G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

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

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

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

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

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

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

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

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


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

1 We regret that soms of the pages in the microfiche
copy of this report may not be up to the proper v
legibility standards, even though the best possible

§ copy was used for preparing the master fiche.




N

LN N INTERREGIONAL SYMPOSIUM ON
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\\ )/ 1-20 NOVEMBER 1983 ' Original:  ENGLISH

THE KALDO PROCESS
by
I, Johansson, Ascistiai Director of Nesearch, Stors Kopparbergs ey, slags AB,'Sweden

The Keldo process, developec and licensed by Store Kopparbergs Bergslags AB,
Sweden, has been described in several papers (c.g. 1, 2).

The charancterisiic foature cf this oxygen steel moking process is thot the
renctions toke place in n fast rotating furnoce with o slightly inclined axis., The
rotetional speed cen be varied “rem O to 4C RPis,  The oxygen is injected abovo the
beth through o water-cooled lance, wﬁich is introduccd through the opening of the

furnece. The waste gcs, which meinly consists of carbonedioxide, lenves the furnace

through the seme cpening. . schematicel view of o 30 tons furnacé is shown in Pig.l.

The inclined position of the furncee allows the lining ot the closed end face,
like the eylindric wnll, to be cocled by the metrl during every turn cnd so contributes
to the heat treonsmission from the gases to the metal, Tais cooling of the lining
makes it possible to burn the carbonemonoxide developed in the bath to carbon-dioaide
with oxygen above the uetel and wmeke this heat uscful for the process.

The iron content of the slog and thereby the chemicnl renctions can be controlled
by the rotationel speed of the furnace, the position of the oxygen lance and the
okygen flow.

KALDO plapts in operation ond under copstructjon

The first commercinl operation of the W.LLDO process was started in o 30 tonui/
furnace at‘the Domnervet Steelworks, Sweden, in 1956. In this plant the production
is bnsed on basic hessemer iron. The surplus hect from the chemical reactions is
used for direct reduction of iron ore to steel.

ALfter one year's operntion experience at Domnarvet and through qualitative
investigations, SOLL.C in France decided to erect one 120 ton i{/.LDO furnace for the
production of deep drewing sheet of highest queality from basic bessemer irom, and
ebout the same time the Gringesberg Company in Sweden chose the KLLDO process for its
new stecel works in Oxeitsund, having in mind the possibility of using either high or

low=phosphorus ore. This plant consists of two 120 ton {iLDO furnaces. .t Sharon
Steel Company of USL two more ZiLDO furneces of 135 tons ecch were put into operytion
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Teb. 1 shows = list of KiLDO furneces ut present in operation and under
construction. From this table it cen be seen thet the process is meinly chosen for
refining of high-phosphorus iron. Tae only oompa.ny which so far has orected a KLLDO
plent for refining of only low-phosphorus iron iu Sheron, where the production
progrem consists of o lorge veriety of ateel qualitios with high ond low cerbon content
including clloy stcel. .lso at Sanyo iow-phonphoru. iron will be used for o
similer steellprogrnm.

Heat economy ond raw moteriel] Tequirement

Due to the direction of the oxygun jet thc oxygem pertly burns with the carbone
nonoxide, generatec in the beth, to carbon=dioxides  The hent devoloped from complete
combustion of corbon to eorbon-dioxide is more than threc timos the heat developed
from the formation of cnrbonemonoxidc, and thercfore the carbon content of tha
chnrged metnl i- o very uscful fuel for the .L.LDO process.

With proper position of the oxygen lnnce it is possible to oxidise s an average
90% of the corbon to Cu U,y whereby 6000 kenl/kg C cen be utilized (3).  Un account of
this large cnount of hent wiiich hes to be trensferred from the gos phase to the beth
the KLLDO process nccds r longer blowing time than the LD process nnd its modifications,
where very little heat trensfer betwcen ges nd liquid phose tukes place. Compared
with other prooess.s wherc the hent ns in {.LDG is supplied from above, e.g. the open
hearth process, the hect cycle of the .U.LDO process is renarknbly short,

Tab. 2 shows the nvercge cherge composition per ton steel ond also the totsl heat
utilized for scrap melting ond ore reduction, whxch gives o good comparactive valuo
when both scrap and ore nre used cs cool-nts.

