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CHAPTER - 4 RESULTS & DISCUSSION

4.1.1 Corrosion Behaviour of weld overlays at different location in 0.1 N

HHOi Solution
4.1.1.1 Corrosion behaviour 309 L cladded weld overlay develop with 160mm /
min. welding speed at different location in 0.1 N HHOj Solution

Fig. 4.1: Potentiodynamic scans of 309 L cladded weld overlay develop with 160mm /
min. welding speed at different locations in 0.1 N HHO”Solution

Table-4.1: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 160mm / min. welding speed at different location in 0.1 N
HHO3 Solution

ilc). Samples ICorr (M'A) Ecorr(mV) Ig:;tgr?r;isg)
I ESSC 309LBM 160 WS 609.0 -465 228.9
1 ESSC 309L IE 160 WS 431.2 -42S 161.7
3 ESSC 3091 Clad 160 WS 3hi 1 -374.0 1355

Fig. 4.1 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 160 mm / min. welding speed at different locations in 0.1 N HHCE solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good

corrosion resistance as compared to base metal and interfaces due to higher content of Cr
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and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region that lead to passive film formation, (iv) corrosion

rate was decreased with increasing the alloying elements from base metal to interface to

cladded region.
4.1.1.2 Corrosion behaviour 309 L cladded weld overlay develop with 180nim / min.

welding speed at different location in 0.1 N HHO.i Solution

Fig. 4.2: Potentiodynamic scans of 309 L cladded weld overlay develop with
180mm / min. welding speed at different location in 0.1 N HHO.iSolution

Table-4.2: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 180mm / min. welding speed at different location in 0.1 N

HHOj Solution

Sr. No Samples icorr (MA)  Ecorr(mV) Corrosion Rate

(mpy)

| ESSC 309LBM 180 WS 567.0 -404.0 213.0
2 ESSC 309L IF 1SO WS 254.0 -383 95.31
485 440 .0 18.24

3 ESSC 309L Clad 180 WS

Fig. 4.2 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 180 mm / min. welding speed at different locations in 0.1 N HHO.i solution.

By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
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all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region that lead to passive film formation, (iv) corrosion
rate was decreased with increasing the alloying elements from base metal to interface to
cladded region.

4.1.1.3 Corrosion behaviour 309 L cladded weld overlay develop with 200 mm / min.

welding speed at different location in 0.1 N HHOj Solution

Fig. 4.3: Potentiodynamic scans of 309 L cladded weld overlay develop with 200 mm
/ min. welding speed at different location in 0.1 N HHOj Solution

Table-4.3: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld

overlay develop with 200 mm / min. welding speed at different location in 0.1 N
HHO.i Solution

iCorr Corrosion

Sr. No Samples (PA) Ecorr (mV) Rate (mpy)
! ESSC 309L BM 200 WS 518.0 -404.0 194.6
! ESSC 309L IF 200 WS 245.0 -423 92.1
ESSC 3091 Clad 200 WS 35.7 -402.0 1341

Fig. 4.3 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 200 mm / min. welding speed at different locations in 0.1 N HHOs solution..
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
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all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Crand Ni in interface region that lead to passive film formation, (iv) corrosion
rate was decreased with increasing the alloying elements from base metal to interface to
cladded region.

4.1.1.4 Corrosion behaviour 309 L Nb cladded weld overlay develop with 160mm /
min. welding speed at different location in 0.1 N HHO3 Solution

Fig. 4.4: Potentiodvnamic scans of 309 L Nb cladded weld overlay develop with
160inm / min. welding speed at different location in 0.1 N HHO3Solution

Table-4.4: Electrochemical Parameters of Potentio-dynamic 309 L Nb cladded weld
overlay develop with 160nnn / min. welding speed at different location in 0.1 N
HHQ3 Solution

Sr. No Samples icorr (PA) Ecorr(niV) Fg:;;r?riig;)
! ESSC 309L Nb BM 160WS 609.0 -465 228.9
ESSC 3091. Nb If 160 WS 564.0 -458 211.6
3 ESSC 3091 Nb Clad 160 WS 391.0 424.0 147.3

Fig.4.4 shows the results of potentiodynamic scans of 309 L Nb cladded weld overlay

develop with 160 mm / min. welding speed at different locations in 0.1 N HHO3 solution.
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By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Crand Ni in interface region that lead to passive film formation, (iv) corrosion
rate was decreased with increasing the alloying elements from base metal to interface to
cladded region.

4.1.1.5 Corrosion behaviour 309 L Nb cladded weld overlay develop with 180mm /

min. welding speed at different location in 0.1 N HHO.? Solution

Fig. 4.5: Potentiodynamic scans of 309 L Nb cladded weld overlay develop with
180mm / min. welding speed at different location in 0.1 N HHO.fSolution

Table-4.5: Electrochemical Parameters of Potentio-dvnamic 309 L Nb cladded weld
overlay develop with 180mm / min. welding speed at different location in 0.1 N
HHCL Solution

Corrosion
ICorr (M'A)  Ec,,rr(mV)
Sr. No Samples orr (M'A) C,,rr(m Rate (mpy)
1 ESSC 309L Nb BM 180 WS 567.0 -404.0 213.0
! ESSC 309L Nb IF 180 WS 436.0 -386 163.6

3 ESSC 3091 Nb Clad 180 WS 257.6 -354.0 96.62
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Fig. 4.5 shows the results of potentiodynamic scans of 309 L Nb cladded weld overlay
develop with 180 mm / min. welding speed at different locations in 0.1 N HHCF solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Crand Ni in interface region that lead to passive film formation, (iv) corrosion
rate was decreased with increasing the alloying elements from base metal to interface to
cladded region.

4.1.1.6 Corrosion behaviour 309 L Nb cladded weld overlay develop with 200 mm /

min. welding speed at different location in 0.1 N HHOj Solution

Fig. 4.6: Potentiodynamic scans of 309 L Nb cladded weld overlay develop with
200 mm / min. welding speed at different location in 0.1 N HHOIi Solution

Table-4.6: Electrochemical Parameters of Potentio-dynamic 309 L Nb cladded weld
overlay develop with 200 mm / min. welding speed at different location in 0.1 N
HHO;ji Solution

Corrosion
ICorr (M-A) E V
Sr. No Samples orr (M-A) corr(mV) Rate (mpy)
| ESSC 309L Nb BM 200 WS 518.0 -496 194.6
2 ESSC 309L Nb IF 200 WS 441.0 -406 163.7

3 ESSC 3091 Nb Clad 200 WS 242.1 -359.0 90.80
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Fig.4.6 shows the results of potentiodynamic scans of 309 L Nb cladded weld overlay
develop with 200 mm / min. welding speed at different locations in 0.1 N HHO; solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region that lead to passive film formation, (iv) corrosion
rate was decreased with increasing the alloying elements from base metal to interface to

cladded region.
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4.1.2 Corrosion Behaviour of weld overlays at different location in 0.1
N HC1 Solution

4.1.2.1 Corrosion behaviour 309 L cladded weld overlay develop with 160mm / min.

welding speed at different location in 0.1 N HCI Solution

Fig. 4.7 Potentiodynamic scans of 309 L cladded weld overlay develop with 160mm
/ min. welding speed at different location in 0.1 N HCI Solution

Table-4.7: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 160mm / min. welding speed at different location in 0.1 N HCI
Solution

Ecorr(m\) Corrosion Rate

Sr. No Samples *corr (M'A) (mpy)
! ESSC 309L BM 160 WS  91.8 -509 345
ESSC 309L IF 160 WS 48.50 -523 18.22
ESSC 3091 Clad b 26.7 486 10.03

Fig. 4.7 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 160 mm / min. welding speed at different locations in 0.1 N HCI solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
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amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal
to interface to cladded region.

4.1.2.2 Corrosion behaviour 309 L cladded weld overlay develop with 180mm / min.

welding speed at different location in 0.1 N HC1 Solution

Fig.4.8 Potentiodynamic scans of 309 L cladded weld overlay develop with 180mm
/ min. welding speed at different location in 0.1 N HC1 Solution

Table-4.8: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 180mm / min. welding speed at different location in 0.1 N
HC1 Solution

icorr Corrosion
Sr. No Samples (PA) Ecorr (MmV) Rate (mpy)
! ESSC 309L BM 180wWSs 60.5 -535 22.73
1 SSC 309L IF 180 wW!
FSSC 309L Clad 180 WS 0.075 137 0.0282

Fig. 4.8 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 180 mm / min. welding speed at different locations in 0.1 N HC1 solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region but does not exhibit any passivasion behavior (iii)interface
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region also having good corrosion resistance as compared to base metal due to presence
of some amount of Cr and Ni in interface region but does not exhibit any passivasion
behavior, (iv) corrosion rate was decreased with increasing the alloying elements from
base metal to interface to cladded region.

4.1.2.3 Corrosion behaviour 309 L cladded weld overlay develop with 200 mm / min.

welding speed at different location in 0.1 N HC1 Solution

Fig. 4.9 Potentiodynamic scans of 309 L cladded weld overlay develop with 200
mm / min. welding speed at different location in 0.1 N HC1 Solution

Table-4.9: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 200 mm / min. welding speed at different location in 0.1 N HC1
Solution

ICorr Corrosion
E \%
Sr. No Samples (pA) corr(mV) Rate (mpy)
! ESSC 309L BM 200 WS 81.5 -536 30.63
2 ESSC 309L IF 200 WS 39.30 -502 14,77
ESSC 309L Clad 200 WS 7.5i1 o427 2.843

Fig. 4.9 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 200 mm / min. welding speed at different locations in 0.1 N HC1 solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
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having good corrosion resistance as compared to base metal due to presence of some

amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,

(iv) corrosion rate was decreased with increasing the alloying elements from base metal

to interface to cladded region.

4.1.2.4 Corrosion behaviour 309 L Nb cladded weld overlay develop with 160nun /
min. welding speed at different location in 0.1 N HC1 Solution

Potentiodynamic Scans
2,000V

1,000V

I 0006V

u1.000V

02,000V
100.0 nA 1,000 pA 10.00pA 100.0 pA 1,000 mA 10.00 mA 100.0 mA

k*(A)
+ CURVE (ESSCBU 160 WS 0.1 N HCQ + CURVE (ESSC 309L Hb If ISOWS 0.1 H HC1) ¢ CURVE | ESSC 3091 Mb Clad 160 WS 0.IN HCI)

Fig. 4.10: Potentiodynamic scans of 309 L Nb cladded weld overlay develop with
160mm / min. welding speed at different location in 0.1 N HCI Solution

Table-4.10: Electrochemical Parameters of Potentio-dynamic 309 L Nb cladded weld
overlay develop with 160mm / min. welding speed at different location in 0.1 N HCI
Solution

Ecorr i
Sr. No Samples icorr (PA) (mV) CO”F;’:SS) Rate
l ESSC 309L Nb BM 160 WS 91.8 -509 34.5
. ESSC 309L Nb IF 160 WS 69.6 -518 26.15
ESSC 309E Nb Clad 160 WS 39.h 493 14.9

Fig. 4.10 shows the results of potentiodynamic scans of 309 L Nb ¢ added weld overlay
develop with 160 mm / min. welding speed at different locations in 0.1 N HCI solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments.(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr

and Ni in cladded region that lead to passive film formation (iii)interface region also
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having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal
to interface to cladded region.

4.1.2.5 Corrosion behaviour 309 L Nb cladded weld overlay develop with 180mm /

min. welding speed at different location in 0.1 N HC1 Solution

Fig. 4.11: Potentiodynaniic scans of 309 L Nb cladded weld overlay develop with
180mm / min. welding speed at different location in 0.1 N HCI Solution

Table-4.11: Electrochemical Parameters of Potentio-dvnhamic 309 L Nb cladded
weld overlay develop with 180mm / min. welding speed at different location in 0.1
N HCI Solution

Ecorr Corrosion Rate
Sr. No Samples ICorr (M*A) )
P (mV) (nipy)
! ESSC 309L Nb BM 180WS 60.5 -535 22.73
! 60 19.01
ESSC 309L Nb Clad 180 WS 7.53 404 2.829

Fig. 4.1 1 shows the results of potentiodynamic scans of 309 L Nb cladded weld overlay
develop with 180 mm / min. welding speed at different locations in 0.1 N HCI solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good

corrosion resistance as compare to base metal and interfaces due to higher content of Cr
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and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compare to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decrease with increasing the alloying elements from base metal

to interface to cladded region.

4.1.2.6 Corrosion behaviour 309 L Nb cladded weld overlay develop with 200 mm /
min. welding speed at different location in 0.1 N HCI Solution

Potentiodynamic Scans
2.000V

1.000 V

?
A 0000V
2.
5

1.000 V

2.000 V

100.0 nA 1.000 pA 10.00 pA 100.0 pA 1.000 mA 10.00 mA 100.0 mA
Im(A)

& CURVE (ESSC BM 200 WS 0.1 N HCI)  CURVE (ESSC 309L Mb IF 200 WS 0.1 H HCI)

+ CURVE (ESSC 309L Nb Clad 200 WS 0.1 N HCI)

Fig. 4.12: Potentiodynamic scans of 309 L Nb cladded weld overlay develop with

200 mm / min. welding speed at different location in 0.1 N HCI Solution

Table-4.12: Electrochemical Parameters of Potentio-dynamic 309 L Nb cladded
weld overlay develop with 200 mm / min. welding speed at different location in 0.1

N HCI Solution

Sr. No Samples icorr (PA) Ecorr(mV) :;g(();isg)
! ESSC 309L Nb BM 200 WS 815 -536 30.63
7 ESSC 309L Nb IF 200 WS 49.3 521 17.7
3 ESSC 3091 Nh Clad 200 WS  20.9 -491 7.872

Fig. 4.12 shows the results of potentiodynamic scans of 309 L Nb cladded weld overlay

develop with 200 mm / min. welding speed at different locations in 0.1 N HCI solution.



CHAPTER -4 RESULTS & DISCUSSION

By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal

to interface to cladded region.
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4.1.3 Corrosion Behaviour of weld overlays at different location in 0.1 N

H2S04 Solution
4.1.3.1 Corrosion behaviour 309 L cladded weld overlay develop with 160mm / min.

welding speed at different location in 0.1 N H2s04 Solution

Potentiodynamic Scans
2Mov

1000V
J 0000V
1,000V

-2.000V.
1JUpA 10.0011A 100.0 pA 1v0.uUA 10.00 mA 100.0mA

Ml

+- CURVE (ESSC BU 160 WS 0.1 N H2504) = CURVE (ESSC J09L Clad 160 WS 0.1 N H2S04) + CURVE JESSC 3091 IF IS0 WS 0.1 N H2504)

Fig. 4.13: Potentiodynamic scans of 309 L cladded weld overlay develop with 160mm /

min. welding speed at different location in 0.1 N H=SO. Solution

Table-4.13: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 160mm / min. welding speed at different location in 0.1 N
H2s04 Solution

Sr. No Samples ~cor (M) Ecorr(mV) Corrosion Rate

(mpy)

! ESSC 309L BM 160 WS 295.0 -551.0 539.2
9 ESSC 309L IF 160 WS 240.0 8522.0 439.6
85.80 462 156.8

! ESSC 3091 Clad 160 WS

Fig. 4.13 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 160 mm / min. welding speed at different locations in 0.1 N H2S04 solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
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and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal
to interface to cladded region.

4.1.3.2 Corrosion behaviour 309 L cladded weld overlay develop with 180mm /

min. welding speed at different location in 0.1 N H2SOa4 Solution

Fig. 4.14. Potentiodvnamic scans of 309 L cladded weld overlay develop with 180mm
/ min. welding speed at different location in 0.1 N H2SO4 Solution

Table-4.14: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 180mm / min. welding speed at different location in 0.1 N
H2SO04 Solution

Sr. No Samples icorr(pA) Ecorr (MV) Corrosion Rate

(mpy)
! ESSC 309L BM I80VVS 241.0 -554.0 451.7
2 ESSC 309L IF 180 WS 174.0 -529.0 3189
L ESSC 309E Clad 180 WS 56.10 493 102.*

Fig. 4.14 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 180 mm / min. welding speed at different locations in 0.1 N H2SOa4 solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
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all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compare to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compare to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decrease with increasing the alloying elements from base metal
to interface to cladded region.

4.1.3.3 Corrosion behaviour 309 L cladded weld overlay develop with 200 mm / min.

welding speed at different location in 0.1 N H2SOa Solution

Fig. 4.15: Potentiodynamic scans of 309 L cladded weld overlay develop with 200 mm /
min. welding speed at different location in 0.1 N H.SO. Solution

Table-4.15: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 200 mm / min. welding speed at different location in 0.1 N H2SO4
Solution

Corrosion Rate

Sr. No Samples iCorr (PA)  Ecorr(mV)
(mpy)
! ESSC 309LBM 200 WS 349.0 -547.0 637.1
2 ESSC 309L IF 200 WS 155.4 -478.0 284.0
3 ESSC 309E Clad 200 WS 97.30 489 177.9

Fig. 4.15 shows the results of potentiodynamic scans of 309 L cladded weld overlay

develop with 200 mm / min. welding speed at different locations in 0.1 N H2S04 solution.
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By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal
to interface to cladded region.

4.1.3.4 Corrosion behaviour 309 L Nb cladded weld overlay develop with 160mm /

min. welding speed at different location in 0.1 N H=SO. Solution

Fig. 4.16: Potentiodynamic scans of 309 L Nb cladded weld overlay develop with
160mm / min. welding speed at different location in 0.1 N H2SO4 Solution

Table-4.16: Electrochemical Parameters of Potentio-dynamic 309 L Nb cladded weld
overlay develop with 160mm / min. welding speed at different location in 0.1 N
H-SO. Solution

Sr. No Samples ~Corr (fIA) Ecorr(mV) Corrosion Rate

(mpy)
1 ESSC 309L Nb BM 160 WS 295.0 -551.0 539.2
ESSC 309LNb IF 160 WS 66.40 -452.0 122.8

3 ESSC 3091. Nb Clad 160 WS 72.60 452.0 132.6
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Fig. 4.16 shows the results of potentiodynamic scans of 309 L Nb cladded weld overlay
develop with 160 mm / min. welding speed at different locations in 0.1 N HzSOa4 solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal
to interface to cladded region.
4.1.3.5 Corrosion behaviour 309 L Nb cladded weld overlay develop with 180mm /

min. welding speed at different location in 0.1 N H2s04 Solution

Fig. 4.17: Potentiodynamic scans of 309 L Nb cladded weld overlay develop with
180mm / min. welding speed at different location in 0.1 N H2S04 Solution

Table-4.17: Electrochemical Parameters of Potentio-dvnamic 309 L Nb cladded
weld overlay develop with 180mm / min. welding speed at different location in 0.1
N H2s04 Solution

Corrosion Rate

Sr. No Samples icorr “"A)  ecorr (NIV) (mpy)
| ESSC 309L Nb BM 180WS 241.0 -554.0 451.7
2 ESSC 309L Nb IF 180 WS 61.0

3 ESSC 309L Nb Clad 180 WS 53.40 451 97.64
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Fig. 4.17 shows the results of potentiodynamic scans of 309 L Nb cladded weld overlay
develop with 180 mm / min. welding speed at different locations in 0.1 N H=SQO. solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compare to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compare to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decrease with increasing the alloying elements from base metal

to interface to cladded region.

4.1.3.6 Corrosion behaviour 309 L Nb cladded weld overlay develop with 200 mm
min. welding speed at different location in 0.1 N H2SO4 Solution

Fig. 4.18: Potentiodynamic scans of 309 L Nb cladded weld overlay develop with 200
11m / min. welding speed at different location in 0.1 N H2SOa4 Solution
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Table-4.18: Electrochemical Parameters of Potentio-dvnamic 309 L Nb cladded weld

overlay develop with 200 mm / min. welding speed at different location in 0.1 N
H2S04 Solution

Sr. No Samples icorr (PA)  Ecorr(mV) Ingt::r?r:g;)
! ESSC 309L Nb BM 200 WS 349.0 -547.0 637.1
) ESSC 309L Nb IF 200 WS 75.20 -440.0 1374
3 ESSC 309L Nb Clad 200 WS 52.8 -454 96.4

Fig. 4.18 shows the results of potentiodynamic scans of 309 L Nb cladded weld overlay
develop with 200 mm / min. welding speed at different locations in 0.1 N EESOa solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region that lead to passive film formation, (iv)
corrosion rate was decreased with increasing the alloying elements from base metal to

interface to cladded region.
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4.1.4 Corrosion Behaviour of weld overlays at different location in 3.5 %
NacCl Solution

4.1.4.1 Corrosion behaviour 309 L cladded weld overlay develop with 160mm / min.

welding speed at different location in 3.5 % NaCl Solution

Potentiodynamic Scans
2.000 V

1.000 V

xo

0.000 V

o

1.000 V

-2.000 V
100.0 nA 1.000 |IA 10.00 [iA 100.0 |iA 1000 mA 10.00 mA 100.0 mA 1.000 A

Im (A)
= CURVE (ESSC 309L BM 160 WS 3.5 NacCl ) 1 CURVE (ESSC 309L Clad 160 WS 3S~. NaCl). CURVE (ESSC 309L IF 160 WS 3.5*1 NaCl )

Fig. 4.19: Potentiodynamic scans of 309 L cladded weld overlay develop with 160mm /
min. welding speed at different location in .5 % NaCl Solution

Table-4.19 . Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 160mm / min. welding speed at different location in 3.5 % NacCl
Solution

Sr. No Samples icorr (NA) Ecorr(mV) Corrosion
Rate (mpy)
| ESSC 309L BM 160WS 157.4 -668 289.6
ESSC 309L IF 160 WS 120.2 -639 224.9
3 ESSC 309L Clad 160 WS 102.2 462 186.8

Fig. 4.19 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 160 mm / min. welding speed at different locations in 3.5 % NaCl solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr

and Ni in cladded region that lead to passive film formation (iii)interface region also
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having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal
to interface to cladded region.

