G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

United

Diztr.
LIMTTED

1/MCL 14610
) . ’ 8 March 197
Nations industrial Development Organization _
ORIGINAL: ENGLISH

—

Tl d
ar o tan

t sy Y
17 SPR 3 351

M
Tiverrerional Srapos.um
Lo ana Steel Telag ey

g crwad 1 - 21 O ey 197

’

berdn Lren B
. _— e L/
SOME. DRVRLOCMINTS TN TCP=PLOWN 0L EQ JTPMENT-
bv
sestamabny S Yomnlukl, J, Taanodac
Seduiria and K.Yanag:da
waviigakl fewvy Lodus ries lLimited
."t,"uH
i
i
]
i
!
i
| ‘}_,/ b vicws and opinlons expressed in this pepar are thoge cf Lhe authors
il b neenrsarlly reflect the views of the searetariatl of UNIDO,  This
eninent Das tran reproduced wi thout formal sditing,
& R PEETIRS ERT8
i




some of the pages in the microfiche
j copy of this report may not be up to the proper

1 legibility standarde, even though the best possible
Copy was used for preparing the master fiche.

We regret that




Summary

Oxygen steclmaking is widely used for open-hearth furnaces, electric
furnaces and converters. Among various processes of oxygen steelmaking,

the LD process developed in Austria in 1952 has grovn to play the leading
role in steelmaking sround the world in a brief span of only twenty years.
The amaging growth of the LD process has been accompanied by marked improve-
tlents on its operating and equipment te. aniques.

This paper discusseca the progress of the LD procsss particularly in respect
of equipment techniqucs, supplying up-to-date information on the vessel,

vessel tilt drives, waste gas cooling and cleaning system and others.
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1. INTRODUCTION

The LD basic oxygen furnace currently plays the icading role in steeimaking throughout the
world for it high productivity, economical advantage and its recent improvemient in steel quality,
and is gradually making its way cven into the field of special steels which was monopolized by t'ho
electric furnece in the past. in 1971, world LD basic oxygen steel production reached 237,600,000
tons, 41 percent of the raw steel production amaunting to 683,100,000 tons. In Japen where the
LD stecitnaking process has accourted tor a rapidly increasing propotion of steel production snd
its steelmaking capacity is the highes! in the world, more than 90 LD basic oxygen furnsces, in
1972. produced raw steol amounting to 76,980,000 tons, 70 percent of the total.

This paper presenits the recen' wwformation on vessel, vessel tilt arives, lance, waste g
cooling and clesning sy-*am, sensor-lanve and reliring machine in LD BOF plant, mainly in Japan,

2. VESSEL

Fig. 1. as well as fig. 2, shows a vessel with tilt drives. Performance of the vessel can be
enhanced by design wmprovement on its conhiquration, support system and cooling devioss,

FIG. 1 EXTERIOR VIEW OF LD VESSEL
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FIG.2 GENERAL ARRANGEMENT OF LD VESSEL




21 Cunfiguration of vessel

In determining the configuration ol the vessel, are mvited proper considerations on the
follow:ny factors together with properues ol rateriahy, hot mmetal ratio, avality jrescription ot
steel, und tefractories.

a Reustraint of slopping

b)  Optimum stirring ond decarburization of metal baih

cl Minimum fluctuation of bath vepth (hioughcut a campaan
d)  Essiness of lining

el Reduction of building height

1} Reduction of required tilting rorque

Figs 3-(ai~ 3-le} Low the man dunennions of sbout 99 LD BOFs in aperation or under
construction o5 of 1872 in Jso-n, ogethes with the regrussion curves determined by the method
of least squares.

As shown in these tigures, vessel up to about 150 tons/heat grow: in rapacity mainly by the
entargement ot the vessel diameter.  This wa. due mainly tu the restrictions of the bullding
height and tne capacity of vessel 1t drives. And the blowing tioubles arising rrom a relative drop
of the height-to-diameta ratin have Heon snlved by employing muitiplenozeet oxygen lances. These
vessels have the shell diemeter up to sbout seven meters

Recontly bui't larje-apicity vessels, however measure more than aight meters in shell
diametes and sonme of them lavs a height-to-diameter ratio of over 1.5.

As shown in fig. 2, ecent vessels are generally of a tulip type with the bottom section
nerrowed down by 10 to 40 degrees. This is intended mainly tor securing desired “ath depth and
uniform decarbui i zation of metsl throughout 3 campaign.
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22 Suppoit system

The support systems ot ea by vessels which oo generally snsall uapai.ty were often of an
integral trunnion tyne {fig. 4) which nmwant the direct bolting o welding of trunnions to the outer
surtace of the shell. With the increase of furnace capacilv, hnwuver, o sgparata trunnion type
{tig. 6) geined general ucceptance. beraus: it keeps trunnion free trom the direct etfect of the
thermal expension and creep ot the vesse!.

