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G, Cedorvall, Netallurgical Engineer, BIDEROX 5.A. Geneva, Switsesland

The Rebeverria Ore leduotion Prosess wes doveloped in Spais *o pre e &
low cost, high prade substitute for ..ol sorap. 1t usen ores of shout 80 Qﬁr
sontent, in luwp, sinter or pellet form and prastically anmy solid sesbonat |
fuel as reductant, The ore and redusing agent are charged in oﬁonlllr W
shafts of comparatively small eross seetion dimensions. Por the heating of the
shafts fael oil, natural gas, producer gas o%6. may be used. The reduetion
takes place in solid phase ot sbout 10350°C, The iron produet which contaias
90+94 % total Fo at 90-95 jo metallisation is uniform in @iality and sise and
is an excellent charge material for electrie arve furmaces, cupolas and oxygen
ocaverters, ,

The Echeverria Process is sisple and flexidle. It roguires lov investoent
costs and can operate economically on o small scale, These features sehe s
of speeial interest to developing sountries. ey

GE.63=13341




STEEL SYWP. 1963/
Technicnl Paper/B.7
page 2

1. Introduetion
(a) Zarly in th> 1950's the quality steelworks of Patricio Echeverria $.A., at
Logaspia in Northern Spain, found they did not have enough steel serap. The
Company decided to investigute the possibilities of building an ore reduction
unit of moderate capacity in which the operation would be based on medium grade
homatite and anthracite of high osh content available from deposits nearbdy.
The unit would produce sponge iron as a high grade substitute for serap. This
lead to the design of a simple ore reduction process which proved to require low
specific investiuent cosis and to be able to operate at acceptable production costs,
(b) The classic wethod of reducing iron or: by means of o solid reductant is
through a shaft furncce process, Zcheverria chose this primeciple, However,
adding necessary heat to cumpensate for the endothermic balance of the reduction
reactions by direct heating uf the charge would have lond to the conplicated and
capital-consuming blast furnace process. Instead Patricio Echeverria S.A. chose
to add the hoat indirectly through externsl heating of the reduction shaft by
means of producer gas. This necessitated the design of small diameter shafts
to allow heat transfor to the centre of the shaft without too large temperature
difference between the wall end the centre. To further fucilitate heat tramsfer,
the reduotion shoft walls were made of cast sections of heat vesisting steel.,
As the reduction would take place without melting of the material it was necessary
to avuid reoxidation of the reduced product.,  This was accomplished by equipping
the lower part of the shaft with water cool ing so that the dischage poterials
oould leave the furnnce at sufficiently low temperature. A certain surplus of
anthracite had toc be used to prevent the material from sticking to the hot shaft
walls, 7This made nccessary a simple¢ magnetie separation of the discharge
materials for the recovery of the reductant, A simple flotation washer was used
for the separation of ishes {rom usable reductiant.
(¢) Following several ycars' pilot plant iri s and experimentation the industrial
Beheverria plant was uble to siord its operation in 1958,  The plant had an
initisl capacity of 10,000 t.p.n, of spon.e iron, which hes subsequently been
inereased tu 20,000 t,p.a. The iron product is used s part charge for the
eleetric steclng'iing, furnaces producing hijl orade and +11ley steols,
(d) Professor . artin Viberg, Stocihiolm, roporied on the icheverria Process at

\lm Seeond Lotinemerican Congress of Steclmaking in Buenos Aires in July 1962.1
W
Wiberg hartin,  jgenicas iodernas en el altc ilernug  evista Latinoamericana de

siderurpin, so. 29/30, p.l2 (Sepiember/0ctober 1962) and No. 31, p.23-24
(Novenber 1962)
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(a) The Echeverria Ore aeduetion Plant is o complete entity, comprising:-
Raw matericl stockyard
Ore orushin; and sereening equipment
Forty ore reducticn retorts
Two gas producers
Magnetic separation equipment

