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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 do~1e in such a way 

that a change from permeable bottom elements to tuyeres is 

forese~n and easy to accomplish. 

The work also covers our suggestion for the development of i1 

15 ton converter at Maharastra Electrosmelt Ltd. (MEL). 
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Regarding process control the development of static control 

should improve production capacity in LO-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 rrore instrumentation than a static sys

tem, for example a reliable computer and an off gas analy

ser. It has proven to 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 b.:-icks 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. 

Re~garding 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 

Jurnverk 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. 
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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 '"ith a good lance-practice were 

solved most of the benefits with combined blowing were found 

to be: 

lower oxygen content in the steel, bett~r 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 introduction 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 

When changing from traditional LO to combined bl0wing many 

metallugical benefits can be gained, e.g.: 

higher iron yield, lower F~O 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 carbo~ content can easily be 

produced 

Co1nbined 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. 
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1.1.1 Higher iron yield 

In the LO-process the charge is always overoxidized, which 

means that a lot of iron is oxidized. In combined blowing 

one is working closer to the ~quilibrium, and this means 

that less iron is being oxidized. Equilibrium-curves CxO for 

some steelmaking processes are shown in Figure 1. 

,'SOC~ 

! 
I 

rocc -
I 

i 
I 
I 
I 

soc~ 
I 

I 

so 

Car;on-oxyge~ relationships for several 
combined blo~ing processes. 

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 LO 

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. 
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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. 

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 LO-process. 
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1.1.2 Better sulphur removal 

The mixing in the bath is much more effective in combined 

blowing than in the LO-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 sulrhur distribution between the slag and metal 

in different types of steelmaking process is shown as a 

function of slag basicity. 
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Figure 3 - Sulphur distribution vs. slag basicity Ca0/Sio2 
/3/. 
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As shown in Figure 3, the sulphur distributioH 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 steelrnaking processes. 
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Figure 4 - Phosphorous distribution as a function of iron 

content in the slag /1/. 
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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 oxygen 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 conlent in the steel is 

much lower than in normal LD. In Figure 5 the oxygen content 

in the steel is shown as a functiJn 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=165o·c, p=1 atm) 

and always much lower than in normal LO-process, where 

Cx0=0.040 at the same temperature. 



r----------,-----------------~---------~ ---

- 7 -

1.1.5 Higher manganese yield 

In combined blowing overoxidation of the charges is 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 yield 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 is 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 LO, 

bottom purging and combined blowing is compared. 
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T~ole I - Consumption data for LD, bottom-stirring and 

combined blowing /3/. 

TABLE I Anticipated tonsum;>lion c!ata per ton liquiC: steel for BOF, bottom stirring and combined blowing without post 
combustion 

Unll1 

Aim lu•ndown-0.05 '!\ C C.025"' 5. 2150' F 

Hot metal' lb& 

StHI ecrap' lb& 

lurnlllrne lb& 

Burnt OOl:>mlle lb& 

Fluorapar .,. 
Oxrgen IC! 

Air IC! 

N•lur•I 9•1 ICI 

Nl1rogen ICI 

Argon IC! 

HC FeMn, •Im 0.50'llo lbs 

Al, •Im 0.05 ,_ .,. 
Yleict1 ,. 

Alm tur!!Clown-0.15"- C. 0.025'!1: 5. 213D'F 

Hotrnet•J' Iba 

StHl 1C•llP1 lbs 

9urnl lime lbs 

Burnt Clolomllt lbs 

Fluorsp•r lbs 

01ygen IC! 

Air IC! 

Nalur•l 1191 Kl 

Nitrogen Kl 

Argon Kl 

HC feMn, •Im 0.75'1. Iba 

A:, •Im 0.05 'It lbs 

Yield' "' 
Aim lurndown-0.25 'II: C. D.025'i. S, 2920'F 

Hot met•I' Iba 

:>: .. er scr•P1 Iba 
lurnt lln~ lbs 

Bu•n1 OO!omllt Iba 

Fluorsp•• It\ 

01rgen IC! 

Al• llC:f 

N•tur•' g•s w 
Nllropen Kl 

Argon ~ 

HC FeMn 8llTI 1.00'lt lbs 

Al. aim 0.05 'It b ,,.Id, ... 

80f 

1643. 11 (71.11,_ I 

641.13 (UOl'li.) 
147.33 
u.oa 

5.00 
1151.10 

14.41 

3.70 

17.52 

1692.34(74.19 'It) 

511.71 (25.11'l.) 

185.41 
16.68 

12.50 
1110 44 

21.19 

2.86 

li.61 

1712.H (75.07"") 
56&.H (203'1..) 

202.88 
3.23 

17.50 

1771.60 

16.37 

2.31 

17.H 

1 Hot IMl•I· 4.28" C. O.IO'lt Mn. 0.050'1t S. 0.070'1t P. 1.00•, Si 
2 kr•P. 50 lb pit 1Cr11P. 100 le hOmf Kt•~. b•l•rte:• Mo 1 he•YJ melt~ (/Ion of liquid SIHll. 
'Yield li~lc! steel/(PIOI rne11r .. 11erepl. 

BollOfT' a!lrrlftG Ce>mt>on•C: bl<-wlnv 

1115.03 (73.60'11. I 1617.56(1212'li. I 
591.31 (26.40'1 I03.73(27.11,_) 

151.03 127.39 

37.25 12.H 

2.00 

1121.21 1113.41 

10.39 209.05 

u.• 
I0.25 112.67 

15.32 15.22 

13.13 11.13 

345 3.22 

11.40 10.04 

1710 15 (75 66'!\) 1660.31 (74.71'!(.) 

550.,, (24.34') 562 17 125.29'!\ I 
115.35 148.16 

12.21 0.90 

t.50 7.50 

17H.11 165C.ll 

13.37 225.19 
44.03 

58.43 182.67 

15.32 15.22 

20.19 16.70 

2.71 2.70 

IU9 15.91 

1728.41 (76.41"11,) 1676.23 175 44 'It I 
533.5C (23.59'!\ l 546.50 (:1'4.56 'It) 

100.65 15:1.30 

14.5() 12.5C 

1732.'5 1616.2£ 

14.U 13~ 41 

4:l. 10 

57.16 112.67 

15.3:1' 15.22 
25.44 :1'1.7E 

2.32 2.2i 

16.4:1' 15.90 
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,,s shown in Table 1, the amount of FeMn and Al needed is low 

with combined blow~ng and cost savings can be made. 

1.1.7 Longer refractory life 

Erosion of refractories is decreasing because of lower FeO

content in the slag. At the same time the erosion in the 

bottom of the cofiverter can increase because of gas bubtling 

or injection of material through the bottom. These problems 

can be solved with a good slagging-in-practice of tt.e 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. 

------------

1 • i ... : t 0 :s ... -
• 

• 
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Figure 7 - Erosion of refractories (kg/ton steel) as a 

function of iron content in the slag /6/. 
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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 LO-process. 

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

when changing from LO to combined blowing at the same plant. 

2 3 Ourch-
schrlif! 

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 LO. 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 cf hot metal can be decreased. In 

Table II some interesting data from two steelworks with 

LBE-process is shown. 
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Table II - Reduction in m~terial consumption with LBE /7/. 

Sol mer Usinor-Dunkerque 

Changes in converter 
Lime (kg/t) -3 +4.5 

Dolomite (kg/t) -8 -18 

Iron Yield ( ~o) +0.6 +0.5 

Total (FF/t) -5.4 -6.2 

Al (kg/t) -0. -1 -0.3 

LCFeMn (kg/t) -C.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 

N2 (m3/t.) 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 CLBE). 

1.1.9 Less slopping 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 LO and bottom-stirring is made. 
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Figure 10 - Slopping data for LO and bottom stirring /9/. 

Because vf less slopping and better lime-yield stirring 

problems are decreased in combined blowing compared with 

LO-process. 

1.1.10 Larger and cheaper scrap can be used 

The mixing is quite good during blowing in combined-blown 

converter compared with LO-converter. That is why the 

scrap-melting velocity is higher, which is also shown in Fi-

gure 11. 



- 14 -

~ B 12 16 20 
PROCESS TiME, min 

Figure 11 - Scrap-melting velocity /9/. 

Also the mixing time is shorter in combined blowing, see 

Figure 12. 
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F~gure 12 - Mixing time in some steelmaking processes /10/. 
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The mixing time in normal LO is about 90-120 seconds, 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 

amount through the bottom in LD-HC-process. 

SCUP l>~T 

lk9/IOH HOT M(l&l I 

400 

)()() 

O: 801 TO,. , "I. OF l Hf 1ou., OllGE .. 8l0WH I 

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. 
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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 batr., 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. 

c • 
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C•rbon conr•nt ~ 

c 0070~ 
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Figure 14 - Effect of post-stirring on the c- and 0-contenr 

of the steel /11/. 

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

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



- 17 -

Table III - Compaiison between LO- and LBE-process when pro

ducing steels with very low carbon contents /12/. 

Me!allurgicar comparison of LBE and LO 
process tor the proclu:tion of very low carbon 
steels. C "' Q.02"° 

USINOF\. ~"ak WO<k! 6S·lonM LO con••rt•r 

L8£ P'C><:HS -
Cor:••~tiona! kt0<• All•• Diffl''•nc~ 

Tap con~~1ons LO tn1•~hon lni•:hon L8E·LC 

Compostt•or .. 'It.: 

c 0.02 0.05 0.02 0 

0 0. ,. 0.t'f 0.0E -C.Ot 

Mr O.Cf IU70 o i•s +C.065 

p o ci;, c.c~' Ii OOE -0 ocs 
s li.01' C.J~' Ci.012 -o oo; 
N C.OC24 0.002' C.OC2~ .. 0.0005 

SI~ Fe."' lS lf 19 - lt 

Ni:•Q9eo consumphor .. 

~ metre-!t'lonnP .. 1 

As shown in Table III, it is possible to produce steel qua

lities with a small iron loss (~Feslag = 16%) with the 

LBE-process and at the same time reach a high manganese 

yield 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 LO. 

It can also be mentioned that steel qualities with carbon 

contents less than 0.010% have been produced with combined 

blowing. 
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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 

problems. In Figure 15 th~ influ~nce of post-stirring to th2 

erosion of bottom-bricks is shown. 

i 
~ " 
! 
5 .u 
• 
~ .. 
~ . .. 

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 Decreasei scrap-melting capacity 

f.•Jt ':orr,- gases and injected materials have a C•JOl ing ~ff ect 

which decreases the scrap-melting capacity in a co~bined

blown converter d little. Different steelworks have reported 

a dEcrease in scr2p-melting capacity by 2-10 kg/ton H~ when 

cornt~ned-blowing has been introduced. Du~ to good mixing in 

the bath larger and chea~er scrap can be used. Po~t-combus 

t1on of CO in the converter and injection of coal or coal

based materi&l into the converter in order to increase the 

scrap-melting capacity have been studied. Figure 16 shows 

one type of post-combustion lance and results achieved with 

it a?"'d w_; t'·, <:..iittnaci te-addi tion from a bin above the cor.-

verter. 
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Figure 16 - Post-combustion lance aLd achieved scrap-melting 

capacity /14/. 
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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 reported scrap rates using low 
phosphorus hot metal 

SallP , ... 

compared wlltl 

LD.11.att
llf llquld ..... 

H~• BSC -I to -17 

~ llSC wllh poel-cornbmtlon +1 tD +11 
~etu>' L8E D 
~ • l..aughlln1 -10 
Netlonal StHI, GrHI Uk... Stanct.rd L8E -11 tD -11 

National St .. 1. Great Lall"' L8E w11t1 poet-combustion +11 kl +21 
USINOR, Dul*lrtl. and 

L8E 
T8M 

1.2.3 Higher N-content in the steel 

D 
D 

+10to +11 
-13 

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 conven~ional 

LO-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 ste~l. A solution to th~s is to use 

post-stirring with argon. Figure 18 show~ ~ comparison he

tween combined blowing and normal LD. 
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Fig. It - Hydrogen-carbon relacionshi?s ac ~ur~
down. 

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 15, o~e minute of post-stirring decreases 

the hydrogen content in the steel with some ppm, achieving 

the same levels as in conventional LO-process. 

1.3 COMBINED BLOWING - DESCRIPTION OF KNOWN PROCESSES 

Different processes in combined blowing can be divided into 

four groups: 

I Inert gas through permeable elements 

II Inert gas through tuyeres 

III Reactive gas through t~yeres 

IV Reactive gas + lime through tuyeres 

Tables V and VI give all-round data of different combined 

blowing processes; Table V advantages and disadvantages and 

TQble VI flows of different gases and materials. 
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Table V - Combined blowing processes - advantages and dis

advantages /4/. 

Compariton of \"ariout Bonom Blo...-inJ Ga11e1 1.11d Operating 
Techniques t:HCI ill th' C.Ombi.Ded BlowiDJ Procea1 

Bottom blow· Bottom blo ... Features 
ingr;u i.Dg m'tbod Advantar;n Diudvanta1es 

• Lo.. equipm,nt C'OIU 
• Ar JV cmt \Ari 

Poro;is or ~r- • Low hydro,en content • Hif;b'r nitroJ':i. content (!\1! 
meable brick• • PO!lliibl' to inurrup: th' • Little nit."Ofen increut 

bottom bio,.·inr: by special biatnnJ techniqu' 
lnerr r:as ' (Ar.:-; •• 

• Low equipm,nt COit • Ar Ja5 COllt (Ar) 
Pipes 

• Low hydrogen content • HiJb,r nitropn co:itmt (!',) 

• Lo.· eq:iipment coea • Higher n1~n content 
Air A."lllular tuyeres 
\Air+!\,• (~,cool.mil • Low hydropn content 

• Low r;u eo11ta 

• Reeyclinc of recoveM • Endothermic reactioo 
Annual tuwret Carbor. dioxid' 
!CO, coollii,1 converter gu CO, +C • 2CO 

<CO,+ 0,1 • ~ hydrupn cainent •CO, JU COit 

• Eaothttmic ruction • Hi1htr bydropn content 
Without O,+ 2C • 2CO • Coolant coat 

Cao powder • Batb a,it.ation by CO • HiJb equipment cott 

OJ',.·en Annular tuverft bub!:>le11 

IO,+CmHnl !CmHn ~Ii.DJ) 
• Higher bydroJm content 

With Cao pow- • Ditto1 u the above • Coolant COit 
der th."OUJh • Active lime powder injection • Lime powder praduc:ins COit 
the bottom • High equipment COit 

Procee• 

-
LBE 
F.R 
Germany 

l.D-KG 
l.D-AB 
LO-OTB 
F.R 
Germany 

BAP 

STB 

LD-HC 
LD-OB 
L.D-OTB 
NK-CB 

KMS 
K-BOP 
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Figure 20 describes different tuyeres and permeable elements 

and different types of bottom-~njection (both gases and ma

terial). 

LD·O~B 
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•. : 11+~,, cc5;:-;m, 
I • ! 
I : : ~ 

_ .. -1;r·--

, I 
l 
I 

I :. ;~

1
, <4rr,:r(j 

i 
-

. 

Srro1gtd p1~ tuye.--e o. rede':! poros1t1 

as ss pipe in drillec! Hlroug.~ c/'Jan.0eled 

bottom ltntng or as bnck 

a seporcfe tube-brick 

as:-.e~ '° 
(re•'•sed,' 

Y .;:nrr . 
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Ct:Jnned bnc/. 
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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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Figure 22 - Combined-blowing - bottom gas /10/. 
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3.1.1 InPrt gas through permeable elements 

1B~-2rQc~s~ (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 LEE-converter is shown. 

Figur= 23 - LEE-converter /16/. 

In the LEE-process nitrogen is mostly used during ~he 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. 
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This process uses permeable elements or tuyeres. Nitrogen, 

argon or co
2 

is purged depending on the steel quality 

produced. Figure 24 shows a Jones & Lauglin-converter and 

blowing-practice for low-carbon steel. 

Fi9 1 - Cros:,-~~::10• ::·a ~c:-:r c:>= a: 1:-.:i;a"I.' Ha'":>V· ,.'.Y"~ 
e~J:;;oe-: witr· oo~::--:. s:::·,.,; 

NORl.'l.L eo~ 
TCP B~OWl"I L.A"'l:'.E 

&on INJECTORS TO INTROOUCE INERT GASES 

HOT METAL 
SCRAP SCRAP CHARGE MAIN BLOW 

CHARGE l'REHEA TING 
TUR"I 
DOWN 

EVf'HUAl 
CORRECTION 

OR POST 
STIRRING 

TURN 
DOWN 

0 

112 NT 210NT 13NT1ime 
4.9 NT dolomite 

15mlnulH 
12 mlnultt 

13000 r;lm 0 2 
70000cfm;a• 29000 elm 0 2 Ar Ar ---· ,.-----, 

N 2 I I I 
N2 r------------' I N 2 I 

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

HOT METAL 8AiH 

c 4.4'1• c o.oo•,, 
p 008 P 0.006 
SI 1.0 Mn 0.190 
Mn 1.0 s 0.017 
s 0015 T' 2920'F 
T' 2450' F 0 300 ppm 

TAP 

EVENTUAL 
SLAG 

COATING 

45 MIN. 

Figure 24 - Jones & Lauglin-converter and the blowing 

program /13/. 



- 31 -

K~upp uses both permeable elements and tuyeres. Nitrogen and 

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

Krupp-converters is given. 

c 

- ~/:''",(. .. 
h:~-· '-- '-'~------

;~ H::-HHz 
I r: , ' 
~-

([~ ; i ! : 1. 
t'. 'it. t' 

Figure 25 - Krupp-converters /17/. 

; , 

In the BSC-Hogoovens-system perme&ble 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/. 

MEFOS-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. 

' ---~----
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Ar 

0~11----f::IOoo------' 

Figure 27 - MEFOS-system. 

LO-SS = Permeables 

LO-BO = Tuyeres 

1.3.2 Inert gas through tuyeres 

When using tuyeres instead of permeable elements a more 

flexible system is given and higher pressures can also be 

used. 

LD~KQ-2y2tgm (LO-Kawasaki-Gas) 

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

gas. Figure 28 sho~s a LO-KG-converter. 
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Co,,...,::;a-c::r>·e tear,res o! LC a'lc LD-KG 
k o· I\ 

Figure 28 - LO-KG-converter /18/. 

10~A~-~y~t~m (LO-Argon Bottom) 

In the LO-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. 

10~0IB~p~o£e~s (LO-Oxygen Top and Bottom) 

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

first one N
2

, Ar and co
2 

are used and in the second N2 , Ar 

and o
2 

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 - LO-OTB-process and used gas flow-rates /19/. 

NK~C~ (Nippon Kokan - Combined Blowing) 

In NK-CB-process N
2

, Ar and co
2 

are used as bottom-gas. The 

NK-CB-system is shown in Figure 30. 

I I ..._ ________ ~ 

Figure 30 - NK-CB-process /20/. 
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1.3.3 Reactive gas (oxygen) through tuyeres 

~S£-~A£-£rQc~s~ (SSC-Bath Agitation Process) 

In the BSC-BAP-procPss nitrogen, argon and air are used as 

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

LO~O~-£rQc~s~ (LO-Oxygen Bottom) 

In the LO-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 air 

are used as bottom-gas. 
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Figure 31 - LO-OB-process /21/. 
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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. 

'· Or -·-jt I._:-':' 

1: 
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. ./ 
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Figure 32 - LD-HC-process /22/. 

/ 

~Tfi-_and_SIB~P~p~o~eQs (Sumitomo Top and Bottom) 

In the STB-process oxygen or co2 are used as bottom-gas and 

N2 , Ar or co2 are used for cooling the tuyeres. Figure 33 

shows a STB-converter. 
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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 + lime-in1ection through the tuyeres 

K-~0£ (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 ~lso be injected through the 

tuyeres. AK-BOP-converter is shown in Figure 34. 

Figure 34 - Lay-out of K-BOP-process /24/. 
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In Figure 35 data about LO, OBM and combined blowing and 

some advantages of K-BOP compared with traditional LO-praxis 

is shown. 

Types of BOF and 
Comparative Features 

Features of K-BOP 
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Figure 35 - Comparison K-BOP-LD /25/. 
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In the KMS-process all known gases used in combined blowing 

are used. Through the bottom o2 , air, N
2 

or Ar are injected, 

propane is used for cooling. Lime and fluxes are injected 

through the tuyeres and coal-powder can also be injected. In 

the latter case in order to increase tte s~rap-melting capa

city. About 60% of the oxygen used in the process is in

jected through the bottom, the rest of o
2 

through the lance 

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

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



- 40 -

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. 

1nj4tC1t0n S!OttOn 

WOll/f S!Ot1on 

,-~~!--+-~ 

I txpO'l-:- • -
1 

I 
I CUl!rol t I 

llOlvt 

I 

owyg1n 
t 

oxygen I 

diStrtbulOrS 

or n cool in ect1on 

rollTOl gos 
____ _J 

noturol gas L __ 

Figure 37 - Valve- and injection system of a KMS-converter 

/26/. 
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A classification of known combined blowing processes is 

given in Table VII. 

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

From bottom 

EMfgy carrier 

Frlllft 

top I i I i I l l I r & I ' l ;r I J J i ;r I ;r 

i c c • 1! 
+ + c 1 

.. I 0 0 0 .. • z z 8 
ProcHlgroup Proc ... Lie- 0 0 = u 

0 2 lop ::.lowing LD·(AC) • 0 

0 2 bottom blOwlng OBMIO·BOP KIOCkner/CRA 0 • • 0 0 

LWS Creusot-LDI•• 0 • 0 

0 2 lop blowlntl· LO-KG Kawaukl • • 
purging wffh Inert LD-AB Nippon Kohn • ... LD-BC CRM • 
0 2 lop blowing, LD..CB NlppOll Kohn • • • • 
stirring through LD-OTll Kobe • 0 • 0 

bottom with....,. LD·STll Sumllomo • 0 • • 
gas or 01idlzlng ISC·BAP BSC • 
ge• LBE Altlad • • 
ComblMd top encl K·OBM ~ • • • 0 0 

~om blowing K..OBM KIOCkner/CRA • • • 0 0 

wtth02 K·BOP • • • 0 

LO-OB Nippon • • • 0 

LD-HC • • • 0 

Allolhefmlc blowing KMS Klockner/CRA • • • 0 0 • • • 
KS KIOCkner/CRA • • • 0 0 • • • 
COIN Krupp • • 0 0 • • 

0 ... poulbte. 

•""applied. 

I ' i g I 'I" 
~ ii ... 
,£ 

i i . 
• II. ! 0 

• 
• 
0 

• • • • 
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1.4 HOT METAL PRETREATMENT 

The purpose of pretreating of hot metal is to decrease its 

silicon-phosphorous- and/or sulp~ur-content. When pretreat

ing the hot metal, the work to be done in the converter 

hecomes much less and in the near future, according to the 

new Japanese model it is 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 
BF Si, Mn Si, Mn Si, Mn 

Des Des Des 
HM DeP 

Desi 

I 
..v 

BOF Dec Dec (DeSi) 
CB DeP Des 

Desi DeP 

~ 
Ladle 

Figure 38 - Steelmaking according to the new Japanese 

method, new Scandinavian model (low Si HM) and 

method used currently. 

~ 
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Pretreatment of hot metal is normally carried out in two 

stages. In the first stage desiliconization is done during 

t~pping from the blast furnace or in a topedo-car. Material 

used tor lowering the silicon content is 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

conizdtion 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 secc~d step of pretreatment, dephosphorization and/or 

desulphurization are carried out. Both of them ar~ usually 

done in a torpedo-car or ic a ladle. The reagent for desul

phurization is usually cac
2

, Cao or soda-ash and for des

phorization it is usually cac
2

, CaF 2 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. 

.--- ~izotion 
FWger4: CaO, Na2~. 

mill scalo, 
iron ore 

Rafini~ QI hot mewl ---+-- Rafnnsi of Cllloying 
n.tols 

-

Rlaglnt: iron ore, 02, 
mll 1eaie 

Oesulphurization 

Riogent: CoO No2~· 
Mg, Ca"2 

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



- 44 -

In the following, some descriptions of hot metal pretreat

ment processes used today are given. 

NSC has developed the ORP-rrvcess (Optimizing Refining Pro

cess) for production of quality steels. ORP consists of 

three different steps. In the first step desiliconizing is 

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 carb~n losses occur. In the 

second step, dephosphorization is done with a mixture of 

iron-ore, Cao and CaF
2 

+ oxygen. Simultaneously with the 

dephosphorization a good desulphurization is reached. In the 

third step decarburization is done in a LO-OB-converter. In 

the converter some dephosphorization is also achieved and 

after the converter, the raw steel goes to secondary refin

ing and CC. Precess outline of the OKP is shown in Figure 

40. 

J Onal1coru11Cron J S ... okimm1"9 [ Oeplloophoriution I 

• R1i..i- of cll!Jhot
phorrut- tllf 

Figure 40 - ORF-process /28/. 