The separate trunnion type generally consists of a4 number o: brackets mounted on the shell
abova and below the trunnion ring. The weight ot the vesse: 15 suppoited hy the upper brackets
in its upright position and by the lower brackats inats inveried pesition And the weight of & tilied
vessel is partislly supporied by the stoppers provided on the Lpper and lower surfeces of the
trunnion ring (lig. 5-(al ).

Sinae the distortion 's not unifurin ali around the shell, the V.ad distribution among supports
become non-unitorm in course af e and tlis often causes damage or brackets, stoppers or
shims. Recently, the weight of vesse! is nften spported on onty one side of trunnion ring in both
upright and inve: ted position, aliowing fur free sxpasion of the vessel in its axial direction (tigs.
6(b), 8-(c} }.

Some of the recent turge-capacity vessels acdopt a support system which has anly two or three
supporting points instead of the corventional support systems< having more than four points.
For exampie, ir. the support system shown in fig 5{c), two points above the trunnion ring
support all the axial weight of the vessei and the supporting devices under the trunnion ring
simply support the unbalanced moments of the vessel n 1ts tilted position. More than thirteen
vessels with this two-point support system are in operation with sutistactory i-sults.




TRUNNION

TRUNNION

SHELL

{b) BOLTED TAUNMION
(s} WELDED TRUNNION

FIG. 4 INTEGRAL TRUNNION TYPE

(s}  SUMPORT RING AND BRACKETS
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) BRACKETS AND STOMPENS @ CUTTERS AND STOPPERS

FIG. 5 SEPARATE TRUNNION TYPE




23 Cooling of vass.!

One of the major cuncerr:, to u s ef LD s Lnygen furnaces in e alequate cooling
system. it can be said that the cause ot most poblems on the shel! of LD BOF can be directly
sttributed to its high temperature. She i lemperature often reaches 400° C at the end of its lining
life, and rises even higher when sioppei siag and metal bund up on the shell. The top saction of the
shell is usually axposed to ombigstion gas around the mouth, to radiant heat from the hood, and
3is0 to high radiant hear from the molten met.: i the ladle du ing charging and teeming operation.

Fhe metaltographic analysis of the used material removed ‘rom the top section of vesse'
after several years operatiun proved that & sheil without an etfective siag shivld could reach 400°
to 700° C locaily.

An clevated temperature deteriorates the mechanical properties of carbon stoel used as shell
metorial and causes considarable creep deformation due 10 thermat stress, Fig. 6 shows an example
of such a distorsion of & shell atter three and a half ycars operation LD B8OFs w'thout any cool-
ing devices generally show significant distortion in the top section of the sheli in three or four years
ater they tapped their fist heat and aisn in the middle sectior of it in another one or two years.

#iG.6 OISTORTION OF SHELL
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Trunnion ring also shows considerable aistortion i, S 0F seven years and sometimes serious
cracks due to thermel fatigue oceur on its 1aping side.

A number of shells and trurion 1inqs have been ~onstructed of carbon steel plates such as
BS4380-43D and JIS-SM41, whick. are characterized by high weldability. Other steels considered
tor this construction h:ve incivded carbun stes! plates tor pressurs vessels, such a ASTV A-516
grade 60, A-201 grade B and JIS SB42. But some ot the recen: delis are bulit with ASTM A204
grade A or JIS SBABM, g carbun ot s cantaining 0.8% ivla, :r with Cr-Mo steel such us ASTM A387
grade D. Corclusive re-ults, however, are not wailable due te an insufticient experience with the
versels constructed of these types of st. iy,

A reduction of the radiant heat o the hood ane the lutlies may be obtained by using
heat sivieids over the top section of shall and ita trunnion ring. The problem with this type of heest
shield is that heat 'rom e vessel itcelf cannot escape sufficientiy. A further advance in this fisid
has been recently made by using a water-coolzd h 2t shield.

It is siso useful 10 provide a hent shisld on *ha side ¢t the trunnion ring, particularly on its
tapping side, to protect it agsinst radvart keat from tappad steel,

These hest or siag shield are wiwally sinple ard inexpansive devices, and yet an adequste
design promisos an effective way 10 protong the tife of <hall and runnic ring.

Among all compcneats ot the veuse!l, ohe WP rivg s exposed to the scverest thermsl condition
and generally iasts one or two camp.agie botor: requirang replcernent or repairs, Some lip rings
are made of cast steel cunsidering ha effect o Inpact in deskulling operation, some of ductile
Cast Iron to prolong their lite time. The distoriion as wel! as partial meliing ot them usually incresse
accumulation of skull and chance ¢ bining dron. And ~ha 1epairing wark of the lip ring accounts
for about ten percant of #!l the vassel reuning time. Sinre it is hardly possibie to effectively extend
the lite of the lip ring anly through the seiecilon of apnropriate materials, water cooling is
probably the onty practically availanie method 10 exprct the best parformence of tip ring.

