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Microstructure and Toughness of the Welded Heat
Affected Zone in 5%Ni-0.5%Mo Steels

Susumu HORIBE, Masae SuMiTA, and JTku UcHIYAMA

Synopsis:

A study has been made of the microstructure and toughness of the heat affected zone (HAZ) in 5% Ni-
0.5%Mo steels with the original structures of which were tempered martensite and bainite.

These properties depend strongly on carbon contents in steels and cooling rate after rapid’ heating to
1350°C. With decreasing in the cooling rate the microstructure changes from martensite to bainite, and
the increase of carbon content tends to retard this change. However, the optimum toughness is obtained
in duplex structure of martensite and lower bainite regardless of carbon content. The microstructure
and toughness of the partially—transformed region in HAZ are affected by original microstructures, since
the aspect of austenitization is different in them. When the original microstructure is tempered mar—
tensite, the aspect depends on the tempering temperature and carbon content. On the other hand, when
the structure is bainite, it-depends on the roughness of the ferrite lath structure which is related to carbon

content.
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Table 1. Chemical compositions of materials (wt%).

C Si Mn P S

Ni Mo Al Ms Acy  Ac3z

steelA | 013 030 076 0.003 0004 505 049 0048 |390C 675C 800C

oteelB | 026 0.29 075 0003 0004 509 050 0042 |330°C 675C 720C

Table 2. Heat treatment condition.

heat treatment

Hv(20kg)

steel|structure
AM| A M
AZ| A
BM 5
Bz| B

900°C(30min) WQ, 610°C(60min)WQ| 301
Z  [900°C(30min) — 410°C(60min)WQ| 292
M |900°C(30min)WQ, 400°C(60min)WQ| 384
Z  |900°C(30 min)—> 340°C(EOmMINWQ| 379

() FFe

Photo. “Iv Microstructures of steels. (a) steel A-tempered martensite (AM), (b) steel A-
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(a) steel A »(b) steel B
Photo. 2. Transmission electron micrographs of
bainite structure.

1350°C

Cooling time from
800°C to 500°C :
10 ~1000sec

Peak temperature:

30sec 3sec 30sec 3sec  gog 1350°C

(a) Pactern |

Fig. 1.

(b) Pattern 2
Patterns of thermal cycles.
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Fig. 2. Relationship between notch toughness
and cooling time from 800°C to 500°C.
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Photo. 4. Variation of microstructure with cooling time in steel B.
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Fig. 3. Relationship between Charpy impact value
and peak temperature in steel A (Test tem-
perature : 0°C and —70°C).

Table 3. Percentage of brittle frature at
—70°C (%).

Peak “2?5;”?"” | 650 700 750 800

AM 0 0.7 8.2 5.6
AZ .0 53 22 12

BM } 0 93 7.2 2.8
BZ 0 68 5.4 2.3
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Fig. 4. Relationship between Charpy impact value
and peak temperature in steel B (Test tem-
perature : 0°C and —70°C).
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(b) T.=86s —150°C
(c) Ty =300s —120°C

Photo. 5. Fractured surface of steel A.
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Photo. 6. Fractured surface of steel B.
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Photo. 7. Microstructures of the partially-transformed regions at 700°C.
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Photo. 8. Transmission electron micrograph of the
partially-transformed region in AZ.
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