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ÜtHÄ 

1ft* «•*•«* aVarrffea th.  aaait criteti« hr actfava« simwl«! bc 
tèaafv««' »? thoar «tu* VIT N- tailed «pur. to tvalttatr direct 
rrAartlr« ff»r thr 4#vr tapit*- ttaH«**«, «fat m%wm «Í tar "p.fBf 

•*  '«*l* »*«• to IM  Hefter »ntterstotw» «ml Jtttllrfotttly 

•I tftj* f»mJuwriit»!• «aptleaal« te «It rrocpütts «r« ceverté', 
«axfc M a**>a«e Iron reavtéatlc* nml tW fttatlty, »clertla«, «tal 
taattfly mi ore,  ant» thr «fifírriap fMmairtrr« vttich aj»fity tt* 

If«» ****** ti«» tm ttm Ima» «jtrfcet awf fot export. 

the Searflur, Troc* « 5 ir I riti m" Kr «kbatea the relative 
*****»»* »•• "»Mi»!«« ***• Mi "atatic Wtf* ca«xr?ti, «ai 
táWtacr •* «at §•• roaMaaptiu* |« the e**cstial caaparatf«* 
etIteri«* rather thaa tet«t energy eeat «ai «roreiti eífieieccy. 



ijrr*oöucnoN 

Ther**  Ir.  a lurneont >t;   «V-MCU   !«»r   imbiuti .«il   in ;.-p, ,,,i, n, ,    ¡n ,ju,   devclupliv 
tuition, oi   eh«- ver Id .mi  M. « l^aklnj-   ¡ariliUi . -u      h.kn: er,..n  .IM   HI 

»•»»ential   first   .step,     ùircel   reductio will   piny  .1   ptinei|»al   rolo   In  this 
Internal  «irvi top*,«',¡t  and growth,   ., role   to whlca  It   I •;  »ini<ii:o!y   appHc.ihh . 
It   I» hoped  that   la»   pi »Mut.u ion nvri-  01   .unit- oi   th.-  c<-n< hi,   ow  «imwn 
ft«M the author's  l> yens  oí   c i o.--c  a.sor j;it»«m with  i «...   stit.|.-tl   will   twip 
toward n better mi ,'.«•» standing «f   the present   «»¿iy -»roble-n«« el     poiyine. di re« t 
reduction to the  IM ed., of the «¡rvelopinf, count H «t. 

Prior to 1958  th*-  'mbjert   of dlrc.t  riduci Inn l¡«1f   lítele mon   than academic 
interest  ior  the I.M |or «.tt-i-imiker«.    There was* ,1! (<>M      -m>tit»t.l   opposition 
by  the CKtabllshc«!  «teeI   fraternity  to the  term "   >oi,,.    iron.       Much of  this 
resistance was |*,• rntccl by   the pt .usóte, ri* of «Uree   v   IttctU^ making extrn- 
vagant claims  for the mpir  qualities  af  -.ponre  I r< a     1«? prcdic tt:n>  tluit 
direct   reduction would put   the blast   furnace "out  of    • •• sinews.'*     Sophisticated 
steelmakers argued validly  th.it   th»   errinomi <-•; of  dftcci   ruin, f-ion  eon id not  ht 
properly evaluated without   reliar it   commercial -Sca1c cost fi.it.i   for  ihr cntln 
•teelswklng sequence   trora ore to   irif/ot.     They also criticfr.od fjbtitJnd plan» 
invests*;.'   ro»t  estimates   limited  to th»-  hou retarle*  of  the red«» 1 Ion unit   only 
without   includiti-, üll   the necessary ancillary procediti*»  31..1 ofísiie  t icllltJea. 

An essential   Ingrédient «Uo 1-eking nt   th.it  time war   rclinMr   .nformttlon 
and operating experience on  the co*t  nnd technique  o|   «onverurn    sponde  ir«.n 
to atee!.     Tliifi,   oi  course,   has undergone sicnM leant  chance iti  thi   pas»   lr> 
yeart  and  reliable  electric   furnace  opérât In.--, dala  ar«    now available  based 
on the conversion of raillions ol   ton    «i   ápouj-.e «ton  U>  .-Ucci.     In  iati, 
reduced  lion,  as  spönne  itou, ..Rtt.tüíi d pellets 01   briquettes,   is  n.*# widely 
accepted by  the metillurri-jt   and  -stcrlanker alile as  a der.ii .Me  source of 
hit;h-pradc metalli« s.     AI mo y l  without   exception th.   m i }or  '¡te!   producer» 
around the world h.-ve Leeted apongo iron  In roost  of   1 hi»  c«wiv<"., tonal   steel* 
Baking Processen with good rcoul ta and have alt;o ffy-nui  it  aupi   lor  to strap 
•• the coolant   in axvgen converters,.     However,  llier     ir,  definì-.-  need  tor 
the devetoprmnt of  new efficient  methods   for melt i tip,    ponp«   Irtn   to produce 
large quantitter, oi   hot metal  other  than the electric   furnace. 

Unfortunately,   it   1»  not a  simple matter  to evaluate   l   e appi ¡caricai of 
direct reduction to  .he developing nations.     There ate dimitir»   .'trieronten 
between steelmakiiij: with pij«,  «ron,  «trap, and ¿ponge  iron, a-, | r>. norallznt 11ms 
«bout operating cost,  plant  investment cost,  optimum plant *»*#,   profitability, 
etc.,  should not be sasde without   lull knowledge of   t>. • present state of tr«h- 
iilcal development and the applicability of each of thi    li net reduction pro« 
cesses to the individual case. 

mam 



In asa» localtttr     t?w < i o«wl<    f*». lr*rr   ir» not  m«rl>   a» restrittive- a« 
©a* night   as<tttn*     n*J  rt. K    .. ...», ti»»      four.I  ft'   he  .*< t '.pt.'tHr   it   «ttr- 
priilarty hi|h tivH«,  i» »rt »*-U* »-  whirr p«-ï ft lr«l. -worta^   »»J  «ml*. trial 
iadrpcarfence *rr «  »Uni  ?<irt  *»:   *h*   rvji>»jt >.«».     ThU vraM *w*t be  tin« in 
highly  i mliii.tr i al »/.«  i-nvlronnv,  m-ih «»  t »,   u.j».A,f   iw* |.tirt*n-*a Cantinea«, 
•ml  J*f»«t»,   ©f   vini.     Ihr  )-»    .fu   »     i      io  Kr   s«*!  ;    ir»   ff-    v*"-M  .«.«riel,   tmt   It    I«, 
andralnhly  tnir  tn m.t»v r.^tn, * vi«-re dir« rt  rt -air M m  u »eia« ntttrfictf as 
« «Na*   'or prorfmirv    »trrl   f »r     orti   ro*mfa*>tl<*t  to replace  importr«!  trwl- 
flaiahrrf or  finish, d *tr«i  p»t*l»(t*,  er raw «atería!*, tn produrr steel. 

