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Effect of Productivity on the Hydrogen Content of Atmospheric gas in the BAF
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Abstract
In recently, annealing process of cold rolled sheet tend to change to continuous annealing process for
improving quality, saving vield. In the meantime as demand for various kind and small lot of products
has been increasing, batch annealing has been appreciated for its small restriction for the operation. So,
we tested on the effect for a hydrogen contents of atmospheric gas at annealing furnace. As a result of
several investigation. We confirmed for the following characteristics ; improved productivity, uniform
heating, improved surface quality, saving energy. Therefore, the use of hydrogen instead of nitrogen as
the protective gas, combined with high convection in batch annealing furnaces, has shown that
considerable increases in furnace output and material quality are attainable. Owing to the low density,
high diffusion and reducing character of hydrogen, a better transfer resulting in uniform material

temperatures and improved coil surfaces can be achieved.
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Table 1 Chemical compositions of specimen(wt.%)
Material] C Si Mn Al Cu

SAE | 0050 | 0009 | 0250 | 0010 | 0.010
L1008

Table 3 Physical properties of hydrogen and
nitrogen. (at 250K).

Items H2 (a) N2 (b) a/b
Thermal
conductivity 0.157 0.0222 7
| W/mK)
Viscosity -6 -6
(N - s/m2) 7.89 x 10 1549 x 10 1/2
| Diffusion . .
coefficient 814 x 10 1148 x 10 7
| (m2/s)
Density
L (kg/m3) 0.097 1.348 1/14

s AFEAEQ] FEe Yt 44 7EsFE A
g5 3 mdoln, FAE 1.0 mmol & 1219
nm 9 ZLE ALEs T

2.2 4% A=A

BAFAEAA HIEL Fig. 1914 Bt nps} 2o
dicet giFdl sl diRE o] FojAn] HAale 9
# ASe olF A Axeg Ui FAAE dF7t
d & ¥FE 7IK3 erz AAGE 47 7}
29 R4 w2 =ZA WA "o duizo=
3AF 25 A 297 7}A~E HNx BAFS} 44 2
A1 7k~E AME-SlE Hp BAFE TR ET Ho
Fi2 AMS5HE 100% Hz BAF AF% oy ZA]
& H: BAF$} #t},

-561-

|| — Convection

T T

i

! | Il Radiation
Coil 1 ! || Conduction

1 H } D/L//
' : Il — Inner cover
Convedton ptate ]

{ I .

' } —H Atmospheric gas

i |
Coil : :

| |

i |

T Pedestal ||

Fig. 1 Schematic diagram for mechanism of
heat transfer

gl AF MYy 29 AL Fig. 20A HE b
o} 23, 743 29 3ol A HH A
B34 AS9AAH FE Inner coverZb om, olst
2 AR P ¥ B9V b2 35S
2aEA HF7) 97 Based}t Fano2 FA g}
o}

Furnace

00, Do
NE
R

Guide Post
.

9 Furnace Control
Tnner Vcovn\r 4 /' Thermoceouple _
\\ ]

‘ -
¢
Z | 7 g
2 H RS,
2
Burnﬁ/LJ‘”
Radlibls |
= N
'

N

5 L _ - S .

Thermocouple(§2)

Fig. 2 Schematic diagram of HNx BAF

BAF9l 4] HNx7}~& A}8-3l= 3¢ Fig. 26A 9
Zro] A7} &olg Basedl LEA0]§ FAHE2
TOE ARy IYLXEE Aojsla YAl
AAdzie) 22 AT, Axv Hy BES7] 7I2E
A3l %o Inner Coverst L YAlole] A=z)
B 4AdE TOZE 971 7129 &5 Aos)
o WZAde el o ZAYA Py AE3)
o] YZAAIZHE @E A



2.3 4% Wy
Aq) =99 GAY 45 A Fig. 3049 2
ol 2Pl AAR} FAR LA

20y
; 8
|

Hot spot

7
: L 1Cold spot
I

Inner cover

I
]
|
1
]

Coit : :>< #11 Thermo
| | l/ couple
2

Thermocouple

Fig. 3 Thermocouple location diagram of coil.

BAAFE 1AL Fig. 40149t 2ol 67 ¥
Aoz FEHY glow, YA} AHIAL & F
#F Ag AR 3t £&F Mok

l Picklingl—— Cold
rolling
L

anneal ing

cleaning

Temper ——IRecoiling l
rolling
Fig. 4 Process of cold rolling

g Ade b Quda AFne Agdge
o, HNx 7}2% Ax, Hy 7428 2917) 7h22 4
#3992 W 7hd 2 YAAIZE Wmso] BAF
AN 7 2% AR ol el 2A
a5l Aol F74, Tdz TR AT

Electrolytic r—]

3 4% Zn ¥ 1

3.1 AF Aol Hlu

HNx$} Hz BAFolA9] A£F AlHe A6 £ 2
# Fig. 591419 2o] HNx7}29 3= 71dA A
3ol 680T7HA =gl 4841310 A aEAD
AF Aol2d 71 2 WA 0T7A BF S ©
735 °F 13543 Axrt 28 5T 2 Axvt
29 3£ Fig. 60lxst o] 714 2 BAANS
FHF £EAIGE 50413 2850l HNx BAF$
Hi3E 27HAE AlZle] €3S & 5 ok

Temperature (°C)

Temperature (°C)

1000

900 |-

800 - o #2 T/C ‘
yunS-Suag s Cold Spot

700 | x-"gfa‘g’a. > o Hot Spot
600 | /g o o® .\ ® Furnace ‘

j 0’,21 . * \ﬂ .\ —-—ﬁ_!
500 S - Y

P / \R e
400 J ] bfg,\ .

/’ 8 ‘e

300 fff B “e.

200

100

PR IR SPUUNS N J T S S T | T E SN S SRS S

0
0 10 20 30 40 50 60 70 BO 90 100 110 120 130
Time (Hr)

Fig. 5 Relation between annealing cycle time
and temperature in the HNx BAF,
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Fig. 7 Comparison of Ho BAF with HNx BAF
on the productivity of commercial quality
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Fig. 9 Comparison of H» BAF with HNx BAF
on the productivity of deep drawing
quality.
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