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Thesis Title Investigation of proper welding hardfacing for wear protection and life
extending of coal crusher

Author Mr. Chanin Dumrudkarn

Major Program  Materials Engineering

Academic Year 2015

Abstract

The welding procedure of hardfacing by shielded metal arc welding (SMAW) process was
investigated. 13% Mn cast steel was used as specimen for the hardfacing. The various conditions
of the procedure were optimized in order to improve wear resistance and prolong lifetime of the
crusher used at Mae Moh coal mine. The welding process in 2 main different conditions;
uncontrolled cooling rate on specimen (by air) and controlled cooling rate on specimen (by water)
were compared. Macrostructure and microstructure analysis, hardness measurement, abrasive wear
test of different welding specimens were major investigations. Austenetic electrode was chosen for
buffer and build-up layers while martensitic electrode was chosen for hardfacing layer. The
different 18 conditions of welding process (under air and water conditions) were performed.
Macrostructure and microstructure were analyzed by using optical microscope. Abrasive wear tests
were performed according to ASTM G65. Results indicated that, by welding in the air, bigger grain
size was generated at heat effected zone than by welding in the water. Moreover, welding procedure
in the air produced more cracks at the heat effected zone after impact applied. Welding 3 layers of
build-up in the water can reduce microcracks at heat effected zone. Comparison of a layer and 2
layers hardfacing welding was also investigated. The 2 layers hardfacing offered greater surface
hardness. The welding layer composition of a buffer layer, 3 build-up layers and 2 hardfacing layers
under controlled cooling rate on specimen (by water), welding provided best abrasive wear
resistance. Hence, it can be concluded that the welding of 13% Mn cast steel must be carried out

under water condition with welding layer composition of 3 buffer layers and 2 hardfacing layers.
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A1319 N1 FIURTUNIUATIUDIIA%FON DIN 8556: E 18 8 Mn R 26 (AWS A5.4-92: E 307-16)

C Si Mn Cr Ni Mo Fe

0.11 1.2 4.2 19.2 8.5 0.7 Balance

A1519 N2 EIUNTUMUANVDIVOIAIAFON DINSSSS: E 7-UM-250-KP

C Si Mn Cr Mo Nb Fe

0.6 0.8 16.5 13.5 - - Balance

M1319 N3 ’tfhuWﬁ'ﬂJ“I/INLﬂfI"]JENﬂJ’E]x‘Iﬁ'J@L%E]?J DIN 8555: E 6-UM-60

C Si Mn Cr Mo Nb Fe

0.5 0.8 1.3 7 1.3 0.5 Balance
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1509130 Fronius ;i U TransPuls Synergic 4000
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1A3091%0% Fronius §'u TransPuls Synergic 4000

sihlszneudussens vl

Yeyainaiin
usadu Wi 1dn (Main voltage) 3x400 V
Wdwdn (Mains fuse slow ) 35A
NISLLE ﬂﬁ llgﬁ (Primary continuous current,100% d.c.) 10.3 kVA
1sz@an5n I (Efficiency) 89%
ﬂizuav’i‘}au (Welding current range) 3-400 A
ﬂ’igllﬁﬁ;ﬂu“ﬁ 10 min./40 °C 35% d.c. 400 A

10 min./40 °C 35% d.c. 350 A

10 min./40 °C 35% d.c. 250 A
ugaeu Tl Open-circuit voltage 70V
ugaeu Tl (Operating voltage) 14.2-34V
VUIN 817 625 V. ﬂ'SI'N 290 Nu. g 480 V.

Y
HINUD 37 1.
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J < 2 4
1319 Al AANUHUIVDIBUIU B-U-H L%@Niu‘ﬂﬁﬁfﬂﬂ%’f

5LHZNNNAININ AU (HV)
(W) 1 2 3 m"ﬁ'ﬂ
0 291.6 333.0 342.0 322.2
1 267.4 283.1 293.4 281.3
2 195.0 229.6 237.5 220.7
3 189.8 220.8 177.4 196.0
4 213.9 266.0 195.5 225.1
5 303.3 324.9 263.1 297.1
6 295.4 318.6 294.6 302.9
7 317.1 311.8 321.3 316.7

Y

1 < Qy 4 a Sol
711319 A2 ANNNULUIVDNFUITU B-U-H L%ﬂﬂﬂmmuqmmumﬂm

52HTNNNAININ AU (HV)
(W) 1 2 3 m?%ﬂ
0 360.4 367.8 382.7 370.3
1 354.9 320.6 336.9 337.5
2 268.2 258.7 215.9 247.6
3 217.3 230.0 193.8 213.7
4 321.8 281.7 338.0 313.8
5 305.7 313.9 326.2 315.3
6 304.6 341.0 328.0 324.5
7 297.7 329.5 320.8 316.0
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J < 2 4
711319 A3 AANUHUIVDIFUIU B-U-2H L%@ﬂJﬁlUUﬁﬁfﬂﬂWﬁ

