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Subject: DP/IND/81/036 - Design Development of Concurrent Top
and Bottom Blown Converter Steel Making - Contract
No. 84/66

. SUMMARY

Within the scope of the project expert studies on combined blow-
ing technology, training of Indian engineers and pilot plant

tests simulating Indian conditions were carried out.

The expert studies included process routes for combined blowing,
design of a demonstration unit, process control studies and re-

fractory technology.
A brief conclusion of the work done states the following:

- Regarding process routes the advantages with combined blow-
ing under indian conditions were studied and it is clear
that combined blowing processes are suitable for Indian
conditions. Thus the Indian idea to introduce the new tech-
nique by using permeable elements for inert gas inlet can be
supported. In th= future it is also advisable to do a pre
treatment of the hot metal from the blast furnace to mini-

mize the slag content in the converter.

Regarding the design of a demonstration unit the work is
based upon SAIL's proposal to rebuild one 100/130 ton con-
verter at Bokaro plant. The design is done in such a way
that a change from permeable bottom elements to tuyeres is

foresezn and easy to accomplish.

The work also covers our suggestion for the develcpment of a
15 ton converter at Maharastra Electrosmelt Ltd. (MEL).




Regarding process control the development of static control
should improve production capacity in LD-furnaces, but the
introduction calls for improvement on the instrumentation of
the converters. The basic concept for the introduction of a
dynamic process control based on MEFOS' system is also done.
Such a system needs more instrumentation than a static sys-
tem, for example a reliable computer and an off gas analy-

ser. It has proven toc give very accurate results.

Regarding refractory technology economic considerations for
the combined blowing technique are done showing that there
are different opinions regarding life length of bricks if
vessel capacity is adequate or not. Practices from Japan,
Europe and Scandinavia are reported and compared to Indian
conditions. The work concludes with lines of development to
achieve improved practice for BOF general practice, per-
meable elements, tuyere based technology, test and
simulation systems and refractory lances for hot metal

treatment.

Regarding the training, 10 Indian engineers spent 8 weeks in
Sweden at MEFOS and at Norsk Jernverk A/S in Norway. During
part of the time another 6 engineers visited MEFOS and Norsk
Jernverk A/S.

It is our belief that the training in applied metallurgy,
process control, design and engineering as well as pilot

plant work at MEFOS was fruitful for the participants.

All members of MEFOS' staff taking part as teachers and ad-
visers highly appreciated the interest and activity during
the different lessons and studies at MEFOS and the visited

steelworks.




- Regarding the pilot plant tests 15 trials were conducted
using permeable bottom elements, tuyeres for inert gas or
tuyeres with the possibility of oxygen injection.

The experimental results were very good and gave a good
indication that combined blowing with permeable elements or
tuyeres is an efficient way to produce steel from Indian raw
materials. When the problems with a good lance-practice were
solved most of the benefits with combined blowing were found
to be:

- lower oxygen content in the steel, better manganese
yield, better yield for alloying elements

- lower ircn content in the slag and better iron yield

- good dephosphorization

- less slopping an sculling.

Finally we can add that concurrent top and bottom blowing in
converters is a technology that is well suited for Indian
conditions. The choice to start the introductior of the
technique using permeable elements with the possibility to

change to tuyeres is supported.
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1.1 ADVANTAGES WITH COMBINED BLOWING

Wwhen changing from traditional LD to combined blowing many

metallugical benefits can be gained, e.g.:

- higher iron yield, lower FeO in the slag

- better sulphur removal

- slightly better phosphorous removal

- lower oxygen content in the steel

- better yield of alloying elements

- higher manganese-yield

- longer life of refractories

- lower consumption of lime

- less slopping and spitting

- less sculling

- larger scrap pieces can be used due to better mixing
- steel with very low carborn content can easily be

produced

Combined blowing also has some disadvantages, such as:

- erosion in the bottom of the converter
- lower scrap-melting capacity
- higher N-content in the steel

- higher H-content in the steel

In the following pages both advantages and disadvantages of

the combined blowing will be discussed.




1.1.1 Higher iron yield

In the LD-process the charge is always overoxidized, which
means that a lot of iron is oxidized. In combined blowing
one is working closer to the equilibrium, and this means
that less iron is being oxidized. Equilibrium-curves Cx0 for

some steelmaking processes are shown in Figure 1.
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Figure 1 - CxO-curves for some steelmaking processes /1/.

As shown in figure 1 the oxidation of the bath is lower in
all combined blowing processes compared with conventional LD
and the blowing is done closer to the equilibrium-curve, but
coming beneath it only in K-BOP (K-OBM). The lowest oxida-
tion is in the OBM (Q-BOP)-process.




when working close to the equilibrium it means that the
charge is not overoxidized and that is why iron loss to the
slag is lower. That means that the iron yield is increasing
by 0.5-2.0% depending on which process is being used. Figure
2 shows the iron content in the slag as a function of the

carbon content in the bath.
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Figure 2 - Iron content in the slag as a function of the

carbon content in the bath /2/.

As shown in Figure 2, the OBM-process has the lowest Fe-con-
tent in the slag at all carbon contents in the bath. Combin-
ed blowing shows a little higher Fe-content, although much
lower than traditional LD-process,




1.1.2 Better sulphur removal

The mixing in the bath is much more effective in combined
blowing than in the LD-process. This brings the slag forming
agents in better "contact" with the metal bath and that is
why the desulphurization effect of the slag is better. In
Figure 3 the sulphur distribution between the slag and metal
in different types of steelmaking process is shown as a

function of slag basicity.

oy [9)

B B B COMSNCI B.OwiNG
- e W B5TTIN ST.RRING
I L1}

Figure 3 - Sulphur distribution vs. slag basicity CaO/SiO2

/3/.




As shown in Figure 3, the sulphur distributioun is lowest in
normal LD, sligthly better in LD with bottom stirring and
best in combined blowing. The sulphur distribution in
combined blowing can be increased by injection of
lime-powder or some lime-based material. This will be

discussed later.

1.1.3 Phosphorous removal

Dephosphorization in combined blowing is slightly better
compared with normal LD. The reason is the same as above,
i.e. better mixing and better "contact" between the slag and
metal. Figure 4 shows the phosphorous removal in different

kind of steelmaking processes.
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Figure 4 - Phosphorous distribution as a function of iron
content in the slag /1/.




As shown in Figure 4, the iron content in the slag in normal
LD must be increased in order to achieve the same

phosphorous level in the steel as with combined blowing.

1.1.4 Lower oxvygen content in the steel

With combined blowing the blowing is done closer to the
equilibrium and consequently the bath is not overoxidized.
This is the reason why the oxygen content in the steel 1is
much lower than in normal LD. In Figure 5 the oxygen content
in the steel is shown as a functi.n of the carbon content in
the steel.
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Figure 5 - Oxygen content in the steel vs. carbon content
/4/.

As shown in Figure 5, the oxygen content in the steel is
close to the equlibrium-curve Cx0=0.0205 (T=1650°C, p=1 atm)
and always much lower than in normal LD-process, where

Cx0=0.040 at the same temperature.




1.1.5 Higher manganese yield

In combined blowing overoxidation of the charges 1s avoided
and consequently more manganese stays in the bath. Figure 6
shows the residual manganese content in the steel as a func-
tion of the final carbon content in the steel in different

steelmaking processes.
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Figure 6 - Manganese content at turn-down /5/.

As shown in Figure 6, the residual manganese content in the
steel is lowest in normal LD and highest in the OBM-pro-

cess. Combined blowing processes are between these two.

1.1.6 Better vieid for alloying elements

The yield of alloying elements is also higher in combined
blowing compared with conventional LD. This is due to the
fact that the oxygen content at turn-down 1s much lower. The
affinity of alloying elements to oxygen is normally quite
high, and when the oxygen content in the steel is lower, less
alloying elements will be oxidized which means a higher
yield of the elements. In Table I data for conventional LD,

bottom purging and combined blowing is compared.




Taple I - Consumption data for LD,

combined blowing /3/.

bottom-stirring and

TABLE | Anticipated consumption cata per ton liquic steal for BOF, bottom stirring and combined biowing without post

combustion

Units

BOF

Bottom stirring

Cominec bicwing

Aim turndown—0.05% C. .025% S_2950°F
Mot metel’
Stee! sceap’
Surnt ime
Burnt dolomite
Fluorspas
Oxygen
Al
Natural gas
Nirogen
Argon
HC FeMrn, sim 0.50%
Al alm 0.05%
Yieid®

»IFRERRRTRTRR

Alm turndown—0.15% C, 0.025% S, 2830°F
Hot metsl’
Stee! scrap’
Burnt lime
Burnt dolomhe
Fluorspar
Oxygen
Al
Naturat gas
Nitrogen
Argon
HC FoMn, 2l 0.75%
Al 8im 0.05%
Yieks?

~FTTRAZREFITIND

Aim turndown—0.25% C. 0.025% S, 2020°F

1643.18 (71.91%)
841.83 (20.09%)
U733

408
5.00
1868 60

1692.34 (74.19%)
588.78 (25.81%)
185.48

16.68
12.50
1810.44

1885.03 (73.60%)
$97.38 (26.40%)
151.03

37.25
2.00
1821.28
10.39

80.25
15.32
13.83

345
88 40

171015 (75 66% )
£50.11 (24.34% )
185.35

12.21
950
1769.18
1337
50.43
15.32
20.19
278
8249

1817.56 (72.82%)
603.73 (27.18%)
127.39

12.09

1893.41

209.0%

“S.%
182.67
15.22
11.13
3.22
$0.04

1660.31 (74.71%)
562.17 (25.29%)
149.26

0.90
7.50

165C.88

225.2¢
44.03
182.67
15.22
16.70
2.70
85.9%

Hot metat’ s 1712.88 (75.67 %) 172041 (76.41%) 1676.23 (75.44%)
Stee! scrap? s 566.69% (24.93%) 533.5C (23.59%) 546.50 (24.56% )
Burnt e s 202.88 200.65 152.3¢

Burnt dolomhe s 3.3 —_ -
Fiuorspar [ 3 17.50 14.5¢ 12.5¢

Oxygen st 1771.60 1732.9% 1616.2¢

Ajr et -— 14.9¢ 235.4°

Natura! gas sct - —_ 43.10

Nitropen sct - 57.16 182.67

Argon | —_ 15.32 158.22

HC FoMn aim 1.00% Ibs 26.37 25.44 21.7¢

Al aim 0.05 Ibs 2.38 232 2.27

field’ % 87.66 88.42 85.90

T Hot metat: 4.289 C.0.80% Mn, 6.050% S 0.070% P, 1.00% Si
2 Scrap. 50 ib pit scrap, 100 I home scrap, balance No. 1 heavy melting (/1on of liquid steel).

3 Yield hquid steel/(hot metal + scrap).




a5 shown in Table 1, the amount of FeMn and Al needed is low

with combined blowing and cost savings can be made.

1.1.7 Longer refractory life

Erosion of refractories 1is decreasing because of lower FeO-
content in the slag. At the same time the erosion in the
bottom of the converter can increase because of gas bubkling
or injection of material through the bottom. These problems
can be solved with a good slagging-in-practice of the bottom
and with better brick-quality for the bottom. Figure 7 shows
the life of refractories as a function of the iron-content

in the slag.
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Figure 7 - Erosion of refractories (kg/ton steel) as a

function of iron content in the slag /6/.




As shown in Figure 7, the consumption of refractories de-
creases with approx. 1,0 kg/ton steel when combined blowing

is used instead of conventional LD-process.

Figure 8 shows the reduction in the iron content in the slag

when changing from LD to combined blowing at the same plant.
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Figure 8 - Reduction of the iron content in the slag /6/.

1.1.8 Lower lime consumption

Lime consumption decreases in combined blowing compared with
normal LD. The reason for this is better mixing and hereby
the lime is in better "contact" with the metal. That is why
the lime-input per ton ¢f hot metal can be decreased. In
Table II some interesting data from two steelworks with

LBE-process is shown.




Table II - Reduction in material consumption with LBE /7/.

Solmer {Usinor-Dunkerque
Changes in converter
Lime (kg/t) -3 +4.5
Dolomite (kg/t) -8 -18
Iron Yield (%) +0.6 +0.5
Total (FF/t) -5.4 -6.2
al (kg/t) -0.4 -0.3
LCFeMn (kg/t) -G.45 +0.3
HCFeMn (kg/t) -0.2 -0.7
Carbon (kg/t) 0 0
Total (FF/t) -4.8 -4 .1
Ar (m3/t) 0.11 0.18
N, (m3/¢v) 1.56- 1.45
Total (FF/T) +1.5 +1.4
Total gains (FF/t) 8.7 8.9

As shown .n Table II, these two steelworks decreased their
lime-consumption with approx. 5.0 kg/ton steel when changing
from LD to combined blowing (LBE).

1.1.9 Less sloppind and spitting

Good mixing prevents the formation of local oxygen-gradients
which is the main reason for slopping and spitting. In Figu-
re 9 the effect of mixing to slopping is shown.
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Figure 9 - Influence of mixing on the slopping /8/.

As shown in Figure 9, the slopping index decreases quite
drastically when introducing combined blowing.

The same is shown in Figure 10, where comparison between
conventional LD and bottom-stirring is made.
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Figure 10 - Slopping data for LD and bottom stirring /9/.
Because of less slopping and better lime-yield stirring
problems are decreased in combined blowing compared with

LD-process.

1.1.10 Larger and cheaper scrap can be used

The mixing is quite good during blowing in combined-blown
converter compared with LD-converter. That is why the
scrap-melting velocity is higher, which is also shown in Fi-

gure 11.
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Figure 11 - Scrap-melting velocity /9/.

Also the mixing time is shorter in combined blowing, see

Figure 12.
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Figure 12 - Mixing time in some steelmaking processes /10/.




The mixing time in normal LD is about 90-120 seccends, in

combined blowing, depending on the bottom-gas flow-rate,
between 10-80 seconds and in a OBM-converter about 10 se-
conds. For these reasons, larger and cheaper scrap can be
used in the converter. The scrap-melting capacity is. how-
ever, lower in combined blowing than in conventional LD
(approx. 5-10 kg scrap/ton HM) because of the cooling effect
of the inert bottom gas. Scrap-melting capacity can be in-
creased by oxygen-injection through the bottom. Figure 13
shows the scrap-melting capacity as a function of the oxygen

amcunt through the bottom in LD-HC-process.
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Figure 13 - Scrap-melting capacity as a function of

percentage of oxygen through the bottom /5/.

As shown in Figure 13, the scrap-melting capacity is in-
creasing when the percentage of oxygen through the bottom
is increased, but the highest scrap-melting capacity is
achieved at about 20% of the total oxygen going through the
bottom and after that the scrap-melting capacity decreases

in spite of increasing percentage of oxygen through the
bottom.




1.1.11 Steel with very low carbon content can be produced

With combined blowing, steels with very low carbon content
can easily be produced. The bottom-gas decreases the partial
pressure of CO in the batk, therefore the carbon content in
the bath can be decreased more effectively. With post-

stirring, the partial pressure of CO can be decreased
further, as shown in Figure 14.

B Betore 1nert pas
co wnezhior

- $HEE Ahe nent gas
-
» injelton

- e
-l 44—  Partcutar heats

. >
o1k - ST .

S - .- [ S —

Oxygen content %

[ 005 o1 ors

Cardor content %

Figure 14 - Effect of post-stirring on the C- and O-content
of the steel /11/.

In Table III, a comparison between LD and LBE-process when

producing steel with very low carbon content (<0.020%) is
done.




Table IIT - Comparison between LD- and LBE-process when pro-

ducing steels with very low carbon contents ]12/.

Metallurgica! comparisor of LBE and LD
process for the production o! very low carbon

steels, C = 0.02%
USINOR, Denair works 85-tonne LD converter

__LBE process
Convenliona! ‘_Be'ou» Afer Ditterence

Tap conditions LD imection  Injection  LBE-LD
Composttion. %

c 0.0z 0.05 0.02 (]

o} 0.74 0.0¢ C.0¢ -C.0¢

Mr. G.o¢t 0.370 0.145 +.06%

P 013 c.ee G 008 —0.005

S G0 [ATY G.012 —0.002

N 0.0C24 0.0022 ©.0C2¢ +0.0005
Siag Fe. % k13 1€ 19 -1€
Nrtiroger consumptior.

cu metres’/tonne - — ] -1

As shown in Table III, it is possible to

lities with a small iron loss (AFeglag

LBE-process and at the same time reach a

produce steel
16%) with the

high manganese

qua-

vield and low P- and S-contents in the steel. The only dis-
advantage with LBE-process is the N-content which is 5 ppm

higher than in conventional LD.

It can also be mentioned that steel qualities with carbon

contents less than 0.010% have been produced with combined

blowing.




1.2 DISADVANTAGES WITH COMBINED BLOWING

1.2.1 Erosion in the bottom

Gas- and material-injection through the bottom causes high
erosion of the bottom bricks. This has caused a lot of
prcblems. In Figure 15 the influence of post-stirring to thza

erosion of bottom-bricks 1s shown.

EROSION RATE (M./WRAT}
S
{

& OF MEATS POST STIRRED DURING THE CAMPAGN

Figure 15 - Effect of post-stirring on refractory erosion
/13/.

The quality of bottom-bricks and permeable elements has been
much developed; permeable elements with high carbon content
are the best in current use. Also the right slagging-in-
practice for the converter has been developed, and that is
why the life of the bottom has increased and it can be said
that the bottom-life in a combined-blown converter is as

long as the life of other bricks in the converter.



@
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1.2.2 Decreazed

scrap-melting capacity

Bot+tom-gases and lnjected materials have a cooling effect
which decreases the scrap-melting capacity in a corbined-
blown converter a little. Different steelworks have reported
ase in screp-melting capacity by 2-10 kg/ton HM when
comtined-blowing has been introduced. Due to good miXing 1in
the bath larger and cheaper scrap carn be used. Post-combus-
tion of CO in the converter and injection of coal cor coal-
hzced material into the converter in order to 1increaze the
scrap-melting capacity have beern studied. Figure 1€ shows
one type of post-combustion lance and results achieved with
it ard wit* anthracite-addition from a bin above the con-
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Figure 16 - Post-combustion lance and achieved scrap-melting

capacity /14/.



In Table IV changes in scrap-melting capacity when introduc-

ing combined blowing in different steelworks are shown.

Table IV - Reported scrap-rates with combined-blowing /15/.

Summary of reporied scrap rates using low
phosphorus hot metal

Scrap rate
compared with
LD, kg/tonne
of Rquid
Company Process ’ stosl

Moogovens® BSC —810 ~17
Hoogovens® BSC with post-combustion +110 +19
Steico’ LBE 0
Jones & Laughin® - -10 :
National Steel, Great Lakes® Standerd LBE =1t —18 {

Nationa! Steel, Great Lakes® LBE with posi-combustion 41160 +27
USINOR, Dunkirk and

Soimer’® LBE 0
Thyssen'' TBM o
Krupp*? — +1010 +18
Hoesch? . —13

1.2.3 Higher N-content in the steel

Bottom-injection of nitrogen causes higher nitrogen content
in the steel. Normally, the N-content at turndown is some
10-20 ppm higher in combined blowing than in conventional
LD-process. An attempt has been made to solve this problem
by poststirring with argon, or at the final stage of blowing
switching from nitrogen to argon. Figure 17 shows the reduc-

tion of nitrogen content in the steel as a function of the

time when switching to argon at the end of the blowing.
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Figure 17 - Nitrogen pick-up at the end of the blow and

argon stirring /14/.

1.2.4 Higher H-content in the steel

When tuyeres are used in combined blowing propane or natural
gas is used for shielding them. This causes higher hydro-
gen-content in the steel. A solution to this is to use
post-stirring with argon. Figure 18 shows a comparison he-

tween combined blowing and normal LD.
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Figure 18 - Hydrogen-carbon relationships at turndown /1/.

In Figure 19, the effect of post-stirring on the H-content
in the steel is shown.
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Figure 19 - Decrease of the hydrogen content during post-
stirring /1/.
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As shown in Figure 1%, one minute of post-stirring decreases
the hydrogen content in the steel with some ppm, achieving

the same levels as in conventional LD-process.

1.3 COMBINED BLCOWING - DESCRIPTION CF KNOWN PROCESSES

Different processes in ccmbined blowing can be divided into

four groups:

I Inert gas through permeable elements
II Inert gas through tuyeres
I1I Reactive gas through tuyeres

v Reactive gas + lime through tuyeres

Tablies V and VI give all-round data of different combined
blowing processes; Table V advantages and disadvantages and

Table VI flows of different gases and materials.




Table V - Combined blowing processes - advantages and dis-

advantages /4/.

Comparison of Various Bottom Blowing Gases and Operating
Techniques Used in the Combined Blowing Process

Botiom blow- Bottom blow- Features Process
ing gas ing method Advantages Disadvantages
* Low equipment costs * Ar gas cost (A1) .
Porous or per- * Low hvdrogen content N H."h" r}juogenvcomem N, LBE
meabis bricks * Possibie to interrups the * Litcle nitrogen increase F.R
bottom biowing by special biowing technique Germany
Iner: gas
(Ar, Np LD-KG
* Low equipment cost * Ar gas cost (Ar) LD-AB
Pipes LD-OTB
= Low hvdrogen content * Higher nitrogen coatent (N,) FR ‘
Germany
* Low equipment costs » Higber nitrogen content
Air Annulartuveres
{Air + N, (N, cooling} * Low hydrogen content BAP
* Low gas costs
¢ Recycling of recovered » Endothermic reaction
Carbor. diczide a:nc’;“‘] “!y")" converter gas €0, +C=2CO STB
(CO, + 0, » cooling * Low hydrogen content * CO, gas cost
¢ Exothermic reaction » Higher bydrogen content LD-HC
Without 0,+2C=2C0O *» Coolant cost LD-OB
Ca0 powder ¢ Batb agitation by CO « High equipment cost LD.OTB
Oxvgen Annular tuyeres bubbles NK-CB
(0,+CmHn) Witk Ca0 (CmHn cooling)  Higher bydrogen content
dl h.. J’“ * Dittos as the above « Coolant cost KMS
u:' theoug * Active lime powder injection * Lime powder producing cost K.BOP
e bottom * High equipment cost
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Parmeahle alaments 8l convertar bottom used 10
inect Ar/N,

Suning partern of inert gas through bottom vanad
Single-hole luyeres or muinhote plugs at converter
bottom usad 10 very inert gas flowinte

Tuyeres at converter bottom usad for injecting argon
Bottom tuyeras or channaslied hricks 10 1nyect N, for
most of hlow and Ar/CO, in last steges

Bottom oxygen through tuyeras/bricks ax A
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OBM type tuysras 8t bortom shrouded by natural
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40 45 Nm't ' more oxygen ¢+ [ime, eic

Annulsr nozries used eartier, Inter canned bricks
with (i) scrap increase 3-S5 kgt . (n) scrap increAse
kgt
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about 50 kg/1 of liquid steel. 8 spacial doubla flow
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top - 7 kg scrap mcranse per kg of pura carbon
injected
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Figure 20 describes different tuyeres and permeable elements

and different types of bottom-injection (both gases and ma-

terial).
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Schematic representation of methods used for bottom injection in hybrid processes

Figure 20 - Bottom-injection in combined-blowing /10/.

Figure 21 shows the bottom-gas flows in different steel-

making processes and Figure 22 the amount of gas injected

through the bottom in different combined-blowing processes.
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Figure 21 - Examples of combined blowing /5/.
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3.1.1 Inexrt gas t+hrough permeable elements

LBE-process (Lance-Bubbling—Equilibrium)

LBE is the most common combined blowing process. Currently
there are more than 50 converters in the world using the

LBE-system. In Figure 23 a LBE-converter is shown.

Figur= 23 - LBE-converter /16/.

In the LBE-process nitrogen is mostly used during +the blow-
ing and at the end of blowing it is swithced to argon or the

charge is post-stirred with argon depending on the quality
of steel produced.




This process uses permeable elements or tuyeres. Nitrogen,
argon or CO2 is purged depending on the steel quality
produced. Figure 24 shows a Jones & Lauglin-converter and

blowing-practice for low-carbon steel.

Fig 1 — Crosz-seznor oo g Q€107 B2 & Indian: Ha™DO" wone

c
elppes witn DOTID™ SUrng

NORMAL BOF
TOP BLOWN LANCE

612 INJECTORS TO INTRODUCE INERT GASES

EVENTUAL EVENTUAL
HOT METAL CORRECTION SLAG
SCRAP SCRAP CHARG A
CHARGE PREMEATING € MuNBOW ggcv':u g‘rampn?s}. 383'; COATING
TAP
112 NT 210NT 13NTlime
12 minutes 4.9 NT dolomite
13000cIm O, " 1Sminutes
70000 cfm gas 29000cimO ; 5, Ar
_— pom———
. TSN B T i
L - LNa N A N
0 + +—t +—t +
HOT METAL BATH 45 MIN.
[+ 4.4% [+ 0.043%,
[ 0.08 P 0.006
Si 1.0 Mn 0.190
Mn 1.0 S 0.017
s 0.015 T 2820°F
T 2450* F 0 300 ppm

Figure 24 - Jones & Lauglin-converter and the blowing
program /13/.




Krupp-system

Krupp uses both permeable elements and tuyeres. Nitrogen and

argon are used as bottom-gas. In Figure 25 a description of

Krupp-converters is given.

g teee tne

e P PiTSEEERE ‘
7= N

pac feec hine

Figure 25 - Krupp-converters /17/.

BSC-Hogoovens-process

In the BSC-Hogoovens-system permeable elements are used in

the bottom of the converter. They have started to use post-

combustion of CO and anthrasite-additions from a bin in

order to increase the scrap-melting capacity. Figure 26

shows the BSC-Hogoovens-system.
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Figure 26 - BSC-Hogoovens-system /14/.
MEEOS-system
MEF0S-system is completely flexible. Both permeable elements

and tuyeres can be used. Nitrogen or argon are used as
bottom-gas. Figure 27 shows the MEFOS-system.



Figure 27 - MEFOS-system.
LD-SS
LD-BD

Permeables

Tuyeres

1.3.2 Inert gas through tuveres

When using tuyeres instead of permeable elements a more
flexible system is given and higher pressures can also be

used.

In the LD-KG-system nitrogen and argon are used as bottom-

gas. Figure 28 shows a LD-KG-converter.
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Figure 28 - LD-KG-converter /18/.

In the LD-AB-system argon is used as bottom-gas during the
whole blowing period. It is not so popular now because of

the high cost of gas.

The LD-OTB-process is used in two different variants. In the
Ax

first one N2, Ar and CO2 are used and in the second N2,
and O2 are used. Figure 29 shows a sketch of both variants

with bottom-gas flow-rates for different steel qualities.
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Figure 29 - LD-OTB-process and used gas flow-rates /19/.
NK-CB (Nippon Kokan - Combined Blowing)

In NK-CB-process N2, Ar and CO2 are used as bottom-gas. The
NK-CB-system 1is shown in Figure 30.
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Figure 30 - NK-CB-process /20/.




1.3.3 Reactive gas (oxygen) through tuyeres

B5C-BAP-process (BSC-Bath Agitation Process)

In the BSC-BAP-process nitroegen, n and alr are used as

v
49

4]

o
bottom-gas. Nitrogen is used for cooling the tuyeres.

LD-

OB-process (LD-Oxygen Bottom)

In the LD-OB-process OBM-tuyeres are used in the bottom of
the converter. These tuyeres are shrouded with propane. As
can be seen from Figure 31, oxygen, nitrogen, argon or ailr
are used as bottom-gas.
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Figure 31 - LD-OB-process /21/.




LD-HC-process (LD-Hydrocarbon)

In the LD-HC-process oxygen is used as bottom-gas and pro-
pane for cooling the tuyeres. A sketch of the LD-HC-conver-

ter is shown in Figure 32.
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Figure 32 - LD-HC-process /22/.

In the STB-process oxygen or CO2 are used as bottom-gas and
N2, Axr or CO2

shows a STB-converter.

are used for cooling the tuyeres. Figure 33
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Figure 33 - STB-converter.
In the STB-P-process pulverized lime is injected from the
top, in normal STB-process lime is added in lump form from a

bin above the converter.

1.3.4 Oxygen + iime-injection through the tuyeres

K-BOP (Kawasaki-BOP)

In the K-BOP (K-OBM)-process, lime-powder is injected
through the bottom. Propane is used for cooling the tuyer-
es. Nitrogen or argon can also be injected through the
tuyeres. A K-BOP-convertexr is shown in Figure 34.
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Figure 34 - Lay-out of K-BOP-process /24/.




In Figure 35 data about LD, OBM and combined blowing and
some advantages of K-BOP compared with traditional LD-praxis

15 shown.
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Figure 35 - Comparison K-BOP-LD /25/.

In the KMS-process all known gases used in combined blowing

are used. Through the bottom O air, N, or Ar are injected,

'
propane i3 used for cooling. Lzme and fiuxes are injected
through the tuyeres and ccal-powder can also be injected. In
the latter case in order to increase tle scrap-melting capa-
city. About 60% of the oxygen used in the process is in-
jected through the bottom, the rest of 0, through the lance

2
or through side-tuyeres high up in the converter. A KMS-ves-

sel with all possible gas-flows is shown in Figure 36.




Figure 36 - KMS-process /26/.

Figure 37 shows the valve- and injection-system of a KMS-
converter. KMS can also be charged with 100% of scrap, then

it is called KS-process.
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Figure 37 - Valve- and injection system of a KMS-converter
/26/.




A classification of known combined blowing processes is

given in Table VII.

Table VII - Classification of CB-processes /26/.

From bottom
Energy cerrier
From
fop
3 E é § 3
I 1 £ 8 i
g & [
E H £ £ 5
i : g g : x 2, P 8 §
-+ + - = E
- . & [~
Process group Process Licensor S &8 &§ & & = z =z ts] E s § > 4 g
0; top diowing LD-(AC) e ©
0, bottom biowing OBM/Q-BOP Kiockner/CRA [0} ® & O o}
LWS Creusot-Loire (o} ® [o]
0, top dlowing, LD-KG Kawassak| [ ) Y
purging with inert LD-AB Nippon Kokan ®
[T LD-BC CRM [ )
0, top blowing, LD-C8 Nippon Kokan [ ] ® ® [ J
stirring through L0-0TB Kobe [ ] o [ J o]
bottom with inert LD-STB Sumttomo [ (o] [ ] [ J
gas or oxidizing BSC-BAP 8sC [ J
gas LBE Arbed ° ) .
Combined top and K-OBM [ ] e ©® O (o] [ ]
sottom blowing K-OBM Kiocknet/CRA [ J ® ® (o] (o] (o]
with O, K-BOP [ ] e o o
LD-08 Nippon ® [ ] [ ] [}
LD-HC o © [ ] (o]
Allothermic blowing KMS Kiocknar/CRA [ ] ®e ® O (o] ® e o ® [ ]
KS Kilockner/CRA [ ) ® o O© (e} e o o [ J [ ]
COIN Krupp [} [ ] o O© e o
O = possible.
@ = applied.



1.4 HOT METAL PRETREATMENT

The purpose of pretreating of hot metal is to decrease its
silicon-phosphorous- and/or sulphur-content. When pretreat-
ing the hot metal, the work to be done in the converter
becomes much less and in the near future, according to the
new Japanese model it 1s only the decarburization which is
done in the converter, everything else is done before the

converter, see Figure 38.

Methods used New New
currently Japanese Scandinavian
Normal Normal Low i
BF Si, Mn Si, Mn Si, Mn
DeS DeS DeS
HM DeP
DeS1i
|
v ) v
BOF DeC DeC (DeS1i)
CB DeP DeS
DeSi DeP
\ J ¥y
Ladle

Figure 38 - Steelmaking according to the new Japanese

method, new Scandinavian model (low Si HM) and

method used currently.




Pretreatment of hot metal is normally carried out in two
stages. In the first stage desiliconization is done during
tapping from the blast furnace or in a topedo-car. Material
used for lowering the silicon content 1s normally a mixture
of iron-ore and mill-scale + oxygen. The amount for mixture
added is about 20-30 kg/ton HM. With this method the desili-
conization is done to about 0.10-0.15% Si. At the same time
some manganese and carbon is being oxidized together with

some iron.

In the seccnd step of pretreatment, dephosphorization and/or
desulphurization are carried out. Both of them are usually
done in a torpedo-car or ir. a ladle. The reagent for desul-
phurization is usually CaCz, Ca0 or soda-ash and for des-
phorization it is usually CaCz, CaF2 and iron-ore or soda-
ash. With simultaneous desphosporization and desulphuriza-

tion the amount of reagent added is between 20-50 kg/ton

HM. Figure 39 shows some reagents used in dephosphorization

and desulphurization.

— Dephosphorization

Mglnt: Cad P MIOJ B
mill scale, ;
jron Ore

L Refining of alloying
metals
Reagent: iron ore, Oz,

mli scale

Refining of hot metal

Desulphurization
= Reagent: Ca0d Ns,C0;-
Mg, Cal;

Figure 39 - Reagents used in pretreatment of hot metal /27/.




In the following, some descriptions of hot metal pretreat-

ment processes used today are given.

NSC has developed the ORP-rrucess (Optimizing Refining Pro-
cess) for production of quality steels. ORP consists of
three different steps. In the first step desiliconizing 1is
done with a mixture of iron-ore and oxygen. The silicon-con-
tent after treatment is about 0.15%. During the desiliconi-
zing step some manganese and carbon losses occur. In the
second step, dephosphorization is done with a mixture of
iron-ore, CaO and CaF2 + oxygen. Simultaneously with the
dephosphorization a good desulphurization is reached. In the
third step decarburization is done in a LD-OB-converter. In
the converter some dephosphorization is also achieved and
after the converter, the raw steel goes to secondary refin-

ing and CC. Prccess outline of the OKP is shown in Figure
40.
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Figure 40 - ORP-process /[/28/.



Used amount of reagents and mixture together with the metal

analysis after each step is shown in Figure 41.

DalS!] DeiP] Fiux in LD
Reagent Raagent 21 kg/tp
27 wg'tp 52 kg'1p
(] 19 FeC 55 cs0 40
Fe.0,} 60 C20 35 Mg | 12
Omers ! 31 Cof . 3 Fe.0,] 30
CoCl. ) Mn0 9
g +
|
Pig iron Atter de{S] Attar oeiP] Atter de!C:
c |50 C 486 T C |467 c |6o05
st |065¢C s |05 , s {eoe S - Secondary Continu
DelS:i! De:P] DeiC} Refinirg ous
Mn | 530 Mn {022 Mn 0.2 Mn 1029 Casting
p lo0320 P 16120 P |00 P 0010
s loos 5 10028 S (0006 s jo.00s
DeiSi! & Delf; sing LD sing
[P} sieg ' 1 kgt i
51 kgitp A5 xgtp 21 kg'tp ‘
TFe| 27 TFe| 50 TFe | M2 '
CoO | 45 Ce0 | 60 CsD | 408
SIC, | 25 $0; | 10 MgO | 94
PO, 47 P.O.| 6.9 S0, 9.4
mMnO | 55
20,0 16 (w1 % ,

Figure 41 - Material balance in ORP /28/.

