good and no crack or pore. Fig. 2 (b) base metal used 3.5 % Chromium steel
showed a bainitic microstructure [4]. The heat affected zone (HAZ) microstructure (Fig. 2 (c)) clearly
reveals the presence of martensitic microstructure. The needle-shape grains are martensitic phase, and
the white regions are austenite. The high cooling rate of base metal transformed the austenite into
martensite. Fig. 2 (d) and (e) show full martensitic microstructure of two hardfacing layers which it
is clearly that same microstructure due to no dilution from base metal.

(f)

Fig. 3. Macro and microstructure of various locations of hardfacing deposits

Fig. 3 (a) shows the macrograph of two layers hardfacing with a buffer layer. It is clear that
hardfacing has sound joint integrity between layers. Furthermore, the absence of any crack and other
defects at the heat affected zone (HAZ), buffer layer and hardfacing layers was clear. Base metal used
3.5 % Chromium steel showed a bainitic microstructure (Fig. 3 (a)). The HAZ
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microstructure (Fig. 3 (c)) clearly reveals the presence of martensitic microstructure with needle
shape grain. The microstructure of a buffer layer (Fig. 3 d)) comprised of o in the austenitic matrix
[6]. The hardfacing layer revealed martensitic microstructure and retained austenite. Fig. 3 (e) and

(f) shows the microstructure of hardfacing deposits layers, all of these layers indicated microstructure
composed of martensitic and retained austenite, with a pattern of dendritic segregation [7]. which a
second hardfacing layer became more refined than first hardfacing layer. This was due to the dilution
with buffer layer. These observations were consistent with what was expected for this type of material
and confirmed by hardness.

Hardness

Fig. 4 shows hardness profile of each specimens. RT-0-2 specimen showed highest hardness of
hardfacing deposit due to include full martensitic microstructure and also highest hardness of heat
affected zone (HAZ) due to high cooling rate after welding. In the other samples showed resemble
hardness profile. First hardfacing layer revealed low hardness due to this layer direct contact with
buffer layer and were dilution each other. Second hardfacing layer shows hardness decrease were also
remain dilution influence. In addition specimens without preheating revealed higher hardness in the
region of heat affected zone than specimens with preheating.

800 , : . .
| 1 1 1 1
e . : \ | —+—RT-0-2
— | | 1\ 1
S 600 \ ! ! ! RT-1-2
= nd ™. 1 4 1
L so0 H2™ . ! /1 1 250-1-2
1 £ I 1 1
% ! N ! ] 300-1-2
c 40 P HL : :
e ] 1 1 1
S 300 ! ! i HAZE
200 i i Buffer i E j BI\/Ii s
100 : ! : !
0 1 2 3 4 5 6 7 8 9 10

Distance from hardfacing (mm)
Fig. 4. Hardness profile across weld

Wear resistance

Table 4 shows results of abrasive wear test. The result all of specimens indicated that hardness of
hardfacing increases, weight loss decreases. Weld without buffer layer showed lower mass loss than
specimens with buffer layer due to no dilution and full martensitic microstructure. The hardfacing
layer which welded onto buffer layer showed high mass loss due to this layer receive some diluted
element from buffer layer as a result low hardness and high wear rate. Fig. 5 (a) and (b) show the
worn surface, where micro-ploughing, micro-cutting and brittle fracture were the main abrasive
micro-mechanism, but the grooves were no deep.

Table 4 Abrasion resistance
Specimen Initial weight (g)  Final weight (g) Weight loss (g)  Abrasive wear resistance

designation (mg-m™)™
BM 181.9646 179.2033 2.7613 1.5604
RT-0-2 164.7163 162.6981 2.0182 2.1350
RT-1-2 167.2215 164.7518 2.4697 1.7447
250-1-2 161.6071 158.7842 2.8229 1.5264

300-1-2 168.6447 165.9631 2.6816 1.6068
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e :
g L D i
(@) (b) Fig. 5. Aspects of worn surfaces

Summary

1. The main hardness of heat affected zone (HAZ) depends on preheating temperature.
2. Dilution affect to microstructure and mechanical properties of hardfacing layer.

3. The mechanisms of abrasive wear founded on the worn surfaces such as micro-ploughing,
micro-cutting and brittle fracture.

4. In the term of hardness and abrasive wear resistance, they was related each other. In a result of
the fact, the properties of microstructure were more important than hardness in the abrasion resistance
of the material.
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