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Improved Toughness of Weld Fussion Zone by Fine TiN Particles
and Development of a Steel for Large Heat Input Welding

Synopsis:

Shogo KANAZAWA, Akira NAKASHIMA,

Kentaro OkKAMOTO, and Ken KANAYA

The improvement of toughness of weld fusion zone has been made by converting the microstructure
from coarse intermediate stage structure to fine ferrite—pearlite in large heat input welding processes such
as one side submerged arc welding, electro gas welding and consumable nozzle electroslag welding.

Following results have been obtained from intensive investigation on effects of TiN upon austenite grain

size, transformation behavior and toughness at weld fusion zone:
(1) Fine TiN particles prevent the coarsening of austenite grains. Austenite grain diameter dy at

1 400°C can be expressed by the equation, dy =K (r/f)

where r=mean particle diameter of undissolved

TiN at 1 400°C, f=volume fraction of undissolved TiN smaller than 0.05 x4 in diameter at 1 400°C. The
increase of the amount of TiN particle smaller than 0.05 z undissolved at 1 400°C gives rise to the decrease

of austenite grain size.

(2) Aggregation of fine TiN particle accelerates the formation of ferrite during cooling. The trans-

formation products are thus further refined.

(3) As a result unit facet diameter of brittle fracture which closely coincides with {100} plane becomes

small. Thus the thoughness of fusion zone in large heat input welding is greatly improved.
(4) The fusion zone of commercial 60 kg/mm? grade steel has proved to be improved by utilization of

fine precipitates of TiN both in large and small heat input welding.
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Fig. 1. Impact transition temperature, austenite
grain size and the amount of intermediate
structure and ferrite as a function of
maximum heating temperature.
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Ko FORERLERE L F 2 o0 5 14005 X U7 1 200
°C OB EOMET AL & & O EHRAINZEIER
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Db L, BEEIEEEER Y 4 2 VBBLEIC X D
BoOBHBREG 4 s veE5x-0h, JIS 4 5 HERBKKA
Wk hEtER L.
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Table 1. Chemical composition of steels and precipitates (wt%;).

Steel| G | si | Mn | P s |cu T | zr |Hf v | Nb | Tal Alsol { B |Precipitate
110.140.30 | 1.30 | 0.015 | 0.009 | 0.01 Sl - = = = 1 —lo001] — —
210.13|0.19| 1.31 | 0.006 | 0.005 | 0.01 - - =] — | — | —=1]0.006]| — —
310.13|0.28 | 1.26 | 0.004 | 0.005 | 0.01 — | =t — 1 — | —10.046] — |AIN
410.1410.28 | 1.2 1 0.01510.007 | 0.0 | 0.018 * — | — i — | — | —|0.0150.0033 TiN
510.13]0.19 | 1.32|0.006 [ 0.005 | 0.0l { 0.019 1 — | — & — — | —]0.007, — |TiN
6|0.1410.291!1.31]0.015|0.009 | 0.0l | 0.021 | — {—| — | — | —]0.010[0.0020 TiN
710.130.24 | 1.12]0.005 | 0.005 | 0.0l . — {0.017} —| — — | — 10030 — | ZrN
810.1310.32 | 1.420.012/0.011 ,0.08 — ' — 006 — ' — —10.040: — ?
910.13;0.32|1.36, 0.013 ; 0.006 ' 0.01 | — ‘-—onns — —10.015 — [ VvC®)
10/013]0.28|1.38|0.004|0.006|0.01] — | — ‘ -- ,0.022, —]0.020 | — | NbC(N)
1110.15|0.50 | 1.20 | 0.004 | 0.008 | 0.01 | — | — —l — | — 0.030.030 TaG(N)
12 °0.1410.28 | 1.22 1 0.014 | 0.006 : 0.01 | 0.01 — = — " — T —1o0.015. 0033 TiN
13 0.130.23 | 1.260.005 0. 006 | 0. 01 | 0.01 — = - = — 0.004 0 0019 TiN
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Fig. 2. Heating curves of 25 mm thick steel plate
in various welding processes and synthetic
thermal cycles.
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Fig. 3. Relation between austenitizing temperature
and austenite grain size.
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Fig. 4. (a) Effect of heating rate upon austenite grain size at 1 400°C and
(b) effect of holding time upon austenite grain size at various temperatures.
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Photo. 1. Optical and electron micrographs of TiN in steels 4 and 6.
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Fig. 5. Disolution of TiN during heating by
synthetic thermal cycle A in Fig. 2.
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Fig. 6. Relation between austenite grain size and