Design trends of iypical tneling deviee: for the LD basic oxygen turnace are as follows:

a) Top section of ;hei!

Among the various typas of patented ccoling systams, ore widaiy used o nose flange
with water hannels and nose cune with semi-annular water tubus welded on its
outer surface.

Cracks occurred in the wator-cooled nose fHange of the sarly days design. Subsequent
improvements on design and fabrication, howsver, have realized a succasful cooling
system.

b)  Middie secsion of sheil

A oooling system which tcrees gir through ihe cap between the sha!l and the trunnion
ring to cool the outer surface of the shul! is now i use. ’




c)

d
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Lipring

The water-coolad tip ring shown in F 9. 7 has operated successtully over five years.
This lip ring is made of sepmental iron castings with cast in water chennels, with
woh improved design and casting techiigue as not to cause water isskage even in
case the iron castings crack.

From the opevational results oblaine., one can conclude the iollowiigs:

1) The lip ring’s lite time has boen extended up to sbourt one yewr.

2)  The accumulation of sisg and metal on the Lo ring has besn reduced con:
siderebly, and casy deskutling operation has Leen experienced aver if slag and
ma build up on it.

3)  The improvement of the ssutul lite of the lip ring results in lower opersting cost
and Migher productivity of LD BOF.

LI RING
!
4 .
AR ( NOSE FLAMNGF
\ TompE
- b siac M
NEFRACTORIES SMELL
o
®)
FIG. 7 WATER-COULED LIP RINGS
Trunnion ring

Recent trunnion ring has Wsuaily an enclosed construction for its rigidity and requires
some congiderstion on the cooling of it.

Some trunnion rings are internaily conled by forced air, but witficient cuoling effect
can be hardly expected.

An advanced cooling system uses wates arculating through trunnion ring. The
temperature of the water-conled truriion rings 13 always clore 1o ambient tempersture
30 that no added care need be 1aken into account sbout creep strength of ity meteripl.
There ars not s0 many vessels in operation thet have a walar-cooled trunnion ring s
yst. For exsmple, there are only fiw ot them m Japen. But their satistoctory
operational results point to an increasing acceptance of this type of vessel in the future.
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e} Moot and slag sliieids

The siag and heat shields for the top suction of the vessel ace buitt of steel plates with
water pipes welded (v the inner surtacs.

Nearly" twn years operstion shows littie distortion of the shield and no build-up
of skult.

3. VESSEL TILT DRIVLES

LD wessel is started and stoppe! about twemty to thirty times during the charge, tap and
slag-otf aperotions. The tilt drives have to resist unbalanced losds a6 well a8 impacts pecutier
o LD BOF ami ovovide the required service life and retisbility for the duty cycle imposed.
The capacity of the vessel tiit drives in basically determined by static pesk torque, torque due
to friction loss, acceieration-deceleration lorque, torque required for deskulling practices snd
duty cycle.

31 Torque lead

The value of unbalanced static torque of the vessel varies with vesssl capacity as well ag
the contiguration of the vessel.

Figs. 8-(0) and -(b) show the turque curves for newly lined 200-ton vessels with shell
volume of about 400 m3 The figures give the unbolanced static torque ot the vessel trunnion
M versus tilting angle 8. Curves (1) in these tigures show the torque during the time when the
vessels are tilted toward tapping position, and curves {2) torque towesrd upright position after
the tapping As is evident from these curves. the motor is subject to negative loeds.

Although torque curve (1) changes signiticantly with the locstion of the tiiting center,
the distance from the highest point occuting between 50 nd 70 degrees to the lowest poim
latated just before the ord of tepping keeps saround a certain value peculiar to the configuration
of each vessel. Therstore, the pask torque of vesss) (a) is sbout 40 percent higher then that of
vessol (b), even it the lowes: points on these two curves are adjusted to have the seme valug by
shifting the location of the tiliing center of either vessal.

Curves (3) show the unbalanced static torque of a vesse! which is roteted toward its upright
position with ahout 30 percent metal inside of it berause of an accident during tapping operation.

it folows from the curves thet the vesse! (a) will be restored from the tapping position by
soit-righting foroe if the brake is released, but the vesse! (b) requircs some sort of auxilisry drive
uNit 1o rotate it toward the upright position without the aid of tiiting motors.

it is desirable t0 lower the he:ight-tuo-dismeter ratio from the view point of saving of tit-drive
capacity and buiiding heigiht. And this slicws 8 consicdersble saving of expense sspecially for the
construction of lerge-capacity vessels. By reason of the blowing technique, however, soms of the
recont vese!s with a capacity of more than 300 tons have s height-to-dismeter ratio of grater then
1.8, and the shove distance on the torque curve of these vessels resches around 700 ton-meters.




