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Diffusible Hydrogen Behavior and Delayed Fracture of Zinc-electrogalvanized High Strength Steel

Nobukazu Suvzuxi, Nobuyuki Isan and Toshio Mivacawa

Synopsis : Diffusible hydrogen behavior in zinc electrogalvanized high strength steel has been investigated by use of a newly

developed hydrogen content determining method for better understanding of delayed fracture of electrogalvanized high
strength steel.

For as-electrogalvanized high strength steel, there are two peaks on the hydrogen evolution rate curve at
200°C and 350°C from room temperature to 600°C. After electrogalvanizing and baking at 200°C for 4 hours, 200°C peak
becomes very low but 350°C peak shows still the same as before. Hydrogen at 200°C peak is diffusible and relates to
delayed fracture of high strength steel. Hydrogen at 350°C peak is undiffusible and does not relate to delayed fracture.
Hydrogen diffusion remarkably falls down by electrogalvanized zinc layer. In as-electrogalvanized high strength steel with
8u zinc layer, diffusible hydrogen content is about 0.23ppm and decreases to 0.03ppm after baking at 200°C for 4 hours.

In as-electrogalvanized and carburized high strength bolt with 8 zinc layer, there are two peaks on the evolution rate
curve at 150°C and 327°C. The former is diffusible hydrogen and its content is 0.69ppm. This diffusible hydrogen
decreases to 0.10 ppm after baking at 190°C for 5 hours. It is investigated to show the diagram of relationships about

baking time-diameter of bolt-change of initial hydrogen content.
Diffusion coefficient of carburized high strength M8 bolt with 8x zinc layer at 190°C is about 2.36 X 10-*~5.91 X 10*

mm?/sec.

Key words : delayed fracture ; diffusible hydrogen ; high strength steel ; electrogalvanizing ; baking.
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Table 1. Chemical composition of high strength
steel used (mass%).

C Si Mn P S Cr Al B
0.19 0.17 0.81 0.020 | 0.005 | 0.71 | 0.058 | 0.0026

Table 2. Chemical composition of high strength
carburized steel used for bolt (mass%).

C Si Mn P S Cr Ti Al B
0.22 | 025 | 1.43 | 0.021 | 0.009 | 0.05 | 0.014 | 0.029 |0.0028
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Fig. 1. Process of electrogalvanizing and baking.
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Fig. 2. %hlape and manufacturing process of the
olt.
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Fig. 3. Influence of process of electrogalvanizing on
rate curves for hydrogen evolution.
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Fig. 5. Change of diffusible hydrogen H/H, after
baking time t in the infinite cylinder of
radius r with initial hydrogen content H, and
diffusion coefficient D.
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exposure or 200°C baking time.
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Table 3. Change of hardness of carburized bolt
with varied tempering temperature.

Tempering
temp. | 380°C | 400°C | 410°C | 420°C | 440°C
Hardness
Surface, HV 546 517 509 482 466
Center, HV 376 364 354 346 314

Table 4. Effect of tempering temperature and
baking conditions on the delayed fracture

of bolts.
Tempering
Baking temp. | 380°C | 400°C | 410°C | 420°C | 440°C
conditions

Not baked X X X X O
190°C—1h X X X O O
190°C—3h X O O O O
190°C—5h x O O O O

O ! No Fracture, X : Fracture
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Table 5. Effect of baking conditions on residual
diffusible hydrogen.

Baking Diffusible
conditions hydrogen, ppm
Not baked 0.69
190°C—1h 0.22
190°C—3h 0.14
190°C—5h 0.10
0.40 é) <
\
0.69 AN
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Fig. 9. Residual diffusible hydrogen after baking
for various time at 190°C.
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Table 6. Effect of baking time on hydrogen con-
tent and diffusion coefficient of Zn-plat-
ed carburized bolt.

Baking time (hr) 1 3 5
Diffusibl(epgsxrr(li)rogen content 0.22 0.14 0.10
Change of diffusible hydrogen

H/H, (H,=0.69ppm) 0.32 0.20 0.15
Value of Dt/R? 0.13 0.21 0.27
Diffusion coefficient _ mr _

Decrzn  (mm?/sec) 5.91X107#|3.10X107%|2.36 X 10~*
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