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Thesis Title Hardfacing of 3.5% Cr Steel by Flux Cored Wire Arc Welding Process
Author Teerachod Treeparee
Major Program Materials Engineering
Academic Year 2017
ABSTRACT

Hardfacing weld is a technique which mainly extends the service life of engineering
components. The purpose of this research is to study wear behavior of hardfacing welded on 3.5%
chromium cast steel by Flux Cored Wire Arc Welding (FCAW) process. Preheating was also
done in this study. Automatic and semiautomatic welding processes were conducted in the present
research. Macrostructure, microstructure, micro-hardness and abrasive wear resistance of the
welded sample were studied. Austenitic stainless steel and martensitic hardfacing wire electrodes
were chosen to deposit as the buffer and hardfacing layer respectively. Sixteen parameters in
welding procedure were investigated. Single layer and three layer hardfacing were deposited.
Four different kinds of preheating temperature included without preheating (room temperature),
250 °C, 300°C and 350 °C were applied. Optical microscope (OM) and scanning electron
microscope (SEM) were used to characterize the microstructure of hardfacing. These results
showed that there was no defect in the Heat Affected Zone (HAZ) and welded layers. HAZ of the
base metal sevealed needle shape martensite microstructure. Preheating of the base metal reduce
quantity of martensite phase in HAZ. Buffer layer showed the austenitic microstructure with grain
boundaries. Martensitic steel type electrode was used to weld all hardfacing layers because of its
high hardness and good abrasive wear resistance. The abrasive wear resistance of hardfacing
deposits was determined by dry sand rubber wheel machine according to procedure A of ASTM
G65 standard. Comparing semi-automatic process to automatic process, abrasive wear resistance
of the sample welded using semi-automatic process was higher than that of the sample welded
using automatic process due to martensite content and hardness of hardfacing. Moreover, the
abrasive wear resistance of three layers hardfacing was totally better than that of single layer
hardfacing because single layer hardfacing was more diluted with buffer layer than three layers
hardfacing. Eventually, the best condition in this research is semiautomatic process with three

layers hardfacing.
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5.25 332.9 11.75 363.2
5.50 465.2 12.00 315.8
5.75 457.7 1225 341.9
6.00 389.6 12.50 324.6
6.25 288.5 12.75 338.6
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A13199 0.2 AIANUUTIVDINT1FDY NP-1-3-S (§19)

szaznnIn lansiaw ANV szoznInlansidn | Anuuds
Hadwung) Gnined) Hadwung) Gnined)
13.00 3459 16.50 518.1
13.25 430.2 16.75 530.0
13.50 414.2 17.00 520.0
13.75 356.1 17.25 500.0
14.00 457.4 17.50 539.0
14.25 510.6 17.75 527.0
14.50 516.3 18.00 546.0
14.75 517.1 18.25 535.6
15.00 494.5 18.50 540.0
15.25 480.9 18.75 546.7
15.50 496.9 19.00 567.9
15.75 504.0 19.25 554.6
16.00 506.6 19.50 598.7
16.25 5283
700 I I I I I
I I I I I
600 | I | I I
I I I I I
500 1 1 1 1
£ I I I I I
L Py -
ug 1 1 [ |
3 300 I I I I
& I I I
& 200 I I I I
I I I I I
100 I I I I I
BM | HAZ | BF | I"HF | 2"HF ! 3UpF
0 | | | | | | | | | 1

0 2 4 6 8 10 12 14 16 18 20
szgzmMaInnlanzian Glaamns)

a ' < A
;]:‘]J‘Vl 1.2 NTIAIANVLVIVDINTIFON NP-1-3-S
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. . < :
mseh n.3 ﬂ1ﬂ’)13JLL5U\15U’E)\1ﬂ1§L%E)3J 250-1-1-S