By choosing the location of the titing cente: suitbly the fow st pomnt on the torque curve
can be made to move far imo the Negative saction * vlew the 7ero turque line and the Ourve has
much lower pesk tian that of fuif Pusiave values. © swever, ik o a8l systens ¢ designed, loses
the solf-righting festure as that realized trom a curve of full positive orques, This Kind of vessel
Is often provided with the above duxiliary drive unit g o means o' securing opwational safety
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32 Vemsitiit control

1t is not seldom the AC wound type 1nduction motors ore employed tor tilting LD vesse!
with a modest capacity. Usuatly this type ot drive consists of two motors, one for high speed and
the other for low speod. The 4C drive SYStem possesses the adventage ot an ACONAMIC saving in
imtelistion snd operation costs. The probiem ntroduced with system, however, 15 an unavoidehile
ditfioulty in speed control and electrical braking.

The DC motor deive system is hugher in price than the comparable AC systom, but hes
compentating advantege: in its control performance. Specitically, the application of OC moror
SYstem to the vesse! tilt drives has the lollowing moity

Stepless spaed controi
Efficlent control of nugetive Ioad torque
Etfective application of an eloctyical brake

Simplicity of load balancing betwee: muttiple motors




The power supply tor the DG it diives is trending toward Tnyristor Leonard system away
from Ward Leonard system with M-G se1. The teatures of the Thyiistor Leonard system of LD
vessel tit drives are as follows

a)

]

c}

d)

Rectitier connection method

The tilting operation of LD vessel reauires revarsirg of the motor, Usually twe kinds
ot method of reversal for Yhyristur diive are usag.

The cross connection system invoives Cireulating cunaent, wnsequer tly it sequires
& OC resctor, necussitates large-capacity transformer, Thyristor, etc., and produces
035 due t0 the rirculsting current. Aithough the system s expensive from this
1ea50N, 1t is rommonly Lsevt tor loads recuring forward and reverse oper stion becauss
of exse 0f the reversal.

The anti-paral! connection system has come to be used ‘or LD vesse! tilt drives
bocese the impravement of Thyristor control squipment in performance hes made it
Possible to raduce the time required by the anti-perailel connection system for forwerd:
reverse switching.

Spwed cuntrol system

A voltge contro! sy<tem feeding back the terminal voltages of a moator as spesd
snals 1vay be acceptabic for the titing of LD vesssl which doet not require high
accuracy in speed contral.

Brake systom

Due to the application of a regenerative braking system. o mechanical braking is used,
h many cases, mainty tor the purpom of holding the vesss! at a fixed position after
the stopping motion Dynamic braking is seidom provided in combination with the
above regenerative ane

Power supply system

Incressed capacity of the vessei has required a deive system with multipie motors.
Consideretion must be given to the sigetion of the power supply system: a common
power supply system which drives a plurality of motors with a Thyristor-Leanard set,
or an independent power supply system which employs « Thyriswor-Leonard set for
each of the motors. The common power supply system has the adventage of fower
instutietion cost but involves problems that the load balance is lishie to be affected
by the difference between the cherscteristics MOPer to sach motor and that ol maton
iail to operate n cese the Thyristor-Leonerd tet should develop trouisles. Although
the independent power supDly System comes more expensive, it hes no ¢isadventags
of the common system. A hybrid system which Lses two Thyrister-Laonerd sty for
four motors is now suggested for one of the profitable tysterms.



33 Drive arrancement

A drive arrarqement "genetally compoid of o ‘Mary reduct.on units driven by prime

mevers and & (nal byl Yai LR eanaeeted te the trinnion

Arong the any ditterent sivlae i gpaye Arang sty the follown.g threc types have

been povulariy 1sed wirn wanidersron for an unevaidair Tiunonen misalignment which results
N changing tiw Yo toath (oMalt hetwee: Hunnion-tow ited Lull gear and floor-mounted
winion, One type adoms 3 i cble touphing cenneLiing the trunnion to the ouiput shaft of arives.
Arotler is of a son st moLned die system o which cul) ged antl pinions ere supported on
the irunion und tieiide coupling: e g hetween the prucas and fioor-mounted primery
reductior units. T ard i tlly-shah rounted drive Lystemn where the prime movers, primery
reduction unis andg » G0 oull qaa nig or Wsupporied Ln tne trunnion,

Currcntiy W10 80,001y vessels eMPDIdY - mul-pinion syslem for dimibuting the loads on

the bull gesr over owi OF AL Doty and L isg inereas ™ the reliability of tilg drives through
Multiple prime mover:

The Shaft-rmounted o ive, TEGEIMR 3 e ystor EMPLy NG terson Lot o hinks to trangmit

furnace torc je 119 the foundatic:,
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34 Emergency drive

With an inclinstion 1o the added reiiabitity of the tils doves, an emercancy drive unit has
been employed 10: some of the vesse!s heviig no selfrighting festure. The emgrgency drive unit
usally utilizes such maotive power a5 that of DC battery ot accumulsted compressud air or
ressurerized hydrawiic 1un) stored up In an accumulator.

