A STUDY OF OPERATICHAL FACTORS IN IMPROVING PRODUCTIVITY

OF STEEL MELTING UNITS OF CHIT'WAGONG STEEL MILLS LIMITED

A Project Thesis

MD. KAMRUL AHSAN

Submitied to the Jeparirent of Industrial and Production EZngi-
neering, Bangladesh University of Encineering and Technology

(CUZT), Dhaka in partial fulfilment of the requirements for the

degree of MASTER OF LNGIREERING-IN INDUSTRIAL AND PRODUCTZICN,

DEPAR’_T_‘I-ENT OF INDUSTRIAL AND PRCDUCTICN ENGIMEERIMNG

I3

2AGGLADESH UNIVERLITY OF ENGINZERING & TECHNOLCGY, DHAK

T
| #64611#%

1

|

|

m— - S




CERTIFICATE

Thié-is_to_certify that this work has been done by me

and it has not been..submitted.elsewhere_for_ the award

ZBmrY

Signature of the Candidate

-Counter. signed

akeo s e

Janhtamber, 1985



B S U I -

A STUDY OF OPERATICNAL FACTCRS IN IMPROVING PRQDUCTIVITY.
OF STEEL-MELTING-UNITS- OF -CHITTAGCNG-STEEL-MILLS -LIMITED

Approved te style and content by:

ofbd gwﬁﬁ Al

1o Dre AJdeMe Zohrul Kabir
- Associate~Professor
1IPE Department, BUET

W'W-W

2.- Dr. Mdw Mizanur Rahman
Professor & Head
IPE Department, BUET

.. Dr.-AJF.M. —Anwarulﬂ-laqu
‘Professor
"~ IPE" D&partent, BUET

DEPARTITEND £ TUDUSTRIAL AND PRODUCTI
BANCLADDS

ON oG

Chairman
(Supervisor)

. Member

Member

TERING

S UNIVERLITDY CF DNGINEARING AND TECIMNOLCGY s DHAKA



ACKNOWLEDGEUMENTS

e P S VPN

The author wishes -to-express hils-deep-gratitude-and-sincerest -
indebtedness to his advisor Dr. A.B.Ms—Zohrul Kabir, Associate*Erofe&;E;;r.:-:','
Department of Industrial and Preduction Engineering .(IPE), Bangladesh-
University of Engineering & Technology, Dheka for Fis invaluable sugge-s-
~tions,- useful guidance and.-continued—inspirations. throughout- the. entire - |

beriod of this research, which made this research possible.

‘Host sincere appreciations are also due to Dr. HMd. 3hanrjahan Mridha
Associate Professor ;_Depa::‘tmentl_of_r.vletallurgic—aluEngineer»ing -and -Dre.. A<M, -
Anwarul Haque, Department of--Industrial & Production . Engineering for the

suggestions they provided during the various phases of research work.,

The author also extends his full hearted thanks to Dr. Md, Mizanur
Rahman, Professor and iHead, Department of Industrial & Product on Engga.,
for his kind interest in the research work.

Frofound gratitude and appreciations. are-also to the autherity of
Chittagong S5teel Mills Limited for_granting_study.leave for the author's

haster of Engineering studies and this research.



ABSTRACT

Chittagong Steel Mills Ltd. is the only stecl mill in Bangladesh
. supplying about 40 per cent of the total demand for intermediate and

steel products in the country. The rated steel malkking capacity
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of the mill was 250,000 tons per vear, but because of many operational
problems, this has never been achieved. In the present wo;k, o?erational'
rroblems ofvmelting units have been studied. It has been found that the
main problems come from charge preparation, charge handling, charging

ting time and fettling time. Methods. for improving
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the existing situation have been suggested. With: the implementation of

]

incrzased to 188,000

the proposed neasures, stesl making capacitv.can b
tons per year from the presently attained masimus of 135,000 tons and the
average tap—to~tap cycle time of 7.25 hours can be achieved, though these

: . 7 of 6 hours.
figures fall short of designed capacity’ Any further improvement in pro-—

ductivity can be effected only by reduction of melting time which is at
the mement 90 minutes longer than the designed value, The thermal effi-
ciency of the furnaces must be radically improved which, at present, is .

2 5 LT : ; - .-
oniy 8,95 per cent, far below than that of industrial average.

=



CHAPTER - X

1.1

1.2
1.3
1.4

CIAPTER = II

2.1
Facilities

242 Capacity of Furnaces

. 24241 ___ _Furnace Availability _
242,2 Furnace Cycle Time
2.2.3 Refractory Performance
242.4 Tapping Yield
2.3

CHAPTER -~ IIT

3.2
3.3
3.4
3.5

CEHAPTER «~ IV

TAELE OF CONLENTS

INTRODUCTION

Importance of Steel Industry in the

Development Activity-
The Steel Industry in Bangladesh
Brief Intreduction of the Problem

Cbjective of the Study

Description of Existing Furnaces and

PROCESS DESCRIPTICN AND ANALYSIS

~Raw-Material Transportation to Furnace
Input

PRCPCSED DEVELOC

Assessment of Cptimum Charge Balance

Estimation of Charge Time

PEEVTS

Estimation of Fettling wime

Estimation éfﬁ5§61e Time .,

Charging Platform Rail System

vi

20
20
24
24
25

HEAT BALANCE AND THERMAL EFFICIENCY OF OHF

Heat Input

4

Thermal Lfficiency

2rmal Efficisncy and teat Balance

Calculation of Thermal Efficiency

RESULTS ‘AND DISCUSSICNS

At

Management

tainable Capac

L.,
-

(9% ]
=

LJ
—~

fi=3
o

48
51



*4

Table 1.1
Table 1,2
Table 2.1
Table 2.2

Table 2,3

TabJ.E' 2.4

- Table 2.5

Table 3.1
Table 3.2

Table 3.3
Table 4.1

Table 4,2
Table 4,3

Table 4,4
Table 4,5

Table 5,1

CONCLUSION AND RECCMMENDATION FOR

Conclusion

-- FURTHER-STUDY

Recommendations® for Further Study

~--LIST OF.-TABLES.

“

Capacity and Product of CSM

Performance of Steel Melting Units

Page

53

54

3
4

'Operatioﬁal Factors (Designed & Attained) 11

Availability of Furnaces
to-April 184 -

Comparison Between Standaﬁd Cycle Time
" and Achieved Time

from Nov. '83

500 mm Thickness Roof Refractory-Life
300.mm.Thickness,Roof—ReffactoryALife

Recommanded Wagon Wt. of Charge Input

Standardization of Charginc Boxes feor

Varving Pig-scrap Ratio

Re-scheduling Tapping Cycle Time

Specific Chemical Heat Expenditure and
‘Heat Input of OIF

Heat Balance-of .Cpen Hearth Furnace
Heat Balance fér Melting 1 kg. of

Charge in an OHF

Heat Losses Through Brickwork of

Furnaces (50-70 Ton)

Teotal Hozt Losses Through Brick worl:.of

Purnace

Avallsbility of Furnaces on Inprovenents

12

13

17
21
22

25

35
36

vii



viii

T T T T T TTTLIST OF FIGURES
' Page
Figure 2.1 Existing Material Handling System 19 a
Figuré 3.1 Charging Platform Schedule 26
- Figure 3.2 Charging Platform Rail System 27
Figure 3.3 - Configuration of Charging Platform B 29
_ _ Fiqure 3.4 Configuration of Charging Platform . -
Figure 5.1 ' Three Furnace Operation Schedule E T A9
Figqure 5.2 Structure of Melting Shop Management 51
" LIST OF GRAMH
Grarh 4.1 Calculation for the Combustion of Fuel . 42
O0il in Air (Atomization-with air)
CAPEEHDIX —~ A "Ferformance and Gudrantee Tests Sfiﬁﬂ
i
“"REFERENCES - -

8




CHAPTER — I

INTRODUCTTION

1.1 Importance of Steel Industry in the Development Activity

In the industrialized countries of the world the development of
iron and steel industry took place many decades ago. This industry is -
both part of, and a necessary condition for general industrial develop—
ment. The -pmducts of the steel industry are almost all intermediate
Products pr;viding 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
prcrvide a backward nationgl‘ vertical integration of the industries it
serves or in oiﬂaefwards it 1s regarded as ;;art of the national industriél

base,

The principal advantages of a national steel industry are seen to

a) Ser_"urity of 'supbly: In times when world steel demand is high
in relation to steel working capacity it is easier and cheaper
to purchase raw materials than to purchass and products, Thus
a buffer is provided to insulate the steel consuming industries

f'rom extreme fluctuations in the international market.

b) Reduced stock values: Tf the steel consuming industries were
to rely upon imports, the varieties of product type, cuality
are such that to meet immediate demand the value of national

stocks would need to be higher than if production were local.



— ¢)—Ensier- technical-accesse-—TFeor-some-steel—products -it is
-\advantagelog%r-the steel consumer to have direct communl-—
- gation with the supvlier to arrive at acceptable steel

specifications.

d}. Encouragement of down stream industries:.The easy local
availability of steel industry products tends to encourage

...the development_of_ industries which use them.. . ...

1,2 The Steel Industry in Bangladesh

44meangIadeshfstartedfwithfafpoorrbase“offmanﬂfacfuringfactivities
in primary iron_and. steel producis. Indeed, she made her first entry
into this field as late as 1955-56 when the first re-rolling mill was

- se%?ﬁn the—éountrymmihv&972-73;-the“number—cf—rearolling"mills'stood

at 2%.