s2eeMann lanz Ay AN srezmannlanzify | Anueda
(Hadums) (Annes) (Tadmns) (nned)
0.00 176.0 6.50 238.4
0.25 182.2 6.75 252.9
0.50 174.2 7.00 230.0
0.75 181.2 7.25 219.3
1.00 180.6 7.50 226.2
125 190.1 7.75 224.1
1.50 185.3 8.00 220.8
1.75 181.4 8.25 2254
2.00 196.4 8.50 219.2
225 193.8 8.75 216.1
2.50 190.7 9.00 219.9
2.75 201.2 9.25 204.9
3.00 186.3 9.50 208.4
3.25 175.7 9.75 219.6
3.50 194.8 10.00 226.9
3.75 304.4 10.25 239.0
4.00 340.6 10.50 3312
425 312.6 10.75 3333
4.50 392.6 11.00 345.6
475 3783 11.25 366.4
5.00 384.9 11.50 341.6
5.25 430.8 11.75 363.2
5.50 436.7 12.00 315.8
5.75 456.8 1225 341.9
6.00 340.6 12.50 324.6
6.25 312.6 12.75 338.6
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A13199 1.3 AANVLTIVINTIFON 250-1-1-S (A19)

328219910 lanziaw AN 3282N19910 lanziaw AN
Hadwung) Gnined) Hadung) Gnined)
13.00 336.7 13.75 363.2
13.25 350.1 14.00 373.5
13.50 372.7
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sUn 1.3 N311AIANVUVIVDINMITTFON 250-1-1-S
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szgzmManInlanzian (Naanins)
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' , < :
M31ai n4 ﬂ?ﬂ’ﬂﬁ\llﬂlﬂﬂlﬁlﬂﬂﬁl‘%@ﬂ 250-1-3-S

52eeMa9n lanz Ay AN srezmannlanzify | Anueda
(Hadnns) (nnes) (Hadwns) (nned)
0.00 195.9 6.50 248.0
0.25 217.6 6.75 225.8
0.50 216.9 7.00 226.2
0.75 208.5 7.25 236.9
1.00 216.0 7.50 237.8
125 2103 7.75 238.4
1.50 208.3 8.00 234.6
1.75 209.6 8.25 230.8
2.00 205.1 8.50 2343
225 210.0 8.75 329.2
2.50 231.1 9.00 370.0
2.75 220.5 9.25 397.7
3.00 206.1 9.50 425.7
3.25 207.7 9.75 411.9
3.50 2229 10.00 415.5
3.75 279.8 10.25 342.0
4.00 272.7 10.50 360.0
425 3124 10.75 370.0
4.50 377.1 11.00 369.0
475 431.8 11.25 380.0
5.00 459.1 11.50 400.0
5.25 245.1 11.75 420.0
5.50 226.5 12.00 467.0
5.75 218.2 1225 456.0
6.00 2242 12.50 491.6
6.25 230.5 12.75 480.0
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A13199 N.4 AIANVITIVINTIFON 250-1-3-S (A19)

52ozN90In lanza AMUT sroznnnlanzdn | A
Hadwung) Gnined) Hadung) Gnined)
13.00 4452 16.50 4847
13.25 4145 16.75 526.7
13.50 4577 17.00 518.3
13.75 4835 17.25 517.9
14.00 4382 17.50 523.7
14.25 4632 17.75 5293
14.50 402.9 18.00 5247
14.75 491.1 18.25 541.9
15.00 550.5 18.50 537.8
15.25 424.4 18.75 549.9
15.50 538.6 19.00 559.9
15.75 434.9 19.25 530.9
16.00 4798 19.50 567.9
16.25 503.8
700 i i i i i
I I I I I
600 1 1 1 1 1
I I I I I
500 I I i
y I I I I
E 400 1 1 1 1 1
2 I I I I I
2 I I I I
2 300
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c | |
200 ] I I I I
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100 i i i i i
BM | I BF I 1sgp | 2¥HgF 1 39QHF
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szgzmMannlanzian laaming)
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' , < :
mseh .S ﬂ?ﬂ’ﬂﬁ\llﬂlﬂﬂlﬁlﬂﬂﬁl‘%@ﬂ 300-1-1-S

52eeMann lanz Ay AN sregmannlanzify | Anwuda
(Hadums) Gnne%) (Hadnms) (nne%)
0.00 188.1 6.50 248.0
0.25 182.0 6.75 214.7
0.50 189.0 7.00 215.5
0.75 190.0 7.25 218.7
1.00 198.0 7.50 233.0
1.25 191.3 7.75 217.2
1.50 190.3 8.00 207.6
1.75 192.5 8.25 207.1
2.00 205.4 8.50 225.9
225 205.9 8.75 216.2
2.50 197.3 9.00 206.2
2.75 192.6 9.25 201.7
3.00 197.9 9.50 198.5
3.5 203.8 9.75 250.0
3.50 212.9 10.00 264.7
3.75 264.7 1025 280.6
4.00 258.4 10.50 302.2
425 270.5 10.75 333.0
4.50 371.1 11.00 342.0
475 388.5 1125 327.6
5.00 439.0 11.50 321.9
5.5 474.7 11.75 348.7
5.50 437.5 12.00 350.6
5.75 440.0 12.25 333.6
6.00 414.0 12.50 360.7
6.25 443.1 12.75 360.8
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13190 N5 AANVLTIVINTFON 300-1-1-S (A19)