4.1.4.2 Corrosion behaviour 309 L cladded weld overlay develop with 180mm / min.

welding speed at different location in 3.5 % NaCl Solution

Potentiodynamic Scans
2.000V

1.000 V

< 0.000V
>
1.000 V
-2.000 V
1.000 pA 10.00 pA 100.0 pA 1.000 mA 10.00 mA 100.0 mA 1.000 A
Im (A)
< CURVE (ESSC 309L BM 180 WS 3.5% NaCl) = CURVE (ESSC 309L Clad 180 WS 3.5% MaCl) 4 CURVE (ESSC 309L IF 180 WS 3.5% NacCl)

Fig.4. 20: Potentiodynamic scans of 309 L cladded weld overlay develop with 180mm /
min. welding speed at different location in .5 % NaCl Solution

Table-4.20 . Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 180mm / min. welding speed at different location in3 .5 % NaCl
Solution

icorr Corrosion
Sr. No Samples Ecorr(mV)
P (PA) Rate (mpy)
! ESSC 309LBM 180WS 148.0 -584 272.3
7 ESSC 309L IF 180 WS 94.9 -709 174.7
3 ESSC 3091 Clad 180 WS 73.61 660 1345

Fig. 4.20 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 180 mm / min. welding speed at different locations in 3.5 % NaCl solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
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all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal
to interface to cladded region.

4.1.4.3 Corrosion behaviour 309 L cladded weld overlay develop with 200 mm / min.
welding speed at different location in 3.5 % NaCl Solution

Fig.4.21: Potentiodynamic scans of 309 L cladded weld overlay develop with 200 mm
/ min. welding speed at different location in .5 % NaCl Solution

Table-4.21: Electrochemical Parameters of Potentio-dynamic 309 L cladded weld
overlay develop with 200 mm / min. welding speed at different location in 3.5 %
NaCl Solution

Corrosion Rate

Sr. No Samples icon- (PA)  Ecorr (NiV) (mpy)
ESSC 309L BM 200 WS 176.1 -709 324.1

g ESSC 309L IF 200 WS 134.07 246.7

3 ESSC 309E Clad 200 WS 121.61 -651 222.7

Fig. 4.21 shows the results of potentiodynamic scans of 309 L cladded weld overlay
develop with 200 mm / min. welding speed at different locations in 3.5 % NaCl solution.
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By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compare to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compare to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decrease with increasing the alloying elements from base metal
to interface to cladded region.

4.1.4.4 Corrosion behaviour 309 L Nb cladded weld overlay develop with 160mm /

Fig. 4.22: Potentiodynamic scans of 309 L Nb cladded weld overlay develop with
160mm / min. welding speed at different location in .5 % NaCl Solution

Table-4.22: Electrochemical Parameters of Potentio-dynamic 309 L Nb cladded
weld overlay develop with 160mm / min. welding speed at different location in .5 %
NaCl Solution

Sr. No Samples icorr (pA)  Ecorr(mV) g;;r?ig;)
! ESSC 309LNb BM 160 WS 157.4 -668 289.6
L ESSC 309L Nb IF 160 WS 107.0 -688 195.1
3 ESSC 3091 NbClad 160 WS 82.7 640 152.2

Fig. 4.22 shows the results of potentiodynamic scans of 309 L Nb ¢ added weld overlay

develop with 160 mm / min. welding speed at different locations in 3.5 % NaCl solution.
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By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compare to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compare to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decrease with increasing the alloying elements from base metal

to interface to cladded region.

4.1.4.5 Corrosion behaviour 309 L Nb cladded weld overlay develop with 180mm /

min. welding speed at different location in 3.5 % NaCl Solution

Potentiodynamic Scans
2.000V

1.000V

0.000 vV

1.000 V

2.000 V
100.0 nA 1.000 pA 10.00 pA 100.0 pA 1.000 mA 10.00 mA 100.0 mA 1.000 A

Im (A)

CURVE (ESSC 309L BM 180 WS 3.5% NaCl ) = CURVE (ESSC 309L Mb IF 180 WS 3.5% NaCl)
+ CURVE {ESSC 309 L Nb Clad 180 WS 3.5% NaCl)

Fig. 4.23: Potentiodynamic scans of 309 L Nb cladded weld overlay develop with
180mm / min. welding speed at different location in 3.5 % NaCl Solution

Table-4.23: Fdectrochemical Parameters of Potentio-dynamic 309 L Nb cladded
weld overlay develop with 180mni / min. welding speed at different location in
3.5 % NaCl Solution

ICorr Corrosion

Sr. No Samples (PA) Ecorr(mV) Rate (mpy)
| ESSC 309LNb BM Igows 1480 584 212.3
2 ESSC 1091 Nb Ib 180 WS 86.00 -681 157.3

ESSC 309L Nb Clad 1X0 WS 7.40 -66! 104.9
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Fig. 4.23 shows the results of potentiodynamic scans of 309 LNb cladded weld overlay
develop with 180 mm / min. welding speed at different locations in 3.5 % NaCl solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal
to interface to cladded region.

4.1.4.6 Corrosion behaviour 309 L Nb cladded weld overlay develop with 200 mm /

min. welding speed at different location in 3.5 % NaCl Solution

Potentiodynamic Scans
2.000 vV

1.000 V

£ 0.000V

1.000 V

2.000 V
100.0 nA 1.000 pA 10.00 pA 100.0 pA 1.000 inA 10.00 mA 100.0 mA 1.000 A

Im (A)
+- CURVE (ESSC 309L BM 200 WS 3.5% NaCl ) = CURVE (ESSC 309L Clad 200 WS 3.5% HaCl) + CURVE (ESSC 309L Nb IF 200 WS 3.5% NaCl )

Fig. 4.24. Potentiodynamic scans of 309 L Nb cladded weld overlay develop with 200
mm / min. welding speed at different location in .5 % NaCl Solution

Table-4.24: Electrochemical Parameters of Potentio-dynamic 309 L Nb cladded weld
overlay develop with 200 mm / min. welding speed at different location in .5 % NaCl
Solution

icorr Corrosion Rate
Ecorr(mV
Sr. No Samples PA) (mV) (o)
| ESSC 309L Nb BM 200 WS 176.1 -709 324.1
1 ESSC 3091. Nb IF 200 WS 115.0 -692 211.7

3 ESSC 309L Nb Clad 200 WS 105.70 -623 194 6
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Fig. 4.24 shows the results of potentiodynamic scans of 309 L Nb cladded weld overlay
develop with 200 mm / min. welding speed at different locations in 3.5 % NaCl solution.
By comparing corrosion behavior of weld overlay at different locations, it shows that (i)
all sample exhibit active potentials in given environments,(ii) cladded region has good
corrosion resistance as compared to base metal and interfaces due to higher content of Cr
and Ni in cladded region that lead to passive film formation (iii)interface region also
having good corrosion resistance as compared to base metal due to presence of some
amount of Cr and Ni in interface region but does not exhibit any passivasion behavior,
(iv) corrosion rate was decreased with increasing the alloying elements from base metal

to interface to cladded region.
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4.2 Effect of Welding Speed on
Microstructural Changes, Ferrite
Content, Alloying Elements, Hardness
and Corrosion Behaviour of Weld

Overlays
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CHAPTER - 4 , RESULTS & DISCUSSION

4.2.1 Effect of Welding Speed on Microstructure of Weld Overlays

4.2.1.1 Effect of Welding Speed on Microstructure of Base Metal:

Fig.4.25 Base Metal (Etchant : 5 % Nital , Magnification : 250X)

Fig. 4.25 shows the microstructure at base metal which is similar for the both weld
overlays developed at different welding speeds. It reveals mixture of tempered bainite
with martensite structure.

4.2.1.2 Effect of Welding Speed on clad & interface region 309L & 30L Nb cladded
weld overlays

Fig.4.26 Taper section of 309L Nb cladded weld overlay developed
at 180 mm/min welding speed at as-welded condition
( Etchant : Aquaregia , Magnification : 400X)
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> Results as-welded microstructures
The microstructure of the cladded region of weld overlay developed with 309L Nb at
180 mm/min welding speed is shown in Fig. 4.26 in as welded condition. This is in the
form of a taper section in which the top surface of the specimen makes a small angle
with the weld interface so that the width of any interface feature is magnified. The
micrograph shows a transition layer between the bulk weld metal at the left and the base
metal on the right. The Aquaregia etchant used reveals predominantly the ferrite
distribution in the austenite matrix and it may be observed Fig. 4.26 that the mode of
solidification as well as the ferrite content changes as one moves from the weld interface
into the overlay.
» Micro-structural characterization
There are structural changes occurring in the base metal close to the weld, at the weld
interface itself and in the bulk weld metal. In the present case, near the top and in the
bulk clad metal, the composition approximates to that of the strip electrode, modified by
the average dilution, but near the weld interface there are significant compesition
gradients produced due to a combination of dilution and other factors which have a
-profound effect on the micro-structural development. The changes in composition and
microstructure across the transition zone at the weld interface are of particular
importance because this is where possible hydrogen disbonding can occur in service.
While the dilution level in the bulk weld metal under ESSC conditions is known to
be not more than about 8 to 10 %, near the fusion boundary the degree of dilution will
be much higher. This is most likely to be the result of the formation of a stagnant fluid
layer in the weld pool adjacent to the base metal. The transition from the low alloy
content (Cr, Mo) in the base metal to the high alloy content (Cr, Ni, Nb) in the bulk
weld metal occurs in this transition zone. The layer originally had the same
composition as the base metal, but develops higher chromium and nickel contents as a
result of diffusion from the cladding due to the concentration gradients [79]. The
stagnation layer has alsd been called the unmixed zone [80]. It may be seen from Table
3.39 that Cr contents over 9.06 % and Ni contents around 9.35 % could develop in the
transition zone during cladding The composition in the layer is such that during

cooling following overlaying this region transforms to martensite.

1139}



CHAPTER - 4 RESULTS & DISCUSSION

Fig.4.27 (a) clad region of 309 L Fig.4.27 (b) Interface region of 309 L
clad weld overlay 160 WS Clad 160 WS

2

m f
Fig.4.28 (a) clad region of 309 L Fig.4.28 (b) Interface region of 309 L
Clad 180 WS Clad 180 WS

Fig.4.29 (a) clad region of 309 L Clad Fig.4.29 (b) Interface region o 309 L Clad
200 WS 200 ws
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Fig.4.30 (a) clad region of 309 L Nb Fig.4.30 (b) Interface region 0309 L Nb
Clad 160 WS Clad 160 WS

Fig.4.31 (a) clad regionof 309 L Nb Fig.4.31 (b) Interface regiono 309 L Nb
Clad 180 WS Clad 180 WS

Fig.4.32 (a) clad regionof 309 L Nb Fig.4.32 (b) Interface region o309 L Nb
Clad 200 WS c,ad 200 WS

> Results as-welded microstructures of both weld overlays
The microstructure of the cladded region of weld overlay developed with 309L &

309L Nb at different welding speed is shown in Fig. 4.27 (a) to 4.32 (a) in as welded
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condition. The microstructure of the Interface region of weld overlay developed with
309L & 309L Nb at different welding speed is shown in Fig. 4.27 (b) to 4.32 (b) as
welded conditions. The Aquaregia etchant used to reveals predominantly the ferrite
distribution in the austenite matrix and it may be observed from Fig. 4.27 to 4.32 that
the mode of solidification as well as the ferrite content changes as one moves from the
weld interface into the overlay.

» Discussions -welded microstructures of both weld overlays:

vIt may be noted in Fig. 4.27 (b) that the weld metal immediately adjoining the
transition zone contains virtually no ferrite and solidification has occurred fully as
austenite. As one move away from the interface, primary solidification is still
austenitic, but the remaining liquid between the dendrites solidifies as ferrite. This
trend continues in Fig. 4.27 (b) to 4.32 (b). Traversing into the bulk cladding, as seen
in Fig. 4.27(a) the solidification mode changes from primary austenitic to primary
ferritic, both types weld overlays which shows totally skeletal or vermicular ferrite, the
ferrite being the primary phase forming at the core of the dendrites. This trend
continues in Fig. 4.27 (a) to 4.32 (a). As the welding speed were increases from 160
mm/min (high heat input) to 200 mm /min. (low heat input), the cooling rate were also

increases.

From Fig. 4.27 (a) & 4.30 (a), it observed that when 309L & 309L Nb weld overlay
developed at 160 mm /min welding speed i.e at.higher heat input (0.1875 kJ/mm®) this
causes a slower cooling rate which allow more time for nucleation and growth of delta
ferrite due to which these weld overlays at cladded region has higher amount of delta
ferrite than other weld overlays developed at 180 mm /min & 200 mm /min welding
speed.

From Fig. 4.28 (a) & 4.31 (a) it observed that when 309L & 309L Nb weld overlay
developed at 180 mm /min welding speed i.¢ at medium heat input (0.1666 kJ/mm?) this
causes a somewhat faster cooling rate compared to 160 mm /min welding speed which
allow less time for nucleation and growth of delta ferrite due to which these weld
overlays at cladded region has slightly lower amount of delta ferrite than weld overlays
developed at 160 mm /min welding speed.

From Fig. 429 (a) & 4.32(a) it observed that when 309L & 309L Nb weld overlay

€142§
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developed at 200 mm /min welding speed i.e at fower heat input (0.1500 kJ/mm?) this
causes a somewhat faster cooling rate compared to 160 & 180 mm /min welding speed
which allow less time for nucleation and growth of delta ferrite due to which these weld
overlays at cladded region has slightly lower amount of delta ferrite than weld overlays
developed at 160 & 180 mm /min welding speed. It is to note that that Nb is strong
ferrite former which leads to increase the amount of ferrite in 309 L. Nb cladded weld

overlay than 309L cladded weld overlay at all welding speed[81].
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CHAPTER - 4 RESULTS & DISCUSSION

4.2.3 Effect of Welding Speed on Ferrite Content of the weld overlays

Table- 4.52 : Variation of ferrite content at different welding speed

160 54 . 5.5
180 3.7 4.6
200 33 4.3

Table - 4.52 shows the variation of ferrite content at cladded region of both weld overlays
developed with different welding speeds. It was found that the ferrite content decrease
with increase in the welding speed from 160 to 200 mm / min. This is because with
increasing welding speed, the cooling rate is also increases which provide less time for

nucleation and growth of ferrite during solidification[82].

4.2.4 Effect of Welding Speed on Hardness Value of the weld overlays

Table- 4.53: Micro harness at different location of weld overlays in as
welded condition

1 309L - 160WS 206 278 242
2 309L - 180WS 208 280 | 260
3 309L - 200WS 210 312 271
4 309LNb - 160WS 206 249 222
5 309LNb - 180WS 208 266 235
6 309LNb - 200WS 210 | 281 254




CHAPTER-4 RESULTS & DISCUSSION

;ZL\ 0
<0
3 =0
2 =0
=
= Roe
«
S 0o
S I
=
309L 309L 309L
160WS 180WS 200WS
base metal 206 208 210
interface 278 289 312
clad 242 260 271

Fig-4.56 Effect of welding speed on Hardness Value of 309 L
cladded weld overlay

1 100
u u
309LNb- 309LNb- 309LNb-
160WS 180WS 200WsS
—————— base metal 206 208 210
““= “interface 249 266 289
clad 222 235 254

Fig-4.57 Effect of welding speed on Hardness Value of
309 L Nb cladded weld overlay

Fig -4.56 & 4.57 shows effect of welding speed on hardness value of 309 L & 309 L Nb
austenitic stainless steel cladded weld overlay respectively. There were considerable
increases in the hardness value with increase in the welding speed from 160 mm /min to
200 mm / min. in as welded condition. This is because as welding speed increase, the
amount of heat input was decrease which result in decrease the ferrite content. There is a
moderate increase in hardness at the weld interface region, which can be attributed to
the formation of a low-carbon martensite for all weld overlays developed at different
welding speeds[83].
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RESULTS & DISCUSSION

425 Effect of welding speed on corrosion behaviour of weld

overlays

4.2.5.1 Effect of welding speed on General Corrosion susceptibility of weld overlays

in 0.1 N HNOj solution

4.2,5.1.1 Effect of Welding Speed on corrosion behaviour of Base metal in 0.1 HNOj

solution

Fig. 4.58 : Potentiodynamic scans of Base Metal at different WS in 0.1N HNO.iSolution

Table No-4.54: Electrochemical Parameters of Potentiodynamic studies on Base

Metal in  0.IN HNOs solution

Sr. No Samples
1 Base Metal 160 WS
2 Base Metal 1SO WS
3 Base Metal 200 WS

«Corr Ecorr(mV)  Corrosion Rate
(mpy)

609.0 -465 228.9

567.0 4040 213.0

51S.11 -496.0 194.6

Fig. 4.58 shows the results of Potentiodynamic studies on Base Metal in 0.IN HNO"

solution. By comparing corrosion behavior of base metal which was overlaid at different

welding speeds in O.IN HNOs solution, it shows that (i) corrosion rate decreases with
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increase in the welding speed (ii) all other samples also exhibit similar kind of corrosion

resistance at different welding speeds [84],
4.2.5.1.2 Effect of Welding Speed on corrosion behaviour of 309 L cladded weld

overlay in N HNOs Solution

Fig. 4.59 : Potentiodynamic scans of 309L cladded weld overlays at different welding
speed in  0.1N HNO” solution

Table No- 4.55: Electrochemical Parameters of Potentio-dynamic studies of 309 L
cladded weld overlay in 0.1N HNO,Solution

Sr. No

!

2
3

Corrosion Rate

Samples ICorr (PA) Ecorr(mV)
(mpy)
ESSC-309L Clad 160 WS 361.3 -374.0 135.5
ESSC-3091 Clad 180 WS 48.5 440.0 81 24
ESSC-309L Clad 200 WS 0.35 -402.0 13.41

Fig. 4.59 shows the results of Potentiodynamic studies on 309 L cladded weld overlays

in 0.1N HNCf? solution. By comparing corrosion behavior of 309L cladded weld overlays

at different welding speed in 0.1 N HNO3 solution it shows that (i) All weld overlays show

passivation behavior during several potential scan cycles (ii) weld overlay developed at

200 mm / min. welding speed has best corrosion resistance compared to weld overlay

developed at the 160 & 180 mm / min. welding speed, (iii) Weld overlay developed at
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180 & 200 mm / min. welding speed exhibit similar kind of corrosion rate (iv) corrosion
rate decreases with increasing weld speed from 160 to 200 mm / min [84],
4.2.5.1.3 Effect of Welding Speed on corrosion behaviour interface of 309 E cladded

weld overlay in N HNOs3 Solution

Potentiodynamic Scans
2.000V

1.000V

[T PR

0.000 v

1000V
1.000 pA 10.00 pA 100.0nA 1.000mA 10.00 mA IM.0 neA

Im(A)
« CURVE (ESSC 3091 IF 160 WS 0.IN HNO3)

Fig. 4.60: Potentiodynamic scans of interface of 309L cladded weld overlays at
different welding speed in 0.1N HNO3 solution

Table No- 4.56 : Electrochemical Parameters of Potentio-dynamic studies interface
of 309 L cladded weld overlay in 0.1N HNO,Solution

Sr. No Samples ecorr (jIA)  Ecorr(mV)  Corrosion Rate (mpy)
! ESSC- 309L IF 160 WS 4312 -428 161.7
2 ESSC 3091 IF 180 WS 254.0 -383 95.31
3 ESSC- 309L IF 200 WS 245.0 -423 92.1

Fig. 4.60 shows the results of Potentiodynamic studies on interface of 309 L cladded
weld overlays in 0.1N HNO3 solution. By comparing corrosion behavior of interface of
309L cladded weld overlays at different welding speed in O.IN HNO3 solution it shows
that (i) interface of weld overlays developed at different welding speed shows passivation
behavior during several potential scan cycles (ii) weld overlay developed at 180 mm /
min. welding speed has best corrosion resistance compared to weld overlay developed at

the 160 & 200 mm / min. welding speed.
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4.25.14. Effect of Welding Speed on corrosion behaviour of 309 L Nb cladded weld
overlay in 0.1 HNOj solution

Fig. 4.61: Potentiodynamic scans of 309L Nb cladded weld overlays at different
welding speed in 0.1N HNOssolution

Table No-4.57: Electrochemical Parameters of Potentiodynamic studies of 309 LNb
cladded weld overlays in 0.1 N HNO.iSolution

Sr. No Samples icorr (HA) Ecorr(mV) Corrosion
' Rate (mpy)
! ESSC-309L Nb Clad 160 WS 393.0 -424.0 147.3
2 ESSC-309L Nb Clad 180WS 257.6 354.0 96 62
1 ESSC-309L Nb Clad 200 WS 242.1 -359.0 90.80

Fig. 4.61 shows the results of Potentiodynamic studies on 309 L Nb cladded weld
overlays in O.IN HNO3 solution. By comparing corrosion behavior of 309L Nb cladded
weld overlays at different welding speed in 0.1 N HNO3 solution it shows that (i) all weld
overlays exhibit passive behavior in 0.1 N HNO3 solution (ii) weld overlay developed at
200 mm / min. welding speed has best corrosion resistance compared to weld overlay
developed at the 160 & 180 mm / min. welding speed (iii) but the weld overlay
developed at 180 & 200 mm / min. welding speed exhibit similar kind of corrosion rate

(iv) corrosion rate decreases with increasing weld speed from 160 to 200 mm / min [84].
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4.25.1.5 Effect of Welding Speed on corrosion behaviour interface of 309 LNb

cladded weld overlay in N HNOj Solution

Eig.4.62 . Potentiodynamic scans of interface of 309L Nb cladded weld overlays at
different welding speed in 0.1N HNOs3 solution

Table No- 4.58: Electrochemical Parameters of Potentio-dynaniic studies interface
of 309 LNb cladded weld overlay in 0.1N UNO,Solution

Sr. Samples ICorr (M'A)  Ecorr(mV) Corrosion Rate
No (mpy)
ESSC-309L Nb IF160WS 564.0 -458 211.6
2 ESSC-3091 Nb IF 180 WS 4360 386 163.6
441.0 -406 166.7

3 ESSC-309L Nb IF200WS

Fig. 4.62 shows the results of Potentiodynamic studies on interface of 309 L cladded
weld overlays in 0.1N HNOS solution. By comparing corrosion behavior of interface of
309L cladded weld overlays at different welding speed in 0.1N HNO3 solution it shows
that (i) interface of weld overlays developed at different welding speed show passivation
behavior during several potential scan cycles (ii) weld overlay developed at 200 mm /
min. welding speed has best corrosion resistance compared to weld overlay developed at
the 160 & 180 mm / min. welding speed, (iv) corrosion rate decreases with increasing

weld speed from 160 to 200 mm / min.