. During Faiistan's Second Five Year Plan. {1$60-65) Chittagdng
Steel Hills (CSHM)} was set.up with a stéel ingot making capacity of
- ;_=15.0.,OOO.ftcns-_mich..x-:as—_raised_to;250",'000,.-7tcns in=1969~70% Its:-rated

capacity alongwith planned product—-mix is shown‘iﬁ Table 1.1

Besides C5il; there is a small electric furnace at Mohammadi Ircn
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Table 1,1 : Capacity and Product of CSM

Name of Units Products ' Rated Capacity
1.. Melting shop Steel ingots 250,000 M.T.
2, Blooming Mill Billets, sheet bar, A 180,000 ¢
slabs and shapes
3. BarMill Small billets, M.S. Bars 60,000 "
4,  Sheet & Thin plate B.P. sheets & Thin plates 60,000 ®
mi1l .
Se Galvanizing shop G.P. sheets/C.G.I. shéets 60,000 v
6e Heavy Plate Mill Heavy‘plates 57,000 *

1.3 Brief Introduction of the Problem

The steel melting shop of CSM is’ running below the rated capacity
level; lower than worid average, résﬁlting in _° high production cost.
" This has prLﬂari}y been caused by the facilities not being sufficiently
maintained in the course of 18 years of somewhat inédequate operaticn,
loss in operating time, reduced productivity, decreased yield, variation
in product quality, reduction_in thermal efficiency and increased mainte-
Nance expenses. Table 1.2 shows a typical steel melting shop performances
after its expansion. The highest ocutput as of téday was in 1980-é1 wﬁen
135734 tons ?f steel ingots were proéuced, though it constituted only 55%

of the rated capacity.
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Table 1.2 : Performance of steel melting units —

T

\:

: " Yield % Av. steel making time, Hrs\\
Year é:ggi - EIZZE;" : , .| Tap-to
(M.T) iy ((\inlo Ho| Tap| Geod |Pouring | Charge | Melt | Refining Tap
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 1.7 3,39 1.42 NA
1975-76 90400 1529 _91.4 85.4 93.4 1.53 ;,-3.07' S 1.40  mA
_1976;77 102158 © 1774°° - 90.4 85,2 94.2 1f95. 2.56 1.37 NA
1977-78-111000 * .19%69  91.0 -85.4 93.8 .. 2,04 3,12 1.40 A
1978-79 121464 2203 89.0  83.5 93,8 2.19 2.9 1.18 7.99
1979-80 133315 2418 86.0  81.1 94,3 2.49 3.3 1,33 9.25
1980-51 135734 2498  86.9  81.5 g;.é 3.03 2.61 1,17 9.20
1981-82 107525 2002 85.9 80,5 53.7 2.90  2.90 1,20 9.8
1982-33 47401 865  87.8 381.7 93,0 - WA NA NA - 9,05
1983-84 78387 1481  £6.8  795.1 91.1 2.95 3,53 165 10,02




The present CSM capacity is clearly determined by the steel NMIULng
shop productivity. Thérefore, the key problem of C3M is how to maximise
liquid steel production with the best use of the existing facilitiss at

an acceptahble production cost.

The productivity of ihe steel mzlting unlts at C3l is éependent
Hpen a mumber of operestionzl factors; namely compozition of furnace inpu
mzterials, transﬁort tion system for loadinc and unloading of these mate-
rials, time reuvired in performing verious operations like melting, re-
fining, tapping, fettling, etc. Melting and refinement time, on the
other hand, dependé cn the thermal efficiency of the fumace. Sc,.the
objective of thi pro;cct was to study the following operational factors

in order to determine their effect on-the production -cycle time and suggest

Bone measures to improve the existing situation:

ing material hendling and transportation syctem to furnace

Z¢ Constraints affecting the furnace cycle time and their infiuence
on cutput

8]
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CHAPTER - 1II

PROCESS DESCRIPTION AND ANALYSIS

2.1 VDescription of Existing Furnaces and Facllities

The melt shop1 confaihs four 60 tons capacity basic Cpen Hearth
Furnaces (CHF). Each furnace is of fixed type, 18.6 m 1ong; 6.8 m wide
and covers a hearth area of 39 m2 with three individually operated water
cooied doors at the front. The ﬁearth and back walls are magnesia backed
by burned magnesia bricks.But the front wall, upper back wall and suspen-—
ded roof are built in by steel clad éhrbme m;gnesié“bricks. The furnaces
ere 0il fired through water cooled bur'ner's--ixi'l the port--ends and compre-

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

rath through the charging_ﬂoor“and*for frame Corbustion purposes.

Each furnace has two regenerator chambers. The hot fluz gas

alternately preheats the corbustion air, paSses through a waste heat
boiler for steam production and a conditioning tower followed by a

electro—static precipitator which cqpk;and cleangthe exhaust gas prior

to discharge to atmosphere through a 40 m high chimney.

Loaded bogies of raw materials i.e. pig iron and scrap are breught
un to the charging platform from the materiszls stockyard by the wagon hei-
st. These ere then distributed to the furnaces by diesel loccomotive, Each

. . 3 .
ogle carries four 0.9 m™ charging boxes and these are charged to the fur—

naces by one of the two ground chargers. There are two 10 tons over-head



service cranes in the charglng bay used for. handllng refractories and

additions ante the platform from ground level via an access hatch, and

other general works and maintenance duties.

Steel is taken out from the furnaces into a 60 ton capacity
casting ladle and then tkansferred across the pitside bay through 100
e S
ton_ovérhéad'trénes; to one of the six téeming stands. wWhere Steel is

up~hill teemed inte either square ingot or slab ingot moulds.

Ingots are stripped using a multi-hock. beam carried by an overhead
crane, and the hot moulds-areutransferred:to=a~60—m%-area=coolingigria,
alongside the furnaces. The hot ingots are-lifted by-tongscarried by-

overhead.crane and-deposited on -bogies for-stacking in yard.

For supplying oxygen.té furnaces for flame combustion and refining
purposes,. there are two oxygen generating units &f 550 m3/hr. capacity

each.

242 Capacity!of.Furnaces |
_ cbe Steel Ltd., Japan,
The plant supplier, ‘originally supplied 3 open hearth furnaces
of 60 ton charging capacity operating with average tap-fto-tap time
(discharging cycle of molten steel) of 6 hours t&» croduce 150,000 tons
of steel per year. They specified a charge of 60 tons centaining 26 tons
of scrap (60%) and 24 tons of pig iron (40%). The steel output was cal-

(S ]

S » » .
culated as 52 tons giving an ingot production of about 50 tons ner hoak



.

Jnfﬂgféffﬂwith the:édditidﬁrafhaﬁé more'fdfngéé,QKobeJCalculéféd"r'-"‘
prcductidn_increase,to,250,000.tons,per.year.bYralteging the charge
composition'specifically by increasing pig iron Tontent from 40 per

uo- cént-—thGO per-cent;. by- overcharging the-furnaces--and by increasing
o oxyggn‘consﬂmption. With more pig iron in the charge-there will be an