There 1*  llttl..  »in.(í»t  th.it   th*   #»v(«t  of dtn-rt n^llmi Has .«»rrive«!, hat 
U a*t»t he Í«Ult|R»;»Hy  *f*> 1 í..i  tv the proprr t>aw<r<i 

1UST USUACI: ¥f,t irfarrr syiOTtna 

Attesati  tn r««^«rc  the rrUtlvc v'aaility  f^r the «Vvclaalftf* natío» of « 
awl ti-«l Ulan tem h last  far **•«•• t<oke Mti taaa»tr* ami a 700,000 ta 500,000 
ta» ¿treet-retfactin«    ¡«tat   *,* f i«.*.»» fraftlasa mal reaaaaalaîa far mich 
•r tfta canillón «ai  «mndin« m pr«p»r rv.Jaallr« «f JJrert recacela* la lia 
c*m ti*ht.    ir for* thr mlm-nt of .Hurt  retfttrtifMi there waa ao alternativ« 
proreéar* rwrtily avatLiafc.    «,w that tèrre- ta,  tt 1« utili nat »i«ajiy a 
a*tier of  choosing o**r t»r  th* *>tbrr. 

Ther»   art  awtn» aVvttopir<r. roani tie« wwef«   ^U-pi   farrnaeaiare »raie  »toi- 
awk»  of   ISO,000   to   t'jfi.fWm   f.a*   p,r   y, .f   f-   thr-   opllatm  ai**,      Thr   'umr*- 
rional «atti-»* llfon tt* t.».ii • ritmare  't^-lwcfl,   »    ((t i the «jptiaum *i*e 
for aieal  of th*«!   lavelli'*»   » ,  ín^ru* tlrttafe  for otfur i^u.îî,  ipi.ml 
trisaaoaa,     ta wo-t   f'.vrloflaj   -  -»«*rf«.<,  r*Prr  is Irr»'f tricar popa ta H»« 
tarai «V^nrwl, a»4 parcha* ta*t , <**t  to   |u¡Ulv  lattiti!*  mtrh  t<irKv-:,% «1« 
installation«.     The petp. tuât f»o  nf   f>--  <;,a r-r»,;nr,   cypemiltHrrs  for   H»* 
àaawrtattfMt uf CI»MHR roal  ***>•  ihr »trlmt.« a>test«^i   ^  tt* iatttrr availability 
mñt  *t<m br  ro»ni,l«rtd.     í'-r^   -f   •*! .! . »N»M-a ^,,»»1,«,»  ,*»«. „t.t» t.««» »rtitr   ta 
aaw lmaliti.s to a>njt  i^'.iîl^ l»»r,i — «î,   (.,^rUrn,   -aaf d«T carrât l^rd 
ar#»« éewInpwat  w*nil# |»rt t    >»y  |*<   «»» si. .»Í4* . 

thr atr«lw»>i-t(s «or «*rv»-J<n » i *'», nntatriffl tinmltl ,• l s*. i,r »HÍrrate in *lw 
hfMaat.« »f ta«- ftanB*»«¡ j>»tí¡í » HM iati rr.-n r*l Hf •«• t fumar r-coki ove* 
aterí »ill  ,»**t,Un pr.'iiit |{# M».r*nrá «ritu«*«« ptoatitilr «Ire haa andrr- 
§oar mm; r*dii-tl af%*ai<: r •?(»«!* ovrr tar p« t l*i fv¿r%.    la its» a  I (»J in«, 
avtkarity rr>asla«rt«t ttn- >f Inn <cnfM<a>}t   m%u   la»^,r«tid »trrlworliii %MI 

•»t nilliiwt aaaual   •«»*.    ". K  >4 tr t«tf*r he *M* rom-ini-rd that the iterai 
rapacity %ws tao »tttt»« u•>**.    it  i, »^ r#atei*tr4 that  the minimali • romanie 
•la« la n»t  le«a th*n thri     to faar a4tlft>a t«»nî«. 

la raa*trtlan thli ta aw,  the prohl,« of  fiaaari^   Is  UMrdfat« ly apparmt, 
im iwveataawt ca»t prr ta oí cra*   Inptu gtrel for e grass-riiot« integrata* 

1« a Ualte* aatUas earaara« at^el iaaatitrr pvhlicattoa «a raap.lar, from 



$2'j¡ l..:..   tu.   .«nr.ii4l   tf   iv   n„   i-)r     ,,.,,   u, ¡,,.,-j   ,n .,„Mf, A-,.ri..i     viti. 

S110 t., »n»    osi.l,l,'tH   Mi.   W.  .f.m  furo... .-,n .U -.- ., . .      fi,;      ,,„.,llls   ,h|.   ,„„ 
i«   l.«rrd «Uh  . ¡,   ;„..    u, ,„    „j    ^ i,;,,   ,,     .,,,-,,  ¡ui,,n     ,   ,,_,,    _.   (#ii!  _   i,pi    tt> 

l«» r.».l]„i.   ',.„.   7-   .U,       1...«,,,.,    ,.,.,..       ... ,-    ,;!.,,,;,„.'.;,.:    J,].,   ,„,, 

Mirh  proji.f-   .   -ul i   »,    ,sn-f. . • .-ifc -.   . i.. . ,.• t al I .-   i.v    ,,l(n    ,,<   ti),    ,1-v, ),.;,<.... 
IMtfon-;   ti. ,M-í.   »»,,.   ,,,-n»   . -T»h.v:i.   .-*   'li' . < t    r<   i.(|¡nr    ,f    ..,»!,. 1 ,,nti , I ! v 
low. t    i   ||>   •   .í    . r... i     '.  .    ,  t ,, '   ,   ,»<    ; ..,|    i    f   •        ,.,    v,',i; |,   , ....   |,, 

midif'.ed   I"   ri'..-o>;   ! ,I    4:1   t ,«*%.r:¡      •• .   -I  tve-i  w*i- '  <;•! 
I '.    t • s r. 1 V. 