Although DC hattery is often apulied becaise of its simplicity, it can be sard that other type
0! pOWer source s preferable i view ot the lact emergency drive unit ;5 available aven in case of
Prime Motor t-oubiles.

A nvdraulic motor s ustaly connected to the shaft of the prime motor through a clutch
wh:le due to the limitations on s Capacity an air motor with a pneumatic ciutch is mainly used for

8 small-capacity vessel with an AC tao-speed tilt system which provides a sufficiently high gear
ratio.

4. LANCE HOIST QONTROL

For raising and lowsring the lance, 8 two-speed winch system with two AC induction motors
has been widely used in combination with a planetary gear reducer .

The high spesd opaistion in this svstemn, howevar, hus the problem of its incompatibility
with precise setting of the sance position. For this reason. a Thyristor-Leonard oontrolied DC
motor system which allows continuous specd control has come to be empioyed end a pulse
generator is tuking the place ot the convenlional synchronous transmitter as & lance position
detactor. The pulse generstor allows an accurate detectiun and essy automatic correction of the
‘ance patition through it digitat signal system.

Another improveman! on tance position coMiol 15 8 constant decel~ration system which
keeps the tension of lance hoisting cabie uniform during the lowering operation of lance.




5.  WASTE GAS COOLING AND CLUANING SYSTEM

The quantties of the wosto goses 1 eleased tfrom LD process 15 far deyand thoss of the other
conventional steelmaking processe: art the cooiing ot and dust ramova! from the gases pose a
serious probiem. Waste gases tron the upsee rangs from 12975 1800°C in tempersture and
contain more than 90 percent CO and about 120 gr/Nm iron oxie dunt.

The waste gas cooling and cleaning system hos a gar cular infiuence on the initial investment, the
operation cost sad the layout nf a LD BOF siop

The waste 95 000lng axd cleaning syriem sa. be 1oughly classfied inty two types, i.e.
combustion type and suppressed-combustion *ypp. Fip. 10 shows the volumes of warte yasss
leaving tume hood in these systems.

The combustion System has been widzly employad vecause 1t imposes little restrictions on
the operation of the BOF and 'S Basy fC connol. However the suppressad-combustion system is
oawrently employed in an increasing number of steet miils confronted with the problems of
increasingly (igwd requiremenits tor air potiution ront-ol ard of he rsiny instaliation cost of the
QqQuipment resulting from the sz of large-Capacity vessels This tendency is shown in tig. 11.
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FIG.11 NUMBER OF WASTE GAS COOLING AND CLEANING SYSTEMS

51 Combustion type

in the combustion-type weste ges cooling and cleaning system, the combuseibles in weste

omes are burned with excess sir. Then the gases are cooled. clesned and wventually discherged
into the atrmosphere.

According to the degree of utilizetion of the onurgies in werte gaes, the system can be
classified as shown below.

-— Full boller
- Full cambustien holler — -
~Waste hest repovery systern——- «{— -Halt beiler
[ -~ Helf combustion boile
- Waste hest non-recovery system

The mwmmuwnofmmwocmmwmmmmnu
mmmmmmamwmm-mtm.mmmu
fully utiized in such steel mills o8 is in nesd of large quentitiss. AN the wel surfece of the
mmmmumlmwmmmumarmmmm zone, wivieh &
Wwmrdmtovwmuiﬂmmmmmmmnwmulm
heating roce. TMh‘bvhmﬂOthMnownmanﬁmdm
500 °C and & thermel eftesioncy of sreund 70 percent.




Gecause of the eyclic furmere operation, the wolume of itean generated sn the boller varies
lorgely fvom revo to a nximum and back t¢ 2ero. in arder to vedune the Hiuctuating load swings
from the boiler, it is necsssary to inCorporate the steam arcumuistor into the sysiem. The tull
boiler is generaily provided with an Ay liary Surnes fv increac g anet SMoothiog cteatn gensration
and 8 st blower for removing scat on The coract heating waier tubes.

This system is most expensive 1 seLiment coc among sll combustion systems begsuse of

its wide heeting ares and » variety ot accessones ¥ig 17 shows an uveral view of a full bover and
fig. 13 iHustrates the 0pen-106p type water-cowe 1iatig systen of the ‘ull boties
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FIG. 12 GENERAL ARRANGEMENT OF FULL BOILER
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F1G.13 SCHEMATIC ARRANGEMENT OF FULL BOILER

in casen where a steel mill has 2 networ & of steamn piping through which the required volume
of steam can Be abtained from other hoilers, or where the use of a tull boiler poses diffinulties in
the effective disponel of the large quantities of steam generated by it, s simplified boiler calied half
boiler is adopted for restricting the geoeration of hoiler steam.