. increase of heat generated in the bath; due to exothermic_reactions -~  __~

occuring from the. greater carbon and silicon elimination, and for which
- increased oxygen- is redquired, This increase in heat within the bath is
necessary to-melt the additionel -chargewithin proposed melting Hne,
thereby enabling the 6 hours tap-tp—tapncyclg. By overcharging Kobe
~~~ neant~that charge weight would be increased to 68 tons-fpr stge;_gutpqg
of 58.5—tonss-Hence, -on the basis-of the‘above:assumptions'éndi@lso"con-
:‘-mtinuéus;pperation=0fw3=furnacesﬁthrcughout_thé:feat;'the.capacity of fur;

naces was determined "as follows:

) a) Main raw material charge : 68.0 tons
b) Liquid steel discharge . : 62 "
c) Ingot-ocutput S — % 58,5 "
- d)__Average_life_of. each OHF ggr s 428 charges

~+ ~each relining

e) MNo. of charge per-year
(250,000/58.5)

. 4280 charges

107

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

g) liinor repair days

0.73 (% x -0,

h) Rate of operation
107+3

Hence, capacity = 58.5 x 4 charge x 365 % C.73 x 4 furnace



-~ ~In-the:=design-of—the-capacityy=there-is a-number of operating-
.~ parameters to be consi,deredi..ﬂ‘lthough _each of  these can be further
- sub—diwvided into a number .of components,_there .always. remains some
signi{icant parameters—ghich ‘carmriot™ vecalcul ated’._“Thés-e" are " “mattems

of j.dgement and must be based upon .noxms for steel .industry practice.

“ The principal ~“opébdating paraietérs detefmining steel making

- capacity are:

i} Furnace availability

ii) Furnace cycle time {average tap to tap time)

1i1i)" Refractory performance

iv) Product yield

———2e2s1 Furmaee--Availability

" .Furnace_availability - is calculated-from the possible operating
o tines Buring-operation- thers -arg-mény s factors-which can-causé delays

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

~m-neneoperational-delays- andinclude

- mechanical breakdewns of machineries
- electrical bres ilowrs of machineries
- crane breakdowns

- ground charger breakdcwns

- rafractory pat ming to furnaces
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These delays raduce the possible operation hours. The furnace

availability can therefore, be expressed as:.

_Operating time - non-operating delays . 44q
Operating time

For designing capacity, the availability factor must be taken

- into—acccunt- and-for—optimising-production;-high-availability- must be

ensured.,

In table 2.1 a compariscon-of main -operational factors between
designed and actually attained (year——of'méxinmm'production)-—figures—-;;

have been made. -

In table 2.2 six meonth's .performancze of OHF has been showne.

From these tables, it is calculated- -that-non-operational loss is

»

approximately 6% and this is’ due “to low-utilization of the furnace ard

equipments.-. As-production-is-increased- and~graaterrdemands are placed

on-both. furnaces-and-equipments,—tha-non-operational-delays "':'né'y':é% also

- increase Gl upto-10- per-cent.

10



- . -Bable r.2.—'1:0mrationalv}?actors~(Designed..&.F,\ttaine.d)”_. s + T o

Description

Designed figure

Attained (1980-81)

Ingot production capacity 250,000 T/Y 135,734 -Tons
Ave Ingot weight per 5845 T 5442 T
charge -

Tap to Tap time 6 hrs. 9.2 hrs.
Availability (100~ non- 100 % 904 ,4%
oneration loss time)

Total furnace days operated 41070 days/Y 1005 days
urnace Repair Days © 390 .Days/Y 455. Days

Pig Iron = Scrap ratio

‘60 40

- 43,2 1 56.8

Charging Heour

2 hours

3.03 hours

No. of charging box

60




Table 2.2 @ Ah_vailab‘ility of Furnaces _from; Nov.'83 - April '84

L

| ’ | Noy'53

]

i

l !

" Jant 84 Feb' 84 Mar' 84 ] f\pjl:il' B4 'féM'ay‘ 84 .Av“er'age :
" | | \ !
IIc;. of furmaces operated J 2 2 2 2| I2 2 2 :
Available time E' L |
~ Scheduled operation hours 1344 1488 1608 1416 1488 1392 1456
- Actual cperation hours 10%2 1187 i30j<%5 10861- 1'IJ.O9 1084 1129
~ Operation loss howrs 2‘15 - 247 2éf3 194 266 249 240°
() 15 17 16 14 18 18 5.5
i) Fetcling (% 'sﬁ% 6.7 é}s 2.3 546 6.4 5;2
ii) Bed repair (% 4.7 | 4.6 ay2 2.7 5.0 4.0 4,2
iii} Furnace temp. raising(%) 1'2;5 3.3 3}9 %;9 5.6 6a1 4,2
iv) ‘Tap hole change (%) 0.6 1a4 1.1 0.8 1.3 0.8 1.0
" v) Others {5 'EJS 1.0 0.3 _ %aa . 0.5 . 0.7 0.9
- Non operation loss hours 115 60 %, 135 | 113 59 87
(%) 9.7 4.1 2.3 9.6 7.6 4,2 640
1) Hechanical trouble (%) h.é 0,69 0,55 1.30 1.97 0,92 .08
1i) Electrical trouble (% 0.1 - 0,17 - 0.88 0.33 0.24
ii1) Crane trouble (% 0.6 0.74 0,77 0.89 0.91 0.56 0.74
iv) Refractory (% 1.9 1,40 " 2.23 3.06 1.04 1.60
v) Pit side trouble (%) 0.5 0.4 0.29 0445 0.76 0.46 0,47
vi) Others (% . 0.87 0.52°  4.73  0.82 0.89 1.97

4.1

Note: Ln Dec. '83 only one furnace operated. Hence data not taken for calculation



2e242 Furnace Cycle Time

The furnace cycle time is the time required to get a furnace
output on cogpletion of pre-determined activities. These activities.
are (a) fettling - - (b) charging . - (¢} melting . . and (d)

tapping " . :. Some factors affecting the cycle time are:

i)} furnace condition
ii) charge composition
iii) wuse of oxygen

iv) quality of furnace repairing material.

It would be ideal if these factors remained constant thréughout
the campaign but in prav_::ticé this is impossible to achieve. However,
certain factors can be standardised and need only be altered torsuit. the
condition of the furnace" as the campaign proq:essos .In table 2.3 a compa=
rison of designed cycle tJ_me with that of achieved time for the period
from July 78 to June 81 is given. The values in the table are s:u.mple

averages of the rﬂspectlve activity durations over th= period mentioned,

Table 2.3: Comparison between Standard cycle time and achieved time

" Sequential Achieved Av, Designed timev Deviation -
activities time (min) (min) {min)
Primary charging 104 . 20 14
Eurnj_ng 34 . 30 4
Secondary charging 70 30 40
Helting 180 90 ~ %0
Refining 61 - 90 (29)
Tapping and fettling - 75 30 45

—

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



The excess time is required mainly for ‘prolonged time iR ERAF§iAG,
meltdown of the chaxge material and fettling operation prior to next
fuimace charge. Refining time indicates-a negativé~deviation. It is ob-
mf"ﬂééfﬁé&"fhat meltdown time in most cases was not recorded properly and ~T

hence this can be assumed as close to designed time.

The charging time depends on the.preparation of cherged material
at the scrap bay where the béx weight should be fairly constant for each
grade of scrap. An analysis-éf charging- time indicated that number of‘bo—
xes charged to furnace increééed ffom designed 48 boxes to more than 60

boxes per charge.

The fettling time varies according to theftap—hole condition and
to the wear -on the refractory‘walis and bottom. The fettling time includes
all qperations which prepare the fumace for the next charge, fettling. the
bottom and banks, tap~hole maintenance and chahging,bottom_repairs and

»

bottom drying in case of a dirty bottom.

~

The ﬁ{éli‘:ing time depends on the thermal efficien“i:y of the. furnace.
Generally charging overlaps melting in the pig and scrap process and the
two together take up two-thirds to three-ﬁuarters of the total time of.
the melt. This period iz of prime importance for productivity. During
charging, laycré of scrap are alternated with pig iron, =ach batch being
allowed to heat properly which makes the charge denser and increases-its

thermal conductivity,



Enriching air with oxygen increases the pyrometric effect of
combustion. In oil fired furnace the best effect is obtained by -intro—
duc|in§'oxygen either into the burner system or tﬁrough roof iaﬁcing.
In practical situation as in C5M, roof lancing is =zbandcned rather
oxygen is injected manually by pipes through furnace doors not ruch

supomenting the combustion process.

2.2.3 Refractory Performance

The total operating days 65 a furnace depends on refractory
performance. A furnace campaign starts from relining the interior of
the furnace with refractory lining includiﬁg roof of thickness 500 mm.
As the dperation céntinues, an intermediate repair with 200 mm brick
is made. Obviously,_rcof life has great influence on the number of
operating hours in a year and it should be as high as possiﬁle. CSH |
Procures roof bricks from-different soﬁrces an¢ the records to date arg
wide fluctuating amohg the different origins. Tablec 2.4 and 2.5 indiéate
the performance of furnaces at CsIM fof different brick manufacturers and

two thickness of Foof brick. The average standard roof life as specified

lin the design is 280 and 200 heats for 500 mm and 300 rm bricks respec-



