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A B S T R ACT

Chittagong Steel Hills Ltd. is the only steel mill in Bangladesh

supplying about 40 per cent of the total demandfor intermediate. and

finished steel products in the country. The rated steel makingcapacity

of the mill was 250,000 tOP;3 per ye2r, but because of manyoperational

p.t"obler::s, .this has never been achieved. In the present h1orJc, o:rerational-

problems or melting unit:; have been srudied. It hes been found that the

main problems come from charge preparation, charge handling, charging

procejures, longer melting tiIi12 and fettling tir:1i2. r-:1ethods. fer improving

the e:-dsting si tuation have been suggested. ~'iith t...~eimplei<1ei!.tetion of

tile proposed raeasures, steel i7ioj.:ing capaci t}" .ca'l te increase:'! to 188,000

tons per year rrow the presently attained maxim~~ of 135,000 tons and the

average tap-to-tap ~ycle tine of 7.25 hours Can be achieved,. though
of 6 hours.

figures fall short of designed capacity/ Any further improvementin

these

pro-
-~uctivity Can be effected only by reduction of melting time which is at

the moment 90 minutes longer thal1 th2 deSigned value. The th'2r7i'lal effi-

ciency of the furnaces must be radi~ully ilT,proved v:hich, at present, 1"5...:._

only 8.95 per cent, far belov.1 than tha.t of indus~i61 aVere]2e

'-
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CHAPTER- I

INTRODUCTION

1.1 Importance of Steel Industry in the DevelopmentActivity

In the industrialized countries of the world the development of

iron and steel industry took place ma"ydecades ago. This industry is

-both part of, and a necessary condition for general industrial develop--

mente The products of the steel industry are almost all intermediate

products providing the purchased materials for other industries which

in turn convert them into particular forms required by the end-users.

A primary role of a national indigenous steel industry is therefore to

provide a backwardnational vertical integration of the industries it

serves or in otherwards it is regarded as part of the national industrial

base.

The principal advantages of a national steel industry are seen to

be:

a) Security of supply: In times whenworld steel demandis high

in relation to steel working capacity it is easier and chea£€r

to purchase raw materials L"'1an to purche..se and products. Thus

a b~fer is provided to insulate the steel conSumingindustries

from extreme fluctuations in the international market.

b) Reducedstock values: If the steel consumingindustries were

to rely upon imports, the varieties of product type, qLlality

are such that to meet immediate demandthe value of national

stocks \>louldneed to be higher than if production "'ere local.



c)~,-"Ensier"technical".~ac=s~s~.-Fer-some~steel~productsit is

.advantageF'fSar the steel consumer to have direct cOC1lic,mi-

cation with the~supplier to arrive at acceptable steel

specifications.

d) Encouragementof dOlmstream industries: ~The easy local

availability of steel industry products tends to encourage

..~_ th~e~Q~v~e.lo.pmenJ_of_indus.tries_which_u~ethem•. , ...,

1.2 The Steel Industry in Bangladesh

in pr:imary_~ir.on_atld~~steelprocud:s.~ Indeed, she madeher first entry

into this field as late as 1955-56 whenthe first re-rolling mill was

sett~in the-country-.~~J'n--19'72-73~i.the~number-of--r~rolling --mills~stood

a-:: 29.

Dw::i.ngPa}:istalo's second Pi,,:eYea!:' !'.lan~C1960-65LDlittagong

Steel Hills (-CSHLwas s~t up with a steel ingot'ma.\:ing capv.city of

capacity alongwith planned product-mix is shOwnin Table 1.1

Besides CSM~ there is a s~allelectric. furnace at MohamTiadi Iron
& Steel '.Iarks (r:ITS1,J) uhich pr:c-dcces per;cil ingots and has little impact

on the tot::J. r.;.2:~.tire,.e:1t of s'teel products of the ccu;ltry.

2



Table 1.1 : Capacity and Product of CSM

3

NanEof Units Products Rated Capacity

1•. Melting shop Steel ingots 250,000 M.T.

2. BloomingMill Billets, sheet bar, 180,000. ••
slabs and shapes

3. Bar 11ill Small billets, M.S. Bars 60,000 ••
4. Sheet & Thin plate B.P. sheets & Thin plates 60,000 ••

mill

5. Galvanizing shop G.p. sheetsjC .G.T. sheets 60,000 ••
6. Heavy Plate l'Jill Heavy plates 57,000 ••

1.3 Brief Introduction of the Problem

The steel melting shop of CSMis. running below the rated capacity

level, levIer than world average, resulting iri high production cost.

This has primarily been caused by the facilities not being sufficiently

maintained in the Course of 18 years of somewhatinadequate operation,

loss in operating timet reduced productivity, decreased yield, variation

in product quality, reduction in thermal efficiency and in=eased mainte-,

nance expenses. Table 1.2 shows a typical steel melting shop performal'lCeS

after its e"-"pal1sion.The highest output as of today was in 1980-81 When

135734 tons of steel ingots were produced, though it constituted only 55%

of the rated capacity.



stei21 mel U-r:g unils --Table 1.2 . Performance of. --,
----,.'.'--, - -,"---_.- ..

~ ,
Yield % Av. steel making time, Hrs\Ingot Total,

Year Prodn. Heats
Refining

Tap-to
(~1.T) (JJoJ.),) Tap Pouring Charge

1971-72 41233 712 92.3 87.5 94.8 1.44 2.61 1.20 NA

1972-73 67966 1165 91.6 86.2 94.1 1.46 3.02 1.31 NA

1973-74 73659 1262 92.4 86.6 93.7 1.25 3.71 1.65 NA

1974-75 76412 1263 91.8 86.1 93.8 1.76 3.39 1.42 NA

1975-76 90400 1529 _91.4 85.4 93.4 1.53 3.07 1.40 NA

1976-77 102158 1774-- 90.4 --85.2 94.2 -1.96 2.86 1.37 NA

1977-78 111000 1969 91.0 -85.4 93.8 .2.04 3.12 1.40 NA

1978-79 121464 2203 89.0 83.5 93.8 2.19 2.% 1.18 7.99

1979-80 133315 2418 86.0 81.1 94,3 2.49 3J3 1.33 9.25

1980-81 135734 2498 86.9 81.5 93.8 3.03 2.6"1 1.17 9.20

1981-82 107525 2002 85.9 80.5 93.7 2.90 2.90 1.20 9.86

1982-83- 47401 865 87.8 31.7 93.0 NA NA NA . 9.05

1983-84 78337 1481 86.8 79.1 91.1 2.95 3.53 1.G5 10.02
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The present CSl-l cepacity is clearly determined by the steel melting

shop productivity. Therefore, the key problem of CSHis hov] to maximise

liquid steel production \-.'iththe best use of t:-e ey,.istingfacilities at

ill1 ucceptable prvjuction cost.

1.4 Obje.ctive of b."'1eStudy

Tne productivity of the steel melting units at CSHis dependent

upon a nU.•~r of 0pe!:"2.lion2."lfactors; n2!llely COEl1)o3ition of .f'Llrnace input

82terials, tra~s~ort2tionsystem for loading and unloading of these ~ate-

rials, time re~Lured in pn~fo8ILns VQl-ious operation~ like uelting, re-

fining, tapping, fettling, etc .. r':ielting and refinement time, on the

other hand, depends on the the-rmal "efficiency of the furnace. So,. the

objective 6f tr-.Qsproject Has to. study the follo'ding operational factors

in order to deter:-:1inetheir effect on :the production .cycle tiT:'le ai'1d suggest

.SOr:1.emeasures to improve the existing situation:

'10 Existing fil2terial h2.."'1dling m'1G transportation. systeIn to fU:'""TI2Ce
input

2c: ConSrra1..J1ts affectin] 'trr~ :f .•..rr:iace cycle tii7le and their ip.£luen::e
On output

3. ?actsrs affe::::ing the therc;al efficiency of the f'J.J..1l2ces•.



CHAPl'ER - II

___ ~ ,A' __ ~~ '_'.'~_' _._ ~ .,- __ ,_,~. _ ~.

PROCESS DESCRIPrION AND ANALYSIS

2.1 Description of Existing Furnaces and Facilities

The melt Shop1contains four 60 tons capacity basic OpenHearth

Furnaces (OHF).Each furnace is Of fiXed--t"ype, 18.6 m long, 6.8 m"ide

and covers a hearth area of 39 m2"ith threelndividually operated water

cooled doors at the front. The hearth and back walls are magnesia backed

by burned magnesia bricks. '-cit t.r,e front wall, upper back Hall and suspen-

ded roof are built in by steel clad chromemagnesia bricks. The fum aces

ace oil fired through water cooled burners in the portends and compre-

ssed air is used for atomisation. Oxygenis also used for lancing the

Each furnace has two regenerator crambers. The hot flUe gas

alternately preheats the combusti?n air, pal>ses through a .•.•aste heat

boiler for stea~ production and a conditioning tower followed by a

electro-static precipitator Hhich co_oJsand cleans the eY.haustgas prior

to discharge to atmosphere through a 40 mhigh chimney.

Loaded bogies of raw materials i.e. pig iron r~d scrap are brought

CO? to th" charging platform from th" c;ater:.?o1sstocky;ord by the '-lagonhoi-

:;t. 'l'he.s(~ ere then distributed to the furnaces by diesel locomotive. Each

b:Si" curries four 0.9 m3charging boxes and these are charged to the fur-

Ea::es by one of the two ground chargers. There are b,o 10 tons over-head



service =anes in the charging bay used for, handling refractories and

addi tions onto the platform from ground level via an access hatch, and

other general \;orks and maintenance duties.

Steel is taken out from the' furnaces into a 60 ton capacity

casting ladle and then ~an'i.feppg. across the pitside bay through 100

ton overhea:dtranes; to one of the six teeming--stands-Wheresteel is

up-hill teemed into either square ingot or slab ingot' moulds.

Ingots are stripped using a multi-hook bea'llcarried by an overhead

2 .
crane, and the hot moulds.are-,transferred ,to-.a-60-m'--area--cooling IJrid _

alongside the furnaces. The hot ingots are-lifted by-toP~3carried by-

overhead_crane and-deposited on-bogies.for-statking.inyard.

For supplying oxygen to furnaces for flame combustion and refining

purposes,_ there are two oxygengenerating units 6f 550 m3/hr. capacity

each.

