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Synopsis:

In these days when energy saving is urgently emphasized in steel works, LD gas recovery is expected
to become more and more popular since it satisfied the requirement of the time as the most effective

energy saving in the BOF plant.

60 percent or more of total energy contained in the gas generated in the BOF vessel can be recovered

as usable gas.

Recently, the recovered LD gas accounts for approx.
6 percent of the total by-product gas in the integrated steel works.
In this paper, the concept, equipment, operation, and actual results of OG system are mentioned as

the typical process for the gas recovery system.

Only a half year is enough to recover the additional investment for gas recovery facilities in case of

two out of three BOF.

In Japan, more than 60 percent of BOF are operating with gas recovery system in 1977.
In foreign countries, BOF with gas recovery equipment are increasing in number too.
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Fig. 1. Energy proportion of by-product gases in
Nippon Steel Corporation (1977).
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Fuel cost (Yen/1,000keal)
(Note)
(@ Converter capacity - 300t/heat
@ Steel production : 1/2 operation : 320,000t/M
2/3 operation - 640,000t/M
® Recovered gas quantity
Case A ! 60Nm/t-steel with 2,000kcal/Nm
Case B 80Nm'/t-steel with 1,800kcal/Nm’
@ Capital interest : 8%

Fig. 2. Efficiency of investment for LD gas
recovery.
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Total heat input 238.6X 10°keal/t-steel
100% )
Latent heat 83.6% 116.4% Sensible heat

f

Full combustion 83.6% |

N

@ Carbon content in pig iron: 4.4% Waste heat boiler system (Half boiler)

@ Generated gas composition and temperature (In average during blow)

- €0 90% , C0:10%
1350

® Gas temperature at boiler outlet (At peak of blow)

0G system :1,000C

Waste heat boiler system : 1,200C

Fig. 3. Heat balance of OG system and waste heat boiler system.
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Fig. 4. Flow of OG gas recovery system.
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Fig. 5. Transition of waste gas composition during
oxygen blow (Muroran No. 1 LD plant,
Heat No. 456).
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Flare stack

alve ™

Fig. 6. General arrangement of OG gas recovery system (outdoor type).

Water sealed
check valve

Three-way

Fig. 7. General arrangment of OG gas recovery
system (indoor type).
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Fig. 8. Construction of three-way valve.
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' Seal drum

Seal drum type

Fig. 9. Construction of watersealed check valve.
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H B % RAETATE S 12 D ORERWLEHRET b 5.
Table 1 iz DBk NA L R

OG gas recovery.

Gas recovering conditions

Standard of

pre-set value Remarks

1. 02 content in waste gas| Below pre-set value

27

2. CO content in waste gas| Above pre-set value

More than 30%

3. Timer setting Pre~set time  (1)*1

Prevset time (2)*2

2 - 3 mins. *1 | *1 : Time from ignition to
initiating gas recovery
(This depends on the

blowing time.)

1 min. %3

%2 : Time from ignition to
terminating gas recovery

*3 : Time from terminating
gas recovery to stopping
oxygen blow

4. Gas holder level Below pre~set level

907% of the
highest level

5. Waste gas flow rate Above pre-set value

I.D. fan surge | Prevention of extremely fluc-
point tuated gas recovering at the
event of I.D. fan surge

6. By~pass valve Closed

7. Oxygen blowing During oxygen blow
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osition
P H,CHs
Shut-off
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valve Flow con-
trol valve
B:
Purge
ure B,
nitrogen y
D
Seal E
nitrogen 2
Water sealed
check valve
- To
Three holder
way To
valve stack
Hood pressure
controlling damper [

(Note) Darkened area shows that valve and damper are kept open, or that equipment is

kept running.

Purge nitrogen:

B;-Nitrogen purge for pockets such as bypass duct

By-Nitrogen purge for flare stack (backfire prevention)
D-Nitrogen purge for duct between three-way valve and water sealed check valve
E;-Nitrogen seal for lance hole and flux chute sockets

Fig. 10. Sequence time chart for OG gas recovery.

5-2 7 A EIRHIE

OGETIE, FTARMEHRT eSS L, 3
EHTHR_7c X 5T, v—rr 2 Hfic X b A8 H 2
BEURAEE D, HABRARICHE ARIREEO ENmrO &
DTHIREIIL DD, B 5 VIXEEL EOIEFERESR
APV, BENWIC A AENER IR, JRERCEI D B
5. Fig. 10 17, WAL BV AEIN, 7 AMEE
RCRBRTICESL ETD/ N~ N, OfFRE, # =20
WAREOEE, KEZRERINCDLD Licy = v X
RANF ¥ — FERT.