( 177)
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4.2.5.2 Effect of welding speed on General Corrosion susceptibility of weld overlays
in 0.1 N HC1 solution

4.2,5.2.1 Effect of Welding Speed on corrosion behaviour of Base metal in 0.1 HCI
Solution

Potentiodynamic scans
20NV

1000V

1 0.000 v

v

+2000V
100.0 nA 1.000 (A 10.00 pA 1000 pA 1.000 mA 10.00 mA 100.0 mA

Im(A)
« CURVE (ESSC BM 160 WS 0.1 H HC)) # CURVE (ESSC BM180WS 0.1 N HCI) -t CURVE (ESSC BM 200 WS 0. N HC)

Fig. 4.63: Potentiodynamic scans of Base metal at different welding speed in 0.1N
HCI solution

Table No-4.59: Electrochemical Parameters of Potentiodynamic study of Base Metal
in 0.INHC1

Corrosion Rate

Sr. No Samples icon- (pA) Ecorr(mV)
(mpy)
| ESSC-Base Metal -160 WS 91.8 -509 34.5
2 ESSC Base Metal 180WS 60 5 -535 22 73
3 ESSC-Base Metal -200 WS 81.5 -536 30.63

Fig. 4.63 shows the results of Potentiodynamic studies on Base Metal in 0.1N HCI
solution. Base metal does not show any passivation behavior even after several potential
scan cycles. By comparing corrosion behavior of Base Metal at different welding speed, it

exhibit similar kind of corrosion resistance at all welding speed but base metal of weld
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overlay developed at 180 mm / min. exhibit good corrosion resistance then that of 160 mm/

min. & 200 mm/ min welding speed.
4.25.2.2 Effect of Welding Speed on corrosion behaviour of 309 L cladded weld

overlay in 0.1 HC1 Solution

Fig. 4.64. Potentiodynamic scans of 309L cladded weld overlays at different WS
in 0.IN HC1 Solution

Table No- 4.60: Electrochemical Parameters of Potentiodynamic study of 309 L
cladded weld overlay in 0.1N HC1 Solution

. Ecorr Corrosion Rate
Sr. No Samples icorr (pPA) (mV) (nipy)
! ESSC-309L Clad 160 WS 26.7 -486 10.03
2 ESSC-309L Clad 180 WS 73 nA 137 0 0282
2 ESSC-309E Clad 200 WS 7.56 427 2.843

Fig. 4.64 shows the results of Potentiodynamic studies on 309 L cladded weld overlays in
0.IN HC1 solution. Except weld overlay developed at 160 mm /min. welding speed, All
other weld overlays show passivation behavior during several potential scan cycles. By
comparing corrosion behavior of weld overlays at different welding speed, it indicates that
(i) weld overlay developed with 180 mm/ min. welding speed, exhibit good corrosion
resistance while weld overlays developed with 160 mm/ min. & 200 mm/ min welding
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speed, exhibit lower corrosion resistance but the values of corrosion rate are well within
the acceptable limit (ii) weld overlay developed at 180 & 200 mm / min. welding speed

exhibit similar kind of corrosion rate.
4.2.5.2.3 Effect of Welding Speed on corrosion behaviour interface of 309 L cladded

weld overlay in 0.1 N HCI Solution

Fig. 4.65 Potentiodynamic scans of interface of 309L cladded weld overlays at
different welding speed in 0.1N HCI solution

Table No- 4.61: Electrochemical Parameters of Potentio-dvnamic studies interface of
309 L cladded weld overlay in 0.1N HCI Solution

(mpy)

ESSC-309L IF 160 WS 48.5 -523 18.22
FSSC 3091 IF 180 WS 390 1460
39.3 521 14.7

3 ESSC-309L IF 200 WS

Fig. 4.65 shows the results of Potentiodynamic studies on interface of 309 LNb cladded
weld overlays in O.IN HCI solution. By comparing corrosion behavior of interface of
309L Nb cladded weld overlays at different welding speed in 0.1 N HCI solution it shows
that (i) interface regions does not show any passivation behavior during several potential

180
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scan cycles (ii) interface of weld overlay developed at 180 mm / min. welding speed has
best corrosion resistance compare to weld overlay developed at the 160 & 200 mm / min.
welding speed, (iii) interface of weld overlay developed at 180 & 200 mm / min. welding
speed exhibit similar kind of corrosion rate.

4.2.5.2.4 Effect of Welding Speed on corrosion behaviour of 309 L Nb cladded weld
overlay in 0.1 HC1 Solution

Fig. 4.66 Potentiodynamie scans of 309LNb cladded weld overlays at different WS in
0.INHC1 Solution

Table No- 4.62 : Electrochemical Parameters of Potentio-dynamic study of 309 LNb
cladded weld overlay in 0.1N HC1 Solution

Sr. No Samples ICorr (PA)  Ecorr(m\V) Corrosion Rate

(mpy)
1 ESSC-309L Nb Clad 160WS 3.6 493 14.9
2 ESSC 3091 Nb Clad 180WS 753 404 2.829
3 ESSC-309L Nb Clad 200 WS 20.9 -491 1.872

Fig. 4.66 shows the results of Potentiodynamie studies on 309 L Nb cladded weld overlays
in 0.IN HC1 solution. All weld overlays show passivation behavior during several potential
scan cycles. By comparing corrosion behavior of weld overlays at different welding speed, it
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indicates that (i) weld overlay developed with 180 mm/ min & 200 mm/ min. welding speed,
exhibit good corrosion resistance with compared to weld overlay developed at 160 mm/ min.
welding speed, but the values of corrosion rate are well within the acceptable limit, (ii)
corrosion rate decreases with increasing the welding speed from 160 mm/ min to 200 mm/
min.

4.2.5.2.,5 Effect of Welding Speed on corrosion behaviour interface of 309 LNb cladded
weld overlay in 0.1 N HC1 Solution

Fig. 4.67 . Potentiodynamic scans of interface of 309L Nb cladded weld overlays at
different welding speed in 0.1N HC1 solution

Table No- 4.63: Electrochemical Parameters of Potentio-dynamic studies interface of
309 LNb cladded weld overlay in 0.1N HC1 Solution

ICorr (PA) Ec..rr(m\V) Corrosion Rate

Sr. No Samples
(mpy)
| IF 309L Nb 160 WS 69.6 -518 26.15
2 IF 309L Nb 180 WS 50.60 513 1901
3 IF 309L Nb 200 WS 49.30 -521 17.70

Fig. 4.67 shows the results of Potentiodynamic studies on interface of 309 LNb cladded
weld overlays in O.IN HCI solution. By comparing corrosion behavior of interface of
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309L Nb cladded weld overlays at different welding speed in O.IN HC1 solution it shows
that (i) interface of all weld overlays does not show any passivation behavior during
several potential scan cycles (ii) weld overlay developed at 200 mm / min. welding speed
has best corrosion resistance compared to weld overlay developed at the 160 & 180 mm /
min. welding speed, (iii) weld overlay developed at 160 & 180 mm / min. welding speed
exhibit similar kind of corrosion rate.

4.2.53 Effect of welding speed on General Corrosion susceptibility of weld

overlays in 0.1 N H2S04 solution

4.25.3.1 Effect of Welding Speed on corrosion behaviour of Base metal in 0.1 N
H2S04 Solution:

Fig. 4.68 : Potentiodynaniic scans of Base Metal at different WS in 0.IN H2SO4
solution

Table No-4.64: Electrochemical Parameters of Potentiodynaniic studies on Base
Metal in 0.1N H2504 solution

Sr. No Samples ICorr Ecorr(mV) Corrosion Rate
(mpy)
! ESSC-Base Metal 160WS 295.0 -551.0 539.2
2 ESSC-Base Metal ISO WS 247.0 -554.0 451.7
3 ESSC-Base Metal 200 WS 349.0 -547.0 637.1
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Fig. 4.68 shows the results of Potentiodynamic studies on base metal of different weld
overlays in O.IN H2SO4 solution.By comparing corrosion behavior of base metal which
were overlaid at different welding speed in 0.1N H2SO4 solution, it shows that (i) base
metal of weld overlay developed at 180 mm / min. welding speed has best corrosion
resistance compare to weld overlay developed at the 160 & 200 mm / min. welding speed
(iii) corrosion resistance of weld overlay  developed at 160 & 200 mm / min. welding

speed were similar[85].

4.2.5J.2 Effect of Welding Speed on corrosion behaviour of 309 L cladded weld
overlay in N H2SO4 Solution

Fig. 4.69 . Potentiodynamic scans of 309L cladded weld overlays at different welding
speed in 0.1N H2SO4 solution
Table No- 4.65 : Electrochemical Parameters of Potentio-dynaniic studies of 309 L

cladded weld overlay in 0.1N HNOjSolution

Corrosion Rate

Sr. No Samples icorr <pA Ecorr(mV
i A ™) mpy)
! ESSC-309L Clad 160 WS 85.80 -462 156.8
2 ESSC 309L Clad 180 WS 56.10 -493 1025

3 ESSC-309L Clad 200 WS 97.30 -489 1779
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Fig. 4.69 shows the results of Potentiodynamic studies 309L cladded weld overlays
which were developed at different welding speed in 0.1 N H2S04 solution. By comparing
corrosion behavior of 309L cladded weld overlays at different welding speed in 0.1N
H2S04 solution, it shows that (i) all weld overlays exhibit passive behavior (ii) weld
overlay developed at 180 mm / min. welding speed has best corrosion resistance
compared to weld overlay developed at the 160 & 200 mm / min. welding speed (iii)
weld overlay developed at 160 & 200 mm / min. welding speed has similar corrosion
behavior [85],

4.2.5.3.3 Effect of Welding Speed on corrosion behaviour interface of 309 L cladded
weld overlay in N H2SO4 Solution

Potentiodynamics scans
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IMAV
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CURVE (ESSC 3091 IF 160 WS 0.1 N H2504) ¢ CURVE (ESSC 3091 IF 180 WS 0.1 NH2504) ¢ CURVE (ESSC 309UF 200 WS 0.1 N H2504)

Fig. 4.70 . Potentiodynamic scans of interface of 309L cladded weld overlays at
different welding speed in 0.1N H2SO0a solution

Table No- 4.66: Electrochemical Parameters of Potentio-dynamic studies interface of
309 L cladded weld overlay in 0.IN H2SO4 Solution

Corrosion Rate

i E \%
Sr. No Amples ic,.rr (PA) corr(mV) (mpy)
1 ESSC- 309L IF 160WS 240.0 -522.0 439.6
F.SSC- 309L IF 180 WS 1740 5290 118 9

3 ESSC-309L IF 200 WS 155.4 -478.0 284.0



CHAPTER - 4 RESULTS & DISCUSSION

Fig. 4.70 shows the results of Potentiodynamic studies interface region of 309L cladded
weld overlays which were developed at different welding speed in 0.1N H2SO4 solution.
By comparing corrosion behavior of interface region of 309L cladded weld overlays at
different developed welding speed in O.IN H2SO4 solution shows that (i) only interface
region of weld overlay developed at 180 mm / min welding speed exhibit passive behavior
while other two interface region does not exhibit any passivity (ii) interface region of
weld overlay developed at 180 mm / min. welding speed has best corrosion resistance
compared to weld overlay developed at the 160 & 200 mm / min. welding speed (iii) weld
overlay developed at 180 & 200 mm / min. welding speed has similar corrosion behavior.

4.2.5.3.4 Effect of Welding Speed on corrosion behaviour of 309 L Nb cladded weld
overlay in 0.1N H2SO. solution

Fig. 4.71: Potentiodynamic scans of 309L Nb cladded weld overlays at different
welding speed in o.2N H2S0. solution

Table No-4.67: Electrochemical Parameters of Potentiodynamic studies of 309 LNb
cladded weld overlays in 0.IN H2SO4Solution

Sr. No Samples icorr (PA)  Ecorr (MV) Corrosion Rate

(mpy)
! ESSC-309L Nb Clad 160 WS 72.60 -452 132.6
2 ESSC 3091 Nb Clad 180 WS 5140 451 9 64
3 ESSC-309L Nb Clad 200 Ws 2% 454 9640

{1}
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Fig. 4.71 shows the results of Potentiodynamic studies 309L Nb cladded weld overlays
which were developed at different welding speed in 0.1N FFSO4 solution. By comparing
corrosion behavior of 309L Nb cladded weld overlays at different welding speed in O.IN
H2S04 solution it shows that (i) all weld overlays exhibit passive behavior (ii) weld
overlay developed at 180 mm /min. welding speed has best corrosion resistance compare
to weld overlay developed at the 160 & 200 mm / min. welding speed iii) corrosion

resistance of weld overlay developed at all welding speed exhibit similar in nature [85],

4.25.3.5 Effect of Welding Speed on corrosion behaviour interface of 309 LNb
cladded weld overlay in 0.1 N H2S04 Solution

Fig. 4.72: Potentiodynamic scans of interface of 309L Nb cladded weld overlays at
different welding speed in 0.1N H2S04 solution

Table No- 4.68: Electrochemical Parameters of Potentio-dynamic studies interface of
309 L Nb cladded weld overlay in 0.1N H2SO4 Solution

Sr. ) Corrosion Rate
No Samples icorr (PA)  Ecorr (MV) (Mpy)

! ESSC-309L Nb IF 160 WS 66.40 -452.0 122.8

2 ESSC-309L, Nb IF 180 WS 61 0 -531.0 1131

3 ESSC-309L Nb IF 200 WS 75.2 -541.0 1374
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Fig. 4.72 shows the results of Potentiodynamic studies interface region of 309L Nb
cladded weld overlays which were developed at different welding speed in 0.1N H2SO4
solution. By comparing corrosion behavior of interface region of 309L Nb cladded weld
overlays at different developed welding speed in 0.IN H2SOs solution shows that (i)
interface region of weld overlay developed at160 & 180 mm / min welding speed exhibit
passive behavior while at interface region of weld overlay developed at 200 mm / min
welding speed does not exhibit passive behaviour (ii) interface region of weld overlay
developed at 180 mm / min. welding speed has best corrosion resistance compared to
weld overlay developed at the 160 & 200 mm / min. welding speed.

4.2.5.4 Effect of welding speed on General Corrosion susceptibility of
weld overlays in 3.5 % NaCl Solution:

4.25.4.1 Effect of welding speed on General Corrosion susceptibility of weld
overlays in 3.5 % NaCl Solution:

Fig. 4.73: Potentiodynamic scans of Base Metal at different WS in 3.5 % NacCl solution

Table No-4.69: Electrochemical Parameters of Potentiodynamic studies on Base Metal
in 3.5 % NaCl solution

Sr. No

1

2

3

Samples ~Corr Ecorr (mV) Corrosion Rate
(mpy)
ESSC-Base Metal 160 Ws o714 -668 289.6
ESSC-Base Metal 1SO WS 148 584 2723
ESSC-Base Metal 200 WS 176.1 -699 324.1
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Fig. 4.73 shows the results of Potentiodynamic studies on Base Metal in 3. 5 % NacCl
solution. Base metal does not show any passivation behavior even after several potential
scan cycles. By comparing corrosion behavior of Base Metal at different welding speed, it
exhibit similar kind of corrosion resistance at all welding speed but base metal of weld overlay
developed at 180 mm / min. exhibit good corrosion resistance then that of 160 mm/ min. & 200

mm/ min welding speed [86].

4.2.5.4.2 Effect of Welding Speed on corrosion behaviour of 309 L cladded weld

overlay in 3.5 % NaCl Solution

Fig. 4.74 . Potentiodynamic scans of 309L cladded weld overlays at different welding
speed in 3.5 % NaCl solution

Table No- 4.70 : Electrochemical Parameters of Potentio-dynamic studies of 309 L
cladded weld overlay in 3.5 % NaCl Solution

Corrosion Rate
Sr. No Samples Icorr (M-A) Ecorr(mV)

(mpy)

ESSC-309L Clad 160 WS 102.2 -676 186.8

2 ESSC-309L Clad 180 WS 73.61 w709 132.5
12161 651 222.7

K ESSC-309L Clad 200 WS
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Fig. 4.74 shows the results of Potentiodynamic studies 309L cladded weld overlays
which were developed at different welding speed in 3.5 % NaCl solution. By comparing
corrosion behavior of 309L cladded weld overlays at different welding speed in 3.5 %
NaCl solution, it shows that (i) all weld overlays do not exhibit passive behavior (ii) weld
overlay developed at 160 mm / min. welding speed has best corrosion resistance
compared to weld overlay developed at the 180 & 200 mm / min. welding speed [86],
4.2.5.4J Effect of Welding Speed on corrosion behaviour interface of 309 L cladded
weld overlay in 3.5 % NaCl Solution

Potentiodynamics scans
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Fig. 4.75: Potentiodynamic scans of interface of 309L cladded weld overlays at
different welding speed in 3.5 % NaCl solution
Table No- 4.71: Electrochemical Parameters of Potentio-dynamic studies interface of

309 E cladded weld overlay in 3.5 % NaCl Solution

Corrosion Rate

Sr. No Samples icorr CflA Et'orr (mV
p ) (mV) (mpy)
! ESSC-309L IF 160WS 122.2 -639 224.9
2 ESSC- 3091, IF 1X0 WS 94.9 660 174.7

3 ESSC- 3091. IF 200 WS 134.07 -663 246.7
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Fig. 4.75 shows the results of Potentiodynamic studies interface region of 309L cladded
weld overlays which were developed at different welding speed in 3.5 % NaCl solution.
By comparing corrosion behavior of interface region of 309L cladded weld overlays at
different welding speed in 3.5 % NaCl solution, it shows that (i) all weld overlays does
not exhibit passive behavior (ii) weld overlay developed at 160 mm / min. welding speed
has best corrosion resistance compared to weld overlay developed at the 180 & 200 mm /
min. welding speed.

4.2.5.4.4 Effect of Welding Speed on corrosion behaviour of 309 E Nb cladded weld
overlay in 3.5 % NaCl solution

Fig. 4.76: Potentiodynamic scans of 309L Nb cladded weld overlays at different
welding speed in 3.5 % NaCl solution

Table No-4.72 : Electrochemical Parameters of Potentiodynamic studies of 309 LNb
cladded weld overlays in 3.5 % NaCl Solution

Sr. No Samples ®Carr (IA)  Ecorr (mV) Corrosion Rate

(mpy)
ESSC-309L Nb Clad 160WS 82.70 -640 152.2
2 ESSC-309L Nb Clad 180 WS 740 )6 104 9

ESSC-309L Nb Clad 200 WS 105.7 -623 194.6
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Fig. 4.76 shows the results of Potentiodynamic studies 309L Nb cladded weld overlays
which were developed at different welding speed in 3.5 % NaCl solution. By comparing
corrosion behavior of 309L Nb cladded weld overlays at different welding speed in 3.5 %
NaCl solution, it shows that (i) all weld overlays does not exhibit passive behavior (ii)
weld overlay developed at 200 mm / min. welding speed has best corrosion resistance
compared to weld overlay developed at the 160 & 180 mm / min. welding speed (iii)
corrosion rate is decreases with increasing the welding speed from 160 mm/ min to 200
mm/ min [86].

4.2 5A5 Effect of Welding Speed on corrosion behaviour interface of 309 LNb
cladded weld overlay in 3.5 % NaCl Solution

Fig. 4.77: Potentiodynamic scans of interface of 309L Nb cladded weld overlays at
different welding speed in 3.5 % NaCl solution

Table No- 4.73: Electrochemical Parameters of Potentio-dynamic studies interface of
309 L Nb cladded weld overlay in 3.5 % NaCl Solution

Sr. Ssamples feorr (M'A) Ecorr(mV) Corros.lon Rate
No (nipy)

1 ESSC-309L Nb IF 160 WS 107.0 -688 195.1

2 ESSC 309L Nb If 180 WS 86.00 -681 157 3

3 ESSC-309L Nb IF 200 WS 115.0 -692 2117

Fig. 4.77 shows the results of Potentiodynamic studies interface region of 309L Nb
cladded weld overlays which were developed at different welding speed in 3.5 % NaCl
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solution. By comparing corrosion behavior of interface region of 309L Nb cladded weld
overlays at different welding speed in 3.5 % NaCl solution, it shows that (i) all weld
overlays does not exhibit passive behavior (ii) weld overlay developed at 200 mm / min.
welding speed has best corrosion resistance compare to weld overlay developed at the
160 & 180 mm / min. welding speed (iii) corrosion rate is decreases with increasing the
welding speed from 160 mm/ min to 200 mm/ min.