. - --

2.2 Capacity of. Furnaces

robe Steel Ltd.', Japan,
Tne plant supplier, originLllly supfllied 3 open hearth furnLlces

of 60 ton charging capLlcity operLlting with average tap-to-tap time

(discharging cycle of molten steel) of 6 hours to ~roduce 150,000 tons

of steel per year. They specified a charge of 60 tons containing 36 tons

of scrLlp (60%) and 24 tons of pig iron (40%). The steel output was cal-

culated as 52 tons giving 2n Lngot production of about 50 tons per l:,':-:-2.t••

7
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production~_increase~~to~250,ooo~tons per. year .by.'~alte;-ing the charge

composition -specifically by increasing pig iron ~ontent from 40 per

cent--to 60 per~cent; by~overcharging the-fU1'naces~~andby increasing

o",-ygcn-c;onstunption.With more pig iron in the- charge-there Hill be an

oc=ing from the greater carbon and silicon elimination, and for "ihich

increased oxygen.-is required~ This increase in heat within the ~ath is

necessary to~melt the additional -charge-<.Jithin proposed melting time,

thereby enabling the 6 hours b3.p-to-t<'lPcycle. By over.chajCgingKobe

8

.--- '.:Jeant-that charge Height would be increased to 68 tons for steel_out!JUt~

of ~58.5-tons.-Hence,~on the basis-of the-above :assump.tions and=aJ.so~con-

...~tinuousc~operationcof.--3--furnaces.throughout. the-.year:,~the capacity of fur-

naces \-laSdetermined ~~as follows:

a) Hain raw material charge : 68.0 tons
b) Liquid steel discharge 62 "
c) Ingot-oUtput : ~_58.5 II

dL_Average_life __of. each OHF' for __
'each relining

e) No. of charge per-year
(250,000/58.5)

f) Furnace working days
(428/4 charge per day)

g) lCinor repair days

: 428 charges

4280 charges

107b

h) Rate of operation 0.73 (l< x
107__

107+3)

Hence, capacity = 58.5 x 4 charge x 365 x 0.73 x 4 furnace

= 250JOOO tons/year.



. - ~In"theodes-ign~o~the.--c-ap'a:cii:yf'=therects- a- number of operating.

parameters to- be considered~. Although_each of these can be further

sub-<1fuvidedinto a number_of components,_ there _always.remains some

_Sigh-'fi:can1:~parameters-~ihich --can-not~be--calculated. --'TIles,,-are :-ma:ttelS

.of j,.dgement and must be based upon .norms for steel _industry practice.

-ThEqot"iricipaFoperating parameters determining steel !'laking

capacity -are:

il Furnace availability

.iil Furnace-cycle time (average tap to- tap time)

..iii)' .J~e.~~c.~t;6rY~p~£ormance

ivl Product yield

-~....Eurnace_avair;iliili ty. is calculated from the possible operating

,.,~ _:c:-tiITle!;;-LDu.rin-gc-o~e,cat:ton~,ther'2 ;are~'"maB:.c:.'f:acto.t5-Which- can-cause- delays

and-some.of--these- are--beyond the-control oE the operator. -These are called

-.----non--0i>'2.t"rCionat--delays-and~-ir\clude

mechanical hrealcd;.)h'i'l.S of machineriP5

electrical bt'ec' Jo\om;of mao."tineries

crane breakdowns

ground ch~ger breakdcvffis

r-2.fractcry put "'lir:g to furnaces

9
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availability can therefore, be expressed as:

Operatinq time -non-operating delays~100
Operating time

For designing capacity, the availability factor must be taken

--into-account- and-for--optimising--production;---high-availabili-ty- must be

ensured.

In table 2~1 a comparison-of main-oper.ational factors between

designed and actually attained (year-of-waximumproduction) --figures-:

have" been madeo

In table 2~2 six month's .performance of OHFhas been shoi."m ••

approy~mately 6%and this is' due-to-low-utiLization of the furnace and

on.-both-:fu.L'naces-and-equipments,-the-non-operat-iona-l-delays 'ihaY4 also
- •...•••-<l

-increase ..Oupto~ 10- per'- cent.

I.

10



....'I1able.2.'1:Elperational,Factors_(Designed& AttainedL '.' __.-." "'-' __

Description [~eSigned figure [ Attained (1980-81)

=---======================= ==================== ======================

Ingot production capacity

AV. Ingot weight per
charge

Tap to Tap time

kJailability (100 - non-
operation loss time)

Total furnace days operated

Furnace Repair Days

250,000 T/y

58.5 T

6 hrs..

100 %

1070 days!I

390 Days/Y

135,734 -Tons

54.2 T

9.2 hrs.

94.4%

1005 days

455 Days

.__. -.--_.----------------
Pig Iron - Scrap ratio 60' : 40 43.2 56.8

Charging Hour

No. of charging box

2 hours

46

3.03 hours

60



, - I !

Feb' 84 Har' 84 Ap~il'84 '''Hay' 84 hverage,
- , , I

Table 2.2 : !,:vailability of furnaces from Nov.'83 - April '84,

no. of furnaces op2rated

- ..----.--- , N~y'83 \ ..Jan' 84T
_._ ••....._~---------_._-----_._----.....~-----~-----~-

222 21 '2 2

I

2

I
I

_._---------_._-_._--------------------_._-------------------------------------_._-----------
hV,Jj__lat~le time L.

. , n.
- Scheduled operation hours 1344

- Actual operation hours 1012

- Operz.d:ion loss hOlU.~S

(;( )

i) fettling (%)
ii) Bed repair (;;)

Hi) E'urnacetemp. raising(%)

iv) 'Tap hole ch<mge (%)

v) Others (;c)

---------------------
- Non operation loss hours

( %)

i) [.lechanical trcuble (%)

ii) Electrical trouble (%)
Hi) Crane trouble (%)

iv) Refractory (%)

v) Pit side trouble (%)

vi) Others (;';)

216
16 ,

6.5
i4.7
i

2'9p
006..

.,,1.3
-~r

, I116 .
8.7
! !
1.5
0.1
0.6
1.9
0.5
4.1

, I
1'188 1608 1416 1488 1392 1456,, ,

1086!
,

118~ 130\3 1109 1084 1129
" 194247 266 266 249 240
I I

17 16 14 18 18 16~S
!

L36.7 6105 5.6 6.4 6~2
;1 I

4,6 4'.2 '4.7 5.0 4~0 4~2

3.3 3'.9 t9 5.6 6.1 4~2
i I

1.4 1.1 q.8 1.3 0.8 l~O
1.() d~3 1.3 0.5 0.7 0.9

j

60 36, 136 113 59 87,
4.1 2.3 9.6 7.6 4.2 6~O,
0.69 0~55 1.30 1.97 0.92 O~98

O~17
,

0.33 0.24'- 0.88

0.74 0.77 0.89 0.91 0.56 0.74

1.40 - 2.23 3.06 1.04 1.60

0.4 0.29 0.45 0.76 0.46 0.47

0.87 0.52 4•.73 0.82 0.89 1.97

Note: In Dec. '83 only one furnace operated. Hence data not t~cen for calculation I--'
"



• 2.2.2 Furnace Cycle Time

The furnace cycle time is the time required to get a furnace

output on cO!j1pletionof pre-determined activities. These activities

13

are (a) fettling (b) charging . (c) melting.' al1d (d)

tapping '.. '. Somefactors affecting the cycle time are:

i) furnace condition

ii) charge composition

iii) use of oxygen

iv) quality of furnace repairing material.

It would be ideal if these factors remained constant throughout

the campaign but in practice this is impossible to achieve. Hov,ever,

certain factors Can be standardised and need only be altered to suit the

condition of the furnace as the campaignprooresses .In table 2.3 a compa-- -
rison of designed cycle time with that of achieved time for the period

from July 78 to June 81 is given. The values in the table are simple

averages of the respective activity durations over th= perioo mentione~.

Table 2.3: Comparison between standard cycle time and achieved time

Sequential Achieved Av. DeSigned time Deviationactivities L- (min) (min) (min)l.J..Jne

Primary charging 104 90 14
Burning 34 30 4
Seconda..-ycharging 70 30 40
Helting 180 90 90
Refining 61 90 (29)
Tapping and £ettling 75 30 46

Total 8 hrs 45 min •.. 6 hrs. 2 hrs. 45 .min.



,

The excess time is required mainly for 'prolonged 'tL'ne"iiC:cnarging;--

meltd~ln of the cha~ge material and fettling operation prior to next

fu~-nacecharge. Refining time indicates a negative'deviation. It is ob-

..s'erveel --that meltdm-ffitime in most cases was not recorded properTy' and' --
hence this can be assumed as close to designed time.

The charging time depends on the preparation of che.rgedmaterial

at the scrap bay where the box ,~ight should be fairly constant for each

grade of scrap. An analysis' 6f charging' time' indicated b'1at numberof. bo-

xes charged to furnace increased from designed 48 boxes to more than 60

boxes per charge.

Themelting time depends on the thermal efficiency of the. furnace.

Generally charging overlaps melting in the pig and scrap process and the

hlo together take up two-thirds to three-quarters of the tot"l time of

the melt. This period is of prime importance for proclucti'lity. During

charging, layers of scrap are alternated with pig iron, ?ach batch being

allowed to heat properly "Ihich makes the charge denser and increases-its

thermal conductivity.
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Enriching air \\lith o),,-ygenincreases the pyrometric effect of

~oobustion. In oil fired furnace the best effect is obtained by. intro-

duc,in~ oxygen either i..'1to the burner system or through roof lancing.

In practical situation as in C5N, roof lancinc; is abandoned rather

o~igen is injected wanually by pipes through furnace doors not much

3uppmenting the co~~ustion process.

2.2.3 :B.efractor;l PerfoIT'lance

The tot21 operating d2YS of a furnace depends on refr2ctory

perforr,.ance. A furnace ca-npaign starts from relining t.'1-Je interior of

the furnace ':Jith refractory lining including roof of thickness 500 mm.

As the operation continues, an intermediate repair '-lith 300 mInbrick

is made. Obviously_, roof life ~as great influence on t~enumber of

operating hours in a year ai"1d it should be as high as possible. CSH

prOCl.lreS roof bricks from "different sources and the records to date are

1"lice fluctuating among tre different origins. Tables 2.4 and 2.5 indicate

t~:e perform2!lce of furnaces at csr.] for different bric}::manufacrurers and

bx) thickness of roof brick. The average standard roor life as specified

in the design is 280 end 200 heats for 500 = and 300 c", bricks respec-

tively.



Table 2.4: 500 nun thickness Roof Refractory life

1



Table 2.5: 300 mm thickness Roof Refractory life
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JS IT
.- - _ .. ---------- -" .. _- - . __ .... - ~._--

Roof life in heats (No. of repair)

1971-72 347
( 2)

1972-73 511 --
(3)

1973-74 718
( 7)

1974,75 261
( 1)

1975-76 470
( 2)

--1976-77 367
(2) •

1977;..78 - -537 210
(3) ( 1)

1978-79 631 100 111
(L',) (1) ( 1)

1979-80 392 367
(3) ( 2)

1980c..Sl 542 85
(4) ( 1)

1981-82 753 - 74 _
"",- (6)- . ( 1)

1982-83 311
- (3)

"'--1983-84 90
( 1)

Average 180 I 147 94 103 159

JS Japan Shir:agalo'la P : Poland
JO Japan Osaka IT India Tata
IO India_ Orrissa
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2.2.4 TappingYield

Tne tapping yield from the metallic charge varies directly ,.lith

the prop:>rtion of pig iron charged. This is because pig iron contains

7 to 8); impurities which are oxidised during steel making. A good steel

scrap contains very little.impurity.So thehigher the scrap in the

charge the higher I-Jill be the tapping yield. Tap yield vatfe& from 85%

to 92% as can be seen from table 1.2 due to the use. of lOi-vquality

scrap.