5LHZNNNAININ AU (Hv)
(W) 1 2 3 m"ﬁ'ﬂ
0 600.3 626.3 534.3 587.0
1 558.9 567.5 497.8 541.4
2 492 369.6 317 392.9
3 399.1 319.8 269.7 329.5
4 314.7 280.2 248 281.0
5 286.8 256.7 330 291.2
6 298.4 336.4 332.4 322.4
7 395.8 366.1 366.2 376.0
8 377.3 345.9 337.4 353.5
9 347.5 364.2 342.7 351.5

Y

1 < Qy 4 a Sol
M11319 A4 AANUULUIVDIBUNIU B-U-2H L%ﬂﬂﬂmmuqmmumﬂm

igﬂgﬂTQ‘HTﬂa'Jth ﬂ'ﬂﬂJLL%Q (Hv)
(W) 1 2 3 méﬂ
0 585.1 627.1 5343 582.2
1 503.7 506.7 509.1 506.5
2 436.0 519.7 414.6 456.8
3 284.3 358.4 390.3 3443
4 239.6 350.6 308.4 299.5
5 221.6 257.7 248.6 242.6
6 238.9 234.1 229.5 234.2
7 299.0 236.1 290.4 275.2
8 323.8 293.6 299.7 305.7
9 314.8 302.8 304.0 307.2
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J < 2 4
1319 AS AN NUHUIVDIBUIU B-2U-H L%@ﬂJﬁlu‘UﬁﬁfﬂﬂWﬁ

52HTNNNNAININ AU (Hy)
(W) 1 2 3 Lﬂéﬂ
0 366.9 381.3 389.4 379.2
1 340.6 329.2 291.3 320.4
2 326.8 333.7 318.6 326.4
3 331 361 298.1 330.0
4 358.2 322.1 246.1 308.8
5 317.7 335.4 227.5 293.5
6 378.6 350.4 300.4 343.1
7 406 394.3 400.9 400.4
8 432.6 469.5 423.7 441.9
9 409.2 465.8 466.9 447.3

Y

1 < ay 4 a %:/
A1 A6 AANULUIVOIYUITU B-2U-H L%ﬂﬂiﬂﬂﬂ’)ﬂﬂﬂﬂqﬂ!ﬂaﬂﬂﬂﬂu’l

533]37]1\1%']ﬂa'3ﬁﬁ}'] ﬂ'J']?JLL%Q (Hv)
(1) 1 2 3 nae
1 263.2 316.2 358 312.5
2 256.8 288.9 275.4 273.7
3 233.5 289.8 261.5 261.6
4 258.2 262.5 250.2 257.0
5 315.7 281.5 264.6 287.3
6 322.9 313.8 307.7 314.8
7 336.8 335.5 318 330.1
8 318.2 321.3 299.9 313.1
9 290 331.7 299.4 307.0
10 291.9 319.5 296.5 302.6
11 289.6 310.1 262.9 287.5
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J < 2 4
1319 A7 AANULUIVOIFUINU B-2U-2H L%@Niuﬂﬁﬁﬂ"lﬂ']ﬁ

52HZMNNAININ AU (Hy)
(W) 1 2 3 Lﬂéﬂ
0 454.2 463.9 388.9 435.5
1 339 324.3 332.9 332.1
2 301.9 337.7 313.7 317.8
3 364 320.6 290.3 325.0
4 296 303.2 284.5 294.6
5 272.2 284 279 278.4
6 297.2 271.9 271.6 280.2
7 371.3 322.9 322.9 339.0
8 397.7 348.7 336.4 360.9
9 381.7 375.5 360.7 372.6

[ <3 Qy 4 A
711319 A8 AANUUUIVDIBUIU B-2U-2H L%ﬂﬂjﬂﬂﬂjﬂﬂufgmﬁau

v
38

igﬂgﬂTQ‘HTﬂa'Jth ﬂ'NﬂJLL%Q (Hv)
(W) 1 2 3 Lﬂéﬂ
1 462.9 419.5 422.2 434.9
2 484.7 429 436.8 450.2
3 441.7 375 438.3 4183
4 325.2 318.1 339.6 327.6
5 294.2 273.6 272.1 280.0
6 301.3 265 253.4 273.2
7 286.9 266.4 264.1 272.5
8 275 2523 234.8 254.0
9 324.5 290.9 272.8 296.1
10 345.2 3523 322.5 340.0
11 391 367 330.6 362.9