RESULTS & DISCUSSION

4.2.6 Effect of welding speed on pitting Corrosion susceptibility of the

weld overlays

4.2.6.1 Effect of Welding Speed on Pitting corrosion behaviour of Base metal of

cladded weld overlay in 6% FeCL Solution

Fig. 4.78 . Cyclic polarization scans of base metal at different welding speed in

6% FeCh Solution

Table-4.74: Electrochemical Parameters of cyclic polarization Scan in 6%

FeClj Solution

Sr. samoles Icorr\
No P (PA)
| ESSC-BM 160 WS 1420

ESSC-BM 180 WS 886
3 ESSC-BM 200 WS 1790

Fig. 4.78 show the Cyclic polarization scans of base metal at different welding speed in

6% FeCU Solution. By comparing corrosion behavior of base metal, it shows that all

Ecorr
(mV)

-481

479
-505

Erp
(mV)

-488.0

-529.6
-502.5

Corrosion
Rate (mpy)

2127

1330
2687
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scans exhibit positive hysteresis which indicates that the reverse scan current density is
greater than that for the forward scan. Here Emp < Ecorr for 160,180 & 200 mm / minute
welding speeds which implies that pitting will occur and damaged passive film will not
repaired .The results is increase in pitting corrosion susceptibility[87],

4.2.6.2 Effect of Welding Speed on Pitting corrosion behaviours of 309 L cladded weld

overlays in 6% FeCL Solution

Fig. 4.79 : cyclic polarization scans of 309L cladded weld overlays at different
welding speed in 6% FeCl.i Solution

Table-4.75: Electrochemical Parameters of cyclic polarization Scan of 309L cladded
weld overlays in 6% FeClj Solution

Sr. Icorr\ Ecorr Erp Corrosion
Samples
No (pA) (mV) (mV) Rate (mpy)
I ESSC -309L Clad 160 WS 309.0 -13.00 -195.3 463.0
2 ESSC- 3091 Clad ISO WS 1350 -291 00 -350.4 203.2
3 ESSC-309L Clad 200 WS 264.0 -70.80 -136.2 395.5

Fig. 4.79 show the Cyclic polarization scans of 309L cladded weld overlays at different
welding speed in 6% FeCU Solution. By comparing corrosion behavior of cladded

region, it shows that all scans exhibit positive hysteresis which indicates that the reverse
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scan current density which is greater than that for the forward scan. Here Erp < Ecorr for
160,180 & for 200 mm / minute welding speeds which implies that pitting will occur
and damage passive film will not repaired that results in increase in pitting corrosion

susceptibility [87],

4.2.6.3 Effect of Welding Speed on Pitting corrosion behaviours of 309 L Nb cladded

weld overlays in 6% FeCL Solution

Fig. 4.80 : cyclic polarization scans of 309LNb Cladded weld overlays at different
welding speed in 6% FeCfi Solution

Table-4.76: Electrochemical Parameters of cyclic polarization Scan in 6% FeCE
Solution

r. nCorr Ecorr Corrosion
o Samples HA)  (mV) (rEnr\F/)) Rate Zifo’y)
| ESSC-309LNb Clad 160 WS 1840  -3880 -4786 2759
ESSC 3091 NbClad 180 WS 4710  -2220 1928 7062
3 ESSC-309F Nb Clad 200 WS 1030  -1530 -1673 1550

Fig. 4.80 show the Cyclic polarization scans of 309L Nb cladded weld overlays at
different welding speed in 6% FeCE Solution. By comparing corrosion behavior of
cladded region, it shows that cladded region of 180 mm / min welding speed exhibit
negative hysteresis which indicates that the reverse scan current density is less than that

for the forward scan while cladded region developed with 160 & 200 mm / min welding
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speeds exhibit positive hysteresis which indicates that the reverse scan current density is
greater than that for the forward scan. Here Erp < Ecor for 160 & 200 mm / minute
welding speeds which implies that pitting will occur and damage passive film will not
repaired that results in increase in pitting corrosion susceptibility while Erp > Ecorr for
180 mm / minute welding speed which indicate that the pitting will occur but damage
passive film will get repaired & protecting further pitting corrosion susceptibility[87],
4.2.6.4 Effect of Welding Speed on Pitting corrosion behaviours of Interface 309 L
cladded weld overlays in 6% FeCL Solution

Fig. 4.81 : cyclic polarization scans of Interface 309L cladded weld overlays at
different welding speed in 6% FeClj Solution

Table-4.77 : Electrochemical Parameters of cyclic polarization Scan in 6% FeClj
Solution

Sr. le<>rn Ecorr Er Corrosion
No Samples (NiA) (mV) (m\e) Rate (mpy)
1 ESSC-309L IF 160 WS 489.0 -434.0 -470.03 893.0
2 ESSC-3091 IF 180 WS 434.0 -433.0 -488.68 793.1
3  FSSC- 309F IF 200 WS 267.0 -461.0 -498.6 488.6

Fig. 4.81 shows the Cyclic polarization scans interface region of 309L cladded weld
overlays at different welding speed in 6% FeCli Solution. By comparing corrosion
behavior of interface region, it shows that cladded region of at all welding speeds
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exhibit positive hysteresis which indicates that the reverse scan current density is
greater than that for the forward scan. Here Em < Econ for all welding speeds which

implies that pitting will occur and damage passive film will not repaired that results in
increase in pitting corrosion susceptibility.

4.2.6.5 Effect of Welding Speed on Fitting corrosion behaviours of interface 309 L

Nb cladded weld overlays in 6% Fed.? Solution

Fig. 4.82 . cyclic polarization scans of interface 309LNb Cladded weld overlays at
different welding speed in 6% FeCl? Solution

Table-4.78: Electrochemical Parameters of cyclic polarization Scan in 6% FeCl.?
Solution

s Samples @com - Ecorr Erp Corrosion Rate
No GN - my) (V) (mpy)

! ESSC-309L Nb IF 160 Ws 5920 -465.0 -480.0 352.0

{  KSSC-3091 NbIK Isows 3050 4450 463.3 305.0

3 KSSC-3091. Nb It 200 VWS 460.0  -427.0 -451.6 460.0

Fig. 4.82 shows the Cyclic polarization scans interface region of 309L Nb cladded
weld overlays at different welding speed in 6% FeCI? Solution. By comparing corrosion

behavior of interface region, it shows that cladded region of at all welding speeds
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exhibit positive hysteresis which indicates that the reverse scan current density is
greater than that for the forward scan. Here EPj, < Ecorr for all welding speeds which
implies that pitting will occur and damaged passive film will get not repaired that

results in increase in pitting corrosion susceptibility.

4.2.7 Effect of welding speed on Degree of sensitization of the weld
overlays

4.2.7.1 Effect of Welding Speed on corrosion behaviour of cladded region of 309 L
Cladded weld overlay in 0.1 H2S04 + 0.01 M NaCl Solution

Fig. 4.83 EPR scans of 309L cladded weld overlays at different welding speed in
0.1 H2S04 + 0.01 M NaCl Solution

Table-4.79 . Peak Current density of EPR scans ofcladded region of 309L
cladded weld overlays at as welded condition

ilr' Samples Peak Current density (A/cm3)
(0]

! ESSC-EPR309L Clad 160 WS 2.72 x 107

2 ESSC-EPR 309E C lad 180WS 116 x 10 2

3 ESSC-EPR 309E Clad 200 WS 1.86 x 10 2
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Fig. 4.83 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309L cladded weld overlay which were
developed at different welding speed. EPR test was conducted under de-aerated
condition at room temperature in 0.1 FFSOj + 0.01 M NaCl solution to assess the degree
of sensitization (DOS) in terms of peak current density. Results indicate that degree of
sensitization get decreased with increasing the welding speed from 160 to 180 mm /min
welding speed then after it get increased at 200 mm / min welding speed but it was less

than that of 160 mm/min welding speed.
4.2.7.2 Effect of Welding Speed on corrosion behaviour of interface region of 309 L Cladded

weld overlay in 0.1 H2S04 + 0.01 M NaCl Solution

Fig. 4.84 EPR scans of interface of 3091. cladded weld overlays at different
welding speed in 0.1 H2SO4+ 0.01 M NacCl Solution

Table-4.80: Peak Current density of EPR scans of interfce region of 309L cladded
weld overlays at as welded condition

Sr. No Samples Peak Current density (A/cnr")
1 ESSC -EPR 309L IF 160 WS 3.86 x 102
2 ESSC-EPR 309L IF 180 WS 271 x 102

3 ESSC-EPR 309E IF 200 WS 9.16 x 10 2
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Fig. 4.84 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of interface of 309L cladded weld overlay which were developed
at different welding speed. EPR test was conducted under de-aerated condition at room
temperature in 0.1 H2SO4 + 0.01 M NaCl solution to assess the degree of sensitization
(DOS) in terms of peak current density. Results indicate that sensitization was decrease
with increasing the welding speed from 160 to 180 mm /min welding speed then after it
gets increased at 200 mm / min welding speed but it was less than that of 160 mm/min
welding speed.

4.2.7.3 Effect of Welding Speed on corrosion behaviour of cladded region of 309 L Nb
Cladded weld overlay in 0.1 H2S04 + 0.01 IVl NaCl Solution

Fig. 4.85 EPR scans of 309LNb cladded weld overlays at different welding speed in
0.1 H2SO4 + 0.01 M NaCl Solution

Table-4.81 : Peak Current density of EPR scans ofcladded region of 309E Nb
cladded weld overlays at as welded condition

Sr. No Samples Peak Current density (A/cm3)
! ESSC -EPR 309L Nb Clad 160 VVS 152\ 102
2 ESSC -EPR 309E Nb < lad 180 WS 1.04 x 10 2

3 ESSC-EPR 3091, Nb ( lad 200 U S 122x10 2
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Fig. 4.85 shows the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309L Nb cladded weld overlay which were
developed at different welding speed. EPR test was conducted under de-aerated condition
at room temperature in 0.1 H2S04 + 0.01 M NaCl solution to assess the degree of
sensitization (DOS) in terms of peak current density. Results indicate that sensitization
was decreased with increasing the welding speed from 160 to 180 mm /min welding
speed then after it get increased at 200 mm / min welding speed but it was less than that

of 160 mm/min welding speed.

4.2.7.4 Effect of Welding Speed on corrosion behaviour of interface region of 309 L Nb
Cladded weld overlay in 0.1 H2S04 + 0.01 VI NaCl Solution

Fig. 486 EPR scans of interface of 309LNb cladded weld overlays at different
welding speed in 0.1 H-SO. + 0.01 M NaCl Solution

Table-4.82 : Peak Current density of EPR scans of interfce region of 309L Nb
cladded weld overlays at as welded condition

Sr. No Samples Peak Current density (A/cm3)
1 ESSC -EPR 309L Nb IF 160 WS 3.91 x 102
2 ESSC-EPR 3091 Nb IF 180 WS 181 x 10 2

3 ESSC-EPR 309E Nb IF 200 WS 6.55 x 10
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Fig. 4.86 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of interface of 309LNb cladded weld overlay which were
developed at different welding speed. EPR test was conducted under de-aerated
condition at room temperature in 0.1 H,SO4 + 0.01 M NaCl solution to assess the degree
of sensitization (DOS) in terms of peak current density. Results indicate that sensitization
was decreased with increasing the welding speed from 160 to 180 mm /min welding

speed then after it get increased at 200 mm / min welding speed but it was less than that
of 160 mm/min welding speed.
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4.3 Result of Niobium Addition
on Micro-structural changes,
ferrite content, Micro-hardness

and Corrosion behaviour of

Weld Overlays
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4.3.1 Effect of Niobium addition on Microstructure changes of the weld

overlays

4.3.1.1 Effect of Niobium addition on Microstructure changes at cladded region:

Fig. 4.87 (a) Cladded region of 309 L Clad  Fig. 4.87 (b) Cladded region of 309 L Nb
160 WS Clad 160 WS

*x / f €bNs / '/ {I

Fig. 4.88 (a) Cladded region of 309 L Fig. 4.88 (b) Cladded region of309 L Nb
Fig. 4.89 (a) Cladded region of 309 L Fig. 4.89 (b) Cladded region of309 L Nb
Clad 200 WS Clad 200 WS

The microstructure of the cladded region of weld overlay developed with 309L &
309L Nb at different welding speed is shown in Fig. 4.87(a) to 4.89 (a) & Fig. 4.87 (b)
to 4.89 (b) respectively in as welded condition. The Aquaregia etchant used reveals
predominantly the ferrite distribution in the austenite matrix. In bulk cladding, the
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modes of solidification were primary ferritic in both 309 L & 309 Nb types weld
overlays at all welding speeds. It shows at the end of primary ferrite solidification, a
peritectic-eutectic reaction results in the formation of austenite along the ferrite
cell & dendrite boundaries which is also known as skeletal or vermicular ferrite
[88]. There were no any micro-structural changes observed but in case of 309 L Nb
cladded weld overlay ,little bit higher amount of ferrite as compared to 309L cladded
weld overlay as Nb is strong ferrite forming elements.

4.3.1.2 Effect of Alloying Elements on Microstructure changes at interface region:

e S : ke M

Fig.4.90 (a) Interface region of 309 1.  Fig. 4.90 (b) Interface region of 309 L. Nb
Clad 160 WS Clad 160 W

E

SN

- Sy LR TR ‘o

Fig. 4.91 (a) Interface region of 309 Fig.4..91(b) Interface region of 309 L Nb
Clad 180 WS Clad 180 WS

Forg P

'47;*." oA Lo - AT L e A s TR N
Fig.4.92(a) Interface region of 309 L  Fig.4.92(b) Interface region of 309 L. Nb
Clad 200 WS Clad 200 WS
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The microstructure of the interface region of weld overlay developed with 309L &
309L Nb at different welding speed is shown in Fig, 4.90(a) to 4.92 (a) & Fig. 4,90 (b) to
4.92 (b) respectively in as welded condition. At interface region there were significant
composition gradients produced due to a combination of dilution and other factors which
have a profound effect on the micro-structural development. The dilution level in the bulk
weld metal under ESSC conditions is known to be not more than about 8 to 10% ,but
at interface the degree of dilution will be much higher which result in the
formation of a stagnant fluid layer in the weld pool adjacent to the base metal. The
transition from the low alloy content (Cr, Mo) in the base metal to the high alloy content
(Cr, Ni, Nb) in the bulk weld metal occurs in this transition zone. The layer originally
had the same composition as the base metal, but develops higher chromium and nickel
contents as a result of diffusion from the cladding due to the concentration gradients [89].
The stagnation layer has also been called the unmixed zone. It may be seen from Table -
4,39 that Cr contents over 9.06 % and Ni contents around 9.35 % could develop in the
transition zone during cladding The composition in the layer is such that during
cooling following overlaying this region transforms to martensite. There were no any
micro-structural changes observed but in case of 309 L Nb cladded weld overlay ,little bit
higher amount of ferrite as compared to 309L cladded weld overlay as Nb is strong ferrite

forming elements.

4.3.2 Effect of Noibium additions on Ferrite Content of weld overlay
Table- 4,83 : Effect of Nb addition on the amount of ferrite content

160 54 5.5
180 37 | 46
200 33 43

Table-4.83 shows the effect of Nb addition on the amount of ferrite content in clad
region of 309 L & 309L Nb cladded weld overlays. It reveals that 309L Nb cladded weld
overlay exhibit higher amount of ferrite than309 L cladded weld overlay at all welding
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speed because Nb is strong ferrite former element.

4.3.3 Effect of Alloying Elements on Hardness Value weld overlays
Table- 4.84 : Effect of Nb addition on the Micro hardness value

160 T 222
180 760 735
200 771 254

Table-4.84 shows the effect of Nb addition on the hardness value in clad region of 309 L
& 309L Nb cladded weld overlays. It reveals that 309L Nb cladded weld overlay exhibit
lower value of hardness than309 L cladded weld overlay at all welding speed because Nb

is strong ferrite former element which lead to increase in the amount of ferrite content,
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4.3.4 Effect of Niobium addition on Corrosion Behaviour of weld

Overlays
4.3.4.1 Effect of Niobium addition on General Corrosion susceptibility:

4.3.4.1.1 Effect of Niobium addition ccorrosion behaviour of 309 L and 309 L Nb
cladded weld overlays in 0.1 N HHO.i Solution

4.3.4.1.1.1 Comparison of Corrosion behaviour of cladded region of 309 E &
309 L Nb cladded weld overlay develop with 160 mm / min. welding
speed in 0.1 N HHO.i Solution

Fig.4.93 Potentiodynamic scans of cladded region of 309 L & 309 L Nb cladded weld
overlay develop with 160 mm / min. welding speed in 0.1 N HHO.,Solution

Table-4.85 : Electrochemical Parameters of Potentiodynamic scans of cladded region of
309 L & 309 L Nb cladded weld overlay develop with 160 mm / min. welding speed in
0.1 N HHO., Solution

Corrosion Rate

Sr. No Samples icorr (M) Ecorr(mV)
(mpy)
! Clad 309L 160 WS 74.2 -374.0 1355
2 Clad 3091 Nb 160 WS 80.60 -424.0 1473

Fig. 4.93 shows the results of potentiodynamic scans of cladded region of 309 L & 3091
Nb cladded weld overlay developed with 160 mm / min. welding speed in 0.1 N HHO3

solutions. By comparing corrosion behaviour of both weld overlays at cladded region, it
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shows that (i) all samples exhibit active potentials in given environment,(ii) 309 L

cladded weld overlay passivited much earlier than 309 L Nb cladded weld overlay

due to which it has good corrosion resistance as compared to 309 L Nb cladded weld

overlay

4.3.4.1.1.2 Comparison of Corrosion behaviour of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 180 mm / min. welding speed 0.1
N HHO., Solution

Fig. 4.94 Potentiodynaniic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 180 mm / min. welding speed in 0.1 N HHO.fSolution

Table- 4.86 : Electrochemical Parameters of Potentiodynamic scans of cladded
region of 309 L & 309 L Nb cladded weld overlay develop with 180 mm / min.
welding speed in 0.1 N HHO” Solution

Sr. No Samples ICorr (pA) Ecorr(mV) Corrosion Rate
(mpy)
! Clad 309L 180wWs 48.5 -440 .0 18.24
dad 3091 Nb I80WS 52.90 354.0 96.62

Fig. 4.94 shows the results of potentiodynamic scans of cladded region of 309 L &

309L Nb cladded weld overlay develop with 180 mm / min. welding speed in 0.1 N
HHCf? solutions. By comparing corrosion behavior of both weld overlays at cladded
region, it shows that (i) all sample exhibit active potentials in given environment,(ii)

309 L cladded weld overlay exhibit passivation behaviour due to which it has good
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corrosion resistance as compared to 309 L Nb cladded weld overlay (iii) 309 L Nb

cladded weld overlay does not exhibit any passivation behaviour due to which it has

lower corrosion resistance as compared to 309 L cladded weld overlay.

4.3.4.1.1.3 Comparison of Corrosion behaviour of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 200 mm / min. welding speed

0.1 N HHO;, Solution

Fig. 4.95 Potentiodynamic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 200 mm / min. welding speed in 0.1 N HHOjSolution

Table-4.87 : Electrochemical Parameters of Potentiodynamic scans of cladded
region of 309 L & 309 L Nh cladded weld overlay develop with 200 mm / min.
welding speed in 0.1 N HHO? Solution

Sr ICorr Etorr
Samples Corrosion Rate (mpy)
No (PA) (mV)
1 Clad 309L 200 WS 35.7 -402.0 13.41
Clad 3091. Nb 200 WS 49.70 -359.0 90.80

Fig. 4.95 shows the results of potentiodynamic scans of cladded region of 309 L & 309L
Nb cladded weld overlay develop with 200 mm / min. welding speed in 0.1 N HFIOs
solutions. By comparing corrosion behavior of both weld overlays at cladded region, it
shows that (i) all sample exhibit active potentials in given environment,(ii) 309 L cladded
weld overlay exhibit passivation behaviour due to which it has good corrosion

resistance as compare to 309 L Nb cladded weld overlay (iii) 309 L Nb cladded weld
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overlay does not exhibit any passivation behaviour due to which it has lower corrosion

resistance as compare to 309 L cladded weld overlay.

4.3.4.1.1.4 Comparison of Corrosion behaviour of Interface region of 309 L & 309
L Nb cladded weld overlay develop with 160 mm / min. welding speed
0.1 N HHOj Solution

Fig. 4.96 Potentiodynamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 160 mm / min. welding speed in 0.1 N HHOjSolution

Table-4.88 . Electrochemical Parameters of Potentiodynamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 160 mm / min.
weldingspeed in 0.1 N HHOiSolution

_ Ecorr Corrosion
Sr. No Samples icorr (M-A)
(mV) Rate (mpy)
| ESSC Clad 309L - IF 160 WS 106.0 -428 181.7
2 ESSC Clad 309LNb IF 160 ws 9620 -458 2116

Fig. 4.96 shows the results of potentiodynamic scans of interface region of 309 L anc
3091 Nb cladded weld overlay develop with 160 mm / min. welding speed in 0.1 N HHO3
solutions. By comparing corrosion behavior of both weld overlays at interface region, it
shows that (i) all sample exhibit active potentials in given environment,(ii) interface
region of 309 L cladded weld overlay has good corrosion resistance as compared to

interface region 309 L Nb cladded weld overlay .
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4.3.4.1.1.5 Comparison of Corrosion behaviour of Interface region of 309 L & 309
L Nb cladded weld overlay develop with 180 mm / min. welding speed 0.1
N HHOj Solution

Fig. 4.97 Potentiodvnamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 180 mm / min. welding speed in 0.1 N HHO”Solution

Table-3.89 : Electrochemical Parameters of Potentiodynamic scans of Interface region
of 309 L & 309 L Nb cladded weld overlay develop with 180 mm / min. welding speed
in 0.1 N HHOz Solution

icorr Ecorr Corrosion Rate
Sr. No Samples
(PA) (mV) (mpy)
! ESSC Clad 309L - IF 180 WS 61.0 -383 45.31
2 FSSC Clad 3091 Nb IF 180 ws 1240 -386 163.6

Fig. 4.97 shows the results of potentiodynamic scans of interface region of 309 L and
309L Nb cladded weld overlay developed with 180 mm / min. welding speed in 0.1 N
HHO3 solutions. By comparing corrosion behavior of both weld overlays at interface
region, it shows that (i) all samples exhibit active potentials in given environment,(ii)
interface region of 309 L cladded weld overlay exhibit passivation behaviour due to
which it has good corrosion resistance as compared to interface region 309 L Nb cladded

weld overlay .