2.3 Raw-MaterialcTransportation- to cE'urnacecInput

The principal r'\w materials for steel making are pig and s=ap

l:lith subsidiar_y_.materials of limestone,_dolomite & ferre-allOYs. f:iithiri

the Horks, the lorries of scrap at;d pig"_iron"are ur..lotlded_._ into the _ma-

terial stockyards 'by crawler cranes equipped I'Jith magnets. Limestone and

dolomite are. stored ..adjacent .to' calci:nation shop.' A.flo.; sheet showing

the existing material handling system is given in. figure 2.1.

Scrap and pig iron are loaded into the chcrging box mountedon

rail bogies by crawler =ane.s. The trall1's of boc).'e~ are t'no v' by
.J ~ _~n Ii10 eC.

diesel locomotives from the stockyard to a rail weighbridge for ~~ighing.

After that they are transferred to furnace deck via a '-Jagonhoist. Raw

limestone is loa., ,d into the charging boxes by mobile shovel loader and

these boxes tire added \'lith trains of scrap and pig iron boxes. Burnt

18
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,.. ----- do-J:orrdte-and-'!:ime-are-ioransported..,fromthe --calcination -shopby

rail in hoppers equipped with lids to protect from rain.

An analysis of furnace cycle time (l"able 1.2) reveals that cycle
r' I, whichv

time is greatly -influenced by the charging time ~;covers more than

40%of the tap to tap time instead of 30%maXimum.One of the reasons

is the poor balancing of the scrap '.-Jithin each furnace charge. It has

been noted t.r,at scrap density varies between 300 kg per box to 2500 kg

per box depending on the quality of scrap and the mnnberof charging

box per- charge~..increased~from'-standardAScboxes to, more than 60-boxes,

on manyoccasion---'--upto,68.

The second problem is the delays in berthing charge material

bogies at the furnace especially when three ,furnaces operates simul-

taneously'. The'wagon-hoist by-;,hich-wagons are ta'cen up the charge deck

and doomto rail section operates'on the principle of 2 full bogies up

and 2 empty bogies downSimultaneously. The stated cycle time for this

operation is 7.5 minutes and allows, to receive 16,standard charges daily

but seldem operates above 10,charges due to failure to synchronize the

transportation syste~.

19
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. CHAPrER - III

PROPOSED '-DEVELOPNENTS

3.1' -Assessment' of Optimum'Charge Balance

In table 2.3 it has been shown that average tapping cycle length

for tIle existing .furnacescis.8chours 45 minutes. From the table, it can

also be observed that the charging time can be minimized by one hour if

scrap prep.'irQtion can be improved am the charge can be loaded into the

.minL"um.number'of boxe's•. The Vlorst situation for the supply of raw mate-

rial occurs ,.;hen the.. charge. composition_consists of 60%scrap and 40%

pig.-iron.-At-.thls'-:-rati0-uneertainty--in- -box,'densi ty~causes -acute probl-em

. '.Jhen:::th~=,,<::r_qp-.:is:.beihg-=-loaded.::o\.studY.in._this.respecL.Vlas.carried out

..at CSI"1-.i."1-,.co-oper.at.ion~~with-..the-~,E0nGerned~personrlel.~to-exarnine the exis-

ting charge landing ahd the result h25 been tatulated in Tao':>le3_1.

'On the "basis of this result-and considering the availability and

.quali.tj. .of...steel_scrap, ..charging capacity. of- floor 'charger,an optimum

charge balance. with the maximumnumber of boxes is recommendedfor di-

_.-~=ent-pig.iron- and s=ap'ratios and tabulated in Table 3.2.

3•.2 ;::5 tL:lation of Charge Time

It has ulready been mentioned that the Vlorst situation oc=swhen

charge is composed.of 60 reI' cent scrap and 40 reI' cent pig. Based on

calc1...tle;.tcdcharge 'density per box, there 'dill h~ rer::uired 40 bo;.:cs cf

scrap 2.~d i3 bJ;':f~S of pig iron in 10 ~':3.gon and 2 ~.-lagon'sr€7spectively. In
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------.---.-.~3_.ef_+_Rec_emiRended-wagtlll_wh-,of~charge-4nput~--,.

1. \-1agon' '" 4 boxes , Uhit'":: Kg'.

.Name"o:E-Material"
Av. weight per wagon RecoIllrnended

+~':'":":--:---r~~:::,:,,~-.;.~tcAv.; wt.-per'\-lithout. I \~ith
SuoervisionSuPervIsion . wagcn

Pig Iron '10,300 15,440 15,300

Heavy.Melting.Scrap
(Foreign) 4,055 4,000

4,0004,720
---------._- ----- ~-

--------------------------------
'-'_._.-'----

..... Heavy Helting-' Scrap
. (Local)

Light scrap , 2,092 •. Z,OOO
------===========~---------------
Sheet/Plate. cutting . ,3,083 '.- 6,010 5,000

4,740 4,000

.' . Billet. end cutj:ing 11;870 14,780

7,000'6,965
--'---------:-~==:---======~----
'. Runner

------"'---- -

7,500

12,000

8,4407,595Skull
--_._---------------------

-,.J;ngot
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.... ~~-.._~----_.._--~~~.__. _._---_.~..~' .. _.'-.' -~'-----''''---~---"'_-:''------_._--_..~

Table 3.2 .Sta.'ldurdization-of'charging-'boxes for
y~g_!,:hg~crao rati~.

1 wagon= 4 boxes 1 charge = 65-68 MT

15,300

Recommended
-avo. -\.rt •.-per

.wagon

23422. _30.6

_Ratio. of Pig _iron .and_scrap
... 40:60-- ---45:55 -_. ------5050

Pig' Iron

Reqd. \~t~ of '
material &.

wagc;>n ;

:--'Mater!.~r :--

- 26-27

Heavy ~lelting
.s=ap -4,000

Pressed Bundle!
--':forJht::?~I:aP'.

-.5-<:; 3-. 5-<:;. -3---5-<:;
.".-

3 _.2,000.

Sheet/pl-atel
- 'FoldeCI::-slieet .'--;;4-5. -'--1 -. ....4::.5"1 :'~4-5. 1 .5,000

'4-;000

-SkuUjLngot 7 1 7 1 7,000

Billet end!
-,-----~~unner. . 12-14, ~1I2'--,-10-12,,1I2-c__12-14. '11'2. _14,000

[""'7 "u-- -,uvu

Total weight _ 10-11
- - -- .._- _. - , .._- ---

.- ON5fe,'-In-case5a:SO 'pig .and..s.crap..ratio,.either 3, \~agonscontaining
the total amount of pig-iron'-far a charge or 2 wagons "lith
extra pig iron in seperate wagon to be balanced at the char-
ging deck.
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addi tion to this, 1 wagonof lime stone ~is charged and 1 wagon of dolo-

~mit~e~~tr-~requiredforfettling-operation-after each-charge. Hence, total

charge = 14 wagons. This charge is split into 3 shunts of 5, 5 and 4

~iElgons.Ha.vever, considering 10%alIa-lance f';r safety margin, calcula-

tion has~been made for 15 wagons-~into-three shunts of 5 bogies each

\1hich can be berthed in front of a furnace.

Numberof~boxes on-5 wagons =_. 20

Time to charge 20 boxes = 30 min.

----Timefor-loco-to-shunt 10 "
- ---Time fcr-~Locoto~-berth-fun 0 bogies = 10 \l

---- -The char(F-sequence~-is -

To-charge-5 wagons

To shunt

To charge 5 wagons

Warming_. time

To-charge 4/5-wagons

~otal time 125 min.

extra time allownace for Locomotive

Total

10 "

135 min.



-- 3.3~~--Estimat:iori'bf"Fettlfng-Tirre

Fettlin,;{ time is increased primarily due to:

-,--,-.----- --..:--~"--
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1). Use.of ..imcompletely burnt.dolomite .which is easily_.eroded.

2) Use of poor quality magnesia.

3) Furnace temperatUre,,~ not mclntained very close to
tapping temperature during bed bui:ld up and.fettling of
dolomite. .

If thequality_fettling~ma.terial and.correct.-temperature is

maintained fettling time will be reducedtb -i..hour.against present

3.4 Estimation of Cycle Time

Cycle time, obviously,. will depend on the Keeness of the furn<,\':e•

.AS.the. furnace, campaign"progressescthe- keeness ',of. the..furnace .deteriora-

tes and during'.the last wee.l::sof. operations.tap to tap time becomesmuch

.. longer. Taking' this' into: account the' furnace campaign'is d4:'-'idedinto:

1) Keen furnace

2) Normal furnace

3) Laa furnac'O

and a ne\'1time schedule for: cycle activities has been drawn as given in

Table 3.3.



Table 3.3: Re-scheduling tapping Cfcle~time
_~ __ • __ ' _~~ ~ ._ •• ,~. - • , - • __ ". __ •• ,_,._.,' • _0 ._. _
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2 hrs 15 minutes 2 hrs 15 min~

i hour 15,minutes 1 hr. 30

Lag FurnaceActivities Keen Furnace

Charging 2 hours 15 min.
,

Melting 2 hours 30 min.

,Refining 1 hour

Tap/Fettle 45 min

NormalFurnace

2 hrs. 45 minutes

1 hr.

3 hou.i1s

1 hr. 15

••

••

Cycle Time 6 hours 30 min. 7 hrs. 15 min. 8 hrs.

hours and if any bunching occurs in tapping, !S-'eenfurnace would be

~-given'prIori ty. On this' basis, charging platform, schedule and Ground

,charger, Operation f.or~both the. chargers~have ~.been.drawn.illld depicted in

figure 3.1.

3.5 Charging~Platform' Rail System

The layout of the existing, charging platform. rail system is shown

in figure 3,,"2.Rail'section wi th ~shunting capacity as' well as the posi-

tion of the furnaces are drawn. Full bogies of charge materials are

received at (1) and empty bogies are pushed at (5) through wagonhois t.

Full bogies from (1) are distributed at different rail position by loco-

motive.
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.In. figure 3;3~and 3.4. configuration-of~charging .platform has been

drawnac.cording..to charging and.tapping schedule shownin figure 3.1.

This .configuration indicates the~positionsof ....bogies .on a 24 .hour .basis ,

so that the tap-to-tap activities for the simultaneous operations of

three furnaces are done un-hindered.
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CHAPl'ER- IV
"__ > ~ __ • __ • =__.c ~_.~

HEAT BALANCEANDTHERMALEFFICIENCYOFOHF

One of the main. characteristics .0f_anOpen Hearth Furnace -is-its

to; and ):>urntin the- combustion -chamber'"per-un!:!:"time. Of course, there

.ly ..expenditure _of_heat_in thefurnace--I>er- heating cycle. The ratio of

the max£jm:lIlrlleat-:i:nput--to-the-mearr=heat~put~is-called-the-co-ef.ficient

.- "_.of.enfercement~or~"boost-~coefficient-i'-' the-cvalue-~cof'.'which",varies-'-between

1.2 and_1.4_as_stat",d.by. LYPiAGIN(~2~an;i",;;h9wnoin;Xable~_ 4.1.