Sumitomo has developed the ARP-process (Alkali Refining Pro-
cess). In ARP, desiliconizing is done in a torpedo-car by
injection of iron-ore and oxygen. The silicon-content after
treatment is 0.10%. After that the slag is sucked off, tha
dephosphorization is done with soda-ash injection down to
<0.010%P. This slag is also sucked off and the
dephosphorization slag goes to a soda-ash recovery-plant. In

the third step, decarburization is done in a STB-converter.

The ARP-process is shown in Figure 42.
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Figure 42 - ARP-process /29/.

IRSID has also made trials with a three step oxidation
method. In the first step, desiliconization is done with
iron-ore and oxygen, in the second step dephosphorization
and desulphurization are done with a mixture of iron-ore,
Ca0 and Can. The third step -is decarburization. All three
steps are done in a LD-HC-converter and a quality-steel is

produced. The process is shown in Figure 43,
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Figure 43 - Production of low-impurity steels /1/.




Kobe Steel has a four-step pilot-plant process. The first
step is desiliconization done with mill-scale. After this
dephosphorization and desulphurization is done with a mix-
ture of Ca0O + CaF2 + iron-ore. The third step is a second
desulphurization with Cacz. In the fourth step, decarburiza-
tion is done in a LD-OTB-converter. The process and material
flows are shown in Figure 44 a and 44 b.

[ > ' l
Desiticonization ! Slag o{Deshosohorization Desuliunzat!oni | Decarburization!
Iremova! Desulfunzanon! ; 1 {LD-0TB)
02
Flux ‘ 02 CaCI\/w
' (:> It
Ar N2

Figure 44 a - Kobe Steel-process /29/.

Experimental conditions of Hot metal

Pretreatment
I Scale consumption 15~ 25Kg'T
Desiliconization Carnier gas (N2) 400 Nm'/Hr
Injection rate 300 ~ 250 Kg'Min.
Fiux consumplion 25~ 25Kg'T
M i
Dephaspharization ! Injection rate 300 ~ 400 Kg Min
Desuifurization -
| Oxyger consumption 1 3.5~ 45Nm* T
A

Hr meta! chemical composition and

te peratuie
T ) : i
B L Sl i
Hot! meta: {C' | 4582 400 %
3 S | 030% 0.02 %
- 'Mnji 045% 0.29%
" (P; 0.090 % 0.015 %
IS} <0015%! <0015%
. {Ti) 0.05% tr.
o Temp.! 1370°C 1326°C

Figure 44 b - Material flow and HM-composition in Kobe
Steel-process /29/.




Kawasaki Steel has developed the LLB-process (Lime Less
Blowing). This process exists in two different variants. In
the first, desiliconization is done in a torpedo-car with
iron-ore and oxygen and then desphosporiation is done in a
K-BOP-converter. The second variant is desiliconization and
desphosporization in a torpedo-car and after that decarburi-
zation in a K-BOP-converter. The LLB-process is shown in Fi-

gure 45.
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Figure 45 - LLB-process /30/.

Table VIII shows material flows in the LLB-process (desili-
conized hot metal). As injection material Ca0O, dolomite and

iron-ore + oxygen are used.




Table VIII - Material flows in LLB /30/.
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1.5 ECONOMICAL ASPECTS IN COMBINED BLOWING

1.5.1 Hot metal pretreatment

Pretreatment of hot metal is quite costly, but a part of the
pretreatment-costs are coming back already in the conver-
ter. Cost calculations of pretreatment are quite difficult,
but in the following pages an approximate cost-balance for

pretreating hot metal is given.

Material used for desiliconization is usually iron-ore or
mill scale. These reagents are quite cheap. Other costs are
the costs for injection, lances, oxygen, iron-losces to slag

and loss of carbon and manganese. Oxygen and material yields

are quite high in desiliconization.




- Iron-ore or mill scale: 30 kg/ton HM x 0.3 SEK/kg = 9 SEK/ton
- Oxygen: about 8 m3n/ton x 0.4 SEK/m3n = 3.2 SEK/ton
- Lance-costs (300 ton) = 2 SEK/ton
- Costs for manpower = 0.5 SEK/ton

= 14,7 SEK/ton

To these costs must be added costs for deslagging, iron losses

and costs of refractories.

The costs for desiliconization from 1% to 0.15% Si in hot metal
- are approximately 15 SEK/ton + capital costs + iron losses + re-

fractories + deslagging etc.

Desulphurization is usually done with soda-ash or CaD-mixture

(CaC., + gas former). The amount of material used is 5-7 kg/ton.

2

Costs

- Mixture CaD: 5 kg/ton x 2.5 SEK/kg

12.5 SEK/ton
2 SEK/ton
0.5 SEK/ton
4.0 SEK/ton

- Refractories = SEK/ton

19 SEK/ton

- Lance-costs (300 ton)

- Manpower

- Iron losses to slag

The total costs for desulphurization are about 19 SEK/ton + capi-

tal costs for the equipment needed.




Dephosphorization

Dephosphorization 1is done with either soda-ash or lime based mix-

tures. In both these cases, desulphurization is done at the same

time.

Costs
soda ash Lime based reagent

- Reagent 30 SEK/ton 15 SEK/ton
{20 kg/ton) (30 kg/ton)

- Oxygen: 3 m3n/ton x 0.4 SEK/ton 12 SEK/ton 1.2 SEK/ton

- Manpower 0.5 SEK/ton 0.5 SEK/ton

~ Lance-costs 2.0 SEK/ton 2.0 SEK/ton §

- Refractories 5.0 SEK/tcn -

- Iron losses _2.0 SEK/ton 2.0 SEX/ton
40 .70 SEK/ton 20.70 SEK/ton

The use of soda-ash requires a recovery plant for soda-ash from
the dephosphorization slag 1n order to reach acceptable treatment

costs.

1.5.2 Economical advantages with combined-blowing

The largest economical savings with combined-blowing are gained
from better iron-yield and lower [O]-content in the steel, which
saves both manganese in the steel and alloying elements. Better
mixing results in higher lime-yield and better desulphurization
and dephosphorization in the converter. Better lime-yield also
saves lime, because the aimed basicity is achieved with a lower
amount of lime. Higher costs with combined blowing come from
lower scrap melting capacity (depending on the scrap-price) and
increased gas consumption due to the use of bottom-gas (nitrogen,

argon, oOXygen, propdane, CO2 etc).

Table IX shows data for all possible material- and cost savings

from different steelworks, which have reported their results witlh

combined blowing.
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ble IX - Material- and cost-savings with combined blowing.

rocess LBE LBE LBE NK-CB K-BOP|LD-KG|Krupp|Krupp|Hoesch K-OBM|KMS
eference 12 7 7 31 32 32 17 17 33 26 26
ron yield +1% [+0.6% [|+0.5% |[+0.8% +1.0%|+0.15
ime kg/ton +2 -3 +4.5 -3.0 -5.0 |-2.0 }-0.5 }-0.5 |-5.0 -19 |-
olomite kg con -18 -8 -18.0 -12 -14
luorspar kg/ton |-4 -2 -2
luminium kg/ton -0.4 -0.3 -0.35 -0.2 |-0.05|-0.18}-0.12 -0.3 |-0.3
eMnC kg/ton -0.45 [+0.3  |-1.2 omlos] 00 s |-
~ oMnA kg/ton -0.2 -0.17

1 in steel kg/ton|+0.04 +0.071+0.03
lowing time -1.0 min %
1S recovery +36.0 |
Ycal/ton)
>tal profit 8.7 8.9 1.46

FF/ton |FF/ton DM/ton

; $/ton ; $/ton 8.5 $/ton




Gunningham has compared production costs for three different
steel qualities made in normal LD, LD with bottom stirring
and combined blowing. These comparisions are made with and
without post-combustion of CO. Table X shows the basis for

calculations and Table XI the calculations.

Table X - Basis for cost calculations /3/.

Condition
A B C
Aim turndown:
C.% 0.05 0.15 0.25
Simax). % 0.025 0.025 0.025
Pimax), % 0.010 0.010 0.010
Temperature. °F 2950 2035 2920
- Aim ladle composition:
C.% 0.09max. 0.16'0.20 0.26/0.30
Mn. % 0.50 0.75 1.00
AL & 0.05 0.05 0.03 :
Product mix is: !
Carbon range Product mix
<0.10% 3% i
>0.15% <0.20% 30% '
>0.25% <0.30% 20%
Unit costs — The assumed costs used in the comparisons
are:
)
Hot metal. &/ton 170.00 § S _
Scrap (average). & 'ton 100.00 S z R-R=] =
Burn® lime, $'ton Lo EER 2%
lump 55.00 X gea -«
pulverized 70.00 5 =
Dolomitic burnt lime. & ‘ton 55.00 R e &
Fluorspar. & ‘ton 96.00 £32 3 2
Gases. $ 100 cu ft 52 R
OXygen 0.15 vIQ g g
nitrogen z e S
—combined blowing 0.15 S¢S o o
—Dbottom stirring 0.30 Tiz c é £
argon 2.50 g: 28 = <
natural gas 0.45 £5®e § &
air 0.05 %2 :;' ° E
Vessel refractories (brick. gunning and E Lz & =
slagging practices. § ton liquid steel: e T 2T 25§~
BOF (1500 heats! EE%%?’» 5'8%
brick 0.70 SEem Cwg &
gunning ‘slagging  0.30 g < ? § é—g 1:). &
® - DLESEdy
Total 1.0v 2 ¥ 3 g e==% i
Bottom stirning 115 heats—harrel. a3 3 SESE LL
750 heats- .- - . 2ELS2SE
S50 heats---bottoms SF oSz =
brick G.8 Q. O 4 <O o 1
gur.ning/slagging 0.3 l
Totai 1.20

Combined biowing 11500 heats—barre!,
500 heats—botwem:

brick 1.1
gunning/slagging  0.29
Total 1.40
Maintenance, $/ton liquid stee!
BOF 3.00
Bottom stirring 3.05
Combined blowing 3.20
Production labor®, $/:0n liquid steel )
BOF 3.93—4.10
Bottom stirring 3.80—4.13

Combined biowing 3.69—4.02




Table XI - Production costs for LD, LD with bottom

stirring

and combined blowing /3/.

Bottom-slirring with Combined blowling whh
Units BOF post-combustion post-combustion
Alm turndown—0.05% €. 0.025% S, 2950°F
Mot metal’ s 1643.48 (7T1.91%) 1588.18 (70.32%) 1543.92 (68.55%)
Stee! scrap? e $41.93 (28.08%) $70.38 (28.68%) 874.75 (30.41%)
Burnt ime B 147.33 145.80 124.05
Burnt doiomhe s 44.08 35.67 12.28
Fluorspar bs 5.00 2.00 -
Ozygen sct 1868.60 1858.80 1753.51
Ak oct - 6.01 182.66
Natural gas sct - — 46.76
Nitrogen sct -_ $1.80 182.67
Argon sct - 15.32 15.22
HC FeMn, aim 0.50% bs 14.41 13.63 11.13
Al obm £.05% e .70 3.45 3.22
Yieid? % 87.52 88.55 $C. 14
Aim turndown—0.15% C. 0.025% S, 2035°F
Hot metat’ e 18692.34 (74.19%) 1632.48 (72.33%) 1586.76 (71.47%)
Sies! scrap? [ 588.78 (25.81%) 624.47 (27.67%) 633.46 (28.53%)
Burnt lime s 185 .48 178.93 145.76
Burnt dolomhe (Y 16.68 11.55 0.68
Fluorspar s 12.50 9.50 1.5¢0
Orygen sct 1010.44 1802.66 171174
Al sct — 8.9% 192.9¢
Naturat gas sct — — 45.65
Nitrogen st — 59.81 102.67
Argon ot - 15.32 15.22
HC FeMr. aim 0.75% s 21.1% 20.18 16.70
Al 3lm £.08% bs 2.86 2.78 2.70
Yieid® % 87.68 88.62 90.06
Aim turndcwn—(.25% C. 0.625% S, 2920°F
Mot meta!” s 1712.88 (75.07%) 1659.59 (73 12%) 1605.73 (72.25%)
Stee: scrap’ s 566 69 (24.93%) 607.17 (2€.80 %) 616.84 (27.76%)
Burnt hime s 2C2.86 193.58 148.45
Burn! doiomite | ) 3.23 — -
Fluorspa: Ibs 17.5¢€ 14.5¢ 12.50
Orygen sct 1771.60 1771.9¢ 1676.01
Air sct —_— 10.74 207.02
Naturai gas sc! - - 44.90
Hitrogen sct - s8.52 182.67
Argon sci - 15.32 18.22
HC FeMr. air 1.00% . [ 23 26.37 25 44 21.7¢
Al asm 0.05 % s 2.38 2.32 2.27
Yieid® % 87.66 .54 28.9¢
' Ho! metal 4.22% C, 0.8C % Mn. 0.050% $. 0.67C% P, 1.06% Si
?Scrap 50 ibs phscrag 100 Jos home scrap balance No. 1 heavy mefting (/ton of hquic sieel).
? Yielc. iquio steel (hot mets: = scrap)
Heat costs, $/ton liquid steel, for BOF, bottom .o Heal costs, $/1on liquid steel, for BOF, bottom

slirring with post combustion and combined

blowing with post combustion

stirring without post combustion and combined
biowing withoul post combustion ’

Yumdown carbon

Turndown carbon

0.05% 0.15% 0.25% Overatt 0.05% 0.15% 0.25% Overah
BOF 194.91 198.81 201.29 197.3¢ BOF 194.99 198.81 201.2¢9 197.3¢
Buttom stirring 191.51 195.34 197.8% 192.93 Bottom stirring 194.7C 196 55 201,01 197.12
Combinec blowing 187.00 191.00 193.47 199.53 Combinec blowing 180.01 193.91 196.34 192 4%




As shown in Table XI, the production costs per ton of steel
are approximately 8 US $ lower with combined blowing than

with conventional LD with post-combusticn of CO.

Von Bogdany et al. have also made calculations where they
have compared normal LD with K-OBM (K-BOP) and KMS-process.
Their calculations are made for low carbon steel. In Table
XII the cost situation is shown and in Table XIII the

consumption of material and cost savings are shown.

Table XII - Cost situation in Von Bogdany's calculations
126/ .

) » ) ) The economic comparison is based on the following scrap |
Hot metal, steel and lime compositions used in the economic  rates: : !

estimate are:
o . ' LD 310 kg/tonne liquid steel |
']i‘{z:nng,t:xlu((?t 11%42%"%)) g 33‘?‘;‘51 Lo ﬁogom stirring 309 kg/tonne liquid steel :
Steel Mn 0.50%, Si 0.2%, Al 0.05% {-OBM 334 kg/tonne liquid steel
ime powder Ca0 90% KMS 540 kg/tenne liquid steel
lﬁ‘;ﬁ;ﬁﬁime 8:8 9522, MgO 38% For bc:tlom stirring, the assumption is made that the degree
of post-combustion of the off-gases in the converter is similar
The material costs used are: to the LD. _
i
Hot metal, DM/tonne 400 Other conditions — Steel production with the different
Steel scrap (average), DM/tonne 200 processes are estimated at:
Alloys, DM/tonne
FeMn 800.00 LD 3.80 million tonnes/vear
Al 2500.00 Oxvgen top blowing with
Fe Si 1400.00 bottom stirring 3.95 million tonnes/vear
Slag making additions, DM/wonne K-OBM 4.20 million tonnes/year
Burnt lime 110 KMS (50% scrap rate) 3.20 million tonnes/year
Lime powder 120
Dolomitic lime 110 The amount of investment for the conversion of two 200-
Fluorspar 200 tonne LD converters to the following processes is estimated
Gases. DM/1000 N cu metre to be:
0O, 220
N. 40 Bottom blowing DM 6 million
Air 30 K-OBM with lime injection DM 30 million
CH, 470 KMS with coal injection DM 50 million
Ar 2000 (Rate of exchange: DM 2.60 = US $1.00)
Electrical power, DM/1000 kwhr 100
Maintenance, DM /tonne
LD 5.00
ottom stirring 5.10
K-OBM §.50
KMS 6.00
Labor, DM/tonne ;
LD 7.00
Bottom: stirring 6.70
K-OBM 6.40
KMS 8.30

Refractories (including bricks, gunning
materia) and slagging material), DM/brick
tonne 1800.00
Lignite coke, DM/tonne 260.00
(1n the U.S., a coal cost of DM 170/tonne is expected.)




Table XIII - Comparison LD, LD with bottom stirring, K-OBM
and KMS /26/.

Consumption Cost. DM/liquid sieel lonne
Bottom Bottom
Type Unit LD stirring  K-OBM KMS Lo stirring  K-OBM XMS
Hot metal (Fe 93.5%) kg 'tonne 796 791 744 540 318.40 31640  297.60 216.00
Stee! scrap (Fe 96%) kg/tonne 310 309 334 540 $2.00 61.80 66.80 108.00
Total kg/tonne 1106 1100 1078 1080 380.40 378.20  364.40 324.00
Alloys:
FeMn kg/lonne 59 5.2 4.0 4.0 — - - -
FeSi kg/tonne 33 33 33 33 - - - —
Al hg/tonne 1.8 1.6 1.8 15 — — — —
Total kg/tonne 11.0 10.1 8.8 [X) 13.84 12.78 11.57 11.57
Total metallic input kg/tonne 11170 11101 10868  1088.8  394.24 39098  375.97 335.57
Siag making sddiions:
- Lump time kg /1onne 69 66 - - 7.59 7.26 - -
Powdered lime kg/tonne —_ - 50 3 — - 6.00 4.56
Dotomitic lime kg/tonne 20 16 8 6 2.20 170 0.88 0.66 {
Fluorspar kg/tonne 2 1 - - 0.40 0.20 —_— - {
Coa! or lignite kg/tonne — —_ — 51 — — - 13.31 )
Totat 91 83 58 95 10.19 9.22 6.88 1853
Gases: !
0, N cu metre/tonne 48 as 45 84 10.56 10.56 9.90 18.48 :
Ak N cu metre/tonne - 0.2 5 7 - 0.01 0.15 0.21
CH, N cu meve/tonne -— - 1.2 2.2 — - 0.56 1.03
N, N cu metre /lonne - 2 5 12 - 0.08 0.20 0.48
Ar N cu metre/tonne -_ 0.4 -—_— -— —_ 0.80 — -_—
Electrical power kwhr /tonne 25 25 25 a5 2.50 2.50 2.50 3.50
Credit tor ofi -gas GJ/1onne 0.64 6.63 0.55 130 -—8.16 ~s.03 -7.01  -16.58
Retractory - - - - _ 2.49 2.49 3.09 3.86
Maintenance - - - - - 5.00 5.10 5.50 6.00
Labo: {production) -_ - - -— - 7.00 6.60 6.40 8.30
- L4
nvestment, million DM - - - — - - [ 30 50
Caphtal service, - - - —_ - - 0.08 0.36 0.78
Loan repayment, —_— - -— —_— — -— 0.30 0.71 156
Liquid sieei cost - - - - - 423.82  420.89  405.19 381.72
Production, million tonnes/year - 3.80 395 4.20 3.20 3.80 3.95 420 3.20
Yield, % - 90.4 90.9 92.8 925 90.4 90.9 92.8 928

Conditions: Mot metsl: C 4.2%, $i 1.0%, Mn 0.0 %, temperature 1340°C.
Tumdown: C 0.05%, temperature 1830°C.
Finished steel: Mn 0.5%, Si 0.2%, Al 0.05%.
Capits! service: amortized over 10 years pius 10% Interest on halt of invesiment.

As shown in Table XIII, the production costs are approxima-

tely 18 DM (6 US $) lower per ton steel in K-OBM compared
with conventional LD.




1.6 CONCLUSIONS

Combined blowing has been compared with conventional LD-pro-
cess. The advantages and disadvantages of combined blowing
have been presented. All known combined blowing processes
have been presented. Hot metal pretreatment has been discus-
sed and hot metal pretreatment-processes combined with com-
bined blowing have been presented. Further economical as-
pects both in pretreating hot metal and in steelmaking with

combined blowing have been discussed.

Combined blowing is a new era of steelmaking. It gives more
flexibility, lower production costs and better steel quali-

ty. All presented combined blowing processes are suitable

for Indian conditions. Pretreatment of hot metal should be @
done to decrease the slag-amount in the converter. Also the
separation of blast furnace slag should be done carefully in
order to avoid charging of BF-slag into the converter. Due
to the very specific Indian conditions an installation of

combined blowing system should be done and in that way

collect data for further development.
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2.1 BACKGROUND

Already in the late sixties, tests started at MEFOS with
permeable elements in the bottom of a 6-tons LD-converter to
improve agitation in the bath. Since than a great develop-
ment of bottom gas injection has occured all over the

world. To a very great extent LD-converters have been trans-
formed into combined blown converters. As an example, in
Scandinavia today 8 converters out of 10 have been trans-
formed to combined blowing, five of these operating with

tuyeres and three with permeable blocks.

On the bases of a SAIL-proposal for one of the 100/130 t
converters at Bokaro, MEFOS has designed the complete sys-
tems for CTBB.

2.2 GENERAL METALLURGICAL ASPECTS WHEN INTRODUCING CTBB

A number of advantages are generally achieved, when changing
from normal LD-operation to CTBB (Concurrent Top and Bottom
Blowing). It is important to state that this means a simpli-
fication of the operation not a complication. In the follow-
ing chapters the main differences will be explained, compar-
ing LD with CTBB.

2.2.1 Iron oxide content of the final slag

The Fetot-content in the slag at turn down will be reduced
with CTBB. The stirring is much improved and mixing time is
reduced to about 40 seconds compared to LD about 90 se-
conds. The table below shows the normal decrease of Fegpt

as a function of turn down carbon.

% C 0.08 0.06 0.04
LD-Fetot 13.2 16.7 22.5
CTBB—Fetot 8.8 11.5 14 .2




The improved stirring also normally gives a reduced Fegqt

in the slag during the blow.

2 2.2 oOxyqen content of the steel - vield for alloying

element

The oxygen content of the steel will be drastically decreas-
ed with CTBB. Due to dilution of the produced CO-gas the de-

crease of oxygen compared to LD will be as follows:

% C 0.08 0.06 0.04
A ppm oxygden 20 100 250

Normally the product %C x %0 1s as follows:

LD %C x %0 = 0.0040 |
CTBB 3%C x %0 = 0.0020

This decrease in oxygen content will result in lower con-

sumption of alloying elements in a normal range of:

AL: 0.02-0.3 kg/ton of steel
FeSi: 0.2-0.3 kg/ton of steel
FeMn: 0.2-1.0 kg/ton of steel

2.2.3 Slag formation, P- and S-refining

CTBPB gives better stirring and a faster dissolution of lime
with improved contact between slag and metal. This results
primarily in a better lime yield. Therefore normally the
limeconsumption is decreased, in the range of 5 kg/ton. Nor-
mally the phosphourus content is slightly reduced and sul-
phur reduced with 0.002-0,005%.

2.2.4 Process control

When refining CTBB the process is closer to equillibrium.
This gives less overoxidization of the slag and the risks

for slopping and scullformation decreases, resulting in

better control and higher metallic yield.




2.2.5 Scrapmelting capacity

CTBB gives less oxidization of Fe to the slag and together
with a cooling effect from the purging gas a marginal de-

crease of the scrapmelting effect will occur. The improved
stirring gives a faster scrapmelting pattern which resuilts

in the possibility to melt bigger pieces of scrap.

2.2.6 Lining wear

The lining wear rate will decrease in the wall of the vessel

since the iron oxide content of the slag can be decreased.

The wear rate of the bottom will however increase due to in-

creased stirring and turbulence around the bottom elements.

The location of the bottom elements is also done in such a !
way that consideration is given to the penetration area of

the oxygen lance and the wear rate of the wall. Normally a

higher quality of refractories are installed in the bottom

so that the overall campaign lengths will be longer when in-
troducing CTBB.

2.3 MEDIA SYSTEM

The CTBB system involves a system for injection of nitrogen
(N2) alternative argon (Ar) through 6-8 bottom elements in
one 100/130 t converter at Bokaro. The system is designed in
such a way that both permeable blocks and high pressure
MEFOS-tuyeres can be used. Initially the plant will use per-
meable blocks while the enclosed design is laid out for this

alternative. Component list is enclosed.




2.3.1 Technical description

The design flow sheet and logistics schedule 1s shown in the
enclosed drawing (Calor Celsius 3011-4014-1:1). Incoming
nitrogen resp. argon at a delivery pressure of 18 bar 1is
controlled with shut off valves (double valves with depres-
surizing out of the valve station room with a third valve).
The N.,- resp. Ar-system can also ke manually closed or open-

2
ed with hand operated shut off valves.

The pressure reduction for respecitive gases are done with
remote controlled pressure reduction valves with the pres-
sure range 2-8 bar. The separate lines are then connected to
a central line where the total flow rate measurement 1is in-
stalled. Thereafter follow eight individual lines. In these
lines the flow rates are controlled and measured. The eight
lines are then connected to a rotary joint. The rotary joint
is shown in the enclosed drawing. Ten connections are made,
since two spare connections will be used for elements 1in the
tap hole region. From the rotary joint the connection to the
elements are made via a connection block and compensators

for each element according to enclosure.

Dimensioning date for the piping system:

Total maximum flow rate: 0.15 m3n/ton-min

Total maximum flow rate per element line: 200 m3n/h

Normal flow rate per element line: 0.05 m3n/ton-min
Reduced pressure range: 2-8 bar
Gas temperature of N2 and Ar: min. 0°C

max. 45°C




2.3.2 By-pass system

When tuyeres are used as bottom elements it is essential to
always maintain the minimum gaspressure during blowing,
charging, tapping etc. The by-pass system is also a safety
system for example at failure in the electrical supply. The
minimum pressure for the Bokaro-converter we recommend to be

3.5 bar backpressure for each element.

The by-pass system is initially only connected to the nitro-
gen line, however space should be made available also to
connect the argon line in the future when argon also will be
available. The distribution for each individual line 1is ad-

justed before start up of a campaign.
2.4 INSTRUMENTATION AND CONTROL
The system can be controlled with three basic systems,

2.4.1 Conventional analog requlation equipment with relay
system

The system is controlled via a relay pulpet located accord-
ing to enclosure. The operator adjusts pressure and flow
rates from controllers in the pulpet. The pulpet must be in-
clined according to enclosure, since the controllers must be
installed with a maximum andel of 30° to the vertical

plane. All flow rate measurements of orifice type have sepa-

rate compensation for temperature and pressure. Compensation

for the type of gas media is not done.




2.4.2 Computer based system

A microcomputer is used for logistics for the valve station
and control of preprogrammed blowing programs. All compensa-
tions of flow rate measurements are done by the computer.

Raw signals are treated in the computer and the flow rate is
presented compensated for pressure, temperature and type of
media. The system can be operated in both auto and manual

modes. One disadvantage is that if failure occur in the com-
puter system regulation of the system is not possible. This

means that only blowing via the by-pass system is possible.

2.4.3 Combination of conventional and computer based control

This system means that the logistics are based on the con-
ventional system according to alternative 1. The computer is
only used to automatically give signals to the regulators
for preprogrammed blowing programs and to compensate flow-
rate measurements for type of media. This system will ful-
fill all safety aspects and means that if computer failure
occurs the blowing will proceed with the last set points and
regulation is done via the relay system. For the Bokaro-
situation we recommend this system. If this system is used
for the first installation the staff will gain experience
with control from computer based system. For future install-
ation it is probable that completly computer based control
will be installed.

Component list for this alternative is enclosed.

Since instrumentation ailr 1s not available in the Bokaro

plant, nitrogen is used accordinc¢ to enclosure.




2.5 IMPLICATION FOR CHANGE OVER TO TUYERE BASED PURGING
SYSTEM

In the future we see advantages for Bokaro to use tuyeres as
purging elements. These can easily be produced in the plants
own workshop. The type of tuyeres should be annular slit
tuyeres of MEFOS-type with a plugged inner tube, using an

increased back pressure.

When changing over to tuyeres, minor changes have to be done
in the system. Parts in the pressure reduction valves and
the regulation valves must be changed. Also the by-pass
system will have to be adjusted, to assure a back pressure

before the tuyeres. Also minor changes can be needed for the

connection to the elements in the converter bottom.

2.6 SPARE PARTS

Recommended spare parts for the control equipment are as

follows:

1 Pressure transmitter type AEC 200

1 Alarm unit type RMG 19

2 Diff-pressure transmitters type AEI 200
2 Electronic controllers type Protronic PS
2 Indicator type Ha 72/240

2 I/0-converters type TEIP

1 Measuring amplifier type TEU 6

1 Control valve Masoneilan Micro Pac

2 Supply unit type TZN 123 with square roof extraction
1 Computing unit type TZA 305

1 Resistance thermometer Pt 100 ohm

1 Integrator type TZIF 3




For computer system we recommend the following spare parts:

1 SattCon 31
1 ROM 30
RAM 30
24V5ARC
PIOB
PBAD

PSB

ICA 420
OCAH 420
IDPG 48
ORG 24
vT 101

P U S T T T T T B )

2.7 COST ESTIMATIONS
The costs for the system depend very much on the alternative
used for control strategy. For the complete system including

erection the cost is estimated as follows:

Alt 1

Conventional analog regulation equipment with relay station.
MSEK: 3.8

Alt 2

Computer based system with possibility of manual operation
(computer based).
MSEK: 3.8

Alt 3

Alt 2 and alt 2 in combination.
MSEK: 1




If two extra element lines are included an extra cost esti-

mated at SEK 50 000.

If the by-pass system for argon is included an extra cost of

SEK 40 000 will accrue.

The extra cost for suggested spare parts are estimated at
SEK 200 000.

This costestimation is based upon the valve station being

built in Sweden and then transported and erected in Bokaro.
Transportation cost is also included. The valve station is

installed in a steel container and totally prefabricated.
installation of instrumentation and control equipment are,

to a major extent done at Bokaro. It is also forseen that
the modifications on the existing converter bottom are done

by the plant (drilling of holes). Operation assistance and
consultation after performance test are not included. Educa-

tion and training programme are also not included.
2.8 SLAG ARRESTER SYSTEM

2.8.1 Background

The amount of furnace slag carried over from the converter
into the ladle have a harmful effect on the steel quality
and on the subsequent ladle treatment e.g. on desulphuriza-
tion, deoxidation and yields of alloying elements etc. An
effective metal and slag separation before, during and after

the tapping of the vessel would greatly increase the possi-

bilites of a successful ladle operation.




2.8.2 Methods

To be able to reduce slag carry over to the ladle different

methods have been used. The following systems can be used:

Before During After
Slag raking Inner: Ball Slag raking
Stiff slag Plug Suction
Fleet
Gaspurging

Outer: Mechnical stopper
Pneumatic stopper
Sliding gate

Intermediate ladle !

Schematic principles for some different systems are shown
below.
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Sliding gate stopper

For slag arresting the tapping can be divided into three
periods:

Period 1: The first slag will come when the furnace is
tilted.

Period 2: During steeltapping slag will entrap during the
hole period.

Period 3: At final tapping slag will also flow through the
taphole.

The flowrate of slag during tapping has been measured at
MEFOS using radioactive tracers. The result is shown in the
figure below.




pod 1 | period 2 __L_roeriod 3
|

L
| W

!

TAPTING TIMNE

7Y

MEASURED ACTIVI

During tapping a vortex is formed above the taphole that re-
sults in entrapped slag during the second period. This vor-

tex can be minimized by purging gas via permeable blocks or
tuyeres around the taphole.