2T, HABRBGCEE Lzt —2 Ny, OFEIZ2 W
Tk 5. Fig. 4 nBHAS A X HC, N4 2 F 0 b
VESELTIR T AT E E L5 DT, WEHOWE R X ORI
i Nylgx2 T —=vansd B, N—v). FAEIH
1%, ZHUBR»LIMBEERECOS 2 FRIRFT D
mhnEEz, CO BWEETS. COFEEWETS &,
WG B DRZDIEEME AT X D TRFEMHIREA N 2258
RECHEINDEDT, ThEfhikT %7ic, #AE
INBRRAE R 4 7 NNOERGFH 2% Ny TEIFRIC 2~
T HHEBRRLNTHD (B, 0—v). ZHTERE
KE IR & DY, ZHUEROFT Ry -V L

2 IR e D IR B IC 2 A %, CO L 2E4&
DEAH ADEREN B BN D B DT, HAERBEHA
B, BRXOHREUHE THIC Ny iz k2T —v&h5
(Dss—).

DLED X 5, REFEHEE Ne vt—w, H2EIRAE
DlE, By —F A ar bn— 521
X1, OGEOF ZEWIABINT Lir bR Fab
ns.

6. 7 RENFKE

6-1 BRAKHIEINE
HREREVY, & LOQROEFC X DTHRES.
1) BUERVEESM (B, IBIEERARIY)

2) OGERERIELM (V2 EINKR, MREERRE)

3) HFAFIHEWR O (F ARV & —%E, B
HADHERER E)

THEDEBEDSEHT, 3) TonTiE=i X —fg

FAONC 3 W TR TR B A 2R DT Z TR S T LI

XoT, HNEELDE TS OT, RRBIRECEE

BE25HDIEFEELTL) OXMETHS. REOHHIE

otk 1 2 ORGHIREECBIFEHE A D72 1T, WRERIRHH A

— 128 —

PN R




?

L DGIM@EI

|
|
|
—_— L A . | " '
146 130 120 110 100 90 8 3.8 4.0 4.2 4.4 4.6 4.8
Amount of decarburization (%—C)

|
Generated gas quantity with 2,(XX/)ku)l/N o
t

Nm/ts Actually recoverable gas quantity with
I 2,000keal /N (Nm/t-steel)
50 60 70 80 90 100 110

(Nm'/t=s)
5

(Note)
steel yield : 93%
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quantity with 2,000 keal/Nm*
8

Fig. 11. Nomograph for recoverable gas quantity.
3
27 x—X
§ & L J
. e
; 100 X o\./ \.//x\./
=
S %-,/\§ // /
gg x—f‘// ~§; X
< gop \«”\
N X
-
E 0t /
=
= _ Maintenance of
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g .
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Fig. 12. Actual results of recovered OG gas quantity.
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Table 2. Chemical analysis of recovered LDG at
Oita Works in 1977. e

Calorific |Recovered LDG
IChemical composition(%) value quantity with
2,000 Kcal/Nm3
CO |COp | 02| Np | Hp |(Rcal/Nm3) | (Nm3/t-steel)

JAN. | 64.5]15.6|0.1|17.2(2.5| 2,015 82.9
FEB. | 66.9(14.4| 0 [17.0{1.7| 2,064 83.3
MAR. | 65.1{15.7{0.1{17.2|1.9} 2,016 87.2
APR. | 62.0(16.1| 0 {19.6|1.6| 1,913 86.1
MAY 166.0(15.4/0.1116.4/1.5| 2,050 96.2
JUN. | 66.2/15.1(0.1|15.7|2.9| 2,074 95.2
JUL. | 66.2/15.3[0.1(15.5{2.9| 2,074 100.7
AUG. | 67.3/15.1)0.114.7|2.9| 2,105 98.1
SEPT. 69;9 15.3]0.111.9{2.8| 2,183 100.5
OCT. | 69.5115.5/0.1]13.0/1.9| 2,148 103.0
NOV. | 69.5|15.6(0.1]|12.8]2.0 2,151 .94.5
DEC. | 73.0{14.5/0.1|11.4{1.0| 2,230 103.1

Table 3. Chemical composition of special elements -
in recovered LDG.

Special

elements | C2H4 |CH4 [NO|CoHj [HpS [HCN| SOz
Under |Under

PR 13,000 300 | 5| 0.4f0.1] 1 [o.5

FENC XD CGEREN S, Lo T, TX58 48
DLANVE =BT 57DITiE, FOEAb—FLio
HRd LT — FNEREED & D»ATIEI Lo
BEV 2 DMBERZ M2 2 Z BT ETH 5.

Fig. 11 13, BHKREREBOF R F0V 5 — SR x
NIZEE L, OGHRDEXREINTTIEE S, W< O
DEBEENRT A —F - EOTHFTHENETH .
6-2 FREINEBREE :

FHSOFERES 1P T, 3XOASEETEDO
G RECX5HFAON ZEINEER (2 000kcal/Nmsjf
&) % Fig. 12 i+
6-3 [ENRH 2K

FIRSh/2OGH 2D H MK, OGREO#HE¥EL
PO H A EIRFHC KO TEALDERIED 505, HED
XSCHEKRROZANF =LA L S & V5B Hns7k
SINTWBEE, FIXIERGEEFTOF|Z Table 2 i
YL, CO REE 65% fijth, H X DFEHEIILY 2000
kcal/Nm3 Th%. 7z, OGH RFOMBRSSHEHER
VRS X 2 E /N L, fhoBliT T H,
IREMEL, AERHEMEBEL LS SIRIZLAEEAT
WIRWIR EDIFE LW ER LTwb. Table 3 iz[q
A 2R OMEBRS % RT.