One ill   to.» «.ft».« iM-au.   ih-  stattc.-nt .   "li   the   I-.iI   (|,«„,m,i   i:   tnniUielmt 
lo Jumlfy  tue i..iii(M!ti ti-mimf«   ;,   v M« 5t   íurn.i.-«   «,««,»! ,*,  *,   mil   -etl   i he 
ímrplus   toan-or  |,i   : i«,   t.,v..i»   „,.„,,,,.•     j,   i>:   . ¡H   .„,,,„„.„   i,,ia (l|,Lllil,„ ,,,.u 

with rare exi*rtí,m titi * „hilosophy   I« f» »wd to  lailer«..    TíH   project   in 
tlH:  devrtopi,v,-   cninl.iy   should   f if    t   be   ü-.i.sluh    on   th «   b., -. i „   „f-   local   deinovl. 

Japan *B  11.-tr» nel y rfiH .-,... ¿i* 4 •-•.«•> I ;» wî.UI. fem Id be t-miLurd hy other« 
»« a country  «Me   t«> «Ml   site!  to«p«tillvclv   tu  ; lu- voi H  isirkrl   oven  ihcm-h 
ihcy nm»t  ir^ort sil  the   .n-e,saiy  raw «Mt-rials.     Japan  is  not .m exception 
to the  rule;   t ht« Ji»f .iw»,   »tt^l   indui-fry   J:,  firmly  based on  I IK-  lora!   «limimi 
of  75 million people In a hfi.hly  Imk.r, trial!/.ed country with a hip.hly sklUid 
and product:  ve won   fono will,   relitj v. ly hifth f„.»   cap It .-t  tmw and mir- 
rila« lag power.    TI«-   IV,  of  Hwir steri   production which   | H  e-portcd only 
•urven  to improve  th#  lew!   of  priHhu-tivUy ul   tho  hewtr  industry.     The  fir-it 
concern ol   the .l.ipoiiiT.n     t<vl   imhutry ami »vvt-rnwrnl   in a)tv   slac k-ninp of 
local  iJrwnml:   «t   r.nthf not   survive on Mtnî «.porfs alonr.     J*p,,,i is nhlr to 
»ell  competitively   in t.lu- «-xport m.-itkn   bo* mine oí  thr .tSMUtl .md hif-for 
ptlced home mutktt,  <t mil f ltd steri  policy, «ml  thr Mm suppôt t of  the 
government. 

sour. rwMm-:invw,fi 

Perhaps it w«wld bt  Irtlpful to n-iiaphaM/c «t  thi* point rcrlaln fundunttritnl 
«lid almost axiomatic   factor» f.ov« ri,i„f.  Hi,   economic« ol   dinct ledtntion an.1 
lie applitiitlon to slfplniiikitig. 

Hi«? rwttm- .tnd cxtrnt  of  vrtr.incoitr.  elomrtttr.,  r.mtpoimdf!,  .in.J  lmp„rlt i<-i 
««soci«tcd with  iron on- .-„«I  11»,   man,«.,    In which th«-/ .-.ro .-.m.hhicd,  both 
chemically ,nj! pliytically,  are  f.nmc oí   thr crtH.nl  pro, (.s, i „,• .IIHT condir 
variabile: w,th which diuct   ictb.alon lM»   to contend.     From  the  «tcHmafcrr'.! 
•tandpoiitt,   it  Jr.  the iron content   h, whi-h |lf.  , * primi, Hy   interested;   this;, 
and the ffcKire  to which  the   reduced ore  or  metallised  pel let   j:   free of ton- 
ta»lnantfi,  directly affect   the  «cnoinlcs of hi« operation and  tlu   quality of 
hU product.    The« prublm ol  producine. hlc.h-P.r.-.de meLalli,   Iron unit,  Iro.» 
ores eomolntnf. i^urHirs of wide v.-iriftv «nd .-Unte cui ran,*  fr«*i the 
relatively  himple  to thi- t-xtrowcly rompit x. 

With the exception of certain nor««,! nbsorptio» and ch.^Ical  side leactions 
wilcn occur when paanlng a retlucing gas at elevated tempêtaiure through an 



iron ore, such as partial sulphur removal  or ignition loss, direct redact inn 
performs no important  function other than the rrmev«!  rú o*yp n.    It »ay 
cicem redundant to went Ion tlilo obvious ta<-t, but   it   is  «nirpri: inr  that dtrett 
reduction is still regarded by   uwt   as a tangirá 1 *^i».i  to hem. fitiaU   low- 
grade iron ore.     In clhcr words,   silici.  o\ximlnnt  ,.»»<>; n'ioiu.,   roppor,  nirkr!, 
etc.,  will  remain in the  spmij-c 1îcm  If  they are  pr.-rt nt   in the ore,   and 
whether, or not  the resulting spruce   iron  trtm c*  ¡;ivn  i av w.t rriai  «an be 
profitably processed to  steel  is the car. oí  the  entile matt«r.    Alter «It, 
it it) possible  to produce steel   fro» almost an>   ort- by  «iny p roces«*  i:   one 
choose«  to ignore  the technical rowplleations 'im! expense, but no procès« 
can utilize low-e.rade raw material a without i speri« n- i;v, «-urrrspotKÎJniily 
poor economi ce.    At ««wie point in the transformât Ion i.  is n**cessary to 
rénove the gangue countituents.    The »voromlc aJvaiiiJr.es °f «»ini hi«;h-r»rade 
em or pelletlsed concentrate« in the bla*»   Itinwix alf¿»> hold true  tor direct 
reduction. 

a 

When one considera that the       ic «aparRy oí a direct  retimi ion plant is 
measured in terms of Fe th.'ou   iput,  it ini low* that, if possible, extratieous 
gangue in a low-grade ore should be removed nr; the fir;»t step in the procese 
sequence where the iron losses associated with the upgrading of the raw 
Material have the lowest unit cost vain«.    Such procedure also reduces the 
processing cost and installed coat of the reduction plant per ton of iron, 
or, conversely, permits the processing of the maximum weight of iron unit» 
fot a given plant sise. 

There is on economic limit and in some instance* an Ab»olute Itsilt beyond 
which an iron ore or sponge iron cimnot he btnefirlated and,  therefore, IOTI 
reduced sponge iron free of residuals cannot be manufactured at a price low 
enough  for use in normal carbon-steel production.    The basic problem, there- 
fore,  i« the economic evaluation of the «lebit which one must apply o&ainst 
sponge iron for these  factors and the establishment of debit» ami credits 
for variations in residual oxygen, carbon content, dnd insolubles.    Where 
the economic balance lieti between multine cost and beneficiation cost isa 
factor which must bo determined (or ««ich ore, location, and »teetasking pro- 
cess. 