An important factor when usiig slag stoppers is the indica-

tion of the moment when the taphole should be closed. Such a

system has been developed by the company Studsvik Energi-
teknik AB. The method has proven successful and is fo
ple used at SSAB, Oxelosund.
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TillguisT

Offert nr

34-PA-5004.1

Blad nr

1

Pos

Antal

pcs

Spec

INSTRUMENTATION AND CONTROL SYSTEM
SPECIFICATION:

Main line Ar and No
PI101, PI201, PIT11, PI211

Manometer type WIKA 2040

Connection: R 1/2"
Diameter: 100 mm
Range: 0...25 bar

PT102, PT105, PT202, PT205

Pressure transmitter type AEC 200

Connection: 1/4" NPT
Output: 4...20 mA
Supply voltage: 24V DC
Range: 0...40 bar
Data sheet: 15-2.62
3-valve block

Data sheet: 14-5.31
Alarm unit type RMG 19
Input: 4...20 mA
Output: 2xrelay
Data sheet: 61-6.11

PV105, PV205

Control valve type Masoneilan Camflex II
To be clamped between pipework flanges

Material: stainless steel
DN 1"
Dimension data: P1 18 bar
Pz & bar
T +10...+40°C
Cy 3,32

PIC105, PIC205

Electronic controller type Protronic PS

Input: 4...20 mA
Output: 4...20 mA
Supply voltage: 220V 50 Hz
Data sheet: 62-5.15

Pns per enhet




. TillguisT

T Offert nr Blad nr

Calor-Celsius AB 34-PA-5004.1 2
Pos Antal Spec Pns per enhet
pcs

PI102, PI202

2 Indicator type Ha 72/240
Input: 4...20 mA
Frontframe: 72x72 mm

PX105, PX205

2 I/P-converter type TEIP

Input: 4...20 mAa
) Output: 3...15 psi
: Power supply: 1,4 bar

Data sheet: 18-3.11

-J Total flow
FE301
1 Orifice DIN 1952
DN 80, PN 40
Material: carbon steel/stainless
steel
Length: 65 mm
Pressure connection: R 1/2"
FT301
1 Diff-pressure transmitter type AEI 200
:9 Connection: 1/4"™ NPT
A Output: 4...20 mA
Supply voltage: 24V DC
Range: 0...25 mbar
Data sheet: 15-2.67
3 1 3-valve block
Data sheet: 14=5.31
TE301
1 Resistance thermometer Pt 100 ohm
Connection: R 1/2"
Insertion length: 100 mm
Diameter: 13,5 mm

Material: stainless steel

150
poy 2




T ! Oftert ne Blad ne

Calor-Celsius AB 34-PA-5004.1 3
Pos Aty Spec Pns per enbet
pcs
TT303
1 Measuring amplifier type TEU 6

Input: Pt 100 ohm
Output: 4...20 mA
Range: 0...100°C
Power supply: 220V 50 Hz
Data sheet: 11-1.12
FX301.1

C@ 1 Computing unit type TZA 305
Input: FT301 4...20 mA

TE301 4...20 mA

— PT105 4...20 mA

= Output: 4...20 mA

LA Range: 0...1200 mm3/h
Power supply: 220V 50Hz

IP20

Data sheet: 18-5.14
FX301.2

1 Supply unit type TZIN 123
with square root extraction

Signal span: 4...20 ma
Power supply: 220V 50 Hz
Data sheet: 18-8.30
\s
‘9 FI301
1 Indicator type Ha 72/240
. Input: 4,..20 ma
‘) Frontframe: 72x72 mm
‘ Scale: 0...1200 mm3/h
FQ301
2 Integrator type TZIF 3
Input: 4,..20 mA
Power supply: 220V 50 Hz

Data sheet: 18-1.21

HIT 150
ty 2
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Oftert rv Biad nr
Calor-Celsius AB 34-PA-5004.1 4
Pos Antat Spec Pns per enhet
pcs
By-pass line N,
PI305
1 Manometer typ WIKA 2040
Connection: R 1/2"
Diameter: 100 mm
Range: 0...25 bar
FIT306
1 Flowmeter type BGN-E,manufacturer Heinrich
Connection: 50 mm
Output: 4...20 mA
Range: 29...290 m3/h
FI306
1 Indicator type Ha 72/240
Input: 4...20 mA
Frontframe: 72x72 mm
Bottom blowing lines
PI12, PI22, PI32, PI42, PI52, PI62,
PI72, P182
8 Manometer type WIKA 2040
Connection: R 1/2"
Diameter: 100 mm
Range: 0...25 bar
pT11, PT21, PT31, PT41, PTS51, PT61,
PT71, PT81
8 Pressure transmitter type AEC 200
Connection: R 1/2"
I Output: 4...20 mA
Supply voltage: 24V DC
Range: 0...40 bar
Data sheet: 15-2.62
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Pcs 1 Antas Spec [ Pns per anhet
pcs
TE302
1 Resistance thermometer Pt 100 ohm
Connection: R 1/2"
Insertion length: 100 mm
Diameter: 13,5 mm
Material: stainless steel
TT302
1 Measuring amplifier type TEU 6
Input: Pt 100 ohm
Qutput: 4,..20 mA
Range: 0...100°C
Power supply: 220 V 50 Hz
Data sheet: 11-1.12
FE10, FE20, FE30, FE40, FE50, FE&O0,
FE70, FEBO0
8 Orifice DIN 1952
DN 25, PN 40
Material: carbon steel/ stainless
steel
Length: 65 mm
Pressure connection: R 1/2
FT10, FT20, FT30, FT40, FT50, FT60,
FT70, FT80
8 Diff-pressure transmitter type AEI 200
Connection: 1/4" NPT
Qutput: 4...20 mA
Supply voltage: 24V DC
Range: 0...25 mbar
Data sheet: 15-2.67
8 3-valve block
Data sheet: 14-5.31
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Calor-Celsius AB 34-PA-5004 .1 6
Pos Antai X Pris per enhet
pcs
FX10.1, FX20.1, FX30.1, FX40.1, FX50.1
F¥60.1, FX70.1 FX80.1
8 Computing unit type TZA 305
Input: FT 4...20 ma
PT 4...20 mA
T 4...20 mA
Output: 4...20 mA
Range: 0...120 mm3/h
Power supply: 220 v 50 Hz
IP 20
Data sheet: 18-5.14
FX10.2, FX20.2, FX30.2, FX40.2, FX50.2
FX60.2, FX70.2, FX89.2
8 Supply unit type TZN 123
with square root extraction
Signal span: 4...20 mA
Power supply: 220 Vv 50 Hz
Data sheet: 18-8.30
FIC10, FIC20, FIC30, FIC40, FICS50
FIC60, FIC706, FIC80
8 Electronic controller type Protronic PS
Input: 4...20 mA
Output: 4...20 mA
Supply voltage: 220 vV 50 Hz
Data sheet:
8 I/P-converter type TEIP
Input: 4...20 ma
Output: 3...15 psi
Power supply: 1,4 bar
Data sheet: 18-3.11
4 Alarm unit type RMG 19
Ingut: 4...20 ma
Output: 2xrelay

Data sheet: 61-6.11
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Calor-Celsius AB 34-PA-5004.1 7
Pos Antal Spec Pris per enhet
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FV10, FV20, FV30, FvV40, FV50, FV6O,
Fv70, FV80

8 Control valve type Masoneilan Micro Pac
To be clamped between pipework flanges
Material: stainless steel
DN 1"
Dimension data: P4 6 bar
Pz 2,5 bar
Omax 96 mm3/h (Cv 1,01)
Omax 200 mm>/h (Cv 2,3)
T +10...+40°C

¢

PT13, PT23, PT33, PT43, PTS53, PT63,

—_— PT73, PT83

Yy

-8 8 Pressure transmitter type AEC 200
Connection: R 1/2"
Output: 4,..20 mA
Supply voltage: 24V DC
Range: 0...40 bar
Data sheet: 15~-2.62

PI13, PI23, PI33, PI43, PI53, PI63,

Data sheet:

PI73, PI83
8 Indicator type Ha 72/240
Input: 4,..20 mA
Frontframe: 72x72 mm
PA13, PA23, PA33, PA43, PAS3, PA63,
PA73, PAB3
4 Alarm unit type RMG 19
Input: 4...20 ma
Cutput: 2xrelay

61-6.11

Central control room

Control section
including:

10 controllers
12 indicators

2 integrators

1800 x 800 x 1050 mm

4 alarm modules
4 panel switches
26 control lamps

T ten
U 2
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2.2

pcs

1

Relay cabinet
including:

- alarm
- power

units (RMG 19)
supply (24Vv DC)

- computing units (TZA 305)
- terminal, wires and circuit breakers

COMPUTER SYSTEM

Hardware

PCR31, SattCon31, central unit

ROM30, ROM-memory board

RAM30, RAM-memory board

24V2ARC, Power unit f&6r ORG 24

Zu1, Automatic circuit breaker

SAK2.5, Terminals connected to interface

CAB2080, Cabinets containing all items
specified above

MC80, Cassettrecorder with interface

Printer DEC LA 12 with keyboard

Netcorrector NET C002

VT 101 screen with keyboard, digital

Standard

software

SattCon 31 Standard monitor with program

options:

- PHYS 31, Physical units

- TEX 31, Alarm texts

- CONT 31, PID-controller modules

- LIM 31, Limiter modules
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Spare parts

Pressure transmitter type AEC 200
Alarm unit type RMG 19

Diff-pressure transmitter type AEI 200
Electronic controller type Protronic PS
Indicator type Ha 72/240

I/0-cenverter type TEIP

Measuring amplifier type TEU 6

Control valve Masoneilan Micro Pac

Supply unit type TZN 123 with
square root extraction

Computing wunit type TZA 305
Resistance thermometer Pt 100 ohm

Integrator type TZIF 3

Spare parts, computer system

SattCon 31
ROM 30
RAM 30
24V5ARC
PIOB
PBAD
PSB
ICA420
OCAH420
IDPG48
ORG24

VT101
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DEVELOPMENT OF MEL TO PILOT-PLANT

The equpiment in MEL can be characterized as ver ood

in the following departmencts:

- Oxygen plant

- Converter plant

- Continuous casting
- Ingot casting

- Chemical lab

- Smelting furnaces

The equipment is less good in the following

department:

- Melting of metallic charge, that is the cupola
furnace.

Absence of EAF-furnace.

The equpiment is too big to be used exclusively as
pilot~-plant equipment. The costsz for pilot-plant
operations would be far too high.

Development work must be combined with production in

ordinary around-the-clock operations.

For production, a suitable steel grade must be select-
ed. The SAIL R/D proposal of stainless steel produc-
tion 15 a good choice because the following depart-
ments can be well utilized:

Converter department

Casting department

Oxygen plant, with Axr production

I

Laboratory




4. A rough material balance for two cases is presented 1in
the following tables. As can be seen, the need of iron

varies considerably.

For MEL a raw material policy maximizing the need of
iron could, in principle, be chosen, for example as
shown in Table 1. However, this iron, coming from the
smelting furnaces would be expensive and not really
suitable due to high phosphorus cortent. At the same
time the policy according to Table 1 maximizes the use

of primary nickel which 1is an additional disadvantage

costwise.
Table 1 - Material balance 1 ton stainless.
C [Sij Mn [Cr [Ni| Fe
10% Domestic scrap
N10O 91 72 90% New alloy
Ch Cr 55 294416110 162 106
Scrap 100 1.5 18 8} 74
FeMn 75 17 13 4
Fe 512 512
101416 10]14.5|180|80(6%6

Raw material policy of the type presented in Table 2 carn be

accomplished by using secondary nickel and steel scrap for
the required iron balance.

The raw material policy according to Table 2 calls for an
EAF to be installed.

Table 2 - Material balance 1 ton stainless.

C |Si| Mn [Cr [Ni{Fe 40% Stainless scrap

60% New alloy
40% scrap |400 2] 5 721321289
HC Cr 55 196[13| S 108 70
FeNi 24 200 481152
HC FeMn 70| 14 10 q
Fe 185 185

995161015 180(80{700




For pilot-plant operation in converters the input

material must satisfy specifications in a wide range.
This cannot be done with the smelting furnace and the

cupola furnace.

For pilot-plant operations in MEL an EAF furnace is
necessary to provide the converter with specified in-

put material.

Stainless steel production as well as pilot-plant ope-

ration calls for installation of an EAF in MEL.

The need of an EAF in MEL must be stressed in a most

explicit way.

With an EAF, MEL can be developed to a major metallur-
gical unit for stainless production and also to a ver-

satile pilot-plant.

Without an EAF none of these objectives can be accomp-

lished 1in an economically suitable manner.

The size of the EAF should be 30-35 tons, 4000-4Z00 mm
shell diameter. This size corresponds well with the

converters either in LD or CLU/AOD operations.

The purchase of such EAF is easy today because a great
number of such furnaces have been laid down in
Europe. Most of these are first class equipment, fully

equivalent to new ones.

The purchase and commissioning should be made by
financial support from aid agencies (UNIDO, SIDA
etc.). Reference is made to suggestions formulated in

discussions with Dr. Nijahwan, UNIDO.




10.

For development of MEL to a pilot-plant demonstration
unit more instrumentation and process control is ne-
cessary, primarily in the converter department. Mea-
surement systems for gases and solids must be included

as well as multi input/output process control systems.

The developed MEL plant will then have the following

activities:

- ctainless steel production in EAF-ccnverter-cc/ingot

casting production route.

- Ferro alloy production in smelting furnaces for sale

and for use in stainless production.

- Pilot-plant testing of metallurgical processes in

intermittent operations.

Additional equipment and investments include:

- EAF furnace 30-35 t capacity.

- The oxygen plant completed with argon recovery unit.

- Some modifications of material handling systems




Enclosure 1

Maharastra Electrosmelt Ltd Chandrapur

Visit on December 10, 1984.

Visitors:

Dr. Mikael Brunner, MEFOS
Dr. VA. Venkatadri, SAIL, Ranchi

MEL:

Mr. C.R. Subramaniam, Reginal Manager

Mr. S.S5. Hemmady, General Manager (Works)

Mr. A.K. Podey Dy, General Manager (Services)
Mr. Deilip-Shirami, Steelmaking

Mr. S.G. Karande, Quality Control

Mr. Prit Pal Singh, Maintenance

BACKGROUND

The company was established in the late seventies as a
steelmaking company based on the process route Electric
smelting-BOF-cc/ingot casting. However, the Electric Smelter
furnaces were first used for ferroalloy production. Ever
since the start of operations FeMn was produced and this
production continues on today, although at a reduced rate

due to present price structure, (energy), and market situa-
tion.

Hot metal production commenced in 1981-92 but was laid down
after about 6 months of operation, also due to increased
energy costs. The price of electric energy rose from 12
paise to 63 paise per kWh.




The hot metal production for steelmaking was not suzcess-

ful. Hot metal composition varied with subsequent difficul-

ties at the BOF.

The greater part of the equipnent is now idle and the compa-
ny is looking for alternative activities including alloy
steel production, (stainless), and research and development
work for SAIL.

The purpose of the visit was thus to look at the equipment
as a potential stainless steel producer and as a potential

pilot-plant for develpoment work.

Oxvgen plant

Cry Plants Ltd. UK.

1100 Nm302/h, 1980 N, /h

36 m3 liquid oxygen storage tank

2 x 3000 m3, 30 bar gaseaus O, storage

Ar-outtake connection is included but not Ar tapping faci-

lities
Cupola furnaces

Cold blast furnace, two units, Max 10% steel scrap can be
melted besides pig-iron.

1900 mm inside diameter.

Contains about 30 t metal + coke + slagformers when filled.
Capacity: 15 t/h when operated, 150 t/day brutto.

One cupola is operated one day. Tapping 5 t/20 min.
Charging crane 5 t.

Max pieces weight: 70 kg.

Hot metal reciever capacity: 20 t. Reciever gas or oil
fired.

Blast pressure 750 mm water gauge.

Cupolas are operated 1 day each with alternation.




P in pig to be melted 0.25-0.30
P in hot metal 0.35

P in ordinary c<oke 0.18 P

Coke rate in cupola 20% of charge.

(P in coke corresponding to 0.036% pick-up.)
P in HM from ELKEM furnace 0.12%.

CC-plant

Two strands.

Cold tundish 2.5 t capacity.

6 m radius. Curved mould. Concast type.

100 x 100 mm and 120 x 120 mm has been used.
Max dimension: 180 x 220 mm.

Oxygen torque cutting.

Rape-seed o0il lubrication, N2 shrouding.
Handgrinding machines for billets.

Coolingbed, 10 t magnetic lift crane.

Ingot casting

130 kg ingots. Uphill casting.
Double moulds.

About 100 ingots are arranged in 4-5 groups.

Smelting furnace No. 1 (Hot metal producer)

ELKEM-type
200 t HM per day.
2600 kwh/tHM, 3000 kWh/t FeMn

Transformer data see 6 a.




Cconversion from FeMn to hot metal included some modifica-

tion of taphole and "washing out" rests of Mn.

Difficulties during 6 month operation:

- High Mn-content at beginning

- Low tap-temperature

- High and variating Si-content, variations 1.1-3.0%

Gas cleaning. Gas used as fuel.

Casting of FelMn:

a) Sand beds
b) Water cooled moulds

Chemical lab

Philips PU8300 parallel instrument.

15 channels, 1.5 min analyse time.
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3.1.1 INTRODUCTION

A static control model is probably the most valuable tool
for achieving an acceptable process control. An improved
process control of LD-steelmaking results in a lot of
different improvements; not only on productivity but also
for quality, refractory wear, etc. This study glves a
general description of the design of the static control

model used.

3.1.2 BENEFITS OF LD STATIC CONTROL

The major benefits of the introduction of a static control

model are:

- the time and accuracy for operators preparing calcu-
lations and control work are improved

- logging and record preparation work are eliminated

- hitting rate of the process is increased and the
amount of reblown and overblown heats are reduced,
resulting in improvements in iron and alloying
yields

- productivity is improved due to reduction in down-
time and improvements of hitting rate

- control and development work for engineers are much
simplified due to the fact that all information 1is
saved in a database, which can be presented in re-

ports or can be studied statistically.

Besides these major benefits, LD process control has a lot
of metallurgical and process technical advantages and some

of these are summarized below:




- Process control of oxygen flow lance height, (bottom
gas flow) and additions result in all operators
using the same blowing techniques. Operator mistakes
are almost prevented.

- The stopping and variation of iron content in the
slag is reduced with an improvement in iron yield.

- Variations in hot metal analysis, hot metal tempera-
ture can be overcome more easily since the model
calculates the blow and additions according to heat
and massbalances.

- An uniformed blowing practice improves also the
possibilities of an economical and metallurgical op-
timization of the process and to improvement of
steel quality.

- Computer calculated alloy additions, with considera-
tion to the yield related to steel grades, result in
8-10% less reclassification of steel grades compared
to manual alloy calculation.

~ LD process control by computer is a demand if and

when, continuous casting in sequence is introduced.

3.1.3 MAIN FUNCTIONS OF THE SYSTEM

A schematic picture of this kind of system is given (Appen-
dix 1). The system should be connected to the hot metal sta-

tions, the scrap yard and secondary steelmaking stations.

The following main functions are performed:

- data collection
- charge and alloying calculations
- operator guidance and automatic control

- report generation




3.1.3.1 Data collection

No process control can function without an efficient data
collection. This is mainly carried out by direct communica-
tion between the computer and the process, e.g.; the tempe-
rature of the hot metal and the tapping temperature are mea-
sured by analog input and evaluated by a sampling algorithm
with a digital filter, and the analysis results are fed into
the computer by on line connection with the laboratory com-
puters etc. This leads in a minimum of manually input data

which improves the reliability of the data.

3.1.3.2 Change and alloying calculations

A typical calculation sequence of a charge is shown in
Appendix 2. At first the operator determines the desired
amount of scrap by doing a scrap calculation. The next cal-
culation, hot metal calculation, gives the desired amount of
hot metal. This calculation is based on the actual scrap mix
if the scrap loading is finished, otherwise a predicted

scrap mix is used.

Before the blow starts the operator makes the first charge
calculation to determine the amounts of oxygen, charge addi-
tions and coolant materials. This charge calculation is
based on an estimated hot metal analysis.

After start of blow a first alloying calculation is perform-
ed in order to give the alloying man the amounts of alloying

materials to be scaled. This calculation is based on the de-

sired end point analysis.




When the actual hot metal analysis 1is transmitted from the
laboratory computer the charge calculation is executed to
modify the preliminary recommendations. (If sublance is used
about 2 minutes before blowend the bath solidus temperature
is measured without interrupting the blow. The carbon con-
tent is then predicted from the measured solidus temperatu-
re. Then the oxygen quantity, and if required, the coolant
quantity to be supplied until blow end, are decided by using
an extra dynamic control model to attain the aim temperature

and carbon content.)

At blowend a sample is sent to the laboratory and the tempe-
rature is measured. Depending on accuracy and steel grade
the operator either waits for the analysis result or he
starts tapping at once. When the analysis result is trans-
mitted the alloying calculation is automatically initiated
and the resulting alloy mix is displayed on a terminal at

the alloying stand.

When all necessary results from the charge are available a
post-charge calculation is made to adapt the static model
(and dynamic control model) to the real results. In a

similar manner a post-alloying calculation is executed.

3.1.3.3 Operator guidance and automatic control

For practical reasons some of the functions should be opera-
tor guided and others computer controlled by means of set
point control. However, all automatic controls should be

possible to overrule by the operator.

The operator guidance calls for adequate manmachine communi-
cation; for example 8-colour terminals in LD control rooms

and video display terminals in ot‘.er stations. The following
is a description of how the system normally is used for gui-

dance and control during the main phases of a charge.




Scrap handling

The scaling of scrap is guided by instructions on a terminal
in the scrap cranes and the actual weights of the scrap are
measured and stored. Deviations between desired and obtained
weights of the first scrap qualities are compensated by ad-
justments in the following scrap qualities in order to get

the best possible scrap mixture.

Hot metal handling

At the hot metal stations, terminals are used to guide the
operators when they are preparing a hot metal ladle to be
charged. The amount of desulphurization agent and the amount
of hot metal are displayed. The operator has to make a tem-
perature measurement and initiate a weighing of the ladle
before he can use the terminal for the next charge. (The
temperature is evaluated by the computer, and the hot metal
weight is transmitted to the system from the electronic
scale of the crane.) This manner of operation ensures that
the furnace operator has the necessary data about the hot

metal when he starts the blow.

Charge control during the blow

Once the operator has started the blow, the whole blowing
period is automatically controlled by the system. The bath
level is determined and the lance height pattern is automa-
tically chosen and controlled. Burnt lime, fluxing agents
and cooling agents are automatically scaled and added at
different times during the blow, based upon the charge cal-
culation. The converter operator has the option to choose a
manual mode of operation and use the system as operator

guide during the blow.




Alloying

On the terminal at the alloying stand the end point analysis
and the desired crude steel analysis are displayed. The re-
commended amount of alloying materials is also available.
when the actual end point analysis is transmitted from the
laboratory the alloying model is automatically started, and
the result is immediately displayed on the screen. The
operator then has the possibility to make some final adjust-

ments in the alloying mix.

3.1.3.4 Report_generation

A computer based process control system gives the possibili-
ty to produce automatic reports. The advantage with an auto-
matic report is not so much the amount of data as the quali-
ty of the data. The generation of the reports can either be
event controlled or operator initiated. Appendix 3 shows an

example of reports produced at a swedish steelplant.
Event controlled reports.

There are four reports automatically initiated by events in
the process. The first is a status report to the production
control computer system, which indicates whether the LD is
in the blowing or tapping phase. After each charge two re-
ports are printed on a pre-printed form, namely a charge re-
port and a charge log. The charge report contains informa-
tion about the charge traditionally found in most steel-
works. The charge log is a consecutive log with important
events and process variables during the charge. Finally a
charge data report is transmitted. This report contains
about 500 various data about the charge, which are to be
stored in the central computer. These data are combined with'
data from other parts of the steelworks to produce a produc-
tion report for each month and for each refractory lining
campaign. The data are also available for research and deve-
lopment purposes and for static and dynamic model develop-
ment.




Operator initiated reports

The operator always has access to updated production statis-
tics reports. These reports contain updated production sta-
tistics such as number of charges, average material consump-
tion per tonne steel, averzge analysis and temperature, time
accounting etc. These statistics are aggregated per shift

and per week, and are available for the last 54 weeks.

Each of the more than one thousand data stored about every
charge can be displayed in a semi-graphic report with values

from the last 1500 charges.

3.1.4 MODEL DESCRIPTION

3.1.4.1 Equations

Primarily, the model consists of a heat balance, an oxygen

balance, a balance for burnt lime and a mass balance. There
is also an equation that gives a desired value for the basi-
city (SiOZ/CaO) of the final slag, depending on the sulphur

input and the desired sulphur content in the steel.

In the primary equations there are unknown values for slag
weight, iron content in the final slag, and the oxidation
ratio of the iron oxide in the final slag. These values are

calculated with "secondary" equation.

The primary equatinns consists of chemical-physical rela-
tionships with some empirical corrections. The equations for
calculation of desired slag basicity, iron content in slag
and iron oxidation ratio are, on the other hand, derived

from statistical data.




3.1.4.2 Use of the equations

When the charge calculations are performed the basic equa-
tions are solved to calculated amounts to be charged. In the
calculations made at different phases in a charge, the basic
equations are grouped together and solved in different ways
suitable for the desired results. Each calculation can be
made several times as materials are weighed and desired
values are exchanged with measured values. This concept
makes the model flexible and makes it possible to adapt the
model to different plants with different material flow, time

relationship between scrap and hot metal weighing etc.

As earlier described, the model is normally divided into

four calculations, namely

a) Scrap calculation

b) Hot metal calculation
c) Charge calculation

d) Post-charge calculation

3.1.4.3 Scrap calculationn

The scrap calculation gives primarily the desired amount of
scrap, but also the amount of crude steel in the vessel,
slag amount, preliminary hot metal amount and predicted
scrap analysis. Inputs and outputs of the model, see Appen-
dix 4 and 5.

3.1.4.4 Hot metal calculation

The hot metal calculation is normally made after the scrap

is scaled, but it can also be executed before.

The calculated variables are: desired value of agents for

desulphurization, slag amount and preliminary desired value

of burnt lime. If scrap weighing is finished the scrap ana-
lysis is calculated. Inputs and outputs of the model, see
Appendix 4 and 5.




3.1.4.5 Charge calculation

The charge calculation is made when the blowing starts, but
it can also be made later, e.g., when the hot metal analysis
arrives. The values calculated are the desired amounts of
oxygen, burnt lime, fluxing material and cooling material.
In addition the desired basicity and iron content in the
slag, the amount of slag and crude steel in the vessel, the
heat loss from the vessel before the charge, the heat defi-
cit in the lining after the charge and the scrap analysis

are calculated.

The charge calculation can also be started by entering a

predetermined amount of burnt lime.

An estimated sulphur analysis is output, if the desired sul-

phur content in the steel will be exceeded.

If the charge calculations is run before end of blow the re-
sult is stored in two separated positions in the computer.
In this way the last usable recommendation from the model is
saved, even if the recommended values are changed manually.
This is helpful for model development and coefficient ad-
justment. Inputs and outputs of the model, see Appendix 4
and 5.

3.1.4.6 Post-charge calculation

The post-charge calculation is automatically started, when
the first end point analysis or the slag analysis arrives
via tele link. When end point analysis arrives the oxygen
and heat balances are corrected, while slag analysis also
gives correction of burnt lime, iron content in slag and
slag weight equations. Inputs and outputs of the model, see
Appendix 4 and 5.




3.1.4.7 Off-line model development

The LD system should include facilities for off-line testing

of the static model against historical charge data.

In this way it is possible to test modifications in the

model without disturbing the on-line system.

3.1.5 DYNAMIC CONTROL MODEL

If the static control model is complemented with sublance
the control models and the technique for dynamic control can

be summarized as follows:

One or two minutes before the time expected to attain to the
amount of blowing oxygen determined by the static model,
both the temperature of molten steel and its freezing tempe-
rature are measured by sublance without blowing interrup-

tion.

The freezing temperature obtained is converted to the corre-
sponding carbon content and the amount of oxygen and, if ne-

cessary, the coolant up to blow end are calculated.

The decarburization and the temperature rise models consist
of fundamental equations, regression equations and correc-

tion terms using feedback information of preceding charges.




3.1.6 SUMMARY

adoption of a static control model in an LD-plant vastly im-

proves production.

For Indian conditions this also demands a big improvement on
instrumentation to support the system with accurate input
data. Since these kinds of systems are developed around the

world, the cheapest and fastest way is to purchase complete

systems for installation in the respective plant.
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Scrap calculation

Hot metal calculation

Charge calculation 1

Alloy calculation 1
Charge calculation 2

Dynamic calculation

Alloy calculation 2

Post-charge calculation

Post-alloying calculation

Appendix :Z

&——— Desired values: Aralysis
Weight
Temperature

Scrap weighting

¢————— Scrap mix

Hot metal preparation

4——— Hot metal temperature
Hot metal weight

— Start of blow

{<——— Hot metal analysis

&———— Sublance measurement

End of blow :

&—— End point temperature
End point analysis

Tapping and alloying

%&———— Steel weight
«——— Slag analysis

§&—— Final analysis




Report

Type of report

Initiated

Contents

STATUS REPORT

On-line report
to production
control computer

Automatically

Information about whether
the LD is in the blowing or
tapping phase

CHARGE REPORT

Printed

Automatically
3 hrs. after tapping

Traditionally assembled data
about the charge

CHARGE LOG

Printed

Automatically
3 hrs. after tapping

Important events and process
variables logged in a conse-
cutive way

CHARGE DATA
REPORT

On-line report
to PRIMDATA
central computor

Automatically
3 hrs after tapping

About 500 various charge
data

PRODUCTION
STATISTICS

Printed

Operator initiated

Aggregated production
statistics. A total of 16
different reports can be
printed

SEMI-GRAPIC

Display and hard copy

Operator initiated

Any of the logged variables
from the last 1500 charges

¢ x1Tpuaddy



Hot metal
Weight

Pred analysis

Pred temp

Actual analysis

Actual temp

Scrap
Calculated ana-
lysis

Weight

Prechange amount
of:
ore
gunning material
tar

vessel sculls

Perd. amount of

Fe in slag

Actual amount of
Fe in slag

INPUTS TO THE MODELS

Accurxancy Scrap
cal-
culation

0=%200 kg

c=%0.2 s5i=0.1
Mn=0.1 Ti=0.02 X
v=0.02

o=}15 X
c=%0.1 si=t0.05
Mn=10.05

Ti=%0.01 v=%0.01

o=1%5

X

o=%100 kg

0=%20 kg X
X
X
X

o=%1,5% X

Appendix 4 (1)

Hot metal Charge
calculation calcul.
X
X
X
X
X X
X X
X X
X X
X X
X X
X X

Post

charge
calcul .

XX XX




INPUTS TO THE MODELS

Accurancy cra Hot metal
cal- calculation
culation

Orded
Steel weight in X X
ladle
Blow end analysis X X
Blow end temp X X
Actual
Steel weight in
ladle
Blow end analysis
Blow end temp

mount 1i X
Model constants X X
Calculated vessle X X
heat loss

e-vea X X

Actual amount of 0=%20 kg

Appendix 4 (2)

Charge  Post

calcul. charge

calcul.

X X

X X

X
X E
X i
X

X X 1)

X X 2)

X

X X

X 3)

1) Containing-heats of formation, oxygen need for each element,

specific heat, entalphis, theoretical and empirical constants.

2) Empirical-containing, time between heats, tap to tap etc.

3) Step 2 in the change calculation.




Appendix £

OUTPUTS OF THE MODEL

Scrap cal- Hot metal Charge Calcu- Post
culation calcul. step 1 lation charge
step 2 calcul.

Scrap weight X

Hot metal weight X X
Slag weight X X
Steel weight in ladle

>

Lime consumption X
Dolomitlime consumption

Oxygen consumption

Ore consumption

Fuel consumption (FeSi)

Mox M X X XK X X
xoxX K X

Spar consumption
Exror oxygen balance
Erroxr heat balance

Error slag balance

XX XX

Error lime balance
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3.2.1 INTRODUCTION

3.2.1.1 True Dynamic Process Control

True Dyramic Process Control of converters means supervision
and control actually based on authentic measured values for
the actual heat. Furthermore, the measured values must con-
tinously and "without" delay be used as the basis for furt-
her calculations and control. This will give a true real-
time process control which is able to eal with unforeseen
changes at the time they are made. This also means a possi-
bility of true adaptation to sampled results and full uti-

lization of new and up to date sampling techniques.

Hot metai

S
lag @ -

Cooiing /;‘J
agents ./
Slag C@F}_—

formers

Gas

Material

Clo L]

Gas

Prncipie measunng pomrs of the MEFCON process conrol sysrem. —I: Mate"al

Figure 1




3.2.1.2 MEFCON Process Control System

MEFCON 1is:

The foundation for process control systems of the future

- Scientifically based

- Relies on measurements and metallurgical relation-
ships only

- Includes treatment of material injection and addi-
tions

- True real time, giving most of the process parameters

current values, second by second

- Takes full benefit from, and adapts to, results from

up to date sampling systems (sub-lance)

- Enhances the control of the process by improving
accuracy, supervision and control possibilites in the
gas utility systems

- A real time dynamic heat balance computing software,

making it the basis for enerqy savings and advanced

control. MEFCON also estimates_the current bath tem-

perature, second by second

- A very dood tool for training operators and other
staff

- universa 1 I me urgic se h _wo
a tool that makes process parameters (such as metal
analysis) visible (and recordable) at all times
during blowing

- The state of the art platform for process control

- Not sensitive to changes made to the process




3.2.1.3 Installation of MEFCON

MEFCON has been developed at The Metallurgical Research
Plant (MEFOS) in Luled, Sweden as a tool for a number of
converter processes. Thus it will be adaptable to a wide

range of converter processes.

MEFCON will usually supplement any existing process control
software rather than enforce a replacement of it, thereby
making installation easy. Thus ev. earlier existing invest-
ments in functions for operator communication, data base
handling and other basics will be fully utilized after a
MEFCON installation.

but
MEFCON could also be considered (and delivered) as a stand

alone turn key process control system, including the neces-

sary computer hardware and/or instrumentation if desired,




3.2.2 GENERAL DESCRIPTION OF MEFCON

The MEFCON package 1s mainly based on what could be consi-

dered as on-line computations of heat- and massbalances. To
get appropriate accuracy in these balances, measurements of
input and output quantities, or equals, as well as tempera-

tures, should be existent.

3.2.2.1 Massbalance

Main on-line measurements needed are waste gas analysis,
waste gas flowrate, media information, enviroment measure-
ments (air, -temp, -pressure, -humidity) and gross weight of
dispensers and bins. "Batch" measurements needed are compo-~
sition of feeded agents, additivees and start composition of
metal. The massbalances made are for the elements carbon,
oxygen, nitrogen, argon, hydrogen, silicon, manganese, phos-
phorus, chrome, sulphur, aluminiunm, magnesium, calcium and

compounds of these elements.

Outgoing values in these balances are, for carbon and oxy-
gen, calculated from the waste gas flow and the measured %CO
and %CO, in the waste gas. The flow rate and analysis give
the decarburization rate and hereby a change in the carbon
deposit. The difference in oxygen between ingoing O3 and
outgoing 0, as CO and COz, 1is the oxygen depot forming

slag. The oxygen is distributed among the slagforming ele-
ments in the metal according to equilibrium and kinetic
conditions. The amount of slag compounds formed is used to
calculate the slag weight and the slag analysis. What is

left of the metal component depots is used in the calcula-
tions of the metal weight and the metal analysis.




3.2.2.2 Carbon content calculations

Of main importance 1is the carbon content determination:

Used ingoing values

Used outgoing values

Calculated value

Calculation principle:

Accuracy

Weight of hot metal

Hot metal analysis

Bath temperature

Material additions {(lime, scrap, etc)

Process gases (02, Np, Ar, C3Hg, H20)

Off-gas flow rate
off-gas analysis (CO, CO3)

Dust composition
Carbon analysis in the bath

A decarburisation rate (dC/dT)

is celculated

The decarburisation rate provides a
means of evaluatiné the coal deposit
in the bath and also enables oxygen
balance values to be calculated. All
such values are updated and available

continuously:

Supposing no sublance is available,
the accuracy of the computed carbon-
content in the bath will depend on
correct HM-analysis, the accuracy

in offgas-analysis- and flowrate

measurements
%C = 1-5% Error < 1 0.10%C




End point estimation

In the end of the blowing the accu-
racy of the computed carbon-content
will increasingly depend on the oxy-
gen yield and at low carbon-contents
this oxygen yield entirely determine
the carbon-content eliminating measu-
rable errors. Maximum error in this

case is visualized in Figure 1.

%*C = 0.1 Error ¥ 0.005%C
Error ¥ %C
4
|
0.10 1 !
0.01 4
0.001 . . N Y ' ,
5.0 1.0 0.1 0.01 0.00t1
|
Figure 2 %C computed
Sublance The coal deposit and the weight of

the bath could be updated by a sub-
lance sample, in such a way that the
correct carbon analysis ressults.
When taking a sublance sample after
85% of total blowing time, the accu-
racy will be improved. The principle
of carbon analysis updating is visua-’

lized in Figure 3.
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3.2.2.3 Temperature calculations

Used ingoing values : Weight of hot metal
Hot metal analysis
Ingoing hot metal temperature
Material additions

Process gases

Used ocutgoing values : Offgas flowrate
Offgas temperature

Offgas analysis

Calculated value : Bath temperature

Calculation principal: Ingoing heat

+ Reaction heat

- OQutgoing heat with the gases

- Radiation and other heat-losses
The temperature is given by an
enthalpy-equation, after having
divided the heat into that going
to the slag and that going to the

metal




Accuracy The bath temperature will be given
with a deviation depending on correct
HM-temperature, the accuracy in off-
gas-analysis and flowrate measure-
ments.

