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What is a welded joint and PWC?

Heat affected zone v
HAZ Weld metal Parent metal

WM PM

(O ABRACO S AMPP,
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The problem: gas-exportation pipe corrosion

@ Fails in moisture removal in triethylene glycol (TEG) plants

@ PWC was observed in gas exportation in contact with low conductivity CO, condensed
water

From production

After treatment Condensed water Dragged water . To refinery
¢/ Highly pure Fe?* rich
4@ pH=3.9to45 pH=5.0to 5.5
45 uS/cm 190 puS/cm L
> ~ >

 ABRACO Gas-transportation pipeline @AMPF‘ 4
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Literature review

PARI HAZ1 W HAZ2 PAR2

llllll

Olsen; Sundfaer; Enerhaug, 1997
o ABRACO

@ Parts of a weld are challenging to

separate:

@ Uneven and irregular borders;

@ Narrow regions;

@ Heterogeneous.

O AMPP .
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Literature search

@ Keywords used:
@ “scanning vibrating electrode technique” AND “joint” AND “carbon dioxide”

s scanning vibrating electrode technique: 696 results
“.LL °9PUS | scanning vibrating electrode technique AND joint: 29 results
scanning vibrating electrode techniqgue AND joint AND carbon dioxide: 1 result

(3 Clarivate scanning vibrating electrode technique: 651 results
scanning vibrating electrode technique AND joint: 31 results

Web of Science” _ : _ ) . .
scanning vibrating electrode technique AND joint AND carbon dioxide: 0 results

(O ABRACO Y AMPP .
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SVET - Scanning vibrating electrodg technique

73
@ Electrochemical techniques for evaluating 4 ’{7 -\

galvanic current typically require . —
disconnection of the anode and cathode.

& > x -
y&”' L
N

\
@ SVET can solve this problem by allowing the -

mapping of cathodic and anodic regions on
coupled metallic surfaces.

@ SVET limitation is using a low conductivity
medium to avoid the signal overlap from
adjacent regions.

® Condensed and dragged water are
suitable.

\
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Goal

@ To find out a criterium for the selection of parent metal and welding
consumables for gas-transportation pipelines (condensed water and
dragged water, which are low-conductivity media).

@ To establish laboratory facilities to test 79 different circumferential
joints

@ To identify the PWC phenomenon in low conductivity
understanding the overall processes:

o Immersion test;
o SVET-technique test.

v
K 4
SR A
Source: Raman. T. J. Study of Preferential Weld Corrosigy 52 Mild St jt
- ABI iACO Presence of Acetic Acid. Dissertation . Universi @,\ I&W&E
ASSOCIAGCAQO BRASILEIRA DE CORROSAO 8




LatinCORR & InterCorr 2023

The largest gathering of corrosion and coatings professionals in Brazil in 2023.

Materials / Parent metals

@ Seven different parent metals

Parent Metal

Welding process

Most abundant relevant alloy element,

in descending order

8” DNVGL SMLS 450 GTAW / GMAW Si
10” DNVGL SMLS 450 GTAW / GMAW Cr +Si
12” DNVGL SMLS 450 GTAW / GMAW Ni + Si + Cu
20” DNVGL SAW 450 GTAW / GMAW / SAW Ni + Si + Cr + Cu
24” DNVGL SAW 450 GTAW / GMAW / SAW Si+Cr
8” Forged GTAW / GMAW Ni + Cr +Si
20” Forged GTAW / GMAW / SAW Ni + Si + Cr + Cu
\ ABRACO O AMPP,

ASSOCIACAD BRASILEIRA DE CORROSAD



LatinCORR & InterCorr 2023

The largest gathering of corrosion and coatings professionals in Brazil in 2023.