""' _.,ion I D«arbu"""""' ' 

LOOB.,______.~ 
In,..: 

51 .. Qll 

"""-' • vsc 
(V...,um 
5"9 c ........ 
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Used amount of reagents and mixture together with the metal 

analysis after each step is shown in Figure 41. 

Po;; lrOfl 

c 5 ()II 

5, 0 !)() 

Mn C JO 

p 0 110 

s 0 025 

Figure 

OelSol 
RNIJl"I 
27 kt'I p 

FoO 19 

fo,O, 60 

Otl'lert I 31 

..r:.iS•' 

II 

I Doi Pl 
I 

Flu•., LO 
Rugant 21 kt1t-p 
52 kf''-P 

FoO I SS c.o I olO 

c.a I 35 Ml)(! 1 12 

CoF: I 6 Fc,o,I 39 

C.CL ! s """° I 9 

•;•::' ~ •;w:~: [6,__Ac_ta~·f-:_:_:_.e© 
:.~ I::: I Qe'.P! .~ .. ~_;: :::006,\0.ICI :n 029 C' "!! 

P Io 1201 P o 010 

so~ s10~ 

O.IS 1 ~ & O.IPi 511111 
IPi 51111 35 ki'l·P 
!>1 k~l-1' 

LDMllV 
21 kf'l·P 

T fo 2.7 T·F1 5.0 T·h 11.2 

c.o 46 c.o 60 C.0 49.8 

s.c, 2S S.O, 10 M,O 9.• 

P,O, 4.7 P,O, 6.9 s.o, 9.• 

I MnO 5.5 

,,o, 1.li ,., '41 

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, th2 

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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--------c Soc!a -ash recover)' plant .. 
Sod.::i-aah 1 u 

I ¥ 

Deailiconlzotion by 
injection 

Hot metal pretreatment 
rocess 

Figure 42 - ARP-process /29/. 

ta: 

Oecorbonl zotlon 

I Corwtrttr reflnlnQ 

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, 

Cao and CaF
2

. The third step ~s decarburization. All three 

steps are done in a LD-HC-converter and a quality-steel is 

produced. The process is shown in Figure 43. 

1': S~E~ 
I 
!OE 5 IUCCiNiZ ~f~, 

1~, 
l Pro 10 ~·. 1 

I s •Ov• 'I. I c ,. 5 .... t 

'"""o ~ :~· ! 
~·: ?15.J:c I 

R!:'!CL&..0 \ 
s .. ,..w; ~ 

I 2nG S~!:P 
! . 
I OE~ .. os ~ .. 0111z ~ r;e.. 

Of SUL F \.JlllZA T 1°" 

IRE ... o ... , (jf r ... S•...U i •RE,..OVAl. Of r,.,£ >.-•G1 
( .c~G/, I J JSKG/, 

I 3rd S'E" 

lcE:A";.\.IRIZ~TION 

I s .... ~ 1 

1Rf"CrC1.fiil 

I 
ro IH[ I 

1•' )1£P t 
}'"Vi, I 

Figure 43 - Production of low-impurity steels /1/. 
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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 Cao + CaF2 + iron-ore. The third step is a second 

desulphurization with cac2 . In the fourth step, decarburiza

tion is done in a LO-OTB-converter. The process and material 

flows are shown in Figure 44 a and 44 b. 

I 
Desiliconization Slag 

removal 
Dephosphonzatio 1 

Desulfur1za1ion 
If 

I _! Decarburiza11onl 
esu unzat1on- I 
~----'' I (LD-OTBl . 

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

Desil1con1zat1on 

Experimental cond1t1ons of Hot metal 
Pre:reatment 

Scale consumpt1on I 15 - 25 Kg'T 

Carrier gas IN i I 400 Nm';Hr 

I n1ect1on rate 300 - 350 Kg'M1n 

I Flu• cor.sumot1on 25 - 35 Kg'T 
Oephosohorization ~ I n1ect1on rate I JCJO - 400 Kg M1~ I Oesuifur1zat1on 

! Ox Y9f"r! consu,,,~t1on i 3.5 - 4 5 Nm' T I 

Hr meta' chemical composition and 
t£ peratL:; e 

----------
I Ordinary I E x;.ier1rnenta: 

---- I process process 

Ho! meta: iC· ~ 4.55 ~' 4 00% 
,. ISil I 0.30 ""· 002'JI'.. 
,, [Mni 045% 0.29 % 

" IP, I 0.090 Git i 0.015 % 

" IS] ! <0.015%1 < 0.015 % 

" !Ti) l 0.05 °A> tr. 

" Temp! 131o·c 1326°C 

Figure 44 b - Material flow and HM-composition in Kobe 

Steel-process /29/. 
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~awasaki 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-con"erter. The LLB-process is shown in Fi

gure 45. 

iw ... 1.ir ..... , ••• ...-.1 

L_lo.._ 1"ltf'(f1Drl 

Figure 45 - LLB-process /30/. 

Table VIII shows material flows in the LLB-process (de3ili

conized hot metal). As injection material Cao, dolomite and 

iron-ore + oxygen are used. 



- 49 -

Table VIII - Material flows in LLB /30/. 

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-losses to slag 

and loss of carbon and manganese. Oxygen and material yields 

are quite high in desiliconization. 
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Costs 

Iron-ore or mill scale: 30 kg/ton HM x 0.3 SEK/kg 

Oxygen: about 8 m3n/ton x 0.4 SEK/m3n 

Lance-costs (300 ton) 

Costs for manpower 

9 SEK/ton 

= 3.2 SEK/ton 

= 2 SEK/ton 

= Q,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
2 

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

Costs 

- Mixture CaD: 5 kg/ton x 2.5 SEK/kg = 12.5 SEK/ton 

- Lance-costs (300 ton) = 2 SEK/ton 

- Manpower = 0.5 SEK/ton 

- Iron losses to slag = 4.0 SEK/ton 

- Refractories = SEKlton 

19 SEK/ton 

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

tal costs for the equipment need~d. 
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Dephosphorization is done with either soda-ash or lime based mix

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

time. 

Costs 

- Reagent 

Oxygen: 3 m3n/ton x 0.4 SEK/ton 

- Manpower 

- Lance-costs 

- Refractories 

- Iron losses 

Soda ash 

30 SEK/ton 

(20 kg/ton) 

12 SEK/ton 

0.5 SEK/ton 

2.0 SEK/ton 

5.0 SEK/tc.n 

;~. 0 SEK[ton 

Lime based reagent 

15 SEK/ton 

(30 kg/ton) 

1.2 SEK/ton 

0.5 SEK/ton 

2.0 SEK/ton 

40.70 SEK/ton 

2.0 SEK/ton 

20.70 SEK/ton 

The use of soda-ash requires a recovery plant for soda-ash from 

the dephosphorization slag in 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 [OJ-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, oxygen, propane, co2 etc). 

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

from different steelworks, which have reported their results witt 

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

rocess LBE LBE LBE NK-CB K-BOP LO-KG Krupp Krupp Hoes ch K-OBM KMS 

ef erence 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 -31 

olomite kg1 .. on -13 -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 
-0.8 

eMnC kg/ton -0.45 +0.3 -1. 2 -0.32 -0.18 -1.9 -1. 9 

eMnA kg/ton -0.2 -0.7 

l in steel kg/ton +0.04 +0.07 +0.03 

lowing time -1.0 min 

:is recovery +36.0 
"1cal/ton) 

)tal profit 8.7 8.9 1. 46 
FF/ton FF/ton OM/ton 
:::: :::: :::: 

1 $/ton 1 $/ton 0.5 $/ton 
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Cunningham 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/. 

Aim turndown: 
C.'!i 
S(mbxl. '!i 
Plmaxl.'!i 
Temptratmt:. °F 

Aim ladlr cc•mposition: 
C.'l. 
Mn.~ 
Al.~ 

Product mix is: 

A 

0.05 
0025 
0010 
2950 

0.00 max. 
O.f>O 
0.05 

Cl•ndit1on 
B (' 

0.15 0.25 
0.025 0.025 
0.0lO 0.010 
2935 2920 

0.16'0.20 0.26 10.30 
0.75 1.00 
0.05 0.05 

Carb(•n rang1-
<0. l lf< 

Product mix 

>0.15'i'c <0.2i)'l( 
>0.25~c <0.3()'; 

5(tr, 
3()'( 
zoc-, 

l'nit costs - Tht as!'umed CC•!'t$ used in thr comparison,. 
are: 

Hot metal. $/wn 
Snap (avrrage-1. ~'ton 
Bum· hm~. 5 'ton 

h .. ;np 
puh·trize-d 

Dl•lomitic burnt lime.$ 'ton 
Fluorspar. $'ton 
Gases. $ '100 cu ft 

oxygen 
nitrogen 

--comb1m·d blov.ing 
-bottom 5tirring 

argon 
naturali:a> 
air 

V f'~sel refrac:orie' lbrick. gunnini: and 
slai:1=ini: pr act itn ~ Hin liquid 'teel 

BOF il5Clo'."i hea~1 
brick O.il1 
tru:mini: 1slag~ing u.~(1 
Total 1.(11.1 

Be>:torr: >tirnni: 11.=.r.·~:: ht:a!>-barrt:l 
:~,(\ ht:-at~·--bc•ll<•rr. • 

brd. 0.8'.: 
~ur. '1in:: 1,.Jaggini: 0.3~ 
Tota.i 1.20 

Cor::brn1-d blowini: 1!500 ht:at!'-bam:~. 
5()(1 ht:il:..~-bc•t l.(lm • 

brick 1.11 
running/slai:i:ini: 0.2!1 
Tot.al 1.4(1 

Maint.enanct, $/ton liquid su-el 
sor 
Bottom stirrini; 
Combined blowing 

ProduC'tion labor•, $/:.on liquid s~el 
BOF 
Bottom slirrini.: 
Combined blowing 

l ';'0.()(1 
100.00 

55.()(1 
'i0.00 
5;,.00 
96.()(1 

0.15 

0.15 
0.30 
2.50 
[•.4:-. 
CJ.0.'1 

3.00 
3.05 
3.20 

3.9:l-4.10 
3.80-4.l:l 
3.6!1-4.02 
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Table XI - Production costs for LO, LO with bottom stirring 

and combined blowing /3/. 

9ottom-•llrrin!I wnh Combined blowl"' wnh 

Uni!• 80F pos1 ~ombulllon post-comt>ulllon 

Alm turnOown-0.05'lot C. 0.025' S. 21so•F 

Ho! ,.,.!al' lbl 1'"3.11 (71.11"") 1511. 11 (70.32'-') 1543.12 (H.55 'Ii:) 
Stear scrap• lbl 141.t3 (21.ot,.) 170.31 (2Ul'lo) 174.75 (3041'1.) 
Burnt lime lbl 147.33 14510 124.0S 

e..rm llolomlt• lbl U.01 35.17 12.21 
Fluorspar .,. 5.00 2.00 
01ygen llCf 1161.IO 1158.IO 1753.51 
Air llCf 1.01 112.116 
Naturalga& act 46.76 
Nttrogen llCf 11.IO 112.17 
Arp Kf 15.32 15.22 
HC FaMn. al"' 0.50,_ lbl 14.41 13.63 1\.13 
Al. atmC.05' .,. 3.70 3.45 3.22 
Ylalcl' "' 17.52 II.SS 10.U 

"Im lumdown-0. 15'!c C. 0.025'\t S. 2t35'F 

Hot,.,.ta!' lbl 1112.34 ( 7'. 11 % ) 1132.41 (72.33"") 1586.76 (71.47'lt I 
StNl tcrap• lbl 511.71 (25.11""1 124.47 ( 27 .17') 133.46 ( 21.53"") 
llumt lirM lbl 115.41 171.13 145.76 
e..rnt llolomh• lbl 11.61 11.55 0.61 
Fluorspar lb& 12.50 I.SO 7.SO 
Orr11•n act 1110.44 1101.1& 1711.74 
Alf act 1.19 11!.IO 
Natu,ali;;u llCf 4515 
NitrOIJen ICf 58.81 1&2.67 
Argon Kf 15.32 15.22 
HC F•Mr .. aim 0.75<\t lbl 2l.1S 20. 18 16.70 
Al. aim C.050,, lbl 2.16 2.71 2.70 
Yiaid' ,. 17.61 11.62 10.06 

AirT. tu,nckwn-c.25•,, C. O.C25"< S. 2i20'F 
Hot meta!' lbl 1712.I! (75.07'!c) 165i.55 (73 12o;,,) 16os.n 1n.2s'>t 1 
51••'. Kra~; lb5 SH 69 (2'-930,,) 607.17 !2t.se•,. I 61&.64 (27.75'>t) 
Bumt hrTM lbl 2C2.86 183.51 141.45 
Burnt Oolomtl• .,.. 3.2:; 

FluC><~a· .,, 1i .SC 14.50 12.50 
Ory~n act 1771.60 1771.94 1676.01 
Air IC:' 10.7' 207.0~ 

hatural pas K' .... ~ 
Nltr:>IJ9n act 51.52 112.67 

"''"°" act 15.3;' 15.22 
HC F •Mr. aorr 1. O~ 0., lb! 26.37 25 44 21.76 
Al. aom 0. 05 ·~ 1111 2.31 2.32 2.27 
Yial~ .,,, 17.66 H.54 H.tS 

'110: m.111 4.2rr,. c. o.1c•,, Mn. 0.0500,, s. o.c10"' P. 1.oo'lt 5, 

•Sera~ 50 llK P" sc:ra~ 100 ID\ llotT>t ..:rap b1la11<:t Ho 1 Ml~ mallifllj (/IOf\ o! llqu1~ SIMI) . 

• Yoalc hq1.11C stHliil'lv. met•'~ IC•IP) 

IOF 
lkAlom ISllrrlng 

Ht1I cost,, $/ton llquld stHI, for BOF. bottom 
stirring with pos1 combustion and comblMCI 
blowlng with post combustion 

T umelown carbon 

0.05"' 0.15"" 0.25"' o.., .. 

1tU1 1H.'1 201.2t 117.31 
1'1.51 1tU• 117.15 113.13 

Comt>lnac! blowlng 117.01 111.00 11U7 111.53 

'·' 

BOf 

Heat costs, S/lon liquid steel, for BOF. bottom 
stirring without post combustion and combined 
blowing withoul post combustion · 

TumOown carbon 

0.0S'h 0. 1S r,. 0.25..,. °"•'•" 
194.11 1111.91 201.~ 19~ .3E 

Bottom llirrlftG 1t4.7C 1H5S :.>OU1 197 1; 

Cornb1nec: t11ow11111 1110.01 19U1 196.34 192 4~ 
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As sh0wn in Table XI, the production costs per ton of steel 

are approximately 8 US $ lower with combined blowing than 

with conventional LO with post-combustion of co. 

Von Bogdany et al. have also made calculations where they 

have compared normal LO 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 

/26/. 

Hot metal, steel and lime compositions used in the economic 
estimate are: 

C 4.~. Si 1.0% 
C0.05% 

Hot metal (at I340°CI 
Turndown (at 1620°C) 
Steel 
.ime powder 

Lump lime 
Dolomitic lime 

Mn 0.50"ir, Si 0.2'7c, Al 0.05% 
Cao 90'it 
CaO 90°k 
Cao 56%, MgO 385< 

The material costs used are: 

Hot met.al, DM/tonne 
Steel scrap (average), DM/wnne 
Alloys, DM/tonne 

Fe Mn 
A1 
Fe Si 

Slag making addition~. DM/tonne 
Burnt limt 
Li.mt powder 
Dolomitic lime 
Flu ors par 

Gases. DM/1000 ~ cu metre 
o~ 
N~ 
o\ir 
CH, 
Ar 

Electrical power, DM/1000 kwhr 
Maintenance, DM/tonnt: 

LD 
~ottom &tirring 
!\-OBM 
KMS 

Labor, OM/tonne 
LD 
Bottom atirrini: 
K-OBM 
KMS 

400 
200 

8(1().00 
2500.00 
1400.00 

110 
120 
110 
200 

220 
40 
30 

470 
2000 

100 

S.00 
5.10 
s.so 
6.00 

7.00 
6.70 
6.40 
8.30 

Refracwries (including bricks, gunning 
material and slagging materiali, OM/brick 
tonne 1800.00 

Lignite coke, DM/tonne 260.00 
(lo the U.S., a coal coet of DM 170/tonne ii espected.) 

The economic comparison is based on the following scrap ' 
rates: · \ 

LD 
Bottom stirring 
K-OBM 
KMS 

310 kg/tonne liquid steel 
309 kg.ttonne liquid steel 
334 kg/tonne liquid steel 
540 kg.'t(lnne liquid st.eel 

For bottom &tirring, the assumption is made that the degree 
of post-com bust ion of the off-gase~ in the converter is similar 
to the LD. 

Other conditions - Steel production v.ith the different 
processes are estimated at: 

LD 
Osygtn top b!o"'ing with 
bottom stirring 
K-OB:\1 
KMS (&W scrap rate l 

3.80 million tonne~/year 

3.95 million tonnesivear 
4.20 million tonnes/~·ear 
3.20 million tonnes/year 

The amount of investment for the conversion of two 200· 
wnne LD converters to the following processes i5 estimated 
to be: 

Bottom blowing DM 6 million 
K-OBM with lime injection DM 30 million 
KMS with coal injection DM 50 million 

(Rate of exchange: DM 2.60 = US $1.00) 
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Table XIII - Comparison LO, LO with bottom stirring, K-OBM 

and KMS /26/. 

ConsumptlOft Cost. OMtllgulel stHI tonne 

Bottom Bottom 

Ty~ Ur>lt LO stirring K-OBM KMS LD stirring K-OBM 

Hot ....t.1 (Fe 83.5 'lb) llg'tonne 716 791 7•4 540 311.•0 316.40 ::!97.60 

SIMI screp (Fe 116'!1,) llgltonne 310 309 334 540 62.00 61.10 66.10 

Total 11911onne 1106 1100 1078 1080 310.40 378.20 364.40 

Alloys: 
FeMn Ilg/I- 5.9 5.2 ... o ... o 
Fe SI llgltonne 3.3 3.3 3.3 3.3 

Al Ilg/ION» 1.1 1.6 1.5 1.5 

Total kg/tonne 11.0 10.1 I.I 1.8 13 ... 12.71 11.57 

Total metallic Input llglt- 111~ .0 1110.1 1016.8 1051.8 394.24 390.98 375.97 

Slav making aelelltions: 
Lump lime 11g 11 ..... 69 66 7.59 7.26 

Powdered lime kg/tonne 50 31 6.00 

Dolomllie Um. Ilg/!- 20 16 8 6 2.20 1.'io 0.81 

Fluotspar ltglt- 2 0.40 0.20 

Coal or llgnlte Ilg!!- 51 

Total 11 13 58 15 10.19 9.22 6,18 

Gaus: 
02 N QI rnetreftonne ... •a "5 14 10.56 10.56 1.10 

Air N cu metre/tonne u 5 7 0.01 0.15 

CH• N cu metre/tonne 1.2 2.2 0.56 

N2 N cu inMre /tonne 2 5 12 0.08 0.20 

"' N cu metre/tonne 0.4 0.80 

Eleetrical power llwhrftonrw 25 25 25 35 2.50 2.50 2.50 

Credit tor oll ~as GJtt- 0.64 0.63 0.55 1.30 -8.16 -8.03 -7.01 

,..,,.ae1or, 2."9 2.•9 3.09 

Maintenance 5.00 5.10 5.50 

Ullo< (production) 7.00 I.ID 6.60 

lllYntment, million DM I 30 

Cepllal MrYlce. 0.08 0.36 

Loan repaJIMM, 0.30 0.71 

Uqulcl ..... coll 423.12 •20.H 405.11 

Produc:tlon. mllllon tonner.fyHr 3.80 3.15 4.20 3.20 3.10 :us 4.20 

Ylekl, "' I0.4 tO.t t2.8 12.5 10.4 10.I 12.1 

Condlllonl: HOI metal: C 4.2%, SI 1.0%, Mn O.l,., tempeu1ture 1S40°C. 
TumOown: c o.os,., temperatur• 113o•c. 
flnlU..dll .. I: Mn 0.5%, SI 0.2%, Al 0.05%. 
Capllal MIYIC•: emortlz.cl o..e! 10 yean plus 10 % lnlerHI on hall ol lnvntment. 

As shown in Table XIII, the production costs are approxima

tely 18 OM (6 US $) lower per ton steel in K-OBM compared 

with conventional LD. 

KMS 

216.00 
108.00 
324.00 

11.57 
335.57 

4.56 
0.66 

13.31 

11.53 

11."8 

0.21 
1.03 
0.48 

3.50 
-16.58 

S.86 
1.00 
1.30 

50 
0.78 
1.51 

381.72 

3.20 
t2.5 
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1.6 CONCLUSIONS 

Combined blowing has been compared with conventional LO-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 LO-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 LO-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 dt 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 LO-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 LO with CTBB. 

2.2.1 Iron oxide content of the final slag 

The Fet0 t-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 LO about 90 se

conds. The table below shows the normal decrease of Fetot 

as a function of turn down carbon. 

'!;, c 
LD-Fetot 

CTBB-Fetot 

0.08 

13.2 

8.8 

0.06 

16. 7 

11 . 5 

0.04 

22.5 

14.2 

................................................ ~ ............. . 
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The improved stirring also normally gives a reduced Fetot 

in the slag during the blow. 

2.2.2 Oxygen 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 

~ ppm oxygen 20 

0.06 

100 

0.04 

250 

Normally the product \h x \Q is as follows: 

LD %h x \Q = 0.0040 

CTBB %h x \Q = 0.0020 

This decrease in oxygen content will result in lower con

sumption of alloying elements in a normal range of: 

AL: 

FeSi: 

FeMn: 

0.02-0.3 kg/ton of steel 

0.2-0.3 kg/ton of steel 

0.2-1.0 kg/ton of steel 

2.2.3 Slag formation, P- and S-refining 

CTBB 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. 
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2.2.5 Scrapmeltinq 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 results 

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 

CN 2 > 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. 
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2.3.1 T~chnical description 

The design flow sheet and logistics schedule is shown in the 

enclosed drawing (Calor Celsius 3011-4014-1:1). Incoming 

nitrogen resp. argon at a delivery pressure of 18 bar is 

controlled with shut off valves (double valves with depres

surizing out of the valve station room with a third valve). 

The N
2

- resp. Ar-system can also be manually closed or open

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 is 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 in 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: 

Total maximum flow rate per element line: 

Normal flow rate per element line: 

Reduced pressure range: 

Gas temperature of N2 and Ar: 

0.15 m3n/ton·rnin 

200 rn3n/h 

0.05 m3n/ton·rnin 

2-8 bar 

min. o·c 
max. 45"C 
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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 s~fety 

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 is 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 regulation 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 angel 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. 
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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 air is not available in the Bokaro 

plant, nitrogen is used accordin~ to enclosure. 
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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 

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 

Integrator type TZIF 3 
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For computer system we recommend the following spare parts: 

1 

1 

1 

1 

1 

1 

SattCon 31 

ROM 30 

RAM 30 

24V5ARC 

PIOB 

PBAD 

PSB 

ICA 420 

OCAH 420 

IDPG 48 

ORG 24 

VT 101 

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: 4 I 1 
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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. 

~nstallation 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

bili tes of a successful ladle operation. 
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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 

Slag raking 

Stiff slag 

During 

Inner: Ball 

Plug 

Fleet 

Gas purging 

Outer: Mechnical stopper 

Pneumatic stopper 

Sliding gate 

Intermediate ladle 

After 

Slag raking 

Suction 

Schematic principles for some different systems are shown 

below. 

COl~VERTEi' 

Ball 
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MANNESMANN - PLUG 

Plug 

PI\EtJMl.Tj;C 

CYL.£NDI:R 

Voest-Alpine stopper 

'--J 
\ MOVll.TIL[ .".::!M 
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Sliding gate stopper 

For slag arresting the tapping can be divided into three 

periods: 

Period 1: 1he 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 flowLate of slag during tapping has been measured at 

MEFOS using radioactive tracers. The result is shown in the 

figure below. 
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ca 15 sa: 

Tl\Pf'U1G TIEE 

During tapping a vortex is formed above the taphole that re

sults in entrapped slag during the second period. This vor

tex ~an be minimized by purging gas via permeable blocks or 

tuyeres around the taphole. 