T = Tactual ¥ 15°C (10)

Sublance The bath temperaure could be updated
by a sublance, and thereby improve
the heatloss estimation and correct
possible measurement errors.

DeviaTion BETWEEN BY MEFCON
CALCULATED VALUES AHD SAMPLED
VALUES. DATA FROM CHARGES
S1356-S1364, ALL SAMPLES SHOWED,
o¢ DEVIATION BETWEEN .
SAMPLED TEMPERATURES -
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1 —
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' o® o @ -
2 o o o
S 'o'%5' T 0 o P 00— i?{; "7 tinuTes
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Figure 4
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3.2.2.4 Report

A printcut of a heat- and massbalance for the current blow-
ing period up to current time can be done anytime, although
this is primarily intended to be a report facility for a
completed blowing period and thus used only when the con-

verter 1is tilted.

CH2 CNRRECTIONS BONE BY NPPATING CAGROH CONSENT: 0.0 16

Figure 5




3.2.2 SOFTWARE SYSTEM

3.2.3.1 What MEFCON consist of

MEFCON consists of the following main modules:

MFOBM1, MFOBM4-MFOBMS, MFINTG, MFSPR, MFINJM, PREBAT,
MFDUST, MFCTRL, MFOBMI, MFINTR (two parts) and UPKOHL.

3.2.3.2 rogram monitorin

Cyclic programs

MFOBM1 ——-) MFINTG 2 sec
/MFOBMB 3 sec
g MEWFLO) 3 sec
MFCTR FOBM7 ——) MFOBM4 ——3 MFSPR——) MFINJM 4 sec
MFOBMS5 —— MFOBM6 —— MFDUST 10 sec
*MFOBM9 ——> PREBAT 20 sec
Event started programs
Operator commands Digital inputs
/ﬁ
(AUTCAL) /
W
UPKOLH MFOBMI MFINTR MFSOND (MFVIKT)
MFOBM9 MFRAPP PREBAT

Five different periods are used. Different programs with the
same periodicity execute in chains. Within one chain of pro-
grams, a program with higher priority starts a prograrm with
lower priority. The program with highest priority in every

chain is started from the control program MFCTRL.

The different periods are 2, 3, 4, 10 and 20 seconds.

The highest frequency is used for calculations of flows and
for accumulations.
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3.2.3.4 Program-to-program communication

This memory resident common area, often referred to as
"global” or MFGLOB is used to store data that 1is passed
between several programs or to hold values between program
executions. MFGLOB must be integrated in the system so it
can be reached from all MEFCON-moduls and it must be pro-
tected from write violation from other programs. Start
values are read from disc by MFCTRL on system start. The
whole area is written to disc by MFCTRL every five minutes.
This is done for safety purpose. Each variable in the global

area can be reached from the module MFTST.

System_parameters

In addition to the global common area the package uses a
function that permits a module to store and fetch a single
integer value by a subroutine call. These values can also be
reached from the system terminal. This function can be rea-
lised by a global common area if the operating system does
not contain a simular function for program-to-program com-

munication.

3.2.3.5 Process interface

Analog values, that means analog inputs and outputs, con-
stants and computed values that are of interest for the
process are stored in a database table, often referred to as
DWT-tables. Reading and writing in these tables are done

with subroutine calls.




Digital signals

Digital signals, input and output are stored in two database
tables often referred to as CI and DO-tables. There must be
a function that allows a program to be immediately (within
one second) scheduled for execution when the status of the
digital input has changed. Reading and writing in these

tables are done with subroutine calls.

3.2.3.6 Operating system interface

The MEFCON package uses system dependent real time func-
tions. These functions are in fact subroutine calls to the
operating system. The subroutine names always have the
character $ (dollar) in them. The user-operating-system

should have, in some meaning these functions.

3.2.3.7 Operator communications

The MEFCON-package communicates with two indeperdent visual
display units (VDUs) in its original version and one
alarm/message typewriter. Appendix 1 shows examples on how
data graphically can be presented, for example overview

pictures with dynamically updated data, time-graphs etc.

10T 02 _ 219 N3N
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Figure 7




3.2.4 FUNCTIONAL SPECIFICATION OF THE MAIN S/W MODULES

3.2.4.1 MEOBM1

Functions

1 Signal processing to handle cleaning of waste gas flow

rate equipment (blowing of impulse pipes), two lines

2 Calculation of static pressure at the place for the

flow rate measurement equipment, two lines

3 Computation of air humidity

4 Compensation of known air inlet to analysed gas com-
position for plants with multi waste gas cleaning

lines

Waste gas flow rate calculation

5.1 Wet waste gas flow rate corrected for static pressure
and thermal expansion, but not corrected for actual
composition

.1 Bag filter line

.2 Wet venturi line

Calculation of waste g.s densities

Calculation of dry gas density

.2 Density of real gas composition

a0 ;o ;o ,m
W N NN s -
—

Correction of gas flow rate for actual density

6 Dry waste gas flow rate & flow rate of Hp0 in waste
gas

6.1 Flow rate of H20 in waste gas

6.2 Flow rate of dry waste gas

7 Calculation of decarburization rate




8 Calculation of desulphurization rate

9 Calculation of the ratio %CO/(%CO+%CO3) in converter
gas

Kmol C/h in converter gas ccmponents including dust
Kmol Oj/min in converter gas components excluding dust
Kmol O/min reacting with C in converter gas

m3n CO+CO7/h in converter gas

Calculation of the ratio %CO/(%CO+%C0O3)

Supervision of the computed %CO/(%CO+CO3) ratio

O W W W WY W
A N D W N -

30.008 |
d

i L1

14
15:8a 15:85 15:18

8.89

Figure 8 - Continuous history of oxygen yield (RO2M)
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Figure 9 - Continuous history of decarburization rate (YAAG),
and carbon content (A1)




3.2.4.2 MEOBM4

Functiorns

1 Changes in depots due to added or tapped hot metal

2 Total inputs of Si, Cr, S, Mn and P

3 Change in C-depot since last C-content update

4 Oxidized amount of Si, Cr, S, Mn and Fe

5 Metal welight

6 Special actions needed to accept a carbon content update
7 C-depot

8 Metal analysis
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Figure 10 - Continuous history of slag analysis:
Si02 = ABSB, FeO = ABSS, Ca0O = ABST, MgO = ABSU




3.2.4.3 MEOBMS

Functions

Calculate physical heat in converter gas components
Calculate physical heat in converter gas dust
Calculate total heat in converter gas and dust
Calculate physical heat in waste gas components
Calculate physical heat in waste gas dust

Calculate total heat in waste gas and dust

N A U s W =

Calculate heat input rate in steam

XEUS | HV! 4.20
MJ-/MIN | LV 1.20

10.09_|
?.50_

5.00

2.50_

0.80_

Y T T
17:395 17:40 17:43

Figure 11 - Continuous history of physical heatflow (XEUS)

in converter gas dust.




3.2.4.4 MEOBM6

Functions

1 Maintain status checking of digital inputs in order
to detect the moment of a recently activated dispen-

ser and on that occasion perform an update.

2 Update procedure. The purpose of update procedure 1is
to maintain continuity in calculation of fed amounts,
such as WM1, WM2, WM3 and WM4, through periods of
refilling dispensers. The following actions are

performed during an update.

1 Calculation of contribution to fed amount of each
material from dispenser set for update.
Calculation of current gas weight.

3 Zero dispenser weight and write message to opera-

tor.

3 Additionally MFOBMé sets program control flags to
MFSPR.




3.2.4.5 MFOBM7Y

Functions

1 Function for pre-setting and holding data base table
corresponding to CO/COj;-measurements when the process
is interrupted. This is to mitigate the effect of de-

lays in the gas analysing equipment.

2 Function for correcting the measurements of Hp-
analysis in converter gas and waste gas. Correction

is done for the influence of %CO;.

3 Calculation of converter gas flow rate

4 Calculations of converter gas analysis if not
measured. Computed elements are: CO, CO;, Hp, HO,
No, HyS, Ar and SOj. CHy must be measured or set to
any selected value. Calculations of other components

take the CH4 analysis set into account

5 Calculation of certain waste gas analysis
5.1 Ar

5.2 Compensation of Hy analysis

5.3 N>

5.4 H,0
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3.2.4.6 MFOBMS

Functions

1 Signal processing is necessary in order to compensate
values of gas flow rate for temperature and pressure,
for each pipe line and media type.

1.1 Calcuiations for line A. Possible media types are
07, Np and Ar. Default gas is 0p. All compensated AI
with range given for 0j.

1.2 Calculations for line B. Posssible media types are
0o, Ny and Ar. Default gas is Nj. All compensated Al
with range given for 0Oj.

1.3 Calculations for line D. Possible media types are
C3Hg, Np and Ar. Default gas is C3Hg. AI not compen-
sated for P&T. Compensation should be done according
to the i1deal gas theory.

1.4 Calculations on line E. Possible media types are
N, and Ar. Default gas is N5. All compensated AI.

1.5 Calculations for line F. Only possible media is
steam. Orifice plate type measurement with AIs input
for p, P&T. Range constant input from data base
table. Compensation for actual P&T should be done
according to regression against tabulated data and
be valid in the complete range of interest.

1.6 Computations on line G. Only possible media type is
Op. AI input is flow rate, compensated for both tem-
perature and pressure. Range given is valid for 0.

1.7 Computations on line L. Possible media types are
air and 0. Orifice plate type measurement with Als
input for p, P&T. Range constant, given for O3,
should be input from data base table. Compensation

for actual P&T should be done according to standard




2 For each pipe line system, check for valve combina-
tion errors and do output of alarm messages if such

errors are found.

3 Do information reduction and compute oxygen yield and

maximum P.

3.1 Compute the totally injected gas flow rates for 02,
N, and Ar.
3.2 Compute the total input of 02 and N» expressed as

gas flow rates.
d 3.3 Compute current value and average of oxygen yield

Compute maximum of P possible.

4 Compute utility control jarimeters for coal gasifica-
tion processes only.
4.1 Compute the difference between carburization and

decarburization expressed as an oxygen flow rate.

4.2 Compute oxygen set-point to obtain constant carbon
depot.
4.3 Compute the quotient input 0p/set-point 03.
FO2T | HV: 22.87 |
MIN-MI | LV 15.02 \
206.00 \
15.00
10.00 |
5.00_
0.0 ] ;
— T Y T
12:33 7149 1745 g

Figure 12 - Continuous history of total ingoing flow of
oxygen (FO02T)




3.2.4.7 MFOBM9

Functions

Weight and flow rates of materials fed from bins
Factors for solution of lime in the slag
Solution and contributions from not injected materials

1 Dolomite

—_
—

Solution of dolomite

.2 Component contributions from dolomite
Flux
Sand
Lime-dumped

.1 Solution of lime

.2 Component contributions from (dumped) lime
Limestone

.1 Solution of lime stone

.2 Component contributions from lime stone

Iron ore

Silicon manganese

@ N A O U b s bW N -

Ferro silicon
.9 Ferro chrome

.10 Refractory

.10.1 Refractory wear

.10.2 Compensated C-content in refractory
.10.3 Component contribution from refractory
11 Scrap

I I

.11.2 Component contribution from scrap

-—

Amount of scrap melted

W W W W W W WwWwWwWwwwwwwwwwwwwwowwmNn-=

4 Factors to be used for the distribution of oxygen

oxidizing metal components

5 Gross slag weight




6 Compensations necessary for deslagging

7 Compensations necessary to slag component weights due

to tapped/added slag

8 Component weights of the total slag
9 Slag basicities

10 Slag analysis

1 Unit transformation of amounts

11.1 KG 02 to M3N 02
11.2 KG H20 to M3N/MIN H20

ABSB [ HV: S8 .33 n : -03-2
% Lv:  i5 14 Shtd RV 238k 84-03-22
40 00 | / s0.en |
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Figure 13 - Continuous history of slag analysis:
5102 (ABSB), FeO (ABSS), CaO (ABST), MgO (ABSU)




3.2.4.8 MFINTG

Functions

1 Calculate total time since initialisation

2 Maintain flag for tilted converter

3 Determinate current integration interval

4 Perform integrations

4.1 Effective blowing time (min)

4.2 Ingoing gases (m3N)

4.3 C and S with waste gas dust (Kkg)

4.4 Volume of converter gas in the current integration

interval (m3N/1OO)

4.5 Converter gas components (m3N)

4.6 Total converter gas and total waste gas
4.6.1 Dry waste gas (km3N)

4.6.2 Wet waste gas, line 1 (km3N)

4.6.3 Wet waste gas, line 2 (km3N)

4.6.4 Dry converter gas (km3N)

4.7 Enthalpy

4.7.1 Ingoing enthalpy with steam (MJ)

4.7.2 Outgoing enthalpies, gases and dust (MJ)
4.7.3 Enthalpy before waste gas boiler (MJ)
4.7.4 Total enthalpy with gases and dust leaving the

converter (MJ)
Dust

o
@

Total slag to converter gas dust (kg)
4.8.2 Slag components to converter gas dust (kg)

($i0p, Mg0O, Ca0, Alp03, Crp03, MnO, FeO, P205, S)
Total metal to converter gas dust (kg)
Metal components to converter gas dust (kg)
(Cx, si, Cr, Mn, Fe, P, S)

8.5 05 to converter gas dust (kg)

8.6 C (from metal bath) in waste gas dust (kg)




8.7 S (from slag and metal) in waste gas dust (kg)

o

Total amount of dust in waste gas (kg) and

oo

total amount of dust in converter gas (kg)

8.9 Total amount of carbon blown through the bath (kg)

<Y

Campalgn integrals (m3N)

5 Ooxygen free for oxidation of metal components (kg)

Hot me!a]\
Slag (?/ |

- P9

Cooling g
agents

Siag
tcvmers@}‘

_—

T
K
N

Principle measuning poinrs of the MEFCCM process control system. ‘—E Material l\

Material

Gas

Figure 14 - Principle measuring points of the MEFCON

process control system
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Functicns

During rised converter and if dispenser is activated as

indicated from MFOBM6, MFSFR performs calculations of
1 Gas flow rate compensation

2 Fed amount material from each dispenser since

last update
3 Material flow rate

4 Amount fed material of each of four materials

totally since last initialization

Y HV ! 20.40
KG/MIN | LV: 2.00

20.00_
15.89_
10.09_

S.089

9.00_

L ¥ | {
12:33 17140 17:45

Figure 15 - Continuous history of injected material flow (Y)




3.2.4.10 MFINJM

Functions

1 Computation of Fe304 content in injected and

dumped materials

2 To calculate dry material flows

3 To compute the elementary flows that correspond to

the injected material flow

3.1 Flow rate of S corresponding to injected material
flow
3.2 FLow rate of C corresponding to injected material
flow |
3.3 Flow rate of CO; corresponding to injected material .
flow
3.4 Volume flow rate of 03 to injected material flow
3.5 Volume flow rate of Ny to injected material flow
3.6 Volume flow rate of Hp0 to injected material flow
3.7 Volume flow rate of Hp to injected material flow

4 Calculation of weight of injected materials
5 Weights of injected component weights (S, $i0Op, MgoO,
Al;03, CaO, Hp0, Cr, P, Mn, metall, O, slaggformers,
CO, and C+COjp)
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CURYES SHMONING TIME HISTORY OF SAMPLED METAL TENFERATURE (I8A1)
ANO METAL TEMPLRATURE CALCULATED BY MEFCON (TBAS). DATA FRON
CHARGE S1366. (MARD-COPY OF OPERATOR GUIUANCE DISPLAY )




3.2.4.11

1.

1.

Functions

The module is responsible for calculating the current

temperature of the melt based on a heat balance for

PREBAT

the converter

Actions needed to handle initialization for a new
charge with respect to the truperature calculation
Actions needed to adapt to a sampled temperature.

Calculation of accumulated heat in the converter at

the time when the temperature was measured

Change in the accumulated heat since the last tem-

perature measurement. The calculation should be based

on the following

Calcination of four types of limes,

and injected

Reduction of iron concentrate,

injected

Reduction of dumped gabbro

Oxidation of Fe,

Mn, Si, P and Cr to slag

Cracking of propane

Formation of CO in converter gas

Formation of COj
Formation of CHg
Formation of HpS
Physical heat in

Heat of solution

in converter gas

in converter gas

in converter gas
the converter gas
for C, Si, P and Cr

Compensation when the carbon content

is updated

Temperature calculation,

based on weight of the melt

and current accumulated heat in the converter

Prediction of bath temperature using extrapolation

of measured temperatures up to current time

*

dumped and




3.2.4.12 MFDUST

Functions

To calculate the flow rate of dust from metal bath and slag

and subdivide this flow rate into flow rates of certain ele-

ments. The dust flow rate should be calculated either as a

polynomical regression against bath temperature or as a fac-

tor (possibly computed) multiplied by converter gas flow.
The flow of C blown through the metal bath should also be

calculated.

10
11
12

13
14

Carbon blown through bath

Losses of metal to dust

Losses of metal components to dust

(C, si, Cr, Mn, Fe, P and S)

Losses of slag to dust

Losses of slag components to dust

(Si05, Cry03, MnO, FeO, Py0sg, S, CaoO, Al,03 and
Flow of metal and metal components in converter
dust

Oxygen to dust in converter

Converter gas dust analysis, metal phase

MgQ)

gas

Flow rate of slag and slag components in converter

gas dust

Converter gas dust analysis, slag phase

Flow rate of metal and metal components in waste gas

dust

Oxygen to dust in waste gas

Waste gas dust analysis, metal phase

Total carbon that is not combusted in converter

and waste gas

gas

Flow rate of slag and slag components in waste gas

Waste gas dust analysis, slag phase

L]




3.2.4.13 MECTRL

Functions
1 Start-up initialisation
1.1 Compute own periodicity, preset common flags

1

values in data-base tables, and time counters

1.2 Read back-up copy of GLOBAL area from disc

2 Maintain counters for timing and when time

conditions are fullfilled, start corresponding

link of programs within the MEFCON-package

3 Every five minutes, put a time stamp with the

current time on the GLOBAL area, then store the

GLOBAL area on disc for cold start and back-up
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Figure 17 - Dynamically updated picture with current values

of process parameters such as carbon analysis,

temperature, slag weight, oxygen yield,

decarburization rate ....




3.2.4.14 MFOBMI

Functions

o )TN © 2 B - T V]

10
11
12
13
14

Initialisation for new charge

New charge number is set and period number 1is set
to zero

Initialisation of stack for referens samples
Initialisation of logic-parameters
Initialisation of dispensers and bins

Charge data is transfered to calculated values
(metal-analysis, slag-analysis, metal-weight,
slag-weight, metal temperature)

Component quantities from added/tapped metal is
calculated

Depots due to C-updating is sel to zero

Slag component quantites set to zero

Ingoing material quantites set to zero

Integrals of ingoing gases set to zero

Integrals of outgoing gases and dust set to zerxo

Turn off signal for feeding from bins

Total and effective time set to zero




3.2.4.15 MEINTR
Functions to be performed
MFAF
1 To maintain a measure of operation status for all
signals from gas analysers according to the status
of the associated digital inputs and to initiate a
notification about analyser status changes to the
process operator.
MFINIT
2 To define a new heat and mass balance time interval
to the module responsible for print out of this re-
port and to initiate a report print out.
_ RO2M | HV: 114.00
% LV: 2.60
128 .60 _
90 .60 _
60 .60 |
30.00 _
0.00
T Y T T
88:29 e8: 30 88:335
Figure 18 - Continuous calculated oxygen yield (RO2M)




3.2.4.16 UPKOLH

Functions

This module should include functions necessary to adapt the
MEFCON s/w to results given by sampling the carbon content
of the metal bath. The adaption should be done by writing

the correct current status of metal analysis, change in

oxygen depot, oxygen distribution factors and slag analysis
and weight, that corresponds to any given sample result, to
the data base tables. Also logical flags, intended for the

temperature estimating module and the execution control

module, should be maintained.

The following events should be foreseen

- A sample is taken. The module will be started.
- A sample result is given. The module will be started.
- A "message" that the last sample taken is invalid.

The module will be started.

This module should recognize the three cases above by

inspecticn of a flag-word in the SYS-table.

Up to twenty samples could be taken before any result is
returned. Sample results and new samples taken could then
follow in any order, provided however, that no more than

twenty samples are not answered at any specific point in

time.




Functional breakdown

Sample 1is taken
Flag to execution control module

.2 Maintain stacks for sample taken case

— wnd ek b
—_—

Special action of first sample. The error resulting
from the 1st sample in any charge should be considered
to be due to incorrectness in the given start analy-
sis. Following errors should be considered to depend

on measurement errors in the waste gas system

1.4 Store necessary values for later update of current
status
1.5 Notify operator

Sample result is returned

2.1 Maintain stacks for sample result case

2.2 Correct 07 and C-depots as to be able to handle yet
unanswered samples

2.3 Get stored values and pop stack

2.4 Get the analysis result and check for validity before
acceptance

2.5 Recalculate oxygen distribution on elements in slag

2.6 Compute the corrected 0, of C-depots that corresponds

to the analysis result given by the sample

3 Adapt the changes found of the 03 and C-depots to
real time calculations at current time

3.1 Get current data and correct values for O and C-
depots

3.2 Compute slag analysis and oxygen distribution factors

3.3 Compute new slag and metal analysis according to best

data available
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4.

Compute new distribution of oxygen on slag components
according to best data available

Recalculate total amount oxidized metal

Current C-content, the sample result considered
Effectuate update by writing values to database

Set flags to notify other MEFCON modules

Notify operator and maintain corrections to O and

C-depots due to stacked samples

Cancellation of the last sample taken
Set flags to notify other modulas about cancellation
Maintain stacks and pointers for cancellation

Notify operator i
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Figure 19 - Continuous calculated carboncontent in the

bath (A1)




3.2.5 PROCESS EQUIPMENT

Process ecuipments considered by the MEFCON s/w includes the

following

Reactor system

Material handling system
Waste gas system

Process media system

Sampling system

3.2.5.1 Reactor system

The s/w is prepared to handle a reactor which has facilities
for bottom blowing and for top blowing, either with or withi-
out material injection, in any combination. Besides these
primary systems, oxygen or air is allowed for post combus-
tion. Furthermore the reactor construction may or may not
allow for continous analysis of the convertergas. Not to be
regarded as necessities, these measurements will, in case of
presence be handled by the s/w and, further, slightly im-

prove the accuracy of the calculations.

3.2.5.2 Material handling eguipment

The material handling equipmeni foreseen could be divided
into systems for

material injection

material adding

charging/tapping
Material_ipjection_egquipment
The original s/w have ignctions to handle 3 independent dis-

pensers. Any dispenser might contain any mixture of up to

four different materials, one of them beeing coal. Two dif-




ferent inert carrier gases are handled, possibly automati-
cally switched. Besides, oxygen 1s considered to be a

possible carrier gas (injection of lime powder).

The construction of any dispenser is assumed to be such that
it is possible to measure its weight and the pressure of the
enclosed gas. Also, digital indication is needed for filling

and off-line conditions.

The original s/w includes handling of three bins for mate-
rial adding.

Each bin is considered to contain a homogeneous mixture of
different materials. Also, MEFCON s/w allows any material in
a bin to be exchanged for another material without any
action required other than a simple operator command.

The construction of a bin is assumed to be such that it is
possible to measure the weight of the bin. Furthermore the
filling of a bin is assumed to be done batchwise.

If a bin is equipped with feeding machinery of any kind, and
a digital indication exist telling the current operating
condition of this machinery, the MEFCON s/w outputs a digi-
tal signal that can be used to do on/off control of this
feeding machinery with the aim to achive a predetermined fed

amcunt in a certain period of time.
Charging/tapping_eguipment

Charging & tapping equipment is assumed simply to consist of
a crane and ladles. The crane is assumed to have a balance
with the possibility to mark and send (or hold) the measured
weights to the computex; If not, these weights must be sub-

mitted to the software in another (low forseen) way.




3.2.5.3 Waste gas system equipment

The MEFCON s/w will work if the waste gas equipment is an
open, unpressurized system for combusted gas, with or with-
out any air inled at the top of the reactor, as well as if
it is a closed, possibly pressurized, system for uncombusted
gas. Thus, situations when start conditions imply an open
system with combusted gas, and operating conditions a closed
system with not combusted gas, with an intermediate switch-
over, will be fully handled by MEFCON. Also, the waste gas
cleaning equipment may be divided into two parallel lines
without imposing changes to the code.

However, some considerations concerning the construction of
the waste gas system are of ultimate importance for the
reliability of MEFCON. This is so because the software
heavily relies on the assumption that inputs to, as well as
outputs from the reactor are possible to measure ard to
identify. This explicitly means that it should be possible
to measure the process gas flow rate, or parts of it needed
to form a sum of several cleaning lines, possibly inciuding

air inlets (or gas outlets), but not including any other

additions, in so far as these are not precisely defined with
respect to both amount and composition. This restriction is
caused by the need to combine the measured flow rate with
the correlated gas composition in order to do on line com-
putations necessary for the mass balance of the process.
Thus, in practice, flow rate measurement should exist and
furthermore it ought to be located between the reactor and
such equipment as a venturi scrubber. If not, it is con-
sidered to be a user responsibility to adapt the value of
the waste gas flow rate available to the result expected by
MEFCON, due to the software design.




Obviously, of ultimate importance, is the possibility to
"continuously" measure the gas composition correlated to the
value of the flow rate available with respect to all main
components, including elements of coal or oxygen, but possi-
bly excluding Hp0 1f the restrictions above are met. In
fact, the restrictions under the circumstances mentioned are
partly imposed by the practical difficulties to get suffi-
cient, reliable and complete measurements of the gas com-
position in line with difficulties also to compute missing
parts of the composition due to lack of data.

The assumptions made in the original code are that there is
a waste gas flow rate measurement in the dry parts of the
waste gas system, that the measurement equipment is a ven-
turi tube calibrated with cold gas, and that there is a
possibility to clean (blow) the impulse tubes of this ven-

turi tube during operation.

3.2.5.4 Process media system

All gases and fuels put into the reactor are assumed to be
measured. In case different types of gases are switched into
a certain pipe line, it is also necessary to indicate to the
computer which gas is currently present in that pipe. This
possibility also hrings with it the requirement to place the
primary measurement equipment in different pipes in such a
way that no measurement ever will be done on a gas mixture,
i.e. only one gas type at a time should be permitted for
each measurement. Besides these considerations, any con-
figuration of the media system could in principle be handled
by the software, the step required for any installation

being to reconfigure the software solution in the module
MFOBMS .




3.2.5.5 Sampling system

Equipment for sampling the bath temperature and equipment
for sampling the bath analysis are supposed to supplement

any installation.

The sampling of the bath analysis could, as far as the s/w
is concerned, be carried out using any equipment because the
s/w 1s delivered with the inherent claim that the operator
should notify the s/w when sampling is done (for example by
pushing a button) and when the sample result 1s returned.
The system then will ask the operator to input the sample
result. This procedure should be exchanged and adapted to
the actual sampling equipment in any installation in a way
that all the conversation takes place between the computer
and the sampling equipment, making operator interaction un-
necessary.
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Figure 20 - Principle measuring points of the MEFCON

process control system.




3.2.6 INSTRUMENTATION

In the following the different measurements and other sig-

nals used are discussed according to the following grouping.

Time reference

Sampled values

Waste gas system

Surroundings

Process gases and other utilities
Material injection systems

Materials dumped and added

T  m m o 0 o>

Charging/tapping

w

.2.6.1 Time reference

Different numerical approaches, like integrating and filter-
ing, cause the need of an accurate time meisire between
different s/w events. These time measures are supposed to be
obtainable from the computer system itself by different
operating system calls although the absolute time of the day
might be given or triggered by any external clock.

Time parameters are utilized by the modules MFCTRL, MFINTG,
PREBAT, MFSOND, MFOBM6-7 and MFVIKT.

3.2.6.2 Sampled values

All measurement signals except two are supposed to be of
continous nature, i.e. either true analogue signals or
formed by fast scanning with held output.

The two sampled values thdt are handled by the MEFCON s/w
are the bath temperature, when measured with a sonde, and

the analysis (carbon content) of the metal bath, sampled
anytime.




Also, the sampled result of the hot metal analysis, the
analysis of the start slag if any, and the temperature of
the hot metal, should be input to the corresponding data
base tables before start of blowing and charge initializa-
tion.

If and when the bath temperature is sampled, the s/w does

an evaluation of the thermocouple signal and adapts the com-
putation of heat losses in a way that the calculated tempe-
rature equals the measured result at the point of the

sample. This is true for all samples except the first one.

If and when the carbon content of the bath is sampled while
blowing, the following sequence of actions will be performed
by the s/w. First, at the point in time the sampling actual-
ly is done, the s/w stores a number of parameters together
with an index, all valid at this specific point in time. Any
time later when the sample result is returned (given in the
unit "percentage of carbon"), stored data from the sampling
point for this particular sample are, together with current
data and the result given, used to calculate corresponding
changes in the current status. Finally, an update of the
current status 1s done to reflect the sample result. This
technique allows different sample results to be input in any

order and at any time after the actual sampling.

Sampled analyses are utilized in the modules MFOBM4, MFOBM9Y
and UPKOLH. Sampled bath temperature is evaluated by MFSOND
and then used by PREBAT. MFSOND assumes that the equipment
for sampling provides with 1-5 digital inputs to identify
the measurement station, and 1 digital input to identify a
slag temperature measurement., Also one digital output, to
notify the operator that a measurement is in progress, and
one analoque output, holding, the evaluated value ¢f the bath

temperature, are maintained by the s/w.




3.2.6.3 Waste gas system

Potentially possible measurements in the waste gas system,

that are of actual interest for the calculation of process

status parameters, are the flow rate of dry waste gas, the

waste gas composition and pressure, and the waste gas tem-

perature measured as close to the reactor as possible. How-

ever, commercially available equipment to measure dry flow

rate, to continously measure %H20 in the waste gas, or

equipment to continously analyse the wet waste gas is hard

to find. This is why another approach is used in the MEFCON

s/w, meaning that what the s/w assumes to be measured 1S,

indirectly the wet waste gas flow rate by actually measuring '
a differential pressure, pressure and temperature, the dry ?
gas analysis of all main gas components excluding %H,0 which ;
is computed, and a separate gas temperature as close to the

reactor as practical.

A special function is included in the s/w to handle a situa-
tion when the impulse tubes, connected to the differential
pressure measurement, is blowed/cleaned. This function is
activated by a digital input.

Another function is included to handle a situation when one
(or more) of the gas analysers are put out of operation.
This function is also activated by different digital inputs,

one for each analyser.

If the MEFCON s/w is expected to operate with extreme accu-
racy, special consideration should be given to the gas ana-
lysers which are analysing the main carbon and oxygen ele-
ments of the waste gas. Also some attention should be paid
to the gas system affined to the analysers. Complete, well
documented and precise calibration data for the flow rate

measurcment equipment will also help.

The digital inputs originating from the gas analysers are
handled by the module MFINTR and the measurements in the
waste gas system primarily used by the modules MFOBM1 and
MFOBM7 .




3.2.6.4 Surroundings

Because the approach is that no measurement is available of
the %H,0 in the waste gas, the absolute value of the air
humidity (gH»0/kg air) 1is needed in the calculations. Thus
the relative air humidity, the air pressure and the air tem-
perature are assumed to be measured in the vicinity of the
reactor. Also, the air pressure is needed in the calculation
of the (wet) waste gas flow rate.

Data from the surroundings are used by the module MFOBM1.

3.2.6.5 Process gases and other utilities

Three different types of measurements are handled:

For one type of measurement equipment, the actual compensa-

ted (for pressure and temperature) flow rate is input to the
computer (see line A, B, E and G in appendix 4). The

MEFCON s/w then only compensates for the normalized density

of the gas type (Np/Op/Ar). For this purpose two digital in-
puts are used, one telling if the current gas is 0z or not,

and the other if the gas is Ny or Ar.

The second type of measurement equipment is an example of
the treatment for a flow rate measurement, based on the
relation between the frequency of oscillations induced by
turbulence to a bar inserted in a fluid media, and the velo-
city of the media. For this type the uncompensated flow
rate, the temperature and the pressure are input to the com-
puter. The s/w then compensates the flow rate according to

the ideal gas approximation.

The third type of measurement equipment represents any
orifice plate measurement and similair measurements. The
differential pressure, temperature and pressure are all
input to the computer. The calculations of the flow rates
then are done according to Bernouifles theorem. A special
case of this type is an orifice plate measurement on steam
flow, especially because of the "non-ideal" behaviour of

this gas.




The MEFCON s/w also includes treatment of parallel, alter-
native and switchable measurement lines, one equipped for a
small range (i.e. small orifice plate) and the other with a
wider range. The s/w determines which range is currently in
operation by testing a separate digital input for each
parallel line arrangement.

Measurement on process gases are primarily handled by the
module MFOBMS.

3.3.6.6 Material injection systems

The material injection systems include dispensers and the
piping connected to these. The MEFCON s/w handles three
dispensers of which the first one is allowed to use oxygen
as a carrier gas. Besides, all three dispensers are handled
for nitrogen and argon as a carrier gases. The s/w assumes
that the filling of any dispenser is a batch process, in-
dicated by a separate digital input for each dispenser.
Furthermore, each dispenser should be placed on load-cells
giving a weight signal to the computer. Measurements of the
gas pressure inside each dispenser and the carrier gas flow
rate(s) before dispensers are also foreseen. Furthermore, if
the dispensers allow the enclosed gas to be exhausted to the
surrounding air, a separate digital input for each dispenser
should indicate this situation accordingly. For logging and
supervision purposes only, it is also recommended to measure

the pressure in the material injection pipe.

If accuracy of the calculations is of interest, some atten-
tion should be paid to the choice of load cells and load
cell instrumentation, as well as the mechanical arrangement,
considering hysterises, linearity, thermal stability and
calibration accuracy. These signals also put demands on the
computer A/D-conversion. It is recommended that the A/D-
conversion be performed with at least 13 bits, and also well
calibrated and stable enough to give significance to the
last bit (in case of 13 bits).




In case of a pressure measurement in the carrier gas pipe in
front of any dispenser, it should pbe verified that this sig-
nal has no resonance peaks 1n the ultra sound frequency
range. If so, this might be fatal for the operation of the
computer H/W.

Signals originating from the material injection system are
primary handled by the modules MFOBM6, MFSPR and MFOBMS.

3.2.6.7 Material dumped and added

Materials dumped or added otherwise are assumed to come from
any of three batch filled bins, or possibly directly from a
crane weigher arrangemert. In case of materials added by use
of a crane, either an s/w module must be added that deter-
minates the type of material (see 6.8 below), or the same
function must be perfomed by the process operator by use of
the operator communication s/w facilities together with the
output available from the module MFVIKT. For the s/w to
handle the bins correctly, a very well damped load cell
signal for each bin must be available together with one
digital input telling "power to feeding machinery off", and
one digital input telling that the "bin output is closed". A
s/w function for ON/OFF-control of each bins feeding machi-
nery is also provided. This makes it possible to automati-
cally add a certain amount of any material per minute wit-
hout operator intervention. For this purpose, one diogital

output for each bin is used.

