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Effect of Titanium and Nitrogen on Toughness of Heat-Affected Zone
of Steel Plate with Tensile Strength of 50 kg/mm? in High Heat Input
Welding

Yutaka KASAMATSU, Syuzi TAKASHIMA, and Takashi Hosova

Synopsis:

A study has been made of the effect of titanium and nitrogen on heat-affected zone (HAZ) toughness
in one-sided submerged arc welding by using 30 mm thick steel plate with tensile strength of 50 kg/mm?,
The distribution of TiN particles in the steel plates and welding thermal cycle specimens simulated the
HAZ, was observed in relation to the toughness.

The HAZ toughness exhibits the highest value at approximately 0.015%, titanium, which also gives
the finest distribution of TilN particles in the HAZ regardless nitrogen content. The optimum nitrogen
content for the toughness is about 0.0050%, although the number of TiN particles increases with increasing
nitrogen. The degradation of the toughness in the range of more than about 0.0050%, nitrogen can be
explained by the increase of free nitrogen harmful to toughness. By means of controlling the amounts of
titanium and nitrogen in the optimum range, the fine distribution of TiN particles can be attained, which
enables the production of steel plates for high heat input welding in conventional steel making process without

special precaution.
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Table 1. Chemical compositions of test plates (wt. %).
Steel | C | Si [Mn] P s AT N [Ti/N| Type
A | 013 | 035|146 [0011[0005[0.033]0008{00030 | 2.6
B | 012|034 147 [0013[0006]0038]0013]0.0030 | 43 | Low N
Cc | 012|036 142 [0015[0007[0035 001500042 36
D | 012 {033 [1.45 |0.01,]0.005]0031 [0022[00039 | 56 |\-00035%
E | 014|038 |1.38 [0013[0007]0030]0025[00036 | 69
F | 014 | 036 |1.41 [0012 [0.006[0031]0.009/00054| 1.7
G | 013 | 032 |1.44 0013 |0006]0035]0013[0.0052| 25 | High N
H | 012 {035 [1.48 {0013 [0006]0036(0018]00055 | 3.3
I | 012 [037 [1.48 [0012|0005|0034 |0.022[0.0069| 3.2 [N00060%
J | 013|036 |1.45 [0.011]0.005/0.036]0025|00060| 4.2
K | 013 | 032 [1.44 001 [0007]0.033]0.010[00062] 1.6
L | 014 [ 034 |1.47 [0013 [0006]0.037]0.012 [0.0048| 25 | Ti:0010
M | 013 [ 037 [1.44 |00t |0006]0034[0013|0.0046] 28 |~0016%
N | 012|035 |1.45 | 0012 |0007 {0034 |0.015[00068| 22 | N:0.0036
0 | 013 [035 |1.42 [0013 [0005]0033[0.015 [0.0058| 2.6 | ~00068%
P | 012 [ 034 {1.46 {0013 |0006/0032[0016 [00036 | 44
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Fig. 1. Condition of welding thermal cycle.
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Fig. 2. Effect of Ti content on impact value

«E, at bond location of one-sided sub-
merged arc welded joint.
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Fig. 3. Effect of N content or impact value E,
at bond location of one-sided submerged
arc welded joint.
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Photo. 1. Effect of Ti content on microstructure of HAZ near the bond.
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Photo. 2. Effect of N content on microstructure of HAZ near the bond.
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Photo. 3. The images by carbon extruction replicas and the diffraction pattern of TiN particles.

— 107 —




1238 g & i

% 65 4 (1979) 458 %

60
t=00437
’;z.o_ Steel' B
£ n=275
0w
© 20|
©
g- o O
‘c
- 40l Steel E W=01342p
g n=108 |
€ |
3 20~ 1
1 M n o
Y 005 010 o5

Particle size (M )

Fig. 4. Distribution of TiN particles in steel
plates.
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Fig. 5. Effect of Ti and N contents on mean
particle size of TiN in steel plate.
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Fig. 6. Distribution of TiN particles in welding
thermal cycle specimens,
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Fig. 7. Effect of Ti and N contents on mean
particle size of TiN in welding thermal
cycle specimens.
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Fig. 9. Relationship between Sol. Ti and Sol. N
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men.
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Fig. 10. Relationship between Ti content and
number of TiN particles in steel plate.
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Fig. 1l. Relationship between Ti content and
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HIBEBLBER T, NE N* (Fig. 13) i\
ThobdPTEhhicBErnToteinsdnsEL bR
5.

5. #&

BEOER, 2B IOEEHET H#E LCRE 30
mm & 50kg/mm? LA FH\, FE—BY 7 <=—v 7
— 7 BEMRTF O HAZ ofittic s X133 Ti L ONE
DOFERRE L. Fh, #RF IO HAZ »iEEL

i

e BREY 1 7 v HB R w5 TIN o HAfpkees
HAZ ot LB E S CHE L. LOBEYERT
HELUTDERDTHS.

1) HAZ o Ti &5 0.015% TR T <hiz
EERL, Z0BE, HAZ k32 TIN 3 NEIH
v BRSO T 5.

2) N E2Tr LiaoC, TIiN o¥izsnd s
7, HAZ o xi+ 5@ NEIL 0.0050% <H
5.

3) NE# 0.0050% LI ETo#isibi, WHcE
EREEBENOEINC X oTiHBE IS,

BEDZ &2 b, HHEHE~O Ti 3LIONEOFHE
doT, TiN OMTHATREL R, BEORET
B\ T, RABRBERMINEALCEET S 2 &0
FHTHB L2 5.

o, AHRETo5chich, BEPELCEDL
Dt (bR M HSIFT SR EETA TER R EL B1L
mLEFET. ¥, TIN OBTFHEEESEZCHID,
TR TR T A AR R PR SRR R A IO R S R L
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