The wetcllic charge ot SOLLLC including Fe in ore is 1089 kg/ton corresponding
to o steel yield of aluost 92%,

The tnble shows that ot Sheron, wherc low=phosphorus iron is used, the aveiloble
heat for scraop melting is necrly the same cos in the case of high—phosphorm iron at
SOLLWIC .

On nccount of less slcg the steel yield from low-phosphorus iron is higher than
frow high-phogphorus iron. The reason for less noncpeciﬂed iron loss at SOLLLC

compared to Sharon is o better scrap quality.
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The RLLDO process is, compored to other oxygen steol processes, in the first
hend of interest in coses, when chenp serap is rvailoble rnd the supply of blast
furnece metal is limited., hen there is lack of steel sercp it can olso be
ccononio to use he surplus heet of the LLDO procoss for direct reduction of ore to
steel os thc oconse is in Swedon. , '

Charge compcsition when only ore is used cs cooling agent is given for
Domnnrvet's 30 tons furnace in the last column of tab, 2, The ore contoins 2.1%
P20,. Tais does not influence the phosphorus content of the steel but increnses
the phoasphorus content of the slag, which is snld as fortilizer along witvh basic
bessomer slag.

Flexibility

The iiLDO process has o grert flexibility whioh ccn be sunnarized in the
following items:

1. Chejos of row motericl

Pig iron of mw composition cun be used.

Sornp, cold pig iron or ore are acoeptablc as cooling agent.

Ure can be used also in fine-grnined condiﬂon, e.§. as concentrote,

Sorap addition cen be incrensed furthermore or more ore can be reduced - - : ]

by cddition of carbon, giving n high calorifio yield. o @
2, St oomposition '

The eftec‘t'ive process control makes it easy - independent of charge composition - ;
to widely vary and mix the produotion program ond with close tolerances of cnalyses
end topping tempersturc manufacture various types of stoel, high and low in cnrbon,
inclﬁdi.ng clloyed specifications.

It is also an ndvantege that changing to nnother stecl specification, on acoount
of modified rolling mill progrem, easily can be mede during the heat. If it should
be necessary to keep the stecl in the furnace, due to delays in the casting shop,
the tempercture ccn ensily be corrected thanks to the heat dovelopod by complete

combustion of carbon to Cuz. In cease of continuous casting the good temperature -

control is of still more importance. .

Lining durability
Lining weer is relatively high in the LLLDO process, ond this fect has been

cleimed to be a serious draw-back in comperison with other oxygen steel processes.
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4 Domnarvet, where the furnrece lining consists of tar dolomi.to,' the weer is
about 5 mm per heat in ‘the most exposed prrt of the lining, corrcsponding to o
dolomite consunption of cbout 20 kz/ingot ton. 4t SOLL.C, where very heavy sorep is
used, dolomite conswaption is about 24 k. /ingot ton cxeluding about 5 kg/t burnt’
mognesite (4). 4t Oxel8sund the consumption is ~bout 13 kg dolomite ond S ku
mngnesitc per ton sicel. |

Nermally the number of herts per linin; is 80-90 2t Domnr.rVet cgninst 50-60 at
SOLL.C. In spite of 2uUjk scrop in the chorge the lining life ot OxelYsund is clmost
the scme os in Domnorvet. Some campcigns with more thrn 11C charges indicnte,
however, thot there are still greot possibilitics to further improve the lining life
at UxelUsunl without using more axpensive refroctorices.

Genernlly tor dolomite hos becn uscd for the lining of the KALDO furncoes in
Europe. Recently con Lustricn company hns developed o now burnt magnesite brick,
which ot Domnarvet hes given 272 hents, corresponding to & refractory consumption of
only 6 kg/ingot ton. - Cost mognesite bricks hcve been used for complete linings ot
Shoron with 156 hents os the best result so for.