Besides the heat consumed-in heating the bat!1," every furnace

loses some heat into the surrounding atmosphere through roof, wall and

bottom, cooling system," charging doors,-furnace"lining and other open-
o

? - -ings. ~~ome-heato.is"'als=carlO".ied;c'awaYfcby=f.lueo'.gases=Therefore,_the heat

.input into the- melting---chamber__should._be -_suf.ficient, to-.heat-the- bath

and to compensate. fOJ;"_cal-l"heat.e--losses.

4.2 Thermal Efficiency

The thermal performance of a furnace is characterised by its fuel

efficiency and is the ratio of the heat absorbed by the furnace as a

result of combustion of Co unit of fuel to the heat value of this quantity

/
/
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Table 4.1 : Specific chemical heat expenditure and heat
,input cif"OHF ... ,- ,-,,",--.- --~-~.--,

Heat input
boost

co-efficient

Hegt input
10 k.cal/h

I Oil fired furnaces

rSpecific -
heat ex-
pe~diture

. ' '~~n-~._Ca1L_..!'d~~:e_l_~~~~m

Furnace
capacity
Tons

5 4.50 1.40
-- ~--.-.------.-.-

"'._--------_._------,-------------------
10 . 2-;;:16' ----- 4."50 6~30

-------~---------------------

25 1.64 7.40 10.00

30 1.60 8.40 11.30
-,--~--- -=---

50 1.46 11.00 14.30~-- , - ....•... - - -.-

70 1.•38_______ 13.10___._= .,_17.00

85 1.32 15.00 19.50

125 1.26 17.80 23.20

185 1.15 22.50 28.20

1.35

1.35

1.30

1.3Q. .,

1.30

1.30

1.25
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=
(0 + 0 ) - (Of + 0i )
f s '9 n.c

Of ... •••

"!here, heat'value of-the-fuel- in--K.cal

physical heat of 'the, fuel_and ,the aiL for
combusj;ion,

° = the amount of physical"heat carried awayby
£g the flue gas in the burning of a unit fuel

O. = heat losses-due to incomplete-combustion of------' •.n.e-.--fue1 ~

I ~ ' " " ,.'''j;{at ..
~I-t:ci-s=evIderrt=f=rrr=tl'l:ts:=f0rmulaZ..rf-- theoftiel-is-burnt-completel y, the

I
..~-_ •..-1Gwet?-~tH~perature -of" the:"flue,~gases-,and_:the"=hi-gher;,the ,temperature'

, ,
,of~preheati-ng-e:f- the---air--in the-regenerators, Hie-high~?~e fuel effi:"

,
ciency.

-':':'-.~T.hermal~eff:iciency<:ttffer'sfr"om '--that of the fuel efficiency and

..:i:sc'defined~as=--the"ratioLbfcthe-chea-t-.al2'19rbed-:by;the=--bath::=t:&.~e_he,i'it...-.. ---- .

.3O'per-cent--of-the-heat-input- serves any useful purpose and the balance

compensating_far_losses. A small portion of the-lost' heat can be used

to generate steam by waste heat boilers, thus increasing total thermal

efficiency to maximum40 per cent.
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4.3 Thermal Efficiency and Heat Balance

Determination of tl)ermal efficiency is based on calculations of

all i terns of heat supplied or avcilable and evaluation of heat used,

lost or distributed which maybe termed as heat balance. A listing of

heat input and heat expenditure for heat balance of OHFhas been sugges-

ted by LYCHAGIN,shO\,min T-able 4.2. LYCHAGINalso calculated the ave-

rage values for the items of the heat balance for the melting process

(Table 4.3). These values refer only to the melting process and are in-

dependent of the design and capacity of the open hearth furnace.

It is evident from this table that whensimilar steels are melted,

the fuel consumption increases as the pig iron content in the charge

increases. HONever,on taking into account the amount of heat generated

dt.I.t-i!lg_the combustion of <:O,formedin the bath, the heat consumption per

kg of charge decreases as the pig iron content in the charge is increased.

4..3.1 Formu.lation of various ca;;ponents in the heat balance:

a) CheT.ical heat of fuel

= Q.X ...

•,

where, Q = calorific value of the furnace oil in
k.cal/kg

X = fuel consumption kg/kg.

"-""-I<, --
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- --'-'.-':--.- -----~---_.~------_.,.--~
Table 4.2: Heat balance of Open Hearth Furnace

Heat input

ql by the liquid pig iron

q2 heat-from exothermic
...reactions

heat of slag .forma-
tion

heat of combustion of
COfrom the bath to.
CO2

--=-~.qs-chemical.heat of fuel

sensible heat of the
fuel

sensible heat. of air.

.'. ~'.-.

Heat expenditure

% on heating the metal

~ on heating the slag

ql0 on .dissociation of the ore

ql1 on decomposing limestone

q12 on heating CO2from decomposed
limestone

. q -3--on-heatmg- CO
2
..formed by decom-. 1 ..

.._.-bustion of CO-from the-.bath

q14 on losses with escaping gases

q15 dissociation and incomplete
combustion of-.fuel

q16 heat losses with combustion
products

losses through briCkwork of
furnace -chamber, .with the
.cooling water and from radiation
through.openirig.charging doprs •

,
"



Table 4.3 Heat balance for melting 1 kg of charge in an GH?

Quantity Heat input Heat expen- Heat defi- Heat of com-
Process Steel of pig (q1+q2+ diture<% ciency on bustion ofgrade iron in

q3) k.cal/ +q9+~0+q11 the proce- COfrom thecharge +q12+qN) ss (q ) charge to CD2(%) kg.
k.cal g k.c~/kg (q4) k.cal/kg

40 87 363 276 70S=ap Low
50 105 418 313 87

process carbon
on solid 60. 123 473 350 104pig iron

40 84 354 270 63/1edium
50 102 309carbon 411 88
60 119 467 384 97

40 80 338 258 55High
50 98 410 312 77carbon
60 115 454 339 87

Table 4.4 Heat losses through brickwork of furnaces (50-70 ton)

Roof Of fu...-nace Front wall Back .wall Hearth Radiation loss
through doors

14000 2
k.cal/m /hr 65002k.cal/m /hr 3100 2 2052

k.cal/m /hr k.cal/m /hr 552,000
k.cal/m /hr.



37

.--:-_b)~.ensible_heat __oLf.uel,-. _-----------

% = T.C •••

T - Temperature'or- oil at its pre-heated temperature

C = Specific heat of oil at.-that-temperature

c) . Sens.iblecheat of air:

•••

T

a

=

=

:r'emperature of.air at its preheat.ed temperature

Air consumption for burning 1 kg fuel oil, nm3/kg.

C- =-'Specific=heat of-air at- the-'preheated temperature1

d) Heat losses due to gases escaping-from-charging .doors:

...The.losses~are ..generally. assumed to be.6-percen t of, the chemical

.--heat'-of- the--fuel- i.e.

= k.cal/kg •••

e)- Heat losseS's from the dissociation-"and- incomplete combustion of
of fuel:

-~'_-.Thisloss. can also be ,assumea-.to be, 6. percent of the chemical

heat of the fuel i.e.

= k.cal/kg ...

f) Heat carried off with combustion prod~cts from furnace
chamber:

= k.cal/kg •••

where T' = Temperature
the furnace

°c of canbustion products leaving
chamber

b = the qu~ntity of combustion products per kg of. fuel
oil nm/kg
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.... "

'."'- =
, 0

Specific heat of the combustion products at T' C
___ '_'~- -'.---' . -0._. _

g) Heat losses through brickwork of fumace chambers, with
cooling water and from radiation through charging doors:

This is based on thickness & type of brick used,

Table 4.4 gives values of heat losses through different

sections of furnace, as quoted 'byLYCHAGIN.

lNhere,

At = heat loss through the brickwork of furnace chamber

'----A2, =' heat'''losswitflthe coOling,wetter".-

A3,= heat loss by radiation through the cnarging doors.

Now~usingtable 4.3 and cc:mparingthe input and expenditure sides

of the heat balance, the equation becomes:

...

=
-'-..•....

From this equation, the value of x, where x is the cc:msumptionof

oU",:inkg/kg charge, maybe determined.

Then the heat consumption per kg charge can be determined as

q' = X.Q k.cal/kg of charge
•••

In terms of ingot output, the heat consumption is given by,

q = q'/n k.cal~g of ingots
•••

,
where, n is the output of good quality ingots from 1 kg of charge.:
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-,--'_.----,-.;;....,--- .~---"'-----------------------------_.- - _._----_.~----_._- -'"

The heat consumption can also be determined with the aid of the

utilization co-efficient- of -the heats- -of.' combustion- of-the-fuel-n
1

which is tre ratio of the heat left in the furnace chamber to the heat;<

inq-power-of the fuel i.e.

- 1}__1 =
q + a.:: + q - q - q _ q5 'b. 7 14...--15--- 16

q5 ...

______FrO!lLequation_L4..3._1.1.1J_the -total.heat expenditure in OHFper ton

of ingots is determined from the'expression:

610. k.cal .• e_ (4.3.1.12)

=. utilization "co-efficient bf the heat from the combustion
of COfrom the charge

. h t . 6q6--~~ ea -exP!'ndJ.ture, 10_c.k.cal/ton. ofc charge

q4-- "'=.: hegt due -.to_._combustic>ncofo<;at:'b<m-m0l1ox1.de-from-thecharge,
10 k.ca~/ton-of~charge .

col,,-o'.qiic;=-"- .total,. heat,--loss.o._fromthec--furnace-..Chamber 10ELk~Caijhour

h- - =-output of good quality ingots per/hour

-. ~1 -=-~utilizat.iJn-co-eff-iGientc of" fuel- oil

. ~2

p = output of the furnace in ton per hour.
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404 Calculation of Thermal Efficiency

The calculation of thermal efficiency is based on available

dale for.' the production year_,19BO..,,81,_since_,_in this year ingot production

of C3l1was highest. The following summarises the data~

il average charge 66.5 tons

iil good ingot output 54.2 tons

iii} Tap to 'tap time 9.2 hrs

---- iv; l'ig-.s=ap ratio 43,57

5.9 tons ingot (p)Furnace output per hour (av.) =

~, 66500:...,----i)=,:O'uantity of charge melted per-sec;;- 3600 x -= 2.00 kg
9.2,

54.2
9.2

vii) Output of good quality ingot per ton charge"; 0.815 ton (h)

ixl of roof 85 2- Surface area = m

x} of frontwall 14.5 ,m2Surface area =
--------<"

xi) wall 22.2 2Surface area of back = m
- - --- ._-_. --

-"----'--- -

xii) of Hearth 70
'2Surface area = m

, , "," 0
- --xiv)'- Average pre-heated air temperature = 1100 C

'- '- xv}- Average rise in cooling <ater temPerature~~=300c"~~-=-'-

xvi} Average cooling '''abc_"flow through furnace structure = 205 m3/hr.