TWO »ASIC PROJECT TYl%fi 

There are two broad areas of application for direct reductions(1)  the conversion 
of iron ore or iron oxide pellets to gemi-fininhed or finished products in « 
fully integrated steelworks awl (2) the manufacture «f a highly metallised pro- 
duct in pellet or britjuetted tflrw for export sale.    This material i» referred 
to by many names among which are sponn«1 iron, metallised pellets, pre-reduced 
iron, melting stock, and a number of trade nameh for the roduced product in 
brifpjettud form. 

The first category is on firm ground«, for example, the Grupo Acero MLSA In 
Mexico has, to date, manufactured over five Million tons of fini shod steel 

I 



products  tttilir.ifif;  thtv-   «*'   o»t-Mlf   «il!l,n  Jr.,,     ,.'    -renier   i t ,.-n   in 
t JO.fW ft< vtr»<-   f-riwrt  »u   L« .    Thtv  : - HIM *   *, .r    ini  . t-ld  tlî,,]     N»î 
«rid  «trip,   tin-plan-,  wit.-   .-.-.»,   n^r,   ! . f-V    *» **•   im     .    ., «t vt-l<i<-.   ,,(,.,•. 
TMa  et***..« ; < Ja*   r,cpi!f*- «   <  i--  -. tek-   1*   y     :-•{!«    t «   <M ;!•«  . %.-   f'r».  ,r   r- 
«riflfc  data   nrcr  s.iry   »t   ¿"t i-imi n«    tin-   ; r,- r: •« - ,.f-t    ... »  ,,ni.r ,, • „..  ,.,,.,.   'hltfri 

/»pplifflbic  tt  ..ttirr »n.«ii!i#^     Th*« n>». «i¡*.-:   rt.,t,.r? :,.,„ v,t.ilSl ¡.   .llW,,. 

variety o.   o*t    ,   í- -vati U   -, u i < om1 iM < -••;, 

The »aJorJty  ef pri .j-po-t f ve u»rii In  tin   «f. /« Iwinf  M*ut!trfe^ hrvr  Unii 
«nailer prorfutrr«,   *iKf   th^l»   rt-, lircmcnl «    . v(   fjiMon vithi»  » h<»  r.;prr of 
200  to 6CO  Inn   pet   .i»i/.     A ««ini    .tf-iw.sri«      ¡ «» most  otUn .U •« ¿rrd by  pro  - 
pecttve unrrr.   In  tin-iv  ••OH«;  cttbet   as  .1   new  irt *Kr itfd d       rt   red ,« i Jou 
in.4tati.it lu i or bf   i.fic '"\t.u\ w*tti" lut^-rnt ;•• i »»'   in i-isi!^  n-rt lHrw .-»r 
Bcr«p-»p|rtn>», üp<*r«ttiari. 

The-  second tv.ter.orr an!,  ultlm.itoly,   p. >rl>«*p* th - rennt  -tttrui-tivr  i»   U>* 
production of  h!¿:h-^r#i<1i. mûf in,: »r«jrk «r  armi-f lwtr.l»e«f or  f ftil«fb«*<i predite *• 
for «sport,  which will   involve mich  lart-er pUnt  «Irr»,   K*J0-4<JI» t«m» per 
day.    then-  Is .1  iar*e rof « nt i-il nmtket  for prr-r «hie id  Iron  in many  Wat inn*-. 
ror profitable production of  «urh SMtrtfal,  th«  *t?ltttiun «f plant   «It*-,  thr 
availability of   fur!,  a-*'  the «rude of ore  or p*il«ts,  «re ot  tb« «tim»*t   ftap«^ 
tance.    Production ce*t imist  he al  an   ibroiuN' minimi»,  nm-» »lutine; l.tn-c- 
*c*l« prodttrtkin,  cheap  fuel,  an<f #n or»- *hi«h,   In it* nit i v.-  »tatc,   is rUhrr 
extrem ly  low In f;*nRtnrt   .ill Ita,  and other undesirable  rinlduil  rtnwiHá,  i»r 
which  is  wiuM,.  »o bunciirl itJt« an*.  |>*>! Ictfxln.;. 

îf  the »penge  l^»»n ¿»  to he  transport m\ rr   nhlppri .IR «  mttt-briipt« 11. é tnd 
projet, tixidc pcUr*«  stupid b« i<i»d -ir, th»   b«»iir raw «ntrri»t  rather rb*iM 
luwp orr,    Tporif.f   îrcwi prexiü't-d  frt**   *nm|> rrv j » iiRtmtly  tor  fri.iM^   li»r 
ttanapoit fimi  tin- pc»*altv   fi.r rxcf^lvo  fl»i*^ c*«ld hu prnHfbULvr. 

M i ni nun quali tv rr<jiiirnm nt-  h;fvi  brrn ptv«'»« ar  »5-9TI nctil t t^tfen,   I-'JT 
inaulublcs,   aod  1-T,U r.irlnvn.     Sfmt  th««  Jt'liwud  it^t  of ««,-h "irl.illln. 
f,em-r-»11v  inrl.tde^ a ?.i/abl€   imnwnt   tur trawpt«rt«tion  n*i Mlst   N* »»Id 
co»«|>etitivply with »crap   in  UH- opt« Wi»rk«if,   tt.r  I©KUilt% «f  euch pf*«r 
mat be rartfuliy  tvaloated. 

am« 

Of alttost ofpjal  import m«   1     *h« d* vtlffwitrt  ri   ;é|H^i:->f-Ìron «rltinr,  stnrk 
tor global  dihtrihtithm  Í :*  tHr .t.««! ,»f « €«**•«••.;* t*  Market priri- fur  tb» 
"^ÌU^Ì?1*    ^^ iHt*tbl1 ^',  sti<i«aS«f.r tswhU f   iWii »pot*«   tro* wli»m«ti 
rrllabl«   rnnvcrHlmi rost  data  d*rivt?d  frme adi«piat«   B« il*, tni»,     Nr 
fre<|u«m}> wis!   ^ tu ?irffet« íbn*. u^tc in bin mm plant »«1 tub «taut lai 
tormap.eii of  rcprenetiUt ivt» patrr'al  INMUTC ^lifinn «« ä£rrptablc   »p<-tili- 
ra tio.i and prI ct- 

In several geographical ar.^n dir ret trêœ titm plants t© pr«*«* hißh-rred« 
««•talUrn for firpert «»lug iMt«ral ga« ami titdr p«U-t« ^f ar rronr^irall» 



„tt^rllvv   Ira...  V.«r.« .»«.-»a,   n^! An,.r JU ,••   p.,i , |n.l«-lt   r.-funatr  In 
till»  naar.!.      »**«   fwrtlnr   inn-prat r»i  nmvcnto» it   «i.M»n» «•   »ton  to *tliei- 
or   tl»l-Hnt rr«.N«rrs   in  n«ch  local *«••«,   not   o»!v   for   lorjl   i ^ • « »«i t ion but 
«tat*  for t-qwrt,   ! t»  n-.i^m'  earMul   «rr.itinv  «mi .ifp«rtrn   io  >*• «'»  Hm 
C< urnviii   |',ru»mtf. 