{212 h
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4.3.4.1.1.6 Comparison of Corrosion behaviour of Interface region of 309 L & 309
L Nb cladded weld overlay develop with 200 mm / min. welding speed
0.1 N HHO., Solution

Fig. 4.98 Potentiodvnamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 200 mm / min. welding speed in 0.1 N HHO.,Solution

Table-4.90 : Electrochemical Parameters of Potentiodvnamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 200 mm / min.
welding speed in 0.1 N HHO., Solution

ICorr Ecorr corrosion
Sr. No Samples
(PA) (mV) Rate (mpy)
! ESSC Clad 309L - IF 200 WS 70.6 -423 128.1
90.3 -406 166.7

2 ESSC Clad 309E Nb IF 200 WS

Fig. 4.98 shows the results of potentiodynamic scans of interface region of 309 L and
309L Nb cladded weld overlay developed with 200 mm / min. welding speed in 0.l N
HHO, solutions. By comparing corrosion behavior of both weld overlays at interface
region, it shows that (i) all samples exhibit active potentials in given environment,(ii)

interface region of 309 L cladded weld overlay exhibit passivation behaviour due to
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which it has good corrosion resistance as compared to interface region 309 L Nb cladded

weld overlay .

Table- 4.91 : Effect of Nb addition on corrosion resistance of weld overlay at clad

as well as at interface clad as well as at interface in 0.1 N HNO; solution

1 | ESSC Clad 160 WS 1355 147.3
2 | ESSC Clad 180 WS 1824 96.62
3 | ESSC Clad 200 WS 1341 90,80
4 | ESSC IF 160 WS 181.7 211.6
5 | ESSC IF 180 WS 4531 163.6
6 | ESSC IF 200 WS 128.1 166.7

By comparing corrosion behavior of both weld overlays developed at different welding
speed at clad as well as interface region in 0.1 N HNO; solution , it shows that 309 L
cladded weld overlay exhibit passivation behaviour due to which it has good corrosion

resistance as compared to 309 I Nb cladded weld overlay in 0.1 N HNO;j solution.
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4.3.4.1.2 Effect of Niobium addition corrosion behaviour of 309 L and 309 L Nb
cladded weld overlay in 0.1 N H2S04 Solution

4.3.4.1.2.1 Comparison of Corrosion behaviour of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 160 mm / min. welding speed 0.1
N H1SOa4 Solution

Fig. 4.99 Potentiodvnamic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 160 mm / min. welding speed in 0.1 N H2SOs4 solution

Table-4.92 Electrochemical Parameters of Potentiodvnamic scans of cladded
region of 309 L & 309 L Nb cladded weld overlay develop with 160 mm / min.
welding speed in 0.1 N H2SO4 Solution

Corrosion Rate

Sr. No Samples fcorr (NA) Ecorr (MV)
(mpy)
! Clad 309L 160WS 85.80 -462 156.8
2 Clad 109L Nb 16() WS 64.00 452 118.2

Fig. 4.99 shows the results of potentiodynamic scans of cladded region of 309 L and
309L Nb cladded weld overlay developed with 160 mm / min. welding speed in 0.1 N
H2S04 solutions. By comparing corrosion behavior of both weld overlays at cladded
region, it shows that (i) all samples exhibit active potentials in given environment,(ii)

309 L Nb cladded weld overlay passivited much earlier than 309 L cladded weld
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overlay and also form secondary passivation firm at latter part of anodic scan due to

which it has good corrosion resistance as compared to 309 L cladded weld overlay.

4.3.4.1.2.2 Comparison of Corrosion behaviour of cladded region of 309 L & 309
L Nb cladded weld overlay develop with 180 mm / min. welding speed
0.1 N H=SO. Solution

Fig. 4.100 Potentiodynamic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 180 mm / min. welding speed in 0.1 N H2s04 solution

Table-4.93 . Electrochemical Parameters of Potentiodynamic scans of cladded
region of 309 L & 309 L Nb cladded weld overlay develop with 180 mm / min.
welding speed in 0.1 N H2s04 Solution

Corrosion Rate

Sr. No Samples "Corr (M-A) Ecorr(mV)
(mpy)
! Clad 309L 180WS 56.10 -493 102.5
2 Clad 3091 Nb 180 WS 5340 451 >1.64

Fig. 4.100 shows the results of potentiodynamic scans of cladded region of 309 L &
309LNb cladded weld overlay developed with 180 mm / min. welding speed in 0.1 N
H2S04 solutions. By comparing corrosion behavior of both weld overlays at cladded
region, it shows that (i) all samples exhibit active potentials in given environment,(ii) 309

L Nb cladded weld overlay passivited much earlier than 309 L cladded weld overlay
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and also form secondary passivation firm at latter part of anodic scan due to which it
has good corrosion resistance as compare to 309 L cladded weld overlay.
4.3.4.1.2.3 Comparison of corrosion behaviour of cladded region of 309 L and
309L Nb cladded weld overlay develop with 200 mm / min. Welding
speed 0.1 N H2SOas Solution

Fig. 4.101 : Potentiodynaniic scans of cladded region of 309 L & 309 L Nb
cladded weld overlay develop with 200 mm / min. welding speed in 0.1 N H2SO4
solution

Table-4.94 . Electrochemical Parameters of Potentiodynaniic scans of cladded
region of 309 L & 309 L Nb cladded weld overlay develop with 200 mm / min.
welding speed in 0.1 N H2SOa4 Solution

Corrosion
Sr. No Samples @corr (fIA) Ecorr (MV)
Rate (mpy)
! Clad 309L 200 WS 97.30 -489 177.9
2 Clad 1091 Nb 200 WS 72.60 454 112.6

Fig. 4.101 shows the results of potentiodynamic scans of cladded region of 309 L & 3091
Nb cladded weld overlay developed with 200 mm / min. welding speed in 0.1 N H2SO4
solutions. By comparing corrosion behavior of both weld overlays at cladded region, it

shows that (i) all samples exhibit active potentials in given environment,(ii) both weld
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overlay exhibit double passivation behaviour,(iii) anodic scan at cladded region of

309 L Nb cladded weld overlay was more smoother than 309 L cladded weld overlay

which indicate that the film form at this region was more uniform in nature due to

which it has good corrosion resistance as compared to cladded region of 309 L cladded

weld overlay.

4.3.4.1.2.4 Comparison of Corrosion behaviour of Interface region of 309 L & 309
L Nb cladded weld overlay develop with 160 mm / min. welding speed
0.1 N H2S04 Solution

Fig. 4.102 : Potentiodynamic scans of Interface region of 309 L & 309 L Nb
cladded weld overlay develop with 160 mm / min. welding speed in 0.1 N H2SO4
solution

Table-4.95 . Electrochemical Parameters of Potentiodynamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 160 mm / min.
welding speed in 0.1 N H2s04 Solution

Sr. sambles =Coir Ecorr Corrosion Rate
N P ®A) (V) (mpy)
! ESSC Clad 309L - IF 160 WS 240.0 -522.0 439.6
2 ESSC < lad 1091 Nb - 1l 160 WS 66.40 452.0 122.8

Fig. 4.102 shows the results of potentiodynamic scans of interface region of 309 L and
309L Nb cladded weld overlay developed with 160 mm / min. welding speed in 0.1 N

H2S04 solutions. By comparing corrosion behavior of both weld overlays at interface
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region, it shows that (i) all samples exhibit active potentials in given environment,(ii)

interface region of 309 L Nb cladded weld overlay exhibit passivation behaviour due to

which it has good corrosion resistance as compared to interface region 309 L cladded

weld overlay .

4.3.4.1.2.5 Comparison of Corrosion behaviour of Interface region of 309 L & 309 L
Nb cladded weld overlay develop with 180 mm / min. welding speed 0.1 N

H2=S0a4 Solution

Potentiodynamic* scans
2.000V

3} /

1.000 V

I 0.000v

1l 000V

2000V
10.00 nA 100.0 nA 1.000 pA 10.00 pA 100.0 pA 1.000 mA 10.00 mA

I«|A)
<+ CURVE (ESSC 3091 IF 180 WS 0.1 N H2S04) & CURVE (ESSC 309Utt> IF 180 WS 0.1 NH2S04)

100.0 mA

Fig. 4.103 : Potentiodynamic scans of Interface region of 309 L & 309 L Nb
cladded weld overlay develop with 180 mm / min. welding speed in 0.1 N H2SO4
solution

Table- 4.96 : Electrochemical Parameters of Potentiodynamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 180 mm / min.
welding speed in 0.1 N H2SO4 Solution

Sr. ICorr Ecorr Corrosion Rate
Samples
No (PA)  (MV) (mpy)
174.0 -529.0 318.9

! ESSC Clad 309L - IF 180WS

2 ESSC' Clad 309L Nb IF 180WS 84.0 -531.0 1538
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Fig. 4.103 shows the results of potentiodynamic scans of interface region of 309 L and
309L Nb cladded weld overlay developed with 180 mm / min. welding speed in 0.1 N
H2S04 solutions. By comparing corrosion behavior of both weld overlays at interface
region, it shows that (i) all samples exhibit active potentials in given environment,(ii)
interface region of 309 L Nb cladded weld overlay exhibit passivation behaviour due to
which it has good corrosion resistance as compared to interface region 309 L cladded
weld overlay .
4.3.4.1.2.6 Comparison of Corrosion behaviour of Interface region of 309 L & 309 L
Nb cladded weld overlay develop with 200 mm / min. welding speed 0.1
N H2SOa Solution

Fig. 4.104 ;. Potentiodynamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 200 mm / min. welding speed in 0.1 N H2SOa4 solution

Table-4.97 . Electrochemical Parameters of Potentiodynamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 200 mm / min.
welding speed in 0.1 N H2SOa4 Solution

ICorr Ecorr Corrosion
Sr. No Samples
(p-A) (mV) Rate (mpy)
! ESSC Clad 309L - IF 200 WS 184.0 -478.0 335.7
2 ESSC Clad 3091 Nb If 200 WS 75 20 440.0 137.4

220
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Fig. 4.104 shows the results of potentiodynamic scans of interface region of 309 L & 3091
Nb cladded weld overlay developed with 180 mm / min. welding speed in 0.1 N H,SO,
solutions. By comparing corrosion behavior of both weld overlays at interface region, it
shows that (i) all samples exhibit active potentials in given environment,(ii) interface
region of 309 L Nb cladded weld overlay exhibit passivation behaviour due to which it
has good corrosion resistance as compared to interface region 309 L cladded weld

overlay .

Table- 4.98 : Effect of Nb addition on corrosion resistance of weld overlay at clad

as well as at interface clad as well as at interface in 0.1 N H,SOy solution

1 | ESSC Clad 160 WS 156.8 118.2
2 | BSSC Clad 180 WS 102.5 _ 97.64
3 | ESSC Clad 200 WS 177.9 132.6
4 | BSSC IF 160 WS 439.6 122.8
5 | ESSC IF 180 WS 318.9 1538
6 | BSSC IF200 WS 355.7 1374

By comparing corrosion behavior of both weld overlays developed at different welding
speed at clad as well as at interface region in 0.1 N H,SO4 solution , it shows that
passivation film of 309 L Nb cladded weld overlay was more uniform as compared to
309 L cladded weld overlay due to which it has good corrosion resistance than 309 L
cladded weld overlay in 0.1 N H,SO4 solution.
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4.3.4.1.3 Effect of Niobium addition Ccorrosion behaviour of 309 L and 309 L Nb
cladded weld overlay in 0.1 N HC1 Solution

4.3.4.1.3.1 Comparison of Corrosion behaviour of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 160 mm / min. welding speed 0.1 N

HC1 Solution

Potentiodynamic Scans
2000V

1000V

0000V

Vth o =

1000V

+2.000V
100.0 nA 1.000 nA 10.00 pA 100.0 mA 1.000 mA 10.00 mA

Im (A)
& CURVE (ESSC 3091 Clod 160 WS 0.1 NHC1) + CURVE {ESSC 3091 Nb Clad 160 WS 0.1 N HCI)

100.0 mA

Fig.4.105 : Potentiodynamic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 160 mm / min. welding speed in 0.1 N HCI solution

Table-4.99 : Electrochemical Parameters of Potentiodynamic scans of cladded
region of 309 E & 309 L Nb cladded weld overlay develop with 160 mm / min.

welding speed in 0.1 N HCI Solution

Sr. No Samples icon- (pA) Ecorr (mV) COFFE);]ISS) Rate

| Clad 309L 160 WS 26.7 -486 10.03

2 Clad 3091 Nb 160 WS 39.6 *493 149

Fig. 4.105 shows the results of potentiodynamic scans of cladded region of 309 L & 3091
Nb cladded weld overlay developed with 180 mm / min. welding speed in 0.1 N HCI
solutions. By comparing corrosion behavior of both weld overlays at cladded region, it

shows that (i) all samples exhibit active potentials in given environment,(ii) 309 L &

|222)



CHAPTER - 4 RESULTS & DISCUSSION

309 L Nb cladded weld overlay exhibit similar kind of corrosion behaviour (iii) 309 L
cladded weld overlay has slightly better passive firm as compare to 309 L Nb cladded
weld overlay due to which it has good corrosion resistance than 309 L Nb cladded
weld overlay.

4.3.4.1.3.2 Comparison of Corrosion behaviour of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 180 mm / min. welding speed 0.1 N HC1

Solution

Fig. 4.106 : Potentiodynamic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 180 mm / min. welding speed in 0.1 N HC1 solution

Table-4.100 : Electrochemical Parameters of Potentiodynamic scans of cladded
region of 309 L & 309 L Nb cladded weld overlay develop with 180 mm / min.
welding speed in 0.1 N HC1 Solution

Corrosion Rate

Sr. No Samples icorr (jiA Ecorr(mV)
P A (mpy)

Clad 309L I180WS 0.075 -137 0.0282

2 Clad 1091 Nb 180 WS 753 -404 2.820

Fig. 4.106 shows the results of potentiodynamic scans of cladded region of 309 L &
309L Nb cladded weld overlay developed with 180 mm / min. welding speed in 0.1 N

HC1 solutions. By comparing corrosion behavior of both weld overlays at cladded
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region, it shows that (i) all samples exhibit active potentials in given environment,(ii) 309
L cladded weld overlay has good corrosion resistance as compared to 309 L Nb cladded
weld overlay.

4.3.4.1.3.3 Comparison of Corrosion behaviour of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 200 mm / min. welding speed 0.1 N HCI
Solution

Potentiodynamic Scans
2000V

2.000V
100.0 nA 1000 gA 10.00 nA 100.0 pA 1.000 mA 10.00 mA 100.0 mA

Im(A|
¢ CURVE (ESSC 309L Mb Clad 200 WS 0.1 N HCI) @ CURVE (ESSC 309L Clad 200 WS 0.1 N HCI)
Fig. 4.107 . Potentiodynamic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 200 mm / min. welding speed in 0.1 N HCI solution

Table-4.101 : Electrochemical Parameters of Potentiodynamic scans of cladded
region of 309 L & 309 L Nb cladded weld overlay develop with 200 mm / min.
welding speed in 0.1 N HCI Solution

Corrosion Rate

Sr. No Samples icorr (PA) Ecorr (MV) (mpy)
1 Clad 309L 200 WS 7.56 -427 2.843
2 Clad 309L Nb 200 WS 20.9 491 7.872

Fig. 4.107 shows the results of potentiodynamic scans of cladded region of 309 L & 309L
Nb cladded weld overlay developed with 200 mm / min. welding speed in 0.1 N HCI

solutions. By comparing corrosion behavior of both weld overlays at cladded region, it
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shows that (i) all samples exhibit active potentials in given environment,(ii) 309 L Nb

cladded weld overlay exhibit good passivation film formation due to which it has good

corrosion resistance as compared to 309 L cladded weld overlay (iii) 309 L cladded weld

overlay also exhibit passivation behaviour due to which it also has good corrosion

resistance but higher than that of 309 L Nb cladded weld overlay.

4.3.4.1.3.4 Comparison of Corrosion behaviour of Interface region of 309 L and
309 L Nb cladded weld overlay develop with 160 mm / min. welding speed
0.1 N HC1 Solution

Fig. 4.108 ;. Potentiodynamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 160 mm / min. welding speed in 0.1 N HC1 solution

Table-4.102 : Electrochemical Parameters of Potentiodynamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 160 mm / min.
welding speed in 0.1 N HC1 Solution

Corr Corrosion
Sr. No Samples Ecorr (mV)
P (PA) Rate (mpy)
| ESSC Clad 309L - IF 160 WS 48.50 -523 18.22
69.6 -518 26.15

2 ESSC Clad 3091. Nb IF 160 WS

Fig. 4.108 shows the results of potentiodynamic scans of interface region of 309 L &
309L Nb cladded weld overlay developed with 160 mm / min. welding speed in 0.1 N

HC1 solutions. By comparing corrosion behavior of both weld overlays at interface
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region, it shows that (i) all samples exhibit active potentials in given environment,(ii) 309

L cladded weld overlay has good corrosion resistance as compared to 309 L Nb cladded

weld overlay.

4.3.4.1.3.5 Comparison of Corrosion behaviour of Interface region of 309 L & 309 L
Nb cladded weld overlay develop with 180 mm / min. welding speed 0.1
N HC1 Solution

Fig. 4.109 Potentiodynamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 180 mm / min. welding speed in 0.1 N HCI solution

Table-4.103 . Electrochemical Parameters of Potentiodynamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 180 mm / min.
welding speed in 0.1 N HCI Solution

Sr. No Samples ~Corr Ecorr Corrosion
' (PA) (mV) Rate (mpy)
! ESSC Clad 309L - IF 180 WS 42.50 -528 15.97
513 19.01

2 ESSC Clad 3091 Nb IF 180 ws 2060

Fig. 4.109 shows the results of potentiodynamic scans of interface region of 309 L & 3091
Nb cladded weld overlay developed with 180 mm / min. welding speed in 0.1 N HCI
solutions. By comparing corrosion behavior of both weld overlays at interface region, it

shows that (i) all samples exhibit active potentials in given environment,(ii) 309 L
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cladded weld overlay has good corrosion resistance as compared to 309 L Nb cladded

weld overlay.

4.3.4.1.3.6 Comparison of Corrosion behaviour of Interface region of 309 L & 309 L
Nb cladded weld overlay develop with 200 mm / min. welding speed 0.1
N HC1 Solution

Fig.4.110 Potentiodvnamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 200 mm / min. welding speed in 0.1 N HC1 solution

Table-4.104 : Electrochemical Parameters of Potentiodynamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 200 mm / min.
welding speed in 0.1 N HC1 Solution

Sr. No samples Iforr Ecorr Corrosion Rate
' (PA)  (mV) (mpy)
1 ESSC Clad 309L - IF 200 WS 39.30 -502 14.77
2 ESSC Clad 309L Nb IF 200 ws 654 -521 24.58

Fig. 4.110 shows the results of potentiodynamic scans of interface region of 309 L &
3091 Nb cladded weld overlay developed with 200 mm / min. welding speed in 0.1 N HC1
solutions. By comparing corrosion behavior of both weld overlays at interface region.it

shows that (i) all samples exhibit active potentials in given environment,(ii) 309 L
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cladded weld overlay has good corrosion resistance as compared to 309 L. Nb cladded

weld overlay.

Table- 4.105 : Effect of Nb addition on corrosion resistance of weld overlay at clad

as well as at interface clad as well as at interface in 0.1 N HCI solution

1 | ESSC Clad 160 WS 10.03 14.9
. 2.

2 | BSSC Clad 180 WS 0.0282 829

3 | BSSC Clad 200 Ws 2843 7.872

4 | ESSC IF 160 WS 18.22 26.15

5 | ESSC IF 180 WS 15.97 901

6 | BSSC IF 200 WS 47 2458

By comparing corrosion behavior of both weld overlays developed at different welding
speed at clad as well as interface region in 0.1 N HCI solution , it shows that 309 L
cladded weld overlay exhibit passivation behaviour due to which it has good corrosion

resistance as compared to 309 L. Nb cladded weld overlay in 0.1 N HCl solution.
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4.3.4.1.4 Effect of Niobium addition Ccorrosion behaviour of 309 L and 309 L Nb
cladded weld overlay in 3.5 % NaCl Solution

4.3.4.1.4.1 Comparison of Corrosion behaviour of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 160 mm / min. welding speed 3.5 %
NaCl Solution

Fig. 4.111: Potentiodynamic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 160 mm / min. welding speed in 3.5 % NaCl solution

Table-4.106 : Electrochemical Parameters of Potentiodynamic scans of cladded
region of 309 L & 309 L Nb cladded weld overlay develop with 160 mm / min.
welding speed in 3.5 % NaCl Solution

Sr. No Samples iorr (pA) Ec,,rr(mV) Corrosion Rate

(mpy)
! Clad 309L 160WS 85.80 -462 156.8
* 80 -640 142.2

2 Clad 3091 Nb 160 WS

Fig. 4.111 shows the results of potentiodynamic scans of cladded region of 309 L & 3091
Nb cladded weld overlay developed with 160 mm / min. welding speed in 3.5 % NaCl
solution. By comparing corrosion behavior of both weld overlays at cladded region, it

shows that (i) all samples exhibit active potentials in given environment,(ii) 309 L Nb
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cladded weld overlay has good corrosion resistance as compared to 309 L cladded weld

overlay [90].