xvii} Average temperature of the combustion temperature = 17000C
(assumed)

xviii} Average calorific value of furnace oil used = 9470 k.cal/kg

xix} Average steel quality produced = LowcarbOn

xx} Furnace roof brick : chromemagnesite.
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A. Heat input in the furnace

i) Heat from the combustion of fuel oil = 9470k.cal/kg

ii) Sensible heat of air, preheated at an average temperature of
11000C,calculated from graph 4.1 and with excess air of 20')"
3900 x 1.2 = 4680k.cal/kg.

iii) Sensible heat of fuel oil, negligible and neglected

Hence,total heat input = 9470 + 4680 = 14150k.cal/kg

B. Heat expenditure

i) Fromgraph 4.1,
heats, q16 •••

athe combustion products (at 1700C) carry off
••• 8950 k.cal/kg

combustion assurred as
••• 570 k.cal/kg

ii)

iii)

Heat loss due to dissociation and incomplete
6 percent of the heating pa,.;er of fuel, q15

Heat loss ''lith gases escaping 1:hroughthe c:harging
as 6 percent of the heating power of fuel, q14

doors, assumed
••• 570 k.cal/kg

Total heat expenditure = 10090k.cal/kg

lJ.., =

C. Heat losses

14150- 10090
9470 0.428

i) Total heat losses through brickwork of furnace calculatgd as per
table 4.5 ••• 1.495 x 10 k.cal/hr

i.) H t• ea. losses through ope~g of the charging door having.=oss-
sectional area of 2.511 m ,assuming door opening 30%of tap to tap
time and radiation loss as per table 4.4 2.511 x .55 x 2.76/9.2b ,= 0.414 x 10 k.cal/hr
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Table 4.5 : Total heat losses through brick work of furnace

43

Section of the
furnace

Roof of furnace

Front wall

Backwall

Hearth

Surface area

rn2

85

14.5

70

Heat 102s
k.cal/rn /hr

14000

6500

3100

2050

TOtal loss
10 k.cal/hr.

0.094

0.068

1.495
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iii) Heat losses with cooling water

Water flow per hour x rise in temp. 205 x 30 = 6.15 x 106k.cal/hr.

6Total loss q17 = 8.059 x 10 k.cal/hr.

D. Total Heat expendiwre in OHF

Substituting values in equation 4.3.1.12, the total heat COlli>-urnp-

lion,

q = ( 0.276 - 0.070 x 0.8
0.815 x 0.428 + 8.059 6

5.9 x .428 )10 k.cal/tan

"'3.82 x 106 k.cal/ton ingot.

E. Rate Of heat input

The meanheat inPut during the melt is

Q mean= 3.82 x 106 x5.9

i.e. fuel consumption per sec.

F. Heat balance of furnace chamber

Heat input:

=

622.538 x 10 k.cal/hr.
. 6

22.538 x 10
9470 x 60 x 60 =0.661J<g/sec.

i) chm<ical heat Of fuel

0.661. x 9470 = 6260 k.cal,sec.

ii) Sensible heat of air at 11000e

0.661 x 4680 = 3093k.cal~ec.

•.• 66.1 per cent

••• 32.7 per cent



iii) Heat due to the COmDUStion of
carbon monoxidefrom the charge
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2.00 X 0.8
Total heat

x 70" ~ 112: k.cal/sec.
input ~ 9465 k.cal/sec. ... 1.1 percent

100,',

Heat e»-penditure:

i) On the proc'.'ss (excluding heat of
exothermic reaction)

2.00 x 280 ~ 560 k.cal/sec.

ii) Losses with the cooling water

6150000/3600 ~ 1708 k.cal/sec.

,iii) Through brickHor'k of furnace
chamber'

1495000/3600 ~ 415 k.cal/sec.

iv) Through opening of doors

414000/3600 ~ 115 k.cal/sec.

v) ~'lithescaping gases

0.661 x 0.06 x 9470 ~ 376 k.cal/sec.

vi) Losses due to dissociation and in-
complete combustion

0.661 x 0.06 x 94 70 ~ 376 k.cal/sec.

vii) Carri~ off from the furnace
cha."ber wi th the CQ;lbustion
products at.1700oc

.661 :z 8950 = 5915 l~.cal/sec.

...

...

• ••

•••

...

•••

• ••

5.9 per cent

18. 0 percent

4.4 percent

1.2 percent

4.0 percent

4.0 percent

62.5 percent

Total beat expenditure ~ 9.165K.cal/sec
~ 100.0 percent

,
". 't



G. Thermal efficiency of the furnace

Using data.from the heat balance, the thermal efficiency
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1lth c
560
6260 x 100 = 8.95%



CHAPI'ER - v

Major aspects for determining the capacity utilization of the

_. planLhaVe.been.considered and the calculations have been madeon~tre
- -

basis of- available data. As discussed in this research work, there has

alHays been a large discrepancy between production achievement and

plant supplier's rated_.capaci ty •. During.investigation of the plant_faci-

lities and operations at the Horks, the main purpose was to answer the

follo\~ng-questions:

1) Is the plant supplier's increased capacity of 100,000 ton per

year ingot production realistically judged by adding one fur-

naGeand changing pig ratio_ c40- percent to--GO, percent_'as ...

designed originally 1

2) ,,'hat will be the maximumattainable capacity?

Proper exp12nations of the-quoted point one had not been-found

.except .the record of the~'Perrormance and.:g,uarantee.Tests" for the_

furnaces nos. 1, 2 and for the furnace no. 3 for itself and furnace no.

4that~have been incorporated in Appendix- A.

Gi.iarante~,;-testsfor furnace nos. 1 and 2 were conducted on the.~....-
basis of pig ratio of 40 percent whilst identically designed furnace

no. 3 with GO% pig and over charging. The most important point to note

here that these tes j" eTe conducted on individual furnaces \/hereas

capaci"C.:{ c.::3.1c~Jl.::.:~.,~()il.!••:2S ba.s~ on siffiul tClfleous operiJ.~:ion of tr,ree furRac'es
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throughout the, year; Had the plantsuppHeris-test been based on--sj.inur:~---"--~---

taneous operations of the furnaces, there would be different results _on

the tap-te-tap time vis-a-vis capacity of the melting units.

5.1 Attainable Capacity

On the. basis of operating :.parameters as mentioned earlier, an

operating schedule (Fig. 5.1) has been drawn up with the.following-data.

365

3

=.'~>7.25

=~90%

i) Days.aVailable for op~ration .in_a-year

ii)~ .Number-of. operating fUrnaces

iiibTap'cto tap time (av_erageLhours

iv)~: Furnace-availability

v) - DO\'ffitime for rnaj or repair

vi)- -DO\mtimefor minor_repair

. vii) SOO-mmroof life (maXimum)

viii). 300 mmroof. life (maximum)

='.

=

=

=

3d days

15 days

265 heats

145 heats

The-operating schedule shat-m..in Fig. 5.1 is obviously based on

best judgement of the results achieved in Some-cases or to be. achieved

by careful planning. The information from Fig. 5.1 is set out in tabular

forro in Table 5.1 and the total operating days have been used in calcu-

lation of steel making capacity.



Time in Days •••
0 50 100 150 200 Days 300-

Furnate 1 89 ~7
Furnace 2 ~7
Furnace 3 32
Furn13ce ~

II
,
I I Available operating time WJ0l Down time

365
3

3

13

General repair (Major) _o 3 Days 27 30

~%~
Cooling Warming

Minor re pairo 3 Days 13 15~m~
Cooling Warming

F IG.S".1. THRE E FURNACE OPERATION SCHEDULE

<-
<D
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. Furnace

No. 1

" '- No. 2

C.:o..,_ No. 3

No. 4

Total

Available
.-operating--time

Days/year

272

272

272.

272

.1088

. --- -
_~-~ •••.. 1- .-~ ~-~

Downtime
_Daysl-year

93

93

..- 93

93

372

.----/\V9-ilable=operatingcdays '':'~ 1088

"Hence; .actual-- operatiol1r-<:lays-n"ith
90% availability ~ 979

Number of heats per annum ., 3241

. . Ingot making capacity 58 x 3241 •• 188,000 Tons.



5.2 Management

In order to produce the increased capacity wit.'l three furnaces it

Hill becone necessary to c~ordinate the activit:ies of melt shop, ca.sting

bay, materials stock yard and transportation neh,,)rks. It is suggested to

form a shift managementteam to co-ordinate all these activities round

the clock and to make necessary communicationwith the day managementof

the melting shop. The structure of the 11elting shop managementis shown

in figure 5.2.

Melting Shop DayManagement

~
SAffi£'."'tt'S"'hers"f"tM '. . ~'~'ll>' r '~c.on=.
SS1.SLan 1. lanagers Assistant Casting bayr Controllers

I'<iaterials Stockyard Foreman

51

Fig. 5.2 Structure of l'lelting shop l1anagement

.-

Responsibili ties of the managementteam will be:

i) The shift manager of the melting shop will have overall

responsibili ty for the melt shop, casting bay, mat.erials

stockyard and steel malcing Iilaterials. His main duties wOuld
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-~~''''b''',,-uirected-t0-the:-k-appin'3-, -fettling---and-operation of~OHF----- ,---_." .

and the organization of the 'casting .bay. to match furnace

operations.

ii) The.j"<esistant shift.J!lanager of the melting- shop--w-ill-report

di.rectly to ..shift-rnanager- and-will.-be,.responsible for. ~l the

C-:-._ .. activities ~of:-fut:nace-operation-;-J:je.;wiTl;:.make,::fumace-:program,

--ens.ure-that::cor~cj::-:ma.terials: reach ..the-~furnace, proper use of

.. -oxygen is made~'and'other. utili ties-,available.

iii) The casting bay-controller 'would-have-overall--responsibili ty

for_j:h'Lcasting_b_ay Uncler..J:hed4:.e5'tiQ)lyf the !JleLting,shop

.-:-::':.:shif.t=ll)anager;;~He.:.wfuld",ensure3:hat--=,t-eemihge:ladles;-=upteem

'--:c::.-:=se:!:S'and:slag:'pots::_are':..available _f.or.:::.the":furnace.dueeto tap

.- ,c,":"'::dt;rit:iq::ht~-c:Q.hift•

.~~-:-:i'1):_=.The;'a:ssls taIit~cas fifig:bay':coucroll eis~w6ul dc,be.cresponsible

for all- activities .relating to c'asting bay -including general

~---hOlisekeeping •

v)~-Th.e_macter-ial~-s ted<y ard-fce';emaftwoul'dc-beco.fu:l:lye.res ponsible for

'~-'~m.atg:r:iars-...:receivill::S::..and=storage~-i..JEd:ghirrg:anClc::.transpor-tation

:cc""",of:d:bes~Gll1aterial S76.S"'per-c:.~~~a~e",sch'e:iUile.~:~e,.would' ensur~-

t-h a t do ".•'giAg-eI.'rolC'S--are--rninirnised-'illid:--proper-:!Jo:><:::..\'reight~with

standard charge matgJ:"ials_are,.despatched.