The hait boiler dispenses with the contact heating surfaces resulting in tess cirouiating weter
and smaller cepacities of auxilisry equipments. However. the tempersture of waste gases st the
outiet of the boiler resches 8 high w shout 1200°C and it is necessary to cool the geses to the
temperaturs suitable for the dust collector through an injection of weter into the 988 streams.
Fig. 14 is a general virw of a half boilur and tig. 15 the open-ivop type wuter-circulation system
of a hait boier.

The haif combustion boiler is usually designed to burn sbout 50 percent of weste geses
from the furnece and the geses at the boiler outiet containg approximately 30 percet CO. After
pessing a wet scrubber, the wasts gases are detivered to the steck with an induced dratt fan end the
unburnt CO ges is burned by @ Hare burner on the top of the stack. This system demands carefull
considerstion to the design snd operaiion of the cqumment because the CO concentration in the
wet gmes st be kept sbove sbout 18 percent for the normal burning of CO gas. Currently,
there sre but few half combustion boilers in operation.
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FIG. 14 GENERAL ARRANGEMENT OF HALF BOILER
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FIG. 18 SCHEMATIC ARRANGEMENT OF HALF BOILER




Waste heat non-recovery system makes no use of the heat encrgy of the waste gases at ail and
the burnt gqases sre discharged into the atomosphere. Waste gases are cooled by the addition of
considersble quantities of sir and by water Injected into the straam. thus the voluma of waste
gases 1o be disposed of by this sysiem becores greater than that by other systoms.

These combustion iype waste gas cooling and cieaning systems use 1 venturi scrubber or
an electrostatic procipitator «s a means of the gust removal. Althouah the vemturi scrubber is
generally less expensive than the elertrostatic precipitator, it requires the high velocity of waste
98 and the total pressure loss often rums m excess of 1,600 mm- HQO to reduce the concentration
of the dischargec dust to about 0.1 gr. Nm3,

62  Suppressed-combustion type

In the suppressed-combustion type waste gas cooling ann cleaning system, the wasts Qases
are cooled and cleansd without burning them or with their combustion held normally to less than
10 percent. Compared with the combustion systern. it has the following edvantages.

) Less volume of waste gases to by disposed of
) Lower gas temperature
e Low oxidation state of iron oxides and relativzly isrge 3120 of particles

® Reuse of the recovered gases consisting mostly of CO

The comparison of the volume of the gases leaving fume hood to that of the fuit combustion
system is shown in fig 10,

The supprassed combustiun system can be roughly ciassified into three types. : 8. OG process,
IC process and Krupp process.

a}  OG process

This process is the first commercist suppressed combustion type and commenced the
operation in 1962 with 3 130 tons/hsat furnace. Subsequently, various improvements
have been made on the process and it is most widely used of all the suppressed
combintion type processes in the world.

Fig. 16 shaws a general view of OG equipments and {ig. 17 a flow sheet of OG process.
Waste gases from the nose opening of a vess®i run through the hood into the first dust
collsctor and then the second cust collector. Cooled and cleaned through this
proceduie, the gases reach the outlet of the irduced drait fan with a temperature of
sbout 80° C and a dust concentration less than 0.1 gr/Nm3,
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i 'he beginning and last staye 0 SIGWiING, WP wasle Guses are discharged out ot the
stack becwuse of the iow concentration of CO, but are recovered into agm holder by
means Gf a tnreeway valve duiing the CO gas rmcent-ation it more than 60 peicent.

The compositior of waste gases reaches a rang of exipesion a the reining and end
of blowng. Therefore. Ny gas is injected into the cooler to dilute the waste geses
reducing CO and O contents in wast2 yases to less than 14 and 6 percent respactively.
However. in the normal operation of the present OG instailations Ny diution of waste
gmes is not employed Lrcause it has been proved that the utmost safety can be
secured in the actual operation with burning the CO  Air inixture into the inert ges.

The features of the mejc components of OG systermn are mentioned below.