4.3.4.1.4.2 Comparison of Corrosion behaviour of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 180 nun / min. welding speed 3.5 %
NaCl Solution

Potentiodynamics scans
2000V

1.000v

2,000V
100.0 nA 1.000 pA 10.00 pA 100.0 pA 1.000 mA 10.00 mA 100.0 mA 1.000 A
Im (A)
4 CURVE (ESSC 3091 Clad 180 WS 3.5% NaCl) = CURVE (ESSC 309LNb Clad 180 WS 3.5% NaCl)

Fig. 4.112 . Potentiodynamic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 180 mm / min. welding speed in 3.5 % NacCl solution

Table-4.107 . Electrochemical Parameters of Potentiodynamic scans of cladded
region of 309 L & 309 L Nb cladded weld overlay develop with 180 mm / min.
welding speed in 3.5 % NaCl Solution

Corrosion Rate

Sr. No Samples icorr (MA) Ecorr (mV)
(mpy)
1 Clad 309L 180WS 68.30 -660 134.5
2 Clad 3091 Nb 180 WS 59.40 661 975

Fig. 4.1 12 shows the results of potentiodynamic scans of cladded region of 309 L & 3091
Nb cladded weld overlay developed with 180 mm / min. welding speed in 3.5 % NaCl
solutions. By comparing corrosion behavior of both weld overlays at cladded region, it

shows that (i) all samples exhibit active potentials in given environment,(ii) 309 L Nb
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cladded weld overlay has good corrosion resistance as compared to 309 L cladded weld

overlay due to passive film formation [90],

4.3.4.1.4.3 Comparison of Corrosion behaviour of cladded region of 309 L and
309 L Nb cladded weld overlay develop with 200 mm / min. welding speed
3.5 % NacCl Solution

Fig. 4.113: Potentiodynamic scans of cladded region of 309 L & 309 L Nb cladded
weld overlay develop with 200 mm / min. welding speed in 3.5 % NaCl solution

Table-4.108 : Electrochemical Parameters of Potentiodynamic scans of cladded
region of 309 L & 309 L Nb cladded weld overlay develop with 200 mm / min.
welding speed in 3.5 % NaCl Solution

Sr. No Samples ~coit (fIA) Ecorr(mV) Corrosion Rate

(mpy)

121.0 .
! Clad 309L 200 WS 651 2227
106.40 -623 194.6

2 Clad 3091 Nb 200 WS

Fig. 4.113 shows the results of potentiodynamic scans of cladded region of 309 L & 3091
Nb cladded weld overlay developed with 180 mm / min. welding speed in 3.5 % NaCl
solutions. By comparing corrosion behavior of both weld overlays at cladded region, it
shows that (i) all samples exhibit active potentials in given environment,(ii) 309 L Nb
cladded weld overlay has good corrosion resistance as compared to 309 L cladded weld

overlay [90],
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4.3.4.1.4.4 Comparison of Corrosion behaviour of Interface region of 309 L & 309 L
Nb cladded weld overlay develop with 160 mm / min. welding speed 3.5 % NacCl

Solution

Fig. 4.114 : Potentiodynamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 160 mm / min. welding speed in 3.5 % NaCl solution

Table-4.109 : Electrochemical Parameters of Potentiodynamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 160 mm / min.
welding speed in 3.5 % NaCl Solution

Sr. No Samples «Corr Ecorr Corrosion Rate
| P (A)  (mV) (mpy)
1232 -639 224.9
! ESSC Clad 309L - IF 160 WS
107.0 -688 195.1

2 ESSC Clad 3091. Nb IF 160 WS

Fig. 4.114 shows the results of potentiodynamic scans of interface region of 309 L &
309L Nb cladded weld overlay developed with 160 mm / min. welding speed in 3.5 %
NaCl solution. By comparing corrosion behavior of both weld overlays at interface
region, it shows that (i) all samples exhibit active potentials in given environment,(ii)
interface region of 309 L Nb cladded weld overlay has good corrosion resistance as

compared to interface region of 309 L cladded weld overlay.
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4.3.4.1.4.5 Comparison of Corrosion behaviour of Interface region of 309 L & 309 L
Nb cladded weld overlay develop with 180 mm / min. welding speed 3.5
% NaCl Solution

Fig. 4.115 : Potentiodynamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 180 mm / min. welding speed in 3.5 % NaCl solution

Table-4.110: Electrochemical Parameters of Potentiodynamic scans of Interface region
of 309 L & 309 L Nb cladded weld overlay develop with 180 mm / min. welding speed
in 3.5 % NaCl Solution

Sr. No Samples icorr Ecorr Corrosion
P (PA) (mV) Rate (mpy)

! ESSC Clad 309L - IF 180 WS 97.00 -709 174.7

2 ESSC Clad 309L Nb IF [SOWS 86.50 -681 157.3

Fig. 4.115 shows the results of potentiodynamic scans of interface region of 309 L &
309L Nb cladded weld overlay developed with 180 mm / min. welding speed in 3.5 %
NaCl solution. By comparing corrosion behavior of both weld overlays at interface
region, it shows that (i) all samples exhibit active potentials in given environment,(ii)
interface region of 309 L Nb cladded weld overlay has good corrosion resistance as

compared to interface region of 309 L cladded weld overlay.
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4.3.4.1.4.6 Comparison of Corrosion behaviour of Interface region of309 L & 309 L
Nb cladded weld overlay develop with 200 mm / min. welding speed 3.5 %
NaCl Solution

Fig. 4.116 . Potentiodvnamic scans of Interface region of 309 L & 309 L Nb cladded
weld overlay develop with 200 mm / min. welding speed in 3.5 % NaCl solution

Table-4.111 : Electrochemical Parameters of Potentiodynamic scans of Interface
region of 309 L & 309 L Nb cladded weld overlay develop with 200 mm / min.
welding speed in 3.5 % NaCl Solution

Sr. No Samples ~Corr Ecorr Corrosion Rate
' PA) (V) (Mpy)
| ESSC Clad 309L - IF 200 WS 132.90 -663 246.7
2 ESSC Clad 3091, Nb IF 200 ws 11610 -692 211.7

Fig. 4.116 shows the results of potentiodynamic scans of interface region of 309 L &
309L Nb cladded weld overlay developed with 200 mm / min. welding speed in 3.5 %
NaCl solution. By comparing corrosion behavior of both weld overlays at interface
region, it shows that (i) all samples exhibit active potentials in given environment,(ii)
interface region of 309 L Nb cladded weld overlay has good corrosion resistance as

compared to interface region of 309 L cladded weld overlay.
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Table- 4.112 : Effect of Nb addition on corrosion resistance of weld overlay at clad

as well as at interface clad as well as at interface in 3.5 % NaCl solution

1 | ESSC Clad 160 WS

2 | ESSC Clad 180 WS 204.5 104.9
3 | BSSC Clad 200 WS 222.7 164.6
4 | ESSC IF 160 WS 224.9 195.1
5 | ESSC IF 180 WS 1747 1573
6 | ESSC IF200 WS 246.7 2117

By comparing corrosion behavior of both weld overlays developed at different welding
speed at clad as well as at interface region in 375 % NaCl solution , it shows that
passivation film of 309 L Nb cladded weld overlay was more uniform as compared to
309 L cladded weld overlay due to which it has good corrosion resistance than 309 L

cladded weld overlay in in 3.5 % NaCl solution.
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RESULTS & DISCUSSION

4.3.4.2 Effect of Niobium addition on pitting Corrosion susceptibility of weld overlays

4.3.4.2.1 Effect of Niobium addition on pitting Corrosion susceptibility of weld

overlays in as welded conditions

4.3.4.2.1.1 Comparison of pitting susceptibility of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 160 mm / min. welding speed in 6

% FeCL Solution

Fig. 4.117 : Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 160 mm / min. welding speed at cladded region in 6 % FeCL Solution

Table- 4.113 : Electrochemical Parameters of cyclic polarization Scan

Solution
Sr. samples Icorr
No P (pA)

1 ESSC-309 L Clad 160 WS 309.0
2 ESSC- 3091 Nb Clad 160 WS 184.0

in 6% FeCL
Ecorr Erp Corrosion
(mV) (mV) Rate (mpy)
-13.00 -195.3 463.0
-388.0 -478.6 275.9

Fig. 4.117 shows the Cyclic polarization scans of 309L & 309L Nb cladded weld

overlays developed at 160 mm /min. welding speed

in 6% FeCF Solution. Results

show that cladded region of both weld overlays exhibit positive hysteresis which

indicates that the reverse scan current density is greater than that for the forward scan.

Here Erp < Ecor that indicate pitting will occur and damage passive film will not

repaired that results in increase in pitting corrosion susceptibility[91 ].



CHAPTER - 4

RESULTS & DISCUSSION

4.3.4.2.1.2 Comparison of pitting susceptibility of cladded region of 309 L & 309 L

Nb cladded weld overlay develop with 180 mm / min. welding speed in

6 % FeClj Solution

Cyclic Polarization Scans

1000V

1.000V
1.000pA 10.00 pA 100.0 pA
Im (A)
CURVE. (ESSC 3091 Clad 180 WS 6% FeCI3)

1.000 mA 10.00 mA 100.0 mA

4 CURVE. (ESSC 309L Nb Cald 180 WS 6% FeCI3)

Fig.4.118 Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 180 mm / min. welding speed at cladded region in 6 % FeCL Solution

Table-4.114 ;. Electrochemical Parameters of cyclic polarization Scan

Solution

S X Icorr
r Samples
No (PA)
1 ESSC-309 L Clad 180 WS 135.0
2 ESSC- 3091. Nb Clad 180 WS  47.10

in 6% FeCFt

Ecorr Erp Corrosion
(mV) (mV) Rate (mpy)
-291.00 -350.4 203.2
-222.0 -192.8 70.62

Fig. 4.118 show the Cyclic polarization scans of 309L & 309L Nb cladded weld

overlays developed at 180 mm /min. welding speed

in 6% FeCF Solution. Results

show that cladded region of 309 L cladded weld overlays exhibit positive hysteresis

which indicates that the reverse scan current density is greater than that for the forward

scan. Here Emp < Ecorr that indicate pitting will occur and damaged passive film will

not get repaired that results in increase in pitting corrosion susceptibility. But in case of

cladded region of 309 L Nb cladded weld overlays exhibit negative hysteresis which

indicates that the reverse scan current density is less than that for the forward scan. Here
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Erp> Ecorr that indicate pitting will occur but damaged passive film will get repaired

that results in decrease in pitting corrosion susceptibility[9! ].

4.3.4.2.1.3 Comparison of pitting susceptibility of cladded region of 309 L & 309 L Nb
cladded weld overlay develop with 200 mm / min. welding speed in 6 %
FeCE Solution

Fig. 4.119 : Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 200 mm / min. welding speed at cladded region in 6 % FeCE Solution

Table-4.115 : Electrochemical Parameters of cyclic polarization Scan in 6% FeCE
Solution

Sr. leorr Etorr Erp Corrosion
Samples
No (pA) (mV) (mV) Rate (mpy)
| ESSC-309 L Clad 200 'YVS 2640 -70.80 -136.2 395.5
2 ESSC- 3091. Nb Clad 200 WS  103.0 -153.0 -167.3 155.0

Fig.4.119 show the Cyclic polarization scans of 309L & 309L Nb cladded weld
overlays developed at 200 mm /min. welding speed in 6% FeCE Solution. Results
show that cladded region of both weld overlays exhibit positive hysteresis which

indicates that the reverse scan current density is greater than that for the forward scan.
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Here Emp < Ecorr that indicate pitting will occur and damaged passive film will get not

repaired that results in increase in pitting corrosion susceptibility[91].

4.3.4.2.1.4 Comparison of pitting susceptibility of interface region of 309 L & 309 L
Nb cladded weld overlay develop with 160 mm / min. welding speed in
6 % FeClj Solution

Cyclic Polarization Scans
1000V

500.0 mv

0000V

o1th

5000 mv

1000V
1,000 pA 10.00pA 100.0pA 1000 A 10.00 mA 1000mA

# CURVE. | ESSC 3091 IF 160 WS 6% FeCI3) 4 CURVE. (ESSC 309L Nb IF 160 WS 6 % FeCl3)

Fig. 4.120 : Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 160 mm / niin. welding speed at interface region in 6 % FeCE Solution

Table- 4.116 : Electrochemical Parameters of cyclic polarization Scan in 6% FeCE
Solution

Sr. samples Icorr Ecorr Erp Corrosion
No P (HA) (mV)  (mV) Rate (mpy)
| ESSC-309 E IF 160 WS 489.0  -4340  -470.03 893.0
2 ESSC- 3091, Nb IF 160 WS 352.0 -465.0 -480.0 528.2

Fig. 4.120 show the Cyclic polarization scans of interface region of 309L & 309L Nb
cladded weld overlays developed at 160 mm /min. welding speed in 6% FeCE
Solution. Results show that interface region of 309 L & 309 L Nb cladded weld
overlays exhibit positive hysteresis which indicates that the reverse scan current density

is greater than that for the forward scan. Here Erp< Eeo,rthat indicate pitting will occur



CHAPTER-4 RESULTS & DISCUSSION

and damaged passive film will not get repaired that results in increase in pitting

corrosion susceptibility.

4.3.4.2.1.5 Comparison of pitting susceptibility of interface region of 309 L & 309 L
Nb cladded weld overlay develop with 180 mm / min. welding speed in 6 %

FeClj Solution

Fig. 4. 121 : Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 180 mm / min. welding speed at interface region in 6 % FeClj Solution

Table-4.117 : Electrochemical Parameters of cyclic polarization Scan in 6% FeCFt
Solution

Sr. Icorr Ecorr Erp Corrosion
No Samples (pA) (mV) (mV) Rate (mpy)
! ESSC-309 L IF 180 WS 434.0 -433.0 -488.68 793.1
2 ESSC- 309E Nb IF 1SO WS 305.0 -445.0 463.3 457.0

Fig. 4.121 show the Cyclic polarization scans of interface region of 309L & 309L Nb
cladded weld overlays developed at 180 mm /min. welding speed in 6% FeCI?
Solution. Results show that interface region of 309L & 309 L Nb cladded weld
overlays exhibit positive hysteresis which indicates that the reverse scan current density

is greater than that for the forward scan. Here Em < Ecorr that indicate pitting will occur
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and damaged passive film will not repaired that results in increase in pitting corrosion
susceptibility.

4.3.4.2.1.6 Comparison of pitting susceptibility of interface region of 309 L & 309
L Nh cladded weld overlay develop with 200 mm / min. welding speed in 6 %
FeCb Solution

Fig. 4.122 . Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 200 mm / min. welding speed at interface region in 6 % FeCl.i Solution

Table-4.118 : Electrochemical Parameters of cyclic polarization Scan in 6% FeCL
Solution

Sr. Samples Icorr Ecorr Erp Corrosion
No P HA)  (mV)  (mV)  Rate (mpy)
1 ESSC-309 L IF 200 WS 267.0 -461.0 -498.6 488.6
2 ESSC- 3091, Nb IF 200 WS  460.0 -427.0  -451.6 690.4

Fig. 4.122 shows the Cyclic polarization scans of interface region of 309L & 309L Nb
cladded weld overlays developed at 200 mm /min. welding speed in 6% FeCli
Solution. Results shows that interface region of 309 L & 309 L Nb cladded weld
overlays exhibit positive hysteresis which indicates that the reverse scan current density

is greater than that for the forward scan. Here Emp < Ecorr that indicate pitting will occur
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and damaged passive film will not get repaired that results in increase in pitting

corrosion susceptibility.

4.3.4.2.2 Effect of Niobium addition on pitting Corrosion susceptibility of weld
overlays in as welded conditions after PWHT

4.3.4.2.2.1 Comparison of pitting susceptibility of cladded region of 309 L & 309 L

Nb cladded weld overlay develop with 160 mm / min. welding speed after PWHT in

6 % FeClj Solution

Fig. 4.123 ;. Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 160 mm / min. welding speed at cladded region after PWHT in 6 %
FeCL Solution

Table-4.119 : Electrochemical Parameters of cyclic polarization Scan in 6% FeCL
Solution

Sr. samples Icorr Fcorr Erp Corrosion
No P mA)  (mV)  (mV) Rate (mpy)
l ESSC-309 L Clad 160 WS PWHT 88.50 -33.10 -87.37 132.9
5 FSSC- 3091, Nb Clad 160 WS £).10 1260 1105 73.63

PWHT
Fig. 4.123 show the Cyclic polarization scans of cladded region of 309L & 309L Nb
cladded weld overlays developed at 160 mm /min. welding speed after PWHT in 6%
FeCb Solution. Results show that cladded region of 309 L cladded weld overlays
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exhibit positive hysteresis which indicates that the reverse scan current density is
greater than that for the forward scan. Here Emp < Ecorr that indicate pitting will occur
and damaged passive film will not get repaired that results in increase in pitting
corrosion susceptibility. But in case of cladded region of 309 L Nb cladded weld
overlays exhibit negative hysteresis which indicates that the reverse scan current
density is less than that for the forward scan. Here Ero> Ecor, that indicate pitting will
occur but damaged passive film will get repaired that results in decrease in pitting
corrosion susceptibility[92],
4.3.4.2.2.2 Comparison of pitting susceptibility of cladded region of 309 L and
309 L Nb cladded weld overlay develop with 180 mm / min. welding
speed after PWHT in 6 % FeCL Solution

Fig. 4.124 : Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 180 mm / min. welding speed at cladded region after PWHT in 6 %
FeCli Solution

Table-4.120 : Electrochemical Parameters of cyclic polarization Scan in 6% FeCL
Solution

Sr. Samples lcorr Ecorr Erp Corrosion
No i (PA) (mV)  (mV) Rate (mpy)
{ ESSC-309 E Clad 180 WS PWHT 40.80 -127.0 -178.5 61.20
) ESSC-309E Nb Clad 180 WS 215.0 8270 6737 193

PWH |
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Fig. 4.124 show the Cyclic polarization scans of cladded region of 309L & 309L Nb
cladded weld overlays developed at 180 mm /min. welding speed after PWHT in 6%
FeC” Solution. Results show that cladded region of 309 L cladded weld overlays
exhibit positive hysteresis which indicates that the reverse scan current density is
greater than that for the forward scan. Here E,p < Ecorr that indicate pitting will occur
and damaged passive film will not get repaired that results in increase in pitting
corrosion susceptibility. But in case of cladded region of 309 L Nb cladded weld
overlays exhibit negative hysteresis which indicates that the reverse scan current
density is less than that for the forward scan. Here Erp > Ecorr that indicate pitting will
occur but damaged passive film will get repaired that results in decrease in pitting
corrosion susceptibility[92],
4.3.4.2.2.3 Comparison of pitting susceptibility of cladded region of 309 L & 309 L
Nb cladded weld overlay develop with 200 mm / min. welding speed after
PWHT in 6 % FeCl, Solution

Fig. 4.125 : Cyclic polarization scans of 309 E & 309 L Nb cladded weld overlay
develop with 200 mm / min. welding speed at cladded region after PWHT in 6 %
FeClj Solution
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Table-4.121 : Electrochemical Parameters of cyclic polarization Scan in 6% FeClj
Solution

Sr. samples Icorr Ecorr Erp Corrosion
No P (pA) (mV) (mV) Rate (mpy)
ESSC-309 L Clad 200 WS
1 PWHT 330.0 -4120 -419.5 494.8
ESSC- 309L Nb Clad 200 WS
2 PWHT 1240  -173.0 -290 185.8

Fig.4.125 show the Cyclic polarization scans of cladded region of 309L & 309L Nb
cladded weld overlays developed at 200 mm /min. welding speed after PWHT in 6%
FeCHR Solution. Results show that cladded region of both weld overlays exhibit positive
hysteresis which indicates that the reverse scan current density is greater than that for
the forward scan. Here Erp < Ecorr that indicate pitting will occur and damaged passive
film will not get repaired that results in increases pitting corrosion susceptibility [92],
4.3.4.2.2.4 Comparison of pitting susceptibility of interface region of 309 L & 309 L
Nb cladded weld overlay develop with 160 mm / min. welding speed after

PWHT in 6 % FeCl3 Solution

Pig. 4.126 . Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 160 mm / min. welding speed at interface region after PWHT in 6 %
FeCl3 Solution
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Table-4.122 : Electrochemical Parameters of cyclic polarization Scan in 6% FeCl.?
Solution

Sr. Samples Icorr Ecorr Erp Corrosion Rate
No (pA)  (mV)  (mV) (mpy)
I ESSC-309 L IF 160 WS PWHT 1120 -456.0 -467.1 167.9
ESSC- 309L Nb IF 160 WS
2 PWHT 98.80 -289.0 -281.2 148.2

Fig. 4.126 shows the Cyclic polarization scans of interface region of 309L & 309L Nb
cladded weld overlays developed at 160 mm /min. welding speed after PWHT in 6%
FeCh Solution. Results show that interface region of 309 L cladded weld overlays exhibit
positive hysteresis which indicates that the reverse scan current density is greater than that
for the forward scan. Here Em < Ecorr that indicate pitting will occur and damage passive
film will not repaired that results in increase in pitting corrosion susceptibility. But in
case of interface region of 309 LNb cladded weld overlays exhibit negative hysteresis
which indicates that the reverse scan current density is less than that for the forward scan.
Here Erp > Ecorr that indicate pitting will occur but damage passive film will repaired
that results in decrease in pitting corrosion susceptibility.

4.3.4.2.2.S Comparison of pitting susceptibility of interface region of 309 L & 309 L
Nb cladded weld overlay develop with 180 mm / min. welding speed after PWHT in
6 % FeClj Solution

Fig. 4.127 . Cyclic polarization scans of 309 L & 309 L Nb cladded weld overlay
develop with 180 mm / min. welding speed at interface region after PWHT in 6 %
FeCL Solution
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Table-4.123 : Electrochemical Parameters of cyclic polarization Scan in 6% FeClj
Solution

Sr. Icorr Ecorr Erp Corrosion
Samples
No (pA) (mV) (mV) Rate (mpy)
I ESSC-309 L IF 180 WS PWHT 617.0 -400.0 -412.7 925.5
FSSC- 309F Nb IF 180 WS PWHT 3440 -519.0 -284.7 515.9

Fig. 4.127 shows the Cyclic polarization scans of interface region of 309L & 309L Nb
cladded weld overlays developed at 180 mm /min. welding speed after PWHT in 6%
FeCli Solution. Results show that interface region of 309 L cladded weld overlays
exhibit positive hysteresis which indicates that the reverse scan current density is
greater than that for the forward scan. Here Erp < Ecorr that indicate pitting will occur
and damage passive film will not repaired that results in increase in pitting corrosion
susceptibility. But in case of interface region of 309 LNb cladded weld overlays exhibit
negative hysteresis which indicates that the reverse scan current density is less than that
for the forward scan. Here Erp > Ecor that indicate pitting will occur but damage
passive film will repaired that results in decrease in pitting corrosion susceptibility.