Conclusion

11)the pre~ent 1:Jork, operational problens of steel melting units .of

Chi'ttagong Steel Hills 'Ltd.. have been studied 2J1dmec.sures have been sugges-

ted for improving the prc,Quctivity. From the analysis, the follO'J'Jingpoints

have bec.o::J.e apparent.

i) The charge co~p6sition of 60~ pig and 40% scrap as suggested by

the pla.~t lnaluracturer KOBESteel Ltd., Japan, has never been

achieved due to vcrious reasons. Instead, pig iron - scrap ratio

of 43.2 : 56.8 has been attained (Table 2.1). As a result, the
re.:;uired nuiber of c'tarc;in; h:Jxes has incre~ed from 46 to 60

fu"1dt.he c~'l2.rgin9 time has als0 increased by about un hau.r.

In tables 3.1 and 3.2, methods have been suggested ror improving

charge preparation. This ,viII reduce the nur.1berof charge boxes

to 48 ror scrap and pi~iron. It has "been found that the charging

time will be reduced to 2 hours 15 minutes ~ a reduction by about
45 minutes.

ii) In table 3.3, tap-to-tap cycle times for keen furnace, normal

furnace a'"1d lag furnace ]lave :beenrecalculated. The average cycle

tL~e has been ~OUI1d to be 7.25 hours, 'dhich is u substa!itial im-

provement IT:er t~e presently attained average ti~e of 8.75 hours.
3ut it is apI)B.rentthat tre des"igned c.{cle tL~e of. 6 hours is not

achievable, unless melti~g tiD2 ca~ be drastic3l1y reduced. The
e;.:istiJ1g 2eltin; tiDe i.3 90 iny:;utes longer than the designed valuee

iii) The ther:c21 efficiency or C'Er has been calculated 2nd found to be

only 8.95~£ Hhic:--:i~.7:1'Jcn ;:'2101.;the inoustrial average."
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iv) Charge handling system has been studied and it has been found

that the present system is quite adequate for handling chargesfer a

cycle tirT12of 7.25 hours. In figures 3.1 and 3.3, charging platform

schedule and charging platform configuration have been suggested on

24 hourly basis.

v} Figure 5.1 gives three furnace operation schedule for a year as

the fourth flli"l1i3.Ce Hill ahvays be under maintena>-:.ceCI In table 5.1,

furnace availability on improveinent has been give!1. On the basis

of 90~~availability of furnaces, it has bec;n calculated that the

ingot making capacity can at best be .increased to 138,000 l'lT. This

shO':ls an improvement of 3gc~over the maxir.n.lln ingot production .of

135,000 !-iTobtained in 1980-81. But this figure falls muchbelow

the Danufacturert! rated capacity of 250,000 I:lT.

vi) For impleme.t1ting the suggested neasures and for proper s:¥TIchroni-

zation of all relat~d actiyities, an iiftproved managelilent system

has also been suggested outlining the functions and responsibili-

ties of various' ma..'"1agement perso!?J1el._

Recommendations for Further Study

In the present study, attention '.-laS "given mainly to steel making

cupacity" Eut improvementin this' sector is not the end in itself since

ti-:e problemis related to other Go\,.rnstream activities as vl'211. !'iol ten

~et22 has tc be cas ted L"1toingots" fo~ f-urt..'1er proce3sing into finished

p~od~c~s~ Tr.~ ~asting oper~tions in~lude teeming into ~ryJldSt strippinG,

set }Jr"eparation,. mcul.d cleaTI:!g, T:':ounting of moulds on tlle sets,. laddIe

preparation anc r(:'~)airSt slag pot ch2.,'1ging, re"7'.Ovalof stickers rrOi7:

the ingot mculds 2nd other s!:::;.eraJ.. housekeepir-!C;activitiesp
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In CSM,there are four cooling grids each of ,.ffiichcaT)hold three

sets Of square moulds (180 nos.). Since one grid needs to be reserved

for slab moulds, three grids are left for square moulds. For the designed

6 hours t<1p-to-tap time fror., three furnaces and nine sets of moulds in

circulation, cooling grid occupancyti;:'ie for the T:loulds is only 14 hours.

For at least first 8 hours of this fourteen hours, the mouldsare too hot

for a"1Ypreparation Hork to be carried out. In the re2laining si.,"{hours,

mer;.carJ10t "-Jark VJhilst further hoi: moulds ~e. placed in the grid.

Secondly, in ~~e casting proces.s, leakages occur due to the breakage

of refractory !Jricks ilild liquid steel spreads over the castin~F. area and

for;l;S into solid steel mass which can only be re;-fjr.J\Tedby gas cutting. Further,

leakage reduces yield &-,daffects quali v.f.

In view of th2 .above Problems, it is recomrnended to carryout

investigations on the follQ1.';ing areas:

i) To investigate the present ingot ~aking f2.cilities end to

synchronize casting" process \'lith that of increased production ..

ii) TA co ~ ~ ~ . . L' Lh" t f.... Doue L. a L.ecnno-econ~)i;-L1.cs"Cuay on L e lntrXuC ion 0

Continuous Casting Process (CCP) for t"le i1:oprovement of better
yielc a'1Cquality G

<.••• -
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-~ ~. j,
.1

- .1.~•.,"' ------------,
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..

- ------

=---do -

; '6) Con.:sumptl.anof mte:rial to' bel:Mr~d- -
i . "--such-aa-l .
-j - --- --

j,
!
!

! Scrap .676.0 ~-,<n.

I
1-=;=p1.g - ~-~~~~ktit4n.
I.,,. i 1il!a . ~0-75 -"'"dp~- I,in"" _ .47.4..kgiton.

~ i--====r:tiii$'s"t a" "". 1. I~~'r:.~~~:;~,-t::-~eo - IT~-rJ$~~~~~~. -- .. i ..t-ye~~-s"'f:-'_ 3... .~~~:;~=.=_:~=,~/': _x. -=_~~~~~::~".T .. -=~.~,-~

': .. - . -_.. - do~:"--~'=~-'---~-i--=-=-ll==~'~~i.-~.-'.~-"l'--'='1 ~ ....~--~.6 -~, I
i :--'F1=~). --'--ao-- - .=.----i--:::-::~Par..4kgfton. -_ ..- . - =

"_ 1--'---:--" - -' I - ~. - -"_~ ..•.~~I (Pig :rat 1.0 39.7 %) . I.-~ I
! .- ... . .,._. .- -. -.-.-- .. . I

----- --":"""..-

---~-- ---" ---"-_. _.~--~_._--
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, ReIll!U'ks en guar-....z:tee t est I

. - l~":::':''l'htLtesLllas M7'rl Ed ~Or.:.l."lUO~frolll::-7:-3:5c2.H.on- 26th-~~h
, , to 7:42 P.lio on_29th=-},.arclI::resuJ.;tiIlwtwelva"C-chai'-ge~.

'72 bours 7 J:!lrmtes .

. ' _--:-.-\4:i!Ot'd-tng1;t:°j- .. _ ~--~

."~~,-4i61lrS-- ; ";"'65h5d'=

- - -=- - ~ --_._. . '-'--~~- ~_-=t._ ----

==C=c;U-t:u:la~~~-6n'.a-"'diilad, antage;~tnerlower 1:a10i0trw 'value
-is generalli that or=liOOtm --95%-aga1nst~ gMSaealoritlc value • However,
-our=f-~i3hO!l' ,ex, S;a~~ltU11;lI 1p.~BpLttfoLs:uch Ii-=-:-~~.a..-.e. -

Heat con1Sl1ll!pt Lon

-~-GX'OS3-ea1Or.ti'ta-Valu.e

"--'-1'01;:<1rh~n~ _ .j~ons

"-'-Spec' Clc g:r;om*of.'-tnel
---oU - I --.t:i:9M.7

I ,-:l,O{~7g-3C;ll f::.. k?

j 0.996 x 106EiJaJ. / ton.

','

rtf
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'nS'l' RECORre.

~~Th ts~ h:the=reeorct of tne' cFZR."'OllHAlIeE-Aml<GUAllANTEE TESTS 'Of
the following unit mil/or Seetl.on.

Date of the Tests }fJJ:y.~7,1S~19,.20,,1967.

Unit I

, ,

\

I._No. 4:--. .f'zirn3CeiLiIiiL,tli'eli" :wcessorl.es
1hcIildffigiiilst'eHeatc BoUer~ and

, -'Sl!lOke '!rrener. .

~v1, L
EAST PAnS-raN lllDUSTRLU.
DEVl';LOHmlT COllPOIlATIOU.



TEST IlECOROO OF' GUAIlANTED: TEST RUN 0P'No.2.

'1) SteelquaUty I

'I' ',: I Ii' " , , l: I L :'1 " i I
11i' II.~\ ,,(, ,,I., ~i.d \ ,.\ j I!, j. : 1 .

".1 ~t+r

0.13

O~4~
O.~4
O~OlO

•••• -,>

o.~o

~!";o;-lTrl~..',

•• l. I' ~

Mr.x. '

Ma,,_
, .~"

t!~~
liP:1t-
! i111;1

I{n,

c

~
I

H
pi

, I': lil I, I ! .'~q, , I I \1- .1 I~:~i
, 1" ', "

O.H.1'. i1
";
i

. "
, :'

o llesulh or twelve Leats

: t .1' I i,1 ,; (, 1111 [ti,I lit:!
".

, ;'1./'1', I,t, ,,,,

[0:15
r ',I1. ,Q,6'1

II" ',J

t Q,a
f q~?S
!.. q,~M

c,
'It.
-. !

51.,I

'i'
Ei
I

5'
I

,' " I': ,I,
~~f I .;~; I' I.,:'

Ouar.llntee, flgurOB, ' '

;i I; i~I':If ';i 11,;;
,

I [I

'!, j IJi,

! I,I !I

,-.
\')' 01~:._ \D

I .

:ls.amin•
44 minI

.~ .:......J ~ .).

.•.•• ~ L,_ ._ ,

'r, ,
.,1 ~ ; .. : l.S \_. J.

1 I,

668.6 ton of good ingoh
\'lnd.. ,3, .1., toul, of re.at Ib,locks

1'1 " I;{ III 0,' I" I II III,K,O IIW1orJueod ,p~ eon'~ mucus
.1 ,Iii lIt ~lr~" ~ ,B,t, '?1iAiO~17F,,~;~f1l~ ~qn~7tone

of 10U+'icnl~i~er72,oours.
Ii '1':."~1~-1r11 '1,., i~' I:"IJ I '
Ii' ,'. I'

• I' jl! lilll, I:1;. 'j I '~,I

119 fJ'j

. , ,
L 'III i .

I • : ~.
'i: ~

'I

-
:3)yteld during '~eat period I .•.I '.,

; ' .. r' 7d~: J. 'eli 1'1' ,,..I. .f... 11!~A ).,.-11",.. 7k.h'''''t..I.,,~.~.j}~J",.; ;"""L', ~' •••• ,.;I,} I,U .,.;,! ~.~.