Table 2.4: 500 mm thickness Roof Refractory life

[

rigin| JS Jo Y cz “IT I0 P

- - Year . .Roof-life-in heats-(Mo..of-répaird. . . - .. . -

—

- 1971=72 304
(1)

1972-73 - - - - - - 87
K . . o (1)
1973-74 315 . 665 . - . 408
(2) (2) : (4)
1974-75 383 - - - - 263 273
(1) (1) (1)
1575-76 138 - - - - 556 300
(1) 2y - . (2)
1576~77 541 - - - - 174 854
- (2) _ B ) - (3)
197778 1062 = - . - - - - - 196
(4) _ ‘ (1)
--1978-79—306—---—-411 — - - - — - e 312 -
(1) (2) (2)
197980 - 1349 - . - 392 -
(6) (2)
198081 - 907 - - - A17 -
(5) (2)
1981-82 - 193 - 325 - 1089 -
(1) (2) (6)
198283~ - - = . = - w501 -
i T (3)
1983-84 - = - - - ~ 1095 -
(7N
Average| 265 | 204 332 162 185" 177
J5 : Japan Shinagawa - CZ : Czechoszlovakia P : Poland
JO : Japan Osaka IC : India Cprissa IT : India Tata

Y : Yugoslovaitia
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Table 2.5: 300 mm thickness Rcof Refractory life

P

rigin Js JO 10 IT
 -Year Réof 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)
197677 - 367 - - -
(2) ®
1977-78 ——537 210 - - -
(3) {1) '
1973-73 - 631 © 100 - 111
(2) (1) (1)
1979=80 : 392 - - - 357
(3) (2)
1980-81, - 542 85 - -
(4) (1)
198182 - 753 - 74 - -
: v (B o v (1) 5
1982-83 - - 311 - -
T (3)
198384 - - 90 - -
(1
f‘xvarage 180 147 94 103 159
JS : Japan Shir_lagawa P : Poland
JO : Japan Osaka IT : India Tata
IO : India. Orrissa
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2.2.4 Tapping Yield

The tapping yield from the metallic charge varies directly with
the proportion of pig iren 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 the higher thf:-sc_rap_ in the
charge the higher will be the tapping yield. Tap yield v—af'j:éaﬁ?rom 85%
to 92% as can be seen from table 1.2 due to the use of low quality

SCraDe

2.3 . RawMaterial-Transportation to-Furnace: Input

The principal raw materials for steel making are pig and scrap
with subsidiary materials of limestone,-dolomite.& 5‘erro—alloys. Hithin
the works, the lorries of scrap and pig.iron.are unloaded. into. ‘ne. ma—

-

terial stockyards-by crawler cranes equipped with magnets., Limestone and

- dolormite are stored:-adjacent~to-ca1cg';riation shop. A flow sheet.showing

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

' Scrap and pig iron are loaded into the cherying box mounted on.
rail bogies by crawler cranes. The trains of bogies are then moved by
diesel locomotives from the stockyard to a rail weighbridge for weighing,
After that they are transferred to furnace deck via a wagon hoist. Raw .
limestone is loa.:d into the charging boxes by mobile shovel loader and

these beoxes are added with trains of scrap and pig iron boxes, Burnt
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- - e = doTomite-and-time- are—transported-£rom. the -calcination shop by

' -rail in hoppers equipped with lids to protect from rain.

An analysis of furnace cycle time (Table 1.2) reveals that cycle

: ) ' ) ] wﬁichv )
time is greatly-influenced by the charging time g;a?covers more than
40% of the tap to tap time instead of 30% maxirum. Cne of the reasons
is the poor balancing of the scrap within each furnace charge. It has

been noted that scrap density varies hetween 300 kg per box to 2500 kg
per box depending on the quality of scrap and the number of charging

box.per_charge:increaéed:fromistandard;48;boxes tc. more- than 60.-boxes,

on mahy occasion--—upto .68,

The second problem is the delays.in berthing.charge maferial
bogies at the furnace especially when three furnaces operates simul-
‘tanecuslyw The-wagon-hoist by-which-wagons are taken up the charge deck
and down to rail section operates ‘on the principle of 2 full begies up
and 2 empty bogies down simultanecuslys The stated cycle time for this
operation is 7.5 ﬁigutes and éllows-Eb receive 16-standard'charges daily
but seldem _6per-:ates above 10 charges due to failure to synchronize the

transportation system.
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“CHAPTER - III
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- PROPOSED "DEVELOPMENTS
3,1 Assessment’of Optirum-Charge Balance

In table;2a3 it has been shown that average tapping éycle length
for the existing~furna¢és;ism8;hours»45'minufes. From the table; it can
o) also be ohserved that the chargiag tihe caﬁ be minimized by one hoﬁr if
scrap prep;}ation can be improved and the charge can be loadedlinto the
‘minimum number’ of boxes. . The worst situation for the supply of raw mate-—
rial ccaurs when the. charge.composition-consists of 60%. scrap and 40%
e gig~i£ens;At~this?ratio—unéertaintf;in~b6xvdensity—causes*acute problem-:
_when—the-scrap -is beihgrloaded.AA-study in_this. respect_was .carried out

.- -at C8H.in co-operation-with--the.soncerned- personnel-to-examine the exis—

ting charge loading ahd the result has been tabulated in Table 3.1.

"On the 'basis of this Fesult:and considering the availability and
_.-“_qualitynof“steel_s;rap,uChaggings;§pacityiof—floorvcharger, an_cptimm
charge balance with the maximum number of boxes is racommended for di-

-———<ferent-pig-irom and scrap ratios and fabulated in Table 3.2,

3.2 Estimation of Charge Time

It has-already been mentioned that the worst situation occurs when
charga is composed.of 60 per cent scrap and 40 per cent pig, Based on
calculated charge density per box, there i1l bo remuired 40 boxes of
3crap and 3 boxes of

plg iron in 10 wagon and 2 wagons respectivelv. In
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el able-3y -—Recemmended-wagon—whs—of- charge—nput—-- - ... - .. -
1 Wagon = 4 boxes T UnitTyr Ky,
: . Av, weight per wagon ; Recommended
- o LR — - : Ave wteper-
e Name of~Material e “Hithout : . With - AV wagonper
| Supervision - -Supervision -
Pig Iron 710,300 0 15,440 15,300
Heavy Melting Serap " 3,044 4,055 4,000
{Foreign) '
--.—_---.He_a-vy Melting Scrap _ - 4,720 4,000
{Local) e L Tl '
~_Pressed Bundle.{Local) T meen 17235120 23,000
. Light scrap : . 1;380 12,092 . .'2,000
Sheet/Plate. cutting ...3,083 .~ 6,010 5,000
. " Folded- sheet - 4,740 4,000
- Billet end cutting - 11,870 ... 14,780 -~ 144000
...~ Runner 8,965 - " 7,000
—Ingot T 1125150 E - 12,000

Skull 7,595 8,440 7,500
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- Table 3.2 : Standardization-of charging-boxes for
vacying pig-scrap ratio
1 wagon = 4 boxes 1 charge = 65-68 MT
Regd. wt. of _Ratio of Pig_iron .and.scrap . Recommended
material & - - TSN E— avs ~wts-per
~ wagon | pS0100-niddiso o Lo 90850 | agon
M amber Tte . No._| M. No..| Wt..| No.
= Matergap™IROE - |- Mt Nou | k.t Moo | W, | No,
- Pig Iron -— 26-27 2- .30.6 2 - 34 2 15,300
feavy Melting = 14 45. 3.+ 10292 -3~ 10212~ —3 - "4,000
- . scrap o
Pressed Bundle/ ;. 3 ‘554 3 _56 3 2,000
—hrohtoscrap A :
Shéet/Plate/ - - . ) e a e .. 5,000
- *PoldediTsheet 4o 1475711 A= *43000
-Skull/Ingot 7 1 7 1 - = — = 7,000
Billet end/ . i ) e 14,000
T_.—‘_,Jumer. - -_- - 12.""14A'.1:_1/2...-.“-1O’ 12;. 1/2".—_:“ 12_ 14' 1/ 2_ t::_‘ﬁ-*-?-; ’\}UO

Total weight -

65-68" 11=12 - -~-.q1=12

T 10-11

- Wote:i"In’case 50:50 pig and_scrap ratio,.
the total amount of pig-iron for a

either 3:wagons containing
charge or 2 wagons with

extra pig iron in seperate wagon to be balanced at the char-~
ging deck.
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addition to this, 1 wagon of lime stone is charged and 1-wagon f dolo-
mite iz required for fettling operaticn—after e;ch*cﬁargef Hence, total.
charge = 14 wagens. This charée is split into 3 shunts of 5, 5 and 4
wégons. However, considering 10% allowance for safety margin, calcula-
tion has been made for 15 wagons—into-three shunts- of 5 -bogies each

which can be berthed in front of a furnace.

Number of~boxes:on_5-wagons — =-- 20

Time to charge 20 boxes = 30 min.
- Time for-loce—to-shunt e = g0 ® - N

————— Time far-Loco to-berth”full-bogies =~ 10 #

- The charge-Sequence- 1§ = - - - wmcmme = ome e e e e e
To-charge-5 wagons =-, 30 min. . ‘
To shunt . = 10
To charge 5 wagons = 30 »
.. Warming..time . ihj\lI““=J” 30-
“To-charge 4/5 wagons - = 25

tTotal time 125 min,

extra time allownace for Locomotive 10 ¢

Total 135 min.
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Smnes e e e-3 g Eetifatibn of “Fettling Time | c T vt - e i
Fettling’%ime i5 increased primarily due to:

1). Use.of..imcompletely. burnt.dolomite.which . is easily eroded. .____.
2) Use of poor quality magnesia.
f 3) Furnace temperature <ist not maintained very close to

tapping temperature during bed build up and- fettling of
dolomite. '

If the quality fettling-material and.correct.temperature is