(»^.»Mifiri IHN 

Tf-e tewtbaob «Vf Initio* «f or- a* brinf »om   that fin b.- mlmd and protrane«: 
•t a profit" an*tie* will» t-ajaal  validity to dir.-rt r«.«hietlon, a«a ihr im-aninj-. 
•f   the vor«! "ornili"  i     subj.-.t   r« «11  the 'mullan-  touni.W r ,t Ion*  that  «ip .' 
apply to wirf» 1 y «livrrr.t-nt   lwal rir« -«I^SUIIK '.«, ami ». >t  ntc*.;;.«rUy  ^onlinea i« 
«Mi*v.    ton*  important factor;   nlativ«   to on   qwility  sfKHild be emphasized at 
this point : 

a. TV  fact tlwtt au Ir©* ore  lu low tn re»id«aia *nd hit* « hiith 
Fe contrat dei-, not anstire that It In cirhrr reihte ibi»- Jr 
aceptable    :¡wclU»i; and «Jaercoitatiim ti-iinVnilei» et hif.h 
r««a-a«raturr in a reeling atmosphere any »*.«-enaltan- pellat- 
ixtnrjn 

b. It anettld »«• pr ed« «i mint! y hematite if it W to be uaed 1» 
¡Map fot».    If It I* «ajtwtltt,  it car» b* pollet land to 
folly tradire the mtRnrtite to ht«atin thirlnp induration. 
Tata air." eliminates atilphur. 

c. Tar §*eronlty or prraw-nnJlity of tin* ori? or pellet in very 
•igni fie ant. 

d. Hr* rrdnrtMlHv ai** qoantUy of rv«uvt«int racnilrc^l to rvdvee 
1MM» «re i* far mort- «nprrdirtablr than wi« n pellets art: iiaed 
ana Bubjtrt n- mueh wider variation; in »pe tifie inatanrea aa 
m»(h an W» »v axtre. 

Many ore», ev*n vtwn i'rmtwf ta abaolntc »irlriow HnencR«, connut be upgraded 
«r bf*fUiatr«t by vsvn th%: mc*wt   *¡O»HíSU< -nti-d »cxln » prof cht res accattar oí 
their  lntrrr.titl.il  bcnaYti «trnet.jre or comp«*iHon,  at¡'» can only bu Uti lizf*i 
by «wltinr an*i slat.•.«Inr.-wfi <**• Sapori tli-s..    Im- welt im', of  lanj« pcrccntaj-.r» 
»f nanr.ue wbvimirly rr«*,t#ite:-   Itu re,«*««"! tonMwmUon of   furl or electrical 
enrrpy, Init   in i it tain rircuwtanc « thin *iy prave« to hv th*- wont  tenable 
alternative. 

for manol* ,  lor «wiiy y* ar» «n-etmat« t» In fir« ut fir i tain pro« p«sed iron ore» 
«Iti«!* arodnrrd two t«»ns «f «inr, nor ton of »nitif.    OrirlnaHy, Hojalata y 
Lamina, S. A., In Haaieo prof I tubi y produrod «tie!  in clic-ni*   fnrnac*»» fron 
tan» apon?,!   Iron r^ntaintni» 9~Ul all*r«.    One would, bwsvrr, no* proaoae 
tn tramuti   thrae raatt »rarticee blindly to other locatioiu. 
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If avoidable,   low-grade,   high-gan^-nc   ìpotir.e  iron should  tint  IT  < h:uj-,id 
directly  i»»to  in  »t.etrf     fumar r  r.r  nth.-,   .•;» < •. -1 i.,)'< i n¡>  nnu r :••:  mi!,..;..:   t h. 
ore   canno»   be  npp.ru -d by  »nrrh.iniral,   fl<Ha* ¡rf.(ur  «naeaetir  nu-ans.     TI — 
operating  'liílleul t U s iiüttu.;   low  j-radi- mat e r I a I ,  (-nn he  a-;   11>: M d<lln¡',  <•:; 
the  cost.     In tl»e  devt lopin, nt   oJ   i lu   ¡!yl,  pior.es:.  a  h¡i;!'-fciM.le  hematite  ,re 
with an  irua  . ontei.t    viiy^'r.   Ir-.vi  -O-iiVl  v.;i,   »•(.,*! i.-o'  !•/   IMH«!:.I¡¡    pn-lir- 
enee,  not  technical  luceniity. 

It   ll  also  trtu«   that ptllcts  have  piovcd  jjencr.tily     uperior   to   hiKip  »•>»* 
due te their unHorn '¡ist, whlr-h  is  conducive  to licihr  e.a.s di st rilnil ¡on 
ill thr rejection ves el   and yir'dr.  .1 mon-  Mí obi e   and p»iyn J t¿i 11 v   stronfi 
product. 

Tig SCTAP AHÍ) FUEL QUESTION 

Scrap and fue!  aval tab i 11 ty and cent   un- having and will   continue to have 
• decided  influente an the futuri- »roveti oí direct reduction.    One wJ 11 
effect it adviraely In some  locutions,  the other,  favorably.     In mon!   of 
the industrialized centers of  the world,   such j» central  Europe and the 
north American Continent, natural gas ind the lighter hydrocarbons are be- 
coaing difficult  to obtain on a long-term contract basi».    Thin will un- 
questionably shift the center of gravity  for the development of direct 
réduction to those areas in whirh natural gas and the lighter hydroenrbonn 
are in plentiful  supply. 

for  example,  it  appearr.  likely that  the  future application of direct  reduction 
In the United State« of America using j;a« or liquid  fuel   prm-unaes ift extremely 
doubt lui.    Solid  fuels art;  In much more plentiful supply  than either natural 
M» or the lighter hydrocarbons,  particularly  in the U.i'-.A. 