Flotation washer for the recovery of
excess reducing azent

Genernl services of water, eleetrin energy ole,
) m shows a goneral layout of the Legaspia plant and the more
important dimensions.,
(e) An outside view of the plant is given in Fig. 2. ;
(4) [Fige 3 shows n row of steel sheet mantled reductior. shafts at Legaspia.
Ressription of Process
(a) A flow sheet for the Echeverria Process as practised at Legaspia is
given in Fig, 4.
(b) The process is based on the reduetion of iren ore through a sulid
reducing agent, st an elevated temperature, in a vertical retort, externally
heated,
(e) The iron ore is rceeived at the plant in unprepared state. It is off-
loaded into storage bays and transferred to the ore preparation section as
required,
(d) The orc is erushed by one of two 10 ton/hour jaw crushers set at 50 mm.
and transforred to a rotary sereen via a bucket elevator, The fines are
soreened out and subsequently used in the steciwvorks for decarbonization in the
eleetric arc furnace practice. The + 10 mm. fraction falls into one of the
rav material hoppers. Prepared limestone and redueing agont (anthracite of
25 % ash, - 25 reu. + 8 mm. sise) are roceived at the plant ond transferred
direet to storage hoppers.
(e) Prom these storage huppers the prepared materials are discharged inty a
drop bottom bucket and clevated by an overhead crane to the respoctive bays on
the retort charging platfurm. This platform is level with the top of the
retorts, the raw matericls being hand fed into the receiving hoppeypreheater of
each retort in soet proportion.
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(£) A swall amount uf limestone is mixed with the charge to prevent any sulpbur
piekeup by the ore from the reducing agent,
(g) Diagrammutic cross section of a revort is given in Fig, 3. It will be
noted from this diagram that the revort way be divided into three sones, these
being

a) Prehoating sone

b) Redueing sone

e) Cuuling and discharge zone
{(h) Prohoating of the charge is achieved by the introdustion of air intoc the
base of the preheater,

(i) Carbon monoxide resultin: from the reaetion between the redusing agemt and '; f‘
orfe in the hot redueing sone burns together with a small fraction of the
reducing agent within the preheater., The amount of proheat is regulated Ly \

eomtrol of the air flow into this zone., As the pricess is continuous the
waterial in the preheater is gravity fed into the retort proper. The retort
eclumn is some 10 netres high, cirecular in horisontal cross section, and is
slightly tapered to permit the frev descent of the uaterial colump, The yetort
is construeted of cight secetions, each section is a casting of alioy etoel ,
suitable fur prolomged ovperations at clevated temperatur:s, !
(3) The retort stunds within o refrnctory lined ovem, and is externally heated
by the combustion of produecer gos betweun the retort and the refractory lining,
The charge slowly desccnds frum the prohester, duwn the retort shaft and into ! \
the ccoling/dischorge zone. This zone is divided into three sections. Firstly,

there is a water—cooled jacket dirvetly boneath the retort shaft, Secondly,

there is o water-cvoled double spiril discharge from the eocling sune feeding
tu the third seetion which is o lock houpper discharge,

(k) The time taken from eharse to discharge is approximately forty-eight hours
depending, of course, on redueibility of the vre., Saech retort unit has o
rating of approximotely 1.4 ton of irun product per day,

(1) The lock hopper of each retort is emptied once per shift, The product is

screened into three fractions o - 15 ru,, 15 = 30 mm., + 30 ., and is

magnetically soparated.  The nun=ictallics pass to a flotatiun type washer where
the execes anthreocite used in the charge is reecovered and reeirculated back to

the apthrecit. bin,  Thoe ealeined limestone, ash and yangue particles are

tipp.-d to waste,
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(m) 1t will bo noted from the ibove description that th. plant and the procoss
are simple and straight forward. In the plant the whole operation is controlled
by a minimum of instrumentitivn, There -re two pyrometers per unit to measure
the temperature of the combustion ynses betweon the retort and the rufractory
’ casing. The burnor settings are adjusted to maintain a temperature reading of
between 1000°C und 1100°C.  Overheating would adversely affect tho 1ife of the
alloy steel castings and might cause "senbbing" within the retort, Operations
of below the uptimun tempersture level would decrease the production rate per
retort unit,
(n) The spiral discharge, at the base of the water couled jacket, as of
variable speed and is :djusted to control retort throughput and thus give the
required dogrce of reduction in the iron produet, This is usually within the
9% % = 92 % rango,
(o) Typieal nnalyses of ore regularly utilized and resultant spcnge iron
analyses aru given in Iable 1. analyses of other raw materials are given in
Igble 2. apart frum the SORIA and BILBAC ores in Table 1, other iron bearing
materials have been processed and relevant anclyses are quoted in Tabl: 3.