Materials / Welding processes and consumables

@ Most abundant relevant element of the consumable for each welding process

GTAW GMAW SAW
J Si J Si Si
™ Si ™ Si Ni + Si
Ni + Si Ni + Si Ni+ Cr+Si+ Cu
Si+ Cr + Ni Ni + Si + Cu -X-
Ni + Si+ Cu + Cr Si + Cu + Cr + Ni -X-

Total of 79 welded joints
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Materials / Specimens

Sample ready to test

@ |mmersion samples:

470 Scotch tape to protect the surface
This area was used as a reference for
thickness-loss measurement

Sample after the test

e gy = -

Non-corroded area

\ ABRACO (reference)
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Tests conditions e

Immersion tests duration:

® 48 h (condensed water);

@ pH control to 3,9 (initial) to 4,5 (max.);
® 120 h (dragged water);

@ pH from 5,0 (initial) to 5,5 (max.).

o ABRACO

ASSOCIACAO BRASILEIRA DE CORROSAQ



ldentification of PWC occurrence by confocal microscope
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Yellow line thickness loss = 12.36 um

i -

S I L N 2 Y A D O O
Red line thickness loss = 6.62 um

Light HAZ preferential attack close to HAZ/WM fusion line: the galvanic action is restricted to the

distance less than 100 um from fused line (FL) because of the low co
water.

' ABRACO
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Tests conditions

@ CO, environment

@ Girth welds =
SAW (W|der)/ GTAW / GMAW (narrower)

Cap

CO,
Injection to
maintain the
atmosphere

PM - 25 mm?
HAZ - full length
WM - 25 mm?

PM/ HAZ/WM

- ..
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Tests conditions

@ 20 h of immersion in test solution before the measurement to
establish the galvanic corrosion.

Scan rate = 100 um/s

1 BEeec -
M SEEEEE TS -
wme | e cemmegeT
— P 1 o
= s . -

um/point = 100
(X and Y direction)

The position of the tip
depended on the signal
intensity, about 1 um

00 ABRACO QAMPP.
ASSOCIACAD BRASILEIRA DE CORROSAO



| 3atinCORR & InterCorr 20273

The lareest eathering of corrosion and coatines professionals in Brazil in 2023

Results

@ Result from a GTAW welded joint immersed in condensed water, parent metal 20”
DNVGL SAW 450 and consumable 1 Si.

@ WM is an anodic region, HAZ is the most cathodic part.
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Results

@ Result from a GTAW welded joint immersed in dragged water, parent metal 20” DNVGL
SAW 450 and consumable 1 Si.

@ WM is the anode, PM is the most cathodic part.

wv 42
mm 32
0,50 07 3, 4,7 66 76 86 96 106 115 20
10
0,32 0
e 0,13 -11
-0,05 -21 | | ,
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Results — immersion tests

@ Condensed water @ Dragged water

AP TN - aa P ER | N NS TTETIUTS | NUNTOTIN ; OUPTI  U  C PR,
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Results

@ Result from a GMAW welded joint immersed in condensed water, parent metal 20” DNVGL
SAW 450 and consumable 1 Si.

@ WM is a cathodic region, HAZ and PM are the anode.

mm
0 09 19 28 38 48 57 67 7,6 86 95 33 : PM , HAI.ZJ\ : WM ,
0,50 = 20 ! "W" i ?
0,32 18 ’/M-/ ; \ 5
B 0 ; a i i
0,13 — ! ! ! !
’ 7 > \/ : ! \ ! /.r
mm . . !
-0,05 - 220 ; i | 5
15 L 5 W
-0,23 21 E : :
26 _40 I |é I 1 I 1 I i| I 1 I 1 : I 1 I 1 |i 1
-0,50 32 O 1 2 3 4 5 6 7 8 9

Distance (mm)

) ABRACO O AMPP.,



| atinCORR & InterCorr 720273

The lareest eathering of corrosion and coatines professionals in Brazil in 2023

Results

@ Result from a GMAW welded joint immersed in dragged water, parent metal 20" DNVGL
SAW 450 and consumable 1 Si.

@ HAZis the anode, PM and WM are cathodic regions.
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Results — immersion tests

@ Condensed water

e e e e

@ Dragged water
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Conclusions

@ SVET indicated the PWC, a pronounced and concentrated material
loss.

@ The anodic and cathodic regions were preserved, as it was used the
welded joint with all its parts together.

\ ABRACO O AMPP.,
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