To date the ßuecesa of  the direct-reduction procenaes using nolld  fuel* ha,., 
unfortunately,  been limited aivl it  appears likely  that  the  future us«- of 
coal  or other solid iuelr. vili  lu-  through  the medium of  total  gasil ical Jon. 
Thua  far,   the gasi i 1er   ion processes have  not been technically developed  to 
a high decree ami  the  rcsulHng reducing p,a» or effluent   ga*  in prohibitively 
expensive.     Many  out .standing   reseat eh ami   technical   organization!;   in  Ihr 
world arc working strenuously to find ,1  solution to this  problem,  particularly 
one which will, produce n  gas  similar  to natural   gas,  or a Rat« which can be 
Used directly as  a  reductant: without  reforming. 

The occurrence which has  recently revitalized  interest   in direct   reduction 
Is,  of course,  the cicalatine, price or strap in  the world market.    AB « 
rough approximation of  the economic parameters  Involved,   if natural Ras or 
lighter hydrocarbons ore available at a price of 35-4'Jc U.S. per million 
itu a,  aponte iron can be produced  from high-grade oxide pellets  competitively 
with scrap at $40-45 per ton.    Can or naphtha available at 50-55c  per million 
Itu a can produce sponge iron competitively with scrap at $M»-V> per ton.    if 
the cost of scrap is $65 or higher, gaseous  fuel at 73-85C  per million BtVf; 
is distinctly viable, and as of tbl* writing scrap prices higher than $65 
prevail in stany places. 

.. 



KKnXUWÏtON 

IV   tendency   ol   r.vÎH..!   Iron  »vide   L«.  I,,.;,.   m*..».» ' I 1,...» , LU  t-v   f.low   r» oxldat i<v, 
uhcu   i':.}iP:.cd   lo   ti,"   elcm.-iit    .   IH   viti!   SIICI   rap . d:I y   fh.'l    t lie-  mater ! ;i '    ; 
pyrophoi !•.-.   j.".,   Injur,     ¡,   IH.'I-   c!!:;;-,   !,.,-.   ht «ci..    .-,-.•.»;••    i ('  i>,.-i j>>r   :;ir«I~ 
íjcatve   i,,   i !„•   ;..,(.„• i-'l   •!.(!•    /:f   tï„.   pt-.-.lu, i    .-..>,i   M„    -liíi-^.-r.     'he  ur'fl.•.•':. 
lirsL   cxpi-rictvc v/lr!>   Mn «•   -:i*t; î,.;-1  va-;  in  l';«.n.     A11, ,-:.v.iv  l^lu, Sliu' 
Corporali on  in l'Ittioli,   i'.iuisylv.ui;   ,  H.;;.A..  ..«vi-ed   that   I lu •' vt n 
«•xprrlrîM. iiif,    t   h.,.;:,   o!    'i',-\()/,  ,,,• )..-. M t „1( ,,,„   ,,-, I in Ul.lt  '•'!>    i lì :\f. ••o:.« u 
pile    oí   PN  briepu ttr •«?  vliloii   tbcv   .«-rc   t(..st|„,.   ..,.,    ,    .   , ,,.   .;-,!,nt j iute   in  allor 
stff linalu'nr,.     Although   lin-  biiqacllcs  nrt-  produci.!   in  pm..;Jul   rari pi < .sr.c:, 
and were presumably   h-;.  poi-oti-.  than non-com».o f ed  : ¡eiire   iron,   thry vere 
not  atifihieiitly   iwpervî.n.    to   inhibit aosorpMo,. oi ' ..leni Tirant  aroounl s of 
excessive moisture when exposed  te»  the element..*. 

A   joint   research   pr.,cra.n  .... • ..j   i-ntri i ¡( < ! v undent aben  by   '!"i.NA  r»o Hexten   and 
The M.   W.  VrltuRT.  C.wipmv,   ¡1   o»»ii¡ion of   }'ullm„ti   i n • nrpoiurte cl,   to Mudy   the 
problem, usine hriqu<<Uod and  non-br Iquet ted  : pun •,••   (ton.    A variety r»i   anti- 
oxidation treatments,  additives,   Inhibitor:;,   npray«, as'd reatini;* we te  te-rfed 
under  .1  wide   ranno  ol   condition!;,      tt. ui-,   eoncloiicd   » Í1.1I, .-iltlinitKli  seme wtn 
criective,   the cost  associated with  tin-ir application -u   their undo« j rabil i tv 
in steelmakin»; w.u. prohibitive. 

However,  the most  • ip.nirie.-ant   find in»: va.s thai   llyl. r.;.cn?t   iron did not 
reoxldlre to «ny dele ti rious extent over exit mied periods of   time 11   protected 
from wetting,   i.e.,   rain <>T   smluc w.-te r drainage,  .»mi  thst  compactjni' or 
briqucitinp, va« not neeer-my.     Covered recant  was  letme  to he the least 
tORtly and effective Method of   prevent i it;; reox i dation. 

The fact   that HyL spe.np.e  iron can be Ira imputed in pellet   form without 
further compatti m: is  rir,»ltic  -a ;   since ft   ha:   inen  found  that briquctting 
can entail operati up. und m.;inte -nance problem* an well   as ¡lii.h cost.    Compart- 
ínp, retard«  the rate ol   reox J dation Init doc*  nul   prevent,   it under all   condi- 
tions;   it only appi ars  jiu tilled  »or the purple ol   .«>•;•.Ìotnvr.it inp,  tl,L product 
oi   the   i luid «bed direct, reduci ion procede.. 

A "]in"«ivatinp" procedure hat;  been developed !>v Midi ex  le partially reoxidl-r 
their   reduced product  and  for... a  •patina'   of  ru.Mt   to  inhibit  »«oxidation ot 
their pelle tu,  which cu bervi»«; are pyniphorir  and mu: t   1K   stored in yilo» 
»indcr an inert*p,nw blanket.     Thin treatment,  of course,   entails additional 
cost and a  Ions of  27 meta 11 i; at loti. 