Engineoring

The furncce is made in a double coniccl shope with the length oquel to 1.3 times
the interntl shell dicmeter. The heant size in ingot tons for o KALDO furnace is
0.7 = 0.8 times the 3rd power of this diameter, corresponding to n specific volume
which is less then 2/3 of the some oommon for LD converters. |

' 7o seccure continuous operction two exchongecble vessels are used in Domnervet
end SOLW.C. This system involves lower capitel cost thon two complete furnaces,
and furthermore less sprce is required. Oxcltsund os well os Shoron has two complete
furnhces with one in operoiion ot n time. This system allows more time for
inspection of the meohinery ond secures nlso in other rospects o more reliable
operction. With the improved refractories now aveileble it is nlso possible to
kecep 2 of 3 furnaces in continuous operation. .

On necount of the high CC combustion inside the furnmace the waste gases
contain only a smoll content of CU. For combustion and control of the gos .
temperature in the hood less nir is consequently nceded in the KALLDO "prc’u‘:’eu than
by top blowiny. On nccount of this the required ocpacity of the gas cleaning plant

is cbout 50% of the same for an LD plcnt producing the snme cmount of steel and
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The results obtained ct Dommarvet end SOLLAC, in vhich plants the process hns

been operated for the longest time, are given in tab. 3.

The effective avernge operction time ot Domnarvet's 30 tons furnoce is T2
minutes and in nddition to thet 10 minutes for fettling ond mnintennnce. The totel
time corresponds to o weekly production of 3700 ingot ton. The maximum production
obtained so far is 3844 ton, but in genersal the prodv-+’ s limited bocause of
oxygen shortness. Delays of this or similer rensons are not included in the figures
given in the table.

it SOLLLC the non-blowing time is somewhnt longer due to sernp cherging and the
aftererotaotion prerctico. Llso in this casc deloy time, not depending on the KALDO
operntion, is excluded.

Eogmopjo veluotion

] A cost compo,rison ot Domarvet between ALDO and the basic bessemer process, of
which the lettor nccording to common opinion gives lower steel pricc than pny other
eteel method, is shown in tab. 40 and 4b. ' ' '

According to table 4o the cha.rge cost for iKLiDO is significontly lowor due to i

len rcquirement of pig iron. ubout 10% of the steel is nemely obtained from iron ﬂ
oonta.i.ned in the ore, the price of which is only 40% of thet of the blost furnaco S
meta.l. Besides, the Pe-yicld is 2% better thon in the bessemer. Jilso in the ;
bauemr operntion the surplus hent is moinly ut;lizod eor reduction of ore. ’ 3

The teable shows thot the conversion cost is higher in the XiLDO than in the
bossemer process. but ot Domncrvet this extre cxpense is balanced by lower charge
cost, making the KiLLDO steel 1. 6% cheuper than the bessemer steel.

In tnble 4b the conVersion cost is spht up in some items of special interest.
Thus it shows that the lin:mg cost (which mcludes ‘wrecking, relining, all refractory
matericls and hoanng) in spite of relatively big weer is only 3. 4% of the steel

prioce oompo,red with 2. 17» ct the bessemer steel. From the toble it con easily be g
ocalculated thet the totol lining cost in the .(ALDO process corresponds to a differenco

of about 4% in charge cost and thus ensily can be compensoted for.

The sa.ving on chorged materinl, o consequence of the good hent utilisation in
the KALDO process, oan also be made with scrap os coolant if the scrop is chooper
thon the hot metal. This con be illultra.ted through o compurison with the 1D
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process, using hot metal with low phosphorus content ond asbout 1% Si. s o ground
for this comparison the fijures cppecring in United Nations' ECE publicntiom - .. -
"Compnrison of Steel-making Processes", issued 1902 (5) heave heen used.

Table 5 shows the metnllic chorge fur LD ope:'ntion with 25% screp aceording to
table 20 in the IZCE pubiic~tion nnd for the .uDO cperation et Sheron nceording to
{toble 2 above, In order to have r more correct comparison, the matericl required:
for au is, however, andjuster Vo the same teeming lors whick hns beon cnloulated
with in FCE's publiecetion.