101



J < 2 4
11319 A9 AN NUHUIVDIBUIU B-3U-H L%@ﬂJﬁlUUﬁﬁfﬂﬂWﬁ

52HZMNNAININ AU (Hv)
(W) 1 2 mﬁﬂ
0 310.7
1 291.8 290.6 291.2
2 244.2 284.1 264.2
3 257.5 239 248.3
4 251.8 252 251.9
5 239.5 235.3 237.4
6 281.5 287.5 284.5
7 307 301.3 304.2
8 295.2 299.5 297.4

M1519 A10 AT VBT U B3U-H Lcﬁauiﬂﬂﬂauquqmwgﬁﬁ’aﬂﬁw
52HENNNAININ AU (Hv)
(U 1 2 méﬂ
0 399.3
1 321.8 321.8
2 295.7 293.6 294.7
3 247.9 250.9 249.4
4 258.9 248.1 253.5
5 241.5 251.7 246.6
6 198.2 218 208.1
7 280.1 241.2 260.7
8 266 282.4 274.2
9 273.3 280.3 276.8
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J < ~ 4
1919 A1l ANANULUUIVDIYUNTIY B-3U-2H L%@NiuﬂﬁﬁﬂTﬂWﬁ

52YTNNNNAININ AU (Hy)
(W) 1 2 mﬁﬂ
0 475.3
1 380.9 456.4 418.7
2 393.1 448.9 421.0
3 329.3 446.8 388.1
4 340.4 348.4 344.4
5 323 316.1 319.6
6 316 313.2 314.6
7 300 290.8 295.4
8 359.4 383.2 371.3
9 366.1 382.4 374.3

[ <3 Qs’ 4 A
M11319 A12 AANULUIVOITUITU B-3U-2H L%ﬂﬂjﬂﬂﬂﬁﬂﬂufgmﬁau

v
38

igﬂgﬂTQ‘HTﬂa'Jth ﬂ'NﬂJLL%Q (Hv)
(W) 1 2 Lﬂéﬂ
0 550.1
1 476 484.9 480.5
2 383 492.5 437.8
3 362 429.6 395.8
4 351 351.2 351.1
5 300 311.2 305.6
6 300.6 279 289.8
7 262.8 256.9 259.9
8 340.6 345.2 342.9
9 375.1 375.2 375.2
10 344.6 362.6 353.6
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Wear behavior of hardfacing deposits on Hadfield steel
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Abstract The objectives of this research aim to develop the welding procedure for multilayer
hardfacing of 13% Mn cast steel and to study behavior of hardfacing deposits after impact applied.
Austenitic stainless steel and martensitic hardfacing electrode were selected as buffer and
hardfacing, respectively. According to the shiclded metal arc welding (SMAW) process, two
different atmosphere conditions; control cooling rate on specimen (by water) and uncontrolled
cooling rate on specimen (by air) during welding were compared, Macrostructure and
microstructure were 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 hardfacing layers revealed martensitic type microstructure in
both controlled and uncontrolled cooling rate but their grain shapes were a little difference.
Austenitic type microstructure of buffer layer was observed. By employing the controlled cooling
rate condition, higher amount of carbide was provided. The best wear resistance was obtained from
controlled cooling rate condition.

Introduction

Due to its properties of high hardness, good toughness and high wear resistance, sieel are widely
used in applications such as mine and rock crushing, etc which mvolve impact and abrasion [2.3].
High Mn steel is a most used material for wear and impact resistance applications. It was found that
11-14% of Mn can stabilize austenitic structure at room temperature. However, Mn;C can be
precipitated [1,3,4] in case temperature greater than 300°C 1s generated on Mn steel and this results
in steel bnttle,

Normally, crush rolls (made from Mn steel) i crusher 15 used for reduction of coal size particle.
The crusher in practical operated continuously for a long period. Crush rolls can be abrasive and
decrease its efficiency in case the running time is longer than 15 hours.

Generally, hardfacing is applied for crush roll repairing, This technique can be exploited by
welding on any bases using high hardness electrode for extension their life time [5,6].

The present investigation aims to study buffer, build-up and hardfacing electrode applied in
shiclded metal arc welding (SMAW) on 13% Mn steel in terms of their microstructure, hardness
and abrasive wear resistance,

Experimental procedure

Materials and welding conditions

Three commercial electrodes were applied onto Mn steel plate according to the manufacturer’s
direction. DINBSS6.E I188MnR26, DINSSS5.E 7-UM-250-KP, DIN8555:E 6-UM-60 were used for
buffer, build-up and hardfacing, respectively (Fig. 1) and 280mm x 75mm x | 5mm plates were used
i all cases, The chemical composition of Mn Steel can be seen in Table |, composition of each
clectrode was shown in Table 2 and SMAW process parameters were specified in Table 3.

