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Synergistic Effects of Stress Corrosion Cracking and
Hydrogen Embrittlement in Fracture Mechanism
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ABSTRACT

Roles of stress corrosion cracking (SCC) and hydrogen embrittlement (HE) in fracture
mechanism have been investigated in this paper. The experimental methods included fracture
morphology observation, corrosion products analysis, and internal friction measurement. The
results showed that the fracture mode of 316 stainless steel tube was transgranular type with
feather-like and cleavage-like facets. The chloride was the main corrosion products on the
failure surface. On the other hand, internal friction verified the high hydrogen peak and S-K
peak in the rupture pipe. The closer the sample from rupture end, the stronger the intensity of
hydrogen peak was. According tothe results, the fracture mechanism could be divided into two
parts. The initiation of crack was controlled by SCC, chloride corroding the passive film or .
low pH value inducing anodic dissolution. The propagation of crack was joined with HE,
hydrogen decohering the bonding force of atoms. The relationship between SCC and HE was
synergistic. Therefore, the failure tube demonstrated both TGSCC on the fracture surface and
higher hydrogen content in the structure.
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Table 1 Chemical Compositions {wt %) of original tube and new tube materials.
Materials C Si Mn P S Ni Cr Mo Cu
AISI 316L <0.03 <1.0 <2.0 <0.045 <0.03 10/14 16/18 2/3 ---
Original 0.015 0.43 1.49 0.031 0.0038 10.8 16.5 2.01 0.34
New 0.021 0.49 0.85 0.025 0.0028 12.1 17.1 2.27 0.31
£ 2 BRABENK . BEHEFE

Table 2 Compositions, temperature, and velocity of waste gas.

Condition HCl1 SO, 0,

H.O NOx Velocity Temp.

Gas 187ppm 78ppm | 11.00%

26.40% | 117ppm | 150m/s | 300°C
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Fig. 1 Schematic diagram of the locations for internal
friction testing specimens in the failure tube.
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Table 3 Hydrogen permeation condition of protection tube.

Test solution
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0.1M NaOH +20mg/1 As,O;

20mA /ecm? 168hr.
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Fig. 2 (a) Appearance of failure protection tube after
one menth operation, (b) enlargement of (a).
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Fig. 3 Fracture micrographs of (a) surface and (b)
cross-section areas in the protection tube.
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Fig. 4 Cross-section SEM micrograph of the protection tube.
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Fig. 5 Fracture surface of the protection tube.
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Fig. 6 Fracture surface of the protection tube.
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Fig. 7 SEM/EDS spectrum of the fracture surface in
the protection tube.
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Fig. 8 SEM/EDS spectrum of the corrosion product on
the fracture surface.
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Table 4 XRD analysis of corrosion product on the surface of failure tube.

A) Intensity KFe(SO.); | FeCls [ FeCl, * 4H,0 | FeCl, * 2H,0
(%) I/1100(%)

7.8635 100 90

5.3217 12.8 80

4.0101 15.4 40 100

3.9271 20.7 2

3.5752 19.3 2 7

3.497 14.9 60 25 7

3.1618 17 8

3.976 18.5 100 3 65

2.9316 17.9

2.867 20.2 45

2.718 22 8 90

2.6653 27 100 16 25

2.5976 17.9 1

2.5393 4355 2

2.3661 19 12

2.2073 6.9 2 2 40 5

2.1055 13.6 30 40 35 45

2.0169 14.6 5 2 2 35

1.9589 7.8 1 32 1

1.7873 8.4 6 14

1.7631 9.9 2 9

1.6921 11.3 6 20

1.6198 11.9 16 18

1.5805 14 4

1.5476 7.4 4

2.5135 11.2 7

1.4875 17.8 6 6

1.0952 6.6 2
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Fig. 9 Internal friction relaxation spectra of failure tube (1, 2, and 3), original tube (T6-H-1), and new tube (T6-H-2).
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Table 5 Hydrogen peak and S-K peak values of
failure tube in different locations.

Sample H peak, Q' S-K peak, Q!
1 33x10™* 3.1x10"*
2 4.2x107? 1.3x107
3 49x%x107? 2.0x10°®
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Fig. 10 Internal friction relaxation spectra of original tube (HC-A) and new tube (HC-B) after hydrogen permeation

treatment.
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Table 6 Hydrogen peak and S-K peak values of
original (HC-A) and new tube (HC-B) after
hydrogen permeation treatment.

Sample H peak, Q! S-K peak, Q!
HC-A 9.5x10°° 3.7x107°*
HC-B 48x107* 1.6 x 107*
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Fig. 11 Schematic diagrams of fracture mechanisms for (a) SCC and (b) HE model.
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