If the price rotio betwcen serap ond hot metnl is cnlled P.R and the pig iron
costs Py per ton, the saving for metallic charge in the KiLDU process with the

W
consumption shown in inble 3 will be

A CCh = 't‘mi(O.179 - 0.159 . P'R)

The saving, =& calculated from this oquation, is given in Fig,.4. Normally the
price of high grade coumercicl scrop is nbout 80% of the hot metal price. In ;thin
onsc the cost for the netallio cherge in &LLDO is 0.0SZoPm lower than in LD, i.e.
about 10 Sw.Fr. per ton. In meny cnses the price of sorap is still lower and with
cn inerensed amount of LD plants, which only melt the sernp ciroulsting in the plant,
the supply of commercicl sercp for other processes will probably increase. {ALDO
cnn in this cose very welll compete with the open hearth and ere furnaces for melting
such s¢rap. In the ECE publiecntion (%) the conversion cost in KALDO furnocces is
colouloted ns 70% of the same in open heorth cond only 60% of the electric melting if
the power cost is V.06 Sw.Fr./sWh, '

In the nbove compnrison no profit that ocn be derived from metalluryiesl
performance oi the process has been considered. fith the independence of the hot
metel composition and freedon to mnke use of scrap, cold pig irom or ore, also as
fine-grained concentrnte, there is a gren*(. possibility to choose the charge
composition which is the chenpest aveileble. '

is oa exomple production of deep drnwing sheet of highest guclity (max 0.019% P)
from bnsic bessewer iron cnn be mentioned. Very important at such o production is
the quality yield, which meens how much of the produced quantity that can be used for
the purpose it ie intended for nnd therefore is pnrid for at full price. Besides the
unthenntienl profit of & high quelity yield » uniform and high quality always
sntisfies the customers, rad thua increraes the possibility t¢ keep full production =

I B2-deeen den a1l ndnn) making nroReANp
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Some further discussion of the conversion cost could be of interest with
reference to 'the ECE publierntion (5),' in which these costs ere enlculnted per ingot
ton for different processes. is the casting cost when producing the some steel
grade must be n).108t indepéndent of the steel mcking process, ‘the conversion cost for
differcnt steel processes could, however, be better compared if finnl ndditione,
tapping ond cnsting were excladed. ' '

The costing cost i3 not specified in the ECE publiention, but for the
cnléulutions shown in ©oble 6 r conversion cost of 14 sw.Fr./t ingot end additional
3 Sw.Fr./t c(:pitnl cost hes been assumed. The lost figure is probably, due to
bigger heats end building, too low for an open hearth shop, but the difference is
significative for the process and for thot renson the same deduction has been mede
for o)l processes sclected in tatle 6. is distinguished from ECE's colculaticns the

oxygen hos been includcd in the conversion costs in toble 6. Finishing and cnsting

have been excluded also from the totnl production cost but the figures arc still

referring to ingot weight, which has no influence on the relative conversion ond
copital costs.
From the table it is cleer that the conversion cost in all the selected steel

processes is very small compared to the other costs, moinly the charged meterinrl.

apmix

Counsequently the lergest profit cen be made by increeasing the steel yield ond

[~

utilizing the cheapest metnllic charge composition.
The ECE publicntion (5) hes nlso caleculoted the irvestment cost for different

steel processes nnd thereby tlso considerel the investment required for iron moking

e e N

end other materisl needed. In table 7 some of these investment cosis for e biy
integrnted stecl works (3 mill %on) erz listec. For the KALDO process the
investment in iron making and coke production is, however, adjusted to 40% scrop in
the cherge, vhich is o rcasonable figure for both common basic besscmer iron ond
low-phosphorus iron with about 1.0% Si.  The jnvestment cost for oXxygen is nlso
covering power yenerction for the oxygen plent. The :U.LDO process is in toble 10
only compared with the more conmon wethods for refining blast furnnce metal to steel

but both 50 and 30Uk scrrp in the eharge for the open hearth has been ineluded.