The design of  .system:,  and  the Immlling techniques   required   to prevent v/cttin» 
or the iii.Ueri.il   from the  time of  its numi lac tur e   throuRli the  various steps of 
loaditit;    transportation,  unload in,, and ui;e    1« not  Hi j Siculi .    A speri ficat io. 
for Mirh an operation was deve loped jointly by (orpo^uiun Venezolana de Cayana 
und Hojalata y Lamina, S. A.,   and vas «ueeeHslully employed  in handllnp a 1000 
ton »hipment  of lump nponp.c iron Mamifartured  in Monterrey, Mexico, and  return« d 
by »nip  to Venezuela  for opeii-lieatth steelmakint;  test?;. 
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86,000 »et rie   ion., „,"  r-riurc.1 relict«  l^fi been shl,,^!   Ira, é,M.|.L  ,t. 
Monterrey     Hexi.o.   i., unen  eondol.i  railro..d  ,ir.   -   ,   dt.r„n,r  0,  Mi(!  ,iU„ 
with nt-cUsiü-lr   !i:....; oí  Kiet.il áieatiavi. ''ini 

The- MtK of  „ron,   tr^po-   ,,„i{  bt.,n   d ¡ ,„, ,„,.,;  Vl,i:  .;;>M,    ,f     , 
carrier»  who   for•   no   ,,-t Ic-u.   probi,,,   ,„ .„-.Im,.,.,!:,,   the   reLred   i     ,H 

sn which  tho h;.r.f|.„  n,i ,.,.   trftled.     r.ÍKn¡flr ,|M   ri , , j., ^;..'/,,, 
rerolvin* the prcMo  ¡ üí   tr.insport in,   S,,^P  Jrn!,„   ' ''*   J" 

rRonas .;KI I:¡TIUN 

elntr!m,^ní ^ '   r;:t,m:t,lrn  ' "" «""-*»«•  ^3,-^U,«,  |„  the  develop.«, 
^red'evei   71"rr '"^r*"»  «•- -<-"K  ..hould be carcfull/!^: sioereu even  ff   ot    owr * i u!,*      r?n^  • i«-*,  -i   . »»   i.   ^ .    i • « (.«-!«••-.      vuw      noti < a   ,it»      [•(•   oviTlv   rntáí pm<'> 

¡SÍJ'^ÍÍ"?  T.,y  "'" '""i    ^^  "*"*««-  -  -r,, Jl  e^ri   ive pricing.     It   i8   the   u.tr.n.J   welfare- ol   til,   IM H on  that   co«nt7t,ot   the 
academ cS of  the solution.     For „a*ph ,   „h.icl  P,u Jst!h. ^e e, i   ^1^ 
project, such a« the Alto, liorna 7*P]a „oik.,   |B Argentin« vhlch I"I Jot- 
grade iron ore and . redu,tâ:,t mad,  ftou, ^^Irpt^^c^^C^lm^ 
cally cultivated  for  the purpose,  in Wahaif   furnace,.    NcverthrU^ 

the nation if Sporta were ctti. off j„ ti«,«, of  «,,Lmy      Todti ^lih lirlt 

íttnih"tr:1íflbl;% ^vrcan bt c-"wi* ä^?ää. 
hïiîï í ? î *?" âm! lr0n °rt' wUh wh,rh *° forHfy a« «teel rapa, biîity, and  f» actively n,oving in thin direction. P 

îoeienî      0      " ?,7   "X/;"d ^"^  fru^tratinfi problem betune M* ni tbe 
logicai prore*, alternatives  have yet  to be commercially dewun« traU-d to the 
poin   vher« «mnual  production «.» be predicted with c^le T^IUMH y 

îïîcïïe:"h°^: r:oft,,crt,,r°^the*««'*>«*•»«^1«i reached with respect  to econome vinhllHy and profitability  r»> t   «olclv on 

p ofiUbi ity,  and labor,  utility,.,»! «alnl-nancr co.tf,    are all  crnitini.nt 
on achieving «nd sustaining ,.«i,istently the «ntic ir,ted toínífi 

uVnenS1^ror;
1!;C,in,;PTefi9

1
V,ii1   rind •*•«*l WH****•;   the type oí ore    end „„ of   the  reduced   -rrKluct,  availability and type ot  fuel   or  enerev, 

ceo» over another,  at  leant  in theory. 

unS" :ightf0^!;;.'iC tne3 "' ,,lr<'C, "•ductl0" •"«'"•"•• ««"«>T i- vo„0 

1. Static-bed - 
2. Moving-bed - 
3. Fluid-bed - 
4. Rota»y kiln - 

ItyL 
Mfdrex, Purofer, A meo 
K»«c-Plor( V.  S. Stfcci'a Nu-iron 
SL/kN,  Krupp 



1 
ft*  thla  H*>t  row Id  br   ¿MMI-ü*  a  »rw  t   *iv* t i n# -   *   ti   |sr     í   r   by   AUU- 
tUtl«cra.     Of   the*-    ei»M  wit  i am.  ruwwK,   :M.,  Hn're*.   ^-'H* •»»*f, 

Krttpp  H-'vt  been  tiitt«'   ni c.*«-iri*1   4.,r«-".'-ti«»n.     » .' .   r,«r.   s  hu-'**^» 
!».*.    m.l   v. ï    i*:...^»iî    *-tt.fc.      »ory   • -r».. :    ;,i¡   t TI . <.rr..»i». •    li»  *'•-.*. a«. ! » 
«»id   1*   «.ivlnr     »rimtr   ht 'frlti*   «IfH•-It ir -.     An««   '      -I lu   Mi» »!"••• 
tip   ft«   rtrst   ir •• -llnf ion   î *  t>*;l«,  M.V.A.     »«-.It.ir,   Ptir< f* r, »md AH i -.- 
(htlwr*  hvr  no «cwwnw 1*1    iiMi.iilrtti >.«'    »i.   "ft    tt      ••»     '   ttí  l.r  i ,.tn* • n- 
»lot»       Hiitrr»   :»»*   fen*-  nlint s   in  tifiti j-m,   viw   ft     i.rtl;in*f,   Ol *•;<•>!•.   I..-.A., 
e«r  In l.c<iT>'« « --n-n,   * •«•'H 'if9!ln, t'.S.A.,   mi«   I"  limbm«,  <«rminy,    •» J 
the imt  n-trni   ÜM-.   winch  «tarted-»ip   in mla-Ap"!  »''   lriU ** ,r«   l,r  :;,'f*cc 

li,  í:.»mc!„.     A   .. ..-»!••-!   •«!      i ,'P" ard  t-rupî    M Ht   i u. i   l -p* pi»»«-«5  H- *«'  l « «'» 
fewllt   ,*ind unruled. 

Ihe   IOöT ì*fl ctrmrrtsl   1 retail* tien» are «>*.*>r*t if%   tt  11W  *»f   tli« lr « ow- 
feint«!  rntf*<» ri,ii«lf*.     JTh*   SL/Mi «Unit H«"«   »ad  «tri«!« frnMflw  r rai Mur. 
.indi  «..«tiii ni TV   predurtim   ,»   preerrlhed  level«   ifwt two planta h.ive »veti 
ib.mrfa»M'«l,  eoe   for   lumen   Ire« 4 Steel   In Swtith llore«  and the ether   for 
l\.lifnbrl >!>•.• Mitkel  lu i:**iwd*.    Ov«rall perf.'taunr« teu.d be rated *t  »«"»• 
than WR ol   rtted cap.uftv.    The first   three «Idre* fla*t« haw «jet «rhlcinwl 

— —. .     _•!-,_  •"•-• f#»r .ï 
th**tr  rmti*é pr«doctl<*n »»I  6fW,000 wetric  t««a «f pallets prr 
m„talM<l |wrl«*l of ©n<- calendar year.    The («*lwd «errali output  tt» 
tinte Ima been le«« tlwn W^ «f r«t«« rjparfty.    The  latrai Htdrc*  trwtal 
lation has not bee« in operation lo»« enough te tonati  a« r*ra!«aliai* et   tin» 
lona;-ter» proaperta. 