522NN lanz Ay AN 5282N1900 Tanz Ay ANV
Hadung) Gnined) adwng) Gnined)
13.00 364.4 13.75 374.4
13.25 367.9 14.00 376.8
13.50 370.2
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. , < :
seh 1.6 ﬂ?ﬂ’ﬂlllﬂ]\ﬂ]ﬁl\iﬂﬁl"]df@ll 300-1-3-S

52eeMa9n lanz Ay AN srezmannlanzify | Anueda
(Hadums) (nned) (Tadwns) (nned)
0.00 209.1 6.50 2272
0.25 218.2 6.75 262.0
0.50 208.0 7.00 234.0
0.75 227.1 7.25 253.6
1.00 2033 7.50 281.0
125 211.1 7.75 2773
1.50 226.3 8.00 234.4
1.75 208.1 8.25 2422
2.00 210.1 8.50 222.9
225 218.9 8.75 242.7
2.50 223.6 9.00 238.9
2.75 228.9 9.25 296.6
3.00 233.1 9.50 451.0
3.25 2344 9.75 457.2
3.50 241.8 10.00 425.1
3.75 231.0 10.25 4133
4.00 267.4 10.50 4223
425 298.9 10.75 402.5
4.50 345.8 11.00 441.6
475 435.8 11.25 463.9
5.00 4293 11.50 461.0
5.25 4439 11.75 473.0
5.50 281.2 12.00 490.2
5.75 208.4 1225 493.2
6.00 227.9 12.50 514.6
6.25 2223 12.75 5112
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A3199 0.6 AANUUTIUDINTIFOY 300-1-3-S §19)

a 1 < A
;]:‘l.l‘ﬂ 1.6 N3 1WA IANVUVIVDINTTFON 300-1-3-S

szazMaInlanziay (Naawns)

3282N19910 lanziaw ANV 5282N19910 lanziaw ANV
(Hadwung) Gnned) Hadwung) Gnined)
13.00 502.4 16.50 507.9
13.25 480.4 16.75 536.3
13.50 504.0 17.00 502.2
13.75 530.1 17.25 478.5
14.00 493.1 17.50 492.2
14.25 490.9 17.75 514.0
14.50 516.9 18.00 524.5
14.75 542.7 18.25 537.4
15.00 548.2 18.50 563.4
15.25 495.2 18.75 575.3
15.50 492.9 19.00 587.2
15.75 512.1 19.25 604.9
16.00 522.5 19.50 616.0
16.25 497.8
700 i i
| |
600 i i
| |
,1%500 i |
Ny [ [
= 400 1 1
2 | |
v
§ 300 i i
2
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100 i |
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. , < :
Mmsan n.7 ﬂ?ﬂ’ﬂlllﬂ]\?ﬂ]ﬁl\iﬂﬁl"]df@ll 350-1-1-S

52eeMa9n lanz Ay AN srezmannlanzify | Anueda
(Hadunms) (nned) (Tadwns) (nned)
0.00 193.9 6.50 200.8
0.25 196.1 6.75 195.8
0.50 202.8 7.00 200.0
0.75 203.4 7.25 193.5
1.00 201.3 7.50 191.1
125 218.9 7.75 189.5
1.50 200.4 8.00 194.5
1.75 240.9 8.25 193.3
2.00 217.4 8.50 203.3
225 187.7 8.75 189.1
2.50 207.1 9.00 192.2
2.75 244.1 9.25 191.4
3.00 220.4 9.50 204.8
3.25 2174 9.75 2712
3.50 2634 10.00 314.6
3.75 309.5 10.25 331.1
4.00 278.2 10.50 320.0
425 281.2 10.75 346.8
4.50 380.0 11.00 344.7
475 399.0 11.25 334.0
5.00 419.8 11.50 317.7
5.25 420.3 11.75 308.3
5.50 458.0 12.00 320.0
5.75 463.5 1225 353.2
6.00 474.9 12.50 338.1
6.25 377.8 12.75 360.8
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A13199 1.7 AIANVTIVDINIIFON 350-1-1-S (A19)