In spite of o 16% higher investment cest for o i\LDL shop, eompared to D and

LDiC, the total investment cost for an integroted stecl vorks using the KLLDO wethod
is 10% lower thon for o plent bosed on the 1D or L..C proecesascs. This is o

consequence of the lower hot metal requirewent for K..LDO production when serap is used |

as coolant.
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| ! _ SOLLAC 1 8haron i Dommarved
— e - g — mp—
Hot motal onslyses % '3.6C 058 @ 4435C 1.0 8i | 3.6C 0.) 84
: : 0.35 4n 1.75 P | 0.4 Mo 0.08 P | 0.7 Mo 1.05 P
' Biown wetel anelyses’ % | 0.05C 0.25 © 0.08C |
Chargeds Hot metal kg | 670 6% 11016 ; _;
" Berop kg | 403 (C.OWCy | a0 o
5 0.3 Mn) : Loy
. ore kg | 20 (pellets) & (pelless)| 170 (628 r.§ .
L N Ml
g i Lime kg | 103 40 18
| Oxygen. sonsumption | 62 ! ] ' ® |
! fotal metallic sharge ' C
' inel. Fe in ore kg | 1089 1083 1120
| Oxidined C, 8i, ¥a, P kg [ 4 3% 4 |
' Oxidisied iron in slag kg | 28 13 . S
| Purther iron loss imsl, ! .
i Po in 'dust kg 3 . 3 M :
" Utiliged heat for serap ‘3 -3 : _;3
' melting onl ore eel : 161 x 1V 193 x 10 212 x 10
. redustion , . ' :
Dio per metric tom 3 ;] S
of ot motal Real ' 240 x 10 235 x 10 209 x 10

;
t—
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emeretw o mmem—an ~
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Vossel sises Inside shell dfohoter = wm

Liquid steel per heot = tcn
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Bagio Bessemor Stecl et Domperved
(Per ton liquid steol) .

Tob. 4o and 4b

Quentity, kg Relntive cost, %
BB ’ KiLDO BB | KALDO
Chegied® 1 ]
Hot metel 1116 1016 90.%9 82.91
Scrt.p v - 0.6% -
vre (61% Pe) 45 170 J.88 3.3
Credits
Slng 29 276 6,45 , 6.0l
Sorcp 10 16 § 122 0 0.98
.- » 3
Totel charge cost 89.55 | 83.37
Conversion cost P> ] ‘ 14,86
2roduction cost, totel 1 100,00 , 98.43
dsble 4b
Spseiticction of Cenversicn Cost
BB KLLDO | Diff. between
KALDO and BB
! >
Refreetories and relining 2.09 3.44 1.33
Blalt end om.n 1045 2040 0095
Purnnee operction incl. grns cleaning 1.86 3.19 1,33
Raw materinl and sleg tronsport 0.74 0.66 - 0.08
Share of steel dpt ccmmon cost,
administretion end eapital 4.31 3.17 0.86
Total 10,493 t‘o.as 4.:1-]




, Iahia 2
Dese fox salaniation. of scat £or atchiia. ARGESS
shas naiag Acyeohosshorn dkon xASA Lotk Ads

Rg/t ingot ct 2.!5‘ .ﬁn-lng loss.

| ot metel Lot . ees
| Sexcp | awy | w2
[ Totnl metrllies '1130 1110
; Purncce loss I () : (V]
‘;!Otntna loss - 1 » 1 »

lshis.$

(Sw.Pr. per imgot tonm)
(C leuloted from ECE-report, ref. s)

i quoality ' Low=phosphores . Hi h=phosphorus
e
Process W Ko | B LG | xibo
: ‘ ¢ with |
‘l Hu/Sorep % | TO/N 5u/5¢ | 75/35 76/3C 35/48 | 03 73/28 '70/10 53/49

M ocaversion oost - 32,7 33,67 16.7[ 2.8 213 19.2:19. 1.8 2.6

| Cupitrl cost

. Conv. cost %
of totol

| Capital cost
of total

}

; i
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