Erocess Reguirements

(a) Ircn Orgs
(1) The rendily reducible Spanish hematite and limonite ores are used
for the production of sponge iron at Patriciv Echeverriag S.A. Experimunts
with more dense hematite ores and mametites made so far were less successful
due to the inhcrent irreducibility of these ores, No doubt erushing of
the ores am sintering ur pelletizing and burning would make them more
amenable tu Eeheverria treatneul through inereased porosity., In the ecase
of mognetites tho sintering process should then conveniently be carried out
in a woy that the F03(} 4 be oxidized to Fc2(13 which would further inorease
the roducivility,
(1) The irun res utilizod should alsc not have o low fusion point
characteristic s "scubbiny" un the inside of the retort cclumn may result
if softenin: of the particles ceeur at vperating toemperaturces,

(b) Reducing Agent
Anthracite of hi h ash content is normally utilized as the reducing agent,

High grade antheacite cnd charcoal have been used with suzcess, but the higher

price of these twou euwodities rules out their regular .pplication in proeference

to the cheaper low irade anthracite,
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b,

(¢) Elsgbcis Brorgy
gleetric energy consumption for the emtire ore reduction plant is
approximataly 11C kih/ton ircn product, This figure ineludes conswmption forie
rav material b .ndling, erushing amd sereening, retort operation,
gas production, magnetie separataon, blower fans, oxtraction fams,
washer operstion, eranes - clevators, 1ift, plant lighting,
water oiroulatiun,
(4) Eatexr
The oirculating water requiremont is approximately 1 w) water/ton reduced
fron, The plont is cquipped with three 10 h.p. water pusps, There are two
fupoed air dr-uht water coolers, Cuosling of the water is; however, not usually
practised as o plentiful supply of fresh water is normlly aveilablo at the
Spanish works,
(o) jubenr
(i) The plant manning isg=
one ongineot
ofic Foreman  and
36 unskilled worieson, . .

{34) On cach shift there sre seven men, One of thew handles the tramspord
of raw materisls., At the top level there are two ochargers. Two mett afe
Jueated 1t the level of the burners and pyrometer panel. Ose man desls
with the extraction ad eonveying of the spungoe iros and ome man is
stationed ot the gas producers.

{a) The capital cosi .f the coemlete plant to pruduce 20,000 t.p.a. vI sponge
iron, iueluding building and scrvicos was equivalent to $ 35 per ommmal ton of
product.

(4) The tullowing numinal prices may be assuted fur computing approximate

operating custsy

L1
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Irun ore of 60 % Fo as quarried, $ 8.5 per ton
delivered to site

Gas coal delivered to plant $ 14,0 per ton
Low grade anthracite delivered 8 14,0 per ton
to plant
Prepored limestone deliverod ' $ 3.0 per ton
to plant ,
Blootric enorgy 7 $ 0,012 per kih
Labour $ 0.7 per man hour

(b) Using above unit costs a total cost for the production of one ton of reduced
fron of 8 44,355 may be caleulated, as shown in Table 4.

(e) It is realised that the Spanish plant is mot thermally effieient., Under
oiroumstances difforent to those existing at the works considerable improvements
sould Le mndo to improve the thermal efficiency without nffecting the simplicity
of the prucess, and with only slight additions to the capital costs,

(8) It is ocumsidored that by using the hoat content of the waste gas to proheat
the air for combustion o saving of .t least $ 3.5 per ton could be offected.
iame Theoretic isspecis of the Echevy Proges

(a) In the ich ants remain in solid phase and are
indirectly hented to the reaction temperaturo, One might fear that such a
process would show o fairly slow raaetion rate, However, an Echoverrin shaft
at Logaspia has o resction volume of about 1m3 and produces about 1.9 tons per
day of reduced irun product. ‘“his specifie produetion figure 1.5 tons/m3 per
day compares favourably with the corresponding figure for o modern hlast furnace,
vhioh is about 2 tons/m3 per day, This is nv doubt due to, among other things,
the use of classificd ore of good reducibility, By the sisming of the ore and
the so0lid reductant the oharye boecomes porous, thus permitting go.d eireulation
of the CO formed during the solid/solid reduetion process, with o high degree of
indirect roduction as o rosalt, In faect, the eonsumption of 320 kg anthracite
of 62.% fixed carbon content fur the reduction of hematite ore, tc yleld one
tun of sponge iron eontaining 93 % t.tal Fe of 90 % metillisation, corresponds
to an indircet reduction of 53 %, In normal blast furnice practice ~n indireet
reductionaf 30 - 35 % is obtained.

everrin Process the renot
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(b) On the question of possible sticking cfreduced material to tae hot walls of
the Beheverria shafts it may be mentioncd that thrcuch o slight excess of
anthracite and tempoerature control of the reduction part of the shaft the danger
of stieking hns boen completely climanated at Legaspia.