4.3.4.2.2.6 Comparison of pitting susceptibility of interface region of 309 L & 309 L
Nb cladded weld overlay develop with 200 mm / min. welding speed after
PWHT in 6 % FeCF, Solution

Fig. 4.128 : Cyclic polarization scans of 309 F & 309 L Nb cladded weld overlay
develop with 200 mm / min. welding speed at interface region after PWHT in 6 %
FeClj Solution

{ o }
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Table-4.124 : Electrochemical Parameters of cyclic polarization Scan in 6% FeCL
Solution

Sr. Samoles Iforr Ecorr Erp Corrosion
No P (mA) (mV) (mV)  Rate (mpy)
I ESSC-309 L IF 200 WS PWHT 42.30 -440.0 -447.7 63.52

2 ESSC- 3091. Nb IF 200 WS PWHT  82.70 456.0 -418.6 1241

Fig. 4.128 shows the Cyclic polarization scans of interface region of 309L & 309L Nb
cladded weld overlays developed at 200 mm /min. welding speed after PWHT in 6%
FeCI™ Solution. Results show that interface region of 309 L cladded weld overlays
exhibit positive hysteresis which indicates that the reverse scan current density is
greater than that for the forward scan. Here Erp < Econ that indicate pitting will occur
and damage passive film will not repaired that results in increase in pitting corrosion
susceptibility. But in case of interface region of 309 LNb cladded weld overlays exhibit
negative hysteresis which indicates that the reverse scan current density is less than that
for the forward scan. Here Erp > Ecor that indicate pitting will occur but damage

passive film will repaired that results in decrease in pitting corrosion susceptibility
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4.3.4.3 Effect of Niobium addition on IGC susceptibility of weld overlays

4.3.4.3.1 Effect of Niobium addition on IGC susceptibility of weld overlays as welded

condition

4.3.4.3.1.1 Effect of Nb addition on IGC susceptibility of cladded region of weld

overlays developed at 160 mm/min welding speed as welded condition

Fig. 4.129 . EPR scans of cladded region of 309 L & 309 L Nb cladded weld
overlays developed with 160 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NacCl
Solution

Table-4.125 : Peak Current density of EPR scans of cladded region of 309 L & 309
L Nb cladded weld overlay developed with 160 mm / min. welding speed

Sr. No  Samples Peak Current density (A/cml)
! ESSC-EPR309L Clad 160 WS 2,72 x 102
2 ESSC-EPR 1091, Nb ( lad 160 WS 152\ 10 2

Fig. 4.129 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309 L & 309 L Nh cladded weld overlays
which were developed at 160 mm/min welding speed. EPR test was conducted under de-
aerated condition at room temperature in 0.1 H2SO04 + 0.01 M NaCl solution to assess the
degree of sensitization (DOS) in terms of peak current density. Results indicate that

degree of sensitization was better in 309 L Nb cladded weld overlay than 309L cladded
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weld overlay due to the presence of Nb which form NbC in the matix of austenite &
minimizing the Cr22Ce precipitation[92-93]. (Fig.4.45 & Table- 4.40 - SEM & EDAX
Analysis)

4.3.4.3.1.2 Effect of Nb addition on IGC susceptibility of cladded region of weld

overlays developed at 180 mm/niin  welding speed as welded condition

Fig. 4.130 : EPR scans of cladded region of 309 L & 309 L Nb cladded weld
overlays developed with 180 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NaCl
Solution

Table-4.126 : Peak Current density of EPR scans of cladded region of 309 L & 309
L Nb cladded weld overlay developed with 180 mm / min. welding speed

Sr.No  Samples Peak Current density (A/cm3)
L ESSC-EPR309L Clad 180 WS 116\ 102
2 ESSC-EPR 309E Nb Clad 180 WS 1.04 x 10 2

Fig. 4.130 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309 L & 309 L Nb cladded weld overlays
which were developed at 180 mm/min welding speed. EPR test was conducted under de-
aerated condition at room temperature in 0.1 H2SO4 + 0.01 M NaCl solution to assess the

degree of sensitization (DOS) in terms of peak current density. Results indicate that
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degree of sensitization was better in 309 L Nb cladded weld overlay than 309L cladded
weld overlay due to the presence of Nb which form NbC in the matix of austenite &
minimizing the Cr23C6 precipitation [92-93], (Fig.4.46 & Table- 4.41 - SEM & EDAX
Analysis)

4.3.4.3.1.3 Effect of Nb addition on IGC susceptibility of cladded region of weld

overlays developed at 200 mm/min welding speed as welded condition

Fig. 4131 : EPR scans of cladded region of 309 L & 309 L Nb cladded weld
overlays developed with 200 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NacCl
Solution

Table-4.127 : Peak Current density of EPR scans of cladded region of 309 L & 309
L Nb cladded weld overlay developed with 200 mm / min. welding speed

Sr.No Samples Peak Current density (A/cms3)
1 ESSC -EPR 309L Clad 200 WS 186 x 102
2 ESSC-EPR 309E Nb ( lad 200 WS 122 x 10 2

Fig. 4.131 shows the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309 L & 309 L Nb cladded weld overlays
which were developed at 200 mm/min welding speed. EPR test was conducted under de-
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aerated condition at room temperature in 0.1 H2S04 + 0.01 M NaCl solution to assess the
degree of sensitization (DOS) in terms of peak current density. Results indicate that
degree of sensitization was better in 309 L Nb cladded weld overlay than 309L cladded
weld overlay due to the presence of Nb which form NbC in the matix of austenite &
minimizing the Cr22C6 precipitatio [92-93], (Fig.4.47 & Table- 4.42 - SEM & EDAX
Analysis)

4.3.4.3.1.4 Effect of Nb addition on IGC susceptibility of interface region of weld

overlays developed at 160 nint/min welding speed as welded condition

Fig. 4.132 : EPR scans of interface region of 309 L & 309 L Nb cladded weld
overlays developed with 160 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NaCl
Solution

Table-4.128 : Peak Current density of EPR scans of interface region of 309 L &
309 L Nb cladded weld overlay developed with 160 mm / min. welding speed

Sr.No  Samples Peak Current density (A/cm3)
! ESSC-EPR309L IF 160 WS 3.86 x 102
2 ESSC-EPR 309L Nb IE 160 WS 3.92x 10 2

Fig. 4.132 shows the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of interface region of 309 L & 309 L Nb cladded weld overlays
which were developed at 160 mm/min welding speed. EPR test was conducted under de-
aerated condition at room temperature in 0.1 F12S04 + 0.01 M NacCl solution to assess the
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degree of sensitization (DOS) in terms of peak current density. Results indicate that
degree of sensitization of interface region 309 L cladded weld overlay was slightly better
than 309L Nb cladded weld overlay but the values of peak current density was very
nearer to each other and consider being similar behavior as far as sensitization is
concerned.

4.3.4.3.1.5 Effect of Nb addition on IGC susceptibility of interface region of weld

overlays developed at 180 mm/min welding speed as welded condition

Fig. 4.133 : EPR scans of interface region of 309 L & 309 L Nb cladded weld
overlays developed with 180 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NacCl
Solution

Table-4.129 : Peak Current density of EPR scans of interface region of 309 L & 309
L Nb cladded weld overlay developed with 180 mm / min. welding speed

Sr. No  Samples Peak Current density (A/cm3)
1 ESSC -EPR 309L IF 180 WS 2.71 x 102
2 ESSt -EPR 3091 Nb IF 180 WS 181 x 10 2

Fig. 4.133 shows the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of interface region of 309 L & 309 L Nb cladded weld overlays
which were developed at 180 mm/min welding speed. EPR test was conducted under de-

aerated condition at room temperature in 0.1 H2S0O4 + 0.01 M NaCl solution to assess the
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degree of sensitization (DOS) in terms of peak current density. Results indicate that
degree of sensitization was better in 309 L Nb cladded weld overlay than 309L cladded
weld overlay.

4.3.4.3.1.6 Effect of Nb addition on IGC susceptibility of interface region of weld

overlays developed at 200 nim/min welding speed as welded condition

Fig.4.134 . EPR scans of interface region of 309 L & 309 L Nb cladded weld
overlay s developed with 200 mm / min. welding speed in 0.1 H2SO4 + 0.01 M
NaCl Solution

Table-4.130 ;. Peak Current density of EPR scans of interface region of 309 L &
309 L Nb cladded weld overlays with developed with 200 mm / min. Welding
speed

Sr. No Samples Peak Current density (A/lcm2)
! ESSC-EPR309L IF 200 WS 9.16 x 102
2 ESSC-EPR 309E Nb IF 200 WS 6.55 x 10 2

Fig. 4.134 shows the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of interface region of 309 L & 309 L Nb cladded weld overlay
which were developed at 200 mm/min welding speed. EPR test was conducted under de-
aerated condition at room temperature in 0.1 H2S04 + 0.01 M NaCl solution to assess the
degree of sensitization (DOS) in terms of peak current density. Results indicate that
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degree of sensitization was lower in 309 L Nb cladded weld overlay than 309L cladded
weld overlay which were developed at 200 mm / min welding speed.

4.3A3.2 Effect of Niobium addition on IGC susceptibility of weld overlays after
PWHT condition

4.3.4.3.2.1 Effect of Nb addition on IGC susceptibility of cladded region of weld
overlays developed at 160 mm/min welding speed after PWHT condition

Fig. 4.135 : EPR scans of cladded region of 309 L & 309 L Nb cladded weld
overlay developed with 160 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NacCl
Solution after PWHT

Table - 4.131 : Peak Current density of EPR scans of cladded region og 309 L &
309 L Nb cladded weld overlays developed with 160 mm / min. welding speed after
PWHT

Peak Current density

Sr.No  Samples (Alenr)
! ESSC-EPR309L Clad 160 WS PWHT 4.69 x 102
2 ESSC-EPR 309L Nb Clad 160 WS PWHT 8.64 x 10

Fig. 4.135 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309 L & 309 L Nb cladded weld overlay

which were developed at 160 mm/min welding speed after PWHT. EPR test was
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conducted under de-aerated condition at room temperature in 0.1 HiSO4 + 0.01 M NaCl
solution to assess the degree of sensitization (DOS) in terms of peak current density.
Results indicate that degree of sensitization was better in 309 L Nb cladded weld
overlay than 309L cladded weld overlay this is because of presence on Nb as it form
NbC in the matrix of austenite & minimizing the precipitation & relieving of
stresses after PWHT.

4.34.3.2.2 Effect of Nb addition on ICC susceptibility of cladded region of weld

overlays developed at 180 mm/min welding speed after PWHT condition

Fig. 4.136 EPR scans of cladded region of 309 L & 309 L Nb cladded weld
overlay developed with 180 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NacCl
Solution after PWHT

Table-4.132 : Peak Current density of EPR scans of cladded region og 309 L &
309 L Nb cladded weld overlays developed with 180 mm / min. welding speed after
PWHT

Sr.No  Samples E:/acﬁ'l)current density

! ESSC-EPR309L Clad 180 WS PWHT 1.03 x 10~
2 ESSC-EPR 3091 Nb Clad 180 WS PWHT 253 x 10 |
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Fig. 4.136 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309 L & 309 L Nb cladded weld overlay
which were developed at 180 mm/min welding speed after PWHT. EPR test was
conducted under de-aerated condition at room temperature in 0.1 H=SO. + 0.01 M NaCl
solution to assess the degree of sensitization (DOS) in terms of peak current density.
Results indicate that degree of sensitization was better in 309 L Nb cladded weld
overlay than 309L cladded weld overlay this is because of presence on Nb as it form NbC
in the matrix & minimizing the Cr2?Cs precipitation & relieving of stresses after PWHT.

4.3.4.3.2.3 Effect of Nb addition on IGC susceptibility of cladded region of weld

overlays developed at 200 mm/min welding speed after PWHT condition

Fig. 4.137 : EPR scans of cladded region of 309 L & 309 L Nb cladded weld
overlay developed with 200 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NaCl
Solution after PWHT

Table - 4.133 : Peak Current density of EPR scans of cladded region og 309 L &
309 L Nb cladded weld overlays developed with 200 mm / min. welding speed after
PWHT

Sr.No  Samples E’Ae‘}clclinsgiurrent density

! ESSC -EPR 309L Clad 200 WS PWHT 3.01 x 102
2 ESSC-EPR 309E Nb Clad 200 WS PWHT 5.03x 10
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Fig. 4.137 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309 L & 309 L Nb cladded weld overlay
which were developed at 160 mm/min welding speed after PWHT. EPR test was
conducted under de-aerated condition at room temperature in 0.1 H=SO4 + 0.01 M NaCl
solution to assess the degree of sensitization (DOS) in terms of peak current density.
Results indicate that degree of sensitization was lower in 309 L Nb cladded weld
overlay than 309L cladded weld overlay which were developed at 200 mm / min
welding speed this is because of presence on Nb as it form NbC in the matrix &
minimizing the O23Cs precipitation & relieving of stresses after PWHT.

43.4.3.2.4 Effect of Nb addition on IGC susceptibility of interface region of weld

overlays developed at 160 mm/min welding speed after PWHT condition

Fig. 4.138 : EPR scans of interface region of 309 L & 309 L Nb cladded weld
overlay developed with 160 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NacCl
Solution after PWHT

Table - 4.134 : Peak Current density of EPR scans of interface region og 309 L &
309 L Nb cladded weld overlays developed with 160 mm / min. welding speed after
PWHT

Sr.No  Samples Peak C(UAI\’/I;ergg)densny

! ESSC-EPRS309E IF 160 WS PWHT 5.68 x 102

2 ESSC-EPR 3091 Nb Il 160 WS PWH ! 1.37 x 10 2
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Fig. 4.138 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of interface region of 309 L & 309 L Nb cladded weld overlay
which were developed at 160 mm/min welding speed after PWHT. EPR test was
conducted under de-aerated condition at room temperature in 0.1 FESOs + 0.01 M NaCl
solution to assess the degree of sensitization (DOS) in terms of peak current density.
Results indicate that degree of sensitization was lower in 309 L Nb cladded weld overlay
than 309L cladded weld overlay which were developed at 160 mm / min welding speed
this is because of presence on Nb as it form NbC in the matrix & minimizing the O23Cs
precipitation & relieving of stresses after PWEIT.

4.3.4.3.2.S Effect of Nb addition on IGC susceptibility of interface region of weld

overlays developed at 180 mm/min welding speed after PWHT condition

Fig. 4.139 : EPR scans of interface region of 309 L & 309 L Nb cladded weld
overlay developed with 180 mm / min. welding speed in 0.1 H2SO4 + 0.01 M NaCl
Solution after PWHT

Table - 4.135 : Peak Current density of EPR scans of interface region og 309 L &
309 L Nb cladded weld overlays developed with 180 mm / min. welding speed after
PWHT

Sr.No  Samples Peak C(Lj&'/c:emng)den5|ty

l ESSC-EPRS309E I 180 WS PWHT 3.81 x 102
2 ESSC-EPR 3091 Mb II 180 WS PWH1 1.05x 10 2
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Fig. 4.139 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of interface region of 309 L & 309 L Nb cladded weld overlay
which were developed at 160 min/min welding speed after PWHT. EPR test was
conducted under de-aerated condition at room temperature in 0.1 H=S0. + 0.01 M NaCl
solution to assess the degree of sensitization (DOS) in terms of peak current density.
Results indicate that degree of sensitization was lower in 309 L Nb cladded weld
overlay than 309L cladded weld overlay which were developed at 180 mm / min welding
speed this is because of presence on Nb as it form NbC in the matrix & minimizing the
O:2:Cs precipitation & relieving of stresses after PWELT)

4.3A3.2.6 Effect of Nb addition on IGC susceptibility of interface region of weld

overlays developed at 200 mm/min welding speed after PWHT condition

Fig. 4.140 : EPR scans of interface region of 309 L & 309 L Nb cladded weld
overlay developed with 200 mm / min. welding speed in 0.1 HiSOj + 0.01 M NaCl
Solution after PWHT

Table -4.136 . Peak Current density of EPR scans of interface region og 309 L &
309 L Nb cladded weld overlays developed with 200 mm / min. welding speed after
PWHT

Sr.No Samples Peak C(Lj&’/'éenqg)demlty

1 ESSC-EPR309L IF 200 WS PWHT 3.90 x 1072
2 ESSC-EPR 3091. Nb IF 200 WS PWH | 1.06 x 10 2



CHAPTER - 4 RESULTS & DISCUSSION

Fig. 4.140 shows the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of interface region of 309 L & 309 L Nb cladded weld overlay
which were developed at 200 mm/min welding speed after PWHT. EPR test was
conducted under de-aerated condition at room temperature in 0.1 H,SO4 + 0.01 M NaCl
solution to assess the degree of sensitization (DOS) in terms of peak current density.
Results indicate that degree of sensitization was lower in 309 L Nb cladded weld
overlay than 309L cladded weld overlay this is because of presence on Nb as it form
NbC in the matrix of austenite & minimizing the Cry3Cg precipitation & relieving of
stresses after PWHT.
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4.4 Result of Effect of Post Weld
Heat Treatments (PWHT) on
Micro-structural changes, ferrite
content, Micro-hardness and
Corrosion behaviour of Weld

Overlays
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4.4.1 Effect of Post Weld Heat Treatment on Microstructure change of

weld overlays:
4.4.1.1 Effect of Post Weld Heat Treatment on Microstructure changes clad region
of both weld overlay

H C
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Fig.4.141 (a) Cladded region of 309 L Clad FiI4.141 (b)3 Cyjded region ofSOh/
at 160 WS as welded condition Clad at 160 WS after PWHT
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Fig.4.142 (a) Cladded region of309 L Clad Fig. 4.142 (b) Cladded region of 309 L
at 180 WS as welded condition Clad at 180 WS after PWHT
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Fig.4.143 (a) Cladded region of 309 L Clad  Fig.4.143(b) Cladded region of309 L
at 200 WS as welded condition Clad 200 at WS after PWHT

Fig.4.141 (a) to fig. 4.143 (a) shows the microstructure of clad region of 309 L Cladded
weld overlay at different welding speeds in welded condition while Fig4.141 (b) to fig.
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4.143 (b) shows the microstructure of 309
speeds after PWHT conditions.

Fig.4.144 (a) Cladded region of309 L Nb
Clad 160 WS

Fig .4.145 (a) Cladded region of309 L Nb
Clad 180 WS
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Fig.4.146 (a) Cladded region of309 L Nb
Clad 200 WS

RESULTS & DISCUSSION

Cladded weld overlay at different welding

Fig.4.144 (b) Cladded region of309 L Nb
Clad at 160 WS after PWHT

Fig.4.145 (b) Cladded region of309 L Nb
Clad at 180 WS after PWHT

Fig.4.146 (b) Cladded region of309 L Nb
Clad at 200 WS after PWHT

Fig.4.144 (a) to 4.146 (a) shows the microstructure of clad region of 309 L Nb Cladded
weld overlay at different welding speeds as welded condition while Fig. 4.144 (b) to
fig.4.146 (b) shows the microstructure of 309 L Nb Cladded weld overlay at different

welding speeds after PWHT conditions.
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Discussion on the micro-structural change at clad region of both weld overlays as
welded condition:

The Aquaregia etchant used reveals predominantly the ferrite distribution in the austenite
matrix. In bulk cladding, the modes of solidification were primary ferrite & at the end a
peritectic-eutectic reaction results in the formation of austenite along the ferrite cell &
dendrite boundaries at all welding speeds at as welded condition for the both weld
overlay.

Discussion on the micro-structural change at clad region of both weld overlay after
PWHT:

After PWHT at 690°C for 24 hr holding time the skeletal or vermicular network of ferrite
became coarser & amount of austenite phase were increases whereas the ferrite network
gets decreases with increase in the welding speed for the both weld overlays. This was
further confirmed by ferrite content measurement. It was found that island of ferrite in
309L Nb cladded weld overlay is more thicker as compared to 309L cladded weld overlay
which were developed at different speeds[94-96].

4.4.1.2 Effect of Post Weld Heat Treatment on Microstructure changes interface
region of both weld overlays

Fig.4.147 (a) Interface region of309 L Clad Fig.4.1467 (b) Interface region of309 L
at 160 WS as welded condition Clad at 160 WS after PWHT

Fig.4.148 (a) Interface region of309LClad Fig.4.148 (b) Interface region of309 L
at 180 WS as welded condition Clad at 180 WS after PWHT
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Fig.4.149(a) Cladded region of 309 L Clad at Fig.4.149(b) Interface region of309 L
200 WS as welded condition Clad 200 at WS after PWHT

Fig.4.147 (a) to fig.4.149 (a) shows the microstructure of interface region of 309 L
cladded weld overlay at different welding speeds as welded condition while Fig.4.147 (b)
to 4.149 (b) shows the microstructure of interface region 309 L cladded weld overlay at
different welding speeds after PWF1T conditions. The Aquaregia etchant used reveals
predominantly the ferrite distribution in the austenite matrix.

Fig.4.150 (a) Interface region of309 L Nb Fig.4.150(b) Interface region of309 L
Clad at 160 WS as welded condition Nb Clad at 160 WS after PWHT

Fig.4.151 (b) Interface region of309 L

Fig.4.151 (a) Interface region of309LNb Nb Clad at 180 WS after PWHT

Clad at 180 WS as welded condition
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Fig.4.152 (a) Cladded region of 309 L Nb Fig.4.152 (b) Interface region of309 L
Clad at 200 WS as welded condition Nb Clad 200 at WS after PWHT

Fig.4.150 (a) to fig. 4.152 (a) shows the microstructure of interface region of 309 L Nb
cladded weld overlay at different welding speeds as welded condition while Fig4.150 (b)
to fig. 4.152 (b) shows the microstructure of interface region 309 L Nb cladded weld
overlay at different welding speeds after PWHT conditions. The Aquaregia etchant used

reveals predominantly the ferrite distribution in the austenite matrix. Micro-structural
changes were similar to 309 L cladded weld overlay after PWHT at 690°C for 24 Hr at

all welding speeds.