17 Hood

A hood pert is tabricated of water tubes and consists of an upper hood mounted
Oon a carriage, a lows' hood fixed on the support beam: and 8 movesble skirt
which lowers dovin close to the nose opening of the furnace in order to collect
the waste gases iy an unburnt condition. A cross sectional view of the hood part
is shown in tig. 18

F1G. 13 HOOD
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2)  Gm cooler

Waste gases wre cocled to wproximately 1000°C after passing through the ges
cooler which is recemtly provided with radietive heating swrfaces only. Sasically,
there ore, at present, four different systems in use for the water cooling, 1.¢. the
open-loop water recirculation systein, closed-loop water recirculetion systom,
high-temperatuce high-pressure clased-loop water recirculation system, and the
vapo:ation boiler system. The aptimum choioe is determined by the conditions _,
Peculiar to each steel mill. Fig. 19 shows the ges oooler. i'

PRESSURE RELIEF DOOR

FIG.19 GAS COOLER




31 Dust coilecter

Fur fasr of QO gas explosion in an mee'rostatie Drocipn atur, ¢ wet type ventur
scrubber i« emploven Fig. 20 and fig. 21 show the hist dust cotlestor tyng o
quenche ventur and the eccno dust eollocios using 8 P-A vonturi respoctively

WASTE GAS
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FIG.20 QUENCHER VENTLIAY FIG21 -4 VENTUR!

As shown in fig. 17, serubsbing weter is stored in tiv bottom tank. ct the secony
Gust eollector befare it is pumped up inte the first dust collector and the wates
'8 uend agein after supar sting dust perticies in the thickner.

Recent dats on this process show 3 dust collecting efiiciency of more then ”»o
poreant end dust containg af 0.08 ~ 0 08 gr/Nm3 in the waste gawes dischergent
i out of the stack.

4 induced draft fan

A single-stags turbo fan and Rs drive motor are designed to have 30 greet & mommem
of inertia thet, even in ases of power adlure, ol wente gaees inside the system gen
be gisaherged.

8} Heod pressure caritrol devies
A shown in fig. 18, the inner gremure of the hood i Messuresl M 8 tew points on
lnmhod,mmmmmdmr-amwihmm
stjusted to control the inmer pressure of the hoot at eonstant igvel.




8)  Slurry disposal device

Usuaily, dust iaden wates from the wet sorubber is clerified with 8 Dorr-type
thichener and the resuitant siurry is dehydrated by an Otiver type vaouum fiiter
or & prowt-tilter.

7} Weck

The stosk is currently provided with » tare burner of a pulse igniter type te
osmpistely burn the remained CO ges.

IC process

Fig. 22 shows an exampie of IC process. This esample has an evaporetion type esoling
hoad loceted over the turnscc and the next weter-tube type cooler from where Righ-
pressure steam i obtained.

Callectes by an open type siesve loosted mound the nose apening of the furnaoe,
watte gases pas into the hood snd cooler, and ere led into the first dust coliector
“Qranivere’’ where the gas ere clesnud by wray water. From there, the gases run into
the second dust coliector “Solivore’’. wikere their dust conowntration is reduced to the
required level, and through an inducsd dialt fan are eventuaily led into the stask or
Mo the gas hoider. A recent type ot this pracess, however, smploys 8 ring-shit-wesher,
a king of high presiure-differential type varisble venturi, in place of the sbove dust
ocaMectors.

Although former types of this process controiled the rate of gas flow by sdjusting the
domper loveted # the intet of an inguced draft fan through the detestion of gms
pressure inside the siceve, some of the recent types use the verigble venturi, insteed
of the demper. Acsording to the “‘tampon-protess”’, the preset volume of the gas and
oir is drewm into the system at the beginning snd the end of an apereting cycie, snd ol
the combustibies are burned into the inert gis.
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¢ Krupp process

Krupp process sonloys the  Sper Lutt Svstem’ and S @ concentrie doubie-hood
above the vinse!. "Vaste guses nve:f_hmmu trom the inier hood are drawn into the outer
hoad with ait. The rate of gas tlow is sontrotied by the Obaration of a guide vane 3t the
et ol an induced dreft tan. ke ihe torme, cwo Processes. the Eupp prosess
pravents ine gxiicion of wast: gases th ougit the formution of the inert gas zone. This
rocess 480 riioys a ring-siit-washor & dutt colisgton .

53 Sevondary trine colimcting ang chanrag Ly term

in eddition to the mobicn of waste gases. an LD Yasic oxygen stewimakug plant is feced
with the serinus probisy. of prevenuing potlution ot working saviroament, ansing from large
amounts ol fume nd dust proauced in handiing hot maetal, liquid steel snd fux materials.

The main scurces v fume and dusi inciude the toliowing:

8} Pouring of hot inetal into und cut of a mixer, o Puwring of hot metal out of a
turpedo car

bl Desniurizetion of hot metal

¢i  Chaiging of hot matsi nto the veswel

d)  Laskage of weste gases from the hood of @ waste gas cooling and cleaning system
during blowing puriod.

e} Tepping of mulren steel from the msse

) Transportation ol fux oterisle

Secondary fume collecting and cleaning svstem nas beer. rapidiy NCreasing in capacity snd
has become of major interest iIn the recent LL BOF shops. Fume suction fars wiih 3 totsl capacity
of more than 1.000,000m3/be sre nften insiatied in recont LD BOF shops.