Signals from bins are handled by the module MFOBMS. Signals
from the crane weigher are handled by MFVIKT.




3.2.6.8 cCharging/tapping

Charging/tapping conditions are recognized by the s/w by a
limit switch controlled by the reactor position and connec-
ted to a digital input.

The weight of the charged/tapped hot metal/slag is assumed
to be present as an analogue signal from a crane weigher,
and will in this case be handled by the module MFVIKT. How-
ever, this module does not transport the evaluated weights
to the appropriate data base tables, but leaves the results
in a kind of "note-book". Therefore it is considered a re-
sponsibility of the process operator to look in this "note-
book" and then key the value found to the data base table
that corresponds to this weight. Of course this function
could also be achieved by adding a small S/w routine to the
MEFCON s/w.

Besides the analogue signal, MFVIKT also assumes 6 digital
inputs to be available from the crane equipment and operated
by the crane operator. Two of these digital inputs are used
to indicate start of weighing and whether the ladle is full
or empty. The remaining four inputs indicate the contents in

the ladle such as input metal, output metal and slag type.




APPENDIX 1

DYNAMICALLY UPDATED PICTURE WITH CURRENT VALUES OF PROCESS
PARAMETERS SUCH AS CARBON AND SILICON ANALYSIS. TEMPERATURE.
SLAG WEIGHT. OXYGEN YIELD. DECARBURIZATION RATE
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APPLIDIX 2

CONTINUOUS HISTORY OF WASTE GAS ANALYSIS: CO2(AAGZ). 02(AAGO).
WASTE GAS TEMPERATURE BEFORE COOLER (TFAP) AND OXYGEN YIELD
(ROZM) ......
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NOTE. CHARGE S-1400 AT MEFOS. CURVES ARE HARD-COPIES OF ONE
OPERATOR GUIDANCE DISPLAY WHICH IS UPDATED ON-LINE AT
15 SEC INTERVALS.
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APPENDIX 3

CONTINUOUS HISTORY OF OXYGEN FLOW RATE (FB3). CONVERTER GAS
FLOW RATE (F2) AND DUST LOSSES FROM METAL (WDKM) AND SLAG

(WDSL)
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APPEENDIX 4

CURVES SHOWING TIME HISTORY OF SAMPLED METAL TEMPERATURE (TBA1)
AND METAL TEMPERATURE CALCULATED BY MEFCON (TBAS). DATA FROM
CHARGE 5§1366. (HARD-COPY OF OPERATOR GUIDANCE DISPLAY.)
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APPENDIX 5

CONTINUOUS HISTORY OF OXYGEN YIELD (RO2M). CARBON ANALYSIS
(A1). DECARBURIZATION RATE (YAAG) AND SLAG WEIGHT (NTBS)...
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APPENDIX 6
CONTINUOUS HISTORY OF BATH ANALYSIS. %C (A1). %P (ABBDJ. %MN
(ABBC) AND % SILICON (ABBB)........
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APPENDIX 7
CONTINUOUS HISTORY OF SLAG ANALYSIS. 5102 (ABSB). FEO

(ABSS). CAO (ABST) AND MGO (ABSU).......
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APPENDIY &
CONTINUOUS HISTORY OF BATH TEMPERATURE (TBAS). TOTAL HEAT
FLOW WITH WASTE GAS (XEUS5). HEAT FLOW WITH DUST (XEUS) AND
TOTALLY INPUT FLOW RATE OF OXYGEN (ALL GASES AND MATERIALS)
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APFPENDIX 9
CONTINUQUS HISTORY OF OXYGEN YIELD (RO2M). DECARBURIZATION
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APPEI'DIX 10
CONTINUOUS HISTORY OF CARBON ANALYSIS (A1). BATH TEMPERATURE
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4.1 INTRODUCTION

Since the early days of the oxygen steelmaking converter
process, the refractory lining has been the subject of the
devoted attention of the steelmaker and the refractories
engineers. Look.ng in retrospective there is much in the

lining of converters, which seems constant

- a wear lining of large blocks of basic material,
magnesite or dolomite, installed without mortar.
- a safety lining also consisting of basic brick

- a taphole made of fired magnesite

Impressive is the progress made in achieving longer life of
the wear lining and lower consumption of refractory material
per ton of steel. The factors which brosught about these re-

sults are:

- improved brick quality
- better control of the steelmaking process

- extensive use of gunning repair

During 1970's different combined blowing techniques have
been introduced all over the world. This has led to further
development of refractories, i.e. permeable elements, tuyere
bricks and changes in lining pattern.

The aim with this report is:

- to present refractory techniques in combined-blown
converters in Japan and Europe

- to commment the Indian conditions in the field of con-
verter practices

- to give recommendations regarding lines of development

to achieve improved practice in India.




4.2 REFRACTORY TECHNIQUES IN CB-CONVERTERS IN JAPAN, SCAN-
DINAVIA AND THE REST OF EUROPE

4.2.1 Economic considerations

Steel demand and plant environment are the two main factors
which determine the optimum converter lining life and which
directly influence lining practice. Within the limits of
such a predetermined lining life, the refractory costs must
be minimized by achieving a balanced wear profile at the end
of the furnace campaign. This is generally attained by the
use of a composite wear lining with several refractory
grades and wall thicknesses chosen according to the diffe-
rent wear mechanisms and wear rates encountered in the con-

verter.

Although there is no uniform pattern of lining practice, it
is generally possible to distinguish two main situations de-
pending on whether there is an adequate or an insufficient

availability of steel-making equipment.

Steelplant_with adequate vessel availability

There are several situations where vessel availability is of

little concern. This is especially the case:

when steel demands is low

when raw iron capacity is insufficient

in plants with interchangeable vessels

in plants with only one out of two fixed vessels in
operaticn




Under these conditions, downtime due to relining, maintenan-
ce or vessel replacement has little or no influence on total
production. The main aim will therefore be to select refrac-
tory grades which give a minimum cost per ton of crude
steel. Under these circumstances it is possible to adopt two
diametrically opposed lining solutions.

The first so-called economic solution is to select the
cheapest lining capable of achieving the life level necessa-
ry. Due to the difference in price between dolomite and
magnesite refractories such lining will be based on either
100%-dolomite or dolomite with a dolomite-magnesite or
magnesite reinforcement of high wear areas. Figure 1 shows a
dolomite based lining of a 60 t LD converter with a fairly
straight forward design.

RS NSRS

dclom:te ' 3 magnes:te

i

doiom.e -manesite Surns for. impregnated magnesite
55% Mg2

Figure 1 - Dolomite based lining of a 60 t LD-converter /1/.




A more complex zoned lining of a 240 t LD converter with a

higher proportion of magnesite is depiced in Figure 2 .
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—/ dotomite | | dolomite -magnesite 80%Mg0
— dolomite -magnesite 55 %Mq0 Tempered magnesste 96 %% Mg0
3 dolomte-magnesite 6I%Mg0 Tempered magnesite 98 % MO
dolomite.magnesite 10%Mg0 [T3 Burnt tor. impregnated dalomite

Figure 2 - Dolomite based lining of a 240 t LD-converter
/1/.

Another solution to achieve minimum refractory cost is to
adopt a high performance lining based on more expensive
magnesite and to aim for converter lives considerably ex-
tended beyond actual requirements. Comparisons have shown
that campaigns with magnesite based linings must be about
3-5 times longer than those with dolomite linings in order
to attain equal costs. This is due to higher initial costs
for magnesite linings, dolomitic lime practice and a certain

amount of gunning maintenance.

There are many situations when a high converter availability

becomes of prime concern, for instance:

. in periods of high steel demand

. when the steelplant constitutes a production
bottleneck




. when production is to be made with two out of three or
three out of four converters
. when several steelmaking facilities exist with a

marked difference in production cost

In all these cases it is necessary to minimize downtime and
production loss by maintaining an optimum product flow from
converters to reheating furnaces. In these plants linings
based on the highest quality refractories will be required
and downtime due to gunning will be avoided as much as
possible. Such high performance lining based on magnesite
and balanced wear is generally obtained by the use of
magnesia-graphite in high wear areas such as the trunnions
and the slag line. An example of a 350 t LD converter lining
is shown in Figure 3. Converters with mangesite and magne-
site-graphite linings generally achieve about 600-1500 heats

with only minimal gunning maintenance (0.1-0.3 kg/t steel).

[:m Tempered magnesite 96% Mg0 E:j Magnesta . graphite 20% high HMOR
9 g 9
3 Tempered magnesite 98 % Mg0 [:\3 Mognesia - graphite 20% high corrosion
g L}
resistonce
Magnesia - graphite 20%

Figure 3 - Magnesite based lining of a 305 t LD converter




4.2.2 Lining practice in Japan

The applications of MgO-C-bricks in Japanese converters
began rather recently; the first being in tuyeres of Q-BOP
in the Chiba Works of Kawasaki Steel in 1978. Today mag-car-
bon bricks are the dominant lining material in Japanese con-
verters, in some cases up to 90% of the refractories are
MgO-C-bricks. Figure 4 shows the development of the unit

consumption of converter refractories in Japan.
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Figure 4 - Development of the unit consumption of converter
refractories (average of all Japanese conver-
ters) /2/.

An example of an converter lining constructed of MgO-C-
bricks is shown in Figure 5. It is a 250 t combined blown
converter (STB) from Kashima Steel Works.
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Figure 5 - Schematic diagram of converter lining /3/.

Another example of a Japanese combined blown converter is
shown in Figure 6. The example is from Kokogawa Works where
the main lining material still is unburned magnesia-dolomite

brick. Only 5% of the total lining is MgO-C-brick. The

lining life of the converter is about 1000 heats without any
hot gunning repair.
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Figure 6 - Lining profile of 240 t LD-OTB converter at
Kokogawa Wcrks /f4/.

4.2.3 Lining practice in Europe

European converters are today practically exclusively lined
with pitch-bonded basic brick and monolitics. Various types
of refractories are employed, such as dolomite, dolomite en-
riched with magnesite, magnesite or more recently mangesia-
graphite. The relative amount of dolomite or magnesite re-
fractories in Europe is 50/50 but it varies considerably
from one region to another. The converters in France, United
Kingdom, Italy and Sweden are mainly lined with magnesite
whereas linings of converters in Belgium, Norway and Finland
are predominantly composed of dolomite. The application of
mag-carbon bricks in European converters is normally limited
to the area around the purging elements, the trunnion area

and the mouth on the slagging side, see Figure 7.




Trunnion
Purging element

Mouth

Figure 7 - Application of mag-carbon bricks in European con-

vexrters /5/.

One exeption is the United Kingdom where mag-carbon-bricks

are the prevalent lining material.

In Figure 8 is a typical magnesite lining of a 120 t

LBE-converter.
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Figure 8 - Magnesite based lining of a 120 t LBE-converter

/16/.

4.2.4 Lining practice in Scandinavia

In Sweden the converters are equipped with inert gas stirr-

ing, the LBE-process. The lining material is or will be 100%

magnesite due to very high steel demand.




Table 1 - Lining practice in Swedish IBE-converters.

SSAB 3SAB Oxelosund
Luled
Today Planned
Refractories Pitch- Pitch- Pitch-
bonded bonded bonded

magnesite|dolomite (1) |magnesite
and magne-

site (2)
Thickness, Bottom, mm 750 x) 800 (2) 800 x)
Barrel, mm 650 650 (1) 650
Cone, mm 650 500 (1) 500
Panels, mm - 650 x) (2) 650 x)
Average lining life, heats 1 150 600 1 050
Converter size, tons 105 180 180

x) higher quality
Spiral lining is used in both steel-plants.

In Norway the 75 t converters at Norsk Jernverk in Mo i Rana
is equipped with inert gas purging through tuyeres. The lin-
ing material has up to now been pitchbonded magnesite in the
bottom (500 mm) and pitch-ktonded dolomite in the barrel. Due
to very little wear of the bottom they are now changing over
to ceramic bonded dolomite bottom and in the future the thick-
ness will eventually be decreased to 350 mm which is the
thickness before the CB-process was installed. The wear rate
in the cone has increasgd after CB was introduced. Change over
to ceramic bonded dolomite will hopefully solve that problem.
Increased wear in the cone can be a result of higher lance
practice and/or that the bath level is higher up in the barrel
due to increased bottom thickness.




4.2.5 Lining maintenance

Time taken during normal production for refractory mainte-
nance such as repiping of tapholes and for slagging or gunn-
ing will result in lost production. Except for taphole main-
tenance, which is avoidable, the other maintenance time
often represents a reduction of available time that has to

be balanced by longer lining life.

During the late 1970's and the beginning of the 80's there
was a trend towards extended use of monolitic refractories
in Japan and Europe. Programmed gunning became very popular
especially in Japan. Semiwet and wet gunning had a lot of
disadvantages which led to development of different flame-
gunning techniques. Experiences with flame-gunning in Japan
showed that due to high costs the technique will be limited
to production of high quality steel.

The trend today in Europe as well as in Japan is that gunn-
ing is carxried out only when need arises and is concentrated
on the area or areas where the working lining is breached or

known to be very i’ in.

4.3 COMMENTS ON INDIAN CONDITIONS IN THE FIELD OF
CONVERTER PRACTICES

4.3.1 Production of tarbonded dolomite bricks

The raw dolomite used for brick making in Bokaro Steel Plant
is of a poor quality. The total flux content in the sintered
product is on average 6.8%.

In Europe the general opinion is that the total flux content
should not exceed 3.5 wt-%. At the same time the grain den-
sity shall exceed 3.00 g/cm3,




The effect of the chemical quality on the calculated liquid
content of various dolomites is shown in Table 2. It can be
seen that the dolomite, type A, with a flux content similar
to the dolomite used in Bokaro Steel Plant (Bhutan), shows a
marked increase in liquid content over the nther dolomites
(B and C) at temperatures above 1600°C. It is obvious that
at tapping temperatures of 1650°C, which is similar to the
tapping temperatures at Bokaro Steel Plant, the liquid con-
tent will be very high. A further increase in the liquid
contert will occur at 1700°C because of increased solubility
of the primary Ca0 and Mg0 phases. Tapping temperatures of
1700°C will be a reality in India when ladle metallurgy and

continous casting are introduced in the future.

Table 2 - Calculated liquid contents of different dead burnt
dolemites in the 1350-1700°C temperature range /7/.

Dolomite impurity content Calculated liquid %ontent
type (Weight %) (Loss free) (Wt. %) at °C

SiO; | AlO; | Fe;O; | 1350 1400 1500 | 1600 1650 1700

A 27 1.2 1.6 6.9 7.2 7.8 9.7 122 15.6

c 038 04 1.2 37 39 42 5.2 59 6.1

1.0 045 20 56 58 64 79 8.2 84

The properties of West Germany (Wilfrath) and British
(Steetley) dolomite sinter for brickmaking are shown in

Table 3. As a comparison the Indian dolomite used at Bokaro
Steelplant is presented.




Table 3 - Properties of different dolomite sinter.

‘%Sio2 °%A1.0.|%Fe.0,|%Total|Grain density
flux |(g/cm3)

wilfrath <1.5 <1.0 <1.0 <3.5 3.1

Steetley 0.8 0.4 1.2 2.4 3.20-3.25

Bhutan 3.0 2.0 1.8 6.8 2.9-3.15

In Europe it is generally believed that the grain density
should not be lower than 3.00 g/cm3.

The German dolomite is produced in a rotary kiln with a maxi-

mum temperature of approx. 2000°C.

In the UK the two stage firing process is used. This means i
that the raw dolomite is fired in ctwo steps, first calcined

at 1400°C, thereafter the calcined dolomit is crushed and

briquetted and finally fired at 1950°C. Rotary kiln 1is used

in both steps. The reason for adopting this process is becau-

se it is the only possibility to get such a high grain densi-

ty with such a low flux content.

Though the Indian dolomite has a h.gh flux content i1t is hard
to reach an acceptable grain density (lower limit at Bokaro
Steel Plant 2.8 g/cm3). The maximum temperature in the rotary
kiln is 1700°C which seems too be to low though the energy
input in Bokaro is high compared to German praxis, see Table
4. Preheating of the fuel and eventually oxygen enrichment of
air for combustion plus increasing the zone of combustion

shot1d be considered.




Table 4 - Comparison of energy input/t sinter for different

producers.

Energy input/ton sinter
GJ toel) |Note

Bokaro Steel plant|15.8 |0.38 }|Preheated air

Wulfrath 9.15[{0.22 |Preheated sinter
Preheated air, 500°C
Sweden, 1978 11.7 l0.28 |Preheated oil, 130°C

1) equivalent ton oil = 41.9 GJ

The exact composition of grain sizes for brick-making is a
knowledge which every brickmaker today keeps as a secret. A
typical sieve analysis for production of tarbonded dolomite
is shown in Table 5. As a comparison the2 sieve analysis from
Bokaro Steel Plant is shown as well as the sieve analysis
for tarbonded dolomite bricks produced in Sweden in 1978.

Table 5 - Typicaliy sieve anralysis for production of tar-
bonded dolomite brirks.

Information from literature|Bokaro Steel Plant]|Sweden 1978
mm wt-% mm wt-% |mm wt-%
4.7-6.4 25 3-8 35-40 |[7-10 20
0.6-4.7 30 1-3 10-15 |2-7 40
0.2-0.6 10 C-1 50 0-2 20
i 0.074-0.2 5 -0.1 10-20 {-0.5 20
-0.074 30




The binding agent for production of unburned bricks in Europe
is exclusively pitch. For production of conventionally
pitch-bonded bricks the amount of binding agent is 4-5%, (re-
sidual carbon content 2%). Synthetic resin is the latest
binding agent used in magnesite bricks in order to increase
residual carbon content (approx. 5%). Due to very high costs

it is not yet used in dolomite brick production.

Sucessful trials with adding black and graphite to pitch

bonded dolomite have been done in Europe.

Bricks are produced by moulding a mixture of heated pitch and
dolomite at high pressure in hydraulic presses, P>100 N/mm2.
Some producers are using vibration moulding under low pressu-
re, P<1 N/mm2. The advantage with tne latter method is said
to be that the risk of grain fracture is totally excluded.

Tempering of pitchbonded bricks in order to improve both hyd-
ration resistance and carbon retention is done by passing
them through a tunnel kiln having a temperature of 250-
400°C. The residence time is typically about one day. Imme-
diately after the tempering the bricks are sprayed with tar
and palletized with a polythene wrap to prevent moisture ab-

sorption.

Physical properties of German pitch bonded bricks compared to
Indian ones are shown in Table 6.




Table 6 - Physical properties of German and Indian bricks.

Wilfrath Didier Bokaro Steel
Plant
Bulk density 2.85-3.00 2.87 »2.85
(g/cm3)
Total porosity 6-10 - 8-10
(% by volume)
Cold crushing strength >294 5S40 >60
(kp/cm2)

4.3.2 Lining technigques

Double layer lining which is praxis in Bokaro Steel Plant has

the following defects:

1 Since the joint part of outside and inside brick is un-
stable structurally the inside brick will fall off in

the middle of a campaign. The conditioning of falling

at the joint is shown in Figure 9.

Faling off  wear line

ouler inner
brick brick

Falling off wear line

outer inner
brick brick

Figure 9 - Falling off-model of inner bricks at boundary part

/3/.



2 If bricks with different taper are used, the joint will
not point accurately to the center of the furnace,

which also will cause falling of bricks.

3 As shown in Figure 10, many triangle joints will appear
at the back of the bricks and in the space between in-
side bricks and outside bricks. This can cause penetra-
tion of metal during operation and falling of bricks

when residual thickness of bricks becomes thin.

Quter Dbrick
/ Inner brick

Cleo<r‘-4ce // '( / \11 | | )

Clearance [
~.
=
Outer
_§ brick

{

Figure 10 - Example of clearance for lining bricks /3/.

In the Bokaro Steel Plant the first defect has been utilized
to decide when it is time for relining the converter. This
will not be necessary any longer since equipment for laser
beam measurement of lining thickness (IMS1600 from Geotronics
in Sweden) has been bought. It is therefore recommended that
single layer lining with long bricks will be adopted, provid-

ed that long bricks can be produced.

Long bricks are unfortunately very heavy and problems with

lifts can arise.




In order to decrease time needed for lining the converter
spiral lining technique can be adopted. Another positive re-
sult is that joints between first and last brick in every
ring is avoided. The joints could be a weak point in the lin-

ing if some kind of monolitic refractory is used.

4 .3.3 Operating parameters

Although refractory selection, properties and design play
critical roles in determining lining life, operational prac-
tices can have a far greater effect on refractory performan-

ce.

For Indian conditions the following operating parameters are
of special importance for the poor lining life in the conver-

ter:

- Hot metal analysis, 1.4-2.2% Si
- Poor lime quality

- High reblowing frequency

The high silicon content leads to a big slag volume and a
very aggressive slag in the first part of the blowing. If in
addition the slag formation is slow due to bad lime quality
this will result in a high lining wear rate. The reblowing
frequency can be decreased by adopting process control.

4.4 RECOMMENDATIONS REGARDING LINES OF DEVELOPMENT TO
ACHIEVE IMPROVED PRACTICE

4.4.1 BOF General practice

In order to increase converter lining life in the Bokaro
Steel Plant with maintained dolomitic lining we recommend the
following steps:

1 For brick making a dolomite with a flux content less
than approx. 3.5 wt-% should be used.
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Maximum sintering temperature must be raised to about
1900°C to reach a grain density of >3.10 g/cm3 for the

dolomite mentioned above.

Due to high atmospheric humidity in India the storing

time of dolomite sinter must be minimized.
Use a binding agent that gives a higher residual carbon
content in the bricks, i.e. pitch or synthetic resin +

extra carbon (graphite etc).

Install tempering of the bricks combined with tar

spraying afterwards.

Use single layer lining technique if it is possible to

produce and line long bricks (heavy lifts).

Improve lime quality; lime stone quality as well as

sieving and storing of lime.

Introduce pre treatment of hot metal; desiliconization.

Decrease reblowing frequency; process control.

4.4.2 Permeable block

Permeable elements for inert gas bubbling through converter

bottom are mainly of four types. The inert gas is brought in-
to the melt through:

1)

2)

Slits across the bricks - Veitcher Magnesitewerke
AG/Arbed (LBE-process)

Slit between the sheet iron ccver and the brick -
Magnesital Feuerfest, Hoogovens Ijmuiden/BSC




3) Porous plug with directional porosity - Radex

4) Multiple hole plug (stainless steel pipes) - Nippon
Kokan KK

The different types of peremable blocks on the market will

be presented below.

Figure 11 - LBE-permeable element.

Figure 11 shows the LBE-permeable element produced by
Veticher Magnesitwerke AG. The refractory materials in the

canned bricks have the following characteristics:

Magnesia-carbon brick with 90% fused magnesia, containing
anti-oxidants (Mg, Al or Si), resin bonded.




MgO 97.0 weight-%

A1203 0.1 -"-

Fezo3 0.2 -"-

SiO2 0.7 -"-

cao 1.8 -"-

Bulk_density, original 2.86 g/cm3
after firing in reducing atmosphere at 1000°C 2.81 g/cm3
Apparent_porosity, original 3.0 vol-%
after firing in reducing atmosphere at 1000°C 9.0 vol-%
Crushing_strenght, original 35 N/mm2
after firing in reducing atmosphere at 1000°C 34 N/mm2

after firing in reducing atmosphere at 1000°C 18 Wt-%
Temperature (°C) 500 750 1000 1200 1400
Lin. Therm Expansion (%) 0.42 0.68 1.00 1.32 1.60

Thermal Conductivity (W/mK) 13 13 12 11 10.5
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Figure 12 - Canned bricks made from existing bottom bricks.

The canned permeable element are produced from standard
bricks, either tempered tar-bonded MgO or magnesia-carbon
bricks. The bricks are enveloped by steel plate as shown in
Figure 12. Two bricks are positioned within the can. The fa-

ces of the bricks towards the can have vertical grooves to
adjust the passage of gas.

The wear rate can be reduced by appropriate slagging of the
bottom. Slagging is carried out by keeping approximately 3
ton slag in the vessel when the slag is judged to be of ac-
ceptable condition. Approximately 300 kg of pebbles (18-20
mm) of uncalcined dolomite are added from the top through a
chute. The dolomite pebbles are to be distributed evenly
over the canned bricks. During slagging a minimum gas flow
rate is maintained. Slagging of bottom is complet~=d by rock-

ing movement of the vessel to homogeneously spread the
slag-dolomite.




Slagging is carried out at irreqular intervals depending on

the result of laser beam measurement. In practice a slagging

operaticn is carried out once per 4 heat.

Radex porous_plug with_directional porosity

Radex porous plug for inert gas bubbling in LD-converter
consists of canned bricks of magnesia-carbon refractory with
about 50 mini-tuyeres (¢ = 1-1.5 mm) through the bricks see
Figure 13. The outside dimension of the element corresponds
to European standard shape. The maximum length producible is
700 mm. For the introduction of gases the bricks are encased
Wwith a metal envelope. Metal sheet in quality 5152357 having
a thickness of 2.5 mm or non-scaling metal sheet, material
No 2821 having a thickness of 1.8 mm are used for the metal

envelope.

Figure 13 - Radex porous plug.

The porous plug is made from a tempered high grade mag-car-
bon quality with 100% fused grain. Residual carbon is 15%.




Nippon_Kokan KK - MHP

The bottom blowing nozzle developed for the NK-CB-method (COZ'

Ax and N2 is blown from the bottom) is named multi hole plug
(MHP) where a number of pipes are made in magnesia-carbon refrac-

tories, see Figure 14.

Working Limng
MgQ-C Refractories

Stainless Pipe
rainess THE

Sreel Plate

Chamber
a

Safety Lining

L :
q Shelt

Figure 14 - Schematic diagram of MHP /8/.

The MHP-nozzle is made up of 30-200 stainless steel pipes of
0.5-2 mm inner diameter, the properties of the MgO-C refractories

are shown in Table 7.

Table 7 - Properties of MgO-C refractories /8/.

Chemical composition (%)
Mgo 72
C 22
Apparent porosity (%) 3.9
Bulk density (g/cm3) 2.91
Cold crushing strength (kg/cm2) 350
Cold modulus of rupture (kg/cm2) 156




The MgO0-C refractories are composed by mixing magnesia
grains and graphite flakes with termosetting resin as a

binding agent and formed by isostatic pressing.

In addition to the wear of the nozzle itself, the turbulence
of the flow of the molten steel becomes a problem in dura-
bility of the joint between the nozzle and its surrounding
bricks where the flow of the molten steel becomes markedly
turbulent. To prevent and control this problem, the steel
pipes of the MHP nozzle are divided into two blowing sys-
tems, the outer peripheral blowing system and the inner core

blowing system, see Figure 15.
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We recommend that the same lines of developments as Hoo-
govens Ijmuiden will be chosen i.e. producing permeable
blocks out of standard magnesite bricks. Those are available
in India and can be cut into correct size. For the introduc-

tion of gases a metal envelope of nonscaling steel with ne-

cessary joining pipe is needed.




4.4.3 Tuyere based technology

Tuyeres instead of permeable blocks for inert gas bubbling
mean no important difference in refractory praxis. Normally
for tuyere praxis the wear is concentrated to the tuyere
brick due to "back-attack" which means blowing back of the

jet and attacking the front surface of the tuyere.

The gas jet forms a cavity in the bath and many bubbles are
made on the cavity surface. But occasionally the cavity is
constricted close to the tuyere. This continues to develope
and sweep away with downward flow. But as this construction
is formed the jet is blown back to the front surface of the
tuyere. The frequency is several hundred times each minute

and the impact force acts on the tuyere refractory.
This phenomenon could be decreased by means of annular

tuyeres. The wear rate can be decreased if mag-carbon bricks

are used as tuyere bricks.
4.4.4 Test and simultatiopn system

The methods for evaluating and testing refractories can be

grouped into two categories:

those necessary for quality control in their
manufacture

those required for evaluating their performance




In spite of many years of study and cooperation, there are
still no internationally agreed standard methods for the
testing of refractories. For commercial and technical com-

parisons recourse must be made to methods specified by:

BSI (British Standard Institution)

DIN (Deutsche Industrie Normen)

ASTM (American Society for Testing Materials)

JIS (Japan Industrial Standard)

PRE (European Federation of Refractories Producers)

BCRA (British Ceramic Research Association)
Quality control methods

The following control methods are recommended:

Item Method
Dolomite acceptance . X-ray fluorescence analysis

grain composition

(screen analysis)

Rotary kilns . X-ray fluorescence analysis
bulk density
IL0I

Storing bunker - LOI

- bulk density

Crushing, grinding, . screen ahalysis
screening plant

Binding agent - water content
Bricks - bulk density

cold crushing strength
residual carbon



The properties of refractories can be classified as follows:

Standard test methods available, see Table 8

a) Basic properties:
Porosity, strength, chemical composition etc.
b) Application properties:

Slagging resistance, gas resistance etc.

Large and expensive testing equipment

c) Lining properties:

Temperature distribution, stress distribution etc.

Investigation of used refractories

d) Operational property:

Actual performance in furnace.

For testing tar-bonded and tar-impregnated bricks there are

special recommendations, see Appendix 1.

Slag corrosion is one of the moust important factors for
refractories coming in contact with molten iron and steel.
When developing refractories, therefore, priority is given
to improvement in resistance to slag corrosion, and various
corrosion test methods have been devised. However,
conditions causing wear in actual furnace operation are
often quite contrary to those obtained through corrosion
test. This is because a clear explanation for the wear
mechanism in actual furnaces has yet to be revealed. The
choice of an appropriate slag corrosion test method,
therefore, should be made according to conditions in each

actual furnace.



Table 8 - Standard test methods.

Item Standard N
Test methods MErQS' method,
Bulk density BCRA-TS 3:7 ASTM C20-74, C134-70 JIS R2205 DIN 51065
BS 1902:1967,4 C357-70, C493-70
DIN 51065 PRE/RS 1972
True porosity BCRA-75 3:7 DIN 51057, 51065 JIS R2205
BS 1902:1967,4 PRE/R9 1972
Apparent BCRA-T75 3:7 DIN 51065 JIS R2205 DIN 51065
porosity BS 1902:1967,4 ASTM C20-74
PRE/R6 1972
Ccld crushing BCRA-75 3:9 DIN 51067, 1973 JIS R2206 DIN 51067
strength BS 1902:1976,9 ASTM C133-72
PRE/R14
Hot modulus BCRA-75 3:17, 3:18 ASTM C583-67 DIN 51048
of rupture DIN 51048, Blatt 1 PRE/R18 1972
Modulus BCRA-75 3:10 ASTM C133/72, 607/67 JIS R2213 DIN 51048
of rupture BS 1902:1966,13
DIN 51048 1976
Permanent volume BCRA-75 3:8 ASTM C113/74 JIS R2207 DIN 51066
change BS 1902:1966,8 DIN 51066
BS 1902:1967,7 PRE/R19 1972
Thermal shock BCRA-75 3:14 ASTM C38/68 Japan: Acustic Emis-}DIN 51068 )
resistance BS 1902:1967,16 PRE/RS5.1, 5.2 sion Method l
DIN 51068, 1976 i
]
Slag resistance
Crucible test [DIN 51069,1972 JIs R2214 DIN 51069

Rotary furnace|BS 1902:5.13 Described in
test Appendix 2
Induction Mainly used in Japan, not standardized - ]
furnace test !
Slag drip ASTM C768-73 Modified
test method
Thermal BCRA 75 3:16 DIN 51046 Modified
conductivity BS 1902:1967, 10 ASTM 201-68 method
Thermal BCRA-75 3:15 ASTM E 228-7% DIN 51045
expansion BS 1902:1967,17

DIN 51045




Rotary slag test

This is a method developed for causing corrosion to occur by
constructing a small rotary kiln of which section is hexago-
nal or decagonal using trapezoid refractory specimens, heat-
ing by an acetylene or propane gas burner from one side of
the kiln and putting new slag into the rotating kiln from
the other side. This method is widely used both by marufac-
turers and users of refractories since it has advantages as

follows:

a number of specimens can be compared at a time
a temperature gradient shows in specimens
fluidity of the slag is achieved

always fresh slag

Oon the other hand it has the following disadvantages:

composition of slag (especially the state of iron
oxide) is liable to change since the method generally
employs an oxidizing atmosphere

temperature is difficult to ccatrol

reproducibility and correlation with results obtained

in operation of actual furnaces are not as good.

The rotary slag test is newly standardized in the United
Kingdom. MEFOS rotary slag test is discribed in Appendix 2.

Figure 16 shows a Japanese variation of the rotary furnace
test, known as the arc-heated rotary furnace test, with im-
provements regarding slag composition and temperature con-
trol. The test has become of major interest lately as a non-

oxidizing refractory test method.




Specimen

Drum

P —
Carpon e troue R <

S ey 8

leasur ~3ho2

e ;‘; a‘}‘:%j
I [

L

Morer T

Figure 16 - Arc heating rotary furnace test ]9/ .

Induction furnace test

This is a method developed for causing corrosion to occur by
setting the refractory specimens in the shape of a polygonal
crucible in an induction furnace, putting metal and slag in

the crucible, then melting them by induction heating, an

outline of which is shown in Figure 17.

— . Moiten steel
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Figure 17 - Induction furnace test /9/.



This method is not necessarily simple in use. With the
following advantages, however, this method is considered

highly efficient:

- a temperature gradient can be given to a number of

specimens with the fluidity of slag and metal

- both atmosphere and temperture can readily be

controlled

- rapid and vigorous corrosion occurs at the metal-slag

interface

- the method is effective in correlating results with

operation of actual furnaces and in reproducibility

Characterisation of the properties of magnesia carbon bricks

Magnesia-carbon bricks differ from other varieties of magne-
sia bricks by their high carbon content (5-30%), by a
generally coarser granulometry and by a more heterogeneous
composition. It is possible to use the majority of standard

tests i1f following precautions are taken:

- A very careful sampling because of the heterogenity of
the bricks and the risk of segregation of the differ-

ent phases (magnesia, graphite)

- Coking of the samples in a reducing atmosphere before

any trial to eliminate volatile materials and tars

- Protection of the measurement material, especially the

thermocouples from carbonaceocus pollution.



4.4.5 Refractory lances for HM-treatment

Introduction

The use of the injection process for both iron and steel
production has grown rapidly over the last 20 years. A key
part of this important process is the injection lance which
ensures that powdered reagents are introduced economically

and efficiently deep into the molten metal.

An injection lance must withstand high temperature, thermal
shock caused by severe and rapid changes in temperature,
chemical erosion caused by slag action and mechanical ero-
sion caused by the turbulence of the injection process. A

lance must also have strength and rigidity.

