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Effect of B and N in Steel on Fishscaling of Porcelain Enamel

Minoru KAMADA, Kenichiro SUEMUNE, Masami QOSAWA and Masaaki SHIBATA

Synopsis :

In order to develope the production method of enameling steel sheet by continuous casting, it is necessary

to prevent fishscaling of killed steel.

The effect of B and N in steel on fishscaling and hydrogen permeation

of Al killed steel sheet has been studied using the specimens prepared from vacuum melting.

Fishscaling was reduced appreciably by adding B into steel, and remarkably by adding B and N. As
B and N contents increased, hydrogen permeation and fishscale susceptibility reduced. As a close cor-
relation existed between the fishscale susceptibility and insoluble B (B as BN) in steel, it was considered

that the reducing effect by B and N addition was due to boron nitride depositing in steel.

In order to prevent

fishscale perfectly, it was necessary to contain insoluble B more than 0.002%, for cold rolled steel sheet and

0.008% for hot rolled steel sheet, respectively.
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Table 1. Chemical composition of specimens.

Chemical composition* (wt% )

No Base

c si Mn P S Cu Total Total N steel

Al B
Bi 0. 067 0.014 0. 310 0. 004 0,011 0.026 0. 024 Tr 0. 0057
B2 0. 037 0.014 0. 310 0. 004 0,012 0.026 0. 038 0. 0019 0. 0060 0.05%C-
B3 0.044 0.014 0. 310 0. 004 0,012 0. 027 0. 037 0. 0050 0, 0051 0.03% Al
B4 0. 062 0.014 0. 310 0. 004 0,011 0,026 0. 027 0.0124 0, 0051
Bs 0. 070 0,015 0. 310 0, 004 0.011 0. 027 0. 099 Tr 0. 0055
Bg 0, 067 0,015 0. 310 0. 004 0.013 0. 027 0. 099 0. 0018 0. 0053 0.05%C-
B7 0, 047 0,015 0. 310 0. 004 0.013 0. 027 0. 097 0. 0051 0. 0051 0.09% Al
Bsg 0. 065 0. 015 0. 310 0. 004 0.011 0. 028 0, 098 0. 0124 0. 0053
Bog 0.021 0.017 0. 340 0. 003 0. 011 0. 029 0. 056 Tr 0. 0057
B10 0. 020 0.017 0. 340 0. 003 0.012 0. 029 0. 056 0. 002 0. 0053 0.005%C-
B11 0. 004 0.180 0. 120 0. 003 0.012 0, 027 0.019 0. 0061 0. 0040 O' 03% j\l
B12 0. 005 0. 180 0. 120 0.003 0.012 0,028 0.017 0. 0125 0. 0046 ez
B13 0. 005 0, 180 0. 120 0. 003 0.013 0.027 0.017 0. 0250 0. 0043
Bl4 0. 005 0.015 0. 320 0. 005 0.011 0.028 0.082 0. 0024 0. 0055
B15 0. 005 0.015 0. 320 0. 004 0.012 0. 028 0. 079 Tr 0. 0058 0.005%C-
B16 0. 005 0.015 0. 320 0. 004 0,011 0, 028 0. 055 0. 0060 0. 0060 0.09% Al
B17 0. 005 0.015 0. 320 0. 004 0,011 0.028 0. 065 0.0128 0. 0056
0. 005%C-
B18 0. 006 0.180 0.130 0. 003 0,012 0,027 0.017 0. 0245 0. 0082 0..03% Al-
high N

B19 0. 005 0.015 0. 310 0. 004 0.012 0.028 0.077 0. 0021 0. 0032 0. 005% C-
B20 0. 005 0,015 0, 310 0. 004 0.013 0,028 0,072 0. 0055 0. 0035 0.09% Al-low N

*: Shows chemical composition of hot rolled sheet.
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Fig. 2. Effect of B contents of fishscaling and Fig. 4. Effect of B contents on fishscaling and
hydrogen permeation time (Base steel : 0.059%, hydrogen permeation time (Base steel : 0.005%,
C-0.032,Al, cold rolled sheet). C-0.039,Al, cold rolled sheet).
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Fig. 5. Effect of B contents on fishscaling and
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Fig. 6. Effect of B contents on fishscaling (Base
steel : 0.0059,C-0.032%,Al, hot rolled sheet).
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Table 2. Chemical composition of specimens.