328390 lanziaw AT szoznunnlanziay | AN
Hadwung) Gnined) Hadwung) Gnined)
13.00 353.7 13.75 370.0
13.25 361.0 14.00 376.0
13.50 363.0
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sUn 1.7 N311AMANVIUIVINTFON 350-1-1-S
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szgzmMannlanzian Glaauns)
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' , < :
mseh n.8 ﬂ1ﬂ’J13JLL5U\15UEI\1ﬂ15L%El§J 350-1-3-S

52eeMann lanz Ay AN srezmannlanzify | Anueda
(Hadnns) (nned) (Hadwns) (nnes)
0.00 190.5 6.50 219.0
0.25 190.0 6.75 228.7
0.50 2163 7.00 235.0
0.75 212.8 7.25 228.4
1.00 215.6 7.50 234.9
125 185.2 7.75 2312
1.50 189.0 8.00 232.8
1.75 187.8 8.25 224.1
2.00 184.7 8.50 217.4
225 197.2 8.75 238.7
2.50 189.1 9.00 238.3
2.75 200.0 9.25 463.0
3.00 205.0 9.50 466.0
3.25 216.1 9.75 459.3
3.50 2232 10.00 466.0
3.75 262.1 10.25 449.4
4.00 309.8 10.50 426.3
425 250.4 10.75 424.0
4.50 296.7 11.00 398.9
475 370.2 11.25 4237
5.00 309.4 11.50 478.6
5.25 345.5 11.75 431.1
5.50 335.2 12.00 447.1
5.75 368.6 1225 446.3
6.00 245.8 12.50 424.7
6.25 227.7 12.75 438.1
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<

A13199 1.8 ANV IVDINTIFON 350-1-3-S (D)

FzazMananIAN (mm)

a 1 < A
;]:‘l.l‘ﬂ 1.8 N311AIANVUVIVDINTTFON 350-1-3-S

szezN199IN lanziau ANV szoznInlansidn | Anuuds
(Hadwung) Gnined) Hadung) Gnined)
13.00 474.0 16.50 511.5
13.25 472.8 16.75 505.9
13.50 471.2 17.00 526.7
13.75 492.9 17.25 489.1
14.00 480.7 17.50 524.1
14.25 501.4 17.75 556.5
14.50 462.2 18.00 538.2
14.75 440.6 18.25 575.0
15.00 479.2 18.50 587.0
15.25 497.8 18.75 590.0
15.50 493.8 19.00 610.0
15.75 471.5 19.25 615.0
16.00 457.8 19.50 617.0
16.25 505.7
700
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600 i i
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' , < :
mseh n.9 ﬂ1ﬂ’J13JLL5U\15UEI\1ﬂ15L%EI§J NP-1-1-A

52eeMa9n lanz Ay AN srezmannlanzify | Anueda
(Hadnns) (nned) (Hadwns) (nnes)
0.00 183.6 6.50 198.7
0.25 222.9 6.75 200.4
0.50 2294 7.00 186.7
0.75 190.4 7.25 197.3
1.00 198.2 7.50 225.8
125 2174 7.75 204.8
1.50 198.5 8.00 188.5
1.75 192.9 8.25 208.6
2.00 197.6 8.50 2142
225 207.7 8.75 238.6
2.50 195.1 9.00 259.4
2.75 195.2 9.25 260.8
3.00 232.8 9.50 281.0
3.25 202.6 9.75 290.2
3.50 191.2 10.00 313.1
3.75 265.0 10.25 298.1
4.00 200.8 10.50 285.7
425 196.5 10.75 294.4
4.50 195.0 11.00 270.1
475 293.7 11.25 2717
5.00 320.1 11.50 432.4
5.25 323.7 11.75 366.1
5.50 357.8 12.00 382.4
5.75 381.9 1225 403.4
6.00 466.8 12.50 3774
6.25 455.1 12.75 414.4
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A13199 1.9 ANV IVDINTIFON NP-1-1-A (4D)