maintained fettling timé will be reduced to- 1-hour -against present

—average of 1.25 hours.

3s4 Estimation of Cycle Time
Cycle time, obviously,Awill.depend'on the Keeness of the furna‘e. -
e e _As‘thErfurnace:campaign;progresses;the:keeness3of:theufurnacejdeteriora—
tes and. during .the last weeks of. opé_z'atidns".tap to tap time becomes much

- -longer. Taking- this-into: account the furnace campaion is diwided into:

1) Keen furnace
2) Mormal furnace

3} Laa furnace

and a new time schedule. for cycle activities has been drawn as given in

Table 3.3.

L



Table 3.3: Re-scheduling tapping cycle time =

Activities Keen Furnace Normal Furnace Lag Furnace

Charging 2 hours 15 min. 2 hrs 15 minutes 2 hrs 15 min.
, 3

Melting 2 hours 30 min. 2 hrs. 45 minutes 3 houbs

_Refining . 1 hour 1 hour 15.minutes 1 hr. 30 "

Tap/FTettle . = 45 min 1 hr, . 1hr. 15 *

Cycle Time & hours 30 min. 7 hrse 15 min. 8 hrs,

TheffurnacesfwéuId*operate*oﬁ*an"average'tap¥t9+taputime—oft7.25
hours and if any bunching occurs in tapping, Keen furnace would be
"~given priority. On this basis, charging. platform.schedule and Ground

Charger_Operation for both the_chargers .have.been drawn. and depicted in

figqure 3.1.

~ 3.5 Charging Platform Rail System

,mehwupfweaﬁﬁmgﬁmhqmummmﬂlwﬁmisﬂmm

in figure 3:2. Rail-section with'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 wagon hoist.

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

motive.,

25
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FURNACE OPERATION in mins
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EETILE CHARGING BURNING MELTING REFINING
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GROUND CHARGER OPERATION
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FIG.3.1.. CHARGING PLATFORM SCHEDULE
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(10) (9)7 (8) L : 3 2 ) {(7) ' (6)
()
(3) (4) - (5) Wagon __a
N7 X
(2) | | m Hoist ——

Bogie capacity on rail section

1) Bogie recived

80 meters ? 16 bogies Fce No 1 25 meters 2 5 _bogies

2} 118 meters « 23 bogies Fce No 2 25 meters ¢ 5 bogies
3) 925 meters « 18 bogies . Fce No 3 25 meters * 5 bogies
) 40 meters . 8 bogies Fce No & 25 meters : 5 bogies
5) 55 meters « 11 bogies (8) 39 maters « 7 bogies
6 70 meters : b bogies (9) 32 meters V6 bogies

~ 7} 38 meters : 7 bogies (10} 23  meters : L bogies
| (1) 645 meters 2 12 bogies

F1G.3.2, CHARGING PLATFORM 'RAIL SYSTEM

L
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‘In-figure 3.3 and 3:4"configuration—pf;charging'platform has been
drawn according to charging and tapping schédulé shown in figure 3.1.
This -configuration -indicates- the- positions -of.bogies on. a 24 hour -basis,
so that the tap-to-tap activities for the simultaneous operations of |

three furnaces are done un-hindered.

,
!

i
T
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CHAPTER - 1V

HEAT BALANCE AND THERMAL EFFICIENCY OF OHF

... 4e1 __Heat_Input

One of tﬁe main. characteristics of_an Open Hearth Furnace -‘-is its
~~heating capacity- 4.€4.- the maximum—amount-of-fuel that can-be-supplied
to, and hurnt in the combustion thamber pefunit” time. Cf course, . there
exists..the-concept of mean.maximum-heat -input. which-is the- average Hour-
-1y .expenditure of heat in the furnace.per. heating c:},fcle.A..'I'he. ratio of

the rrxaximm'—l‘léét—i:nput—fo-"the—meaIFheat=input;i's--’-cal-l’ed—the—co-'-etf_ficient '

— --af. enfﬂr.éement:—or:boast—,cc:efﬁié ienty- . therwvaluewof- which: varies~between

1l.2. and_1.4 _as_stated_by. LYCHAGIN ﬁ ‘and=shown-in:Table. 4.1.

Besides the heat consumed -in heating the bath, every furnace

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

bottom, cooling system;-charging ;ioors,ufurnace=--lining- and other open-
) :
= —ingss L Siome-heat: isralsee carriedsawaysby flue-gaséss=Therefore 5- the heat

-2

- “input into the melting thamber_should:.be sufficient. to.heat the. bath

and to compensate-for.all-heat-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 a unit of fuel to the heat value of this quantity



Table 4.1 3

“input of OHF T T

Specific chemical heat expenditure and heat

R p—

32

e —— e L e e -

0il fired furnaces
Furnace | .
capacity |Specific Heat input Heat input
Tons heat ex- 10@ k.cal/h boost -
pegditure ° ‘ co—efficient
10" k.cal/ Average | Maximum |
“ton- g -——— |"dav.e | Qmax.
5 2,75 3.25 4.50 1440
10 ‘2316 T 7 450 6.30 77T T4, 40
15 —— ___‘_1°_8.? ,,.ﬁ . §°§0 ) e :.-___7—_? L :::——-'-1.'_4..0_ ———m S
20 — — AT BR80T TR0 35
25 1.64 7.40 10.00 1.35
30 1.60 8.40 11.30 . 1.35
50 1446 11,00 14,30 1,30
70 1,38 13,10__ .= __17.00 .. 1.30
85 1.32 15,00 19.50 1.30
125 1.26 17.80 23,20 1.30
185 1.15 22,50 28.20 1.25
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of the fuel. The-generalized formula described-by:Borwatsky "~ is .

- Q
(Qf + Qs) (Q + )

f‘q in.c - LR N ] (4.2.1)
nf = Q aew
7 £
where, Qf = heat-value of-the fuel imKical
Q_ = physical heat of the.fuel_and.the air.for
s ____combustion . )
Q. = the amount of physical-heat carried away by
= the flue gas in the burning of a unit fuel
Q. = heat losses due to incomplete” combustion of
e ina -

'fuel

rl’

“¢hat,
B’ =5 v IS—EVIdEHt_frUM"thlSZformuliu 1f—the-fuel—1s—burnt—completely, the

,,__mqwlewer=theu%emperature—oEﬁthEﬁf}ue:gaseSaand:thethxgheztthe-temperature'*“”

-~-—oﬁﬁpreheatingAcf'the;air”in the*régenerators, thefhighéq%%he fuel effi-

ciency.

vi—*Qhermat—efficiency—difféfg_ffah”fhat of the fuel efficiency and

= Is—def:med as_the ratlo of the -heat absorbed—-by—the bathto. the. heat -

T=ateyalde-of —&-Tntt-of” fuel Bornatéky ‘indicated that in @n OHF- only 20 to

-30~pe5~cent“of—the-heat_input“Serves any useful purpose and the balance

.compensating for_losses. A small portion of the-lost heat can be used
to generate steam by waste heat poilers, thus increasing total thermal

efficiency to maximum 40 per cent.



4.3 Tnernmal Efficiency and Heat Balance

Determination of thermal efficiency is based on calculations of
all items of heat supplied or avﬁlable and evaluation of heat used,
lost or distributed which may be termed as heat balance, A listing of
heat input and heat expenditure for heat b%lance of OHF has been sugges-—
ted by LYCHAGIN, shown in Table 4,2, LYCHAGIN also calculated the ave—
rage values for the items of the heat balance for the melting process
(Table 4.3). Theée values refer only to the meltipg brocess and are in-

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

It is evident from this table that when similar steels are melted,
the fuel consumption increases as the pig iron content in the charge
increases.. However, on téking into account the amount of heat generated
dllfiné_the cdnlbustion'c;f C'G)‘_fomed in the bath'-, the heat conswnpﬁon-per

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

4.3.1 Farmulation of various canponents in the heat balance:

a) Chemical heat of fuel

95 = G.X ‘ e (4,3.1,.1)

where, G calorific value of the furnace oil in

k.cal/kg

X = fuel consumption kg/kg.

A rag



Table 4.,2: Heat balance of Open Hearth Furnace

Heat input

Heat expenditure

a by the liquid pig Iron

q2 heat-from exothermic
--reactions - ’

9 heat  of slag forma-
tion '

q, , _
— CO from the bath to
C02 :
JnL“;l;dg—mchemical-heaE’of fuel
9 sensible heat of the

_fuel

q7 sensible heat.of. air,

heat of combustion of _

9z on heating the metal

qg‘ on heating the slag

q10 on dissociation of the ore

qd., on decomposing limestone

11

in on heating CO

limestone

o from decomposed

'"f_qig;on'heatiﬁg'co - formed by ‘decom—

“~bustion of CO“from the-bath

‘ q14 on losses with escaping gases

4,5 dissociation and incomplete
- combustion of-fuel

Qis heat losses with combustion
products

q17 losses through brickwork of
. - furnace-chamber, with the

cooling water and from radiation
" through ‘opening . charging doprs. .

—— ’
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Table 4.3 : Heat balance for melting 1 kg of charge in an GiHF

Quantity | Heat input |Heat expen-|Heat defi— Heat of com- .
Steel of pig (q1 * q, + |diture ( ciency on | bustion of
Process grade iron in +q'+q1 +4q,.,{the proce-| CO from the
a,) kecal/| T3 0% €O i e
charge 3 ka. *q 5 )" ss (g ) charge to
(%) ge k.cal/kg k.caf/kg (qé) kecal/kxg
: 40 87 363 276 70
Scrap Low : = '
3 B7
process carbon 30 105 . 418 13
~on solid . .. 80 123 473 350 104
Pig iron |
40 84 354 270 63
Medium ' ,
carbon 50 102 411 309 88
60 115 - 467 384 97
40 80 338 258 55
High
60 115 454 339 . 87

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