An important factor when usi1g 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 f,~~ exam

ple used at SSAB, Oxelosund. 
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Of'tert nr 

Caler-Celsius AB 34-PA-5004.1 
Pos Antal 

4 

4 

4 

2 

2 

2 

Spec 

I INSTRUMENTATION AND CONTROL SYSTEM 

SPECIFICATION: 

' 

, I 
' 

Main line Ar and N2 
PI101, PI201, PI111, PI211 

Manometer type 
Connection: 
Diameter: 

WIKA 2040 
R 1 /2" 
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: 

Alarm unit type 
Input: 
Output: 
Data sheet: 

PV105, PV205 

14-5.31 

RMG 19 
4 ••• 20 mA 
2xrelay 
61-6.11 

Control valve type Masor.eilan Camflex II 
To be clamped between pipework flanges 
Material: stainless steel 
DN 1" 
Dimension data: 

PIC105, PIC205 

P 1 18 bar 
P2 8 bar 
T +10 ••• +4o 0 c 
Cv 3,32 

Electronic 
Input: 

controller type Protronic PS 

Output: 
Supply voltage: 
Data sheet: 

4 ... 20 mA 
4 .. . 20 mA 
220V 50 Hz 
62-5.15 

Blad nr 

1 
Pris per enl'lel 



Ottert nr 

Calor-Celsius AB 34-PA-5004.1 
Pos An1a1 Spec 

pcs 

PI102, PI202 

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

PX105, PX205 

I/P-converter 
Input: 

type TEIP 

Output: 
Power supply: 
Data sheet: 

Total flow 

FE301 

Orifice DIN 1952 
ON 80, PN 40 
Material: 

4 ••• 20 mA 
3 ... 15 psi 
1,4 bar 
18-3.11 

carbon steel/stainless 
steel 

Length: 65 mm 
Pressure connection: R 1/2" 

FT301 

Diff-pressure transmitter type AEI 200 
Connection: 1/4" NPT 
Output: 4 ... 20 mA 
Supply voltage: 24V DC 
Range: 0 ... 25 mbar 
Data shee~: 15-2.67 

3-valve block 
Data sheet: 

TE301 

14-5.31 

Resistance thermometer Pt 100 ohm 
Connection: R 1/2" 
Insertion length: 100 mm 
Diameter: 13,5 mm 
Material: stainless steel 

Blad nr 

2 
Pris per enhet 
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Oltert"' 

Caler-Celsius AB 34-PA-:i004.1 

1 

1 

1 

2 

TT303 

Measuring a:!!plifier type TEU 
Input: Pt 100 ohm 
Output: 4 ••• 20 mA 
Range: o ... 100°c 
Power supply: 220V 50 Hz 
Data sheet: 11-1.12 

FX301. 1 

Computing 
Input: 

unit type TZA 305 
FT 3 0 1 4 • • . 2 0 mA 
TE301 4 ... 20 mA 
PT10S 4 ... 20 m.~ 

4 ••• 20 rnA 

6 

Output: 
Range: 
Power supply: 

0 .•. 1 200 rnrn3 /h 
220V 50Hz 
IP20 

Data sheet: 18-5.14 

FX301.2 

Supply unit type TZN 123 
with square root extraction 
Signal span: 4 ... 20 mA 
Power supply: 220V 50 Hz 
Data sheet: 18-8.30 

FI301 

Indicator type Ha 
Input: 
Frontfrarne: 
Scale: 

FQ301 

72/240 
4 ••• 20 mA 
72x72 mm 
0 .•. 1200 rnrn3/h 

Integrator type 
Input: 

TZIF 3 

Power supply: 
Data sheet: 

4 ••• 20 rnA 
220V 50 Hz 
18-1.21 

Blad nr 

3 
Pns per enhet 
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n//qUIST 
r •• Oll"'1 nr 

Caler-Celsius AB 34-PA-5004.1 
Pos Ant.al 

pcs 

1 

1 I 

By-pass line N2 
PI305 

Manometer typ 
Connection: 
Diameter: 
Range: 

FIT306 

Flowmeter type 
Connection: 
Output: 
Range: 

FI306 

WIKA 2040 
R 1/2" 
100 mm 
0 ••• 25 bar 

BGN-E,manufacturer Heinrich 
50 mm 
4 ••• 20 mA 
29 ... 290 m3/h 

1 Indicator type Ha 72/240 

8 

Input: 4 ... 20 mA 
Frontframe: 72x72 mm 

Bottom blowina lines 

PI12, PI22, PI32, PI42, PI52, PI62, 
PI72, PI82 

Manometer type 
Connection: 
Dia!neter: 
Range: 

WIKA 2040 
R 1/2" 
100 mm 
0 ... 25 bar 

PT11, PT21, PT31, PT41, PT51, PT61, 
PT71, PT81 

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

4 
Pns per enhel 
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Calor-Celsiu~ AB 31-PA-5004.1 

l Pcs 

! 
i 
I 
I 
I 
I 

I 

I 
I 

I Antai 

\pcs 

I 
1 

1 

8 

8 

8 

TE302 

Resistance thermometer Pt 100 ohm 
Connection: R 1/2" 
Insertion length: 100 m.~ 
Diameter: 
Material: 

TT302 

13,5 mm 
stainless st.eel 

Measuring 
Input: 

amplifier type TEU 6 
Pt 100 ohm 

Output: 
Range: 
Power supply: 
Data sheet: 

4 ••• 20 mA 
0 ••• 1 oo 0 c 
220 V 50 Hz 
11-1.12 

FE10, FE20, FE30, FE40, FE50, FE60, 
FE70, FE80 

Orifice DIN 1952 
ON 25, PN 40 
Material: 

Length: 
Pressure connection: 

carbon steel/ stainless 
steel 

65 mm 
R 1/2 

FT10, FT20, FT30, FT40, FT50, FT60, 
FT70, FT80 

Diff-pressure transmitter type AEI 200 
Connection: 1/4" NPT 
Output: 4 ..• 20 mA 
Supply voltage: 24V DC 
Range: 0 ... 25 mbar 
Data sheet; 15-2.67 

3-valve block 
Data sheet: 14-5.31 

-... 5 
J Pnspe•""""' 
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Oflert nr 

Caler-Celsius AB 34-PA-5004.1 

r"" ""•"' II, Spec pcs 

FX10.1, FX20.1, FX30.1, FX40.1, FX50.1 

I 8 I ::::~::n:x::~: ::::-~ZA 305 

I 

Input: FT 4 ... 20 mA 
PT 4 ..• 20 mA 
TT 4 ... 20 wA 

I 
Output: 4 ... 20 mA 
Range: 0 ... 120 rnm3/h 
Power supply: 220 V 50 Hz 

8 

IP 20 
Data sheet: 18-5.14 

FX10.2, FX20.2, FX30.2, FX40.2, FX50.2 
FX60.2, FX70.2, FX80.2 

Supply unit type 
with square root 
Signal span: 
Power supply: 
Data sheet: 

TZN 123 
extraction 

4 ••• 20 mA 
220 V 50 Hz 
18-8.30 

FIC10, FIC20, FIC30, FIC40, FIC50 
FIC60, FIC7G, FIC80 

8 Electronic controller type Protronic PS 

8 

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

I/P-converter 
Input: 
Output: 
Power supply: 
Data sheet: 

type TEIP 
4 ••• 20 mA 
3 ... 15 psi 
1,4 bar 
18-3.11 

4 Alarm unit type RMG 19 
Inr:ut: 4 ... 20 rn.n. 
Output: 2xrelay 
Data sheet: 61-6.11 

6 
Pris per ermet 
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Caler-Celsius AB 34-PA-5004.1 

~ I..,,,., 15~ 

I 
I 

i 

I pcs 
FV10, FV20, FV30, FV40, FVSO, FV60, 
FV70, FV80 I 

I 8 I Control valve type Masoneilan Micro Pac 
To be clamped between pipework flanges 
Material: stainless steel 

8 

DN 1" 
Dimension data: 6 bar 

2,5 bar 
96 mm3/h (Cv 1,01) 
200 mm3/h (Cv 2,3) 
+10 ... +40°c 

PT13, PT23, PT33, PT43, PT53, PT63, 
PT73, PT83 

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

PI13, PI23, PI33, PI43, PI53, PI63, 
PI73, PI83 

8 Indicator type Ha 72/240 

4 

Input: 4 ... 20 mA 
Frontframe: 72x72 mm 

PA13, PA23, PA33, PA43, PA53, PA63, 
PA73, PA83 

Alarm unit 
Input: 
Output: 
Data sheet: 

type RMG 19 
4 ••• 20 mA 
2xrelay 
61-6.11 

Central control room 

1 Control section 1800 x 800 x 1050 mm 
including: 
10 controllers 
12 indicators 

2 integrators 
4 alarm modules 
4 panel switches 

26 control lamps 

Blad nr 

7 
Pris per enhel 



n//qUIST 
y,u 

Caler-Celsius AB 34-PA-5004.1 
Po~ Antal 

2 

2. 1 

2.2 

pcs 

1 Relay cabinet 

1 

1 

including: 
alarm units (RMG 19) 
power supply (24V 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 

1 24V2ARC, Power unit for ORG 24 

4 ZU1, Automatic circuit breaker 

350 SAK2.5, Terminals connected to interface 

1 

CAB2080, Cabir.ets 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 

options: 

Standard monitor with program 

PHYS 31, Physical units 

TEX 31, Alarm texts 

CONT 31, PIO-controller modules 

LIM 31, Limiter modules 

8 
Pns per enhel 
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Till Oftert rv Bl.ld nr 

Calor-Celsius AB 34-PA-5004.1 9 
Pos Antal Spec Pns per ennel 

pcs 

Spare parts 

1 Pressure transmitter type AEC 200 

1 Alarm unit type RMG 19 

2 Diff-pressure transmitter type AEI 200 

2 Electronic controller type Protronic PS 

2 Indicator type Ha 72/240 

2 I/0-cenverter type TEIP 

1 Measuring amplifier type TEU 6 

1 Control valve Masoneilan Micro Pac 

2 Supply unit type TZN 123 with 
square root extraction 

1 Computing unit type TZA 305 

Resistance thermometer Pt 100 ohm 

1 Integrator type TZIF 3 

Spare parts, computer system 

1 SattCon 31 

1 ROM 30 

1 RAM 30 

1 24V5ARC 

1 PIOB 

1 PBAD 

1 PSB 

1 ICA420 

OCAH420 

1 IDPG48 

1 ORG24 

1 VT101 
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2.4.1 DEVELOPMENT OF MEL TO PILOT-PLANT 

1. The equpiment in MEL can be characterized as very good 

in the following departments: 

- Oxygen plant 

- Converter pl~nt 

- 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. 

2. The equpiment is too big to be used exclusively as 

pilot-plant equipment. The costs for pilot-plant 

operations would be far too high. 

Development work must be combined with production in 

ordinary around-the-clock operations. 

3. For production, a suitable steel grade must be select

ed. The SAIL R/D proposal of stainless steel produc

tion is a good choice because the following depart

ments can be well utilized: 

- Converter department 

- Casting department 

- Oxygen plant, with Ar production 

Laboratory 
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4. A rough material balance for two cases is presented in 

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 co~tent. At the same 

time th~ policy according to Table 1 maximizes the use 

of primary nickel which is an additional disadvantage 

costwise. 

Table 1 - Material balance 1 ton stainless. 

c Si 

NiO 91 
Ch Cr 55 294 16 10 
Scrap 100 
FeMn 75 17 
Fe 512 

1014 16 10 

Mn Cr 

162 
1 . 5 18 

13 

14. 5 180 

Ni 

72 

8 

80 

Fe 

106 
74 

4 
512 

696 

10% Domestic scrap 
90% New alloy 

Raw material policy of the type presented in Table 2 car. 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 

40% scrap 400 2 
HC Cr 55 196 13 5 
FeNi 24 200 
HC FeMn 70 14 
Fe 185 

995 16 10 

Mn Cr 

5 72 
108 

10 

15 180 

Ni 

32 

48 

80 

Fe 

289 
70 

152 
4 

185 

700 

40% Stainless scrap 
60% New alloy 
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5. 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. 

6. 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 in an economically suitable manner. 

7. The size of the EAF should be 30-35 tons, 4000-4200 mm 

shell diameter. This size corresponds well with the 

converters either in LO 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. 



J 
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8. 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. 

9. The developed MEL plant will then have the following 

activities: 

- rtainless steel production in EAF-crnverter-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. 

10. 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 



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.S. 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 

Enclosure 1 

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 su~cess-

f ul. 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. 

Oxygen plant 

Cry Plants Ltd. UK. 

1100 Nm3o
2
/h, 1980 N

2
/h 

36 m3 liquid oxygen storage tank 

2 x 3000 m3, 30 bar gaseaus o2 storage 

Ar-outtake connection is included but not Ar tapping faci

lities 

Cupola furnarn 

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. Recievcr 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 

P in ordinary ~oke 

0.35 

0.18 p 

Coke rate in cupola 20% of charge. 

(Pin coke corresponding to 0.036% pick-up.) 

Pin 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 oil 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. 



Conversion 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 FeMn: 

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 gives a 

general description of the design of the static control 

model used. 

3.1.2 BENEFITS OF LO 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 is 

saved in a database, which can be presented in re

ports or can be studied statistic~lly. 

Besides these major benefits, LO process control has a lot 

of metallurgical and process technical advantages and some 

of these are summarized below: 
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3.1.3 
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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. 

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 
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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. 
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When the actual hot metal analysis is 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 LO 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. 
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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. 
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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 char~e. 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. 
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Operator initiated reports 

The operator always has access to updated production statis

tics reports. These rep~rts contain updated production sta

tistics such as number of charges, average material consump

tion per tonne steel, aver~ge 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 storea 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

ci ty (Si0
2

/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 equati0ns 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. 
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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 1s 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. Input~ and outputs of the model, see 

Appendix 4 and 5. 



- 9 -

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 anj 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 i~ slag and 

slag weight equations. Inputs and outputs of the model, see 

Appendix 4 and 5. 
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3.1.4.7 Off-line model development 

The LO 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. 



- 11 -

3. 1 . 6 SUMMARY 

Adoption of a static control model in an LO-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 

ChaLge calculation 1 

Alloy calculation 1 
Charge calculation 2 

Dynamic calculation 

Alloy calculation 2 

Post-charge calculation 

Post-alloying calculation 
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Appendix 2 

Desired values: Analysis 
Weight 
Temperature 

Scrap weighting 

, Scrap mix 

Hot metal preparation 

(--- Hot metal temperature 
Hot metal weight 

Start of blow 

( Hot metal analysis 

< Sublance measurement 
End of blow 

<---
1 

End point temperature 
End point analysis 

Tapping and alloying 

<:--- Steel weight 

~--- Slag analysis 

(--- Final analysis 

.. 
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Report 

STATUS REPORT 

CHARGE REPORT 

CHARGE LOG 

CHARGE DATA 
REPORT 

PRODUCTION 
STATISTICS 

SEMI-GRAPIC 

Type of report 

On-line report 
to production 
control computer 

Prl.nted 

Printed 

On-line report 
to PRIMDATA 
central computer 

Printed 

Display and hard copy 

Initiated 

Aut:omatically 

Automatically 
3 hrs. after tapping 

Automatically 
3 hrs. after tapping 

Automatically 
3 hrs after tapping 

Operator initiated 

Operator initiated 

Contents 

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

Traditionally assembled data 
about the charge 

Important events and process 
variables logged in a conse
cutive way 

About 500 various charge 
data 

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

Any of the logged variables 
from the last 1500 charges 

~ 
'O 
ro 
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~· 
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Hot metal 

Weight 

Pred analysis 

Pred temp 

Actual analysis 

Actual temp 

Sera}::! 

Calculated ana-

lysis 

Weight 

Prechanqe amount 

of: 

ore 

gunning material 

tar 

vessel sculls 

Perd. amount of 

Fe in slag 

Actual 9rnount Qt 
Fe in slag 
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INPUTS TO THE MODELS 

Accurancy 

0=±200 kg 

C=±0.2 Si=O. 1 

Mn:O. 1 Ti=0.02 

V=0.02 

0=±15 

C=±O. 1 Si=±0.05 

Mn=±0.05 

Ti=±0.01 V=±0.01 

o=±5 

0=±100 kg 

0:±20 kg 

o=±1,5% 

Scrap 

cal
culation 

x 

x 

x 

x 
x 
x 
x 

x 

Hot metal Charge 

calculation calcul. charge 

calcul. 

x x 

x 

x 
x x 

x x x 

x x x 

x x x 
x x x 
x x x 

x x x 

x x x 

x 
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INPUTS TO THE MODELS 

Accurg,ncy Scrag Hot metg,l Charge 

cal- calcylation calcul. 

culation 

Orded 

Steel weight in x x x 

ladle 

Blow end analysis x x x 

Blow end temp x x x 

A~tyal 

Steel weight in 

ladle 

Blow end analysis 

Blow end temp 

Pred. amount lime x 

Model constants x x x 

CgJ.~JJlateg y:g§~lg x x x 
heat loss 

Pred. Fe-yeald x x x 

E;r;:gg I CQ2-aDSllY§i.~ x x x 
in y:essle 

ActJJal a.ms;rnnt of 0=±20 kg x 

. 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. 

Post 

charge 

calcul. 

x 

x 

x 

x 
x 

x 1 ) 

x 2) 

x 

3) 



Scrap weight 

Hot metal weight 

Slag weight 

Steel weight in ladle 

Lime consumption 

Dolomitlime consumption 

Oxygen consumption 

Ore consumption 

Fuel consumption (FeSi) 

Spar consumption 

Error oxygen balance 

Error heat balance 

Error slag balance 

Error lime balance 

Appendix ~ 

OUTPUTS OF THE MODEL 

Scrap cal- Hot metal Charge Calcu- Post 

culation calcul. step 1 lation charge 

x 
x 
x 

x 
x 

x 

x 
x 
x 
x 
x 
x 
x 
x 

step 2 calcul. 

x 
x 

x 
x 
x 
x 

x 
x 
x 
x 
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3.2.1 INTRODUCTION 

3.2.1.1 True Dynamic Process Control 

True Dy~amic 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 Ceal with unforeseen 

changes at the time they are made. Thi3 also means a possi

bility of true adaptation to sampled results and full uti

lization of new and up to date sampling techniques. 

Figure 1 
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3.2.1.2 MEFCON Process Control System 

MEFCON is: 

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 ad~pts 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 ba5is for energy savings and advanced 

control. MEFCON also estimates the current bath tem

perature, second by second 

A very good tool for training operators and other 

staff 

A universal tool for metallurgical research work. 

a tool t.hat 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 
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3.2.1.3 Installation of MEFCON 

MEFCON has been developed at The Metallurgical Research 

Plant (MEFOS) in LuleA, 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, 
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3.2.2 GENERAL DESCRIPTION OF MEFCON 

The MEFCON package is 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, aluminium, 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 %C02 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 02 and 

outgoing 02 as CO and C02 1 is 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. 
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3.2.2.2 Carbon content calculations 

Of main importance is the carbon content determination: 

Used ingoing values Weight of hot metal 

Hot metal analysis 

Bath temperature 

Material additions (lime, scrap, etc) 

Process gases (02, N2, Ar, C3H9, H20) 

Used outgoing values Off-gas flow rate 

Off-gas analysis (CO, C02) 

Dust composition 

Calculated value Carbon analysis in the bath 

Calculation principle: A decarburisation rate (dC/dT) 

is calculated 

Accuracy 

The decarburisation rate provides a 

means of evaluating 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 < ± 0.10\C 



End point estimation 

Error ± \C 

0. 1 0 

0.01 
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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 

5.0 1.0 0. 1 0.01 0.001 I 

Figure 2 

Sub lance 

\C computed 

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 ~rinciple 

of carbon analysis updating is visua-· 

lized in Figure 3. 
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Figure 3 

3.2.2.3 Temperature calculations 

Used ingoing values 

Used outgoing values 

Weight of hot metal 

Hot metal analysis 

Ingoing hot metal temperature 

Material additions 

Process gases 

Offgas flowrate 

Offgas temperature 

Of fgas analysis 

Calculated value Bath temperature 

Calculation principal: Ingoing heat 

+ Reaction heat 

- Outgoing 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 

Sub lance 

50 • 

-50 • 

-100 ~. 

DEVIATION BETWEEN 
SAMPLED TEMPERATURES 
AflD BY f1EFCON 
COMPUTED TEMPERATURES 

- - - - -
0 

0 

I 0 0 I 0-

Q 5 0 

-0 ----

Figure 4 
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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 (1o) 

The bath temperaure could be updated 

by a sublance, and thereby improve 

the heatloss estimation and correct 

possible measurement errors. 

~o 

8 
I 

----

DEVIATION BETWEEN BY MEFCON 
CALCULATED VALUES AND SAMPLED 
VALIJES. DATA FROM CHARGES 
Sl355-Sl354. ALL SAMPLES SHOWED. 

0 DEVIATION = lS,Q OC 

0 

0 -
FINISHED 

I ~ 

18 
M trlUTES 
BL0\·11 r1G 
TIME 

.. 
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3. 2. 2. 4 Report 

A printout of a heat- and massbalance for the current blow

ing period up to current time can be done anytime, although 

this is primarily 

completed blowing 

verter is tilted. 

intended to be a report facility for a 

period and thus used only when the con-
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3.2.2 SOFTWARE SYSTEM 

3.2.3.1 What MEFCON consist of 

MEFCON consists of the following main modules: 

MFOBM1, MFOBM4-MFOBM9, MFINTG, MFSPR, MFINJM, PREBAT, 

MFDUST, MFCTRL, MFOBMI, MFINTR (two parts) and UPKOHL. 

3.2.3.2 Program monitoring 

Cyclic programs 

;:MFOBM1 --1 MFINTG 

MFOBM8 
/ MFWFLO) 

MFCTR FOBM7--7MFOBM4--1 MFSPR---7 MFINJM 

2 

3 

3 

4 

MFOBM5~ MFOBM6---7 MFDUST 10 

~FOBM9 --4 PREBAT 20 

Event started programs 

Operator commands Digital inputs 

(AUTCAL~ 

sec 

sec 

sec 

sec 

sec 

sec 

UPKOLH MFOBMI MFINTR MFSOND (MFVIKT) 

MFOB' ~FRAPP~ t 
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 progra~ 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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3.2.3.3 Block flow-chart description 
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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 is passed 

between several programs or to hold values between prograffi 

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. T~e 

whole area is vritten 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. 

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-t~bles. Reading and writing in these tables are done 

with subroutine calls. 
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Digital signals, input and output are stored in two database 

tables often referred to as DI 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 QBerating svstem 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 indepePdent 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. 

I MEFOS 

9-4.01 tM 22 O:J0 I 
BLOIJTil'IE 13.6 MIN 

Figure 7 

TOT 02 210 
02 YIELD 813 2 
REST Oc 41 .6 

M3H 
% 
M3H DUMPED MTRL. 

LIME 101'.1. 

SCRAP 165. 

KG 
KG 

co 0.10 % 
13.9? KG/MIN C02 1~.34 % 

--------~----- ~~ ~4. ~~ ~ 
_,..----~----- H20 2.20 % 

GRAD C 
M3t-VH 

INJ. MATERIAL 

FLOIJ 20.9 

~6~ST. f7e. 
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3.2.4 FUNCTIONAL SPECIFICATION OF THE MAIN S/W MODULES 

3.2.4.1 MFOBM1 

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 

5 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 

5.1 .1 Bag filter line 

5.1 .2 Wet venturi line 

5.2 Calculation of waste g~~ densities 

5.2.1 Calculation of dry gas density 

5.2.2 Density of real gas composition 

5.3 Correction of gas flow rate for actual density 

6 Dry waste gas flow rate & flow rate of H20 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 
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8 Calculation of desulphurization rate 

9 Calculation of the ratio \CO/(\CO+\COz) in converter 

gas 

9.1 Krnol C/h in converter gas ccrnponents including dust 

9.2 Kmol Oz/min in converter gas components excluding dust 

9.3 Kmol O/min reacting with C in converter gas 

9.4 m3n CO+C02/h in converter gas 

9.5 Calculation of the ratio \CO/(\CO+\C02) 

9.6 Supervision of the computed \CO/(%CO+C02) ratio 

R02M H\.': 154. 10 85-02-18 
..... LV: 10.30 

120.00_ 

~ rl.____._,, 90.00_ 

60.00_ 

JV ~IJ 30.00_ 

I 0.00_ 

' I ' I 

15:00 15=05 15= 10 

Figure 8 - Continuous history of oxygen yield (R02M) 

YAAG HV: 
KG/MIN LV• 

20.00_ 

15.00_ 

10.00_ 

5.00_ 

0.00_ 
I 

15:00 

16.85 
0.00 

I 

15:05 
I I 

15: 10 

Figure 9 - Continuous history of decarburization rate (YAAG), 

and carbon content (A1) 

.. 
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3.2.4.2 MFOBM4 

FunctioEs 

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 weight 

6 Special actions needed to accept a carbon content update 

7 C-depot 

8 Metal analysis 

ABSB HV• SC 3'3 l"tElSS HV 33 f.t 84-03-22 

% LV• 15 14 % LV' 2 28 

40 00 I\ 
~n 0~ 

30 00 37 sn 

20 00 C'S 00 ... ----...... 
10.00 12.sei_ 

0.00 0 00 
---r 

CB 2'5 0€1< 30 "'"' 1'5 08 25 01;1.30 
"""' 

1'5 

ABST HV• 42.136 l"IBSU HV• q ""' 
% LV• 12 Sll % LV' 2 ~ ~l·> 

'50. '"' 
2n 00 

3?.:50 I '5 0A 

2'5.00 IA en 

12 :50 5 00 

0 00 0.00 

09•25 99,30 08' ?.'5 08 2'5 08 'Q 08•35 

Figure 10 - Continuous history of slag analysis: 

Si02 = ABSB, FeO = ABSS, Cao = ABST, MgO = ABSU 
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3.2.4.3 MFOBM5 

Functions 

Calculate physical heat in converter 

2 Calculate physical heat in converter 

3 Calculate total heat in converter gas 

4 Calculate physical heat in waste gas 

5 Calculate physical heat in waste gas 

6 Calculate total heat in waste gas and 

7 Calculate heat input rate in steam 

XEUS 
MJ/MIH 

HV• 
LV• 

4.20 
1. 20 

10.00_ 

7.~0_ 

~.00_ 

2.~0_ 

0.00_ 
-. -. T 

gas components 

gas dust 

and dust 

components 

dust 

dust 

17 I 35 17•40 1/:4~ 

J 

Figure 11 - Continuous history of physical heatflow (XEUS) 

in converter gas dust. 