A number of causes for lance failure are illustrated in Fi-
gure 18.
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Figure 18 - Causes for lance failure /10/.




These are:

2. Mechanical_oxr thermal cracking: the injection process
causes vigorous stirring and movement of the ladle's con-
tents. Considerable flexing of the lance leads to premature
cracking and failure. Thermal cycling can also affect per-

formance

3. Lance or_nozzle blockage: this is caused by irregqularx
and uneven powder flow, a build-up of unreacted powder,
chilled metal at the outlet rnozzle or mechanical bridgning.
The problem is related basically to the injection conditions
and the powder's characteristics, and is as critical to lan-

ce life as refractory failure.

Lance quality and performance varies between suppliers.
Single or multiple use depends on the lance's design, the
quality of the materials used, the manufacturing method and
the application. Operating conditions such as the molten me-
tal's temperature and the presence/composition of slag have

a major influence.

ance const tion

Injection lances in common use are made by three methods:

1. Lances assembled from fireclay and/or high alumina
stopper rod sleevgs. These lances are cheap in terms

of raw materials.

2. Lances designed in sections that can be modified for
special stresses.

3. Lances made from cast reinforced monolitic alumina re-

fractory.
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Monolitic alumina lances are rapidly replacing lances made
from sleeves. A typical lance is a thick walled steel tube
approximately 4-6 meters long and 12-30 mm internal diame-
ter. The exterior of this tube is covered by high quality
alumina refractory cement to provide insulation and protec-
tion from molten metal and slag attack. The lance is oven

dried to remove moisture and initiate bonding.
Injection lances can be straight-through design or the mate-

rial can be directed sideways by a multi-port tip, see Fi-

gure 19.
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Figure 19 - Possible outlet port arrangements /10/.

The number of outlet ports depends on the type of material
injected and ranges from one to four. The highest number of
ports is considered best for maximum gas and powder distri-
bution but increases the risk of blockages due to pressure
differentials.

The lance tip can be integrai with the lance or replace-
able. The replaceable tip is preferred because a new tip can
be fitted easily and quickly if a blockage occurs. '



The advantages for multi-ports are:

Better powder distribution

Less turbulence and vibration

Less blockage

Foseco injection lances are medium and high alumina monoli-
tic cast refractory designs produced to exacting specifica-

tions. The main parts are shown in Figure 20.

Quuet ports
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Figure 20 - Foseco lance /10/.

An essential feature of the design is the refractory and

inner steel reinforcement:

Steel pins are added to the refractory cladding
composition. This improves rupture/tensile strength
and thermal shock resistance. The steel pins used vary
from 0.25 to 0.5 . mm diamter and 12.5 to 40 mm in

length.

The inner steel tube is heavily reinforced to give

extra rigidity.

tance ppe
rentorcement




Sprays or barbed wire are welded to the steel tube to

improve adhesion between the metalwork and the cladd-

ing.

. Highest quality alumina refractory is used for the

cladding material.

Iron desulphurization lances

Iron injection lances are used with magnesium, calcium car-
bide and lime in both torpedo and open ladles for desul-
phurization. The lance design varies with the injection re-
agent used; straight-through (vertical) outlet design lances
are used for calcium carbide or lime and horizontal systems

with one or more pecrts are used for magnesium.
Injection lance life depends on the operation conditions.
The tables below show the average service life of Foseco hot

metal desulphurizing lances.

Table 9 - Average service life of Foseco lances /11/.

fron
T
Lance type Appiication ngfntgge AVT’:’%Z)MS
14K Calcium carbide 300t open 300
17K Caicium carbide 120t open 500
19K Calcium carbide 450t torpedo 200
21K Calcium carbide 250t torpedo 500
23K Calcium carbide .200t open 500
83K Calcium carbide 300t open 300
17KN Magnesium 120t open 300
24K Magnesium 300t open 200
28K Magnesium l 100t torpedo 300
il




Hoganas lance
The Hoganis lance is constructed from a refractory castable

which has been specially developed for lance aprlications.

The castable is available in three qualities, has an A1203-
content 81-96% and an operative temperature range of 1700-
1800°C. For HM-treatment the quality with 81% A1203 is re-

commended.

For injection, the Hog:..nds lance 1is available with a replace-

able head and with one or several outlets.

The steel injection pipe and reinforcement is carefully inte-

grated with the castable.

Injection lances from Radex are made of high quality refrac-
tory products with an A1203 content of about 90%. Monolitic
lances can either be supplied as pre-fabricated pieces or

made by the customer himszlf. In both cases, a steel pipe or

a steel pipe combination reinforceq, is lined with a refrac-

tory material.




Figure 21 shows various types of Radex injection lances.
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Figure 21 - Radex injection lances /12/.

Joint work with the French Steel industry's IRSID research
team has led to the development of a novel monolitic pre-
stressed lance, see Figure 22. This lance can be used for
powder injection in hot metal and steel and for argon stirr-
ing of steel. A special design for injection of unmixed or
slightly diluted magnesium has been developed. The lance body
is built around a strong central tube protected by a thick
cylindrical aluminous refractory sheet, with an external dia-

meter above 210 mm. The special injection technique uses two
different circuits:

Rl

" ——

-




~ a central conveyance circuit in which circulates only
about 30% of the gas; in this way, the powder is con-
veyed at low speed.

- an annular circuit in which approximately 70% of the
total gas flow circulates at a rate of 100-200 m/s
around the central tube, acting as a thermal shield for

the magnesium powder carried in the central tube.
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Figure 22 - IRSID injection lance /13/.
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Appendix 1

III. 7(PRE/R 35)78,p. 1

Physical test methods for tar-bonded, tar-bonded tempered and
fired tar-impregnated basic refractories

35th PRE Recommendation — 1977

Introduction

This document only describes the physical test methods for tar-bonded. tar-bonded tempered and fired tar impregnated basic
refractories. For chemical analysis test methods. see PRE/R 33 *Chemical anaiysis of magnesite and dolomite products™.'"

There is preseatly a choice between two methods for the preparation of coked test pieces. The final selection of the recommended
method will be made following detailed comparative testing. This document will be revised when this work is completed.

This document contains a comprehensive list of tests. Not all of them may be required in order to characterize the material. One can
choose some properties based on these test-methods. preferably not more than 3. which should then be subjected to a staustical
control.

1. Object and field of application

Recommended test procedures are given for the examination of a range of basic refractories containing tar or pitch. These products
are made of sintered dolomite, sintered magnesia or mixtures of these two materials and are manufactured in the form of tar-
bonded, tar bonded and heat-treated, or tar-impregnated blocks or bricks. (The term tar also covers pitch.) The definition is as
foilows:

- Tar bonded:
An unfired refractory shape which has been produce d by pressing a mixture of graded aggregate and tar.

— Tar-bonded, tempered:
A tar bonded shape which has been heated to a relatively low temperature (up to 800 °C) in order to remove volatiles from the
tar and give an improved strength at low temperatures. The term ‘tar-bonded tempered’ is taken to include heat-treated, stoved
and toughened materials.

— Tar-impregnated:
A fired shape that subsequently has been completely impregnated by tar.

2. Sampling and preparation of test pieces
2.1 Sampling
The number of items (bricks) to be tested shall be determined in accordance with ISO/DIS 5022 (see PRE/R 7) or with

another sampling method agreed between the parties concemed.

w~
.
(&)

Preparation of test picces
One, or if necessary, two adjacent sections are cut from the centre of the brick parallel to the hot face (fig. 1a). The sections

shouid be the appropriate thickness for the test. With water sensitive materials cutting is dry and with all other materials wet,
Fired, tar free dolomite may be cut wet if not possible by other means but should be immediately dricd at 500 °Cin a
preheated furnace.

(1) PRE/R 33 does nnt deal with P, 04, ZrO; and B0,
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The appropriate test pieces, required for the particular test described in the following test procedures, are cut or drilled from
the core of the section i. e. 15 mm from the edge (as illustrated in fig. Ib).

221

Procedure for dry drilling and cutting

The driiling shoull be interrupted every 5 s. to blow out debris. Duning the entire drilling process compressed air may
be introduced axially from above the interior of the drill. The dust denived from the drilling or cutting operations should
be removed by suction.

Procedure for dryving tar-coniaining but not water sensitive specimens which have been prepared using water

It 1s recommended that tar:pitch containing samples should be dried n a blast of warm air with free air flow to all sur-
faces in a manner such as not to affect the tar bond or impregnant.

3. Testing

3.1 Tests on specimens *as supplied’
(i. e. in the original state)

31t

Bulk density

3.1.1.1 Determination of bulk density according to PRE/R 9

A sample containing free lime must not remain wet longer than '/, hour if water is used.

Drying procedure for tar containing samples is given in2.2.2.

3.1.1.2 Determination of bulk density by measuring and weighing

the whole brick (the weighing shall be made 1o within 0,2%%).
Lengths greater than 250 mm are determined with a steel tape measure furnished with a right-angled rigid hook
(about 5 mm) and graduated in mm.

Dimensions below 250 mm are measured with calipers to an accuracy of 0.1 mm. The whole brick should be
measured as follows: the length, width and thickness twice each; however width and thickness should be measured
separately at the top and at the bottom of the brick (fig. 2). The calipers should be placed on the brick not further
than 10 mm from ihe edge because of the possibility of tapering.

Since false results can be obtained should the brick be bowed. bricks to be used for the determination of bulk density
must not bow by more than 2 mm over their whole length. For this purpose a gauge with 2 mm plungers at its ends is
recommended.

3.1.1.3 Determination of bulk density by mercury balance

3.1.2

3.1.4

(According to PRE/R 19) note that for safety reasons a closed mercury volumeter is recommended;
Apparent porosity (Pa)

Apparent porosity is determined according to PRE/R 9. Liquid absorption is determined on brick fragments from the
core of the brick (no cut surfaces). For precautions during the storage of freclime-containing fragments in water se¢
section 3.1.1.1.

Organic solvents in which tar is soluble should not be used with tar containing test pieces. Where water is used the
drying procedure is given in section 2.2.2.

Cold crushing strength

Cold crushing strength should be determined according to PRE/R 14. Cubic test pieces are also permissible with water
sensitive materials, however, the geometry of the test pieces should be stated when quoting the results. Tar-bonded test
pieces should be kept at (22 + 2) °C until a constant temperature is attained in order to eliminate the influence of test
temperature. The temperature at which the test is carried out should be reported if the recommended temperature
cannot be adhered 1o for tar bonded materials. Test picces containing free lime should be stored over a drying agent.

Cold modulus of rupture

Cold modulus of rupture tests should be carried out according to PRE/R 21. Precautions conceming testtemperature
for tar bonded materials are to be observed as described in 3.1.3.
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3.2 Determination of tar content and tests afiter the extraction of tar

3.2.1 Soluble tar content
Normally fragments from the core of the brick (or from the tempered surface layer of the brick — in which case this must
be stated in the report). in an amount of at least 250 g, are crushed to approximately the original grain size. weighed
and extracted with toluene or trichlorethylene'?’. The extraction must be continued until the solvent liquid flows clear.

[he crushed. and particularly the extracted. material must be protected from hydration. especially during the dryving
process.

The content of soluble tar is the difference in weight before and after the extraction.

With a Soxhlet type apparatus there is the danger that the very fine material passes through the filter. In such a case.
centrifuging of the solvent is recommended.

3.2.2 Insoluble ar content
The sample remaining after tar extraction (3.2.1) is transferred to basins dried and weighed and then placed in a muffie
furnace heated to 1000 ° Cfor a period of 4 hours.

The samples should be allowed to cool and then reweighed. The insoluble tar shall be calculated from the difference in
weight before and after ignition and the results expressed as a percentage of the original weight.

3.2.3 Grainsize distribution of extracted tar bonded material
Fragments approximately 500 g in weight. taken from the core of the brick and having no cut surfaces are carefully
broken into picces, approximately 35 mm diameter. and then tar extracted using a dried weighed filter thimble (cf.
section 3.2.1). The thimble is then emptied onto a sieve. After emptying, the thimble is dried and weighed again to
determine the finer particles in it; this weight is then added to the weight of the particles of the sieve analysis. A
correction is made for the insoluble tar content as determined in section 3.2.2. The sieves to be used are those spguflui
in ISO 565.

Note: It is possible to check the grain size distribution of incoming bricks into a steelplant by this method but this test
can only give an indication if there has been a significant change in grain size distribution of the product. It is impossible
to identify the same particle size distribuiion as the producer of the brick used for its production by any method.

3.2.4 Determination of bulk density of granular materials
The bulk density of the granular maternial is carried out on grains < 5,6 mm and = 2 mm according to PRE/R 30 by
cither:

a) arrested water adsorption method.
b) mercury displacement method.

3.2.5 Totaltar conient
The total tar content can be determined in two ways:

a) summation of soluble and insoluble tar contents,
b) percentage weight change on heating a tar-containing sample to 1000 °C to constant weight as in section 3.4.
3.3 Tests after coking (reduting firing)

331 Preparation of coked samples
There is currently no agreed standard procedure for the preparation of coked samples, co-operative coking tests are
currently in progresss in order to determine the method to be adopted in the future.

For 2 years there is a recommendation to use the following methods:

- ASTMC831-76
~ British coking test procedure (Refractories Journal, sept./oct., 1978).

Note: It is possible that during the preparation of coked samples that c.lrbonauon of the refractory oxides oceurs and
aiso that the iron compounds are reduced.

(2) Trichlorethylene is to be used with caution because it is known to be & narcotic and addictive. (The results with toluene and trichlorethylene
are not the same for some tar bonded products. Differens values may be obtuined with the two liquids. The liquid used should be stated in the
report.)
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34

3.33

337

Weight loss during coking
Weight loss during coking is the difference in the weight of the test pieces before and after carrying out the coking
procedure specified in section 3.3.1. and is expressed as a percentage of the original weight.

Original Weight - Coked Weight

1 [/
Onginal Weight % 100 %

Weight loss on coking;:

Cold modulus of rupture
Specimens should be prepared according to section 4.3.1 and the report should contain a refercnce to the coking
procedure adopted. The testing procedure should be carried out according to PRE/R 21.

Cold crushing strength
As specified in section 3.1.3. In this case it is not necessary to keep the temperature constant.

Bulk density
Asin section 3.1.1.1.

Apparent porosity
Asin section 3.1.2.

Determination of the carbon content of coked bond

The coked samples should be weighed and heated in a furnace of suitable size to 1000 °C to constant weight.
Arrangements should be made to maintain an oxidising atmosphere e. g. by a stream of air through the furnace. The
samples are cooled in the furnace and then transferred to a dessicator and afterwards reweighed. The heating rate of the
sample is not critical providing that it has been ground. The heating rate detailed in section 3.4.1 should be used if the
sample is a cut section on which further tests are to be made.

The carbon content is the difference in weight before and after ignition expressed as a percentage of the coked weight.

Coked Weight — Carbon free W eight

(4
Coked Weight x 100%

Carbon content:

Note: It may be necessary to correct for carbonation of refractory oxides and also the reoxidation of the iron
cumpounds that were reduced during the coking procedure.

Permeability to air
The determination of permeability to air is carried out according to PRE/R 16.

Procedure for the determination of hot modulus of rupture under controlled conditions of atmosphere
(in discussion).

Tests after carbon removal (oxidizing firing).

341

342

343

344

345

Tar or carbon removal .

The appropriate test-pieces required for the particular test described in the following test procedures should be heated
in a furnace of suitable size to 1000 °C at 250 K/h. Arrangements should be made to maintain an oxidising atmosphere
e. g. by a stream of air through the furnace. The temperature of 1000 °C should be maintained for 12 h after which the
test pieces should be allowed to cool in the furnace before being placed in a dessicator.

When carbon free specimens are being prepared from the tar containing state for modulus of rupture determinations
ther a heating rate of 60 K/h is recommended.

Loss-on-ignition during oxidising firing

Loss-on-ignition is the difference in the weight of the test material before and after firing at 1000 °C. The amount of
material to be tested; 3 test-pieces per item. Ground samples prepared for chemical analysis should not be uscd for the
purpose of this test.

True density
The determination of true density is carried out according to PRE/R 8.

Bulk density and apparent porosity
The determination of bulk density and apparent porosity is carried out according to PRE/R 9.

Permanent change in dimensions on heating
The determination of permanent change in dimensions on heating the prepared samples is carried out according to
PRE/R 19.
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326 Permeability to air
The determination of permeability to air is carried out according to PRE R 16.

(s
het
~4

Other tests
Once the tar has been completely removed from the sample (see section 3.4.1) then normal PRE test methods should
be used. This is particulary applicable to impiegnated. tired brick products.

Norte: A hydrauon test for doloma products is now being considered.

Fig. 1
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Fig. 2
Diagram with characteristic lines
for the measurement of the brick.
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Determination of butk density, anparent perosity and true
porosity of dense shaped refractory products

9th PRE Recommendation — 1966 Revised 1976V

1. Scope and field of application

This recommendation specifies a method for the determination of the bulk density. the apparent porosity and the true porosity of
dense shaped refractory products'®’.

2. Definitions
For the purpose of this recommendation. the following definitions appiy:

2.1 bulk density: The ratio of the mass of the dry material to its bulk volume. It may be expressed in grams per cubic centimetre
or in kilograms per cubic metre.

2.2 true density: The ratio of the mass of the material to its true volume.
2.3 true volume: The volnme of the solid material in a porous body.

2.4 bulk volume: The sum of the volumes of the solid materiai. the open pores and the closed pores. It is expressed by the externai
surface of the sample'®,

2.5 apparent porosity: The ratio of the volume of all the open pores to the bulk volume of the product. It is expressed as a
percentage of the bulk volume.

2.6 open pores: Those pores that are penetrated by water or by the immersion liquid in the test described'®.
2.7 closed pores: Those pores that are not penetrated by water or by the immersion liquid in the test described.

2.8 closed porosity: The ratio between the total volume of the pores defined in 2.7 and the bulk volume of the test piece. It is
expressed as a percentage of the bulk volume.

2.9 true porosity: The sum of the apparent porosity (2.5) and the closed porosity (2.8).

3. Principle

Determination of the dry mass of a test piece, then of its apparent mass when immersed in a liquid with which it has been
impregnated under vacuum. then of its mass in air while still soaked with the liquid.

Determination of the bulk density, apparent porosity and true porosity by calculation.

4. Apparatus

Drying oven.

Balance with an accuracy of £ 0.05 g.
Hydrostatic balance with an accuracy of £ 0.05 g.

Evacuating equipment, capable of reducing the pressure to a value not greater than 25 mbar, and a means of measuring the
pressure used. '

(1) This textis similar to ISO/DIS 5017,

(2) Refractory products with a true porasity less thun 457,

{3 The soughness of the surface limits the accuracy of definition of the bulk volume and. in consequence. of the bulk density. Alsn, the notion of
bulk density becomes less precise when the volume of the sample diminishes below certain limits or when its texture (size of pores and grains) is
too coarse.

(4) These pores, in principle, are all thove that are connected with the atmosphere, either directly of vin one another. llercnagnin the roughness
of the surface imposes a limit to the accuracy of the definition of the volume of the open pores.
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5. Number aind shape of test pieces
The number of items (bneks) to be tested shall be given by the sampling plan.

The number of test pieces to be tested per ttem (brick) shall be agreed between the parties concerned: it spail be given in the test
report.

In cases where several bricks are tested. the same numbers of test pieces shall be taken from each brick to allow staustical
evaluation.

Broken pizces. whole preces (if they are small in size). or test pieces cut in the form of cubes or cylinders may be used. The most
suitabie buln volume of a test piece is not below 50 cm’.

As far as possible. the superficial *skin” (approximately 3 mm in thickness), which might have different porosity. shali be removed.

Anv test piece showing cracks caused by its preparation. the presence of which might falsify the determination of the bulk velume.
shall also be elimmated.

The ratio of the longest to the shortest dimension of the test piece shall not exceed 2:1.

6. Procedure

6.1 Determination of the mass m, of the dry test piece

Dry the test piece at (11C = 5) °C to constant mass. i. e. until two successive weighings made before and after at least 2h in
the drying oven do not differ by more than 0.1%.

Before cach weighing, place the test piece in a desiccator until it has cooled to room temperature. The weighings shall be
made to the nearest 0.05 g.

The mass determined is the mass of the dry test prece (m,).

6.2 Soaking of test piece

Place the cooled and dried test piece in an airtight vessel. After sealing the vessel. evacuate it until a constant pressure of
25 mbar has been attained: this shall take at least 15 min. In order to make sure that all the air has been removed from the
test piece, detach the vessel from the vacuum pump and use a manometer to check that the pressure does not rise again.
After this, progressively introduce the immersion liquid in such a way that the test piece. after 3 min, is covered with about
20 mm of fiquid.

This liquid may be cold distilled water for all materials that do not react with water®’. For materials that are sensitive to
contact with water. an organic liquid. such as paraffin. shall be used.

Maintain the reduced pressure for 30 min after the introduction of the liquid. After this, release the vacuum and open the
vessel.

6.3 Determination of the apparent mass m, of the immersed test piece

Place the test piece, while still immersed. on a hydrostatic balance and weigh it while completely immersed. The immersed
pan of the balance shaill be suspended by a thin thread. In this way the apparent mass of the immersed test piece m, is
obtained. The weighing shall be made to the nearest 0.05 g.

6.4 Determination of the mass m; of the soaked test piece

Removz the test piece from the liquid and sponge it rapidly with a damp sponge or damp cloth to remove droplets and the
surface film of liquid.

Immediately weigh the test piece in air. Take care to ensure that evaporation of the immersion liquid does not ead to any
appreciable loss in mass during the weighing operation. in this way the mass of the soaked test piece m, is obtained. The
weighing shail be made 10 the nearest 0.05 g.

(5) In this case, it is also possible to follow the procedure set out in the test method for shaped, insuiating products, preferably currying out the
test on standard bricks,
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6.5 Determination of the density of the immenrsian liguid

Determune the density o of the liquid used in the operation at the temperature of the test. (For water. see the table.)

Table R L T
Dunsity ot water as a tunction Temperature, °C Density. 9. g/em
of temperature between 15 and 30 - C 15 0.999 )99
16 0.998 943
17 0.998 774
18 0.998 595
19 0.998 403
20 0.998 203
21 0,997 992
22 0.997 770 i
23 0.997 538
24 .997 296
25 0.997 044
26 0.996 783
27 0.996 512
28 0.996 232
29 0.995 944
30 0.995 646
7. Expression of results
m
The bulk density oy, in grams per cubic centimetre. is given by the formula: 0y = m—lm— " Q
. . m; - m,
The apparent porosity 7,, as a percentage. is given by the formula: T T o 100
3= iz
; <o Oy — Oy
The true porosity ., as a percentage, is given by the formula: T = B - 100
t
The closed porosity x,. as a percentage, is given by the formula: % = A4,—T,

In these formulae:

m, is the mass of the dry test piece. in grams;
m: s the apparent mass of the immersed test piece, in grams;
y  is the mass of the soaked test piece. in grams;
is the density of the immersion liquid. in grams per cubic centimetre;
% is the true density of the product. iis grams per cubic centimetre.

=2 |

’

The bulk density shall be expressed in grams per cubic centimetre or in kilograms per cubic metre (by multipiying the result from

equation {1] by 10°). The calculation shall be made to three significant figures.

The caleilations of porosity shall be made to the first decimal place.

8. Testreport

The testreport shall contain the following information:

~ designation of the test materials;

- number of test pieces per item (brick),

- vacuum used;

- liquid used;

- individual values and the median value for cach item (brick).

Note:

The individual values are used for calentation of the median. The median is used for further statistical work.,




I 14 (PRE/R 14) 78, p.

Determination of the cold crushing strength of
derse shaped refractory products

14th PRE Recommendation — 1967V

1. Object

The present method has for its object the determination of the resistance to rupture under a compressive force of dense shaped
refractory products at ambient temperature.

2. Definition

The cold crushing strength is the quotient of the maximum load F,,, supported by the test-piece during the course of the testtc
the initial cross-section A, of the test-piece:-

4 ) Fmal
g =

[+

It isexpressedin N - mm™ (= MN - m™ = MPa)
These units are expressed in term of the old ones as follows: I N - mm™ = 10.19 kgf - em™2.

3. Test-pieces
3.1 Shape

It is recommended that the test-pieces should have the shape of a cvlinder 50 mm diameter and 50 mm high. cut from the
pizces 10 be tested in such a way that. unless the shape of the brick makes it impossible, the piane faces obtained are at least
4 mm distant from the original faces of the piece.

In the exceptional cases of products of very coarse grain size (> 12 mm), a cylinder 70 mm diameter and 70 mm high may be
used. Similarly. when the shape of the bricks makes it impossible to cut test-pieces of 50 mm, cylindrical test-pieces 35 mm
diameter and 35 mm high shall be used.

3.2 Tolerance

In order 1o reduce the scatter of the results and to achieve the best reproducibility, the test-pieces must be prepared with the
greatest care.

3.2.1 The following tolerances shall be allowed: .
— on the diameter: £ 0.5 mm
— on the height: £ 3.5 mm
- on the perpendicularity of the axis of the test-piece relative to the end-faces: deviation < .5 mm

a) for tests carried out with cardboard bedding (see para.7)
— faces shall be plane and parallel to within a deviation < 0.2 mm

b) for tests carried out without bedding
~ faces shall be plane and parallel to within a deviation - 0.1 mm,

3.2.2 Conformity with these tolerances shall be checked in the following way:
- carbon paper shall be used to check whether the end-faces are plane;

- parallelism of the end-faces shall be checked by four measurements of the height of the test-piece. The difference
between any two measurements shall not exceed the tolerances set out above;

~ the perpendicularity of the axis relative to the end-faces shall be checked by placing the test-piece upright on a plane
slab and applying a set-square to any generatrix of the cylinder. The deviation between this generatrix and the arm of
the set-square shall not exceed the tolerance set out above.

(1) This text is under revision and the test is being studied by 1SO.

-~
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4. Taking the samples
4.1 Number
The accuracy of the result depends on the number of test-pieces submutted to the test. because this property aw avs exhubits a

“de satter. Stansucal treatment of the results makes it possible to determine the confidence limit of the results depending on
the number of specimens tested. and the standard deviation usual w fabrication.

Ir no case should the number of test-pieces be less than 3.

42 Direction
All the test-preces shail be cutin the same direction. preferably with their axes parailel to the direction in which the pressure
was applied Juring shaping, because the crushing strength is a vectorial property. often influenced by the direction of
application of the stress. If the direction of pressing is not known. it is recommended that the permeability should be measured

in three directions at nght angles to one another on cubic test-pieces cut from the picce to be tested. the crushing strength then
being determined in the direction corresponding to the lowest permeabiiity.

In particular cases. another direction of cutting may be selected by agreement. Jdefined on the basis of the conditions of service.
butitis still stipulated that all the test-pieces shall be cut in the same direction.

4.3 Position

If the guality of a consignment is to be assessed correctly, it wiil be as well to take several bricks and several test-pieces from
cach, taken from different positions. As a general rufe, however. the taking of samples is governed either by sampling
standards or by special agreements.

S. Drying the test-pieces

The prepared test-pieces shall be carefully dried by placing them in a dnving-oven at (110 = 5) °C 1o constant weight. They are then
cooled and kept away from moisture until the test is begun.

6. Testing equipment

The hydraulic or mechanical crushing-strength machine shall have a measuring device capable of measuring the stress exerted on
the test-piece to within = 2. To this end. the measuring range of the machine shall be adjusted to the mean value of the test results
in such a way that none of the results falls below '/}, of the maximum value of the measuring range employed.

The platens of the machine should be polished and their centre clearly marked. One of the platens should be mounted on a
*knuckle” to compensate for small deviations from parallclism that may exist between the test-piece and the platen.

The application of the load should be continous and progressive.

7. Carrying out the test

The rest-piece is placed at the centre of the platens of the machine. The use of cardboard or metal bedding sheets is still under dis-
cussion by special committees. Until a defintive decision has been reached on this matter. it should be stated in the report what type
bedding has been used. The compressive load is then gradually increased ata rate of 1 £ 0.1 N - mm— - s~ until the test-piece
crushics.

The maximum load applied by the machine is indicated by a maximum indicator; this is the value used for the calculation of the
resuits of the test.

8. Expression of the results

Each testis caleulated by dividing the value of the maximum load indicated by the press, by the cross-section of the test-piece caleu-
lated from measurement of the original diameter to within 0.1 mm.

All the results obtained shall be given with an indication of the location of each test-piece, but the value that is to be taken shalf e
the mean value of these results,

If the test has been carried out on test-picces having a shape differing from the standard. this shall be stated in the report. Jt shall
aho be stated whether the test has been carried out with or without bedding sheets and the direction in which the test-picces were
cut shall be indicated.
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9. Reproducibility of the method

There have not been sutficient tests to give the standard deviation of this method. However, they have demonstrated the influens
of the surface condition of the platens of the press and the degree of ‘inisk of the test-pieces. They also permit it to be stated that it
standard deviauon of the method is above 2.5 N - mm™* (average crushing strength of the product being tested > 70 N - mm™—").
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Determination of modulus of rupture at ambient temperature of
dense and insulating refractory products

21st. PRE Recommendation — 1972 Revised 1978

1. Object and scope

This recommendation specifies a method for determining the modulus of rupture at ambient temperature of shaped and unshaped
dense and msulating refractory products. under the action of a stress increasing at a constant rate.

2. Definition

The modulus of rupture is defined as the maximum force resisted by a parailelipipedal test-piece of given dimensions when placed
under stress in a three point bending apparatus.,

The modulus of rupture (og) is calculated from an equation derived from Hooke™s Law on elastic materials.® Itis expressed as the
ratio between the bending moment (M, ) at the point of rupture and the moment of resistance W. '

A% .
\i%

O =

3. Principle

Subject the test-pieces'” to a bend stress which increases uniformly to rupture.

4. Apparatus

The apparatus must include a means for applying the load fulfilling the following requirements (cf. fiagram of principle): it will
comprise two parallel supports and a central thrust column which is capable of applying a load at a constant rate. As it is possible to
use different shapes of test-pieces, the various distances between supports, the different radii of curvature and the tolerances are
given in Table 1. A means of recording or indicating the load at rupture with an accuracy of + 2S¢ must be provided.

5. Sampling — number and preparation of test-pieces

5.1 Sampling

Determine the number of specimens comprising the sample according to 1SO/DIS 5022 (<f. PRE’R 7). The sampling of
unshaped products and raw materials will be carried out according to a method in preparation.

5.2 Number of test-pieces

When the test is made on test-picces taken from one specimen. the number of test-picces must be the same for all the
specimens making up the sample. This number, and the format of the test-pieces, must be agreed between the parties.

(1) This revision takes account of all the most important decisions made in producing 1S0/DIS 5014,
(2) Refractory products do not always exactly obey Hooke's Law,

(3} This method appiies primarily to shaped products which have been fired once. If it is desired to test unfired or unshaped products, previous
treatment may be nccessary. (For unshaped materials see PRE/R 28).
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5.3 Preparation of test-pieces

53.1 Format

Unless agreed otherwise the test-piece will comprise a complete brick of standard format 230 mm x 114 mm x
75(76) mm. Other formats may abso be used — their sizes and tolerances are givea in the table.

3.3.2 Preparation

Bricks of standard format are to be tested as received. and test-pieces prepared from unshaped matenials. Where test-
pieces are cut. take them so that the upper longitudinal face of the test-piece in the test position (face :n compression)
coincides with or is parallel to one of the original faces of the specinen (face perpendicuiar to the dircction of
pressing).' Cut preferably with a continuous bladed diamond saw.® Indicate the direction of pressing on the test-
pieces.

$.3.3 Drying
Dry the test-pieces hefore testing at (110 = 5) °C to constant weight.
5.4 Measurement

Measure the height and the width of the test-pieces in the middle to within = 0.1 mm (these values are used to calculate the
modulus of rupture).

6. Procedure

Place the test-piece on the lower support so that it rests symmetrically. If t*.c ost-prece is a brick of standard format place the face
carmving the tdentifying marks under compression. If test-pieces cut from a _;:_cimen are being used, placc in compression the face
which corresponds to the original face of the brick whete this has been preserved.

Apply the load verticaily, in the direction of pressing of the brick if this is known. and at constant rate, to rupture of the test-picce.
Measure the maximum load F,,.

Increase the bendingstressatarate of 0.15 N - mm™? - s~ £ 10 for dense products and atarate of .05 N - mm™ - s—' = 1077 for
insuaung products. The actual load applied 10 each test-picce per unit time is calculated according to the formula given in section 7,

7. Calculation of modulus of rupture
The modulus of rupture is calculated from the formula

3 an L, M nax
X =

a = —_—
F727 0 T W
in which
Fmax = maximum force
Ls = distance between supports
b = breadth of test-piece
h = height of test-piece.

Express the resultin N - mm—2 (= MN - m—? = MPa). (Kgf cm™? with the ratio L N - mm™2 = 10.19 kgf - cm™? may also be
used).

8. Expression of resulits
8.1 Shaped products - bricks of stancard format

The value obtained for | brick constitutes the test value.
8.2 Cuttest-pieces and unshaped products

Give the individual values {or each test-piece. and the mean per specimen, this latter value being the test value.

(4) Ifitis nut possible to preserve the firing skin on all the test-picces taken trom one specimen, eliminate it from all of them.
(5) When a toothed saw is used it often happens thst the edges of the cut on the side where the saw emerged are damaged. It is therefore
recommended that the saw penetrates the specimen on the face which will be under tension during the tesi.




@. Testreport

Indicate in the test report:

~ the designation of the boick (consumer. manufacturer, type. formart etc.);
— aumber of test-pieces per specimen giving a test value:

- number of specimens:
— dimensions of test-preces:

~ position of test-prece(s) in the brick:

— :f apphicable. prevous treatment;
~ the distance between supports:
- actual rate of increase 1 bend stress for each test-piece;
- theindividual and mean values for each specimen:

— the place and date of the test.
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Format ol test-pieces

Tolerances for

Tolerances for

Tolerances for

Distance between

Radius of cury ature |

i breadth b paralielism between | parailelism berween supports L, ol support and
and height h the sides of 2 the longitdinal thrust column '
i transverse section faces of the test-

[ picce

Po230x T14x64 (76) 180 = 1 15 =03

. For unshaped materials

i 230x64x54 + (.39 0.2 0.3' 180 = 1 13 =035

| (cf. PRE/R 26) addition

-

i 200x<40x40 +0.5 0.15 0.25 180 = 1 303

| 150x25x25 +05 0.1 0.2 125 % 1 5058

Al dimensions are inmm.

(1) The length of the supports and thrust columns must be at least 5 mm greater than the breath of the test-pieces. The thrust column must be

paraliel to the

pports and positi

(2) Valid for the internal sides of the mould.