Discussion on the micro-structural change at interface region of both weld overlays

as welded condition:

Fig. 4.151 (a) shows the interface region of 309L Nb cladded weld overlay developed at
180 mm/min. welding speed. At interface region there were significant composition
gradients produced due to a combination of dilution and other factors which have a
profound effect on the micro-structural development. The dilution level in the bulk weld
metal under ESSC conditions is known to be not more than about 8 to 10% ,but at
interface the degree of dilution will be much higher which result in the formation
of a stagnant fluid layer in the weld pool adjacent to the base metal. The transition
from the low alloy content (Cr, Mo) in the base metal to the high alloy content (Cr, Ni,
Nb) in the bulk weld metal occurs in this transition zone. The layer originally had the
same composition as the base metal, but develops higher chromium and nickel contents
as a result of diffusion from the cladding due to the concentration gradients [97]. The
stagnation layer has also been called the unmixed zone. It may be seen from Table -4.39
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that Cr contents over 9.06 % and Ni contents around 935 % could develop in the
transition zone during cladding The composition in the layer is such that during
cooling following overlaying this region transforms to martensite. Similar types of micro-

structural changes were observed in Fig.4.147 (a) to Fig. 4.152(a).

Discussion on the micro-structural change at interface region of both weld overlays
after PWHT condition '

‘The microstructures at the weld interface region of both weld overlay developed at
different welding speeds after post weld heat treatment exhibit several features of
interest. Fig.4.150 (b) reveals a zone in the base metal adjoining the fusion boundary in
which there was heavy de-carburization and a structure that is nearly fully ferritic. It
shows a thin dark-etching layer on the weld metal side of the fusion boundary. It should
be noted that this was the region of the transition zone which in the as-welded condition

exhibited a martensitic condition. During the long post weld heat treatment for 24 h at

690°C, carbon tends to diffuse from the base metal into the cladding on account of
the difference in carbon contents: the base metal had 2 .13% C which was reduced to 1.9
% C at base metal near to interface & at interface it was 4.02 % C. The carbon
migration is also aided by the fact that chromium content in the clad is far higher than that
in the base metal. The migrated carbon from base metal mainly form iron carbide ( FeC )
and litter chromium carbide but not CriCe as volume fraction was not matching with
Cr23C6 (11.81% Cr & 4.02 % C) at the weld interface. (Ref. Table 4.51 : Percentage
elements present at different location of weld overlay by EDAX analysis) As the carbon thus
leaves the base metal, a carbon-depleted zone is formed adjacent to the fusion boundary
Such decarburized zones are known to form in heat-treated ferritic- austenitic welds.

.Next to this layer on the clad metal side the normal epitaxial nucleation of austenite
cannot occur and hence the it is forced to nucleate heterogeneously from the fusion
boundary & form Type II boundary of austenite phase which is approximately parallel
to the dark-etching layer . Further into the weld metal on the left of the Type II
boundary austenitic weld metal structure containing ferrite in the substructure
‘boundaries which is refer as type I boundaries [98]. These results in the. formation of
Type 1 & Type H boundaries as shown in Fig4.149 (b). Results of micro-
_structural studies of 309 L & 309 L Nb cladded weld overlay developed at different
welding speeds after PWHT shows that at clad region of both weld overlays, the island
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of ferrite become courser and the amount of austenite was increases while the ferrite
content was decreases at all welding speeds which were confirmed by ferrite
measurements. After PWHT, at interface region of both weld overlays, there is diffusion
of carbon atom from base metal region near to interface in the form of iron carbide &
next to this layer on the clad metal side it formed Type II boundary of austenite phase
which is approximately parallel to the dark-etching layer & further into the weld metal
on the left of the Type II boundary austenitic weld metal structure containing ferrite in
the substructure boundaries which is refer as type I boundaries. Similar types of micro-
structural changes were observed in Fig.4.147 (b) to Fig. 4.152(b).

4.4.2 Effect of Post Weld Heat Treatment on Ferrite Content of the
weld overlays

Table- 4.137 : Effect of PWHT on of ferrite content in 309 L. & 309 L. Nb cladded
region

160 5.4 37 5.1 3.6
180 3.7 3.1 46 2.8
200 33 2.0 43 2.6

Table-4.137 shows the effect PWHT on the amount of ferrite content in clad region of
309 L & 309 L Nb cladded weld overlays. It reveals that after PWHT amount of ferrite

was decreased at all welding speed for the both weld overlays.
4.4.3 Effect of Post Weld Heat Treatment on hardness value of weld

overlays

4.4.3.1 Effect of post weld heat treatment on hardness value at cladded region of
3091 & 309 L. Nb cladded weld overlay

Table- 4.138 : Effect of PWHT on hardness value at clad region

160 242 227 222 217

180 260 248 235 223

200 271 264 254 249
é‘i 260 E
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Table-4.138 shows the effect PWHT on hardness value at clad region of 309 L & 309 L
Nb cladded weld overlays. It reveals that after PWHT hardness value was decreased at
all welding speed for the both weld overlays due to relieving of stresses.

4.4.3.2 Effect of Post Weld Heat Treatment on hardness value at interface region of
3091 & 309 L. Nb cladded weld overlay

Table- 4.139 : Effect of PWHT on hardness value interface region

160 278 307 249 294
180 289 322 266 305
200 312 346 281 317

- Table-4.139 shows the effect PWHT on hardness value at interface region of 309 L & 309
L Nb cladded weld overlays. It reveals that after PWHT hardness value was increased at
all welding speed for the both weld overlays due to increases in the amount of austenite &

decrease the amount of ferrite at this region during cooling[99].
4.4.3.3 Effect of Post Weld Heat Treatment on hardness value at base metal

Table- 4.140 : Effect of PWHT on Hardness value at base Metal

Table-4.140 shows the effect PWHT on hardness value at base metal. It reveals that after

PWHT hardness value was decreased at all welding speed due to relieving of stresses

160 206 190
180 208 184
200 210 179

which was generated during solidification of cladding.
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4.4.4 Effect of Post Weld Heat Treatment on Corrosion Behaviour of

weld overlays

4.4.4.1 Effect of Post Weld Heat Treatment on pitting Corrosion susceptibility:
4.4.4.1.1 Effect of welding speed on pitting corrosion behaviour of base metal of

cladded weld overlay after PWHT in 6% FeClj Solution

Cyclic Polarization Scans
1,000V

500.0 mv

?
0000V

oith

-500.0 mv

0V
1.000 [:A 10.00 pA 100.0 pA 1.000 mA 10.00 mA 100.0 mA
Im (A)
+- CURVE. (ESSC  BM 160 WS PWHT 6% FeCI3 )

Fig. 4.153 Cyclic polarization scans of base metal at different welding speed after
PWHT in 6% FeCl., Solution

Table-4.141 : Electrochemical Parameters of cyclic polarization Scan base metal after
PWHT in 6% FeCL Solution

Sr. lcorr Ec'orr Erp Corrosion
Samples
No (pA) (mV) (mV) Rate (mpy)
1 ESSC-BM 309L 160 WS PWHT 585.0 -429.0  -400.5 878.4
2 ESSC-BM 3091 1X0 VWS PWH | 305.0 -400.0 -401.6 457.0
3 ESSC-BM 309E 200 WS PWHT 330.0 -412.0 -419.5 494.8

Fig. 4.153 show the Cyclic polarization scans of base of cladded weld overlay at
different welding speed after PWHT in 6% FeCL Solution. By comparing corrosion
behavior of base metal of cladded weld overlay at different welding speeds in 6% FeCL?

solution it shows that Erp < Ecorr for 160,180 & 200 mm / minute welding speed so here
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pitting will occur and corrosion rate will increase because damaged passive film will not

get repaired.

4.4.4.1.2 Effect of Welding Speed on Pitting corrosion behaviours of 309 L cladded
weld overlays after PWHT in 6% EeCL Solution

Fig. 4.154 : Cyclic polarization scans of cladded region of 309L cladded weld
overlays at different welding speed after PWHT in 6% FeCL Solution

Table-4.142 . Electrochemical Parameters of cyclic polarization Scan of cladded
region 309L cladded weld overlays after PWHT in 6% FeCL Solution

Sr. Samples lcorr Ecorr Erp Corrosion
No (mA) (mV) (mV) Rate (mpy)
1 ESSC-309L Clad 160 WS PWHT 88,50  -33.10 -87.37 132.9
2 FSSC-309F Clad 180 WS PWHT 40.80 -127.0 -1785 61.20
3 FSSC-309L Clad 200 WS PWHT 1240  -173.0 -298.8 185.8

Fig. 4.154 show the cyclic polarization scans of 309L cladded weld overlays at different
welding speed after PWHT in 6% FeCh Solution. By comparing corrosion behavior of
cladded region, it shows that all scans exhibit positive hysteresis which indicates that the
reverse scan current density is greater than that for the forward scan. Here Erp < Ecorr for
all welding speeds which implies that pitting will occur and damaged passive film will

not get repaired that results in increase in pitting corrosion susceptibility.
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4.4.41.3 Effect of welding speed on pitting corrosion behaviours of clad region of 309
L Nb cladded weld overlays after PWHT in 6% FeClLi Solution

Fig. 4.155 : Cyclic polarization scans of clad region of 309LNb Cladded weld
overlays at different welding speed after PWHT in 6% FeCL Solution

Table-4.143 . Electrochemical Parameters of cyclic polarization scan clad region of
309LNb Cladded weld overlays after PWHT in 6% FeCL Solution

Sr. - Er Corrosion
No Samples (I;Cﬂ:) (EnCR;; (m\?) Rate (mpy)
| ESSC-309L Nb Clad 160 WS PWHT 49.10 -126.0 -110.5 73.63
2 ESSC-309L Nb Clad 180 WS PWHT 2150 -82.70 -67.37 322.3
ESSC-309E Nb Clad 200 WS PWHT 268.0 -395.0 -181.9 402.8

Fig. 4.155 show the Cyclic polarization scans of 309L Nb cladded weld overlays at
different welding speed after PWHT in 6% FeCU Solution. By comparing corrosion
behavior of cladded region, it shows that cladded region of at all welding speeds exhibit
negative hysteresis which indicates that the reverse scan current density is less than that
for the forward scan. Here Em > Econ for all welding speeds which indicate that the pitting
will occur but damaged passive film will get repaired & protecting further pitting

corrosion susceptibility.
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4.4.4.1.4 Effect of Welding Speed on Pitting corrosion behaviours of Interface 309 L

cladded weld overlays after PWHT in 6% FeCL Solution

Cyclic Polarization Scans

1000V

# CURVE. (ESSC 309 L IF 160 WS PWHT 6% FeCI3) + CURVE. (ESSC 309 L IF 180 WS PWHT 6% FeCI3 ) ¢ CURVE. | ESSC 309 L IF 200 WS PWHT 6% FeCI3 )

Fig. 4.156 : Cyclic polarization scans of interface region 309L cladded weld overlays at
different welding speed after PWHT in 6% FeCU Solution

Table-4.144 : Electrochemical Parameters of cyclic polarization Scan of interface
region309L cladded weld overlays after PWHT in 6% FeCL Solution

Sr. Samples Icorr Ecorr Ermp Corrosion

No P (PA) (mV) (mV) Rate (mpy)
1 ESSC- 309L IF 160 WS PWHT 112.0 -456.0 -467.1 167.9
ESSC-3091 IE 180WSPWHI 617.0 -400.0 -412.7 925.5
ESSC- 309L IF 200 WS PWHT 4230 -440.0 -447.7 63.52

Fig. 4.156 show the cyclic polarization scans of interface region of 309L cladded weld
overlays at different welding speed after PWHT in 6% FeCl* Solution. By comparing
corrosion behavior of cladded region, it shows that all scans exhibit positive hysteresis
which indicates that the reverse scan current density is greater than that for the forward

scan. Here Emp < Ecor for all welding speeds which implies that pitting will occur and

damaged passive film will not get repaired that results in increase in pitting corrosion

susceptibility.
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44415 Effect of Welding Speed on Pitting corrosion behaviours of interface region
of 309 L Nb cladded weld overlays in 6% FeCL Solution

Cyclic Polarization Scans
1000V

500.0 mv

06V
1.000 pA 10.00pA 100.0 pA

CURVE, j ESSC 3091 Mb IF 160 VWS 6\ FeCI3) + CURVE. (ESSC 3091 Nb IF 200WS 6\ FeCI3) ¢ CURVE.(ESSC 309LHD IF 180WS 6\FeClI3)

Fig. 4.157 . Cyclic polarization scans of interface region of 309LNb Cladded weld
overlays at different welding speed in 6% FeCL Solution

Tabie-4.145 : Electrochemical Parameters of cyclic polarization Scan interface
region of 309LNb Cladded weld overlays in 6% FeCL Solution

Sr. Samples lcorr Ecorr Erp Corrosion
No (pA) (mV) (mV) Rate (mpy)
1 ESSC- 309L Nb IF 160 WS PWHT  98.80 -289.0 -281.2 148.2
2 ESSC- 309E Nb IF 180 WS PWHT 3440 -519.0 -284.7 515.9
3 ESSC-309L Nb IF 200 WS PWILT 82.70 -456.0 -418.6 124.1

Fig. 4.157 shows the cyclic polarization scans interface region of 309L Nb cladded
weld overlays at different welding speed in 6% FeCfi Solution. By comparing corrosion
behavior of interface region, it shows that cladded region of at all welding speeds
exhibit positive hysteresis which indicates that the reverse scan current density is
greater than that for the forward scan. Here Em > Econ for all welding speeds which
implies that pitting will occur and damaged passive film will get repaired that results

in decreases susceptibility toward pitting corrosion.
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Table-4.146 : Comparisons of pitting behaviour of both weld overlay before &
after PVVHT

Relation between Epp & Ecorr
Sr.

No Samples Before PWHT  After PWHT
condition condition
1 ESSC-309L Clad 160 WS Epp < Ecorr Epp < ECorr
2  ESSC-309L Clad 180 WS Erp< Ecorr Epp < Ep-orr
3 ESSC- 3091. Clad 200 WS Epp < Ecorr Arp< Acorr
4 ESSC-309L IF 160 WS Epp < Ecorr Epp < Ecorr
5  ESSC- 3091 IF 180 WS Erp< Ecorr Epp < Ecorr
6  ESSC- 3091. IF 200 WS Epp < Ecorr Erp < Ep-orr
7  ESSC - 309L Nb Clad 160 WS Epp < Ecorr Erp > Etorr
8 ESSC- 309L Nb Clad 180 WS Erp > Ecorr Erp> ECOrr
9  ESSC-3091. Nb C lad 200 WS Epp < Ecorr Erp> Ep-orr
10  ESSC -309L Nb IF 160 WS Epp < Ecorr Erp > Eorr
11 ESSC- 0)91 Nb IF 180 WS Epp < Epopp Erp> Ecorr
Epp < Epopp Erp> ECorr

12 ESSC- 3091. Nb 1F 200WS

The results of cyclic polarization studies of 309 L & 309 L Nb cladded weld overlay
developed at different welding speeds before & after PWHT is shown in tablw-4.142.
From these results it can be concluded that there is no improvements in pitting resistance
at clad as well as at interface region of 309 L cladded weld overlay at different welding
speeds but in case of 309 L Nb cladded weld overlays exhibit better pitting resistance at

clad as well as at interface region developed at different welding speeds .
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4.4.4.2 Effect of Post Weld Heat Treatment on ICC susceptibility of weld overlays
4.4.4.2.1 Effect of Welding Speed on corrosion behaviour of clad region of 309 I,
cladded weld overlay after PWHT in 0.1 H2S04 + 0.01 M NaCl Solution

Fig. 4.158 : EPR scans of clad region of 309L cladded weld overlays after
PWHT at different welding speed in 0.1 H2SO4 + 0.01 M NaCl Solution

Table - 4.147 : Peak Current density of EPR scans ofcladded region of 309L
cladded weld overlays after PWHT

Peak Current density

Sr. No Samples (Alcm'])
1 ESSC -EPR 309L Clad 160 WS PWHT 4.69 x 102
2 ESSC-EPR 309E Clad 180WSPWHI 1.03 x 10 2
3 ESSC-EPR 3091, Clad 200 WS PWHT 3.01 x 10 2

Fig. 4.158 shows the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309L cladded weld overlay which were
developed at different welding speed after PWHT. EPR test was conducted under de-
aerated condition at room temperature in 0.1 H2SO4 + 0.01 M NaCl solution to assess the
degree of sensitization (DOS) in terms of peak current density. Results indicate that

sensitization was decreased with increasing the welding speed from 160 to 180 mm /min
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welding speed then after it was increased at 200 mm / min welding speed but it was less

than that of 160 mm/min welding speed[100-10l].

4.4.4.2.2 Effect of Welding Speed on corrosion behaviour of cladded region of
309 L Nb Cladded weld overlay after PWHT in 0.1 H2S04 + 0.01 M
NaCl Solution

Fig. 4.159 : EPR scans of clad region of 309LNb cladded weld overlays at after PWHT
at different welding speed in 0.1 H2=SO. + 0.01 M NaCl Solution

Table- 4.148 : Peak Current density of EPR scans ofcladded region of 309LNb
cladded weld overlays after PWHT

Peak Current density

Sr. No Samples (Alcm)
1 ESSC -EPR 309L Nb Clad 160 WS-PWHT 8.64 x 10"
2 ESSC EPR 309L Nb Clad 180 WS-PWHT 253 x 1)
3 ESSC-EPR 309L Nb Clad 200 WS-PWHT 5,03 x 10 '

Fig. 4.159 show the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of cladded region of 309LNb cladded weld overlay which were
developed at different welding speed after PWHT. EPR test was conducted under de-

aerated condition at room temperature in 0.1 H2SO4 + 0.01 M NaCl solution to assess the
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degree of sensitization (DOS) in terms of peak current density. Results indicate that

sensitization was decrease with increasing the welding speed from 160 to 180 mm /min

welding speed then after it was increase at 200 mm / min welding speed but it was less

than that of 160 mm/min welding speed [100-101].

4.4.4.2.3 Effect of Welding Speed on corrosion behaviour of interface region of 309

L Cladded weld overlay after PWHT

in 0.1 H2SQ4 + 0.01 M NaCl Solution

Fig. 4.160 : EPR scans of interface of 309L cladded weld overlays after PWHT at
different welding speed in 0.1 H2S04+ 0.01 IVl NaCl Solution

Table- 4.149 : Peak Current density of EPR scans of intefcae region of 309L cladded

weld overlays after PWHT
Sr. No Samples
1 ESSC -EPR 309L IF 160 WS-PWHT

2 ESSC-EPR 309E IF I80WS-PWH4
3 ESSC-EPR 3091 IF 200 WS-PWIIT

Peak Current density (A/cm’)
5.68 x 102

3.81 x 10 ?
3.90 x 10 2

Fig. 4.160 shows the combination of single loop electrochemical potentio-kinetic

reactivation (EPR) test of interface region of 309L cladded weld overlay which were

developed at different welding speed after PWHT. EPR test was conducted under de-
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aerated condition at room temperature in 0.1 H2SO4 + 0.01 M NaCl solution to assess the
degree of sensitization (DOS) in terms of peak current density. Results indicate that
sensitization was decrease with increasing the welding speed from 160 to 180 mm /min
welding speed then after it was slightly increase at 200 mm / min welding speed but it
was less than that of 160 mm/min welding speed.

4.4.4.2A Effect of Welding Speed on corrosion behaviour of interface region of 309
L Nh Cladded weld overlay after PWHT in 0.1 H2S()4 + 0.01 M NacCl Solution

Fig. 4161 . EPR scans of interface of 309LNb cladded weld overlays after
PWHT at different welding speeds in 0.1 H=SO. + 0.01 M NaCl Solution

Table-4.150 : Peak Current density of EPR scans o f intefcae region of 309 LNb
cladded weld overlays after PWHT

Sr. No Samples Peak Current density (A/cnv,)
1 ESSC-EPR 309L Nb IF 160 WS-PWHT 1.37 x 10-
2 ESSC EPR 109L Nb IF 180 WS PWHT 1.05x 10 2

3 ESSC-EPR 309L Nh IF 200 WS-PWHT 1.06 x 10 2
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Fig. 4.161shows the combination of single loop electrochemical potentio-kinetic
reactivation (EPR) test of interface region of 309LNb cladded weld overlay which were
developed at different welding speed after PWHT. EPR test was conducted under de-
aerated condition at room temperature in 0.1 FESO4 + 0.01 M NaCl solution to assess the
degree of sensitization (DOS) in terms of peak current density. Results indicate that
sensitization was decrease with increasing the welding speed from 160 to 180 mm /min
welding speed then after it was slightly increase at 200 mm / min welding speed but it

was less than that of 160 mm/min welding speed.

Table- 4.151 : Comparisons of sensitization behaviour of weld overlays before and
PWHT

Peak Current density (A/cm’)
Sr.

No Samples As Received PWHT
condition condition
1 ESSC-EPR309L Clad 160 WS 2.72 x 107 4.69 x 102
2 ESSC-EPR 309L Clad 180 WS 1.16 x 10 2 103 x 10 2
3 ESSC-EPR 309E Clad 200 WS 1.86 x 10 2 3.01 x 10 2
4  ESSC-EPR 309L IF 160 WS 3.86 x 1072 5.68 x 1072
5 ESSC-EPR 3091, IF 180 WS 271 x 10 2 381 x 10 2
6 ESSC-EPR 309E Il 200 WS 9.16 x 10 2 3.90 x 10 2
7 ESSC -EPR 309L Nb Clad 160 WS 152 x 102 8.64 x 102
8  ESSC-EPR 3091, Nb (lad 180 WS 1.04 x 10 2 253 x 10
9  ESSC-EPR 309E Nb Clad 200 WS 122 x 10 2 5.03 x 10
10  ESSC -EPR 309L Nb IE 160 WS 391 x 102 1.37 x 1072
11 ESSC-EPR 3091, Nb IE 180 WS 181 x 10 2 1.05 x 10 2
12 ESSC-EPR 309E Nb IF 200 VS 6.55 \ 10 1.06 x 10 %
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The results of EPR studies of 309 L. & 309 L Nb cladded weld overlay developed at
different welding speeds after PWHT shows that the degree of sensitization was
decreases at clad region as well as at interface region of 309L Nb cladded weld overlay
developed at different welding speeds while in case of 309 L cladded weld overlays, the
degree of sensitization was decreases at clad region of weld overlay developed at 180
mm/min welding speed & at interface region of weld overlay developed at 200
mm/min welding speed [100-101].
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