(¢) Another point often raised in regard to irun rcduced in solid phase is the
possible risk of rooxidation, 4s has often becn quoted by authors on sponge
iron manufacturc; iron reduced by C and CO at about 1000°C is mot subjeet to any
noteworthy reuxidetion below 200°C.  The Echeverria iron is discharged from the
shaft well belouw ihat temperature and any reoxidation has not been noticed at

Legaspin,

(a) 1In order tu reduce capital custs of Echeverria Plaats further, it has been
proposed tou usc silicon carbide in the retorts instead of the present sections of
heat resistant stecl, The inercased thermal conductivity of this material and
the pussibility of successful .poration at higher temperatures arc factors

*

eonducive to raising the output per returt unit, It is anticipated that a
silicun carbide rctort will have an operating life at Jeast ogual to the present
15 = 18 months of the alloy steel castings. 4 trial silicon carbide retort has

recently Leen instolled ot Le };:.apie. and first operation rocults will bo available =

shortly,
{b) The existing plant is woll suited to meet the loeal requirements ofi=

relatively snall annual output

flexibility of operation

simplicity of operntion,
(¢) Houwever, the low capacity of caeh retort unit and the space it requires is
less eonducive to ihe application of these retorts tu large annual tonnage plants,
Therefore, to apply the prineiples of this process to large production units
certain modifieations and improvenents have beon made in the design of retorts
for prospeetive plunts,  Schenies have beon prepared for plants to produce up to
250,000 tons of spunge iron per annum, bamed on the Echeverria process., These
schomes incorporate several large ecapacity retorts of clongated horizontal eross
sceti.pn within + eomon oven, wodificd choryging and discharging mechaniams

erblang introduetion  f reducing ises into the retoert to be effected. Thi;

would rmake possable o doercase L€ s.1id reducing 1gent consumption, if required.




9,

»

STEEL SYMP, 196)
Technieal Paper/B,7
page 9

These large tonneze plonts have boen designed 5. as tu be almust fully automatic
in operation, thercby redueing lahour requirements. Capital costs of these plants
based un the Echoverria Pruecss iro esvinnled to be loss than $ 30 pcr anmunl $on
(sve Tgble 5) ~1d .n the bisis f iho previsusly quoted prices it is ostimated
that the resultant cust of jrun product would be approximately $ 35/tun, Using
cheap naturcl gos os the thermal souree it is estimated that the rosultant sponge
iron would eust less than $ 30 /ton,

ihe EKoheve 0

he Kok trgccss for Duvel.ping Countrics
(+) The Echeverria Cre heduction Prucess shows a number of features which nakos
it of cpeciul intcrest to the develuping countrics.

{®) Ofton the ercation .f steel industry in o developing country is Gependent

on some of the fcllowing conditionsge
(1) Local deposits of cres and fuels, iore uften high or medium grade
iron cres are available than coking e 1s, On thc .ther hand, bituminous
coals or luw grade anthracitc are availuble in many exses,  Sometimos there
are sources of notural pas in the cvuntry,
(2) & rapidly inereising need for genvral ecnstruction ;teela, sonerete
reinforcenent b.rs, stucls for simple touls cte,
(3) Very littlo stcel serap is available in the country,
(4) Availability of unskilled 1abour,
(5) The govermment and othor loesl interests would like tu stort a steed
imdustry on o small seale with possibilitios of expansion,

(¢) The Echeverria Ore heducticn Process ful fils the abuve requireincuis, Its

odvantages inoludos-
(1) fhe process is indcpondent of the nveilahility of metallurgieal ecke,
It may usc ;.8 reduetant any solid carbonnecous fucl such as anthraeite of
high ash cuntent .r char frou the eharring of bituninous csals, In the
latter cuse the yns from the charring operation may be used for the aextornnl
benting, of the reduction shafts,
(2) The Behoverrin rineiplc lends itself b, the dusign of both small and
larze capacity plants. .. 5,000 tons/onnus plant may be uperated eeonomically,

A 250,000 tuns per anoum projeet has buen elaborated assuming the arrangemont

vof the rotorts in battery type furnaccs.
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(3) Investment ecsts ire very lows,  For u eonventiunal Echeverria plant
thoy vary butwevn 8 35 :nd 65 per annuil ton of iron product depending on
plant sizv, dogrev of mechanigation ote,, whercas for a blast furnace complox
with cuke wvene they wre  f the crder of 8 90 to 8 100 per annual ton,  The
use of silicon c.rbid¢ in the reduetion rotorts and the modificd design using
several clungoicd retorts in cne sinzle combustion chamber will bring down
Boehovorric invesiment costs further to the order of 3 20 to 30 per anmual
tun,

€4) “he process is siwplc.,  Thore is an absclute minimun of instrumentation
and the planit iy be successfully operated by unskilled labour,

{3) Zueh retort is an indopondent unit, Therefore maximum flexibility is
possiblc, and the plant ¢ paeity mey be readily inercosed.