Diagram of principle

Test-picce

d in the centre of the distance between supports with an accuracy of = 2 mm,

Test-picce
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Determination of bulk density of granular materials

30th PRE Recommendation — 1977V

1. Object

The present recommendation describes the determination of bulk density of granular materials with grain size larger than 2 mm.

2. Definition
The bulk density og of a matenal is the ratio of its mass to its volume inclusive of the volume of pores.

The bulk density is calculated from the following formula and reported in g/cm?

m
Op =

YR vV R

tn which

m = mass of the dried material
Ve = volume of the matenal

3. Principle
The volume of a given mass of a granular matenial with grain sizes between 2 and 5.6 mm is measured by displacement of a liquid.
Two methods may be used for the determination of the bulk density of granular matenials.

method 1: the mercury method
method 2: arrested water absorption method

Depending on the nature of the matenial to be tested the two methods may give different results. Therefore any vaiu2 of the bulk
density must be accompanied by an indication of the method used or to be used in any case of arbitration.

4. Sampling — number and preparation of test samples
4.1 Sampling

A recommendation is in preparation by 1SO.
4.2. Preparation of test samples

The material to be tested shall consist of fractions or groups of fractions with grain sizes above 2 mm. Laboratory samples are
produced by sieving (after preliminary comminution of the material above 5.6 mm if need be). Test results can be affected by
the comminution technique and the equipment used.

Any dust or loose particles adhering should be removed before testing by washing or, with materials sensitive to moisture or
humidity, by air blowing.

4.3. Number of test samples

At least three test samples should he taken from the laboratory sample and one determination of bulk density should be
carried out on each test sample.

(1) This document has been passed on 1o ISO/TC 33
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4.4, Size of test samples

The size of test sampies to be taken depends on the grain size and homogenetty of the material to be tested.

Size of test samples
grain (®)
fraction
(mm) good peor
homogeneity homegeneity
29356 method 1 100 200
method 2 50 50

Tab. 1: recommended amount of material for a singie test sample

S. Method 1: The mercury method
5.1 Apparatus

Balance toweighto £ 0.1 g

Drying oven o
Desiccator '
Vacuum pycnometer: a vessel as shown in fig. 1 (conical ground g.ass joints according to ISO R 383) and a test arrangemeni as
shown in fig. 2.

5.2 Procedure
5.2.1 Determination of the weight (mass) m, of a test sample

Before weighing the test sample s dried at 110 = 5 °C to constant weight and then cooled to room temperature in a
desiccater. The accuracy of the weighingis 0.1 g.

th
[ ]
tI

Determination of the volume Vy of a test saumple

The volume of the test sample is determined by the mercury displacement method with a vacuum below 30 mbar
residual pressure. preferably with a residual pressure of 1.33 mbar (approximately 1 Torr) using the vacuum
pycnometer (see fig. 1)

Determination of weight m_of empty vacuum pycnometer
Clean and dry empty vacuum pycnometer and then weigh it to 0.1 g. This weighing is unnecessary if all the
determinations are carried out at the same temperature.

Determination of weight mg of pycnometer filled with mercury

Evacuate the vacuum pycnometer and fill it with mercury by suction until it emerges from the capillary (sce fig. 2).
Close the stopcocks 1 and 2 of the pycnometer in that order and disconnect the apparatus from the vacuum pump.
Pour off the surplus mercury that has come out of the capillary and remove the mercury remaining in the suction
capillary, up to stopcock 1, with a steel wire. Weigh the pycnometer filled with mercury to 0.1 g.

Determination of weight my of the evacuated pyenometer containing test sample and filled with mercury

Transfer test sample (weighed to 0.1 g) without losses into the pycnometer and fill this, under vacuum, with mercury
as described in 5.2.2.2. This will give average pressure on the grain of about 265 mbar. Then weigh to 0.1 g.
Thereupon. remove, under vacuum, the mercury from the vessel. Determine the amount of mercury still remaining in
the test sample by weighing this sample after the adhering mercury has been removed and by finding the difference
from the original weight of the test sample.

If the weight of mercury remaining in the test sample is over 5% of the original weight of the sample, state the
amount, as a weight percentage, in the test report.




6.

6.1
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S2.2.3 Allowance for the densuvy of the mercury

When carmving out the derermimnatons according o 3.2.2.2 and 3.2.2.5 changes in the density of mereury witt
temperature shown in tab. 2 must be taken into consideration.
Tin C vingrem® tin C vingiem’
13 13.559 23 15.339
16 13.556 24 15.530
17 13.554 25 13,554
18 13551 2o 15.352
1o 13.349 27 13529
20 13.546 28 13.327
21 13.344 29 13.524
22 13.541 30 13.522

Tab. 2 Variation of density ¢ of mercury with temperaturce t

5.2.2.5 Calculation of volume Vg of the test sampie
If the weighings were made according to sections 3.2.2.2 and 3.2.2.3 ar a constant temperature and therefore with ¢
constant mercury density, use the following eguation for calculating Vg:
mg; +m.~My
V= —2 0t

(8] L

If the weighings were made at different temperatures and thus different mercury densities. use this equation for Vi:

M;—mMy mem-m,

Ve= [5! Q2

where

m; = weight of pycnometer filled with mercury onlv.in g

my = weight of evacuated pyenometer filled with test sample and mercury, in g

m; = weight of empty pyvenometer. in g

m, = weightofiestsample.ing

o = density of mercury if calibration and measurement are carried out at same temperature

I

density of mercury when determining the filled weight mg of the pyvenometer containing mercury
= density of mercury when determining the filled weight m¢ of the pycnometer containing both test sample anc
mercury

Method 2: Arrested water absorption method:

Apparatus

Balance toweighto = 0.1 g

Drying oven

Desiccator

150 mi beaker

Flat weave cotton towel

Funnel. upper diameter approvimately 100 mm

100 mi calibrated burctte graduated in 0.2 mi (1ISO/R 385)
Burette magnifier

Procedure

6.2.1 Determination of the weight (masy) my of a test sample

Before weighing the test sample is dried at (110 = 5)°C to constant weight and then cooled at room temperature in &
desiccator. The accuracy of the weighing is 0.1 g
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0 2.2 Dewrmunaton of the volume Vg of a test vample

The testsample i transferred to the 130 mi beaker and water at room temperature is added until the sample iy covered.
The burette should be freed from grease'™ and washed out immediatedy before use. It is filled with water o a levei
hetwezn the 20 mland 23 mi marks and ailowed 1o drain for [ min before the initiai reading is takea. by estimanon. to
one-tenth of 3 division (0.0F mi) with the aid of 2 magmifier. The funnel iy then zttached to the burette by means of a
picce of piasuc tubing.

The cotton towel 1s saturated with water and wrung out by hand as drv as possible before cach determmation. [t is then
foided  form a pad with four to six thicknesses of cloth.

When thie test sampie has been soaking for at least two minutes. a cover giass is placed over the beaher o retan the
sampic and the water i poured off as compietedly as possible. The test sampize s then transferred 1o the towel cnd
blotted with the towel until the wet sheen on the grains has disappeared. The towel is then folded to taciiitaze pouring
the test sampie through the funnel into the burewe. The finai level 1 then read. by estimation. to 0.035 mi. with the wid of
the magnifier.

The volume Vi of the test sampie is given by the difference between the final and initial readings.

7. Calculation of the results
The bulk density gy is calcuiated from the foliowing formela and reportedin g - em ™"

m
Or = ——

Vi

m wnich

1]

m
Vi

mass of the dried test sample
volume of the test sampie

8. Repeatabiiity of the methods

The repeatabiiity of the two methods has been determined by means of non-porous control samples (e, 2. glass spheres) of different
buik densities (2.0 t0 4.0 ¢ - em™7). The bulk dersity of the control sample has been determined by PRE R 8 without grinding.

Maximum deviation Maximum difference between.
of the mean valve highest and lowest value of multiple
from the nominal determinations
value
forn =2 forn =4
*00lg-cm™* 0.02g-cm™—* 0.03g-cm™*

Tah. 3 Mavimum diifcrence between highest and lowest value of
multiple determinations.

9. Testreport
Tie west reportshould refer to this recommendation and should give the following data:

- method applied

- nature of sample

- gran size range and weight of the test samples

~ bulk densitypging - em™ w0 0.0l g - cm™"*

- individual values and arithmeiic mean

= weightof mercury remaining in the test sample as a weight percentage (method 1 only)
- place and date of testing

(2) The burette should be cleaned by fitling it with a liquid made by sdding 15 g of powdered sodium or potassium dichromate to 500 mi of
concentrated sulphuric acid. and allowed to stand for 2 few hours, preferably overnight.




L 12(PRERINTS. p. 3

St ls

e

170
200

T T TN T

View X enlarged

| . -

! _B Z1g
l/f
‘N
Eu
N
ﬁ’ ey
~_
B
i \
[ Holes 0.9 D l \ !
z X
[
i ‘;{ . j
f y
z | | '
l I 2501070 1
4 !
z :

o ——
L]
]
el 4

Fig. 1
Vacuum pycnometcet




[, 12 (PRE R 30) 78%.p. 6

fo S|

13

3
2 1 !
14

—
: 15
Fig. 2
Schematic representation 1 DishforHg
of the test arrangement 2 Tapl

3 Pycnometer lower part

4 Glass seal with 1 mm holes

5 Tap2

6 Pycnometer upper part

7 Capillary and overflowtube

8 Pycnometer

9 Vacuum tubing

10 Hgextraction bush
11 Hgreservoir

12 3-way-tap

13 Vacuum

14 Woulfe's bottle
IS Vacuum pump
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Determination of the permeability to gases of
dense shaped refractory products

16th PRE Recommendation 1968 Revised 1972V

1. Object

The present method has for its object the measurement of the property exhibited by refractory matenals of allowing a gas to pa
through them when under a difference of pressure. It is valid for values of permeabpility greater than 0.05 nanoPerm whic
correspond to a mean pore size of 0.1 um. The determination is generally made by the passage of air.

2. Definition

The permeability is the factor u in equation 1. which expresses the volume of gas passing through a material in a given ume: th

equation is deduced from the Hagen-Poiseuille law. «
v-u-l‘s‘(P )V(P|+P:) [
vt T PP 2p b

where:

v = volume of gas at absolute pressure p passing through the material in time t

S = cross-section of test-piece presented to the passage of the gas

L = thic nessof the matenal traversed

f

P absolute pressure where the gas enters

P: absolute pressure where the gas leaves

n dynamic viscosity of the gas at the temperature of the test
u = permeability of the material

Note 1: p being the pressure under which the volume of gas flowing is measured: p = p, when operating under positive pressure
and p = p, when operating undcr negative pressure.

+
. . 1
Note 2: the correction factor p

2. . . .
Pz is generally very close to 1 and may be neglected when operating with pressure difference

(p1-p2) less than 100 mm water column. Equation'” corresponds to Darcy's law.

3. Remarks

ft should be noted that the permeability, unlike the density and the porosity, is a property that is directional and even vectorial. tha
is 10 say, it varies according to the direction in which the measurement is made and even, in certain cases, according to the directior
in which the gas is flowing.

The permeability is related to the distribution of the pores in the material and. because of this, is very sensitive to variations ir
texture; itis not directly related to the apparent porosity and it shows. within the same picce and even more so from one piece tc
another within the same batch, a much greater variation than does the porosity.

On the other hand. the determination itself is very accurate if carc is taken to reduce to a minimum the experimental errors in
determining the various factors in equation | by following the instructions set out in the present recommendation.

In order to judge the quality of a batch, or to know the variation of permeability as a function of the direction it is therefore essential
to make quite a lot of measurements. As with all volumetric measurements it is essential 1o keep the apparatus away from air
currents and sources of heat.

(1) This document has been passed on to 1SO/TC 33,
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4. Units

Depending on which unit one favours, the different terms in the equation should be expressed in the following systems of units:

I'L Svetons ot units Internationai System cs System ' TYecimnical System ‘
; Permeabiin m* cm* Perm (¢cm-) Darcy m- i
i Dinamie Viscoaity Pa-s Pa-s Potse Centipoise kps-m™— |
: {Pascal - ~econd) {dyn-s-em™) !
PP rate mi-s! cm’ ! cm’ s ! cm® oyt m*yT v
i Surtace m” cm” cm” cm” m- :
| Thichness m <m T em cm m i
;L Prossure Pa Pa (Pascai) dvn-em™ atm kp-m—

I cra of watercolumn = Y8.7 Pa
To transpose the results obtamed from one system to another. it should be noted that:

I Perm = 1.013 - 10 Darcy = 10— m*

1 nanoPermnP) = 0.1013 Darcy = 1 - 107 "m"

1 Darcy = 8.87nP

I arpitrary English unit (BS 1902 - 1A-1966) = 190 nP

5. Test-pieces
A cylindrical test-piece 30 mm diameter and 50 mm high is used. The following tolerances are allowable:

on the diameter: =0.5 mm

on the aegnt:. =0.5 mm

on tLe perpandiculanty of the axis of the test-piece to the faces
0.5 mm

In this case the determination may be carried out on the same test-pieces that will be used for subsequent determinations of cold
crushing strength and refractoriness-under-load (see PRE/R 14 and PRE/R 4)

The test-pieces shail be cut in such a way that. unless this is not possible owing to the shape, the plane faces shall be at feast 4 mm
away from the natural faces of the brick.

The piane faces must be paralle! to each other and perpendicular to the axis of the test-piece. The direction in which the test-pieces
are cut relative to the direction of pressing of the brick shall be stated.

The faces shall be freed from dust formed during the cutting, by brushing under a jet of water if the cutting was done wet. or by a jet
of compressed air if the cutting was done dry.

The test-picces shail be dried by placing them in a dryving-oven at 110 °C and drving to constant weight. They shall then be cooled
awas from moisture down to room temperature,

Itis necessary that the test-picces shall be close to the temperature of the air that will pass through them during the determination:
this requires atleast two hours of cooling to the temperature of the laboratory,

6. Apparatus
6.1 Test-piece holder

The test-piece holder should make it possible to ensure perfect sealing around the test-piece. The air-tightness is ensured by a

1

rubb.r membrane that is inflated under a pressure of 0.2 N-mm = (fig. [) to 0.4N-mm~—* depending on the propertivs of the rubber.

In specrul cases, the side faces can be coated with paraffin wax or picein, as long as it is ensured that the coating does not penetrate
to the interior of the test-picce.




6.2

6.3

6.4

&
in

6.6

7.
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Measurement of the pressure

The difference 1n pressure between the two faces of the test-piece must be measured with a water manometer of the U-tube
tyvpe. The usual expennmental precautions for this type of measurement must be taken so that the error in the pressure
Jetermmation does not exceed 177 (error in reading the height of the column. error in the densuty of the manometer liguid.
2rror in the verticality of the manometer. meniscus error). The pressure should be determined close to one face of the test-
prece in the vessel containing the test-prece holder: one should beware of the lower pressure readings when the pressure
determined in the connecting tubes.

Measurcment of the tlow

e flow of air or ot gas through the test-piece can be measured with a sensitive rotameter'™ having an accuracy as good as
17¢. Itis recommended that the rotameter be calibrated periodically. and that only the middle section of its measuring scale be
used. If a sufficiently seattive rotameter is not avatlable. the measurement should be made by displacement of water in a
graduated tbe. taking the usual precautions for the measurement of the volume of water and using a chronometer for
measunng the time of flow.

Measurement of the test-piece

In principle. the cross-section and the height of the test-piece should be known to within less than 37, which necessitates the
measurement of the height of the test-piece to within less than 0.5 mm and the measurement of the diameter to within less
than (.5 mm.

Supply of air under pressure or under suction

As the test must be carried out at constant pressure. this being chosen by the operator. either a reservoir of air at constant
pressure must be available. or one must have equipment that will give air at constant pressure by the displacement of water.

In the latter case, it must be ensured that the tubing carrying the water is of sufficient diameter not to cause a loss of pressure
that might alter the air pressure produced by the equipment. as a function of the rate of flow.

If a source of compressed air and a pressure-reducing device are used. it must be ensured that no error is introduced by the
cooling of the air caused by the pressure-reduction.

Constructions and control of testing apparatus

Fig. 2 and 3 represent the testing apparatus under pressure or under suction. The piping. made of glass in preference to rubber.
must be as short as possible in order that a very little pressure toss is produced in the apparatus compared with that produced
by the test piece.

Itis essential to ensure that the apparatus is air-tight by carrving out a blank test.

Carrying out the test

The test-piece is placed in the test-piece holder.

The air-tightness is checked by covering the cross-section of the test-piece with a waxed paper or with a plastic sheet: the flow
should be zero.

Itis essenual that air flowing across the test-picce should have been previously dried.

It is advised that. for each test-piece, a minimum of three determinations be made at different pressures and to verify that the flow i
in fact proportuonal to the pressure difference. because the basic equation [1] s only valid for faminar flow.

In principle. the permeabifities determined at three distinet pressure differences should not deviate amongst themsclves by more
than 37,

€2) This type of flowmeter is calibrated for a given pressure of entry. If this pressure should be different, a correction must be applicd.
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3. Expression of the resuits

The permeability of the test-prece 1s caleulated from equation [} in which the values of the various factors determined during the
course ot the test are introduced. and the dynamic viscosity ot the air is taken from the following tabie:

Iemperature of the airin - C | 16 | 18 | 20 | 22 ! 23 |

Viscosits inw - Pa - s } 17885 | 1798 18.08 bosas ! 828

The results shail be given 1o 2 significant figures.

The report shall indicate the conditions of the test (descripuion of test-prece. direction in which it was cut refative to the direction ot
pressing of the brick, pressure or suction, temperature).
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Determination of the true density of raw materials and
refractory products

3th PRE Recommendation - 1966 Revised 1978V

1. Object and Scope
- L1 This recommendation specifies a method for determining the true density of raw matenials and refractory products.

1.2 Both unfired refractory products and basic products may be fired beforehand. under conditions to be agreed between the
parties concermed.

. 2. References
ISO 565 — Testsieves: wire gauze and perforated sheet - nominal mesh sizes.
ISO'R 836 - Vocabulary for the refractory materials industry. -

ISO/DIS 5022 — Refractory products — sampling of shaped refractory products (cf. PRE/R7).

3. Definition
True Density: Ratio of the weight of dry material to its true volume V, expressed in kg/m’ (SI unit) or in g/cm’, using the formula

_m
e=y

True volume: Volume of solid material in a porous body.

4. Principle

Determination of the true density by measuring the dry weight and true volume of the test sample after it has been ground to 2
fineness where as far as possible no closed pores remain.

Determination of the true volume of ground materials, using a pycnometer and a liquid of known density, the temperature of the
liquid being controlled or carefully measured.

5. Apparatus
5.1 Itis recommended that a pycnometer of 25-50 or 100 ml capacity, fitted with a ground stopper having a capillary, be used.
5.2 Use a balance with an accuracy of + 0.1 mg.

5.3 Use an air pump which will reduce the pressure to < 25 mbar (2500 N/m* = 2500 Pa). Provide a means of measuring the
pressure.

5.4 Use a thermostatically controlled bath capable of maintaining a temperature 2 to 5 K above ambient, within + 0.2 K.¥

(1) This revision takes account of sl the most important decisions taken in relation to the preparation of 1SO/DIS 5018,
/, (2) This degree of accuracy in tempersture control is necessary as the method is very sensitive to tempersiure variations, Because of differences
between the coefficients of expansion of the pycnometer and the liquid significant errors may arise if the temperature varies,
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Sampling — number and preparation of test-semples

Sampling

Determuine the number of specimens according to 1SO 7522 (cf. PRE/R 7) for shaped and unshaped fired products. The
number and mass of the samples for unshaped unfired products and raw maierials will be defined in a documeant in prepa
ration.

Number of test samples

Dciermme by agreement batwecn the parties the number of est samples. This number determunes the mass of the laboratery-
sample.,

Preparation of test samples

6.3.1 Grinding

The test-sample shall be ground so as to pass compietely through a sieve with a nominal 63 um mesh size (cf. ISO
565).

Take care that the grinding process does not introduce any foreign material or water into the sample.
6.3.2 Drving

Before testing dry the laboratory-sample at (110 + 5) °C to constant weight (two weighinis two hours apart must not
show any change in weight greater than 0.1). Before each weighing, place the laboratory-sample in a dessicaror till it
reaches ambient temperature.

Take care to avoid any hydration during preparation of basic refractory materials.

Method
Determination of the initial weight of the test-sampie (P,).

7.1.1 Clean the pycnomerzr and ensure that its exterior is completely dry. It is reccommended that it be handled with leather
fingers. Let it cool to a temperature near to ambient.

7.1.2 Weigh the empty pycnometer. clean and complete with its stopper. to within 0.0002 g.

7.1.3 A quantity of the marerial is then introduced into the pycnometer such that it fills approximately '/, of its volume. When
the pycnometer and its contents have been brought back to ambient temperature they are weighed to within 0.0002 g.
The difference the two weighings represents the initial weight of the test sample (P,).

Remark: If the material is difficult to wet with the liquid, and where a different method must be used. refer to Appendix A.

Determination of the weight of the pycnometer containing the test sample and the test liquid (P;).

7.2.1 Add 1o the pyenometer (weighed according to 7.1.3) a quantity of boiled de-aired water or any other liquid of known
density, so that the pycnometer is filled to */; or /5 of its capacity. Place it in a desiccator and leave in a vacuum whose
residual pressure does not exceed 25 mbar (2500 N/m* = 2500 Pa), until no more air bubbles are seen to rise. To
ensure compiete wetting the pycnometer may be shaken by means of a device placed in the dessicator or by any other
method. When using a liquid other than water care must be taken that it does not boil at the pressure used.

7.2.2  Fill the pycnometer almost completely with the water or other chosen liquid. and allow it to settle until the supematent
liquid is only slightly cloudy (one night is usually sufficient).

7.2.3 Fill the pycnometer carefully, put in the glass stopper and carefully eliminate the liquid that exudes. Put the pycnometer
into the thermostatically controiled bath and raise its temperature to between 2 and § K above ambient tcmperature
(this temperature is the temperature of the test). Keep this temperature constant to + 0.2 K.

7.2.4  Asthe temperature approaches the test temperature a little liquid escapes through the capillary in the stopper. Carcfully
remove this by absorbing it with a filter paper. The pycnometer has reached ambient temperature when the liquid
ceases to escape through the capillary tube.

Remove the pycnometer from the thermostat, taking care that the heat of the hand does not reheat the pycnometer and
cause supplementary loss of liquid (such reheating may be avoided by plunging the completely filled pycnometer into
cold water for serveral seconds). Carefully wipe and dry the outside of the pycnometer and then weigh to within
0.0002 g. (weight P,).
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7.3 Determination of the weight of the filied pycnometer.
7.3.1 Empty and clean the pycnometer. Fill it almost full with water or the test liquid.

7.3.2 Repcar the operarions described in 7.2.3 and 7.2.4 to determine accurately the weight of the pyenometer filled with th
test liquid {weight Py).

8. Expression of results

R.1 Czlculate the true density ¢ from the expression

P, :
= Fepor, ¢

where:
d = density of the test liquid at the temperature of the thermostat (in the case ot water, refer to the table).
P,, P., P, = weights determined according to paragraph 7.

8.2 Express the true density in kg - m ' or g - cm™—>, The values must be caiculated to three decimal phases.
p ) g g p

8.3 Give the individual values and the mean value for each laboratory sample, the latter being the test-value.

9. Test Report

Indicate in the report:

— the designation of the material;

— the number of items tested:

— the weight of each laboratory sample;

— if applicable. the number of test samples per laboratory sample;
— the weight of each test sampie;

— heat treatment. if applicable;

~ the pressure;

— the liquid used;

- the test temperature;

- the individual and mean values of the true density for each laboratory sample;
~ the piace and date of the test
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10. Reproducibility of the method

For silica products .he reproducibility of ihe pyenometer method given as a standard deviation is equal to 0.004 g.cm 8

Takle:
l)acmin of water as a function [ Temperare Density
of temperature between 13 and 30 “C O (g em™)
15 0.999 099
16 0.998 943
| 17 0.998 773
18 0.998 395
19 0.998 405
20 0.995 203
21 0.997 992
22 0.997 770
23 0.997 538
24 0.997 296
25 0.997 044
26 0.996 783
27 0.996 512
| 28 0.996 232
! 29 0.995 944
iL 30 0.995 646

Appendix A
Method for maternials difficult to wet.

Al — The process described in 7.2 may be replaced by this method if the material is difficult to wet and if it will not go nto
suspension satisfactorily.

A2 - Pourinio the dry pycnometer a guantity of builed de-aired water or any other liquid of known density to not more than T
of the capacity of the pycnometer. Weight the pyecnometer and the liquid to within 0.0002 g.

A3 - Introduce into the pycnometer a quantity of dried test sample equivalent to '/ of the volume of the pycnometer. Weigh the
pycnometer again to within 0.0002 g.

A4 — Ths diiference bet veen the two weights represents the initial weight of the test sample. Py.
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Determination of the permanent change in dimensions under
the action of heat of dense shaped refractory products

19th PRE Recommendation —1972 Revision 1978V

1. Object and field of application

The present recommendation specifies a method for determining the permanent change in dimensions of dense shaped refracte
products on heating to a predetermined temperature which is maintained for a specific period of time.

2. Definition

Permancnt change in dimensions: The expansion or contraction remaining after cooling of a refractory product heated for a certa
time at a given temperature. It expressed. as a percentage. preferably by the ratio between the change AL of the length of the te
piece and the ongmal vaiue L of this length (i.e. 100AL/L). It may also be expressed as the ratio of the change in volume A\ 10 ¢
ongmnal volume ti.e. 100AV V),

3. Principle

Cutting. from the sample to be tested. test-pieces in the form of cylinders or prisms of square cross-section and measurement of tt
linear dimensions and if need be of their volume. Heating the test-pieces at a prescribed rate in a furnace having an onidiar
atmosphere, to a predetermined temperature, and mamntaining this temperature for a specificd period. (With a differe;
atmospiere different results may be obtained).

Alfter cooling the test-pieces to the ambient temperature. re-determination of the linear dimensions and if necessary volume an
calculation of the permanent change in dimensions.

4. Apparatus

4.1 Furnace

It is recommended that an electric fumace be used for these tests. However, tests in a gas-fired furnace are accepted provide
that the atmosphere in the furnace is continuously oxidizing and that i\ has no reducing action on the test-pieces.

If an oxidizing atmosphere is not suitable for the test (for example. with tar-vonded bricks), the nature of the atmosphere st
be agreed between the parties,

The furmace must be such as to allow the test 10 be carried out in accordance with the method laid down in 6.2,
4.2 Thermocouples and recorder
4.3 Device for measuring the dimensions

Diat gauge comparator. or micrometer. mounted on a carrier which has a square steel baseplate conforming to fig. 1.

The accuracy of the measuring equipment must be 0.01 mm.
A diagonal should be marked on one comer of the plate to assist in locating rectangular test-pieces symmetrically on the studs

Calibration can be effected by means of a steel cylinder, 50 mm in diameter and 55 10 65 tan, long. this length beinyg accuratel
known, placed vertically on the studs,

Itshall be possible to rotate the test-picee so that its length can be measured at the other three corresponding positions.

(1) This revision takes account of all the most important decision. taken in relation to the revision of 1SO 2478.
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4.4 Devices for measuring the volume

A closed mercury volumenomcter or a hydrostatic balance may be used. following the normal method for measunng the
appareat volume of dense refractories (cf PRE'R 9).

w
D

Sampling — number and preparation of test pieces

wn
P

Sampling
Determine the number of items constituting the sample according to ISO/DIS 5022 (¢f PRE/R 7).
5.2 Number of test-pieces

The number of test pieces taken per specimen (individuaiy and the dirction of cut within tne specimen must be agreed between
the parties concemed. It should be indicated on the test pieces. The number of test pieces taken must be the same for all the
specimens comprising the saple.

$.3 Preparation of test-pieces.
5.3.1 Forma:

3 The test pieces shail be in the form‘* of:
— cither prisms of square section 50 mm x 50 mm x 60 mm +1 mm
— orcvlinders 30 mmn diometer and 60 =1 mm high.

The 50 x 50 mm faces. or the ends of the cylinder shall be ground plane and parailel before the determinanon of the
permanent linear changes.

5.3.2 Drving

Before testing. the test pieces shall be dried to constant weight at (110 =5) °C.

6. Procedurc

€.1 Measurement of the test-piece
6.1.1 For permanent linear change

Place each test-piece on the carrier. If the test-piece is a prism, align one comer with the diagonal mark on the carrier
and mark this comer so that the piece can be placed in the same position for measurement after heating. If the test-
piece is cylindrical, mark it near the diagonal mark.

Measure the length of the test-piece by means of the dial gauge comparator or micrometer at four positions, located on
the diagonals of a prismatic test-piece at a distance of '5 to 20 mm from each comer, or on two diameters at right
angles and 10 to 15 mm from the periphery on a cylindrical test-piece.

Draw a ring round each measuring point with refractory paint.
6.1.2 For permanent volume change

Determine the volume of each test-piece by hydrostatic weighing, by a closed mercury volumenometer or by
measurement and calculation.

(2) -M itis not possible to cut these shapes from the pieces to be tested, smalier shupes are 1o be l'gveed between the parties concerned.
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6.2 Heating

6.2.1  Disposuion of the test-preces
Place the test-pieces vertically in the furnace.
Furthermore it i recommended that the test preces be:
- placed on supports of the same material as themselves. of a thickness of 30-63 mm. themselives lad flaton the edges

of two triangular prisms 20-30 mm high and 80 mm apart:

- 20 mm apart from cach other to allow free crrculation of the hot gases:
— Thm away from the fumace wails:
- protected from direct radiation from the heatng clements in an electric furnace or the bumers in a gas furnace.
To comply with the requirements of 4.1 make provision for samping the atmosphere in the vicinity of the test-preces at
any time Jurnng the test and for the determination of the oxvgen content of the furmace gases.

6.2.2  Measurement of the temperature und temperature distribution
Mewsure the temperature by means of at least three thermocouples placed ~o0 as to record the temperature distribution
over the limits of the space containing the test-preces and not touching either the furnace wails or the heating elements.
or being protected from contact with flames: use a temperature-recorder so that a record of the temperature controi i
preserved. The use of 2 potentiometric secorder is reccommended.
Durning the soak the temperature difference hetween any two thermocouples shali not exceed 10 K and the mean of the
three readings shall be taken axs the test temperature.

6.2.3 Temperawure of the test
The test shall be carried out at a temperature at least equal to 800 “C ur exceeding that temperature by a multipic of
50 K and agreed between the parties concemned.

6.2.4 Heating schedule
For test temperatures of 1230 °C or below:
— from ambient temperature to a temperature 30 K below the test temperature 35— 10K mmn
— the remaining SO K I- 2K mn
For test temperature above (250 °C:
— from ambient temperature to 1200 °C 5- 10K mm
— from 1200 °C to a temperaiure 30 K lower than the test temperature J- 5K'mn
~ the remaining 50 K I- 2K'min
Maintain the temperature within = 10 K around the test temperature for the specified period. and then alfow the
furnace to cool at its normal rate till the following day. the specimens being left to cool in the furmace.

6.2.5 Period ut the test temperature

The specified period at the test temperature is normally 5 h; however. when adequate information is not obtained
thereby. a period of 12 or 24 h may be chosen.

6.3 Measurement of the test-pieces after the test

6.3.1

For permanent linear change

Measure the length of the test-pieces, after ~ooling to ambient temperature at each of the four points defined in6.1.1
and using the method laid down in the same paragraph.

Do not remose blisters or aceretions produced during the heating. but if any of the measurements at a marked pointis
affected by the presence of a blister or accretion which is not typical of the surface after the heating. the measuremei
made at that point shall not be inciuded in the mean value. Similarly, if nccessary. the test-piece shali be rotated to
avoid contact between such a blister or aceretion and any of the three supports of the measuring device.

6.3.2 For permanent volume change

Measure the volume of the test-pieces, after cooling, by the method previously laid down.
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7. Expression of the resuits
7.1 Pernnanent linear change
Calceiate rhe linesr change at cach measuring point as a percentage of the engmai leagth.

Indicate. for each test-piece. the individual values so caiculated. and siro the corresponding mean: however. i the changes in
lenath of one test-piece are not ail of the same sign. the mean for that test-prece shall not be given.

[ )

Permanent volume change

Cualculsie the change tn volume of each toy-piece as a parcentage of the onginai volume.

8. Testreport

[nuicate in the test report:
— the designation of the matenai under test.
- the numb-r of specimens tested.
~ the number of test pieces per specime
, — their dimenstons and location within the specimen.
— the direction of cutting of the test-pieces.
- the type of fumace used.
~ if necessary the oxvgen content of the fumace atmosphere or the nature of this atmosphere.
~ the heating rate.
— the test temperature.
- the duration of the soak
- the appearance of the test pieces after heating.
— the individual and mean vaiues of permanent linear change for each test-piece. and if applicable the median value per speamen,
{and if necessary the permanent volume change).
— the piace and date of the test.
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Appendix 2

MEFOS' rotary slagqg test

1. Lining of furnace

The test materials, which most conveniently are
standard shaped bricks (230 x 114 x 76 mm), are sawn
according to Figure 1. Not counting the sidewalls there
is a need for 24 bricks (4 x 6) for each test. The test
material should be of the same refractory type to avoid
a mutual influence. For back lining it is suitable to
use a castable. Jointing material is not necessary.
Before lining the furnace the thickness of the twelve
bricks (B1-B6, C1-C6) in the centre should be carefully

measured.

2. Slag preparation

The test slag composition is chosen depending on pro-
cess and actual slag in service. However, it is con-
venient to make the slag more aggresive than the actual
slag in service to speed up the rate of wear. It is
preferable to make a synthetic slag to make comparisons
with other tests possible.

3. Temperature measurements
The temperature is followed by an optical pyrometer
during the heating up. During the test the slag tempe-
rature is measured with a dipping pyrometer.

4. Test procedure

The furnace is heated with a propane-oxygen burner to
the test temperature according to a desired temperature
program (usually 3 h). It is recommended to add
coalpowder during the heating of carbonaceous linings.




when the temperature is equalized (about 0.5 h) the
slag is fed into the furnace through the side-wall
opposite the burner. The slag feeding continues for at
least 4 h, 1 kg slag every 10 minutes. The temperature
is measured directly before each slag addition. The ro-
tation speed, 4 rpm, is kept constant during the whole
test.

When the test is over the furnace is tilted to tap off
all the remaining slag. The furnace is then cooled dur-
ing the night whereupon the bricks are pulled out to be

measured.

Evaluation of test

only the bricks in the centre are being used for the
evaluation since the other ones have been exposed to
random effects. The appearance of the attacked surface
is noted after which the bricks are halved to measure
the wear of the bricks in the region of the greatest

wear. Crack formations and infiltration are also noted.