7. [ENH ZAFIFEEE
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Sealing rubber

Water seal type LD gas holder Rubber seal type LD gas holder

Fig. 13. Sketches of typical LD gas holders.
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FRVEKEFRIE, BENE 7 74 RBPUET D
B, T— A& =T 720F, FAFVE-—HOLETLN
7 7 v OHMADIIET 7 VEEDOD, VEUKERPE
W H AL — VDSBS, F BT 2 OFIMAEIEH
WA LB EDT 7o =0 VP EEIET 5 EEDLE
TH5.

7.2 LDHRKILH—

LDGHOHF AK VL — & LTI, KERRAHLT A S
ANE = TAy —VREREIVE - 2835, HAFRIV
4 — ORAREN, BEERE, HKBFIOME, AR
&4 B oBE) KoL RFo R ThIn
TR S, RERE2ERO T A VL %, Fig.
13 wRT.

HREH AT ATV E —OBFER X OCHECHE LEBE
FTREELFHIRDOERDITHS.

(1) FIREY AT ABREE €& — &, BURA ZF]
ATHOBE 2By T2 b= b L, BRTSEX
ABOEEEERCICETSZ &

(2) Zesspyiad 2AEUSE R XD, HRAKVEL =~
D H APLIEHEW 2 A, LDAH 2ofHITSH R
BRI~ DR LTV X %, 175 LTI R FN
¥ — D H AETHEOHE.

(3) CO BEOEVHEBRIARETLDT, ¥
ZDIRBE B ETE5 T k.

(4) ERH=iciE, Fok 0.1g/Nms BE®# 2
FREENRTVWEDT, ¥FRMIXDTHAY —IVHHE

Table 4. Type and capacity of LD gas holder in
Nippon Steel Corporation.

Heat size x Lb :\;gas holder

LD operation Type Capacity
0ITA 330 T x 2/3 | Rubber seal| 70,000 m3
- — —
YAWATA 1 150 T x 1/1 | Water seal | 30,000
" s 150 T x 2/3 | Water seal 70,000
" g 75 T x 2/2 | Water seal 10,000
HIROHATA 1| 100 T x 2/3 Rubber seal} 40,000
Water seal 40,000
SAKAL 170 T % 2/3 | gbber seal| 60,000
NASOYA I 160 T x 2/3 Rubber seal| 30,000
250 Tx /2 | g iber seal| 60,000
"(8) 60 T x 1/2 ubber se ’

KIMITSU I 220 T x 2/3 | Water seal 50,000
" I {300 T x 1/2 | Water seal | 60,000
MURORAN T 300 T x 1/2 | Rubber seal| 60,000

hhitni d, BIOHTRAFRNVE —N~OHFEL 2
DODBRENRTELHEETHD T L.

WASTHEELTWwA LD R R E — 0B B IO
wE% Table 4 TR
73 T—RE—=T 72

LDHF2FAKHE LTOT— & —7 7 OfFEEI
DWTI, RDOZ EEEETHLERDS.

(1) F—=z2&—7 7 HBAOOHFZEINE, HICIE
ETH5D, 47—ty — ViR OiRRE sk
TEHBETHB T L.

(2) 425 —Tid, FRXMBAEFELLTVOT,
TL— ROk, 7V —= T OWRERT E.

(3) T—2&—DOFRIEREINT, HAFNVE — DRI
HRAEN 2R CPRDEHZ L.
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1945

selling  YAWATA HIROHATA Hot Selling NAGOYA
6.8% WORKS WORKS  Plate 3.5% 0.7% WORKS
Slabbing
NIPPON STEEL B8
CORPORATION
Boiler
93.2%
Others 4.4% Seling  SAKAI KIMITSU OITA
Cold 1.0% {Boller)  WORKS WORKS
Hot 0.6%

Plate 0.3%.
Slabbing 5.0%
COP 2.4%

(Note) Boiler :

Slabbing
11.1%

Others
10.8%

Process boiler or boiler for power station

Cold
4.1%

Selling

(Boiler}
58.8%

HS : Hot stove for blast furnace
COP ! Coke oven plant Hot . Reheating furnace for hot strip mill
Slabbing : Soaking pit for slabbing mill Col : Waste acid treating plant for cold strip mill
Plate : Reheating furnace for plate mill

Others : Calcining plant, pelietizing kiln, etc.

Fig. 14. Results of recovered LD gas utilization in Nippon Steel Corporation
(Average from October 1976 to September 1977).
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Fig. 15. Flow diagram of recovered LD:gas utilization.
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1946 N | % 64 4 (1978) #13%

ol T2 With full combustion system 10. £ 3
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Fig. 16. Transition of BOF installations in Japan.
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