Roof of furnace Front wall
through doors

Back wall l Haogrth / Radiation loss

14000 6500 3100 :
11 /2 205 550,000
kecal /m"/fr Kecal/m“/hr k.cal/mz/hr kecal/m"/fipr kKe.cal/m“/hr.
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B Sﬂnsible_heathpi‘fuclamm“_m;_”“" . I —
q = TsC ase - (4.3.i.2)'
T T '= Temperature of oil at its pre-heated temperature
C = Specific heat of oil at..that-temperature

c). . Sensible-heat of air:

- _ = _T.. .c o . saw (4.3-1.3)
97 I T | e
T = Iemperaturé of- air at .its preheated temperature
N " . . 3
a = Air consumption for burning 1 k§ fuel oil, nm /kg.
3 Ci =~~Spécific:h§at of—air at*thefpreheated temperature

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

. -.The.losses.are generally- assumed to be 6:.percent of :the chemical

VWﬁheat?of—theufueL-i,e.

E 0.06 s k.cal/kg eee (4.3.1.4)

e)” Heat lossess from the dissociation-and  incomplete combustion of
of fuel: ‘

.. _This loss.can-also‘beags;;aédﬂto be, &6: percent of the cheﬁical
heat of the fuel i,e.

qls = 0.0.6 q5 k.Cal/kg L - (4.3.1.5)

f) Heat carried off with combustion products from furnace

chamber:
-
q16 T L} b.cz_ kacal/kg LX) ‘(‘403.1.6)
where T' = Temperature °C of camnbustion preducts leaving °
the furnace chamber i
b = the qugntity of combustion products per kg of ' fuel

oil nm™/kg



C2 = Specific heat of the combustion products at T'

°c

a8

g) Heat losses through brickwork of furnace chambers, with
ceooling 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 by LYCHAGIN, -

A7 = (A, + A, + A)) kecal/kg of charge ... (4.3.1.7)

17

whé.re,

Aj = heat loss through the hrickwork of furnace chamber
v*“-—"—-gf—s- heat”loss with the cooling water

Aq = heat loss by radiation thréugh the charging doors.

Now using table 4.3 and comparing the input and expendifure sides

of the heat balance, the equation becomes:

+ = V g 7
d, A 95 + 9% *+ 4, Ay * Qg * dyg + 94 * Qg eee (4,3.1.8)

— >
-

From this equation, the value of X, where x is fhe_ comsumi:»tion of

oil in kg/kg charge, may be detéf'mined. N

Then the heat consumption rer kg charge can be determined as

q' = X.Q k.cal/kg of charge eee (4.3,1,9)

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

q = q'/n k.cal/&g Of ingOtS ®aae (4.3.1010)

where, n is the output of good quality ingots from 1 kg of c‘narge.!i

| & R
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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. . 1) 1

which is the ratioc of the heat left in the furnace chamber to the heats:

ingpower-of the fuel i.e.

Q. + 9 +4, -4, -9, -9 _ ,
. 'Yl = S q6 - 7 - 14 --_—-15 — 16 (403.1-11)
1 ’ o Ag : : pu

~

From equation (4.3.1.11) the total heat expenditure in OHF per ton

of ingots is determined from the'expression:

- —'-1-{-—‘—_?4:-7‘15?*"“:14“12 -+., — 947

q === Y 10° kocal o eee (433.1.12)

e

..__Where,

- qé—-—.=_'—-'fhe at—_- expenditure, 105 kecal/ton. of. charge

e Gy rm hegt due - to.combustioen-of- garben—menexide—from—the charge,
10" k.cat/ton-of-charge .

s q 1-,-7».1;§?gtotal;:1?eatn loss:from the-furnace- chamber 10§~~k{-‘cai-/hour
~  h™ - =""output of good quality ingots per/hour
= M, - =-.utilization-co-efficient- of: fuel oil

- 12\2 =- utilization co-efficient of the heét from the combustion
of QO from the charge

P = output of the furnace in ton per hour.
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4?9___Ca1cu1ation of Thermal Efficiency

The calculation of thermal efficiency is based on available

. data for the production year_1380:81,since;_in this year ingot production

of CM was highest. The following summarises the datas

1) aﬁeragé charge 66.5 tons
1i) good ingot output 54.2 tons
1i3) Tap to tap time 9.2 hrs

——— Xwv} Pig-scrap ratio 43:57

— 66500

n-—m~—~————wvg~;Quann1§y of charge melted per-secs 3600 % 5.2

54,2

= 2900 kg

vi) Furnace ocutput per hour (av.) = —5.5 = 5.9 tons ingot (p)

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

- ix} Surface area of roof = 85 m2
x) Surface area of frontwall = 14.5_m2-
xLl) Surface area of back wall = 22.2 m2

x1i) Surface area of Hearth = 70 m

z:;suiii%{iCross~sectionalvareéhof“quHEEE‘aSBE,ﬁiﬁ§56?ffiiEZOf§E?I§ﬁi m

EYLT G AemT T

~_-— XV). Average rise in cooling vsater temperatiire =

———— T - m T -

- xivl Average pre-heated air temperature = 1100°C

o o A .‘2\,-.";—.#; o~

3606+

xvi) Average cooling wate.- flow through furnace structure = 205 m3/hr.

xvii) Average temperature of the combustion temperature = 1700°C

( assumed)

xviii) Average calorific value of furnace 611 used = 9470 k.cal/kyg

#x) Average steel quality produced = Low carbon

) Furnace roof brick : chrome magnesite,

"
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Heat input in the furnace

1) Heat from the combustion of fuel oil = 9470 k.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 = 4680 k.cal/kg.

11i) Sensible heat of fuel oil, negligible and neglected

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

Heat expenditure

i) From graph 4.1, the combustion products (at 1700°C) carry off
heats, Qg =ee eee  B8950 k.cal/kg

ii) Heat loss due to dissociation and incomplete combustion assumed as
6 percent of the heating power of fuel, Qg wee e-e 570 k.cal/kg
iii) Heat loss with gases escaping through the charging doors, assumed

as 6 percent of the heating power of fuel, Ua eee 570 kecal/kg

Total heat expenditure = 10090 k.cal/kg

14150 = 10090

Heatrlosses

i) Total heat losses through prickwork of furnace calculated as per
table 4.5 eee 14495 x 10° k.cal/hr

i) Heat losses through opening of the charging door having. cross—

s?ctional 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 2.76/9.2
= 0.414 x 107 k.cal/hr
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Table 4.5 : Total heat losses through brick work of furnace

Section of the Surface area Heat losgs Tofal loss
furnace 02 kecal/m /hr | 10°k.cal/hr.
Roof of furnace 85 14000 1.19
Front wall 14 .5 6500 0.054
Back wall 22.2 3100 0.068
Hearth 70 - 2050 D143

" 14495

43
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i1i) Heat losses with cooling water

' 6
Water flow per hour x rise in temp. 205 x 30 = 6.15 x 10 k.cal/hr.,

Total loss q_l7 = 8.059 x ‘106 kecal/hr.

Total Heat expenditure in OHF

Substituting values in equatiocn 4.3.1.12, the total heat consump—

tion,

0e276 = 0.070 = 0.8 8.059 6
- - ' .cal/ton
1= AT 0.428 * TE5 % waog ) 10 kecal/

=3.82 x 10° k.cal/ton ingot.

Rate of heat input

The mean heat input during the melt is

Q mean = 3.82 x 10° x'5.9 = 22.538 x 10° Kucal/ne.

22.538 x ‘106
9470 x 60 x 60

=0.66 1 kg/sec.

i.e. fuel consumption per sec.

—

Heat balance of furnace chamber

Heat inggt:

i) chemical heat of fuel

0.661 x 9470 = g260 kecalfec, - ses 66,1 per cent

ii) Sensible hea> of air at 1100°%

0.661 x 4680 = 3093 k.cal Sec. oo 32.7 per cent



iii)

Heat due to the commustion of
carbon menoxide from the charge

112 ik .cal/sec.

Il

2.00 x 0.8 x 70"

I

Total heat input 2465 )k,cal/sec.

Heat expenditure:

1)

= A

ii)

iv)

v)

vi)

vii)

On the process (excluding heat of
exothermic reaction)

2.00 x 280 = 3580 k.cal/sec.

Losses with the cooling-water
6150000/3600 = 1708 k.cal/sec.
Through brickwork of furnace
chamber

1495000/3600 = 415 kKecal/sec,

Through opening of doors

414000/3600 = 115 k.cal/sec.

With escaping gases

0.661 x 0.06 x 9470 = 376 k.c.l/sec.

Losses due to dissociation and in-
complete combustion

0661 x Ca06 % 9470 = 37 ke.cal/sec.

Carried_ off from the furnace
Chamber with the combustion
Products at.1700%

n

250 = 521

061

[ ]

hecal/s=c.

45

1.1 percent

L N 100'—;

LT 5.9 Dar cent
wee “18. 0 percent
R 4.4 percent-
cee 1.2 pé_rcent
.ea 4.0 percent
ven 4,0 perceﬁt
see €2.5 percent

- Total heat expenditurs = 9465 F.cal/sec 100.0 percent

L



G+  Thermal efficiency of the furnace

Using data.from the heat balance, the thermal efficiency ...

560 '
’,-th = 35 X 100 = B8,95%
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S e S me e e eI TTST ANDUDISCUSSIONS T T T T T Tt T R

Major aspects for determining the capacity utilization of the

plapt_hdve,been-considered and the calculations have been made 6ﬁftfé TR

basis of-available data. As discussed in this research work, there has
always been a large discrepancy betwé.en production achievement and

nlant supplier's rated_capacity. During.investigation of the plant.faci-

lities and operétions at the works, :the main purpose was to answer the

following questions:

1) Is the plant supplier's increased capacity of 100,000 ton per
year ingot production realisticnally judged by adding cne fur- ‘

