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Corrosion Cracking Behavior of
AS516 Steel Weld in Wet Hydrogen Sulfide Environment
Chi-Fung Lin, Wen-Ta Tasi and Ju-Tung Lee*
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ABSTRACT

The corrosion cracking behavior of AS16 carbon steel weld, by submerged arc
welding, in hydrogen sulfide containing NACE solution was investigated. Sub-
merged arc welding with beat inputs of 15, 30, 45 and 60 KJ/cm were applied. The
slow strain rate testing (SSRT) technique was used to evaluate the corrosion crac-
king susceptibility. The strength of the weld in air was found to vary inverscly pro-
portional to the welding heat input.

A significant reduction of the ductility, based on the elongation ration, was
observed for all the specimens tested in hydrogen sulfide containing solutions. The
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results also indicated that the specimens made from the top of welds were most

susceptible to corrosion cracking as compared to those prepared from the middle

and the bottom of the welds. Cleavage type of fracture was observed, revealing the

empbrittlement effect of hydrogen. Primary or secondary cracks were also ob-

served in the welds propagating along the grain boundary ferrite indicating the re-

lative high resistance of the accicular ferrite to sulfide stress corrosion cracking

(8SCC).
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# 1 ASI6 M EM — 12K SHRZ LB (Wt %)
Table 1 Chemical compositions (wt%) of A516 steel and EM-12K welding electrode used
C Si Mn P S Cu Cr Fe
A516 0.24 0.20 1.07 0.019 0.004 0.008 0.031 Bal.
EM— 12K 0.08 0.21 1.00 0.010 0.010 — - Bal.
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SE{BHM R SIS 2B AWS B o
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THERER - BT AAWS & d4.8mm
Z EM-12K #RRR ( 0% 1) - $REERI
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Fig. 1 Design and dimensions of weldment

F2 AT8SREEZ D (Wt%)
Table 2 Chemical compositions (wt%) of A78

flux used
SiO CaO | ALO
#HR e = | caF,
+TiO: | +MgO | +MnO
=P 40 25 25 10

(Etching) % » £ BILAK B EMHE (OM)
RFHABETHEMHE (SEM) ETHHZ

#3 HEGH
Table 3 Welding parameters applied

Code Heat Input Current Voltage Travel Speed Weld Pass
(KJ/cm) (A) (V) (cm/min) (pass)
QI 15 450 27 48.6 21
Q2 30 600 29 34.8 12
Q3 45 700 32 30.0 10
Q4 60 900 33 29.7 8

— 13—




B7 8 T 2

Heat inpul]

. Klieml 15| 30 | 45| 60
Sits

A Al15{ A30| A45| A60

B B15| B30| B45{ B60

C C15[ C30{ C45{ C60

D | DI5|D30| D45| D60
2 SfEEMEREASTUERER

Fig. 2 Locations in weld metal for chemical
composition analysis
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Fig. 3 Geometry and dimentions of tensile
specimens
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Table 4 Chemical compositions (wt%) of weld metal with various heat inputs: 15, 30, 45 and 60 KJ/cm

TLH# e 154 71 o i i w 24 104

{ir i C Si Mn P S Cu Ni Cr Fe
Als 0.079 0.98 2.21 0.035 0.013 0.047 0.028 0.038 Bal
BI15 0.063 1.06 2.30 0.028 0.011 0.045 0.020 0.038 Bal.
C15 0.077 1.02 2.25 0.026 0.011 0.056 0.018 0.038 Bal
D15 0.093 0.66 1.63 0.020 0.010 0.030 0.022 0.027 Bal
A30 0.070 0.81 1.89 0.027 0.011 0.044 0.023 0.033 Bal.
B30 0.092 0.69 1572 0.018 0.008 0.036 0.017 0.032 Bal
C30 0.089 0.60 1:57 0.023 0.009 0.034 0.022 0.030 Bal
D30 0.110 0.49 1.44 0.020 0.009 0.029 0.024° 0.030 Bal
A45 0.078 091 2.06 0.027 0.016 0.048 0.022 0.048 Bal
B45 0.084 0.78 1.87 0.028 0.015 0.044 0.038 0.042 Bal
C45 0.100 0.72 1.82 0.029 0.014 0.044 0.032 0.041 Bal
D45 0.094 0.56 1.64 0.029 0.010 0.097 0.080 0.040 Bal.
A60 0.100 0.60 1.71 0.026 0.010 0.040 0.024 0.041 Bal
B60 0.110 0.58 1.66 0.026 0.009 0.038 0.023 0.040 Bal
C60 0.110 0.53 1.62 0.027 0.008 0.035 0.023 0.040 Bal
D60 0.110 0.51 1:52 0.019 0.008 0.035 0.020 0.036 Bal
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Fig. 4 Microstructures of column grain in weld metal with various heat inputs,

(a) 15 (2) 30 (3) 45 (4) 60 KJ/cm
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Fig. 5 Microhardness of as-welded metal,
traverse along the wvertical center
line, as a function of heat input
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Table 5 SSRT results of weld metal in air and

in H.S containing solutions

- NACE &8 +

AN FEEOERE
BB\ {11 UTS | UEL | UTS | UEL
(KJ/em)\ B (MPa) | (%) |(MPa)| (%)
E | 593 | 136 | 530 | 0.92

15 th 566 | 10.5 | 535 | 1.29
T | 566 | 145 | 506 | 1.39

L | 572 | 153 | 490 | 0.50

30 th 586 | 169 | 490 | 1.80
T | 516 | 138 | 470 | 2.40

£ | 563 | 132 | 478 | 0.22

45 | 553 | 138 | 537 | 3.75
T 509 | 159 | 447 | 1.80

£ | 529 | 140 | 438 | 0.30

60 | 479 | 143 | 478 | 3.31
T | 488 | 130 | 439 | 1.52

ZABR T ABES 15K /cm P E A ER
& (10.5% ) RAZRF30K]/cm FEE#E
BE (169%) 54 - HRSERAR 2z
B1E13.0%F16% HEA o
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BEFT  fESEHEAGEEZIRENE
%o

HEF LB EL LERF HEM
FES A E AR RENEE » &R
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Fig. 6 Uniform elongation ratio as a func-
tion of heat input of weld metal (H:
S + NACE solutions, speed: 2X 10~
¢ sec™?)
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Fig. 7 Fracture morphology of weld metal
(30 KJ/cm heat input) after SSRT in
air (a) overview, (b) dimple feature
at high magnification.
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Fig. 8 Fracture morphology of the lower
weld metal after SSRT (a) mixed
feature of cleavage and tearing, (b)
high magnification at cleavage (H.S
+ NACE solutions, speed: 2X 108
sce ™', heat input 15 KJ/cm)
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Fig. 9 Cross-section micrograph showing
cracks along grain boundary ferrite
of upper weld metal (60 KJ/cm)
after SSRT (2% 1075 sce™ ') in H.S
+ NACE solutions
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Fig. 10 Cross-section micrograph showing
cracks along grain boundary ferrite
of upper weld metal (45 KlJ/cm)
after SSRT (2X 107 % sec™') in H.S
+ NACE solutions
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