96

52eENN lanz Ay AN szeznuInlanziay | Anuuda
(Hadwung) Gnined) Hadung) Gnined)
13.00 4243 13.75 373.1
13.25 393.7 14.00 403.4
13.50 450.7
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. . < :
mseh .10 ﬂ?ﬂ’JﬂJLHNle@\iﬂﬁL"]df’t)ﬁJ NP-1-3-A

52eeMa9n lanz Ay AN srezmannlanzify | Anueda
(Haduns) (nnes) (Tadwns) (nned)
0.00 193.6 6.50 230.7
0.25 190.5 6.75 244.5
0.50 194.5 7.00 237.9
0.75 200.4 7.25 2143
1.00 198.5 7.50 221.0
125 195.6 7.75 224.1
1.50 205.6 8.00 2343
1.75 216.4 8.25 2237
2.00 197.6 8.50 238.7
225 2112 8.75 235.9
2.50 200.3 9.00 220.8
2.75 213.6 9.25 223.4
3.00 194.6 9.50 238.7
3.25 189.6 9.75 232.6
3.50 210.0 10.00 284.9
3.75 279.5 10.25 275.8
4.00 320.5 10.50 274.7
425 353.5 10.75 293.9
4.50 339.6 11.00 245.0
475 419.5 11.25 2573
5.00 420.5 11.50 279.6
5.25 337.8 11.75 293.5
5.50 401.4 12.00 336.5
5.75 2284 1225 385.8
6.00 219.4 12.50 350.0
6.25 2193 12.75 328.2
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A13199 .10 AIANUUTIUDINTIFOY NP-1-3-A (7D)

szezMan lanziaw ANV 5282119910 lan Ay ANV
(Hadwung) Gnined) Hadung) Gnned)
13.00 316.8 16.50 550.0
13.25 3232 16.75 526.7
13.50 351.5 17.00 526.7
13.75 376.1 17.25 484.2
14.00 446.8 17.50 471.5
14.25 414.8 17.75 541.9
14.50 411.9 18.00 575.0
14.75 446.6 18.25 575.3
15.00 459.0 18.50 538.2
15.25 498.5 18.75 576.0
15.50 454.8 19.00 590.0
15.75 4419 19.25 610.0
16.00 454.5 19.50 587.2
16.25 480.4
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' , < :
Mms1af a1t ﬂ1ﬂ’)13JLL"U\15UO\1ﬂ1‘JL%EI§J 250-1-1-A

52eeMann lanz Ay AL sregmanlanzify | Anueda
(Hadums) (Gnine%) (Hadnms) (nned)
0.00 191.6 6.50 219.7
0.25 190.0 6.75 2272
0.50 187.4 7.00 229.1
0.75 181.6 7.25 240.0
1.00 184.7 7.50 201.8
1.25 190.4 7.75 200.5
1.50 192.9 8.00 194.4
1.75 183.3 8.25 197.5
2.00 179.9 8.50 218.5
225 203.3 8.75 210.9
2.50 188.9 9.00 199.9
2.75 173.7 9.25 193.5
3.00 195.4 9.50 293.4
3.5 189.1 9.75 310.6
3.50 205.3 10.00 295.2
3.75 235.2 1025 283.4
4.00 291.5 10.50 338.0
425 310.6 10.75 364.9
4.50 305.7 11.00 344.6
475 327.9 1125 362.9
5.00 3452 11.50 384.8
5.5 362.8 11.75 339.6
5.50 345.1 12.00 341.6
5.75 305.5 12.25 327.9
6.00 3277 12.50 3452
6.25 288.0 12.75 362.8
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15199 N.11 MANVLUIIVDINTFON 250-1-1-A (D)

522NN lanz Ay AN 528LNN Tanz Ay ANV
Hadung) Gnined) Hadwung) Gnined)
13.00 345.1 13.75 339.4
13.25 335.7 14.00 360.7
13.50 341.5
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. , < :
3197 n.12 ﬂ1ﬂ’J13JLL"1NGUEI\1ﬂ15L%EI§J 250-1-3-A