.. 
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3.2.4.4 MFOBM6 

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 is 

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. 

2 Calculation of current gas weight. 

3 Zero dispenser weight and write message to opera-

tor. 

3 Additionally MFOBM6 sets program control flags to 

MFSPR. 
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3.2.4.5 MFOBM7 

Functions 

Function for pre-setting and holding data base table 

corresponding to CO/C02-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 H2-

analysis in converter gas and waste gas. Correction 

is done for the influence of \C02. 

3 Calculation of converter gas flow rate 

4 Calculations of converter gas analysis if not 

measured. Computed elements are: CO, C02, H2 1 H20, 

N2, H2S 1 Ar and 502. CH4 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 H2 analysis 

5.3 N2 

5.4 H20 
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3.2.4.6 MFOBM8 

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 Calculations for line A. Possible media types are 

02, Nz and Ar. Default gas is Oz. All compensated AI 

with range given for 02. 

1 .2 Calculations for line B. P~ssible media types are 

02, N2 and Ar. Default gas is N2. All compensated AI 

with range given for 02. 

1.3 Calculations for line D. Possible media types are 

C3H9, N2 and Ar. Default gas is C3H9. AI not compen

sated for P&T. Compensation should be done according 

to the ideal gas theory. 

1 .4 Calculations on line E. Possible media types are 

N2 and Ar. Default gas is Nz. 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 fr0m 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 

Oz. AI input is flow rate, compensated for both tem

perature and pressure. Range given is valid for Oz. 

1 .7 Computations on line L. Possible media types are 

air and Oz. Orifice plate type measurement with Ais 

input for p, P&T. Range constant, given for Oz, 

should be input from data base table. Compensation 

for actual P&T should be done according to standard 
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2 For each pipe line system, check for valve combina

tion errors and do output of alarm messages if such 

errors are found. 

3 

3. 1 

3.2 

3.3 

3.4 

4 

4. 1 

4.2 

4.3 

Do information reduction and compute oxygen yield and 

maximum P. 
Compute the totally injected gas flow rates for 02, 

N2 and Ar. 
Compute the total input of 02 and N2 expressed as 

gas flow rates. 

Compute current value and average of oxygen yield 

Compute maximum of P possible. 

Compute utility control ia~1meters for coal gasifica-

tion processe~ only. 

Compute the difference between carburization and 

decarburization expressed as an oxygen flow rate. 

Compute oxygen set-point to obtain constant carbon 

depot. 

Compute the quotient input 02/set-point 02. 

M3N/MI LV• F02T I HV: 22.87 
15.()2 

20.00_ \ 

15.00 ~-___________________ ,.,_----

1'3.00 

5.00 

0.0e 
.,.~~~~~--..~~~~~-r~~~~~-r 

17•3~ 1?•40 17•4:$ 

Figure 12 - Continuous history of total ingoing flow of 

oxygen (F02T) 

- - _____M_ 
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3.2.4.7 MFOBM9 

Functions 

1 

2 

3 

3. 1 

3. 1 . 1 

3. 1 . 2 

3.2 

3.3 

3.4 

3. 4. 1 

3.4.2 

3.5 

3. 5. 1 

3.5.2 

3.6 

3.7 

3.8 

3.9 

3. 10 

3. 10. 1 

3. 10. 2 

3. 10. 3 

3 . 11 

Weight and flow rates of materials fed from bins 

Factors for solution of lime in the slag 

Solution and contributions from not injected materials 

Dolomite 

Solution of dolomite 

Component contributions from dolomite 

Flux 

Sand 

Lime-dumped 

Solution of lime 

Component contributions from (dumped) lime 

Limestone 

Solution of lime stone 

Component contributions from lime stone 

Iron ore 

Silicon manganese 

Ferro silicon 

Ferro chrome 

Refractory 

Refractory wear 

Compensated C-content in refractory 

Component contribution from refractory 

Scrap 

3.11.1 Amount of scrap melted 

3.11.2 Component contribution from scrap 

4 Factors to be used for the distribution of oxygen 

oxidizing metal components 

5 Gross slag weight 
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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 

11 Unit transformation of amounts 

11 . 1 

11 . 2 

ABSB 
% 

40 00 

30.00 

20.00 

10.00 

0.00 

KG 02 to M3N 02 

KG H20 to M3N/MIN H20 

HY• 58. 33 
LV• 15 14 

'\ .. ____,,,....,,._,__ -..... 

C9•25 08•30 0R•°"'"i 

ABST HV• 42.13'5 
% LV• 12 so 
50.00 

37.:50 

2~.00 

12.:50_ 

e.00 

09•2:5 08•30 £18•3'5 

ABSS HV• 
% LV• 

'50 01'.l 

37.sn 

25 00 

12.50 _j 
0.00_ 

08•25 

nesu HV• 
% LV• 
2n.00 

I '5 00 

IA 01) 

5.00 

0.00 

013•25 

3~.€-1 
2.C:8 

01'.1 • ;!0 
q n<> 
2• ~--~ 

08·'0 

Figure 13 - Continuous history of slag analysis: 

64-03-22 

08•35 

Si02 (ABSB), FeO (ABSS), Cao (ABST), MgO (ABSU) 

.. 
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3.2.4.8 MFINTG 

Functions 

2 

3 

4 

4. 1 

4.2 

4.3 

4.4 

4.5 

4.6 

4. 6. 1 

4.6.2 

4.6.3 

4.6.4 

4.7 

4.7.1 

4.7.2 

4.7.3 

4.7.4 

4.8 

4. 8. 1 

4.8.2 

Calculate total time since initialisation 

Maintain flag for tilted converter 

Determinate current integration interval 

Perform integrations 

EffectivP. blowing time (min) 

Ingoing gases (m3N) 

C and S with waste gas dust (kg) 

Volume of converter gas in the current integration 

interval (m3N/100) 

Converter gas components (m3N) 

Total converter gas and total waste gas 

Dry waste gas (km3N) 

Wet waste gas, line 1 (km3N) 

Wet waste gas, line 2 (km3N) 

Dry converter gas (km3N) 

Enthalpy 

Ingoing enthalpy with steam (MJ) 

Outgoing enthalpies, gases and dust (MJ) 

Enthalpy before waste gas boiler (MJ) 

Total enthalpy with gases and dust leaving the 

converter (MJ) 

Dust 

Total slag to converter gas dust (kg) 

Slag components to converter gas dust (kg) 

(Si02, MgO, Cao, Al203, Cr203, MnO, FeO, P205, 5) 

4.8.3 Total metal to converter gas dust (kg) 

4.8.4 Metal components to converter gas dust (kg) 

(Cr, Si, Cr, Mn, Fe, P, S) 

4.8.5 

4.8.6 

Oz to converter gas dust (kg) 

c (from metal bath) in waste gas dust (kg) 
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4.8.7 S (from slag and metal) in waste gas dust (kg) 

4.8.8 Total amount of dust in waste gas (kg) and 

total amount of dust in converter gas (kg) 

4.8.9 

4.9 

5 

Total amount of carbon blown through the bath (kg) 

Campaign integrals (m3N) 

Oxygen free for oxidation of metal components (kg) 

Hot metal 

1
s1ag (~i 

I 

Coohng q I 
agents Yj 

i-· 
Slag (.\ I 
formers.~ 

Gas 

000 

Co 
Co, 
etc. 
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t=Gas 

'nnc1p'9 mcot..,nng po1nr1 of rh• MEFCCN proc•n conffol 1.,.,11m. '------+--Material 

Figure 14 - Principle measuring points of the MEFCON 

process control system 
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3.2.4.9 MFSPR 

Functions 

During rised converter and if dispenser is activated as 

indicated from MFOBM6, MFSPR 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 f1ur materials 

totally since last initialization 

v 
KG/MIH 

20.00 

1~.00 

10.00 

5.00 

0.00 

HVr 
LV 1 

20.40 
2.00 

1/•40 

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

Functions 

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 C02 corresponding to injected material 

flow 

3.4 

3.5 

3.6 

3.7 

Volume 

Volume 

Volume 

Volume 

flow rate 

flow rate 

flow rate 

flow rate 

of 02 

of N2 

of H20 

of H2 

to injected material flow 

to injected material flow 

to injected material flow 

to injected material flow 

4 Calculation of weight of injected materials 

5 Weights of injected component weights (S, Si02, MgO, 

Al203 1 Cao, H20 1 Cr, P, Mn, metall, 02 1 slaggformers, 

co 2 and C+C02) 
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3.2.4.11 PREBAT 

Functions 

The module is responsible for calculating the current 

temperature of the melt based on a heat balance for 

the converter 

1.1 Actions needed to handle initialization for a new 

charge with respect to the tr~perature calculation 

1.2 Actions needed to adapt to a sampled temperature. 

Calculation of accumulated heat in the converter at 

the time when the temperature was measured 

1.3 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, dumped 

and injected 

Reduction of iron concentrate, dumped and 

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 C02 in converter gas 

Formation of CH4 in converter gas 

Formation of H2S in converter gas 

Physical heat in the converter gas 

Heat of solution for C, Si, P and Cr 

Compensation when the carbon content 

is updated 

1.4 Temperature calculation, based on weight of the melt 

and current accumulated heat in the converter 

2 Prediction of bath temperature using extrapolation 

of measured temperatures up to current time 

------·--
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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. 

Carbon blown through bath 

2 Losses of metal to dust 

2.1 Losses of metal components to dust 

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

3 Losses of slag to dust 

: Losses of slag components to dust 

(Si02, Cr203, MnO, FeO, P205, s, Cao, Al203 and MgO) 

4 Flow of metal and metal components in converter ga~ 

dust 

5 Oxygen to dust in converter 

6 Converter gas dust analysis, metal phase 

7 Flow rate of slag and slag components in converter 

gas dust 

8 Converter gas dust analysis, slag phase 

9 Flow rate of metal and metal components in waste gas 

dust 

10 Oxygen to dust in waste gas 

11 Waste gas dust analysis, metal phase 

12 Total carbon that is not combusted in converter gas 

and waste gas 

13 Flow rate of slag and slag components in waste gas 

14 Waste gas dust analysis, slag phase 
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3.2.4.13 MFCTRL 

Functions 

Start-up initialisation 

1.1 Compute own periodicity, preset common flags, 

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, sta~t 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 

purposes. 

BLOIJT IME 32 . 1 MIN 

LANS POS 255 . l~M 
SEC.02 .00 M3H/MJ 

SCRAP 
MN MALM 

8AUKSITE 
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20. KG 
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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 .... 
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3.2.4.14 MFOBMI 

Functions 

1 Initialisation for new charge 

2 New charge number is set and period number is set 

to zero 
3 Initialisation of stack for referens samples 

4 Initialisation of logic-parameters 

5 Initialisation of dispensers and bins 

6 Charge data is transfered to calculated values 

(metal-analysis, slag-analysis, metal-weight, 

slag-weight, metal temperature) 

7 Component quantities from added/tapped metal is 

calculated 

8 Depots due to C-updating is sel to zero 

9 Slag component quantites set to zero 

10 Ingoing material quantites set to zero 

11 Integrals of ingoing gases set to zero 

12 Integrals of outgoing gases and dust set to zero 

13 Turn off signal for feeding from bins 

14 Total and effective time set to zero 

- - ---------~~---
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3.2.4.15 MFINTR 

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. 

MF I NIT 

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. 

R02r-I 
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HV: 
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Figure 18 - Continuous ~alculated oxygen yield (R02M) 
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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. 
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Functional breakdown 

1 Sample is taken 

1.1 Flag to execution control module 

1.2 Maintain stacks for sample taken case 

1.3 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 orerator 

2 Sample result is returned 

2.1 Maintain stacks for sample result case 

2.2 Correct 02 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 o2 of C-depots that corresponds 

to the analysis result given by the sample 

3 Adapt the changes found of the 02 and C-depots to 

real time calculations at current time 

3.1 Get current data and correct values for 02 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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3.4 Compute new distribution of oxygen on slag components 

according to best data available 

3.5 Recalculate total amount oxidized metal 

3.6 Current C-content, the sample result considered 

3.7 Effectuate update by writing values to database 

3.8 Set flags to notify other MEFCON modules 

3.9 Notify operator and maintain corrections to 02 and 

C-depots due to stacked samples 

4 Cancellation of the last sample taken 

4.1 Set flags to notify other modu:~s about cancellation 

4.2 Maintain stacks and pointers for cancellation 

4.3 Notify operator 

At 
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Figure 19 - Continuous calculated carboncontent in the 

bath CA1) 
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3.2.5 PROCESS EQUIPMENT 

Process esuipments 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 witL

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

~rove the accuracy of the calculations. 

3.2.5.2 Mdterial handling eguipment 

The material handling equipmenL foreseen could be divided 

into systems for 

material inj~ction 

material adding 

charging/tapping 

The original s/w have functions 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-
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ferent inert carrier gases are handled, possibly automati

cally switched. Besides, oxygen is 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 & tappi~g 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) th~ measured 

weights to the compute1. If not, these weights must be sub- · 
• 

mitted to the software in another (low forse~n) way. 
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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 char.ges 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, a5 well as 

outputs from the reactor are possible to measure a~d 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 including 

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. 



- 39 -

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 H2o if 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 brings 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 sy~tem could in principle be handled 

by the software, the step required for any installation 

being to reconfigure the software solution in the module 

MFOBM8. 
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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 is 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 is 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. 
Hot metal 
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Figure 20 - Principle measuring points of the MEFCON 

process control system. 
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3.2.6 INSTRUMENTATION 

In the following the different measurements and other sig

nals used are discussed according to the following grouping. 

A Time reference 

B Sampled values 

c Waste gas system 

0 Surroundings 

E Process gases and other utilities 

F Material injection systems 

G Materials dumped and added 

H Charging/tapping 

3.2.6.1 Time reference 

Different numerical approaches, like integrating and filter

ing, cause the need of an accurate time me~s1re 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 Sampl~d 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 that 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. 
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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 is 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, MFOBM9 

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 of the bath 

temperature, are maintained by the s/w. 
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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 tlow 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 is, 

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 %H20 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 

measurement equipment will a}so 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. 
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3.2.6.4 Surroundings 

Because the approach is that no measurement is available of 

the %H 2o in the waste gas, the absolute value of the air 

humidity (gH20/kg air) is 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 Gin appendix 4). The 

MEFCON s/w then only compensates for the normalized density 

of the gas type (N2/02/Ar). For this purpose two digital in

puts are used, one telling if the current gas is 02 or not, 

and the other if the gas is N2 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 ~easurernents. The 

differential pressure, temperature and pressure are all 

input to the computer. The calculations of the flow rates . 
then are done according to Bernouilles 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. 
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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 MFOBM8. 

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 c~rrier 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 AID-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). 
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In case of a pressure measurement in the carrier gas pipe in 

front of any dispenser, it should be verified that this sig

nal has no resonance peaks in 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 1 MFSPR and MFOBM8. 

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 arrangemer.t. 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 perforned 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 digital 

output for each bin is used. 

Signals from bins are handled by the module MFOBM9. Signals 

from the crane weigher are handled by MFVIKT. 
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3.2.6.8 Charging/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. Th~ remaining four inputs indicate the contents in 

the ladle such as input meta{, output metal and slag type. 
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4.1 INTRODUCTION 

Since the ear~y days of the oxygen steelmaking converter 

process, the refrdctory 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 brJught 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 comrnment the Indian conditions in the field of con-

verter practices 

to give recommendations regarding lines of development 

to achieve improved practice in India. 
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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 dif fe

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. 

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 
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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. 

c:::::J cc'.o"':tt 

c:::::J do'om.a -m~res:~e 

c::J maqr.rs:tt 

c::::J Surnr tar- .mprtqna!rd maqnts•lt 

ss~~Mqo 

Figure 1 - Dolomite based lining of a 60 t LO-converter /1/. 
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A more complex zoned lining of a 240 t LO converter with a 

higher proportion of magnesite is depiced in Figure 2 . 

CJ 

CJ 

CJ 

rz::::J 

dolomite c::J dolom1te-maqnes1te 80°1,,MqO 

C3 Tempered maqnes1le 9b ~~ HqO 

[=:J Burnt tar- 1mpreqnoted dalom1te 

Figure 2 - Dolomite based lining of a 240 t LO-converter 

/ 1 /. 

Another solution to achieve m~nimum 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 
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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). 

c::J ltmptrtd maqntsol• 96 % HqO 

~ Tt111ptrtd moqn.s1 IP 98 ~. HqO 

~ Haqnrna - qraplult 20 ~. 

c:::J Haqnts10 • qraphilt 20~. tuqh HHOR 

CW Maqnts10- qraph1lt 20"1. h1qh corrosion 
rnistanct 

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

.. ~. /1 I. 
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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. 

J.U ,----

,,,. 
" "' .., fl -"" ""'. 2,U 
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" -~ 
> . :; ... 
~ 1,0 ., ... . .., 
" "" 

"':1. ,. 
c:· ... 
" "' 

0 -- ... 
l~UIJ !UGI 

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 LO-OTB converter at 

Kokogawa Works /4/. 

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. 
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1. Trunnion 

2. Purging element 

3. Mouth 

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

verters /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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/6/. 

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. 
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Table 1 - Lining practice in Swedish LBE-converters. 

SSAB SSAB oxelosund 
LuleA 

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-bonded 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 increased 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. 
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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 BO's there 

was a trend towards extended use of monolitic refractories 

in Japan and Europe. Programmed gunning became very popular 

especially in Japan. Serniwet 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 ca~ried out only when need arises and is concentrated 

on the area or areas where the working lining is breached or 

known to be very t• 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 Eilrope 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. 
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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 0ther dolomites 

CB and C) at temperatures above 16oo·c. It is obvious that 

at tapping temperatures of 165o·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 

content will occur at 11oo·c because of increased solubility 

of the primary Cao and MgO phases. Tapping temperatures of 

17oo·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 

dolomites in the 1350-170o·c temperature range /7/. 

Dolomite 
type 

A 

B 

c 

Impurity content 
(Weight%) (Loss free) 

Si02 Al201 Fe201 
--

2.7 1.2 1.6 

1.0 0.45 2.0 

0.8 0.4 1.2 

Calculated liquid content 
(Wt. %) at °C 

1350 1400 1500 1600 1650 

6.9 7.2 7.8 9.7 12.2 

5.6 5.8 6.4 7.9 8.2 

3.7 3.9 4.2 5.2 5.9 

The properties of West Germany (Willfrath) and British 

(Steetley) dolomite sinter for brickmaking are shown in 

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

Steelplant is presented. 

1700 

15.6 

8.4 

6.1 
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Table 3 - Properties of different dolomite sinter. 

%Si0 2 
%Al 2o3 %Fe 2o3 

%Total Grain density 
flux (g/cm3) 

Wiilfrath < 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. 2ooo·c. 

In the UK the two stage firing process is used. This means 

that the raw dolomite is fired in cwo steps, first calcined 

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

briquetted and finally fired at 1950"C. Rotary kiln is 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. 

Tho~gh the Indian dolomite has a h_gh flux content it is hard 

to reach an acceptable grain density (lower limit at Bokaro 

Steel Plant 2.8 g/cm3). The ~aximum 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 

shotld be considered. 
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Table 4 - Comparison of energy input/t sinter for different 

producers. 

Energy input/ton sinter 
GJ toe1) Note 

Bokaro Steel plant 15.8 0. 38 Preheated air 

Wiilfrath 9. 15 0. 22 Preheated sinter 
Preheated air, 5oo·c 

Sweden, 1978 11. 7 0.28 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 ke~ps a~ a secret. A 

typi~al sieve analysis for production of tarbonded dolomite 

is ~hewn in Table 5. As a comparison the sieve analysis from 

Bokaro Steel Plant is shown az well as the sieve analysis 

for tarbonded dolomite bricks prod~ced in Sweden in 1978. 

Table 5 - Typicaliy sieve analysis for production of tar

bonded dolomite bri~ks. 

Information from literatL1re Bokaro Steel Plant Sweden 1978 

mm wt-\ ml'I 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 
0.074-0.2 5 -0. 1 10-20 -0.5 20 
-0.074 30 
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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. 
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Table 6 - Physical properties of German and Indian bricks. 

Wiilfrath 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 >294 540 >60 
(kp/cm2) 

4.3.2 Lining techniques 

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. 

Fallin\g \ 7 
\ . 

I \ 

\ 

line 

ouier 
brick 

inner 
brick 

0u1er 
bnr;k 

wear line 

inner 
brick 

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

/3/. 
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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. 

Cltar'Jr.ce 

\ 
Cleoronc~ ..... 

'-' 

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

In the Bokaro Steel Plant the first defect has be~n 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 adop~ed, provid

ed that long bricks can be produced. 

Long bricks are unfortunately very heavy and problems with 

lifts can arise. 
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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 

followinq steps: 

1 For brick making a dolomite with a flux content less 

than approx. 3.5 wt-\ should be used. 
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2 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. 

3 Due to high atmospheric humidity in India the storing 

time of dolomite sinter must be minimized. 

4 Use a binding agent that gives a higher residual carbon 

content in the bricks, i.e. pitch or synthetic resin + 

extra carbon (graphite etc). 

5 Install tempering of the bricks combined with tar 

spraying afterwards. 

6 Use single layer lining technique if it is possible to 

produce and line long bricks (heavy lifts). 

7 Improve lime quality; lime stone quality as well as 

sieving and storing of lime. 

8 Introduce pre treatment of hot metal; desiliconization. 

9 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) Slit~ across the bricks - Veitcher Magnesitewerke 

AG/Arbed {LBE-process) 

2) Slit between the sheet iron crver and the brick -

Magnesital Feuerfest, Hoogovens Ijmuiden/BSC 
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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. 
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MgO 97.0 weight-\ 

Al 2o 3 
0. 1 - II -

Fe 2o 3 
0.2 - II -

Si02 
0.7 - II -

cao 1. 8 - II -

original 

after firing in reducing atmosphere at 1ooo·c 

original 

after firing in reducing atmosphere at 1ooo·c 

original 

after firing in reducing atmosphere at 1ooo·c 

after firing in reducing atmosphere at 1ooo·c 

Temperature ("C) 500 750 1000 

Lin. Therm Expansion (\) 0.42 0.68 1.00 

Thermal Conductivity (W/mK) 13 13 12 

2.86 g/cm3 

2.81 g/cm3 

3.0 vol-\ 

9.0 vol-\ 

35 N/mm2 

34 N/mm2 

18 Wt-% 

1200 

1.32 

11 

1400 

1.60 

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-dolomit~. 

i 
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Slaggin~ is carried out at irregular intervals depending on 

the result of laser beam measurement. In practice a slagging 

operation is carried out once per 4 heat. 

Radex porous plug for inert gas bubbling in LO-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 

with 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. 

, 
[, 

/ 

v 

/ 

, 

' 

- l 
~ 
. 

- -~ {ti~~ . . H .. 

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\. 
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The bottom blowing nozzle developed for the NK-CB-method cco2 , 

Ar and N
2 

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. 

Safety Lining 
--~-i .. ..i4---

Shell 

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 

Bulk density 

Cold crushing strength 

(%) 

(g/crn3) 

(kg/cm2) 

Cold modulus of rupture (kg/cm2) 

3.9 

2.91 

350 

150 
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The MgO-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. 

Figure 15 - MHP-nozzle with two blowing systems /8/. 

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. 
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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 

a~d 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 simultation 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 
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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) 

The following control methods are recommended: 

Dolomite acceptance 

Rotary kilns 

Storing bunker 

Crushing, grinding, 

screening plant 

Binding agent 

Bricks 

Method 

X-ray fluorescence analysis 

grain composition 

(screen analysis) 

X-ray fluorescence analysis 

bulk density 

LOI 

LOI 

· bulk density 

· screen analysis 

· water content 

bulk density 

cold crushing strength 

residual carbon 
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The properties of refractories can be classifiPd 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 expf·nsi ve testing eguipment 

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 must important factors for 

refractories coming in contact with molten iron and steel. 

When developing refract6ries, 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. 
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Table 8 - Standard test methods. 

Item Standard 
Test methods MEFCS' method; 

.. 