Al ogris roserved No o'wmhdh;rw bo reproduced or FanuTItied i any form or MEans WIRo the wittien permisson of Trans
T Ly s 4 %60&*.“1 y i
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The deposition was carried out in flat position, by using SMAW technique in two different
atmospheric conditions. The first is uncontrolled cooling rate on specimens by welding in the air
and another is controlling cooling rate by water.

Table |
Chemical composition of Mn steel plate [wt%]
O Si Mn Ni Cr Mo Fe
1.08 (.85 13.5 0,33 2.06 0.05 balance
Table 2
Chemical composition of electrodes [w1%]
C Si Mn Ni Cr Mo Fe
Hardfacing (DINSSS5E 6.UM-60) 05 08 13 7 13 balance
Build-up (DINSSS5:E 7-UM-250-KP) 06 0% 16.5 i35 balance
Huffer (DINSS56:F 188MnR26) 0.11 1.2 4.2 8.5 19.2 0.7 balance
Table 3
SMAW process parameters
Electrode Current [A) Voltage [V]  Travel speed Number of layer
[mem min ' |
Hardfacing (DINSS55:E 6-UM-60) 120123 20-25 23-24 |
2
Huild-up (DINRSSS:E 7-UM-250.KP) 108118 2125 2125 1
Buffer (DIN8556:E 188MnR26) 105120 25.30 2530 1
Hardfacing2
Hardfacingl Hardfacing|
Blllld-llp Build-up
Buffer Buffer
Base 13% Mn Base 13% Mn
(a) (b)

Fig.1.Schematic of welding layers deposition in the different atmospheric condition,

Hardness Measurement
The hardness of the deposits was measured by Vickers hardness method with a load of 100 kgf.

Microstructure analysis

Optical microscope (OM) was used to analyze the microstructure of the specimens. Cross
sections of the weld were polished and etched with Kalling's agent (buffer and build-up) and Nital
2% (base and hardfacing).

Abrasive wear tests

Abrasive wear tests were carried out in a dry sand-rubber wheel testing machine according to
ASTM G65 standard. Rounded quartz particles with mean diameter in the range of 212 and 300 pum
were used. The normal load and duration of the tests are shown in Table 4.
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Table 4
Abrasive wear test conditions, dry sand-rubber wheel testing machine
Procedure Load [N] Veloeity [rpm] Wear distance [m]
A 130 200 4000

(2 (h)

Fig.2 Microstructures: (i) hardfacing, first layer, (b) hardfacing, second layer, (c) buffer layer,
(d) butld-up layer, (¢) Mn stecl base, welding in air, (f) Mn steel base welding in water,
(&) heat effected zone, welding in air, (h) heat effected zone, welding in water,
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Results and discussion

Microstructure

The typical microstructure of the studied welding deposit is shown in Fig.2. The hardfacing
layers show martensite which is penetrated in austenite matrix. The darker phase is martensite
(Fig.2 a,b). The martensite on the second layer is sharper than the first layer. The buffer (Fig.2 ¢)
and build-up layer (Fig.2 d) illustrate cellular dendnitic structure which 1s austenite phase.

Specimens in uncontrol cooling rate welding; in air, carbide (Fig. 2 ¢) was precipitated and
coarse grain area (Fig.2 g) was found in boundary between base and buffer layer, which are more
than in the controlling cooling rate by water (Fig.2 fand g).

-HE A
. oL TIT A

e | .
- N\ @ | HF Witz

) - 11 Wk
e "-\
— -

3 i 1 . . 2 ' . . =

IHatasa: Bom ml.-n
Fig.3 Hardness profile of cross section for welded specimens,

Hardness and abvasive wear test

Surface hardness of one hardfacing layer displayed about 320-360 HV and 580-600 HV for two
hardfacing layers which effected from low dilution levels made more martensite phase in both
atmospheric conditions (Fig.3). The best abrasive wear resistance was obtained i controlling
cooling rate by water for two hardfacing layers (Fig.4).

There was no any significance for base hardness in one hardfacing layer in each specimen (=300
HV). On the other hand, base hardness in two hardfacing layers by uncontrolling cooling rate
welding by air (~340 HV) is harder than by controlling cooling rate welding by water (300 HV).
This is duc to the fact that there was heat deposition during welding which increased carbide
precipitation.

108



176 Metallurgy and Materials Engineering

fo0M

buE

Lon
w00 AN
& Water
oo
0 os
0.0000

Dise i AT

loss [y

Weigh

Fig.4 Mass loss of the welded specimens

Conclusions
e Carbide and coarse grain were generated on base metal by welding in un-controlling cooling
rate by air.
o Surface hardness of two hardfacing layers is greater than one hardfacing layer.
e Surface hardness of specimens welded m controlling cooling rate by water 1s greater than in
un-controlling cooling rate by air.
o Welding in controlling rate by water provided the best abrasive wear resistance.
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