52eeMann lanz Ay AN srezmannlanzify | Anueda
(Hadnns) (nnes) (Hadwns) (nned)
0.00 200.7 6.50 246.2
0.25 196.6 6.75 243.5
0.50 205.3 7.00 261.2
0.75 223.0 7.25 247.3
1.00 200.6 7.50 233.6
125 208.4 7.75 230.5
1.50 205.7 8.00 223.4
1.75 210.0 8.25 222.8
2.00 190.1 8.50 227.5
225 231.1 8.75 235.9
2.50 2132 9.00 229.0
2.75 216.4 9.25 225.1
3.00 221.9 9.50 207.8
3.25 214.5 9.75 339.5
3.50 204.4 10.00 309.2
3.75 246.3 10.25 301.6
4.00 301.5 10.50 362.8
425 294.4 10.75 364.5
4.50 2734 11.00 338.4
475 313.1 11.25 338.5
5.00 308.5 11.50 341.0
5.25 283.4 11.75 332.1
5.50 387.4 12.00 325.6
5.75 393.1 1225 347.8
6.00 267.3 12.50 317.9
6.25 236.8 12.75 336.7
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102

3199 1.12 MANVLTIVDINTFON 250-1-3-A (D)

szaznnn lansiau AT szoznunnlansiay | anunda
Hadwung) Gnned) (Hadwung) Gnned)
13.00 342.6 16.50 569.6
13.25 3325 16.75 4943
13.50 320.8 17.00 488.4
13.75 3547 17.25 545.0
14.00 367.8 17.50 532.9
14.25 453 .4 17.75 545.0
14.50 504.6 18.00 504.6
14.75 491.8 18.25 5327
15.00 450.8 18.50 558.9
15.25 415.9 18.75 547.8
15.50 5425 19.00 560.9
15.75 425.1 19.25 557.8
16.00 484.2 19.50 578.9
16.25 429.8
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Abstract. Hardfacing weld is a technique which mainly improves and extends the useful life of
engineering components. The purpose of this research is to improve welding procedure for one
layer and three layers hardfacing of 3.5% Chromium cast steel and to study wear behavior of
hardfacing layers. Flux Cored Wire Arc Welding (FCAW) process has been used as a welding
process of this research by choosing austenitic stainless steel and martensitic hardfacing wire to
weld the buffer and hardfacing layer respectively. Preheating was also used in this study. Abrasive
wear test of hardfacing deposit were conducted in accordance with procedure “A” standard of
ASTM G65. In addition, microstructures and macrostructure of worn surface deposits were
analyzed by using optical microscope. These results showed that there is no crack and defect in the
Heat Affected Zone (HAZ) and other regions. The hardness of preheating sample in HAZ regions
was lower than the ones without preheating. Therefore, preheating samples should be done before
welding. The abrasive wear resistance of three layers hardfacing deposit was better than one layer
hardfacing deposit because one layer hardfacing deposit was more diluted from buffer layer than
three layers hardfacing deposit. Moreover, weight loss of one hardfacing layer was also higher than
three layers.

Introduction

Flux Cored Arc Welding (FCAW) process is one alternative method of repairing industrial
engineering elements among welding processes in the world. There are many benefits more than
other process such as high deposition rate than Gas Metal Arc Welding (GMAW) process, simple
and more adaptable than Submerge Arc Welding (SAW) process and high productivity than Manual
Metal Arc Welding (MMAW) process. Most of the repairs in industry are performed by using the
manual metal arc welding. However, the benefits of the flux cored arc welding process have been
appreciated by the industry for many years [1]. Weld deposition of hardfacing is used for repairing
mechanical components in mining, sugar industry and others. When hardness of these parts are
increased, they will perform higher abrasive wear resistance [2]. The tubular electrode for FCAW
contains alloying elements that modify the molten weld metal, deoxidizers, stabilizers, slag forming
elements and flux materials [3]. Hardfacing improves and extends the useful life of engineering
components by repairing the worn surface in service life [4]. The abrasive resistance of FCAW
deposits depends on several factors that strongly influence solidification and the solution of the
weld metal such as heat input, the number of layers and the type of shielding gas but it depends
mainly on the microstructure which defines their properties [S]. In wear resistance, both hardness
and toughness play important roles, and microstructure should be hard enough and ductile by
martensitic microstructure for abrasive wear resistance and ductile parts should be austenitic
microstructure in order to help impact wear resistance [6]. Chromium steel is sensitive to crack in
heat affected zone (HAZ). The preheating before welding can control the microstructure of heat
affected zone [7].In this work, the macro/microstructure and wear behavior of hardfacing deposits
on the 3.5% chromium steel base metal with different layer and preheating temperatures weld by
flux cored wire arc welding(FCAW) process was studied and compare.