nace and changing pig ratio r40- percént.tb;GO': percent as

© designed originally 2 - ¢ SR

2) What will be the maximum attainable capacity ?

-
.

Proper explanations of the- quoted point on= had not been found

.except the record of the Performance ‘en;x&':iij'gii-arahteeai‘ests“ for the.

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

4. that-have been incorperated in Appendix — A,

‘Gﬁéﬁiﬁ%thts for furnace nos, 1 and 2 were conducted on the

basis of pig ratio of 40 percent whilst identically designed furnace

noe 3 with 60% pig and over charging. The most important point to note

herea that thesc test ere conducted on individual furnaces whereas

capacity calculait.on

i

was based on simultaneous operation of three furmaces
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throughout the yéar. Had the plant suppliér's test been based on simul— -
taneous operations of the furnaces,.there would be diffe;ent results.on

the tap~to—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.

1) Days available for opé:ation in_a_year .=, 365 )
wi iiJr,NUmbED'pf-opérating'férnaces : =4 3
—.2.3ii): Tap-to tap-time (average):- hours: S =i T,25
iv) —Furnace-availability - | =-~A~90%
~ v}~ Downtime for major.repair = 30 days
"~ vi)” Downtime for minor. Fepair = 15 days
"viil) S500-mm roof life (maximum) . = 265 heats
viii). 300 mm roof life {maximum) =

45 heats .. ...
The- operating- schedule shown 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

form in Table 5.1 and the total operating days have been used in calcu—

lation of steel making capacity.



Time in DAays — .

' 50 100 - 150 20 Days . 300 , 365

_ 0
_ /’// U 7777, :
Furnace 1 3 . / ]
‘ce écy ///;9 sy v 30 AL/ Y, -3
/// /]
Furnace 2 47 301 89 15 47 15413
//// 7 ' o /// - o,
Furnace 3 32 151 . 47 30 /]
| // 7 // //?9 /}5 72 é// 50 .
Furnace & 79 157 47 30 ¢ 744 :
| 7 %% W7 89 A |

I: Available operating time /A Down time

General repair (Major) 30 0 3 Ivllnorcwrsepcur]3 5
/ %777 ’{/ W77 7
Coolmg | war ming | Cooling Warming

FIG.50. THREE FURNACE OPERATION SCHEDULE

67
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TTablé 5.1 ""“AvaJ.J.abJ.llty of ru.rnaces on J.mprovemenE.'s

Available

] Downtime
- . Furnace 'operati'ng"tlme _..D ays/_u-rear
Days/year *

- - ==, Noes 1 272 o - 93
2%t NO. 2 = 272 = 93
Tee—No. 3 Pl ¥ . SN — = 93

No. 4 T272 437 93
Total --1088 372 -
'_***“Availab'le:cpe}:.ating'fdays S 1088
Hence, - actual- operatlonmiaymwn.u.h
90% availability = 979
Number of heats per annum = 3241
Ingot making capacity = 58 x 3241 =

188,000 Tons.




5.2 Management

Inlorder to produce the increased capé;ity with three furnaces it
will become necessary to co-ordinate the activities of melt shop, casting
bay, materials stock yard and transportation networks. It is suggested to
form a shift management team to co-crdinate all these activities roumd
the clock and to make necessary communication with the day management of
Athe melting shop, The structure of the Melting shop manaéement-is shown

in figqure 5,2,

Melting shop Day Management

Snift Managers

-~

‘Casting bay Controllers

Assistant Shift Managers .  Assistant Casting bay
: - Controllers ' '

Materials Stockyard Foreman
Figs 5.2 : Structure of Helting shop Management -

Responsibilities of the mdnagement team will be:

i) The shift manager of the melting shop will have overall
responsibility for ithe melt shop, césting bay, materials

stockyard and steel making materials, His main duties would
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e i i aeddrac ted-to-the—fapping;—fettling--and—operation of - OHF. - oo

- and the organization of the casting-bay: to match furnace

-~

operations.

ii) The assistant shift manager of the melting shop will report
directly to-shift-manager- and-will-be-responsible for.all the
‘T:’.:aC'tivitJ’:estof:“fu'rﬁace—cp'er;ation"."He;:wi‘l‘i_?_.ma)cezfurnace::pro_gram,
--“"ei;,sure—t}gat:ﬂcor_;;gc;_—*materrials; reach- tﬁe-_-_;furnace,__ proper use of

-oxygen is maderand-other_utilities-available.

iii) The casting bay controller -would “have—ovérall responsibility

for the casting bay under the direction _of the melting shop
e _‘.".‘ii"shiit:managé}.*';iH'e'iﬁaa:ld%ensﬁfé,':;"chatiit‘éeiﬁi“rig-_iladles'1;:upféém
o sets-andtslag-pots-are’ dvailable. forthe-furnace due~to tap

- Aduring-zhis=shift.

= Av) T The~aSsistant—¢as tifig baycontrollersTwould-be responsible
for all activities relating to casting bay -including general

=——~housekeeping.

- vr)TfThe;mater:ialEc—s tockyard- fﬁz;ememzwouil_-d:—be::,ful-ly__- -responsible for

-——--materiats-recetvals and-s {;q;gge‘,-_i;e fghing- snd—trans boj::t ati o._n ‘

e, '-,-;.‘:cr--::()_f:s-_.t'[:xzsématefi'al srassparf urxiéi:é—éscﬁ’e‘duie‘;:: Heiwould:ensure-
w-—-that chazging errors- are-minimised--and-proper-hbox-weight-with

_ standard charge materials_are, despatched.
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CONCLUSION AD ROCUOM E/DATIC) U3 PURTHER STUDY
6.1 Conclusion

Ib the present work, operational problems of steel melting units of

Chittagong Steel [Mills ‘Litd. have been studied and measures have been sugges—
ted for improving the productivity. From the analysis, the following peoints

‘have become apparent.

i} The charge composition of 60% pig and 40% scrap as suggested by

5?'

ne plant memifacturer KOBE Steel Ltd., Japan, has never bsen

4]

whieved due to verious rzasons. Instea&, pig iron - scrap ratio
©f 43.2 : 56.8 has been attained (Table 2,1). As a result, *he
required numbar of charging boxes has increased from 46 to 60
and the charging time has also increased by =bout an hour,.

. T .
In tables 3,1 and 3.2, methods have been sucgested for improving
charge preparation. This will reduce the number of charge boxes
to 48 for scrap and pig iron. It has “been found -that the charging
time will be reduced to 2 hours 15 minutes - s reduction by about

45 minutgs.

ii; 1In table 3.3, tap—to-tap cycle times for keen furnace, normal
furnace and lag furnace have been recalculated. The average cycle
time has been found to be 7.25 hours, which is a substantial im-

provement over the presently attained average +ime of 8.75 hours.

Sut it is apprrent that the desioned cycle time of 6 hours is not
achievable, unless melting time can be drastically reducad. The-

2:s5ting melting time is 90 minutes longer than the desianed walue.

1il} The ihermal efficiency of OHF has bheen calculated and found to be

onty B.95% which ic much below the industrial average.



set nreparaticn, m

54

iv) Charge handling system has been studied and it has begn found
that the present system is quite adequate for handling chargesfer a
cycle time of 7.25 hours. In figures 3.1 and 3.3, charging Pla’tfdfm.
schedule and cherging platform configuration have been suggested on

24 hourly basics,

v) Figure 5.1 gives three furnace operation schedule for a year as
the fourth furnace will always be under maintenance. In table 5.1,
furnace availability on improvemsnt has been given, On the basis
of 90% availability of furnaces, iif has been calculated that tre
ingot making capacity can at best be .increased to 132,000 MT. This
shows an improvement of 35% over the maximm ingot production of
135,00C HMT cbtained in 1980-81. But thisz ficure falls much below

the manufacturer'$ rated capacity of 250,000 MT.

vi) For implementing the suggested msasures and for Droper synchroni-
zationn of all related activities, an improved management system
has also been suggested outlining the functions and responsibili—

ties of various management personnel.

*,
T

G2 Recommendations for Further Study

In the present study, attention was 'gilven mainly to stesl meking
¥e Dut improvement in this sector is not +he end in itself since
tihe problem is related to  other downstream activities as we=ll. Molten

metal has to be casted into ingots for further processing into finished

ik S E T — - . . . - . .
profucts, The casting coperctions include teeming into moulds, stripping,

Q
ot
|-t
a1
N
|_r
1
fu
b
8
td}

» mounting of moulds on the sets, laddle

preparation and repairs, slag pot chaenging, removal of stickers from

the ingot moulds and other gzneral housekeeping activities,

I
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In CSV, there are four cooling grids each of which can hold thfee
sets of square moulds (180 nos.). Since one grid needs.to be reserved
for slab moulds, three érids are left for square moulds. For the designed
6 hours tap-to-tap time from three furnaces and nine sets of‘moulds in