From the view point of sconomy, a positive-pressute typu bag tilter and a fume-suction fan locmed
in tront of the bag tilter have come 1o he uscd rucentiy

The fume emitted by the hot matai cherge into the vessel is jound to reach about 10m/sec
In the emission speed as measurcd by verious mathods. Consegriently, » high suction-—rate of the
fume is required with the size limitation of the inteke hood, resuiting from the operstions! esee
of 2 charging crane. The pest temperature nt trw fume from hot inetsl reachss sround 1000°C
ot the intake hood. On accaunt of the coohing effect o! a long duct and a lerge volue of induced
sl the tume, howaver, is cocied to about 100°% 150°C at the inlet of the dust coliector. The bso
cloth is usualy made of a polyester fiber "Tetran' The apparent flow speed of gas through the
bag fitee: is, in many cases, sat to about Ym/mun.

An intemse interest has been shown tovard an overafl-buildicg tume nollecting system
resently, beommse of much difficulty in preveating alr poliution strietly through this system
employing a local hond for each fume source. In some small electtic furnace stecimeking shops,
this type of fume collecting <\vstem is oh eafly in practice: use. But in large LD BOF shops, there is
not an established overali-buwicing tume cotlecting system as yet, and various ways of approsch to
this end sre being studied.




6.  NEWAUXILIARY EQUIPMENTS

The latest LD BOF shop stili requires manusl 1abor at verious operatiom of steslmaking.
Such manual 1abor directly affects the piocuctivity of the LD BOF and the guality of the products.
Since I is hard kind of manual work to be performed under unfaborabie conditions, meehanization
or sutomation of it has tong been awaited. Haweves some notable systems have boen developed
in this tield recently. Of thern, a srwor tance snd « reliming maching are especially noteworthy.

8-1  Sensor lance

in the oper dtion of LD BOF  the accurate measurement ol turndown carbon and wemperstire
is essantial to the ctficient opacation and the wgh quality of the product. Due to the absence of 8
continuously detecting device st present, an expendable carbon determinator and mmersion
thermo-coupic are widely smployud for the turndown carbon and temperature measurement. For
this procaduie, the vessel is titted with a temporary interiuption of blowing or sfter the biowing .

A sensor lance has been developed recently for such measurement during the blowing. The
seneor -lance cquipment has 4 similar construction to the main oxygen-lance. Many of the sensor
lancus, however, operate at a nigher spesd than the main lance and complete 2 measwring cyele in
sbout 100 sec. A water-cooled iple-tube sensor lame has o probe hoider on its end to wivich
verious probes are fitted. An automatic fitting and removing device for the probes has recently
been developed. The signal from the probe is fed to the racorder in the operstion room vis s
compenseting lead wue.

The sensor tance has ‘mproved the accunacy on furndown performance. Various probes sre
now in use with the follcwg functions.

a) Hot metal level measurement

Hot-inetal feve! s detected with the tunction of a par of alectrodes attathed to ihe tip
of a probe.

b)  Hot metal temperature Measurement

An expendable immersion thermo-coupls is used for this purpose. A thermo-couple
which can be repcated!y used has been developed letely.

¢} Carbon nontent measurement

This 15 measured with an expendable varbon daterminator *‘Tectip tampler”’. Sempled
metal is killad with an appropriate amount of aluminum.

&) Sampling
Metal s taken into the chambar in the probe and sampiled out of the vessl.

o e+



§2 Retining maching

Relining o vessel is a kind nf herd igbor under uniaborabie conditions, and takes about 50
parcent uf the total time 0f vesst! ropact, thus directly atfecting the productivity of the plent.

A semi automatic relining amachine which machaiizes brick handiing to save manust labor is
used in seversl LD BOF shops. Anaxample of tivs rmaching s shown in fig, 23

TOWER ROISTING EQUIPMENT
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FIG. 23 RELINING MACHINE

Aftar the hood of the wuste ges cooling aid cleaning system is noved away, this 1elining
mathine is Moued Over the vessel by meens of a wrvive crene  The meching comsists menly of @
brick fesding squipment, & basket slevrtor, a distributor and & tower hoisting egquipment. Sricks
ore tahen out of paliets by mesns of the briok fesding egupment und sutomatically fed into the
besket olevator one by one according to a relining program. Ag the bricks are lowersd into the
vessel, the distribitor fesds them to the vessel wall. Aftre cach course of bricks is leid around the
vereel periphery, the distributor is rmsed by the tower hoisting eguipment.

The relining machine eliminates ail manual work except some simple adjusting works of the
ricks witich heve aireedy reached the required position. This maching cuts relining man power
requirements by 80 peroent and is capsble of reiining the vestel at the rate of about 1000 bricks
per hour,