The test report should include the following:

- the different brick qualities

- used test slag

- temperature program for heating up

- test time

- average test temperature

- average wear for each brick quality

- average slag infiltration for each brick quality
- appearance of surface and crack formation

- date and place of testing
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Subject: DP/IND/81/036 - Design Development of Concurrent
Top and Bottom Blown Converter Steel Making -
Contract No. 84/66

COMMENTS REGARDING CLARIFICATION OF REFRACTORY PRACTICES
PERTAINING TO COMBINED BLOWING PROCESS.

1 Stability of bottom brickwork for curved bottcm !
vis-a-vis flat bottom

The change-over from conventional LD-process to CB-process
has, in most converters, resulted in increased bottom wear.
The area close to the purging element and the junction bet-
ween bottom and barrel will be exposed to the highest wear

rate.

With the flat bottom we foresee a possible risk of the
bottom lining falling out 1if any bricks, for some reason,

become too worn.

We think the proposal from Radex regarding curved bottom has
one weakness; the area of ramming material in the junction
between bottom and barrel is too big. Judging by experience
with Swedish converters, we suggest that it is better to cut
some bricks in order to increase the area of bricks in the

bottom and minimize the use of ramming material.
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2 Location of permeable elements

The main reason for the proposed location of the purging
elements is that during tapping and deslaggning the elements
will be above the bath level. From the refractory view point
this is preferable as far as the purging element and the
surrounding area are concerned. However, the area that 135 to
be exposed to a high wear rate, that part of the junction
between barrel and bottom behind the elements, (see Fig. 1),
cannot be protected by means of inslagging. This would be
possible if the elements were located cn the slagging and

charging side, (i.e. 90° rotation).

Considering the above mentioned advantages and disadvantages

we find the recommendations from Radex acceptable.

Section A-A /

Area exposed
to high wear
rate

Figure 1 - Location of permeable elements.




3 Technical comments regarding the draft specification

on refractories

Apart from what has been said under point 1 about the Jjunc-
tion between barrel and bottom, we have no further comments

regarding the lining for curved bottom.

With regard to flat bottom we suggest, for security reasons,

that you start with proposal 1.
when you have determined the wear rate of the bottom, it may
be better to use a thinner wear lining to balance the wall

lining as in proposal 2.

4 Qualities of refractories

We think that the qualities of all refractory are accept-
able.

Considering the poor lining life in Bokaro's converter,
(180-190 heats), we foresee no problem with the bottom lin-
ing life regardless of which proposed solution is chosen.
Accordingly we believe that one bottom lining may be used
Wwith more than one barrel lining provided the bottom is well
maintained after debricking and the area surrounding the

permeable elements has been inspected.
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1 INTRODUCTION

Combined blowing is a new area of ccnverter steelmaking. It
has many benefits compared to conventional LD (BOF) steel-

making, eg.;

- lower oxygen content in the steel
- better manganese yield
- better yield for alloying elements

- better sulphur- and phosphorous removal

Combined blowing has been used with many steelmaking con-
verters around the world. The investment costs are quite low
compared to the gain achieved. Also better and cleaner
steel-qualities can be manufactr ed due to a good mixing
effect. It can be said that in combined blowing the benefits

from OBM- and LD-process are combined.

1.1 Background

Combined blowing has many benefits compared with conventio-
nal LD-process when working with hot metal with very high
silicon- and manganese-content. Slopping and spitting occurs
less in combined blowing due to a good mixing effect. Indian
hot metal is very high in silicon and manganese. Considering
this, combined blowing is expected to be an efficient method

of steel production.

1.2 Aim

The aim of these trials was to test several combined blowing
systems with Indian raw materials and as a result of these

trials to find a suitable combined blowing system for Bokaro
Steel Plant conditions.




1.3 Trial-program

A total amount of 15 trials have been performed in MEFOS 6
tons universal converter. Those 15 trials include zall the

types of combined blowing syctems. Those are:

- inert gas through permeable elements

- inert gas through tuyeres

- reactive gas + lime injection through tuyeres

Because the number of trials was 15, and according to these
trials the decision to use combined blowing system at Bokaro

was to be made, it was decided to do tests as follows:

- 8 trials with nitrogen (Np) through permeable elements

- 4 trials with nitrogen (Nj) through tuyeres

- 3 trials with oxygen (03) + lime-injection through
tuyeres. The oxygen amount through the bottom was 25%
of total 07 and the lime amount through the bottom
about 20% of total lime.

2 TRIALS

2.1 Egquipment

The main equipment used in these trials consisted of:

- a 12 tonne EAF for melting the pig-iron and adjusting
the analysis in the hot metal. Melting power is 5 MVA.

- hot metal ladle for transporting

- a 27 ton over-head crane for transporting

- a 6 ton universal converter equipped with combined

blowing, Figure 1
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Figure 1 - MEFOS & ton converter.

The converter was lined with dolomitic bricks, the bottom
was magnesite. In the bottom of the converter two permeable
elements and two OBM-tuyeres were installed. Two types of
oxygen lances were used in these trials, one for nominal
oxygen flow-rate of 15 Nm3/min (oxygen + lime through bot-
tom-trials) and one for oxygen flow-rate of 17 Nm3/min (ni-
trogen through permeables and tuyeres), Figure 2.
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Figure 2 - 17 Nm3/min lance tuyere.

a bin (1 m3) above the converter for material addi-

tions

- off-gases were cleaned in a venturi-scrubber line with
a capacity of 21 000 Nm3/h

- 2.5 ton moulds for casting the charge

A lay-out of gas- and material-system is shown in Figure 3.
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Figure 3 - Lay-out of gas- and materlial-siystem.

2.2 Input material

In these trials the Bokaro conditicns were simulated as well

as possible. Hot metal analysis was adjusted in the EAF tc:

C : 4.0% 3.78-3.97%

S1: 1.6% 1.32-1.66%

Mr.: O.8% 0.65-0.95%
0.300% C.242-0.385%
0.030% 0.017-0.025%

1270°C 1258-1338°C




Lime used in these trials had the following anzlysis (lumpy

lime):

Cao 94 .0%

$i02 1.6% To this lime sand (SiOz) was added
Al,03 0.3% +o increse the SiOp-content to 6-7%
MgO 1.2% for simulating the Bokaro condi-
Feg 0.3% tions.

K,0 0.07%

S 0.009%

LOI 0.4%

Size 12-25 mm

Scrap had the following analysis: (Billets 100 x 100 mm)

C 0.13%
Si: 0.12%
Mn: 0.128%
0.027%
S 0.019%

OBM-lime used had the following analysis:

Cao : 93
$i02 : 2.
Alpy03 : 1.
Fep03 : O.
Mgo
Na
K

LoI

o oo O u»n O,
o® o® o° o o° o

.
JEE Y
'

0
O.
0
0

~J
20

0.02%
Size : 100% - 0.25 mm




Manganese-ore was added for slag-formation. It had the

following analysis:

MnO, 31.5%
MnO : 18.5%
CO9 : 14.7%
Cao : 14.0%
MgO ;0 3.9%
Tiop : 0.03%
P . 0.022%

Limestone was added to simulate the LOI in Bokarc. The ana-

lysis was:

Cao : 52.1%
COo,p : 43.0%
Sioy : 1.0%
S 0.2%
MgO 0.8%
Al,05 0.4%
K50 0.09%
Feg 0.18%

Bauxite was added to make the slag more fluid. The analysis

was:

Alo03 : 83.9%
$i03 9.1%
TiO, 4.4%
Fe03 1.1%
Cao 0.2%
Mgo 0.5%
Naj0 0.3%
K20 0.6%




Iron-ore was added in some trials before post-purging for

dephosphorization. The analysis was:

Fe304 94.7%
Fe;03 1.7%
MnO 0.06%
Cad 0.04*
MgO 0.19%
S103 0.13%
TiO» 0.20%
V505 0.18%
P>0sg 0.012%
, Na»0 0.008%
K20 0.005%
LOI 0.01%
Feg 71.7%

The input data for each charge is shown in Appendix I and

the amounts of each material used 1s also shown there.




2.3 Carrying through the trials

The trial practice used in different trials is shown

beneath:
Process-steps N> (per-|N; (tuye-|[Oz+lime
meable) |re)
Charging the scrap X X X
Charging the hot metal X X X
Bottom-gas flow-rate adjusted X X X
Rising the converter X X X
, Lime from the bin X X X
Lance-program X X X
Start injection lime X
Stop injection lime X
Lance up X X X
Tilting the converter X X X
Slagging, sampling X X X
Rising the converter X X X
Lance program X X X
Start injection time X
Stop injection time X
Lance up X X X
Tilting the converter X X X
Sampling X X X
Post-purging if needed X
Sampling, tapping the metal X
' By-pass flow for the bottom X X X




2.4 Lance-program

In the first trials the Bokaro lance-practice adjusted to
MEFOS-converter was used. It did not give a good dephos-
phorization because of the low FeO-content in the slag and
that is why new lance-practices were tried. Lance-practice
for each trial is shown in Appendix 3. In Appendix 2 the

turn-down data is given for each charge.

2.5 Material additions

Lime-additions into the converter were made according to the
Bokaro practice. Limestone and sand were added during the
first three minutes of blowing. Manganese-ore was added
after 4 minutes of blowing, bauxite was added after about
minutes of blowing or about two minutes before slagging

according to the Bokaro practice.

In the lime-injection trials the lime flow-rate through the
bottom was about 10 kg/min. A total amount of 150 kg of lime
was injected and top additions of lime decreased. In some
trials iron-ore was added 10 kg before post purging for
better dephosphorization in the final end. Also in some
trials bauxite was added during the second part of the blow-
ing when the slag was found to be very dry. The amount of
additions are shown in Appendix 1.

2.6 Process-control

2.6.1 Sampling and temperature measurement

The following samples have been taken:

EAF: metal- and slag sample, temperature

Converter (rised): metal sample is taken every second
minute, slag sample is5 taken from the
frozen slag on the sampling stick if
possible, temperaturc also every second

minute
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converter (tilted): metal- and slag-sample, temperature,
oxygen-content in the steel, also
sample before- and after post-purging

is taken

Metal-samples were analyzed for: ¢, Si, Mn, P, S, Cu, N

Slag-samples were analyzed for: CaoO, $i03, MgO, MnO, P20s5,
V205, Fegot: Al,03, K20,
TiO2, Cr203, S and C

Metal- and slag-analysis as a function of blowing time is

showr in Appendix 20-49 for each charge.

2.6.2 Other measurements

The MEFOS process-control system MEFCON takes care of the
process-control. It is based on off-gas analysis and from
that aralysis severai values are calculated. All tiae ingoing
gases and materials are measured and flow-rates logged in

computer for calculations.

The off-gas is analysed for: CO, COj and 02
flow-rate (wet gas Nm3/h)

tempe .ature

Process-gases for : flow-rate
pressure
temperature

Materials for : flow-rate
analysis

weight of bins or dispensers
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From the off-gas analysis the decarburization rate and car-
bon content of the bath is calculated. Also one metal sample
is quick-analyzed (LECO) and the analysis is fed to the com-
puter during the same trial. Computer makes the corrections
to calculated values if needed to get the final carbon con-

tent in the bath as accurate as possible.

3 RESULTS

3.1 Decarburization rate

The decarburization rate in each trial is shown in Appendix
6-19, where decarburization curves (YAAG) are shown as a
function of blowing time. Also the total oxygen flow as a
gas (F02G) and the bottom-gas flow (FO2N) are shown in the
same figures. These values are logged every 15 seconds and

spared on a floppy-disc and written after each trial.

As it can be seen from the curves the decarburization rate
increases to its maximum after 6-7 minutes of blowing, when
the silicon-period (I period) is over. After slagging the

decarburization rate reaches its maximum almost immediately
after the start of the second blowing period. A peak in de-
carburization curves can be seen after each limestone-addi-
tion. Charge 1407 is missing due to a computer-failure dur-

ing that trial.

3.2 Slag formation

Slag samples are taken from the sticks used for metal sampl-
ing. That is why in some trials only two slag samples have

been caught. Slag-analysis as a function of blowing time is
shown in Appendix 35-49. Also the measured temperature from

the bath is shown in the same curves.




The slag was found to be quite dry in first turn-down in the
beginning of the trials. In the latter part of the trials a
higher lance-practice was used and slag became more fluid
(more FeQO in the slag) and better dephosphorization was
achieved. The silicon period was over after 6-7 minutes of
blowing which can also be seen from the analysis of metal-

samples (Appendix 20-34).

The P,0g-content in the slag reaches its highest value after
5 minutes of blowing and starts to decrease after that. In
the final end of the blowing the P;0g-content starts again
to increase due to a higher FeO-content in the slag. It can
also be seen from the metal samples tnat the phosphorous-
content in the metal decreases considerably during the first
period, 1is quite constant during the second period and
starts again to decrease in the final end of the blow when

the FeO-content in the slag increases.




3.3 Phosphorous removal

Phosphorous removal as a function of slag basicity i1s shown

in Figure 4.
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Figure 4 - APaps as a function of basicity (Ca0/S10,).




As ~an be seen from Figure 4 the phosphorous removal was
best in the trials with permeables (about 80-90%). This is
mostly due to the higher lance-practice which was used in
the latter part of the trials. The lance-practice from each
trial is shown in 2ppendix 3. The ainr basicity in second
turn-down was 3.2 and that value has been achieved quite
well and lime-yield has been very good. The amount of lime
was calculated tc Si-content in hot metal 1.6% and that 1s
why in some trials the final slag basicity has been higher
due to lower Si-conternt in hot metal. All the deta of ingo-

ing material is shown ir Appendix 2.

ect of hicher lance-practice can be seen better in
5 where the phosphorous removal 1s shown as a func-

e
tion of Fey (total iron-content) 1in the slag.
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Figure 5 - APaphs as a function of total iron (Fey) in
the slag.




It can clearly be seen from Figure 5 that AP pe 1S5 better
with higher Fe;-content in the slag, which can be achieved
with higher lance-practice. Fey content in the slag must

be optimized but should not be excecsively high because FeO

has a negative effect on the refractories.

tried and 1irn that tria: the

c
was §5%. Blowing time in that t

LP gz rizl was as long as
ucuzl bu*+ slagging time was saved irn that triezls. The lower
values of AF wher nitrogen was 1njectesd through tuyeres and
oxyger. + lime-injectlon Were more due to the Bokaro lance-
practice than the effect of tuveres. In Figure € the LF pe
1s shown as & funciion of tapping temperature.
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Figure € - AP pe as & function of tapping temperature.




It can be seen from Figure € that the dephosphorization is

sligh+tly worse when the tapping temperature is higher.

In Figure 7 the dephosphorization and the desulphurization

is showr as a functiorn of the slag-amount per ton hot metal.
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Figure 7 - BbPzpe and 8Szpe as a function of the amount

of the slac.

It can be seen from Figure 7 that the dephosphorization is

better with higher slag-amounts. The same cannot be said

about desulphurization, which seems to be quite independent

of the slag amounts. In all these figures one charge

(S-1398) is missing due to the fact that final slag-analysis

was not available.




3.4 Sul phur removal

The sulphur removal as a function of basicity 1s shown
Figure 8.
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Figure 8 - ASape as a function of basicity (CaO/SiOZ).

1t can be seen from Figure & that the desulphurization 1is

better with higher basicity. The desulphurization has
0% in five trials of 15. The best desulphurization 1is

achieved with permeable elements.

been




3.5 Manganese yield

The manganese yield (Mngreel/Mnym) as a function of the

amount of slag per ton hot metal is shown in Figure §.
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Figure 9 - Manganese-yield as a function of slag-amount.

Ac it carn be seen from Figure ¢ that manganese yield is
lower with higher slag amounts in all the three type of
trials. The lowest values with permeable elements are again
due to a better lance-practice and better slag (more fluid
slag) which causes more manganese losses to the slag (on the

other side better phosphorous removal).




3.6 Iron content in the slac (Fey) 1n slag)

Iron content (Fey) in the slag as a function of carbon

content in the steel is shown in Figure 10.
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Figure 10 - Fey in slag as a function of the carbon con-

tent in the steel.

As it can be seen from Figure 10 the Fei-content in the
clag was around 10% in the most of the trials. When the
higher lance-practie was used the iron content in the slag
rncreased by about 7-8%, but was always under 23%. It must
again be said that iron in the slag is needed for phos-
phorous removal and in these trials good dephosphorization

was achieved with acceptable Feg-content in the slag.
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.7 Oxygen content 1in the steel

(s

Oxyger content in the steel wacs measured with CELOX oxygen-
probe. The results of these measurements are showr in Figure

11.
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Figure 11 - Oxygen-content in the steel as a function of the

carborn content in the steel.

Blsc the equilibrium-curve C x O = 0.0205 (T = 1650°C,

Feg = 1 atm) 1is given in Figure 11. As it can be seen the
oxygen-content in the steel is guite near the eguilibkrium-
curve in each type of trial. The equilibrium-curve C x O for
LD steelmaking is about 0,04C and big savings of alloying
elements can be made due to the lower oxygen content in the
steel. From Figure 11 can also be seen that the effect of
combined blowing has been very good in each trial, because
the values are gquite near the equilibrium. The aim final
carbon content was 0.05% and only some of the inals have

been over-blown.
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3.8 Nitrogen content in the steel

Nitrogen content in the steel is showrn in Figure 12 as a

function of carbon content in the steel.

B ime+4G,
‘ A N: luyeres
N A'Nz permeabies
PPN Q Ny ealter purging
501 A
40 - A
23 A
A
30- B
\ \
N \
Y"‘ \
20 - . \
\ A
] A D \
FAN B Fa Y
10 =
¥ BJ v L ¥ T Y ¥ T 4 i
2 4 6 8 10
% C»10°

Figure 12 - Nitrogen-content ir the steel as a function of

carbon content in the steel.
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As can be seen from Figure 12 the N-content in the steel is
normally about 15 ppm (in case of only oxygen-blowing). The
same low values are achieved with permeable elements, where
the N-content is around 20 ppm. The highest values of N in
the steel occur when nitrogen is injected through tuyeres.
Post-purging of nitrogen increased the N-content in the
steel with approximately 15 ppm. Different post-purging
times were used and the blowing- and post-purging times can

be seen from Appendix 1.

3.9 Refractory erosion - MgO-content in the slag

The refractories used in the converter were dolomite (Sinda-
form T). Bottom was magnesite (Radex ST) and the permeable
elements were delivered by Radex (PMOO1). The wear pattern
of the converter can be seen from Appendix 5, where the lin-
ing is seen both before and after the campaign. The higher
lance practice in the latter part of the trials caused ero-
sion higher up in the converter, but the first trials did
not cause erosion in the lining. MgO-content in the slag as

a function of the basicity can be seen from Figure 13.
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Figure 13 - MgO-content in the slag as a function of

basicity.

The MgO-content in the slag is about 3%, which 1s quite a

low value in MEFO0OS 6 tons converter, because only three

trials are usually done per day and after that the converter

is waiting for the next day's trials. That causes a lot of

erocion due tc spelling. No erosion is seen in the bottor

and the tuyere region and also the region for permeable ele-
*ments 4id not have erosion.




3.10 Scrap-melting velocity

The scrap-melting velocity was studied with copper-marked
scrap. Quite a lot of copper removal occured in the conver-
ter and only 1/4 of copper-input was found in the steel. The
copper-content in the steel reached its highest value usual-
ly after 14-15 minutes of blowing so it can be said that all
the scrap was melted in that time. This result is not due to
a good copper-removal in the converter. All the scrap was
melt in turn-down in each trial and no unmelted scrap was

found in the tapping.

4 CONCLUSIONS AND RECOMMENDATIONS

15 trials in MEFOS 6 tons combined-blown converter have been
made with simulation of Indian raw materials. The aim of the
trials was to test different combined-blowing processes and

their suitability for Indian conditions and to find the best
solution for Bokaro Steel Plant. The different processes

tested were:

- oxygen + lime-injection through tuyeres
- nitrogen through tuyeres

- nitrogen through permeables

All these three types of combined blowing processes were
found to be suitable for Indian raw material. The Bokaro
lance practice which was used in the first part of the
trials did not give acceptable dephosphorization and the
biggest problem during the trials was to find a good lance
practice for this type of raw material. At the end a good
slag formation and a good dep-osphorization was achieved.
The higher lance-practice did not cause much erosion in the
upper part of the converter and the MgO-content in the slag
remained on an acceptable level in MEFOS-converter. Most of
the heats were blown down to 0.04% carbon and in spite of
the low carbon content in the steel the Fet-content of the
slag stayed at an acceptable level. The oxygen content of
the steel was low in each charge and values near the equi-
librium-curve C x O = 0.0205 (T=1650°C, Pco = ' atm) were
achieved.
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This means big savings in the consumption of the alloying
elements. Also due to a lower oxygen content in the steel
the manganese yield was better than in normal LD-practice.
The nitrogen content in the steel was about 20 ppm in the
case of permeable elements and that is only a little higher
N-content than with O2 + lime-inje~tion. Highest N-contents
occured when N2 was injected through tuyeres. Post-purging
of nitrogen increased the N-content of the steel with 5-20
ppm depending on the post-purging time. The studies with the
scrap-melting capacity with copper-marked scrap did not give

sure values due to a copper-removal in the converter.

4.1 recommendations for Bokaro Steel Plant

According to the results from the pilot plant tests done 1in
MEFOS 6 ton universal converter we recciumend the following

blowing practice to Bokaro Steel Plant:

1 Charging of blast furnace slag to the converter must

be avoided.

2 Screening the lime to get rid of lime which is smaller
than 10 mm.
3 Combined blowing converter should first be equipped

with permeable elements and afterwards there is a

possibility to change over to tuyere-based technology.

4 Nitrogen is used as a bottom gas and argon for post-
purging (if available), because some nitrogen pick-up

. was found during the post-purging period.

5 A high lance-practice should be used in Bokaro conver-
ter. The first part of the blowing should be done with
constant lance-height (160 in our trials, must be cal-
culated to Bokaro converter and lance design), during

the second part of the blowing a lower lance-program

can be used.
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Hot metal analysis

Steel analysis

Lance-practice

Calculated values

Erosion in the converter
Decarburization rate, gas flow-rates
Metal analysis

Slag analysis



Charge T % m Scrap ' Lime oBM- %C %S $Mn P %S 0 Blowing RPemarks
HM HM Lime m%n mintsec

$-1398 1338 5060 804 343 154 3.78 1.32 n.79 0.250 N.025 19.30

$-1399 1360 5210 1006 355 78 3.79 1.51 0.84 0.257 0.022 17

S-1400 1292 5050 1110 350 157 3.82 1.52 0.86 0.277 0.025 210+68 17

S-1401 1295 5130 1113 500 - 3.83 1.42 0.85 0.385 0.023 14.00+1.30 Reblown
$-1402 1272 5190 907 500 - 3.91 1.57 0.87 0.233 0.023 17

$-1403 1261 5090 807 500 - 3.85 1.52 0.93 0.258 n.021 17

S-1404 1280 5130 798 500 - 3.79 1.58 0.65 0.264 0.020 17.40 Scull
S-1405 1259 4720 802 500 - 3.61 1.56 0.95 0.287 0.017 16.30+0.40 Reblown
5-1406 1277 5230 823 500 - 3.97 1.58 0.86 0.242 0.018 18+1.40 Reblown
S-1407 1263 5120 805 500 - 3.90 1.66 0.84 0.292 0.019 20.15+0.30 Post -P
- 5-1408 1265 5330 810 500 - 3.86 1.46 0.77 0.268 0.020 19.30+1.00 Post -P
5-1409 1258 4680 813 500 - 3.89 1.34 0.85 0.298 0.020 19.15+41.00 Post -P
$-1410 1280 5340 €14 500 - 3.83 1.54 0.71 0.281 0.023 18.45+0.45 Post -p
S-1411 1265 5160 806 500 - 3.93 1.50 0.79 0.278 0.025 18.40+1.00 Post -p
§-1412 1258 5370 815 500 - 3.89 1.51 0.78 0.284 0.022 19.30+1.00 Post -P

one slag

XTpuaddy



‘harge T m 3C $Mn %P %S o} N Fet Cao 8102 MqO S Bas Remarks
¢ ka ppm ppm % % % % Ca0/81i0»

S-1398 1747 4950 0.02 0.24 0.057 0.019 824 15 Mot available

5-1399 1681 5380 0.02 0.29 0.087 0.030 737 9 8.0 55.8 4.3 1.90 0.170 3.9

S5-1400 1675 5090 0.04 0.28 0.077 0.021 659 12 9.0 59.5 12.5 1.20 0.10 4.76

S-1401 1645 5080 0.05 0.34 0.120 0.029 440 32 7.9 52.9 17.5 20 0.105 3.02 Reblown

S-1402 1677 5210 0.04 0.31 0.101 0.032 542 40 7.2 56.5 16.6 2.4 0.060 3.40

S-1403 1704 5170 0.04 0.31 0.115 0.032 520 49 7.5 57.5 15.5 3.9 0.120 3.71

5-1404 1681 5320 0.07 0.23 0.100 0.026 390 36 6.4 58.0 16.7 3.0 0.090 3.47 Scull

S-1405 1634 5090 0.09 0.20 0.043 0.020 364 17 10.8 49.8 15.5 2.9 0.110 3.21 Reblown

5-1406 1697 5330 0.05 0.16 0.034 0.022 708 13 14.4 44.0 14.9 4.3 0.080 2.95 Reblown

5-1407 1652 5020 0.06 0.12 0.018 0.023 551 19 18.8 41.4 13.6 3.8 0.090 3.04 Post -P

5-1408 1684 5090 0.04 0.11 0.016 0.016 623 15 16.8 44.1 13.5 4.4 0.10 3.27 Post -p

5-1409 1635 5330 0.02 0.12 0.026 0.016 778 13 22.9 40.1 9.1 6.3 0.080 4.41 Post -P

S-1410 1662 5360 0.08 0.30 0.047 0.017 308 12 8.6 51.3 16.1 3.3 0.10 3.19 Post -pP

S-1411 1631 5340 0.05 0.26 0.050 0.017 371 31 7.4 52.9 16.3 2.0 0.090 3.24 Post -P

S-1412 1651 5600 0.05 0.24 0.043 0.016 424 35 9.7 49.2 16.7 2.4 0.08 2.94 Post -P
one slagq

Z XTpuoaddy



Appendix 3

Lance practice in trials:

. Blowing
Charge nr: 5 10 15 20 25 time/min
} 1 t —t 1 4
S-1398 146 120 87 |106 80 »
S-1399 146 120 87 [t06 80y
S-1400 146 120 87 | 106 80 1109
S-1401 146 120 87 | 106 80—
S-1402 146 120 87 | 106 80 )
S-1403 146 120 87120 110 100 90 ,
S-1404 146 120 871120 110 100 90 95 ——p
130
S-1405 146 12087[120 110 120 ——p
S-1406 150 160 }150 120 130 135 140 146 150_,1_2_2
$-1407 160 150 ] 160 150 130y
S-1408 160 [160 150 160 130 120 —p
S-1409 160 | 150 130 105 75 120
S-1416 160 [160 140 120 110-
S-1411 160 150/ 160 140 120 110 105110
S-1412 160 130 120 126 120 15— one slag practice
t 3 1 L 1
] U i
0 5 10 1§ 50 25 Blowing
time/min

The number gives lance height in centimeters above the bath

|
-

i

means time of first slag tapping
to the final end of blow



Appendix

Charge Slac weicht Bas n AP AS

ko kg/ton EM Ca0/SiC, Ma abs abs
S-139¢8 not availaktle 30.4 1.3 30.9
S-1399 1339 256 3.9 34.5 65.9 0
S-1400 1581 315 4.76 32.6 72.4 33.0
S-1401 1080 212 3.02 40.0 65.9 0
S-1402 1248 240 3.40 35.6 57.4 c
S-1403 1274 256 3.71 33.3 55.7 0
. S-1404 1276 249 3.47 35.4 61.3 18.2
S-1405 1260 267 3.21 23.0 86.0 15.2
S-1406 1402 268 2.95 18.6 85.9 0
S-1407 1552 303 3.04 14.3 93.8 10.3
S-1408 1498 281 3.27 14.3 94.8 38.5
S-1409 1341 393 4.41 12.1 93.2 36.8
S-1410 1292 261 3.19 42.3 81.9 42.2
S-1411 1230 238 3.24 32.9 81.7 41.4
S-1412 1387 258 2.94 30.8 84.5 5.9
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SUBJECT: DP/IND/036 - CONTRACT NO 84/66
- EXPERTS FINAL REFORT

by

Erica Granberg

1 PROJECT AREA

Accepted as a part of the expert group after the work in India

was completed.

2 HOME OFFICE

2.1 Training of Indian engineers

Responsible for planning and arranging the entire schedule for
all the participants in the training program involved a major

part of the work.

The following refractory engineers from SAIL

Mr. R.S. Dahiya
Mr. S.D. Majumdar

Mr. L. Tiwari
Mr. S$.K. Garai

have participated in a training program of 4 weeks at MEFOS. A
lecture was given in:

- Slag coating practice for a Combined Blown Converter.
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A two day study trip to Osterreichisch-Amerikanische Magne-

sit AG, Radenthein, was arranged. This included:

- A visit to the mine

- Screening, benification, grinding and sinter plant

- Brick producing plant

- The research center

- Quality control

- A concluding discussion in which special consideration

was taken regarding Indian conditions.
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SUBJECT DP/IND/036 - CONTRACT NO 84/66
EXPERTS FINAL REPORT

by

Pekka Kuusela

1 PROJECT AREA

- Technical discussions in Ranchi, India 29/10-3/11 -84.

- Technical discussions in Ranchi and a visit to Bokaro
Steel Plant 9/12-16/12 -84.

2 HOME OFFICE

2.1 Expert studies on combined blowing

A draft report, MF85019, was delivered to UNIDO in Vienna,
UNDP in Delhi and SAIL in Ranchi in the end of March 1985.
The aim of the report is:

- to compare combined blowing with LD steelmaking,

; advantages and disadvantages

i - to made a short description of known combined blowing
| process

- a short description of pre-treatment of hot metal

- economical aspects with combined blowing and hot metal

pretreatment
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2.2

Pilot-plant tests

15 pilot-plant tests were carried out in the 6 ton univer-

sal converter at MEFOS with Indian raw material. This work

involved:

preparation work

carrying through the trials
evaluation work
trial-report

education of Indian engineers in pilot-plant operation

Training of Indian engineers

A number of lectures were given to Indian engineers such as:

pilot-plant trials, equipment
raw materials, addition program
sampling, process-control
preparation work

leakages in CB-converter, prevention of leakages

The following metallurgists from SAIL were participating:

Mr R Sau

Mr A Kundu

Mr S Ghantasala

Mr A Bhandopaday

+ 6 steelworks engineers who were participating in

the pilot-plant trials

Trial report

All the results from the pilot-plant trials are shown
in a trial report which will be presented in Vienna
second week of May 1985.

Trial report also includes discussions and conclusions

from the pilot-plant trials.
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SUBJECT DP/IND/036 - CONTRACT NO 84/66
EXPERTS FINAL REPORT

by

Bodil Dahlberg

PROJECT AREA

Technical discussions in Ranchi, India 29/10-3/11 -84.

HOME OFFICE

Expert studies on refractory technology

A draft report, MF85021, was delivered to UNIDO in Vienna,
UNDP in Delhi and SAIL in Ranchi in the end of March 1985.

i The aim of the report is:

to present refractory techniques in combined-blown
converters in Japan and Europa

to comment on the Indian conditions in the field of
converter practices

to give recommendations regarding lines of development

to achieve improved practice in India

During Mr Lindfors third visit to India, February 05-09 1985,
i drawings for converter bottom brick work were sent to MEFOS
for comments. The comments, mailed to Ranchi 1985-02-27,

consisted of the following:
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1 Stability of bottom brick work for curved bottom
vis-a-vis flat botctom

2 Location of permeable elements

3 Technical comments regarding the draft specification
on refractories

4 Qualities of refractories

2.2 Training of Indian enqgineers

The following refractory engineers from SAIL,

Mr
Mr

S Dahiya

i m

D Majumdar
Mr L Tiwar:
Mr S K Garai
have participated in a training programme of 4 weeks at

MEFOS. A number of iectures were given such as:

- Testing of raw materials for basic bricks
- Test methods for basic bricks
- Repair and maintenance cf refractories

- Lining techniques and brick laying pattern
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SUBJECT: DP/IND/036 - CONTRACT NO 84/66
- EXPERTS FINAL REPORT

by
Nils-Olov Lindfors

1 PROJECT AREA

- Technical discussions in Ranchi, India 1984-10-29--
1984-11-03.

- Technical discussions in Ranchi and visit to Bokaro
Steel Plant 1984-12-09--16.

- Technical discussions in Ranchi and Bokaro Steel
Plant 1985-02-05--09.

2 HOME OFFICE

2.1 Expert studies on combined blowing

A draft report for the design of demonstration Unit was
presented in Ranchi and Bokaro 1985-02-05--09. This
draft report was discussed throughly at the steelplant
in Bokaro and a revised version was submitted end of
March 1985,
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2.2 Process control studies

Two reports in the field of process control were submitted
in the end of March 1985:

- MF850124
3.1 Process control studies

- Design Development of static control
- MF85026
3.2 Process control studies

- Basic concept of dynamic PC based on MEFOS system

2.3 Training of Indian engineers

A number of lectures were given to Indian engineers during

the training period, in the following fields:

- Process metallurgy of converter steelmaking
- Process control
- Design of combined blowing

- Designof LD-nozzles
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SUBJECT: DP/IND/036 -~ CONTRACT NO 84/66
- EXPERT FINAL REPORT

by

Bertil Berg

1 UNIDO VIENNA

- Briefing one day September 1984

- Debriefing one day March 1985

2 HOME OFFICE

2.1 General responsibility for the contract to UNIDC

This work has included control of timeschedule, allocation
of manpower resources for the project and internal accep-

tance of project reports before delivery to UNIDO and India.

2.2 Training of Indian engineers

A general information for the trainees about MEFO0S. The

information contained the follwoing:

- Background and purpose of MEFOS
- MEFOS organization and way of work

- Steelmaking in the Nordic countries

Before the end of the training period participation in

summing up discussion was included.
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by

Mikael Brunner

1 PROJECT AREA

- Technical discussions in Ranchi, India 1984-10-29--11-03
- Technical discussions in Ranchi and visit to Maharastra

Electrosmelt Ltd. 1984-12-09--16

2 HOME OFFICE

2.1 Proiject management work

- Preparing progress report to UNDIO

| - Planning of training of Indian engineers at MEFOS

- Planning of training of Indian engineers at Mo 1 Rana
Steelworks, Norway

- Planning the pilot-plant test period

2.2 Expert studies (MF85025)

‘ - Evaluation of MEL as pilot-plant for combined blowing stu-
i dies

- Evaluation of MEL as stainless steel producing unit

- Evaluation of possible raw-material policies for India in

connection to MEL-plant






