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Absiact  The presence of hydeogen in indusirial plants is a source of damage. Hydrogen attack is one such form of
degradation and often causing l@g‘ge tube ruptures that necessitate an immediate shuidown. Hydrogen attack may reduce the
fracture toughness as wall as the strength of Steels. This feduction is caused partially by the presence of cavities and
microeracks at the grain boundaries. In the past several techniques have been used with limited results. This paper describes
the application of an wlirasonic velocity and attermation in hydrogen damage. Ulirasonic tests showed a decrease in wave
veloeity and an increase in attenmation. Such vesults demonstrate the potential for ultrasonic nondestructive testing to quantify
damage. Based on this study, reliable recommendation is suggested to detect hydrogen attack.
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Table 1 Design and operating data of specimen
QOperating Pressure 110kgicm®y
Operating Temperature 195 - 316%C
Operating_Time approx, 85 days
Size 63.5mm? X5.0'mmt_seamiess
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Fig. 2 The ruptured boiler tube and specimen

-v-

3.2, gy

AEE FuE A st siEgR B, Az
AN, AEAES B vadde] 4S5 ¢ &4 4
g 513 250 £ B YAE S5l 1 ABEE
FHshs WHoR FASATh 22 0AEL ol Fg. 3
o B mpeh 7EL°] w5 KrautkramerAhe] USDISE 2 A
2 ARl o uldAte] DataSYS 720 Oscilloscope®

o]g-s}od "‘_LQ—% A B3 e o) g3k 2%

HA = vl PanametricsAhe] 38 V109 (GMHz/
05in) ¥ 3548 VIS5EMHz/05n) AMZ ARE-stc) Al

Mol YFRRA S| AL LAY AAG F A4
AEgsle] Hodipioz A% ST
Generator
USD15
Oscilloscope
DataSYS 720
Transducer
Fig. 3 Experimental setup
4. NgzEH ¥ D
4.1, SpBE B U Sasr
Table 2= WF% w99 setxda o7% gde
Folzge 34T AU W, GY BF gyl A
on] Ba e gagtEe vl o wee] o
Foz BagPel iy e ¢ & vk wF A
MM Fadde 24T A% Table 300 wehd vk

Table 2 Chemical composition of ASTM A210 Gr.A-1

Tube
{unit : wt.%)]
emical Comp. :
Specimen C | Mn P S Si
0.27 | 093 |0.035|0.035|0.10
ASTM A210 Gr.A-1 max. | max. | max. | max. | min,
Tube A inner surface || 0.07 | 0.850.011]|0.004|0.16
outer surface || 0.15 | 0.85 |0.004]0.027}0.16

¥ Equipment ; Emission Spectrometer(ARL4460, Swiss)

Table 3 Hydrogen analysis of tube A

Location . .

Specimen 90 270
Tube A No. 1 >37.07 ppm 4,07 ppm
Tube A No. 2 >37.07 ppm 3.53 ppm

% Equipment ; Hydrogen Analyzer Tester(DH-103, U.S.A)
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Fig. 4. Microstructure of boiler tube A
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Fig. 5 Microstructure of boiler tube with microfissure by
SEM

Table 4 Hydrogen attack depih

Thickness | 1. . |Thickness| Nominal | 0% | Ratio
Depth| at 90° |Thickness Dép!ﬁ of
Spacimen (mm) () {mm) i) H.A.(%)

Tube A 07 48 56 1.5 | 267

Tube B 05 42 56 18 | 39

Tube © 05 4.1 56 20 | BT

Tupe D 1.0 42 56 24 | 429
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Fig. 6 The resulis of Vickers hardness test
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Table 5 Ultrasonic velocity—ratio, attenuation and .coefficient

Specimen | (vs/bawe at(tggycaéi‘?n aggz%li.ggg?
ASD 0.537 0.88 0.14
BSD 0.547 137 027
CSh 0.544 0.88 0.1
DSD 0.540 1.13 0.23
AHA 0.548 242 0.70
BHA 0.570 267 055
CHA 0.567 282 065
DHA 0.563 1.88 0.38
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Application of a Nondestructive Ultrasonic Test for
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Bartlett and K. Kawano,

Detecting  High-"Temperature Hydrogen Attack of
Ultrasonic Detection of Hydrogen Attack in Steels,

Steels, Unexpected Material Faitures, pp. 39-46
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Ver. 250mV/Div.

Hor. 1ps/Div.
Fig. 8 Exponential fitting curve for multiple echoes
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