I Bulk density I BCR>- 75 "' 
ASTM C20-74, C134-70 JIS R2205 DIN 51065 

BS 1902:1967,4 C357-70, C493-70 
I DIN 51065 PRE/R9 1972 

True porosity BCRA-75 3:7 DIN 51057, 51065 JIS R2205 I 
BS 1902:1967,4 PRE/R9 1972 I 

I 
Apparent BCRA-75 3:7 DIN 5106!> JIS R2205 DIN 51065 
porosity BS 1902: 1967,4 ASTM C20-74 

I PRE/R6 1972 

Ccld crushing BCRA-75 3:9 DIN 51067 I 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 C 1 1 3 I 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 I 
resistance BS 1902:1967,16 PRE/R5.1, 5.2 sion Method I 

DIN 51068 I 1976 i 
I 

Slag resistance I 
I 
I 

Crucible test DIN 51069, 1972 JIS R2214 DIN 5rn69 I 
I 
I 

Rotary furnace BS 1902: 5 . 13 Described in I 
test Appendix 2 

I 

Induction Mainly used in Japan, not standardized - I 
furnace test I 

~ 

Slag drip ASTM C768-73 Modified I 
test method I 

Thermal BCRA 75 3:16 DIN 51046 Modified I 
conductivity BS 1902:1967, 10 ASTM 201-68 method ) 

Thermal BCRA- 75 3: 15 ASTM E 228-71 DIN 51045 : 
expansion BS 1902:1967,17 

DIN 51045 
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Rotarv 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 mapufac

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 

On 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 ccDtrol 

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. 
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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. 

Figure 17 - Induction furnace test /9/. 



- 33 -

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 

3pecimens 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 if 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 carbonaceous pollution. 



- 34 -

4.4.5 Refractory lances for HM-treatment 

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 anc 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. 

I I 

, '·" ·' ... 
J.J --
1 I 

' ~- . 
LI 
I I 
, 1 
t _:·_ ,., 
;· 

.,. J \ 

I ' 'I 
2 ll: :; I I 

'·' .. -2 •. 1. 
1. I ' 
• -.p-~ 

1-' ~1 
3- . 

Figure 18 - Causes for lance failure /10/. 
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These are: 

1. ~rQsion gt_the_slag line_o~ QU~lgt_nQz~lg: this is the 

most common cause of failure. 

2. Me£hgnicgl_o~ ~hgrmal £rgcking: 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. ~ancg Qr_nQz~lg QlQckage: this is caused by irregular 

and uneven powder flow, a build-up of unreacted powder, 

chilled metal at the outlet r.ozzle 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. 

Lance construction 

Injection lances in common use are made by three methods: 

1. Lances assembled from fireclay and/or high alumina 

stopper rod sleeves. These lances are chedp 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. 

Pc:ss.o·e o~t:e1 port 
arranqer.:Pri!s 

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 integral 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. 
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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 specif ica

tions. The main parts are shown in Figure 20. 

Ou~:er certs 

t _________ ..,_.. .r\.~·· ' . -· .. _-;..:;.:;. '. . / --- ·~1' 

I~ . Re ~·c·ceu re:rac"'1a""r~-,-c-1aa-c-·n-q-1 ----4~ Lance o•oe 

·..... re1ntorcerrient 

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. 

.. 
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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 m0re ports 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/. 

Iron 

I ........... I 
Lance type Application I Ladle type 

I (tonnes) (mins) I 
14K Calcium carbide I 3001 open 300 I 
17K Calcium carbide 

I 
120t open 500 

19K Calcium carbide 450t torpedo 200 I 
21K Calcium carbide 2501 torpedo 500 

23K Calcium carbide 200t open 500 
I 

83K Calcium carbide 300t open 300 

17KN Magnesium 1201 open 300 I! 
24K Magnesium 3001 open 200 

i\ 2SK Magnesium 1001 torpedo 300 
11 
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The Hoganas lance is constructed from a refractory castable 

which has been specially developed for lance apFlications. 

The castable is available in three qualities, has an Al 2o3-

content 81-96\ and an operative temperature range of 1700-

1800"C. For HM-treatment the quality with 81\ Al 2o3 is re

commended. 

For injection, the Hog~nas lance is 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 Al
2
o

3 
content of aoout 90\. Monolitic 

lances can either be supplied as pre-fabricated pieces or 

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

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

tory material. 
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Figure 21 shows various types of Radex injection lances. 

1 2 

--. 

! I 
r i 

I 

t I I I 
l 

l l 
t i I 

t 

~ f .l 

r -.1 l"ll t :1 t 

I ::! 

I 

( 

I t ' 
I ' "1--·· 

3 

L 
r. ' l 

l 
I 
l 

l ' 

~ 

4 

I)_ I 
w 

1. Standard lining 

2. Wear resistant head 

3. Hedgehog head and 

directional porosity 

4. Multiple aperture 

lance head 

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: 

I 
! 

I 
\ 
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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 . 

.:.;._----Ccm rr :'llct~ 

____.,___ __ __, 1 he tor7 

Figure 22 - IRSID injection lance /13/. 
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P~ysical test methods for tar-bonded, tar-bonded tempered and 
fired tnr-irnpregnaterl basic refrac!ories 

35th PRE Recommendation -1977 

Introduction 

This document only describes the physical test methods for tar-bonded. tar-bonded tempered and fired tar impregnated basic 
refractorie'>. FN chemical analysis test methods. see PRE/ R 33 'Chemical analysis of magnesite and dolomite product\·.' 11 

There is presently a choice between two methods for the preparation of coked test pieces. The final selection uf the recommended 
method will be made following detailed comparative te'>ting. This document will be revised when this work is comp!t:tcJ. 

This document contains a comprehensive list of tests. !'lot all of them may be required in order to characterize the material. One can 
choo\e some propertie-. based on these test-methods. preferably not more than 3. which should then be '>Ubjected to a -.tamtical 

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 prouucts 
are made of sintered dolomite, sintered magnesia or mixtures of these two materials and are manufactured in th..: form of tar
bonded, tar bonded and heat-treated, or tar-impregnated blocks or bricks. (ll1e term tar also covers pitch.) The definition is as 

follows: 

- Tar bonded: 
An unfired refractory shape which has been producd 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, sto\·ed 

and toughened materials. 

- Tar-impregnated: 
A fired shape that subsequc:ntly has been completely impregnated by tar. 

2. Sampling and preparation of test pieces 

2.1 Sampling 

The number of items (bricksJ to be tested shall be determined in accordance with ISO/DIS 5022 (see PRE/R 7) or with 

another ~ampling method agreed betwc:en the parties concerned. 

2.2 Preparation of test pieces 

One, or if nece~sary, two adjacent sections are cut from the centre of the brick parallel to the hot face (fig. 1 a). The section~ 

should be the appropriate thicknes~ for the test. With water sensitive materiab cutting i~ dry and with all other material~ \\Ct. 
Fired. tar free dolomite may be cut wet if not possible by other means but should be immediately dried at 5011 'C in a 
pr•:heated furnace. 

II t PRE/R JJ donno1 dHI wilh P,O,, ZrOJ 1nd B,O, 
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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. lb). 

2.2.1 Procedure for dry drilling and ,-wring 

The c.iniling should be imerrupted every 5 s. to blow out debris. During the entire drilling process compressed air may 
be introduLed a:..ially from above the interior of the drill. The dust derived from the drilling or cutting operations should 

be removed by suction. 

2.2.2 Prot:edure for drying tar-containing bra not "·ater 5t"n51ti1·e 5pecimem which haw! heen prepared using water 

It 1s recommended that tar: pitch containing samples should be dried in a blast of wann air with free air flow to all sur

fo':cs in a manner such as not to affect the tar bond or impregnant. 

3. Testing 

J.l Tests on specimens •as supplied' 

(i.e. in the original state) 

3 .1.1 Bulk demit.\' 

3.1.l .l Detumination of bulk deruit_v according to PRE/ R 9 

A sample containing free lime must not remain wet longer than 1/2 hour if water is used. 

Drying procedure for tar containing samples is given in 2.2.2. 

3.1. l.2 Determination of bulk demi{!' by measuring and weighing 
the whole brick (the weighing 5hall be made to within 0,2C.0). 
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 
separarely 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 shoulJ 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 Decamination of bulk denJif!' by mercury balance 
(According to PRE!R 19) note that for safety reasons a closed mercury volumeter is recommended; 

3.1.2 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 freelime-containing fragments in water see 

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. 

3.1.3 Cold crushing strength 

Cold crushing strength should be determined according to PRE/R 1-'. Cubic test pieces are also permissible with water 
sensiti\'e materials, however, the geometry of the test pieces should be stated when quoting the results. Tar-bonded te~t 
pieces should be kept at (22 ± 2) °C until a con,tant 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 to for tar bonded materials. Test pieces containing free lime should be stored over a drying agent. 

3.1 A Cole/ moJu/11.r of rupture 

Cold modulus of rupture test\ should be carried out according to PRE/R 21. Precautions concerning testtemperature 

for tar bonded materiab are to be observed as de!.Cribed in 3.1.3. 
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3.2 Determimuion of tar content al!d tests after the extraction of tar 

3.2.1 So/uhle carcontmc 
Normally fragments from the core of the brick (or from the tempered surface layer of the brick - in which case thi\ mu't 
~estated in the re;mrtl. in an amount of at lea\t 250 g, are cru,hed to approximately the original grain \i1e. \\eighed 
and extracted with toluene or trichlorethyt..:ne 121

. Thc e\traction must be continued until the solvent liquid flO\\S dear. 

fhe crushed. and particularly the extracted. material mu~t be protected from hydration. e'pecially during the dr~ ing 
process. 

The content of 'ioluble tar is the difference in weight before and after the e.xtraction. 

With a Soxhkt type apparatus there is the danger that the very fine material pa\,es through the filter. In 'uch a c;N:. 
centrifuging of the ~oln:nt is recommended. 

3.2.2 Insoluble car content 
The sample remaining after tar extraction ( 3.2.1) is transferreJ to ba,ins dried and weighed and then placed in a muffle 
furnace heated to I 000 ° C for a period of -l hours. 

The samples ~hould 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 expressc:d as a percentage oi the original weight. 

3.2.3 Grain si::e distribwion of extracted car bone/eel maraia/ 
Fragments approximately 500 g in weight. taken from the core of the brick and having no cut surfaces are cJrdu!ly 
broken into pieces. approximately 35 mm diameter. and then tar e\tractcd using a dried weighed filter thimble (cf. 

secuon 3.2.1 ). The thimble is then emptied onto a sieve. After emptying, th;,: 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 analy~i,. A 

correction is made for the insoluble tar content as determined in section 3.2.2. The sieves to be used are those specified 
in ISO 565. 

Nore: It is possible to check the grain size distribution of incoming brick' into a steelplant by this method but thi~ 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 distribution as the producer of the brick used for its production by any method. 

3.2A Decerminacion vf bulk density of granular maceria/5 

The bulk density of the granular material is carried out on grain~ ~ 5,6 mm and ;;:: 2 mm according to PRE!R 30 by 
either: 

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

3.2.5 Tora/ car concenc 

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 con~tant weight as in section 3A. 

3.3 Tests after coking (reduting firing) 

3.3.1 Preparation of coked samples 

There is currently no agreed standard procedure for the preparation of coked samples, co-operative coking test~ 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 te~t procedure (Refractories Journal, ~cpt.!oct., 1978). 

Noce: It is possible that during the preparation or coked samples that carbonation of the refractory oxides occurs and 
also that the iron compounds are reduced. · 

42) Trichlorethylene is lo he used wilh caution because it is known to be a narcotic and addictive. (The ruult' Mith toluene and crichlore1h,lrne 
art not the 5ame for 5ome llf bonded produces. Diffrrent ulues may be ob111ined with th two liquids. The liquid used should be stated in the 
report.) 
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3.3.2 Weight loss during coking 
Weight loss during col..ing is the difference in the weight of the test pieces before and after carrying out the coking 

procedure specified in section 3.3. l. and is expressed as a percentage of the original weight. 

.. ~· . . •. Original Weight- Coked Weight 1 rf. 
\\1:1.,,mlossoncokmi;. . 

0 
. 1 \V . h x .80 .c ngma e1g t 

3.3.3 ColJ modulus of rupwre 
Specimens should be prepared according to section .i.3.1 and the report should contain a refer.:nce to thi: coking 
procedure adopted. The testing procedure should be carried out according to PRE.' R 21. 

3.3.4 Cold crushing strengch 
As specified in section 3.1.3. In this case it is not necessary to keep the temperature constant. 

3.3.5 Bulk density 
As in section 3. l.1.1. 

3.3.6 Apparent porosity 
As in section 3.1.2. 

3.3.7 Decermination of the carbon content of coked bond 
The coked samples shouli.l be weighed and heated in a furnace of suitable size to 1000 °C to constant weight. 
Arrangements should be made to maintair. an oxidising atmosphere e. g. by a stream of air through the furnace. The 
samples arc 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\\ eight 100~ Carbon content: -- x .c Coked Weight 

Note: It may be necessary to correct for carbonation of refractory oxides and also the reoxidation of the iron 

compounds that were reduced during the coking procedure. 

3.3.8 Permeability to air 
The detennination of penneability to air is carried out according to PRE/R 16. 

3 .3. 9 Proceduu for the determination of hot modulus of mp cure under controlled condicions of atmosphere 

(in discussion). 

3 • .i Tests after arbon remoYal ( o:ddizing firing). 

3.4.1 Tarorcarbon 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 afler which the 
test pieces should be allowed to cool in the furnace before being placed in a dessicator. 

When carlmn 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. 

3 A.2 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 used for the 

purpose of this test. 

3.4.3 True clensic_v 
The determination of true density is carried out according to PRE/R 8. 

3.4.4 Bulk density and apparent porosity 
The determinauon of bulk density and apparent porosity is carried out according to PRE/R 9. 

3.4.5 Permanent change in dimensions on hearing 
The determination of permanent change in dimensions on heating the prepared samples is carried out according to 

PRE/R 19. 
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3.4 6 l'amt'uhilin· to air 

The Jc1.:rminat1<>n of pcrmcatii!it~ to air i\ carried out acc;:m1ing to PRE R 16. 

3.4. 7 Otha Ct'\ts 

Once the tar has been compl.:tdy remo\"eU from the sample bee >ection .3.4. l) then normal PRE te\t me1hoJ-.. should 
be U>eJ. Thi-. i, parw;u!a~ applicable to impregnated. faed bric!.. proJucts . 

. 'Voci': A h ~ drauon te>t for Jo lo ma products is now being considereJ. 

Fig. 1 
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Fig. Z 
Di:i~m with characteristic lines 
fur the measurement of the brick. 
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Determination of bulk density, appru-ent porosity and true 
porosity of dense shaped refractory products 

9th PRE Recommendation-1966 Revised 1976(1
> 

1. Scope and field of application 

Till', rccommcndation \pecifies a method for the determination of the bulk densi[y. the apparcnt porthity and the true p,inN[Y oi 
dense shaped refractory products'~'. 

2. Definitions 

Fur the purpose of this recommenda[ion. the following ddinitions apply: 

2.1 bulk density: The ratio of the rr.ass of the dry material to its bulk rn'ume. It may be expressed in grams pcr cubic centime[rc 
or in kilograms per cubic metre. 

2.2 true density: Thc ratio of the mass of the material to its truc volume. 

2.3 true rnlume: The ml11me of the solid ma[crial in a porous body. 

2.4 bulk volume: The sum of the volumes of the solid material. the open porcs and the closed pore•;. It is expressed hy the C\tcmal 
surface of the sample 131 • 

2.5 apparent porosity: The ratio of the volume of all the open pores to [hc bulk volumc of the product. It is expressed as a 
percentage of the hulk volume. 

2.6 open pores: Those pores that are penetrated by water or by the immersion liquid in the test describcd"1• 

2.7 closed pores: Those pores that are not penctrated hy water or by the immcrsion liquid in :he test described. 

2.8 closed porosity: The ratio betwcen the total volume of the pores defined in 2.7 and the bulk volume of the test picce. It is 
expresscd as a pcrcentagc 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 \\ hich it has been 
impregnated under vacuum. then of its mass in air v.hile still soaked with the li4uid. 

Dctcrmination of the hulk density. apparent poro,ity and true porosity by calculation. 

4. Apparatus 

D~y ing oven. 

Balance \\ ith an accura'y of :!:: 0.05 g. 

Hydrostatic balance with an a"uracy of± 0.05 g. 

E\'acuating equipment. capable of reducing the pressure to a value not greater than 25 mhar. anJ a mean' of m'awring rhe 
prc,,urc: u~cd. 

I 11 Thi• 101 is •imilu lo ISO/DIS 5017. 
I 21 Rrlraclory producr. Milh • rrue poro•il}' Ins th1m .is 'C. 
131 The rnu11hnr•• of lhe •urface limil• lhe accuracy of definilion nf the bulk •olumr and. in cnnuqurnce. of lhe bulk drn•ity. Al•o. thr 11111inn of 
bulk drO\il' l>«come• le•• preri.r Mhen lhe 'l'olume of lhr sample dimini•hu beloM cerrain limir. or Mhen ih lnlure hitr of porn and i:rain•I i' 
loo (O~r•r. 
1-'1 Thr•e pore•, in principle. are 1111 rho•e thar arr connrcled Milh lhe almo•phere. eirber dirrclly or 'l'il one anorhrr. llrrr. 111ain the rou11hnr•• 
of lhr •urf;acr impo•H 1 limil lo the accuracy of lhe definilion of lhe 'l'olumr of lhe open pore•. 
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5. Number aild shape of test pieces 

The numh..:r of item~ ( tincks) to be tested shall he gi\'en by the 'ampling plan. 

Th..: nurnh..:r of tc\t piece' to tie tested per item I brick) 'hall n.:: agreed between the partie\ concerned; it .. r.a:t be given in the t..:'t 

report. 

In ..;a,cs wh.:rc 'C\eral hncks are tcsted. the .,ame numners of test pieces shall be taken from each brick to allnw ,1;in,ucal 

t!\'aluation. 

Brd.t::l pi·:ce,. whole p:cccs (if they arc ,mall in 'ile ). or lt!\l pieces cut in the form of cubes or cylimkf\ may bt: u\cJ. Th..: mmt 

.,u1tabk bu1-. \'olume oi a test piece i' not below 50 cm 1
. 

As far a' po"ible. the .,uperficial ·-kin· ( appro\imately 3 mm in thickness). which might ha\·c different porosity. shali he removed. 

Any te.,t piece ~howing cracks caused hy its preparation. the presence of which might fabif~ the determination oi the nulk rnlumc. 

shall :ibo he eliminated. 

The ratio of the longest to the shortest dimcn.,ion of the te'it picce .,hall not exceed.:!: 1. 

6. Procedure 

6.1 Determination oi the mai.s m 1 of the dry lest piece 

Dry the test picce at (!IC ::: 5) °C to constant mass. i.e. until two successive weighings made bciore and aitcr at lea,t 2 h in 

the drying oven do not differ by more than 0.1 ct. 

Beiore each weighing. place the test piece in a desiccator until it has cooled to room temperature. The weighing'> shall bc 

made to the nearest 0.05 g. 

The mass determined is the r:ia:;s of th.:: dry test piece I m1 ). 

6.2 Soaking of lest piece 

Place the cooled and dried test piece in an airtight vessel. After sealing the vessel. evacuate it until a constant prc,-;urc 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 ri~e again. 
After this. progressively introduce the immersion liquid in such a way that the test piece. after 3 min. is cmered with about 

20 mm of liquid. 

This liquid may be cold distilled water for all materials that do not react with water15
'. For materials that are 'en .. itive w 

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 chc 
vessel. 

6.3 Determination of the apparent mass m2 of the immersed tesl piece 

Place the test piece. while still immersed. on a hydrost:uic balance and weigh it while completely i:nmersed. The immer,cd 
pan of the balance shall be suspended by a thin thread. In this way the apparent mass of the immersed test piece m2 is 
obtained. The weighing shall be made to the nearest 0.05 g. 

6.4 Determination of the mass m3 of lhe soaked lest piece 

Rcmov;,: che test piece from the liquid and ,ponge it rapidly w-ith a damp sponge or damp cloth to remove droplet- and the 
surface film of liquid. 

Immediately weigh the Iese piece in air. Take care to ensure that evaporation of the immersion liquid does not lead to any 
apl'rc..:1able Io's in mass during the weighing opcration. ;n this \\lay thc mass of the 'oaked lt!st piece m 3 is obtained. The 
weighing shall be made to the nearest 11.05 g. 

15) In thi, c11ir, iii\ al\o punihlr lo lullo• thr procrdurr srl out in lhr lnl method fur shaped, in~ula1in11 producls, prrferahly c11rryin11 out lhr 
lr~I on \tandard bricks. 
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6.5 Detennin:uion of the den:o.ity of the immer~ian liquid 

Dctcrmm.: the J.:n"ty '-'of the li4uiJ u,eJ in the operation at the temperature of the test. (For'' atcr. 'ee t~e tabl.:.) 

7. Expression of results 

The bulk demity •!~·in grams per cubic centimetre. is given b) the iormula: = 
m1 

II I Ob Q 
m--m, 

J • 

= 
m3-m1 

100 121 :ta 
m3-m1 

The apparent porosity :i: •• as a percentage. is given by the formula: 

The true porosity :t., as a percentage, is given by the formula: :t, = Q, - 'lb 
100 [3 J 

Q, 

The closed porosity :t1• as a percentage. is gi\en by the formula: :t, = :t, - :ra (-lJ 

In these formulae: 

m1 is the mass of the dry test piece. in grams; 

m1 is the apparent mass of the immersed test piece, in grams; 
m1 is the mass oi the soaked test piece. in grams; 

Q is the density of the immersion liquid. in grams per cubic centimetre; 
(11 is the trut> density of !he product. i;1 grams per cubic centimetre. 

The hulk density shall he expressed in grams per cubic centimetre or in kilograms per cubic metre (by multiplying the result from 
equation [I) by I U' ). The calculation shall be made to three significant figures. 

Th.: calci.:la!ion~ of p<HO\lt)" shall he made to the firs! decimal place. 

8. Test report 

Th.: test report shall contain the following information: 

- designation of !he test materials; 

- number of lest pieces per item (brick); 
- vacuum used; 
- li4uid used; 

- individual value' and the median value for each item (brick). 

/liote: 

The mdl\ 1dual value' are used for calc•ilation of the median. The median i' used for further ,tari,!ical work. 

' 

.. 
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Determination of the cold crushing strength of 
dense shaped refractory products 

14th PRE Recommendation-1967< 1
> 

I. Object 

The pn:,ent method has for its obiect the determination of the resistance to rupture under a compressive force of dcn'c shape, 

refractory products at ambient temp.:rature. 

2. Definition 

The cold crushing strength is the 4uo1ient of the maximum load F ma• supported by the test-piece during the course of the test le 

the initial cross-section A0 of the lest-piece:-

Fma-. 
\J = 

111, expressed in N · mm-! ( = :\!:'\ · m-! = :\!Pal 
These units are expressed in term of the old ones as follows: I N · mm-! = 10.19 kgf · cm-!. 

3. Test-pieces 

3.1 Shape 

It is recommended that the test-pieces should ha\'e the shape of a cylinder 50 mm Jiamcter and 50 mm high. cul from the 
pi:~e~ to be tested in such a way that. unless the shape of the bricio. m;;.kes it impossible. the plane faces obtaineJ are at lc.:a,1 

4 mm distant from the original faces of th.: piece. 

In the exceptional cases of producb of very coarse grain size(> 12 mm), a cylinder 70 mm diameter and 70 mm high may be 
used. Similarly. \\hen the shape of the bricks mak.:s it impossibl.: to cul test-pieces of 50 mm, cylindrical test-piece' 35 mm 
diameter and 35 mm high shall be used. 

3.2 Tolerance 

In order to reduce the scatter of the resulb and to achie\'e the best reproducibility, the test-pieces must be prepared with the 

greatest care. 

3.:?. l The followi11g tolerance~ Iha/I be allowed: 

- on the Jiameter: ± 0.5 mm 
- on the height: ± iJ.5 mm 
- on the perpendicularity of the axis of the test-piece relative to the end-faces: deviation< 0.5 mm 

a) for le:, ts carried out with cardboard beJJing bee para. 7) 
- faces shall be plane: and parallel to within a deviation < O.:? mm 

b) for tcsls carrieJ out \\ithoul bedding 
- faces shall he plani: anJ parallel to within a deviation< 0.1 mm. 

3.:?.:? Conformity "'itlr tlreie toleranceJ .1/rall be chec/..ed in the follo1nng way: 

- carbon paper shall be used to check whether the end-faces are plane; 

- parallcli;m of the end-faces shall he checked by four measurements of the height of the test-piece. The difference 
bemeen any two mea~urcmcnts shall not exceed the tolerances set out ahove; 

- the perpendicularity of the a\is relative to the end-faces shall be checked by placing the test-piece upright on a plane 
slao and applying a seH4uarc to any generatri' or the cylinder. The deviation between this generatrix and 1he arm uf 
the se1-s4uare shall not exceed the tolerance set out above. 