Al 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. (#98764747-23/08/17,03:04:16)
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The base material specimen was used by 3.5% Chromium steel plate with dimensions of 250mm x
75mm x 20mm for the experiment. Chemical composition and hardness values of base metal are
shown in Table 1. The commercial welding wires were evaluated for flux cored wire arc welding
(FCAW) process as hardfacing wire and buffer wire in this work. The chemical composition and
hardness value of wire are shown in Table 2.

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

C Si Mn Ni Cr Mo Cu Fe Hardness
0.41 0.68 0.66 0.17 3.10 0.28 0.15 Bal 200HV
Table 2 Chemical composition of hardfacing wire and buffer wire (wt%)
Wire C Si Mn Cr Ni Fe Hardness
Hardfacing 0.5 2.5 1.3 85 - Bal 680HV
Buffer 0.1 0.5 6 19 9 Bal 235HV

Each coupon was welded under different conditions of two samples without preheating and
varying hardfacing deposition layer. The welding parameters employed can be seen in Table 3. The
consumable flux cored wire was employed by 1.6 mm diameter. The electrode stick out was 5 mm
and mixing gas (90%Ar + 10%CO,) flow rate was used 20 1/min. The welding position was flat.
After deposition, the samples were cooled in air. Four different types of sample were prepared by
depositing hardfacing layers on 3.5% chromium steel, as illustrated in Fig. 1.

3" Hardfacing 3" Hardfacing
2" Hardfacing 2" Hardfacing
1* Hardfacing 1* Hardfacing 1*' Hardfacing 1*' Hardfacing
Buffer Buffer Buffer Buffer
Base metal Base metal Base metal Base metal
(NP-1-1) (NP-1-3) (350-1-1) (350-1-3)

Without preheating ~ Without preheating 350 °C preheating 350 °C preheating

Fig. 1. Layout of four specimens prepared by hardfacing

Macro and microstructure analysis

The cross section of samples was etched with Nital 2% for substrate and hardfacing,
Villera’s reagent was used for buffer layer. Optical microscopy (OM) was used to observe the
microstructural and macrostructural analysis of sample.

Hardness test

The Microhardness values of the hardfacing deposit were taken in a Vicker’s hardness
testing, using 0.2 kgr (1961 N) load, dwell time was 10 s on transverse cross section and the
position test of each point was 0.25 mm. The value of microhardness was different from the first
and the third layer of deposition.

Abrasive wear test

The hardfacing deposit plates were sectioned for wear test (12.7 mm x 25.4 mm x 74.6 mm).
The abrasive wear test was carried out using the dry sand-rubber wheel machine (Procedure A)
under ASTM G65 standard. Round quartz sand was used as abrasive size between 212-300 pm. The
normal loads and flow rate of sand were 130 N and 300 g/min. Wheel rotation speed, wheel
diameter and total distance of wheel rotation were 200 rpm, 228.6 mm and 4309 m respectively.
Finally, the sample mass loss was measured in an electronic scale.
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Table 3 Welding parameters

Wire Current(A)  Voltage(V) Travel speed(cm/min) Heat input (kJ/cm)
Hardfacing 210-220 23-25 35-40 7.35
Buffer 190-210 23-25 3540 6.82

Result and Discussion

Macrostructure and microstructure
The base metal (BM) microstructure is presented in Fig. 2 It consists of ferrite and pearlite
phase.

Fig. 2. Base metal microstructure

The Fig. 3 shows macro/microstructure of specimens NP-1-1 and NP-1-3.The
macrostructure of NP-1-1 revealed fusion is good and no crack. Fig. 3C and Fig. 3H show
microstructure of heat affected zone that consists of martensitic microstructure. The white region of
HAZ shows austenite phase and HAZ which have martensite phase due to the high cooling rate of
base metal transformed from bainite, ferrite and pearlite phase to martensite phase. The Fig. 3B and
Fig. 3G show microstructure of buffer that consists of autenitic microstructure. In Fig. 3A and Fig.
3F show that white region is autenitic microstructure and black region is martensitic microstructure
for first hardfacing. This layer gets high dilution from buffer layer. The Fig. 3E presents the second
hardfacing layer mixed with martensitic and austenitic microstructure because some area of this
layer diluted from buffer layer. The Fig. 3D shows fully martensitic microstructure of third
hardfacing which has no dilution from buffer layer.

