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Effect of B on Delayed Fracture in Heat—Aff_ected Zone
in 80kg/mm’ Class High Tensile Strength Steel

Yasuhide OuNo, Hiromi Fuju, and Sheze SEKINO

Synopsis:

This paper showed the effect of B on the delayed fracture of high strength steels. As the result of many
cold cracking tests in welding (Tekken-type etc.), three characteristic facts were indicated. Firstly, B is very

effective in preventing cold cracking. Secondly, B segregates at austenite grain boundaries in heat af-
fected zone. Thirdly, diffusion of hydrogen becomes slower when B segregates at austenite grain bound-
aries. From these facts it is thought that the diffusion of hydrogen to stress—concentrated region is sup-—
pressed by B in heat affected zone and thus B is beneficial in preventing cold cracking and makes steels

insensitive to cold cracking.
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Fig. 1. Welding conditions.
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Fig. 2. Relation between Ceq and root cracking
ratio.
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Table 1. Effect of B on cold cracking

C Si Mn P S Cu Ni Cr Mo A% B
H-1 0-09 0-34 1'76 { 0011 | 0-015 0-53 158 0-73 0-53 0-01 | 0-0012
H-2 4 0-35 1-78 ” # 0-57 1-57 4 4 4 —
100°C 125°C 150°C
Preheating temp.
12|34 |Ave.| 1|23 ]| 4| Ave.| 1l |2]3]| 4] Ave
Root 200 0O 36 18 0 O 0 O o0 o o o O 0
H-1
(B-added) Section 3 O 15 6 0o O 0 O o o o o O 0
Surface 0 O O 0O o o o O o 0o o O O 0
Root 58/ 82| 100 90 82| 82 18/ 88 92 700 0 O O O 0
H-2
Section 15| 25| 45 40 31| 35 5] 25 30 240 O O O O 0
(B-free)
Surface o 0 o O 0 O O O O oo o O 0 O 0
Table 2. Effect of B on cold cracking.
C Si Mn ) S Cu Ni Cr Mo Vv B
F-2 0-08 | 0-38 1-81 0-008 | 0012 | 0-84 0-95 0-57 0-42 0-01 —
F-4 ” 0-28 ” v 083 | 096 | 096 4 ” 4 0°0015
100°C ’ 150°C
Preheating temp.
1 2 3 4 Ave. 1 2 3 4 Ave.
Root 95 89 64 76 81 17 77 0 0 24
F-2 ‘
(B—free) Section 35 25 20 25 26 8 15 0 0 6
Surface 0 0 0 0 0 0 0 0 0 0
Root 0 0 0 0 0 0 0 0 0 0
F-2
(B-added) Section 0 0 0 0 0 0 0 0 0 0
Surface 0o| o| o} o o| o| of o o 0
2.3 KEOHLAIE
ENnEcBEYE 2 5ETF L LT, —RENTKER,
59, HED 3 &HNE X LNBN, BEROGE, b
NHE—FETH 5. BOFHDKFER X OCHEIHT S
WrEz L LENRHS. B 10 ppm BERME NI
weld &, THREMAE U THECHE RS X 5N BAE
Fz7&m BEHIEREDT, WACHEEE XD LITH XIS
I lne Ve DR, MEHH— SHERR L LELGNG.
Base metal LEOEBRTE, Ceq 235 HERHIE < IS EEAR BRI O LR

Photo. 1. Distribution of B at fusion line by fission
track etching method (X 200).
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Table 3. Effect of B on cold cracking.

C Si Mn P S Cu Ni Cr Mo \Y B
F-7 0:06 0-35 2-00 0-006 | 0-012 | 050 1-45 0°56 0-35 0-05 —
F-8 007 0-36 2-07 4 0-014 | 0-51 1:52 4 0-37 0-06 | 0-0009
100°C 150°C
Preheating temp.
1 2 3 4 Ave. 1 2 3 4 Ave.
Root 93 99 88 0 70 0 0 0 85 21
F-7
Secti
(B—free) ection ) 40 40 25 0 26 0 0 0 25 6
Surface . 0 0 0 0 0 0 0 0 0 0
Root 74 | 37 | 73155 6 | o o] o o 0
F-8
(B-added) Section 30 10 25 25 23 0 0 0 0 0
Surface 0 0 0 0 0 o| 0 0 ot 0
5%H,S0,
/ A (CS,+P)
Pt
\ 4
| I
4 \
Specimen Paraffin

Microscore

Fig. 4. Apparatus for observation of the position
of permeating hydrogen.
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Photo. 2. Position of hydrogen emission. (x 100)

Table 4. Time required for hydrogen to emit.

Tf(}ircnkélxstss Time
1 1-06 11 min Osec
2 1-07 6 7 30 7
F-2 (B-free) 3 106 137 57
4 1:06 12 7 30 7
1 106 12min 17 sec
2 1-:07 14 7 55 7
F-4(B-added) 3 1-06 16 » 07
4 1:06 16 # 50 #

7 BIKFEASHHE L Rob 5 % C RS 2015 U 7okt B %%
T BARSCEHEL TV SDMEREL, iEboxan
KEVD, BEREMU: F-4 LSRR EWC 23
bbb i, BMEEIhTL 5KEOELBEMEOS
BLEVE S5 THDk. £2T, DERKEOEBEY
BlE L7c.
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Fig. 5. Apparatus for measurements of diffusion
coefficient of hydrogen.
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Fig. 6. Volume of permeating hydrogen as a
function of charging time in B treated
and B free steels.
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Table 5. Chemical composition.

C Si Mn P S

Cu Ni Cr Mo \% B

HT €0 0-14 0-24 0-77 ‘0-013 | 0-005

0-23 | 082 | 0-52 | 042 | 004 |0-0012
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1100°C
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Photo. 3. Photographs by fission track etching
method. (x200)

Heating temp.

400

350

Hv

300

—— | 100°Cx2hr
250 | --0-~ 1200Cx » [=Roliing>930° x 20min, Jominy quenched
—-+-- 1300Cx +

1 1

1 1 1
10 20 30 40 50 60 70 80
Distance from quenched end (mm)

Fig. 7. Jominy curves in single quenching.
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of charging time in specimens subjected
to various heat treatments.
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Relation between hardenability estimated
by the distance from quenched end to
Hy 320 location in Jominy specimens and
permeating hydrogen.

Table 6. Diffusion coeflicient of hydrogen.

Heating temp.

Quenching temp.

Diffusion coef.

930°Cx 20 min, WQ

1 000°C X 60 min,

1200°C 7 930°C x 20 min, WQ

” 1 000°C % 60 min,

1300°C 7
4

1 100°C % 2hr
o

930°C % 20 min, WQ
1 000°C x 60 min.

7 =

7 -

7~ 890°C X 20 min, WQ

4

V4

9-3%10-7 cm2/sec
1'3x10-¢ 7
2:0x 7 7

7 1'5x 7 ”
37%x # 7

7 2:2x # Y
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Slab heating
107 © temperature | {00C

e . 1200
. ¢ 1 300C

Diffusion coefficient (cm*/sec)

L 1 1 1 1
20 30 40 50 60
Jominy distance at Hv 320 location (mm)

Fig. 11. Relation between hardenability estimated
by the distance from quenched end to
H, 320 location in Jominy specimens and
diffusion coefficient of hydrogen.
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