( 11 lhi• Inti~ under reti•ion and lhr llL!~I i• hl'ing ~•udied by ISO. 
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~. T&iking the samples 

.!.I :"umh..,r 

The· :1..:curac\ pf the re,ult Jepeml\ on the number of te'1-pieces suhmmed tD the test. because this property ah' a~' C\h1bit' a 

., 1Je '..:art er. Stat1,c1cal treatment of the n: ... ults makt:s ic poss1hk to d;::term1ne the confidence limn of the re,ulh depending on 

the number of '>pccimcn' te'>l<:d. and the standard de\·iauon U'>ual 111 fahricauon. 

In no Cl'>t: 'houlJ the numhernf le'>t-p1ece'> he !cs.. than 5. 

J :! l~irntinn 

All the tc'>l-p1eee' ,hail be cut in the ,ame d1recu0n. prdcrably "ich their axes parailcl to chc d1n:ct1on in which the prc,sure 

"a' applied Juring 'haping. becau-;c the crushing ,:rcngth i-. a vectorial propcrtv. ofcen influenced by chc direction nf 

application oi the stress. If the dircctwn of pressing is nil! knO\\n. it i, rceommended that the permeability should be measured 

in chrt:t: dirernons at right angh:s to one: another on cubic tc,t-pieces cut from the piece to be tested. the crushing strength then 
being determined in the direction corresponding to the IO\\est permeabiiity. 

In particular cases. another direcuon of cuning may be selccceJ by agreement. Jdint:d on chc: ha'i' of the conditions nf '>Cr> ice. 

but it'' 'till sllpulatcd thac all the tc\t·pieces shall be cut in the same direction . 

.!.3 Position 

If the quality of a consignmenc 1s to he asses'>ed com:ctly. ic \\ill be as \\ell to take several brid.s and 'cveral tt:st-pieces from 

each. taken from different po,icions. As a generai rule. ho\\ever. the taking of samples is governed eicher by 'ampling 
stanc.Jards or by special agreements. 

S. DQ·ing the test-pieces 

The ;Jrcpared test-pieces shall be cardully dried by placing them in ad~ ing-ovcn at ( 110 :!: 5) °C to constant weighc. They arc th.:n 
cookd and kept away from moisture until the test is begun. 

6. Testing equipment 

Th~ hydraulic or mechanical crushing-strengch ma•.hine shall have a measuring de\'ice capable of measuring the stress exerted on 

the tc.;t-piece to within ± 2 <;C. To this end. che mca~uring range of the machine shall be adjusted to the mean value ot the test results 
in such a way that none of the results falls below 1

/ 10 of the maximum value of the measuring range employed. 

The platens of the machine should be polished and their centre clear!~ marked. One of the platen\ \hould be mounted on a 

'knuckle' to compensate for small deviacions from parallelism 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 placens of the machine. The use of cardboard or metal bedding sheets is still under di\

cussion by special committees. Until a definti\'e decision has hcen reached on this matter. it should be stated in the report what type 

bedding has been used. The compressive load i' then gradually· increased at a rate of 1 :!: 0. 1 N · mm-• · s-1 until the test-piece 

The ma\1mum load applied by the machine is indicated by a ma.\imum indicator; this is the: value used for the cakulation of the 
resuits of the t.:st. 

8. Expression of the results 

Each !e\t i, cakulated by dividing the value of the maximum load indicated by the press. by the cross-section of the test-piece caku
lah:d from measurement of the ori(;inal diameter to within 0.1 mm. 

All th.: results obtained shall be givi:n with an indication of the localion of each test-piece. but the value that is to be taken shall he 
the mean value of these result\. 

If thc te\l has hccn carried out on test-pieces havmg a shape difkring from the standard. this shall be stated in the report. It shall 

af,o he ~lated whether the ll!'t has Ileen carried out with or without hedJing sheets and the direction m which the test-piecc~ were 
cut shall he ind1ca1cd. 

.. 

/ 



' 
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9. Reproducibility of the method 

Then: have not b.:.:n ,uificient te~ts to gi,·e the 'tam.Ian.I Llt:\i.Uion of this method. However. they ha,·e demonstrato.:d the inllu.;n, 
nf rhe '"'face rnnditin11 of the platens of the prcu and the degree of 'inish uf che te.\t-pieces. They also t'Crmit it to be 'tat.:d that tr 
,tanJard d<.:\iatJLJn of the method is above 2.5 ~ · mm-2 (average cru~hing ~trcngth of the product being tested> 70 '.'\ · mm-: 1. 
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Determination of modulus of rupture at ambient temperature of 
dense and insulating refractory products 

21st. PRE Recommendation-1973 Revised 1978( 1> 

1. Object and scope 

Thi-, recommendation 'pecific' a method for determining the modulus of rupture at ambient tcmperanm: of '>haped and unshapcJ 
dcn'c anJ insulaung refractory products. under the actmn of a stress increasing at a constant rate. 

2. Definition 

The modulus of rupture is defined as the ma:1.imum force resisted by a parallc:lipipedal te\t-picce of gi\en dimensions when placed 
under stress in a three point bending apparatus. 

The modulu' of rupture (OF) is calculated from an equation dcri\ed from Hooke\ Law on elastic materials.'" It is exprcsseJ a.., the 
ratio betwern the bending moment ('.\Ima.> at the point of rupture and the moment of resistance W. 

3. Principle 

Suhiect the test-piece,•'J to a !iend stress \\hich increast:s uniformly to rupture. 

4. Apparatus 

The apparatus must indudc a means for applying the load fulfilling the following requirements (cf. hagram of principle): it will 

comprise two i::arallel 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 suppom. the different radii of curvature and the tolerances are 
given in Table I. A means of recording or indicating the load at rupture \\ith an accuracy of± 2t;'.C must be provided . 

..,. Sampling - number and preparation of test-pieces 

5.1 Sampling 

Determine the number of specimen' comprising the sample according to ISO/DIS 5022 (d. PRE 'R 7). The sampling of 
un,haped product' and raw materials will he carried out according to a method in preparation. 

5.2 :-ii;umber of lc'l·picccs 

When the te't is made on test-p;.:ces tal-.en from one specimen. the number of t"t-piecc'> must be the same for all the 
specimen' mal-.ing up the 'ample. This number, and the format of the test-piece,, must be agreed between the parties. 

11) Thi• re•i•ion lako 11crnun1of1111 lhe mo•I imporlanl dechion~ made in produting ISO/DIS 5014. 
121 Rdractory producli do nol ah .. y• naflly obey Hooke's ta"'· 
13> Thi• mrthod 11pplir• prim•rily to •h11ped prnducl• Mhich hne ber,n firrd once. If iii\ de•ired lo le•I unlirtd or un~haped produch, prniou• 
trulmnl m11y he nccr•••ry. ffnr un•haped m1llerial' •ee PRE/R 2H). 
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5.3 Preparation oi test-pieces 

5.3. I Format 

Unlt.:'s agreed olherwi'>e the test-piece will comprise a complete hrick of stanJard formal 230 mm x 114 rr.m x 
75( 76) mm. Other format'> may abo b..: u~eJ- their sizes and tolerances arc given in the table. 

5 .J .: Preparation 

Bncks of slanJard format arc to tie tested as received. and test-pieces prepared from unshaped matcriab. \\11en: 11:,1-
p!eces are cut. take them so that the upper longitudinal face of the test-piece in the test position (face :n .:ompre"1nn 1 

..:oinciJcs Y.ith or i., parallel to one of the original fa1.:es of the \pccimcn (face perpcnJicular to the Jire.:uon ul 

prc~'>ingJ.('' Cut preferably with a continuous blaJed diamond saw. 151 Indicate the direction of prc• . .,mg on the 1e,1-
picccs. 

5.3.3 Drying 

Dry the test-pieces before testing at ( 110 ± 5) °C to constant \\C1ght. 

5.-1 '.\lca~urement 

~leasure the height and the WIC.fth of the test-pieces in the middle to within ::: 0.1 mm (these values arc used to calculate the 
mudulus of rupture). 

6. Procedure 

Place the test-piece on the lower support so that it rests symmetrically. If t'.e :e~t-p:ece is a brick of stam.larJ format plac.:: the face 
carry mg the identifying marks under compression. If test-pieces cut from a-~- .c1men are being used. place in compression the facc 
-... hich corresponds to the original face of the brick whe1e this has been preserved. 

Aprly the: load vertically, in the direction of pressing of the brick if this is known. and at constant rate, to rupture of the test-piece. 
~lea,ure the maximum load F ma•· 

lncre:i'>e the bending stress at a rate of0.15 ~ · mm-2 
• s-1

::: iorc for dense products and at a rate of0.05 N · mm-1 · s- 1 ::: !Or( for 
in~u .. 11111g products. The actual load applied to l!ach test-piece per unit ttme is calculated according to the formula given in ~ecuon 7. 

7. Calculation of modulus of rupture 

The modulus of rupture is calculated from tht> formula 

in which 

Fm.. maximum force 
Ls Ji>tance between supports 
b breaJth d test-piece 
h = height of test-piece. 

Express :he res•Jlt in N · mm-2 ( = M:'I: · m-2 = ~.!Pa). (Kgf cm-z with the ratio 1 N · mm-2 = 10.19 kgf · cm-2 may abo he 
u~edl. 

8. Expression of resnUs 

IU Shaped producrs - bricks of stan<tard formal 

The value obtained for I brick con~titutes the test value. 

8.2 Cut test-piece~ and umhaped prod11cts 

Give the inJividual \alues for each test-piece, and the mean per specimen. this latter value hcing the test value. 

C·O If ii i5 nol po~tible to pll.'~eru the firing skin on 111 the tr5t·piP.CH t1krn trnm one specimll!n, elimln11c it from 111 of them. 
t.5) When 11 toothed saw is u~ed it often happen~ th1t the ed11u of the cut on the side where the 91w emerged are d1m11ged. It b lhr,rrforr 
recorr.mended th1t the saw pHll!lratu lhe specimen on thl' 1111:11! which will be under ten•ion during the test. 

--- -----------------------
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9. Test report 

lndicJ.tc in the tc't r..:port: 

- 1h1.: dc,ign=ition of th..: h~t.:k (con,umcr. manufacturer. t~ p..:. format etc. l: 

- number of t..:,t-p1ccc' p.:r 'pecimcn giving a tc't \·aluc: 

- numhcr of >pccimcn,; 

J1mcn\lnrt' of te,t-p1ccc': 

- r•hition of tc't -p1cccb) in tht: brick: 

- :f Jppl:cahlt:. t'rl!\'Ous treatmcnr: 

- tht: Uhtar.cc hctwc..:n -.upports: 

- a.:tual rate of increa,e m hcnd 'trcs> ior each tl!>t-piecc: 

- ti • ..: in Ji\ 1dual and ml!an \·alue> fnr each specimen: 

- the place and Jatc or the test. 

• ormal oi h:~l-pit:ccs Tolerances ior T oler:inces for T oler-.mccs for Di,lano:c be1n ... cn Kadiu' oi o:un :uurc J 

brradlh b paralleli\m bel"een p1m1lleli'm ber--cen supporh l, oi 'upport and 

I 
and heii:h1 h !he ~ides oi a lhe lnngitudimd thru'I column·" 

lransn:r'e section faces oi lhe lc,1-
piece I 

I 

' 2J0x 114X64 (76) I I I !Sil::: 1 I 15 tl.5 
I - I -

' 
For unshapcd materials i I I 

i :!30x64x5.+ ± 0_51:1 I 0.21:1 0_31:1 180 ± I 15 ::: 0.5 

I I (d. PRE!R 261 addition I 
i 

I 

I I I i j 200X40X40 ± 0.5 0.15 0.25 180 ±I 5 :!: 0.5 I 

I 15tlx25x:!S I ± 0.5 0.1 I 0.2 I 125 ± 1 I 5 ::: 0.5 I '---

. .\II dimemions are in mm. 
t I) The lcng1h of lhe supports and lhru'I coluwns musl be al leas! 5 mm greater lhan the breach of !he le\t·pieces. The 1hru'1 cnlumn mu\I be 
paralld lo 1he 'upports and positioned in the centre of lhe disl:ince bel,.een supports .. ith an accura~ oi :!: 2 mm. 
C2l Valid for the inlernal sides oi lhe mould. 

Diai:ram of principle 

F 

' 

Tcst-picce 

' L, I 

r----~-----~---. 

h Test-piece 
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Determination of bulk density of granular materials 

30th PRE Recommendation-1977< 1
> 

1. Object 

Tht: prc,ent rec0mmendation Je,crities the Jetcrmm:>tion of hulk Jemity of granular materials with grain size laq!er than 2 mm. 

2. Definition 

The: liulk Jc:nsity \.1R of a material is the ratio of its mass to its volume inclusive of the volume of pores. 

Tht: bulk Jensny is calculated from the folloY.ing formula anJ report<:d in g'cm3 

m 
l)R = v;; 

in which 

m ma .. s of the dried material 
\. R volumt: of the material 

.3. Principle 

The rnlume of a gi\en mass of a granular material with grain size., between 2 and 5.6 mm is measured by displacement of a li4uiJ. 

T\\O methods may be used for the determination of the bulk density of granular materials. 

method I: the mercury method 
method 2: arrested water absorption method 

D.:pcnding on the nature of the material to be tested the two methods may give different results. Therefore any vaiu.: of the h11lk 
den~ity 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 ISO. 

4.2. Preparation of lest samples 

The material to be tested shall consist of fractions or group' of fractions with grain sizes above 2 mm. Laboratory samples arc 
produced by sieving (afler 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 hy washing or, with materials semitive to moi,ture or 
humidity, by air blowing. 

4.3. ~umber of lest samples 

At least three te.,t samples should he taken from the laboratory sample and one determination of bulk dcn,ity 'hould he 
earned out on eai:h test samr!e. 

11) Thi\ document hlH been pu~d on to ISO/TC JJ 
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.IA. Si1e of test ~amples 

ll1c '!Le of tc't sampics to he taken dcpcnds on the grain size and homogenc:ity of the material to he tc-;rcd. 

Siu of le~I samples 
grain 'g) 

fraction 

I 
(mml good poor 

homo~eneit~· homoi.:eneily 

2.IJ to 5.o I method l I IOU 

I 
201) 

method 2 i 50 50 

T .ih. 1: recommended amount of material for a single test sum pie 

5. Method 1: The mercury method 

5.1 Apparatus 

Balance to weigh to:::: 0.1 g 
Drymgo\'en 
Desiccator 

I 
I 

Vacuum pycnometer: a \'es.-;el a~ ~hown in fig.I (conical ground g;ass ioints according to ISO R 383 l anJ a test arrangemcni as 
sho'.1.n m fig. 2. 

5.2 Procedure 

5.2. l Determination of the weight I mass) mp of a test sample 

Before weighing the test sample is dried at 110 :::: 5 ° C to constant weight and then cooled to room temperature in a 
Jc~iccatcr. The accuracy of the weighing is 0.1 g. 

5.2.2 Determination of the l'o/ume VR of a test sample 

The volume of the lest sample is determined by the mercury displacement method with a v2~uum helow 30 mbar 
residual pressure. preferably with a residual pressure of 1.33 mbar (approximately l Torr) using the vacuum 
pycnometcr (see fig. l) 

5.2.2.1 Determination of weight ml of empty ~·aciwm pycnometer 
Clean and dry empty vacuum pycnometer and then weigh it to 0.1 g. This weighing 1s unneces~ary if all the 

determinations are carried out at the same temperature. 

5.2.2.2 Determination of weight mG of pycnometer filled ll'ith mercury 
Evacuate the vacuum pycnometcr and fill it with mercury by suction until it emerges from the capillary ('cc fig. 2). 
Close the stopcocks l and 2 of the pycnometcr 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 l. with a steel wire. Weigh the pycnometer filled with mercury to 0.1 g. 

5.2.2.3 Dnermination of weight mr of the e1·awated pycnometer containing U!.st 1ample and fillecl ll'ith mercury 
Transfer test sample (weighed lo 0.1 g) without losses into the pycnometcr and fill this. under vacuum. with mercury 

a~ described in 5.2.2.2. This will give average pressure on the grain of ahout 265 mbar. Then weigh 10 0.1 g. 
Thereupon. remove. under vacuum. the mercury from the vc~scl. D.:terminc the amount of mercury ~till remaining in 
the test sample by weighing this sample after the adhering mercury has heen removed and by finding the d1ffi:rence 
from the original weight of the test sample. 

If the weight of mercury remaining in the test sample is over 5 ':c of the original weight of the sample. qatc the 
amount. as a weight percentage, in the test report. 
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" 2. 2. 4 .·llio •nmn: for the clt·mm· 11f the mcrn1n 

When carr:-ing nu1 thc licicrminauon' according w 5.2.2.2 and 5.2.2 . .3 change' in thc dcn'll\ oi mcn:un \\ltt 

tcmocraturc ,hn,,n in cab. 2 mu't be tal..cn into con,idcratiun. 

Tin c ~, ia g:'cc:; I in T '._l in e:.:1n ' 

15 13.559 .., ' _.) 13.539 

lh 13.55h ::.i 13.53tt 

Ii 13.55.i ..,., 13.53-1 

IX l.:>.551 2tl 13532 
I 

!'I 

I 
I.:>.5_.9 

I 
..,-

I 
13.529 i _, 

20 13.5 .. h 28 13.527 I 
I 

21 

I 
13.5 .... 21) 

I 
13.52 .. 

I ..,.., 
13.5 .. 1 .:;o 13.522 --

Tab.:? Variation oi dl!n,it~ '! oi mercur~ "ith lcmperature I 

5.2.2.5 C aicularw11 of miume VR of 1he !nt Jampie 

H the weighings \\ere made according 10 ,cc1i1m' 5.2.2.2 and 5.2.2.3 a1 a cnn,1an1 1cmpcra1ure and th..:rdon.: \\1th, 

cons!an! mercury dcn,ity. use th..: following e<juatinn ior calculating \·R: 

V = m,;+m~-\lr 

'-' 
If the: weighing~ wcre made al Jifkrcnt tcmperaturc.:s anJ thu, diffcrcn! mercury Jem1tic,. u'c thi' e<juation for\' 1<: 

m0 -mL mrmL-m~ VR= ~~~~~~~~~ 
Q1 ~1 

where: 

m0 weight of pycnometer fillc:d \\ith mcrcury only. in g 
mT = weight of evacuateJ pycnometcr fillcd ,,jilt rc-.,t sample and mercury. in g 

m1. weight of empiy pycnomerer. in g 
mp \\eight of lest sample. in g 

Q density of mercury if calibration and measurement are carried out at same temperature 
g 1 density of mercury when determining the filkd weight mG of the pycn•>meter containing mercury 

'-'" den~i1y of mercury when determining the filled weight mr of the pycnomei..:r containing hoth !cs! ,amplr.: an' 
mercury 

6. Method 2: Arrested water absorption method: 

6.1 Apparatu~ 

Balance to \\Cigh to::::: 0. l g 
Dr) ir.g O\cn 

Dcsiccator 
150 ml beaker 
Flat \\l!a\c .:otton tO\\CI 

Funnel. upper Ji:.im.:tcr apprmimatcly 100 mm 
l 00 ml calabra!cd hurc!tc graJuarcJ in 0.2 ml ( lSO-'R 385) 
Hurcrtc magnifier 

6.2 Procedure 

6.:.1 Dt'1ermi11urio11nf1/r1• ll'ciglrc (man! mp of a t1•.1c .1ample 

Before weighing the !c't 'ample is dried at ( 110 :!: 5 )°C to con,1an1 weight :ind then cooled at room tcmpcr:11urc m ., 
Jc,;ccator. The accuracy of the weighing is 0.1 g. 
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The i.;,t 'amrlt: "tran,iern:d to the 150 ml beai..cr and water at room temperature i, aJJeJ until the ,ample'' c;nered. 

The burette 'houlJ b..: freeJ from :;re;i,e'~' :mJ wa,ht:d tlUt 1mme:.iiatd~ hdor..: u,..:_ It j, filkJ .. ,ith "att:r t<1 a h.;\d 

t'letwe:;:n the :!ll ml and 25 ml marb anJ ailo\,eJ to Jram for 1 min hdur.: the ini1ia: .-caJing :, taken. b~ e'timaH•>n. 1n 

tmc-te!llh lli a J1\1>ion 10.11:' mil \\llh the a1J of:! magmiic.:r. n1c f:mnd i' then atta.::i..:d to the b1m:Ire h~ mean' ni ;1 
piece ot pia,:i.: tubing. 

The cotton to\\d i> sa1ur:11eJ \\Ith \\3to.:r anJ \Hung out bv hand a' d~ a' po,,ibl..: bdort: each Jet.:rmmatltln. It:, then 
f,iiJec t\J form a pad ''uh four tow, th1d.:ne"e' of doth. 

When the 1.::,1 >:tmpie ha' h:en 'nai..ing for at 1..:a'I (\\O mmute\. a CO\ er ;:ia" i, pl;i..:;:J t>H:r the beai..er t11 ret~un the 

,amrk anu the "ater ._ poureJ 11if :1' compi..:teJly a' pth>lhk. The 1.:,1 ,..1mpic i~ then tran,ierred to tile t1mel . .md 

b!otted \\Ith !he !tmd unHI tht: w.:t \h::=en on the gram\ ha, d1,app.:areJ. Th.:: IO"d j, tht:n folJ.:u In ta.:iiitate rtrnrlll!:_! 

the 1e,1 'ampk through rhe iunnel inro the bureue. The final h.:\el b 1h.:n read. hv e'timation. lt> 1u15 ml.'·' 11h th.: ;~1,l ,,r 
the m:ign1ficr. 

7. Calculation of the results 

The bull.. Jen,uy '-'"is c:ikui:iteJ from rhe roll'"' mg iurmula and rt:porteJ in g · cm- 1. 

in \\ nich 

m ma,~ of rhe dried rcst sample 

\'" v(1iumc of the tC\t samph.: 

8. Rcpe:itabiiity of the methods 

The n:;ic:irahi!ity of the (\\O merhods has been JetermmeJ by meam of non-porous conrrol samples f .:. g. gl:is~ ,rherc' 1 oi J1f!crent 

bulk Jen,rn.:s t :!.Oto -Ul g · cm-'). The hulk der.si1y of rhe control sample has been determined by PRE. R 8 without grim.ting. 

'.\tnimum de\'i:Uion '.\1uimum difference het'4nn. 
of the mun ulue highe5t and lo'4e5t ulue of multiple 
from the nomin:il determination\ 

•alue 
lorn= 2 I for n =-' 

± 0.01 g·cm-1 I 0.0:! g·cm-1 I 0.03 g·cm-1 

Tab_ 3 '.\tnimum dillerence het'4een highe~I and lo'4est nlue of 
multiple determination~. 

9. Test report 

I'iic ;cst rer-: irr should rdcr to thi, recommendation and should give the following Jata: 

- m.:thod applied 

- narur.: oi \ample 

- gram '11e range and weight of the test ~amples 

- bulk dcn,m· 0R ;n:; · cm- 1 to 0.0 I g · cm-1 

- ind1\idual \aluc' anJ anthmciic mean 

- \\Clfhl of mercury r.:ma1nmg in rhc IC\! sample a' a weight percentage (mer hod I only) 
- riacc and date of IC ,ring 

121 1 he hurrlle 5hould he clnned by fillint1 ii ,.ilh • li11uid m•de by adding 1511 of po1tdrred \odium or pola\\ium dichrom•le lo 500 ml of 
connnlraled sulphuric •cid. and 1ll111•ed lo 5land for• fe,. hours, prefrr11bl) mrrnighl. 
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\"i.:w \.enlarged 

I I 
. I 

Holes 0.9 :J 

v-. 

2: 50 (0 /() I 

Fig. I 
Vacuum pFnomc1t:1 

' 
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I 
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~ '"1_ I 
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Fig.: 
Schematic representation 
of the test arrangement 

11 

Dish for Hg 
2Tap1 

13 

3 Pycnome1er lower part 

-l Gla~s ~ea! with I mm holt:s 
5 Tap 2 

6 Pycnometcr upper part 
7 Capillary and ovcrflowtuhe 
8 Pycnomctcr 
9 Vacuum tubing 

10 Hg c:-;traction bu~h 
11 Hg reservoir 
12 3-way-rap 
13 Vacuum 

1-l Woulfe\ bottle 
15 Vacuum pump 

15 
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l. Object 

Determination of the permeability to gases of 
dense shaped refractory products 

16th PRE Recommendation 1968 Revised 1972(0 

The present method ha' for its obiect the measurement of the property exhibited by refractory materials of allow1r.g a ga' to pa 
through them \\"hen under a difference of pressure. It is valid for values of permeai:>ility greata than 0.05 nanoPerm \\hil 
correspond to a mean pore siLe of 0.1 ~tm. The determinauon is generally made by the passage of air. 