Chemical composition* (wt% )

No T Insol st
: . Sol Insol otal nso stee
C Si Mn P S Cu Al Al B B N O
BN1 0,007 <002 0.310 <0.01 0011 002 0014 0004 0,005 0.0016 00031 0.0016 0. 005%C-—
BN2  0.007 <0.02 0.310 <001 0.011 0,028 0013 0006 0.0114 0.0020 0.0032 0.0011 0. 003%N
BN3 0009 <002 0.310 <001 0.011 0.027 0015 0006 00167 0.0021 0.0034 0.0028 - (057
BN4 0,011  <0.02 0,320 <0.01 0.011 0.028 0063 0,004 0,000l 0.0001 0.0045 0.0022
BN5  0.013 <0.02 0.320 <0.01 0,012 0.028 0068 0004 0.0038 0.0017 0.0055 0.0029 0.005%C-
BN6 0,006 <0.02 0.320 <001 0.011 0.028 0050 0.003 0.0066 0.0031 0.0052 0.0019 0.005%N
BN7  0.014 <0.02 0.320 <0.01 0011 0.028 0004 0,005 0.0112 0.0033  0.0056  0.0019
BNg 0021  <0.02 0.340 <0.01 0.011 0,029 0,053 Tr Tr Tr 0.0062  0,0023
BNg 0019 <0.02 0.340 <0.01 0,012 0.029 0.054 Tr  0.0018 0.0017 0.0054  0.0019 0.005%C-
BNI0O  0.004 0.18  0.120  <0.01 0,012 0,027 0.018 0.001  0.0055 0.0033 0.0046  0.0018 0. 0057 N
BN11  0.004 0,18 0.130  <0.01 0.012 0028 0.018 0.003 0.0112 0.0037 0.0044 00026 - Uo7l
BNIZ  0.005 0.18  0.120  <0.01 0,013  0.027 0,015 Tr  0.0236 0.0053  0.0056  0,0030
BN13 0,006 <0.02 0.300 <0.01 0.012 0,029 0,004 0.005 0.0062 0.0040  0.0089  0.0031
BNI4 0,004 <0.02 0.300 <0.01 0012 0.028 0,006 0.005 00105 0.0052 0.0078 0.0016 0.005%C-
BN15 0,004 <0.02 0.300 <0.01 0.011 0027 0,005 0.005 0.0173 0.0054  0.0084  0.0022 0.008%N
BN16  0.006 0.18  0.130  <0.01 0.012 0,027 0.014 0,001  0.0227 0,0076  0.0098  0.0035
BN17  0.007 <0.02 0.310 <0.01 0.012  0.028 0.017 Tr 0.0054  0,0049  0.0130  0.0015
BN18 0,007 <0.02 0.310 <0.01 0.012 0.028 0018 0.004 0.0136 0,0079  0.0134  0.0010 0.005%C-
BN19  0.007 <0.02 0.320  <0.01 0.012 0029 0.014 0.006 0.0200 0.0104 0.0158 00011 0.015%N
BN20  0.006 <0.02  0.300 <0.01 0.011 0.027 0.015 0.002  0.0261 0.0100  0.0157  0.0022
*: Shows chemical composition of hot rolled sheet.
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Fig. 7. Effect of B and N contents on fishscaling Fig. 8. Effect of B and N contents on fishscaling
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box annealing 700°C x 5h). continuous annealing 850°C X 1 min-400°C X 3min).

HRCHERL BT ERER) 2~3 min, {R%E 850°C x (b) IE-EECHEM A BN 1~7, BN 13~15,

I min, ##Ze4, SBREEZHALER 400°C x BN 17~20
3 min (c¢) BILHEHEH BN 1~3, BN 8~18, BN 20
(4) HEREESME: ETE 1.2%9 (BEMIRIE 2mm ZFHLCFHMEL 72 -)
ok, RBHHEOHE L, FTREMCH LT, ki  HBERBREMNLZTOCRBHCOVTONE ORERERE
NTRBRE RHR L. F L OKEERREEINERSREY Fig. 7w, Sk
(a) WIE-ZEEsispdm BN 1~15, BN 17~20 fTorRBA T OV T HRBEREY Fig. 8 R