circulation, cooling grid occupancy tinme for the moulds is only 14 hours.
For at least first 8 hours of this Fourteen hours, the moulds are too hot
for any preparation work to be carried out; In the remainingrsix hours,

men carmoi work whilst further hot moulds are-placed in the grid.

Secondly, in the casting process, leakages ocour due to the breakage
of refractary bricks end liquid steel spreads over the casting: area and
forms into solid steel mass which car cnly be removed by gas cutting. Further,
leakage reduces yield and affects guality.

In view of the-abc?e-problems, it is recommended to carrvout

'_Jv

nvestigations on the following areas:

i} To investigate the present ingot making facilities and to
= IS =) Y

synchronize casting Process with that of increased oroduction,

ii) Te conduct a techno—sconomic study on the introduction of
™

Continuous Casting Process (CCP) for +he improvement of better

vield and quality.
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—p

o= e ———— v e

5) Mexirum heat eonsuxpticn 3

1.2 x 106 Eeal/ten of cast lngot
ard so ferth..

6 .
0.,9% x lﬂ‘hllﬂal/ton.
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S — i Onaramtee-Figures— - —Besultwof tvelvehemy .

o ' 6) Copsumtlon of mtu'ial to be tharged : '
b - T Susuas iy .

" : Serap 630 kg/ton of e¢ast ingoh | Serap  67.0 kzfton. l

ST T T et ot : -_

by etbo | omto - =Plg - s=Alegskfton

L Iim 50475 _=do.- —Lims ..“47.!.,_kg[ton.

B s e R — e do - %&hﬁl gKefim.

- MMH PR P ?m;::.w_ "arm mm:mgrk#tm.__m; e

T 08 mdoe —“:”: :_' :6,;_3;1@&@_ B B —
C o TRewmarl ——do- T Temspere OgAm. | T o
B ‘ (Pig ratis 39.7 £) - B
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~. CHITTAGONG, EAST PAKISTAN.

A ey 2

- Bemarks c:n‘guarazrzee test 1

- 2o o test was earrled oub cort Luuowsly from7:35-P. 1 o 26th areh
- to 742 P4, on. 2Fth-Narchrresuit ing twelve charges,

. 2% ~The minimm’ out: put will be- calculatcd_and_ccnmzted as follcuws 3
T Tegt hcu:s_ . — 72 hours. 7 nimites
loAnoant of total-output 652,68 teng |

: }Mﬂﬁt"}im 3~ 65155 %ony o . o

__3 a ,.J.&z—'em_ca_ur__ﬂe_v“"uﬂ of-fuel all shall ‘“e—m_i:ed aa
et —enmeitphion; ke fate o calcalats—the. eonsumption in ,{
zecacesmiinaty it grosatoal ST valubs=becaudd-1/S-Burmah=Fastorn -
ol dpy—fiuppiler-of-fuet-have- fafled- to equip with-faet 1oy = mabling
:—muﬁmmsw}v&wmmomn in:steal. .

7%@@%&@@-&%&@ a-&ﬁaﬁranbagr-‘stn:e-imr calorﬂ'ic valne , ', '
15 generally that of aboul 95% against-gross ealorific value, However,
——our-figures ghow-verr satisfactory reguits in #pitd of such a

c.idizadvantage,
— Heot-eongumtion will be-calenlsted asumier 7
... TeTatalloll.umasiiptien . ':'z:mzsmsumuues =
T Tital-protitchionsotunt T 1668 tons “‘ D o
-;-._Speclﬁc_gcaﬁt;—oﬁ_ﬁel o . . | -
---Gross.calorific-Value - 1-10;278%al Likg
Heat conaumpt lon 1 0499 x_lOGKcaJ. / ten,
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THITTAGONG, EAST PAKISTAN,

TR

-:-Date .1 -¥ay 3041567,

TEST RECORDS.

——This- is-tha-record of t¥He -FERVYORMANCE AND" GUARARTEE TESTS of
~ the foilowm,_., unit and/er Seetion,

Date of the Tests s May 317,18,19,20, 1967.

Unit St Mo, &/1 - ‘Mlting Shop

" Bection 3 _MNe, Afimﬁ@fm;ﬁeﬁ'. agtessories
" includiTy Waste-Heat Boller-and
" —Smoke Errester,

T

= a)=(B=Fuxmace No.2,
AN

u,,_K}B.E. STuEL" LiD.

‘roAppeaved by

FAST PAKISTAN INDUSTRIAL
DEVELORMENT CORPORATICH.
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I : ! | B b '}'IE v hjpl! ”‘g !

TEST RECORDS OF OQUARANTER TEST RUN OF No.2. 0.H.F.

IH !f: !1 lnlii {1‘ !f1_1
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L A S L I

Cuarantes flguroa ,

Q. Results of twelve Leats

1) Steel quallty i
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B Zq,a
%f zq%'
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bl e g
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Remarka on puarantea test
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SOBESTEEL, LTD.
CHITTAGONG, -EAST PAKISTAN,

TEST79/70 - 28th Fovembor; 1970,

“z- Rogult of Guarantge—Tast
“OH.FS R§. 73 for Itself and 0H.FvXNg. 4

s E K
R
R e s

— P

-~

“~~Thisis ta_report the rssults of gusrsnbeo- ast-performed z3: accept-

==ance-ta3dc forbothi O HaFe Yo -3 anc=0s Ho#>FovY by wperating the
azﬁarmnr?iuaabt&&nlgua?aﬂtnﬂ*ﬁ@&ﬁaﬁ*ﬂp%ﬁifiﬁﬁffﬁrfthé:}gjiﬁiy;in:aqgér@r;

63/70-dated -
g o3 3 ovembaer-as.duly- approved bynCE¥ pnuif7th- Bovembebryo1920: and - ..
—Nemotandum of-dgreement-azrdedibeby e en.. thg-parties dn=this-ree ards- in .-
e ther folloy ing: way: with: thel follovingsaranulbe, oo —or —a oiom oo

nzarcw ¥ ithe SSeproposali mads Yy-th olr=dettars Refs - Fos - Bats

TETTMEL L s

N,

T e Guarantase-Test Pariod ¢

. -10400_A:H. ) 19th Hovembar. 5,00+ 4., 7:22nd: Bovomber, .- .

- ~--19720-for-a- period of €7 hours not,

=— 2e—=0Cuarantee_Tost—Rasults 1

»

—=Hasultszattained=vare an- gi\rén —belovw -In-comparis

Crrflgurassspecif tod- fort0s HoFy, Foo bo70

ri lveSbeals gual Ly e _
' - :‘_- € . .= Mn S Si-

e Guarant ea o o
- flgure |, - L0.15 - —40.60 - L0.30

Rasult - 0.06-0.12 0.20-0.5%3 0.01

Guarantee fizura

2) Minioum output

- 6350 tons of cast ingot includ-
ing rest block, excluding
runnars and funnals per 72 hours
cbntinuous test run poriod.

——— to Lo continued . ___

v

R

S - .8

{0.06 . Z0.068

0.03 —

Rasult

716.2 tons
. poer 72 hours
{(as specified in
tha left)
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CHITTAGONG, EAST PAKISTAN.

3

3 _Yiald -
. 85.5‘75 cast_insob -and . - 91¢.)‘fD
-~ an forth based on .~ ...las spscified in-the
——mnotallic-coarza ' -z 1eft)

b) Refining paried

" Hax. 70mfA/charge

r<-Serap tontent

1=k ton/box =~ -0.91 ton/box

Forrula for data ¢

Tha rasults above are shown on thae following basos in accordance
with the apecificationS.

1) Minimum output

Good 1”&'0{? ra e 655,8?0 ’q
RQSt block sss 10’630 kg

Total obtained 666,300 g

..@E_LLS?OO X 72 = 716,23 ug

to ba continued

Averags 63.6 min/charge

" 5) TFuAfmum heat consuwptlon S e
CeemMaza ot .Sﬂ'ﬁiaguﬂcallton -——Averaga-113.3 1/ton
L ofEant itgetTand. so . m_mshouinf b.olow . the. left,
N _;__,:..___..__ﬁarth L. —
6“@“" ST s tew ‘E‘t—‘ LH‘}*%F!.—'wr-bvw:—‘n *"‘ged—m— - T SR
7;7;rz:QEﬁm;i{rﬁwmcrap:*L?GrAﬁ{“onﬂ of s w¢33357kg/tanjf- ditto-y*ﬁﬂ
- f_v~;;,H,Lﬂww,ﬂﬁﬂtjmgot_stc.' ' R
- e S Y : -wrgzgzsz
‘““Pig‘“‘CFO_"ﬁ kf’fu.nﬁ D "‘::662 2" u:._..,/a..on T ditto -
a0\ -
=Lima TTL757 xgluon ' '“N;321?:E§/ton;“;;,ditto -
Ul kima L. sgn s W R - . :
I g t .__,‘_:Iil . - d -
.A!...-;stOHB i<l 1@—/ On, P T O . itte
~—JForro ¥n (13 kg/ton * SRSk /ton Cwditbte -
U T FerTa 51 (3 k.,,ftou;,;_ L tmexBA1o L seditto -
AL~ LO0sf kgftn T ;;i-,.ég.l'_igiﬁle . latditto -
—~-Fiuespar {1 kgfton " -~ ——Hi1 .. ditto -



KOBE STEEL, LTD. ,_ S
7~ CHITTAGONG, EAST. PAKISTAN. C

=ex 7 wom

T 2 YIeld T e

: '*;*“‘I’ft‘srt""”ou'tﬁut T T 683.,boo0 - “ad
U X C B et 3 yo
-Total-matallic charge 10 . — 748,710 x 100 9143

ST ¥)=Maximurrbeat- consumption.

:.-'-.-.‘JI-‘it,.c.ons ¥7 t‘lon— = : oil: c-q-ns‘:!med . I!_‘ '?E :h!o.__l_ = 113.3 -
e T Ctotalioutput g8 3%0-kg  3fp

e ZFual-eil used dis mot . lmown. for- Lta-spacific. gravity. and
I::_lower—ecalorific-values-Howaver, heavy oil for C.B.F. i

. . to_be specified as given 'below makinp‘ the rosult passed
‘___tlha,tavsr_vaflu& ism- akan up.

s=tValue ‘to bodpecified: for 0ileFe: g1l

Ul Specificigrawiky- § v.uc.a9 095 at Be - 907 °C..
i '_“LW‘BLOR'!.U!"iin value tr—g—go = 103000z hoal/kg

errsumtian” abitia Horst cnnd'tlmn\ﬂ.bova » IR _—_—ﬁw
. S !!'} ‘--'x--'li}' 000 -=’¥i-'51—-11—93'2"; IG»-'-Kc&;l/-t-. T
. “Oa 95
q‘—!=“'T~'hus, the guarantes flgure of 1w3'x 10‘6 Kcnl/t can be
'-'v:.’f Bll’ SatiSfiﬁdu - -
- )—ﬂﬁ % Jri QGTT‘UE!pt'ianf—————_
= _;ﬁ;gm;hcn j to—tal“butput ;:Ew T
l;serap —=R9&y 1?0 o jf'683,1& ' T 1533.1} o
“i-Pig =252, 5h0 -oo. ' T662.2
ci=Lima - == 225380 - o B247
T Lime stons " Kil . O ELY
Ferro ¥n 2,400 " 35
Yorro 5% - Fi1 " ' Eq1
Al ) 5 u Nozligitle
Fluospar - E1 . : Ni1
Consummption [/ box
Serap content 708,710 823 0.910 %/box

rErEwsxrE Y SgaxamocsSozz XY ExNmcaroamis S

to be continued
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- ==The betir partiés hereby-confirmad and ¢ ertified that the guarantas '
st B N R e K o 3 orbo th=0 s He o= Ko Foand=0«He %a Noo ‘b had passed

~ T . 3uccassfully and satisfactorily.

)
\ Bl Xa A

=M Setydor, N
 Produatisn Marazer —Tectrtcal-Adviigsgr ° - General Manager,
. ~Shittagong Steal ¥111 - .Chittasons . Steel 2111 v

-

== EBheIl.

1t of - Pitdobtadfied T |
7By Guarantae .Test, - - o
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