2. Definition 

The permeability is the factor ~· in eljuation I. which e\presses the volum..: of gas passing through a material in a given time: th 
eyuation j, JeJuced from the Hag.en-Poiseuille law. 

v 
- = ll. 

t ' 

1 s (p. + p~) 
-Tl · -L · (P1 - Pi) · --·-2 p 

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 rie~s of the material traversed 
p 1 absolute pressure where the gas enrers 
Pi = absolute pressure where the gas leaves 
'1 dynamic viscosity of the gas at •he temperature of the test 
µ permeability of the material 

[.' 

Nott! I: p being the pressure under which the volume of gas f!O\\ing is measured: p = p1 \\hen operating under positive pres,ure 
and p = p2 when operating und..:r negative pressure. 

\ . J h . f Pi+Pi' II I 1 .I b l .• h . 'h ·''ff , ore_: t e correcuon actor~- 1s genera y very c ose to anu may e neg ecteu w en operating wit pressure ul crcnce 

(Pi-Pi) less than 100 mm water column. Equationn' corresponds to Darcy·s law. 

3. Remarks 

It should he noted that the permeability, unlike the density and the porosity, is a property that is direclional and even veclorial. Iha 
is to ~ay. ii varies according to the direction in which the measurement is made and even, in certain cases, according to the direct1or 
in \\hich the gas is flowing. 

The permeability is r.!lated to the Jistrihution of 1he pores in the material and. because of this. is very sensitive to variation' 1r 
te\lurc; it is not directly relateJ to the appari:nt poro,ity and it \hows. within the same piece and i:vcn more so from one piece tc 
another within the ,;ame batch, a much greater \·ariation than Joe' the poro\ity. 

On the other hand. the Jetermination itself is very accurate if care i~ taken to reduce to a minimum the e~perimcntal ·error' in 
determining the various factor' in equation I by following the instructions set out in the present recommendation. 

In order to judge thi: quality or a batch. or to know the variation of permeahili1y as a function of the Jirection it is therefore e''en11al 
to make quite a 101 or measurements. As with all volumetric measurements it is essential 10 keep 1he apparatus away from air 
currents and \Ources of hi:at. 

I 11 Thi\ document h:1\ hrrn pas~cd on lo ISO/TC 33. 



ilL !3tl'RE R 16178.p.: 

~- •Jnits 

I . 
~ .. hn:u1un1h 

Pcrm..:ahrI1~\ 

D\f1:.1m1.: \·1,co,1t> . . 

rt .·.\ ra:t.: 

Sun ace 

ThKl..nc'' 
Pri.:"urc 

International S~ ,rem 

m

Pa ·, 

m:-~-1 

IT!-

m 
Pa 

cm

Pa ' 
t Pa-.cal · 'econd l 

~mj·'>-1 

cm

cm 
Pa ( Pa,cail 

I ni;o qf \\atcr column = 98. 7 Pa 

P.:rm 1cm;) 

Poi'c 
(Jyn·,·cm-1 ) 

cm1.,-1 

cm 
J>n cm -

To tran,pn,e the re,ult' obtained from one -.y-rem to anoth.:r. it ,hould he n<JtcJ that: 

l Per:n = l.013 · IO~ Darcy= 10--'m: 

l nanoP.:rmtnPl = !J.1013 Darcy= I· 10-13m; 

DJrc> = S.87 nP 
ariimary Engli'h umt (BS 190:!- 1A-1966i = !'}I) nP 

5. Test-pieces 

Darcy 

C.:ntipoi'e 

cm·'.,-i 

cm

cm 

atm 

Ac~ lmJncal test-piece 50 mm diameter and 50 mm high is u-.eJ. The folio\\ ing tolerance-. are allowable: 

on the diam.:rcr: ::n.5 mm 
11r: r;;.: :i.:1ghr: ::0.5 mm 

1)11 :::e perp::ndiculariry of the a'is of the test-piece 10 the faces 
0.5 mm 

m'-'.\-i 

m-

I 

In this ca'e the determination may be carried out on the 'ame test-pieces that will he used for subsequent determinatilJ:i~ oi cold 
crush mg s:rcngrh anli refractoriness-under-load (see PRE'R 14 and PRE.'R 4) 

The :est-piece' snail he cut in such a way that. uni.:,, this i-. not po"1hle O\\Ing to the 'hape. the plane face5 shall be at least 4 mm 
3\\ a\ from the natural faces of the brick. 

The riane faces must be paralkl to each other and perpendicular to the axis of the test-piece. The direction in which the test-piece' 
are cut relative to the Jin:ction of pressing of the brick shall be stared. 

The faces 'hall be freed from Just formed during 1he cutting. by bru,hmg under a jel of water if the cutting wa~ done wet. or hy a )Cl 

of compres~ed arr if the cutting was done Jry. 

The :est-pieces shail be dried by placing them in a drying-oven at 110 'C and drying to constant weight. They shall then be cnoil:d 
a\\a\ from mo1,rure Jown to room temperature. 

h ;, n.:cc,,an· that the te~1-picces shall he clo'e to the temperature of the air that will pass through them during the Jetcrmina1ion; 
th1' r.:qum:' at k:ist two hours of cooling to the temperature of the laboratory. 

6. Apparatus 

C>.l Tc~•·11iece holder 

The !.:,t·piccc holder should maf..e II pos,1ble to ensure perfect 'caling around the !est-piece. The air-1igh1nes' is en,urcd by a 
ruhl,.:r m..:mtirane that 1s inflatcd under a pri:,,urc of o . .:: N ·mm-:( fig. I) to OAN ·mm-: depending on the prop..:rtics of the rnhb1:r. 

In 'r~c1JI ca\cs. the 'idc faces can he coated wnh par;1ffin wax or piccin. as long as it is en-.ured that the coating docs not pcnctratc 
to the 1111crior of the lcst-piccc. 
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6.1 '.\lea,ureme:it oi the pn:~sure 
The difference m pn: ... surc het\\een the two fac..:s of the 1esl-p1ecc must be mea,ured \\ith a •\'alcr man<•mcter l•f t!ic L'-tuhe 

t~pe. The u'ual e\penmcntal prccaullons for this type of mea:.urement mu'>t be taken ... o that the error in the pn:s,urc 

determmat1on does not e:1.cced l ':f- (error in reading the height of the column. error in the densit\' of the manometer liquid. 

·:rror m The •. crtirality of the m:inomcter. meni>CU'> error). The: pre ... ,ure should he determmeJ close to one face of the tc,t

p1ece m the vt! ... scl cont:iming th.: te..,1-p1ccc holJ::r; one '>hnulJ he\\are of the l0wcr prcs.,urc re:iJing' when the prc"urc h 

dctermmed 111 the Cl>nne<:ting tubes. 

(1.3 '.\1easurcment of the llo" 

The flow of air or 1H g:i., through the te~t-piecc can be measured ''ith a sen..,itiYe rotametcr'~ 1 ha, mg an ;.1<:curaC\ as gn11d a' 

Ir;.. It is recommended that the rotameter be cahhrated perilJdic;iily. anJ that only the middle section of its measuring scale he 

u'icd. If a 'uific1cnth .,eniti\'e rotameter is not a\'aliahle. the mea,urcment 'hould he mad.: h <Ii-placement of \\atcr m a 

graduated tuhc. taking the u'ual precautions fur the mca,urcmcnt llf the volume of \\at.:r and U'>mg a ehmnumetcr for 

mea,unng the time of flow. 

6.~ '.\1easurement of lhe test-piece 

In principle. the cro..,., • .,ecuon and the height of the te'>t-piece .,hould be known to within le'is than 5 r;.. 1\ hich ncccs..,ltatcs the 

mea>urement of the height of the test-piece to within it.!'>s than il.5 mm and the mea.,urement of the Jiamctcr to 1\ 11h111 k" 

than 0.5 mm. 

(1.5 Supply of air under pressure or under suction 

A, the te't mu.,t he cameJ out at ennstant pre,,ure. thi-. hcmg chosen hy the operator. either a re,crniir of air at con-tam 

pre,sure mu-;t be available. or one must ha"e equipment that" Ill gi\·e air at con.,tant pressure by the di ... placcmcnt of 1\atcr. 

In the latter case. it must be ensured that the tubing carrying the water is of sufficient diameter not to cause a lo.,., of prc"urc 

that might alter the air pressure produced by the equipment. a ... a funct10n of the rate of flow. 

If a source of compressed air and a pressure-reducing de\'iCe are used. it must be ensured that no error i, intrnduced hy the 

cooling of the air caused by the pressure-reduction. 

6.6 Constructions and control of testing apparatus 

Fig. 2 and 3 represent the testmg apparatus under pre,sure or under suction. The piping. made of glass in prcierence to rub her. 

must be as short as possible in order that a very little pre.,sure loss is produced in the apparatus compared" ith that produced 

by the test piece. 

It is essential to ensure that the apparatus is air-tight by carrying out a blank test. 

7. Carrying out the test 

The tc:st-piece i.., placed in the test-piece holder. 

The air-tightnes., is checked by i.:overing the cross-section of the test-piei.:e wi1h a wa:1.ed paper or with a plasiic sheet: the fl1l'' 

'hodd be zero. 

It is cssenual that air fl<1wing aero" the test-piece should ha\'e hccn pre1iously dried. 

II is adviseJ !hat. for each tc'it-picce. a minimum of three determination., be made at different pressures and to \'erify tha1 the flo" j, 

m fact propumonal 10 the pressure difference. bcc;:iu.,c the basic equation [ l I is only valid for laminar flow. 

In p1mc1plc. the permeabilities deiermined at three di.,tinct pre ... -.urc difference., shnuld not de\'iate amnngst them.cl\.:.., h~ more 

than 5 r;.. 

I 21 lhi• 1, pe of llm•ml'IU i• ulihr~lrd for a Kh l."n pre\\UU~ of rnrr,. If lhi~ pre"u"~ •hould hr dilferrnl. 11 correclion mu•I br 11pplied. 



Ill. l3iPRER 16)78.p.-1 

:;. E~~prc~sion of the results 

The r::rmcahlity of the tt:\t-p1cce 1' calculated from e1.1uation [I} in which the values of the \ ariou~ factor' det..:rmmcd during thc 

cour,c l)t thc IC\t arc ir.trodui.:cd. and the dynamic vi,cosity ot the air i-. tak.:n from the iollowing tahle: 

l ,·mpcr;.1urc ui lhc air in C 16 IK 20 

17.88 17.98 18.18 1~ . .::x 

The report 'hall indicate the conditions oi the tc-.t (dc-,crtp[lon of tC\t-p1ccc. dircctmn in \\hich it \\a'> cut rcia!l\C ID the d1rcctiilll 111 

prC\\ir.g 11i th.: hnd .. prc,-.urc or ,ucllon. tcmpcr:ll:.Hc ). 

Fi~.! 

lnflaiahlc memhran.: 
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Determination of the true density of raw materials and 
refractory products 

8th PRE Recommendation-1966 Revised 1978<1> 

1. Object and Scope 

l.l This recommendation specifies a method for determining the true density of raw materials and refractory products. 

l.2 Both unfired refractory products and basic products may be fired beforehand. under conditions to be agreed between the 

panies concerned. 

2. References 

ISO 565 - Test sieves: 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/R 7). 

3. Definition 

True Density: Ratio of the weight of dry material to its true volume V, expressed in kg/m 3 (SI unit) or in g/cm1. using the formula 

m 
Q =y-

True mlume: 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 a 

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 

S.1 It is recommended that a pycnometer of 25-50 or 100 ml capacity, fitted with a ground stopper having a capillary, be used. 

S.2 Use a balance with an accuracy of± 0.1 mg. 

S.3 Use an air pump which will reduce the pressure to ~ 25 mbar (2500 N/m1 = 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.m 

(I) Thi~ rni\ion likes account of all the mo~I important ded~ions taken in relation lo the prepar1tion of ISO/DIS .5018. 
,,-' (21 This decne of accuruy in temperature control is necHsary H the method i~ nry sen~ltln to temperalure "8riations. Becau~e of differences 

be"•ren the coefficients of upan~ion of lhe pycnometer and lhe liquid significant errors may arise if the temperature "8ries. 

.. 



Ill. 9 (PRE: R 8) 78. p. :! 

6. Sampling- number and preparation of tcst-s2mples 

6.1 S::impling 

Determine :he numher of •pccirnens according to ISO : . ..'.:! (cf. PRE: R 7) for 'haped and unshar::d fired pro<lucts. The 

nt.mh.:r and m;:..,s vi the samples for ur.shaped uniired products and raw maieriab will be <lefined in a docurr..:nt in prepa 
ra11on. 

6.2 :"liiumher of lest samples 

De1c:rm1nc hy ag•e..:ment b.:tween the parti::·; the n'Jmrer of ce-.t s;1r.iples. This number determines the ma.,~ of the lahorawry
-.ampk. 

6.3 Preparation of test samples 

6.3. l Grinding 

The test-sample shall he ground >O a-. to pass completely through a sieve with a nominal 63 ~·m me'>h .;ize (cf. ISO 
565). 

Take care that the grinding process do..:s not introduce any foreign material or water into the sampk. 

6.3.:! Drying 

Before testing dry the laborarory-~ample at\ 110 ± 5) ° C to constant weight (two weighings two hours apart rnu .. t not 
show any change in weight greater than 0.1 '1: ). Before each weighing. place the laboratory-,amplc in a des.,ica•or till it 
reaches ambient temperature. 

Take care to avoid any hydration during preparation of basic refractory materials. 

7. Method 

7.1 Determination of the initial weight of the test-sample (P 1). 

7. I.! Clean the pycnome1er and ensure that its exterior is completely dry. It is recommended that it be handled with leather 

fingers. Let it cool to a temperature near to ambient. 

7.1.~ Weigh the emp1y pycnome1er. clean and complete with its stopper. to within 0.0002 g. 

7. I .3 A q11amiry of the ma1erial is then introduced into the pycnometer such that it fills approximately 1 I 3 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 difierence the two weighings represents the initial weight of the test sample (Pi). 

Remark: If the material i~ difficult to wet with the liquid, and where a different method must be used. refer to Appendix A. 

7.Z Dcterminalion of the weight of the pycnometer containing the test sample and the test liquid (Pz). 

7 .2.1 Add 10 ihe pycnometer (weighed according to 7.1.3) a quantity of boiled de-aired water or any other liquid of known 
dcn~ity, so that the pycnometer is filled t" 1

/ 1 or 2i3 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 complete 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.Z.2 Fi/11/re pycnometer almost completely with the water or other chosen liquid. and allow it to settle until the ~upematent 

liquid is only slightly cloudy (one night 1s usually sufficient). 

7.2.J Fi/I 1he pycnnml'tercarefully. put in the glass stopper and carefully eliminate the liquid that exudes. Put the pycnometer 
into the thermostatically controlled bath and raise its temperature to between 2 and 5 K above ambient tempcratun~ 

(this temperature is the temperature of the test). Keep this temperature constant to± 0.2 K. 

7 .2.~ A.1 ihe temperature approaches the test temperature a little liquid escapes through the capillary in the· stopper. Carefully 
remove this by absorbing it with a filter paper. The pycnometcr has reached ambient temperature when the liquid 
ceases to escape through the capillary tube. 

Remove the pycnometer from the thermostat, taking c::re that the heat of the hand docs not reheat the pycnometcr 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 rhe outside of the pycnomcter and then weigh to within 
0.0002 g. (weight P1). 
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7.3 Determination of the weight of the filled pycnometer. 

7.3.1 l:.mpty umi clcun tht: pycnometcr. Fill it almost full with water or the test liquid. 

7.3.2 Rttp.:at the operurwns dcscrihcd in 7.2.3 and 7.2.~ to dctcrmint: accuratdy the weight of :he pycnometer filled with th 
te~t liquid (weight Pi). 

8. Expression of results 

K. I Calculate the true density '.! from the expression 

P, 
. d 

where: 

d = density oi the test liquid at the temperature of the thermo~tat (in the case ot ·••ater. rd er to the table). 
P1, P~. P3 =weights determined according to paragraph 7. 

8.2 Express the true density in kg · m __ , or g · cm-3
• The v:llues must be calculated lo three decimal phase~. 

8.3 Give the individual ,·alues and the mean ,·alue for each laboratory sample, the latter being the lest-value. 

9. Test Report 

Indicate in the report: 

- the designation of the material; 
- the number of items tested: 

- the .. ;::;'.:t of each laboratory sample; 

- if applicable. the number of test samples per laboratory ~ample; 
- the weight of each test sample; 

- heat tre;itment. if applicablt:; 
- the pressure; 
- the liquid used; 

- the test temperature; 

- the individual and mean values of the true density for each laboratory ~ample; 
- the piace and date of the test 

.. 
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H'. Reprodncibili~y of the method 

For 'ilica pn1Juct- .he reproJucobility of ihc p\cnomctcr oethoJ gi\·en as a stanuard de\iauon is equal to tl.00.+ g.cm J 

fat; le: 

D~n,ill d .. a1cr ;i, a function 
oi tcmper;i1ure hc1,.een 15 and 30 'C 

Appendix A 

\1ethod for mate1ials difficult to wet. 

Temperaturr 
C 'C) 

15 
16 

17 

ll:S 
19 

20 
21 
..,.., 

23 
2.+ 
25 
26 
27 
28 
.:9 
30 

Ucn~it~· 

Cg· cm-') 

0.999 099 
0.998 9.+3 
0.998 77.+ 
0.998 595 

0.998 -W5 
0.99S 203 

0.997 992 
0.997 770 
0.9'}7 538 
0.'}97 296 

o.997 o.+.+ 
0.996 783 
0.9%512 

0.996 232 
0.995 9.+.+ 
0.995 6.+o 

A I - The process described in 7 .2 may he replaced by this method if the material is Jifficult to wet anJ if it will not go into 

suspension satisfactorily . 

. \: - Po.:r ;n;,• the dry pycnometa a quantity of boikJ de-aired wata .:ir any other liquiJ of known density to not ml)re than 1 
'• 

of the capa..:ity of the pycnometer. \Veight the pycnometer and the liquiJ to within 0.0002 g. 

A3 - Introduce into the pycnometer a quantity of dried te~c sample equivalent to 1
/ 3 of the volume of the pycnometer. Weigh the 

pycnometcr again to within 0.0002 g. 

A.+ - Th:: difference hc:t .cen the two ~eights reprr~ents the initial weight of the test sample .. P 1• 
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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 1973(1> 

I. Object and field of application 

The pre,enr n::commendauon specifics a method for der.::rmmmg rhe permanent change in dimen'>ions of den'e shaped rdra.:11· 
product~ on hearmg ro a predetermined temperature \\hich is maintained for a specific period of time. 

2. Definition 

Permancnr change in dimensions: The expansion or conrracrinn rcmain:ng after cooling of a refractory product heated fnr ~1.:crtJ 
time ar a gi\en temperature. It 1s expre,sed. as a percentage. prefrrahly by the ratio bemeen the change oL of the length oi the tc· 

piece and the on gm al \alue L of this length (i.e. IOOoL'L). It may abo be expressed as the ratio of the change in volume j. \" t•) ti 
vngmal volume (i.e. (()()j. \''\'). 

3. Principle 

Cutt1.1g. from the sample to be tested. test-pieces in the form of cylinders or pri-.ms of square cross-section and measurement oi ti 
linear dimensions and if need be of their volume. Heating the rest-pieces at a prescribed rate in a furnace having an o\1d1m 
atmnsphere. to a predetermined temperature. and mamtaining this temperature for a specified period. (Wirh a differ~: 
atrr.;1,pi1ere difi.:renr resulrs may be obtained). 

Afr.:r cooling the test-pieces to the ambienr temperature. re-determination of the linear dimensions anu if necessary volume ar: 
calculation of the permanent change in dimensions. 

4. Apparatus 

4.1 furnace 

It is recommended that an electric fuma.:e be used for these tests. However. tests in a ga,-f1red furnace are accepted prn\ldt: 
thar the atmosphere in rhe furnace is continuously oxidizing and thar ;, has no reducing action on the test-pieces. 

If an oxidizing atmosphere is not suitable for the test (for example. with ra1-rionded brick\), the nature or the atmosph.::re i, t 
be agreed between the panics. 

The furnace must he such a~ to allow the te~t to be carried our in accordance wirh the method laid down in 6.2. 

4.2 Thermocouples and recorder 

4.3 De\ ice for measuring lhe dimensions 

Dial gauge cnmpararor. or micrometer. mounted on a carrier which has a square steel ba,eplate conforming ro fig. I. 

The accuracy of the measuring equipment must be 0.0 I mm. 

A diagonal ,hould he marked on one comer of the plate to a~sist tn locating rectangular test-pieces \ymmetncally on 1hc '!uth 

Calibration c;,1, he effected by means uf a steel cylinder, 50 mm m diameter and 55 to 05 rnn. 1011g. this length hcmg .ic:c:urat.:1' 
known. pl:m.:d \erucally on the stud~. 

It 'hall be po,s1blc to rorare the rest-piece so rhat it-, lengrh can lie mea,1ired at rhe 01!1er three corresponding pmition,. 

111 Thi• rc•i•ion take• 11tcnun1 of all the mo•I imporra'nr deri~ior, l11kcn in relarion to rhi: roi\ion of ISO 247H. 
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..i • ..i DcliC(;S ior me:i~uring the lolume 

.-\ d'N;d mercury ,·olumcnomcter or a hydrostatic balance may be used, following the normal methuJ for measuring the 
app;in;.1t \'olume of Jcnse refractories (cf PRE.·R 9). 

5. Sam~ling - number and preparation of test pieces 

5.1 Sampling 

Dcrcrmine rhe number oi items constituting the sample :iccordir.g !o ISO. .. DIS 5022 (cf PRE. .. R 7\. 

5.Z :\umber oi te~r-piece\ 

111c number oi te~r pieces taken per specimen (indi\ i<luai I and the 1.lirction llf cut within tne spcc1men must be agreed bet"een 
the parties concerned. It ~hould be indicate<l on the test pieces. The number of test pieces t:ikcn must be the 'ame for all the 
specimens compnsing the saple. 

5.3 Preparation of test-pieces. 

5 .3.1 Formal 

The test pieces shail be in the form 1
:

1 of: 
- t:ither pri~ms of square section 50 mm x 50 mm x bO mm ±I mm 
- or cylindt:rs 50 mm m <li~meter and 60 ± 1 mm high. 

The 50 x 50 mm faces. or tht: ends of the cylinder shall be ground plane an<l parallel before the <lctermn;at11m tli the 
permanent linear changes. 

5.3.2 Drying 

Before testing. the test pieces shall be dried to constant weight at 1110 ±5) 0
C. 

6. Procedure 

f.l '.\le:isurement 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 te~t
piece is cylindrical, mark it near the diagonal mark. 

!\leasure the length of the test-piece by means of the dial gauge comparator or micrometer at four po-;ition'i, located on 
the diagonals of a prismatic test-piece at a distance of : 5 to 20 mm from each comer, or on two <liameters 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. 

o. l .2 For permanent 1·0/ume change 

Determine the volume of each test-~,iece by hydrostatic weighing, by a closed mercury volumenomctcr or by 
measurement and calculation. 

(l) ·If ii j, not p1nsiblc lo cut !hue ~h1pes from !he pieces lo be IHled, 1m11ler 1h11pet are lo be agreed behtten the p~rtiet concerned. 
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h.:! llcatin~ 

h :. I 011po1l111m ol the lt">t-ptcces 

Place the tc\t-piece' n:rtwally in the furnace. 

F~1rth.:rmnrc !l 1, recommended that the te't pi..:1:e' he: 
- placed .in ,urrorh of the: 'ame material a' them'cl'c'- oi a thickne,., oi 30-65 mm. th..:msd'"c' laid flat nn the edge' 

,1f t\\O mangular pri'm' .:o-50 mm high and Stl mm apart: 
- .:o mm apart Imm each other to allo'' free circulation of the hm ga'e': 

- 71l r:i1 .1\\a\ frnm the furnace ''alb: 
- pnl!..:1:tt:d f n1m ,iire1:1 raJ1at1on from tht: h..:atrng demcnh in an ckctm.: furnace or th..: hurners in a ga' furnace. 

Tn comp!\ "ith tht.: rc4uircm..:nh uf 4.1 make pnwi,inn for 'ampimg th..: atmo,phen.: in thc ,·icinity ,,f the te't p1..:cc~ at 

an~ um..: Junng th..: t..:'t and for the detcrmmation of the lnygen content of the furnace ga,es. 

h. ::.2 .\lcu.111rcmr111 o( tht: ti:mperawre and cempcrawri: di\lrih111wn 
~ka,ure the temp..:rature hy means of at lca-.t three thermocoupks placcd so a' to recorJ the temp..:raturc d1,tnhutllm 

o'er the limit., ,1f th..: ,pace cnntaining the te,t-pa:cc' and not touching e1th..:r the furnace ''alb or the h..:aung clcmcnh. 

or h.:mg prott:ctcd frnm contact wtth flame': u'e a tcmpc:raturc-recl1rJer 'o that a record of the temperature ..:ontrnl '' 

prcs..:r•ed. The me of a poten11omemc recorder 1-, recommcmkd. 

During the ,oak the temperature difference het\\een any t\\O thermocouples ,hali not exceed Ill Kand the m..:an ot the 

three reading-. 'hall he tai-en as the tro:st remperatur.:. 