— 124 —



1295 A5 N RIFTHMA B, N 024l 271

T. Fig. 7 5 X0 Fig. 8 vbLkD & L avbonsD7-.
(1) MERE7LIFLFECBEMNT 2 - 2ok
b, METREERMEN 2D, FOHRINEGEEN
BNEERE . FlxoE, FEREM, HEFbesiARIbH T,
NE&EFHEN 0.003%~0.006% OBEINE O w13
BIedTik, 0.01% Lo Bk A BECHL, N
BAEY 0.007% L Ewx+hiE, 0.005% oBEmcY

JREOUTREAEL v,

(i) NEFBEOEEIAREB/EM T Hk\ T
bRoNS. NEHEEN 0.003%~0.006% L {E B4
X T fiix B 0.01% wincifivbL, #hllbEoB
EHEMLTH T 2S5 508 LA bh/ikcw. hic
L, Na&EM 0.007%~0.016% oiawcit, T{E
WBEHME S bkl 20min Ml Ecd Ebs o b
WTES. (EkhboZBciz, T i 10min I EH
MTIE A5 4 = —TOJNECHENFE LW b
2 B, N ¥RINCME OB IEMTFIREE E2 B A.

(iil)  BIEE D KBIZEECHNTNE R TAELS

b R

(iv) AT TMBREEINEY, TECHEY 52
V.

RI, BIEHIC OWT O & ORBRkS R4 Fig. 9
7. Fig. 9 Xobns ks, N, BofEnEs &
RIS Es ENEOCRESIEENh L. BRINELE
e, NEmMEL#EIC L STIRE ORELERT 7 &
Fig. 10 o X 5127 5. Fig. 10 75, BGESRHIC 34
TIREOFA R ILT 5 R HEifE, B2 0.012% [ k-
T, 22N 0.012% Ll EDHEBTHELEE LD

1. = =

12555 AWML T VI~ — 2~D BFEMD
PHREE <, T CIRBER 36 FIm A HY I Lo TR
PHBEIRTWS. Ui L oEBHestoR 5
AL LTkh, RECBIE2 BRI E L DTl fens
Dt R, FHELYD 3z 5 A 5 B0 sl E sy
L, 0.01%C offic 0.008% EEEDBawEint 5
CERIDTMECRHRHIETEL L LTS, FEIYS
EBEINC X% )N E OB IEZH BB B B 5\ ik o
IRRAL DI X 5 FE5a Kk &\ & L, Bomgtsy,
FIPOHFEEINIE LT 5. AR OREE I,
Wil D 7= A2y 7e Al BREHF L7 4 3 4 P
D BERMANE OBF IS L TERCH D & & MR
Shicdy, BIlBHMCHRAYRET ol B
CeNLOBHAEERTHRLTRTENWL M & oo
oo ThODEAIFRACOWTHUTERT S & & L 3

oaklng temp,
1150°C lZSD"C"
N (Z)
0.0030~0.0035| o .
0,0040~0,0060 A a
0,0070~0.0080 v v
0,0130~0.0160 o [
Alr cooling
i 2 o oAy 2] 8 2
Z
=X} a a v
a
b
& Xr
=
l At ¥
8 o L] B v o
(=]
et !

1 L 1 1 |
0 0.005 0.010 0,015 0.020 0.025
B (%)

Fig. 9. Effect of B and N contents on
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Fig. 11. Effect of insol B (B as BN) content on
fishscaling and hydrogen permeation time (Cold
rolled sheet, box annealing 700°C X 5h).
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Fig. 12. Effect of insol B (B as BN) content on
fishscaling and hydrogen permeation time (Cold
rolled sheet, continuous annealing 850°C X | min-
400°C X 3 min).

Soaking temp,
1150°C
N (%)
0.0030-~0.0035| o
O*‘ 0.0040~0.0060| a
= i R 0.0070~0.0080| v
5 X a 0.0130-0.0160] o
2
S kb
o
FoT
ke
g or
o
1 1 1
0 0.005 0.010

Insol B (B as BN) %

Fig. 13. Effect of insol B (B as BN) content on
fishscaling (Hot rolled sheet).
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