{6) No.complex machincry is requirod., most 4 the oquipment cam be
obtained loenlly, whieh linits the need for fureign exechange in plant
purchasing,

{7) The rcduecd iron produet is uniforn in quality and of euntrolled sise.
It is very suitable a8 part .f the charge in clectrie are and open henrth
stoclokin, furnacce, cupclas and oxysun steel eonverters,

{8) Thu deheverrin Proecss has beon in successful eontinucus operation on
an industricl seale for sovoral years,

On tht, ;ﬁrt of Giderck S.aey Goneva, the liconsors of the Echovorria Ore
Reduetivn Proecss, the suthur wishes to oxpress his sincere thonks to Ne, C, F, Joffries
of kessrs. Campbell, Gifford ind worion Ltd., “eybridse, Surrcy, Englund, consultants
to diderox b.A. -n Zeheverria projeeis, for eapoble and intorested partieipation in

the preparation of this paper.  Thanks are clsc due tv hre .. Akerman, Manager of the
Ore doducetion Plant of Potricdo Zeheverric S.a., Legagpia, Spain, for his kind
contribution through supply of necesaary plani cperation date and valuable viowpoints
on praetieal nd thooretie aspeets T Lho Ichoverria Process,
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eﬁtsii‘l Ore 59.6 0,5 V 1.0 0192 L 3.3

Bif Orv 65,2 3,3 - 007 2,0 .
Bvedish Pellots 66 24 . 0088 03

Prom Cerain Ore 81.7 90,6 90,2 JO0
Prom 2if Ore 78,6 9.3 86,2 0,040
87.1 93,3 9.3 0,03

 Prem &nﬁiﬁz Pellots 79.3 8y 89,5 0,082
Prom Sorls Ore 2.9 9.8 %.2 0,080
Palions 84.9 92,5 9.1 o.013
86.9 93.4 93,0 a;sﬁ

The Soria Oro Pellets were reduced withk Chareonl.
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Plant eapitul cosis $ 7C0,000

ammual production of sponge irsn of 9% tetal 20,000 meteic tons
Fo sontont at 99 ;o Fo reeovery

Production corts:
Irom ors) 60 AFe kam . K5O 1,51 13,3
Anthraeitc LR e 0,32 4,48

Linestune 7 o .00 0,05 0.19

Opurating supplios S ‘ 0.2%
and tools 7 | i !

Kaintonanes, ropair g  7 O e

plus provision fop
Tuhvwal

Labwr  pehwrsofe ¢ a0

genoral ousts e S

Dopreefation and imtorost at 10 & ' 3.%0

*

Tutal Cost .t Behoverris Iron Produet
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The plant would commist of 60 clonprted silioon carbide rvtorts arranged
in three rows of fivy units, { ur retorts por unit, Capacity of ensh
relurt = 5.7 tuns of reduccd irun per day,

Equipment fub Vost Buripean port 3

13 reduetion uniis ineluding 120,000
wil burnors
Magnetie suparators, washors ‘ 70,000
Raw mntericl storn.: and hendl ing 483,000 .
egquipuent
Equipment for distribution 84,000
of eluetrie vncrgy and woter
Miseollancous itens 93,000
Total equiprent fob 1,432,000
Contingoneios 10 i : S 143,000
Preight chirzus 8 % : s 116,000
Ereetion and inetallution 20 % | 290,000
Building, T x 29 x YV & 225,000
Subtotal 2,228,000
Bogineering 20 5 “ 446,000
Batimated total eust of plant 2,674,000

Bxeluding: Site, sivo preparaticn, stores, sparcs, working eapital, runds,
railweys, pollotising cquipment (if required), insurance charges,
durupenn supurvision charges, autunation of moterial bandling,
impori toxes and levies,
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Eigs J: A row of steel sueet mantled dcteverria
saafts at tiae legazzia plant,





