Ti content in undissolved TiN smaller than
0.054 or 0.1 at 1400°C.
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Fig. 8. Relation between austenite grain size at
1400°C and Ti content of TiN smaller
than 0.1y in plate before welding.
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Fig. 9. CCT diagram of steel 2 and 5 (max.
heating temperature : 1 400°C).
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Fig. 10. CCT diagram of steel 2 and 5 with
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same austenite grain size.
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Photo. 2. Optical micrographs after cooling at cooling rate of RIl in Fig. 10.
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Steel 5(TiN) Steel 2(Ti free)

‘l"’ a5 k\f‘“‘ : ik " "
I EITIRC (o T

a : Quenched at 691°C b : Quenched at 681°C I 00
¢ : Quenched at 655°C d : Quenched at 638°C ﬂ
e :as cooled f :as cooled

Photo. 3. Comparison of transformation behaviors in cooling at R} between steel 5 and 2
with same austenite grain size.
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Photo 4 Flne TiN precipitates in fcrrlte appeared at grain boundary (a) and
inside of a grain (b) in Photo. 3 (¢).
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Fig. 11. Reprecipitation phenomena of TiN during
cooling in synthetic welding thermal cycle
in steel 5 (cooling rate : R1).
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Cooling time from 800°C to 50C°C (sec)
Fig. 12. Impact transition temperatures as a function
of cooling time from 800° to 500°C (max.
heating temperature : 1 460°C).
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e Fe s ST QAT
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Table 2. Cooling time in transformation range
in various welding processes.

Welding | . | Cooling time from
process - Heat inpue i 800°C to 500°C
SAW | 144kj/om | 244 sec
EGW ’ 200 kj/cm | 116sec
SESW 420kj/cm | 145 sec

+60F ®steel 2(Ti free) max. heating xemperalue 1200C
Osteel 5(TiN) 1400°C
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Fig. 13. Impact transition temperatures as a func-
tion of cooling time from 800° to 500°C

in steel 2 and 5 with same austenite grain

size.
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Fig. 14. Change of microstructure and Ty with
maximum heating temperature in steels 2
and 5.
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steel 5  dy: 84p steel 2 dy:- 8y steel dy: 3194
max. heating temperature max. heating temperature  max. heating temperature
1400°C 1200°C 1400°C

Photo. 5. An example of fracture appearance.
(cooling time from 800° to 500°C is 96sec).
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Photo. 6. Relation between heavy tear line in fracture s

urface (a) or subcrack (b) in

charpy impact specimen and effective grain size determined by etch pit method.
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Fig. 15. Relation between (T, of synthetic heat
affected zone and effective grain size

(de).
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Table 3. Mechanical properties of quenched and tempered 60 kg/mm? high strength steels (32 mm thick).

Steel kg/' S, | kg‘*’/-uljmz EL. 9 L R.A % Bend | v]fé“io "é‘ﬁl" ' VT °C
HT 60S  64.2 2.3 28 | 68 Good 21.8 7.5 . -7
HT 60 64.8 "51.7 2 69 " 146 10.0 = —62
BRI oML, T 25120 F, Ofa, Hsat input (kj/cm)
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o =t el e S 3 kel G

RTOTECHLM, CZTR—PILLT 60kg/ mme Fig. 16. Relation between strength and toughness

i (HT60S) oMM ES %k~ %. of welded joint and cooling rate at fusion
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Fig. 17. 2mmV notch charpy test results at various
notch positions of sub-merged arc welded

By A4 I NEOERTHD, SHIEEOKREL 54T joint in 60 kg/ mm? high strength steels
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Fig. 18. 2mm V notch charpy test results at

various notch positions of electro gas
welded joint.
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Fig. 19. Modified ESSO specimen.
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Fig. 20. Temperature dependence of K. value
(modified ESSO test).
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Photo. 7. Optical micrograph of fusion zone of sub-merged arc welded joint.
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