6.2.3 Tt'mperawre of 1ht• tt:1l 

The test ,hall be carried out at a temperature at least e4ual to 800 'C \Jr e:-.ceeJing that tcmpcrature by a mult1pk or 

50 K anJ agreeJ between the parties concerned. 

6.2.4 !fr111irrg .1chec/11/e 

For test temperatures of 1250 °C or bcl\Jw: 
- from ambient temperatl!re to a temperature 50 K below the test temperature 

- the remaining 51J K 

For test temperature ab<l'e 1250 'C: 
- from amhient temperature to 1200 'C 

from 1200 °C to a temperature 50 K IO\\er than the test temperature 

the remaining 50 K 

5-IOKmin 

I - 2 K min 

5 - 10 I\. fill\ 

2 5 K mm 

I - 2 K min 

~laint:iin the temperature within :: 10 K around the tc't temperature for the specified period. and then allnw the 

fuma.:e to cool at its normal rate till the following Jay. the specimens being ldt to rnol in the furnace. 

6.2.5 Pawd ac the teH tcmperawrt: 

The -.peciiied period at the te-.t temperatur..: is normally 5 h: however. when ade4uate information is not obt;iincd 

thereby. a period of 12 or 2~ h may be cho-.cn. 

6.3 :\lea~uremcnl of the tesl-pieces after lhe lesl 

6.3. l For pamarrt'llt lirrr'ar change 

~lcasure tht: length of the test-piece,, afler ·'.ooling to ambient temperature at each of the four poinh defined in h. l. 

and using the mtthoJ laiJ down in the same paragraph. 

Do not rcmo\C hlist..:r-. or accretions produced during the heating. hut if any of the m..:asurements at a marl.cd point'' 

affo.:cti.:J b~ the presence of a blister or accretion which is not typical of the surface after the healing. the mea,uremc111 

made at that pmnt ,hall not be included in the mean \alui.:. Similarly, if necessary. the test-p1i.:ce shall he rotated 10 

a\oid contact between such a hli,ter or a1:cretion and any of the three -.upports of the mca,uring device. 

6.3.2 Fur pcm1w1c/I/ 1·0/11111c change 

Mea-.urc the rnlumc of the te,t-pieces. after cooling. b} the meth<JJ previou-.ly laid down. 
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7. Expression of !he results 

7 .1 Pcn11:111ent linear ~hani:e 

lnJic:ce. for each te\t-p1ccc. the mJ:vichial \·alue., ~o caicul:lteJ. anJ abo the corre,p<inJ;ng mean: hnwe\er. :i the •h;mg<:' m 

kngth of one te'lt-pu.:ce are not all of the same 'lign. the mean ior that te'.t-ptece ,h;ill not tic gt\en. 

7 .2 Permanent ,·olume c-han~e 

8. Test report 

[;HJ:cate in the test report: 

- th.: de\lgnatmn oi tht: macenai unJcr te'>L 

- the numtv r of specimen' te.,ted. 

- tlle numher of te~t pieces per spt:cimcn. 
- their dimen\lons anJ Iocat1on within the ~pecimcn. 

- the clin.:ction oi cutting l'i the :e~t-picc:s. 

- the typt: of furnace u"::.l. 
- tf ncci:s,ary the oxvgcn con ten! oi tht: furnace Jtmo,phere or the n:icure nf this atmosphere. 

- t~.e heating rJte. 

- the :csr t.:mperature. 

- the cluration of the soak 
the appearance of th.: te'\t pieces after hearing. 
chc inJi\idual and mean vai:.Jt:~ of permanenc Iine;.ir change for each te,1-piecc. and if appiicabk the meJ1an \ alue per -;pccimen. 

(::.nJ if neces:;ary rhe permanent \Olume change l. 

the place ancl Jate of the tesr. 

85 
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Appendix 2 

MEFOS' rotary slag 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 (81-86, 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 aggre3ive 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 t.o 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. 

5. 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 arc also noted. 

The test report should include the following: 

- the different brick qualities 

- used test slag 

- temperature program for heating up 

- t~st time 

- avP.rage test temperature 

- average wear for each brick quality 

- average slag infiltration for each brick quality 

- appearance of surface and crack formation 

- date and pla=e of testing 
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Figure 1 - Furnace construction and lining. 
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0MEFOS 
METALLURGISKA 
FORSKNINGSSTATIONEN 
I t=ors,,1::ogsuppg1ft 

JNIDO/INDIEN 4446 

Kon to ,_'.1: .. ·71 

PM1985/012/BD 1985-02-27 
_ ---------~Bodi 1 Dah._,l.,_,b"'-'e~r-"'g ___ _ 

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. 

Stability of bottom brickwork for curved bottom 

vis-a-vis flat bottom 

The change-over from conventional LO-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 if 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 is 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 en the slagging and 

charging side, (i.e. 90° rotation). 

Considering the above mentioned advantages and disadvantages 

we find the recommendations from Radex acceptable. 

Area exposed 
to high wear 
rate 

Figure 1 - Location of permeable elements. 

Area exposed 
to high v.ear 
rate 



- 3 -

3 Technical comments regarding the draft specification 

on refractories 

Apart from what has been said under point 1 about the junc

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 

with more than one barrel lining provided the bottom is well 

maintained after debricki~g and the area surrounding the 

permeable elements has been inspected. 
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PILOT-PLANT TRIALS IN MEFOS 6 TONS CONVERTER 
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1 INTRODUCTION 

combined blowing is a new area of converter 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 manufact~ ~a due to a good mixing 

effect. It can be said that in combined blowing the benefits 

from OBM- and LO-process are combined. 

1.1 Background 

Combined blowing has many benefits compared with conventio

nal LO-process when working with hot metal with very high 

silicon- and manganese-content. Sloppin~ 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 t~ 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. 
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1.3 Trial-program 

A total amount of 15 trials have been performed in MEFOS 6 

tons universal converter. Those 15 tri~ls include all the 

types of combined blowing sy~t~ms. 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 ~N2> through permeable elements 

4 trials with nitrogen (N2> through tuyeres 

3 trials with oxygen (021 + lime-injection through 

tuyeres. The oxygen ~mount through the bottom was 25% 

of total 02 and the lime amount through the bottom 

about 20% of total lime. 

2 TRIALS 

2.1 Equipment 

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 ov~r-head crane for transporting 

a 6 ton universal converter equipped with combined 

blowing, Figure 1 



-.::-
' ··,-,-
r--.----!~ 
..... -
-·-

I 

f!lt'OO 
-;.__.. 
-.:: .. 
----.: 
-- ' 

--..... ---
i~ 
l.J"- ----.....; 
1- -
f ~ :-; --;-:::=::-:--- ~ i 
I• -
-. ; ; ~ j ·~ ' ' \\'=I 
~~.·-·· 
~... . =---.:::: 

O! -· ~ 
("II 

\ 
! 

! 
( 

• 
' 

- 3 -

Figure 1 - MEFOS 6 ton converter. 

'.:._.veres 

oerr.eablE 

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

to~-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 Nm 3;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 ca~ting 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 material-s7stem. 

2.2 Input material 

In these trials the Bokaro conditicns were simulated as well 

as possible. Hot metal analysis was adjusted in the EAF to: 

Variations: 

c : 4. O'-. 3.78-3.97'1-o 

51: 1 . 6'. 1. 32-1. 66\ 

Mr.: o. a~. 0. 65-0. 95'. 

p 0. 300'1-. 0. 242-0. 385'. 

s 0.030\ 0.017-0.025\ 

T 121o·c 12se-133e·c 

• 
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Lime used in these trials had the following analysis (lumpy 

lime): 

cao 

Si02 

Al203 

MgO 

Fet 

K20 

s 
LOI 

Size 

94 .O<i.o 

1. 6°0 

0.3\ 

1.2\ 

0.3\ 

0. 07'!.o 

0 .009'!.<. 

0.4\ 

12-25 mm 

To this lime sand (Si02) was added 

to increse the Si02-content to 6-7\ 

for simulating the Bokaro condi

tions. 

Scrap had the following analysis: (Billets 100 x 100 mm) 

c : 0. 13\ 

Si: 0. 12\ 

Mn: 0. 128\ 

p 0.027\ 

s 0.019% 

OBM-lime used had the following analysis: 

cao 93.5% 

Si02 2.5% 

Al203 1.0% 

Fe203 0. 6'!.o 

MgO 0.8\ 

Na 0. 1% 

K 0. 1% 

LOI 0.7% 

s 0.02\ 

Size 100% - 0.25 mm 
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Manganese-ore was added for slag-formation. It had the 

following analysis: 

Mn02 31.5% 

MnO 18.5% 

C02 14.7% 

cao 14. 0% 

MgO 3.9\ 

Ti02 0.03\ 

p 0.022% 

Limestone was added to simulate the LOI in Bokaro. The ana

lysis was: 

cao 52. 1% 

C02 43.0% 

Si02 1 .0% 

s 0.2% 

MgO 0.8% 

Al203 0.4% 

K20 0.0'.l\ 

Fet 0 .18\ 

Bauxite was added to make the slag more fluid. The analysis 

was: 

A1203 83.9\ 

Si02 9. 1\ 

Ti02 4.4% 

Fe203 1. 1 ..... 

cao 0.2\ 

MgO 0.5\ 

Na20 0. 3\ 

1'20 0.6\ 
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Iron-ore was added in some trials before post-purging for 

dephosphorization. The analysis was: 

Fe304 94.7\ 

Fe203 1 . 7'c. 

MnO 0.06\ 

cao 0.04~ 

MgO 0. 19'o 

Si02 0. 13'c. 

Ti02 0.20\ 

V205 0. 18% 

P205 0.012\ 

Na20 0.008\ 

KzO 0. 005'0 

LOI 0.01\ 

Fet 71. 7% 

The input data for each charge is shown in Appendix I and 

the amounts of each material used is also shown there. 
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2.3 Carrying through the trials 

The trial practice used in different trials is shown 

beneath: 

Process-steps N2 (per- N2 (tuye- 02+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 
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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 Samplin~ and temperature measurement 

The following samples have been taken: 

EAF: metal- and slag sample, temperature 

Converter (rised): metal sample is taken ev~ry second 

minute, slag sample is taken from the 

frozen slag on the sampling stick if 

possible, temperatur0 also PVery S6cond 

minute 



- , 1 -

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: C, Si, Mn, P, S, Cu, N 

Slag-samples were analyzed for: Cao, Si02, MgO, MnO, P205, 

V205, Fetot• Al203, K20, 

Ti02, Cr203, S and C 

Metal- and slag-analysis as a function of blowing time is 

show~ 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 ar.alysis several values are calculated. All t~e ingoing 

gases and materials are measured and flow-rates logged in 

computer for calculations. 

The off-gas is analysed for: CO, C02 and 02 

Process-gases for 

Materials for 

flow-rate (wet gas Nm3/h) 

tempe.ature 

flow-rate 

pressure 

temperature 

flow-r:lte 

analysis 

weight of bins or dispensers 
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From the off-gas analysis the decarb~rization 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 r.eeded 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 (F02N) are shown in the 

same figures. These values ar~ 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. 
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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 FeO 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 P205-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 P205-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, is 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. 



- , 4 -

3.3 Phosphorous removal 

Phosphorous removal as a function of slag basicity is shown 

in Figure 4. 
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Figure 4 - 6Pabs as a function of basicity (CaO/Si0 2 ). 
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As can 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 Appendix 3. The ai~ 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 lirne 

was calculated to Si-content in hot metal 1.6\ and tha~ is 

why in some trials the final slag basicity has been higher 

due to lower Si-content in hot metal. All the data of ingo

ing material is shown i~ Appendix 2. 

Th~ effect of higher lance-practice can be seen better in 

Figure 5 where the phosphorous removal is shown as a func

tion of Fet (total iron-content) in the slag. 

a ilme-.Q2 

A "i(tuye•es) 

A N2{permeables) 

% 
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80 
• 

• 
60 

40 

20 

5 10 15 20 25 

Figure 5 - ~Pabs as a function of total iron (Fet> in 

the slag. 
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It can clearl) be seen from Figure 5 that 6Fabs is better 

with higher Fet-content in the slag, which can be achieved 

with higher lance-practice. Fet content in the slag must 

be optimized but should not be excessively high becaus€ FeO 

has a negative effect on the refractories. 

o~e slag practice wa! also tried and in that tria: the 

6Fabs was 85\. Blowing time in that trial was as long a! 

usual bu~ slagging time was saved in ttat trials. The lower 

value! of ~P when nitrogen was inje=ted through tuyeres and 

oxygen + lime-i~Jection were more due to the Bokaro lance-

practice than the effect of tuye~e~. !~Figure Ethe LFabs 

is shown as a function of tapping temperature. 

40 

20 

1600 1650 1700 1750 Top temp 

·c 

Figure E - 6~a~s as i function of tapping temperature. 
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It can be seen from Figure 6 that the dephosphorization is 

slightly worse when the tapping temperature is higher. 

In Figure 7 the dephosphorization and the desulphurization 

is shcwr. a~ a function of the slag-amoun~ per ton hot metal. 

!::. te.,L!. 
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SLAC 

K&fTON HM 

Figure 7 - 6Pab~ and ~Sabs as a function of the amount 

of the: slag. 

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. 
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3.4 Sulphur removal 

The sulphur removal as a function of basicity is shown in 

Figu::::e 8. 

• hm..cJ.i 
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Figure 8 - ASabs as a function of basicity (CaO/Si0 2 ). 

It can be seen from Figure e that the desulphurization is 

better with higher basicity. The desulphurization has been 

0\ in fiv~ trials of 15. The best desulphurization is 

achieved with permeable elements. 
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3.5 Manganese yield 

The manganese yield (Mnstee1/MnHMl as a function of the 

amount of slag per ton hot metal is shown in Figure 9. 
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Figure 9 - Manganese-yield as a function of slag-amount. 

As it can be seen from Figure 9 that manganese yield i~ 

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 

~lag) which causes more manganese losses to the slag (on the 

other side better phosphorous removal). 
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3.6 Iron content in the slac (Fet) in slag) 

Iron content (fet) in the slag as a function of carbon 

content in the steel is shown in Figure 10. 
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Figure 10 - Fet in slag as a function of the carbon con

tent in the steel. 

As it can be seen from Figure 10 the Fet-content in the 

slag was around 10\ in the most of the trials. When the 

higher lance-practie wa~ used the iron content in the slag 

±ncreased 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 acceptatle Fet-content in the slag. 
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3.7 Oxygen content in the steel 

oxygen content in the steel was roeasured 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 

carbon content in the steel. 

Alsc the equilibrium-curve C x O = 0.0205 CT = 1650"C, 

Pco = 1 atrn) is given in Figure 11. As it can be seen the 

oxygen-content in the steel is quite near the equilibrium

Curve in each type of trial. The equilibrium-curve C x 0 for 

LD steelmaking is about 0,040 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 quite near the equilibrium. The aim final 

carbon content was 0.05\ and only some of the trials have 

beeri over-blown. 
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3.8 Nitrogen content in the steel 

Nitrogen content in the steel is shown in Figure 12 as a 

function of carbon content in the steel . 
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Figure 12 - Nitrogen-content in 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 (PM001). 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 is quite a 

low value in MEFOS 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 

erosion due to spelling. No erosion is seen in the botto~ 

and the tu~ere region and also the region for permeable ele-

• ments did not have erosion. 
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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-~lowing 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 = 1 atm) were 

achi~ved. 
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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 LO-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 o
2 

+ lime-inje~tion. Highest N-contents 

o~cured when N
2 

was injected ~trough tuyeres. Post-purging 

~f nitrogen increased the N-content of the steel with 5-20 

ppm depending on the post-purgi~g 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 in 

MEFOS 6 ton universal converter we reccIBmend the following 

blowing practice to Bokaro Steel Plant: 

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 tuyerP-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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Charge T 0 c m Scrap Lime ORM- '?;C 

HM HM 
lime 

S-1398 1338 5060 804 34 3 154 3.78 

S-1399 1360 5210 1006 355 78 3.7q 

S-1400 1292 5050 111 0 350 157 3.82 

S-1401 1295 5130 1 1 1 3 500 - 3.83 

S-1402 1272 5190 907 500 - 3.91 

S-1403 1261 5090 807 500 - 3.85 

S-1404 1280 5130 798 500 - 3.79 

S-1405 1259 4720 802 500 - 3. 61 

S-1406 1277 5230 823 500 - J.97 

S-1407 1263 5120 805 500 - 3.90 

S-1408 1265 5330 810 500 - 3.86 

S-1409 1258 4680 813 500 - 3.89 

S-1410 1280 5340 C14 500 - 3.83 

S-1411 1265 5160 806 500 - 3.93 

S-1412 1258 5370 815 500 - 3.89 

't.Si 'H1n cp,p 'f.S 

1 . 3 2 0. 7 f) 0.2SO n. 02", 

1 . 5 1 0.84 0.257 0.022 

1.52 0. 8fi 0.277 0.02S 

1.42 0.85 0.385 0.023 

1 . 5 7 0.87 0.233 0.021 

1. 52 0. 9 3 0.258 n. o 21 

1. 58 0.65 0.264 0.020 

1. 56 0.95 0.287 0. 017 

1. 58 0. 8 (i 0.242 0. 018 

1. 66 0.84 0.292 (l.019 

1 . 4 6 0.77 0.2fi8 0.020 

1. 34 0.85 0.2C}8 0.020 

1. 54 0. 7 1 0.281 0.023 

1.50 0.79 0.278 0.025 

1. 51 0.78 0.284 0.022 
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'harge T m %C %Mn %P %S 0 N 

oc kg ppm ppm 

S-1398 1747 4950 0.02 9.24 0.057 0.019 824 15 

S-1399 1681 5380 0.02 0.29 0.087 0.030 737 9 

S-1400 1675 5090 0.04 0.28 0.077 0.021 659 12 

S-1401 1645 5080 0.05 0.34 0.120 0.029 440 32 

S-1402 1677 5210 0.04 0.31 0.101 0.032 542 40 

S-1403 1704 5170 0.04 0.31 0.115 0.032 520 49 

S-1404 1681 5320 0.07 0.23 0.100 0.026 390 36 

S-1405 1634 5090 0.09 0.20 0.043 0.020 364 17 

S-1406 1697 5330 0.05 0.16 0.034 0.022 708 13 

S-1407 1652 5020 0.06 0. 12 0.018 0.023 551 19 

S-1408 1684 5090 0.04 0. 11 0.016 0.016 623 15 

S-1409 1635 ~330 0.02 0. 12 0.026 0.016 778 13 

S-1410 1662 5360 0.08 0.30 0.047 0.017 308 12 

S-1411 1631 5340 0.05 0.26 0.050 0.017 371 31 

S-1412 1651 5600 0.05 0.24 0.043 0.016 424 35 

Fet cao Si02 
% % % 

Not available 

8.0 55.8 1 4 . 3 

9.0 59.5 12. 5 

7.9 52.9 17. 5 

7.2 56.5 16.6 

7.5 57.5 15. 5 

6.4 58.0 16. 7 

10.8 49.8 15. 5 

14. 4 44.0 1 4. 9 

18.8 41. 4 1 3. 6 

16. 8 44.1 1 3. 5 

22.9 40.1 9. 1 

8.6 51 • 3 16. 1 

7.4 52.9 16. 3 

9.7 49.2 16.7 

MgO s 
% % 

1 . 90 0. 11 0 

1 . 2 0 0. 1 0 

.20 0. 105 

2.4 0.060 

3.9 0. 12 0 

3.0 0.090 

2.9 0. 11 0 

4.3 0.080 

3.8 0.090 

4.4 0. 10 

6.3 0.080 

3.3 0. 10 

2.0 0.090 

2.4 0.08 

Bas 

CaO/Si02 

3.9 

4.76 

3.02 

3.40 

3.71 

3.47 

3. 21 

2.95 

3.04 

3.27 

4. 41 

3. 19 

3.24 

2.94 

Remarks 

Re blown 

Scull 

Re blown 

Re blown 

Post -P 

Post -p 

Post -P 

Post -p 

Post -P 

Post -P 

one slaq 

::i>' 
'O 
'O 

C1l 
::i 
Q., 
I-'· 
x 
l'V 



Appendix 3 

Lance practice in trials: 

Charge nr: Blowing 
0 5 10 15 20 25 time/min 

S-1398 146 120 87 1106 80 • 
S-1399 146 120 87 j106 80 • 
S-1400 146 120 87 I 106 80 110~ 

S-1401 146 120 87 106 80-+ 

S-1402 146 120 87 106 80 
~ 

S-1403 146 120 8l120 110 100 qi) • 
S-1404 146 12081120 110 100 90 95 __ .., 

120 e7(120 
130 

S-1405 146 11 0 120 ~ 

S-1406 150 1 6 o j 150 120 no 135 140 146 150-t1~ 
S-1407 160 150 j160 150 130_., 

S-1408 160 ( 160 150 160 130 120-... 

S-1409 160 ( 15 0 130 105 75 120-+ 

S-1410 160 / 160 140 120 11 o-. 

S-1411 160 150j 160 140 120 11 0 10511~ 

S-1412 160 130 120 126 120 115 • one slag practice 

I I 
1! Jo 

I ., 
0 5 10 25 Blowing 

time/min 

The number gives lance height in centimeters above the bath 
= means time of first slag tapping 

-+ = to the final end of blow 



Appendix 

Char9e Slac weich't Bas n 6P 6S 
kc kg/tO!"l H~'. CaO/Si02 

'Mn abs abs 

S-1398 not available 30.4 81. 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-i403 127 4 250 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-140"7 1552 303 3.04 14. 3 93.8 1 0. 3 
S-1408 1498 281 3.27 14. 3 94.8 38.5 
S-1409 1341 393 4.41 1 2. 1 93.2 36.8 
S-1410 1392 261 3. 1 9 42.3 81. 9 42.2 
S-1 411 1230 238 3.24 32.9 81 . 7 41. 4 
S-1412 1387 258 2.94 30.8 84.5 25.9 
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4449 1985-05-07 PM1985/023/EG 

SUBJECT: DP/IND/036 - CONTRACT NO 84/66 

- EXPERTS FINAL REPORT 

by 

Erica Granberg 

PROJECT AREA 

A~cepted 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: 

L_ 
~~~~~~-T-0.,-;IO-"~~~~~~~~~~~ 

Slag coating practice for a Combined Blown Converter. 
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A two day study trip to Osterreichisch-Amerikanische Magne

si t 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 an1 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 

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 

2.3 Training of Indian enyineers 

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 

2.4 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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4449 1985-05-06 

SUBJECT DP/IND/036 - CONTRACT NO 84/66 

EXPERTS FINAL REPORT 

by 

Bodil Dahlberg 

PROJECT AREA 

Technical discussions in Ranchj, India 29/10-3/11 -84. 

2 HOME OFFICE 

2.1 Expert studies on refractory technol..Q.9.Y 

A draft report, MF85021, 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 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, 

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 bot~om 

2 Location of pErmeable elements 

3 Technical comments regarding the draft specification 

on refractories 

4 Qualities of refractories 

2.2 T:aining of Indian enqineers 

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 programme of 4 weeks at 

MEFOS. A number of lectures were given such as: 

Testing of raw materials for basic bricks 

Test ~ethods for basic bricks 

Repair and maintenance cf refractories 

Lining techniques and brick layi~g pattern 
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4449 1985-05-08 

SUBJECT: DP/IND/036 - CONTRACT NO 84/66 

- EXPERTS FINAL REPORT 

by 

Nils-Olov Lindfors 

1 PROJECT AREA 

Reg nr: 

PM1985/026/NOL 

Technical discussions in Ranchi, India 1984-10-29--

1984-11-03. 

Technical discussions in Ranchi and visit to Bokaro 

Steel Plant 1984-i2-09--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 glven to Indian engineers during 

the training period, in the following fields: 

Process metallurgy of converter steelmaking 

Process control 

Design of combined blowing 

Designof LO-nozzles 
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Kon to: Datum Req nr· 

4449 1985-05-08 PM1985/027/BB 

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 UNIDO 

This work has included control 9f 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 MEFOS. 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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4449 1985-05-10 P~T1935 /029 /MB 

SUBJECT: DP/IND/036 - CONTRACT NO 84/66 

- EXPERTS FINAL REPORT 

by 

Mikael Brunner 

PROJECT AREA 

Technical discussions in Ranchi, India 1984-10-29--11-03 

Technical discussions in Ranchi and visit to Maharastra 

Electrosmel t Ltd. 1984-12-09--16 

2 HOME OFFICE 

2.1 Project management work 

Preparing progress report to UNDIO 

Planning of training of Indian engineers at MEFOS 

Planning of training of Indian engineers at Mo i Rana 

Steelworks, Norway 

Planning the pilot-plant test period 

2.2 Expert studies (MF85025) 

Evaluation of MEL as pilot-plant for combined blowing stu

dies 

Evaluation of MEL as stainless steel producing unit 

Evaluation of possible raw-material policies for India in 

connection to MEL-plant 
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