o]

Fig. 3. Macro/microstructure of specimens NP-1-1 and NP-1-3
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Fig. 4. Macro/microstructure of specimen 350-1-1 and 350-1-3

The Fig. 4 shows macro/microstructure of specimen 350-1-1 and 350-1-3.The Fig. 4C and
Fig. 4H show microstructure of heat affected zone that consists of martensite phase and austenite
phase. The Fig. 4B and Fig. 4G show austenitic microstructure. The Fig. 4A and Fig. 4F show
martensitic microstructure with high diluted buffer layer. In Fig. 4E, black region shows martensite
phase and white region shows austenite phase respectively. The Fig. 4D shows fully martensitic
microstructure because there is no dilution from buffer and adjacent layer (second hardfacing layer)
also showed martensitic microstructure.

Hardness
700
b M
Q 500 LA
(e}
E M ——NP-1-1
400 N
& ——NP-1-3
8 0-1-1
e 350-1-
e 300 350-1-3
E J "
200 - s
100 T T T T T T T T T T 1
10 12 14 16 18 20 22 24 26 28 30 32 34 36

Distance from base metal (mm)

Fig. 5. Hardness profile across weld
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The hardness value of each specimen results is shown in Fig. 5. The hardness value of third
hardfacing layer of two specimens is the highest due to fully martensitic microstructure. Hardness
value of HAZ region for each specimen is aiso high because of fast cooling rate after welding. The
hardness value of buffer layer is as same as base metal about 200 Vickers. The first hardfacing layer
hardness value is lower than the second hardfacing layer and third hardfacing layer due to high
dilution from buffer layer. Although the second hardfacing layer has higher hardness value than
first hardfacing layer due to small amount of dilution from buffer, the third hardfacing has no effect
from buffer that makes hardness value is highest. The specimen 350-1-3 shows hardness value of
HAZ which is good for deployment.

Wear resistance
Table 4 Abrasive resistance
Specimen Initial weight Final weight Weight Abrasive wear
designation (2) (g) loss (g) resistance (m/mg)

BM 181.9646 179.2033 2.7613 1.5604
NP-1-1 200.0479 197.6750 2.3729 1.8159
NP-1-3 188.0904 185.8413 2.2491 1.9159
350-1-1 209.3963 207.0801 23162 1.8604
350-1-3 202.8086 200.7782 2.0304 2.1222

Abrasion resistance test results of FCAW surfaced deposits of 5 conditions are shown in
Table 4.The best abrasive wear resistance value is condition of one buffer layer, three hardfacing
layers and preheating 350°C because there is low dilution and fully martensitic microstructure.
Three hardfacing layers showed lower weight loss than one hardfacing layer as one hardfacing layer
gets some dilution from buffer layer, which is tough and shows austenitic microstructure. The
higher hardness value is, the lower weight loss value is.

Summary

1. The preheating of sample have affect hardness value at HAZ regions.

2. High hardness value makes abrasive wear resistance elevated.

3. Three layers hardfacing deposit with preheating 350°C (350-1-3) is the best condition.
4. Dilution can affect to microstructure and mechanical properties of hardfacing deposit.
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ABSTRACT
Hardfacing weld is a technique which mainly improves and extends the useful life of
engineering components. The purpose of this research is to study wear behavior of hardfacing layers

on 3.5% Chromium cast steel by Flux Cored Wire Arc Welding (FCAW)process. The automatic
welding process and semiautomatic welding process with one and three layers was performed.

Austenitic stainless steel and martensitic hardfacing wire were chosen to weld as the buffer and
hardfacing layer respectively. These results showed that there is no defect in the Heat Affected Zone

(HAZ)and other regions. Semiautomatic process showed higher abrasive wear resistance than
automatic process due to more martensite content and higher hardness. Moreover, the abrasive wear
resistance of three layers hardfacing was better than one layer hardfacing because one layer hardfacing
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was more diluted from buffer layer than three layers hardfacing. The best condition in this research is

semiautomatic process with three layers hardfacing.

Keyword: 3.5% Cr steel, Hardfacing, Abrasive wear, FCAW
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