I '1' ,'h' I' ••~" ).:JQl!0. ,S~'-\,',0" ).Q" vU iJ£~~a "''"', 0;
. T ' " 'II 'II' I" I' '''-.~,
, ,'" " ~A 'IIi" h~m-.,' "I051 til'-Jr",O. c:o .....'.'.,.lO , '.','. , I ", . , ,

I. I 'i'l ii'" ' II I 1"1111'11 IlUi111 i:' 'e
4) Refining JfJ:rio~il i t, lill! I~, i, ,

, , I' i ,I ' ' '. I ,II' ' ,I .. ' ,",, 'j:, Mtti~'~?O'~!.#/chtl~ge-"""'-" '~ 1
1
,; ',.., _ .."'1..'9-ara'ge' o~f"t~relvo-h00t8'I

,I I I. :!!' 'I il' ' ,
",I I I II" "j"'l lla:i:.'orbrelve,h6<lh

~ ',]. \ "" I,: I ~:!l ~ 'I!l' !1111, '~\f,' L \~, I r Ii

I It. ,I I II \!I i d I i ~rl 1. i i'('! J I I

,2) Htm1ll111111out~t"" "J, 1• .1. ,•.. , ,~., , ...,.:1" :,J, ,.'

iI i :11530 ItJi i~btat ingot !Deludingreat
" "I ' 1, , • I' I ,~., , 'I' 'I '" '" " • , -II I J' L .. "Ii,>lo~k;IIG:Cltllilg ,x:tl1(ls,i\, :;:nCli.\t1'l1mlllll
""""i I~' IIJ, _. _l ' ,:.1-'. nr:". ,1: ' 'i I'
/'"i.!ptn15~e~fl~~""'v"l~,'",r,:'1: '''1 "FIT"!IjIi! !i

"i, ' iii IJ! " ii,ii"li,! I I~ijl lit 11>.11 '
•Q

!" ii,J ;::: ~
!~ ;:!
pl ~
\;l t;;
\;l :5H r3
rI.I 5,
"

" I,. <' I,t::1 1-, 11
M !:: 'i
~ :r: I II

~ :-' II
III I

I :'

~



I I !IIII
, '
, ',

::- .•.}
oc.:.:; i I
\0 ; )

5.... ,.,,~.'.

I, ,

,,,,," ' .
I., ,I' ;1

ter.rn 31. ' ~il - ,1? ~I' , ,. 'I . ' I, , t" II
Alii" 0.6 - ~(J -"\ 1I ,II' i" , I" i '- ~q..,r10urspnr ji i\1. '- ,.,

III I
I' . I

116 I

'I

7) Oxygen Gonsuoptl.on.
.t." . i . I ~..• - .,~ -" •.•••• ~•.••

L" GnrantEl6, rtflUre~" .,h , ; .~e~.:"~~:lor ~1:elve theatD

) , 'I "I' i ,i', 'I'l. " Il'll'!I'I!III'I'~!'i'5 HaxtllJUm heat oon3UJJlf>tl:on I, " , ': " , ' " C',

iii ,:;' i ,~~2i lO~I~~!l,~)i'~,Q,.n~fJ,ll~ast,:llJ~OtI : .,,nil: :.!~~"%6I'~i,;p' 'Ileal/ton
.' .,' I ' ~ I. _I () •. - , ' . " " I ,.; ., , ,

'd I frth I 1 I ' 'J" I I ' ' I" , , ,I,n 50,°,' WI I ~~lIf:!" I "i) l:!j'( .,1, ,I J,~
II "j "I [Ii ,,", ,/' ",

, 'I ' Ii" i'
6 ConllUlrrTr1:tcrnof rs:ce;,<.ul-:;O ;);, ,Qh,~rg8d ' " 11 : ILL:' , ,..••.•..•..... ::1;"1.-., ,," ..,I ...,.,J~ ,.,_.",~IL,j~~.'" .... _ .•.. _.1.- ..1. .1..,.•••, .. '-<.I..! .. ....;~-:.

I' , 'I I ; I' "I ' 'I' , ,1 I' I ,I ' .• I ., ., I 'I l" I. I, ',' I~ I, 1'1 'I puq~.l"I; ,( ,• . .~' ,. I:.: " . I! ",'" .. i " I
. I, Ii I ",;

, Scmp, 690,: ~~~on o~rllcn~J,Ingot '. jscrnp 655.4 kg/ton

i Hlltlr' ,!, ' ¥n?- *,q ~b'l:&;1'!h li"t i '~\11,1 !'5 .'~ :
l'tg' /,60 Ii ij-,ii4of7'11~~j; I "i,pl.g 430.0 kg/tOll

I • • '. , '

J,t"h 5b-?5 '.• ~"I-J, j"!;t]ne Ib~4kg/ton, I ' " " ,,' ,
I ' • ' ' ,i, 'I ', ,I " ' ",I,' , "'"Mr.je ston<ll 1" ,,!llp II' I Il),/ :7;,1

I, 6-.1.0 - do = 'I' " J.l.l1l8 " ",
I I, " : I' ': S~one 0 ,.~/ton

I'll II ~ I ,t It 1 .
~~rro 1111. 12 .....15 - {ia - . I F)8~"\~11:'ln'3.:;:' ':,:;/ton

, Nrto, ~~ ;9.158kg/ton

HJ i I I, ,'9.35 kg/ton
nourBpar~d kg/ton

Iii II i ,11r"

(Pig mtion 39.6%)

~~. 3
..,I..,~,~L,<~~Ollt1l /ton)

•
~ I
,r< i I ',
,.;l ;:: ,
:,' ~j. ~
~ ~
'\:il «w
;~ t5
'rffJ Z1,0I ,"
[>:l'~Wi:;:
OIU
~!



1"

U)
\.0

Remarks on guarmrtee test

p,m. on 20th

I"

" I

.1, "

,
1

17th }lay to 7120

;rIP.' hi if 1.1 . :~:l, l;.,
1. The test 'It'liIlI carried ou~ oont l.nuoull1y from 7120 p ,m. on

, '

Hay, I re,"-uttngit:WllJ;ve cha~~i"~ I, I,ll "1 1""1,1,', I
I',' , I

' (., I . ' . I, ' ':, ,Ii , I
2" The min1.v;-olw. O11trU'~ -;;1.11 '0:: :oc:::" -;::G.r~"'d c;.;:;. ;:'o11(7rl$ .•

I I'II,W' ,j'.' 1"'11 I I'I ! 1": I, j , ' ,I_j' j~, _, I:, I" I Ii'l'esth 91 J I, ,I '51 l,~ ,:tt!uM .1/ "I, "

~{, ot 1g001 inff'O~' I.' '6~8 V~ ".]';-111; "
, I "I I' }; , t, , "r. I , , ,
. I I I. I I', _ .' I '~ ~_.' ..' .._"'m,'-'~~.'1"r, r\ , l'")~"1..J (•.•.•" '" 'Ir1 " ' ..... ~,,.,..14 •. ,t '\,1, • "'l'''' ~." - , ,. ,..' -'

I •• 1, I . . I' ' " r • ,J ,.1. J ., ,

. ~ I, I, id I U' ,, • \. , I ' • fi'" ,"','.Ac '<P, )nt< ' , t/o-.al 01:\~]Y.:r,; ;01-,;7: ",,"0 ';li I I" "'} " .I ,I, I : I .'! '. , ,I '.: " C," • • ' ", • .uthoughl ,'or Jaldrtflc' 7'bj.l~ b~I ',a\:t!l.c;.l, chah ,YJ ;:':r~c:!.r.adHZ ;:-egaroe: heat
, ~'I' 111'1'1 'II. J'" ., ~ • ',' " .••• '"" ~-." •.t:"j"'::-"'r.lr;-,"'-:' "~'I ~_.!.' I, J< 1C=.. :Jptl_ !l.1'1...ueih./1.':I:.:l, ,,0 'lr ...pl! .•[,,,... '••...,I.""'M)"lon".I,~",,,,:'01i4.."'lCI' ,d.t;'1,"T.OG.a, , 6"" 6""1 I L IlJ'~ ,I ' .U".~ '~I,I -{l! ,. J l" Ilir,{_, , . I I.~r,~" .
, I I I'" : • t.

caJ.crtfi. l~ln. 0 1b<i11lU"'''.E/~ ,J,~o_-,-.'7-' 11',3~''''','::~'ljlc;(),.1---,);.l:i.<JPllu;:';!fue)). h;.ve, ' ~ '! 1<"1 .' ',"j ,1",1, : lj I ',~I•. ~ I I' , ,':'1,' ,I .",J: . ;.~."
?'" -rt\~'" ,1".,1,,, :.r.'_~_ '-""n"-""'.r<.J'/JI'~-'''''- :l;l -'!--~"~, ..-."-'.-. -,'" ._.t._ •.....• ',...,L, -,-v1'; ~
jl. 4ur!!,,, I 'd :I'li'll 1"",,1, L.~•.• ,_..c, ',' ':-,i '"I 1" ~ " ,I':, .."..0:.-, Ij :" I I :Ie3,\ .: .' •.1 i ,,;0 J1~,:;:;:-og..n

~ci o::rYf{W.llll,;::~bio II:lllillil\'ljll Iii III Iii ,ii" I,ilillilli j-"'j1i':, 'Jfll'J"" .... J,"I,. • .. , .• !y ... .r
l~I ~' ..._ I . r ' ~ ." ., ...Our CI:' Hou' ilJ~u on (l dL~2:,,-,<Jrr~2~f',~.J,:;r- ".r,-.--:-::,cc'lorific. '[2lUG ta gcncr:zlly. I,) I 'I :. . ) , '.' , .
, .~ (_~_" ~,•.... L~j....-.r'._-,~)••.....,'--~i: '~~-"'~'7l .-~_.••_L 'Ai' ,,~,~ I.:> '." ~_ ..
ph.-'l!;:or h 1'14~ f51' ',-,"'-:'Jv", '1 ;~,: !".'n;;,,'1i("I!i'"n" "t:ih," t ,iF '~\'fl!{.,WrI~9Jltld, 1ry
,I.,.).,.t.M I .-<.,I~" -l'-'~ ,,_ h,..,.!_ ..L!, . r"- ,,1 'M'- .1. 'j '['1 '\'~" l:'J.l.1.,C~C~,Y.I,.,.•.01 "lv.u,'::::> ....'10",~qIGI"<.l].i't"-"J~."";'.1 'I 'i,!.' "L .. l! "
1.1 j,rr"'.~'!'" ... 1,"!' ,."' ..'r,!,,,"/ .... /.I(l[ .•. ,.,d. ', .... S.l

F ...•. "~".t' nl b "A'" ,•• ' • I" ',O$".!~~n "i-/" ", ,11,... .9 el"l,J.J;'U~-l'?".l,!l'll~uw::n. b 1'111 . II '..., I ' • ,. l _ .. '. I I I ;;J ., l._~ l .•.'I. G,! ,! [ I ••

\1 ,,~, I",. d "~-'--"'!."I' ." Iii.'., c"., -'.'.-:_~ ": "J,:"1.-,~ O.i,.~!"I',,,,,>- \.1.1.... ,~,' I: I . ;,~.: F.-- I:". " •• ' ,, " ' '" _' . , . •. 'I " ... '"'' -,' ',I. ,", . (

ct' di Pl.ddu.~~Ii.nn='O~'; 'I . ,6!i[j{~';l!:;~! I' I ( : 1

I I!" I ,.', . "v) .•.•• ,...,. - ~ .~-.-: ~~, ( ('< ,;So .•'3l-f5J. I!r":vr~t:r of f,,, ,~ 'h.., ' O~(I,::-t .11 ~ Ir~~'I: '. "I: ',-, I'lj i J 'I [I{ ~'~.)'I! r, "'," ! I ,,' "':'1 ....•,....;...........•• A~Or ~:.1.Cti~q~~J.iL~ Voii)x:....1..•1 (1.~1 'i':l...f: -.,..J'CI~;\!1'''',J../;7.Sr- ~ I'
•• • ,. < ,1. ',' .. 1, J... j .; I'. ~I" • l

~e~ ;chnkmpttcn 'i I !: 1 0.:]:06 ';r.1;106 )~'7J.l;on.
1'11,,1.1 ,. ~I ~ltI: .11 .1'i,'.!I,1I

,
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~Oll3.J!1B':rJEEL; LTiD.
CHITTAGONG.EAST PAKISTAN.

.__ ...~

,c~Rq:mll C).£..c~~ct __~T'95t

~' -"'O-;H.-F.No. -) fer IbJQICand~~O~H•••~c:.No.~4

'~:r'ls' ,to:=r.epor:t_tha..x$5~Ltli_9r;".gllarant_d;~t;;cp.erl,ontt!l!i ."'S~accept_ '"OC.-'

~""a.nC:l1L1:ut:::- f";o.r.::bo.t;h': 0," H.c:r.._No "-~ne'Fo;;nG'h-::;-o.~bL: ~rnt'ln-Lthe
=-Wt m••r-"~"'iil:~ta;ins-guar:wt-ee'-Ta-1ulllS-;J!TOOi!:r",d=t"Cfr' th9.::jat1;. oa;r'; _'1Jhae.(,o~ "'::=_=-
n"'4!mlv;:.1l!" 1the ~~OPOS",:z.i.ma'd~ l1y=the1.~~~t';i,r::R.i!,.:c,}i~EG1'~631";.S):: dat ed ":_... ==
, -.t:4:t:h.;,~o"'OJtlh<Jr"asl~d\l-iy" ll.pp'l'.ove,d-bjffC,~ ~'o~l7th,N.,o:V,=pot-,,';'.1920'; ano..=.:.:--'~
.~n911tOr;md.lJ\lI o;f~~£Q",t:ient;::-agreed;;c~twe~n_t:ll~~'Par:tl-os .1n-'..sM~r_egards' MJ,-"C-"",~
"' ••tJ:t.e£~o-l~Q'\lI1:ng'FlfuY'~:tiltll", tn.J11:f:tJUa:;itl~r:esuJ. ts ._.::-;:c:~ ,,'~=.,'..:.c:c,',~,',.-:::';;:'c2c :::-:'''-~<i;;~;~

..~.~. - "...

\.- - ~-:

..""".s

t....o .06(0.06
~'~~antO(l

,f',~UI"G ".- . .(0.15

r; l')~e@_h,al'i1}1lad.l,t¥-_

C

" ,_10. OO-A••M.,-.19tb.~ov_emb9r,_"",,-,'5.0o,.A.H. i~.22ndcKovemb9r.
---1970-for.a-period ot." '67 hours'.nat.

='- 2'.---=cGua'rantae 1".e5~~~ultlll ;

.~.ReSllltsoA~t:lin-.Q<k'Yora "a:l-' g,1v-';":.belb'i cin=-o:npar.1:S00,;'1.1 th .••••...
~~~, ,f,te:ilI"!)S~S'p:l;><::cif" 1~;;"f"Or--"trj;u.::F:."N1l:~-4'~"";,' :'.. ',~:.~,:,• 'cO: -- .. , .. - ~:,::~_~'~_'~

.;, .,,--._""~"""J

Re:sult 0.06-0.12 0.01 0.03
GU"'rantoe £"1,,11ro Result

21 Minimum output

- 650. tons' of Cl\3t In~ol: includ_
ing reDt block, exaludin~
runners and f'unnels ~er 72 hours
oentinuous tGst run period.

716.2 tonS
~or 72 hours

(as s~eclf"led in
tho len) I

--- to bit oontinued
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-~UBRSTF..EL. LTD.
CHITTAGONG. EAST PAKISTAN.

r;n
. uU

. ,..(

~
85. 5~ caS1;_ifleot-~ and

-_ ..!!.n--f:or.t.h-.bas<!.d on
~.cilftal1 iC.-C0~!"I{e

4) ~fining '[lflriod

Mnx.7~mli1/chargo
5"l---rlU".'fl-riiUarhgat con::!Ut'llpi: ion~-----

.. '"_ .~. . 6 '"_ /-~'aX.•. t .'_.x to-.-~~al- ton
_ "_. -Oi.::".c:a'5t...:..llig.<:>.L<lnd--:s 0."-'-~= :c;p:rth. : ..

.. .-' 9.1.3~
_._.(a~.-spoo.ified inc' the

,-=" 10it)

'..__ Average: 03.3 l/ton
-..:.....c.~hov1.n{':~.b..ilo"'~the. lett •

UI . "\"ll.L..c."~-'""".",,""_'=-~"'~,.,,,",,~-.•'~J ~~-b---'-'>",-""",,,--Q-,,- " .. J" •••• .,.;;.1 .•• -~I- .~ •.•..' .••"f, ....:>.~.~-;,.'l;-- "U-- 'U-"(;'TH,._-,~-~- __

. .~-~- ---- _.=__-::-;--_..:.....;-_-;=---;,.-..:'.:.._-":::-=::-::::..~.:.;;.i=:_-;.c.:...-_" •._-;-~- __ ~..'.-.:....: __ ._ ~. ..;; i-'=-'-,','_'':''':': -.' •• '_ . " ••.•:::.,S>-~. :-_-:---==

::--:-=Pig-~'<705.~.kglton~:.n.
:.'~~ ~ill1O~-,-~(7-5,-fr.g / tofl'~'It

':_':~l.i-:::le '.- 110''''''/t "II. t -,-<. "& on"C.',.S one' --'

. -: =:.=- -..; ,~~~

-,::'6}2.'?-'~/J;rin'-ditt~- ;~
\ '0. • -~

-':'j2-.7::J(;j,/ton-._'';;_ditto -

-'ditto

--. 1'-err-o!ln <1:5~kg"! too "

=--",,'-i;.i'err:O.Si. <:J.: kg-l t on .. ",-- -, .._ .. -

.:-,.:di tto

.,•..ditto

,. .1006' "~i t••..n.- ,,'.'.~_'" _~_~~ __ v
Y"- ,,--. -,-'

...:;.,;.o.egligi 1:)1e .:.•...:ditto -

- _...F-1uospar -<.1~kgl ton ".

s;..c,:~rapo content

. 1-4 ton/box
3. lo~la ior data l

'.---ditto

-0.91 ton/box.

The result~ above aro ~hown on thQ iol1~t"g ba~oB in accordance
with the spocifioations.

I) Minimum output

Good in~l)t
Rest bloclc

Tot~l obt'linoc1

•••
•••

I

655,870 q
10.6'0 \e.g

666,.500 q

-
___ to boa oontinuod
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.~---'rot-:rroutuut
Total_ matall ic-chargo x .100 a~:.681,400

-7~8,710

::;-'-00 1 t- consl.ri:>l:tt10n IS nil' c'c_n_sllmed . 11_ ~?7,410 1
-to tal-:- output ":'.,-68,..340- kg

- .,,-:-
- -<-"';"'~--;--:;"~~'~'.".

':-.JU.oJ.::Oll~-u3Qd:":is--nol;. ..kno"'n_ f"or:.its-.spiiCi.f'ia. graylty. arid ..
:;,-low.er.-calorlfie-Taluej--tiolimrer, heavy olle f"or O.H.li'. 1s
L" . t.o_be. 5p.ce Hied_.as.gl"en beloW making the r.~~.ult.pasS8<t.,
.- tihl1-t-_.!lr'::'".a.lU:eC-1$-~takon:"up~' ._. '-. -

- -_ .. -- --

""''-'',V'''lu-e'to bJr.:"ii~:QC'H'l'e<i f'or ~O';H.f:.~oil

':-;:.-sp~dd,;":~ra.~-ity~I ' •.~~p:a9--.,."i>•.9i- At. 80 _ ~ oc
:-~r.:: ca"1-or,~,1c;;,v:a iuel.,..:~.500~~~ ttJ.oo 0",AQal/kg

. -'~----,.::.-::..::"'-.,_.'; - . --~-_ ..

- - ---~._..--.
::- n'J~1 1 '-x-'10'JOOO _=:""1 •.1-9;X""10~-l':eil.l/t.
---0.95

i..~..;rhu:St' the 'guarantea' figure of- 1'03' x 10.0,~al/t ean be
"":'=:'~1aIle 'satlsf:'lld.

_ ---~-.-.:..::_-:... .• .:.....'. .._ .1._ ;.::.... _

~~=~Cl'l:gbmpti~n::J~£bbl:::ou:tput._'-_.. Xf:/t

:~rap
... pt-. ~~- ~
L.:..~!.illlG

;-:~Lim,,-.ston~
Ferro lin
j' eITO S1
Al
Fluollpar

-296,170
''::':-:-452:.54c' .,
="2."""-"80 •_. - .•..- ,~-, .J -

-Nil
2,~OO
Nil
5
ill

.---68:3.4
••
••
••
••
••
n

•

.__7C":'Z.:3' .,4
'.'.6'62.2
".• ',32.7
un'.5
Nll

Ne~l1g1b1e
Nil

Consumption "/ bOll:
Sorap oontent 7~8,7tO 82) 0.910 +;/box

.' ___ to ba eont1nua<1
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-E:OEE-~~EElL.-LTD.
,CHITT AGONG. EASHAKISTAN •

. r~.,.Tha15o\;'I'i"'Parties"hereby-c()nf"lrnl)d and certified that the gU3.r"ant.()Q
, =t:es';d5y;;;:{l;.il;R';:..l( o,.:bfo6botli=O ;JJ.?CO' N(r.~')~f>.n~"O.;H.~-~.No~,4had pllS"Sed

---~ ~3 uc-=c:OssffilTY_11.11d.::-sa tLs 1:ao1:.o rily •

"~ }i•.. :Tana~ •
Goneral: }lanag.er•
~. 14 S. L•

. ~.~.TI•••Nuhb.e".';i \
. ~1'achrrica'J:-;Adv.g r

•C.hHtar,ong, ,Sto el,,~i 11

~

' .. ~, _.
~,. '- ~--=-~ - -- ' .-.--==------------~,

_.,_--.:.~;-.JI.~S~!!ydorI .

-." EroduQ-t.l on--tlan'l1g ar
..:__C.hUJ:~."ng .Sl;eal ))111

-""~.'~r~~t lr~t-:-ofData.:':o.b:ta-ined
'--,,-by' Gtiaranto-a-.-.Test.
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