A. on« would txpftct,  thar* I« a vie* áiffrrcn^^ ni  flfln!«« as to tfce rels*tf»i 
•*rlt« el  the «e-riUrt» •K>viap,-iw««l,  Iluld-Herf,  md at.it it-Wd priH-caava.     Il 
fa  frequently asserted that  n anvinf-hed ©r  Huld-heil »oneept  la «OfîtlAwes 
«torea* a atittc>»«tl I» » hatch operati«*« and» erge» e©«*-!»«©«» nuat he hettrf. 
Tli©e# who Mv« the «nenvlshle reapenaf h l i i tf t»f «nki«* a act «elle«) a«J accept- 
iwf or  rejecting the vnlidit? ft thtt ceetetit In« »Iwwld e»n«il«e this state- 
«•tit irtth a tr»o41y «ensure et  »krpHtla«, 

One can evaluate dlreet  redurtlen rither fro» th«* *fü«f»nol»t of the theora* 
tfel.tn or frc« the nt.indpeint «f the rc«fM^«flbIt   ixrcvtlv» wht>%e prlwwr» 
cunrtrn   I» capital tont,  production cost,  a»s«reá tonnaf»«, awd ennelt^etit 
and] urinterrupted plant  pe liorna* f . 

f1»# pal ley of ViUW to reci^wml unly  th«»s»; pr«f«w» with at  le**t  tw   year» 
*»r  auatalnrd cunmarreial  up«».-.-«! It-» »rur. *diii h tr3 Milwfi   parferaviiK« Iß ah»e- 
Ititely »Mind.     Thl» ptriod ní  tin«   i»  reqtiltetf to Je ve to* reillatle eft felt my 
factor«,  amrial conaumpiI"« djt.i^and M.iinten.-ttK-i< ami yj*i ratlnj*. cesta.     HaRy ef 
the  Internat ionii bank »up. Inat Itut ion«   i»ro rtwilie wi*tilled |»ronf ef at*eee»«»- 
fttl »«rforaMîKe.    Jìw Ixpett-Iuniort Mnk uf ttic tolled state« la eaty  Mmm 
thin point. 

ft  la the nuthot*» eewtenti©* th«t the theon t J"J*i«'§ ren*apt a«4 tha reif©»« 
alble executive'« concept «re ee^»atihle if teth undet»t,ê«d the haafc as act» 



mnê  li*ì*t î I Liti  a,   ihr   %«-v« i ¡!   tr«ic«;-*.->  <•".•    t»»«»»   = »..Si ••• mi'-   l.»*t*t   Vâ|.. 
fir«0*A«d c<n»f irait lori *»i   *tw   r^svlt«   i» •*.*=#»'   #ft t .-»CMI'.-IP 

TW*r   ve   rh»-   ft!f».i »,»**t » ».   « «   iwirt-,   P»-  IH .«-;••     «r* »   h  h'vt» KTI  In« n 
potmlré  li»  f'* «••*U« •»;   »W ••»»»<*.-m   ni. -ît • *-* t   .«ihn i * • »n pfom 

*. %»   Ü*»!»»«-    "-¡fin     it.    t'  #.•    fi«     '.»»     r.ïr.i.l,.    ,•»••»»    ;>•        »'     ÌB|., 

j*trt    wl-it-v«.r   »><h }»>•«: tnt  tt   l-¡^l>   • «. f « •    t«tf* ; 

fc.     hrmti r, frtftf.r»   U't?,      '*-.   fit f ï   r» »fio     lining  rrpli « 
tt< ì? •§*«».) 

r, N» t^*f«|e»l H« > r*<Ut ;.», of   rr.»«.»I «.Ut-rl't. 

è. le« c*t«lr*t  «Ntphur f»«fti«ii*¿..     (Mvc-vetr   lile.) 

«» Fl*«t   i>hitt<*tnftt m-t   r^«^tfr#J   i-»r  repil*».. 

f, A t©#»i M»4 Mvivrg^hMlt proèmi. 

I.    Wint «f«f«t«Nr  rena toi «1 v* liti tratti*»,   c*r*• cmtrnt, 
retention ti»«,,  «ml Imptratv?*, 

k, lawit miMmnvnt* toot. 

1, llfftttftt «f»-ftf#**i r'Mrlmy  Í**-W,J. 

J. Mwwt «J»*rall«^ r<»»t * 

k. Lowst capital   t. ,1  pm   «MM«)  dm. 

1. Cjr» ktfiili l«*f* w#  tí ifttlffc*). 

•. ft» l»t Unti«,  «cirratttfi-.i  «H  ti H*Irr  ferait Irn 1« tlw rtarter. 

ti. W» tkanmlím »r *t»t-tit»l*tnf »t *«i« tfcrmtfji ».h« r«*t*f hr4. 

ft  1« tfc*»#   iltrf^t»« fâtî'h mrmmt   twr lit« Jwwwtr*t«ê tettalilly *f 
ih« Vyl pt<*<*». 

tfc« «tyL ftrwt#»«t «m»«*yß  a  ft ««4 »t ttU-»-.rJ rc*ctf»r  f» wlifcli ih«   Ina» Ir«» 
•*• «e jN-ll»!   te »** rwfett-f rrwal.'M «t  rei»   t lit uttr, limit  tint wtlrt  wntMt 
## eh««tr «t  rtaii£«f nM*I   it  I* ift#« ti.tr^«-tf.    1*1« etturs  In ttch rr;w:!or 
•»•fy ***!%« Itrmr»  in »f»#   »» itvj^rd evc**.     lu tk%  loMf-iractor »tuât  ^>of»,t 
if©» i» é>i»ih<irMMl wvt-ry   thfr*  hour». 

!*• Wj-t procréa •ftrttr« «f  tta» Mgln-nt twfwrtttfirc» i »#• ore « P«ll«t tm 
t»!«*«i« vf limit  íu.ín«.    Il»  i**lr m »clt*ts mn vmémeé «t a t«*p«t*iwr« 
•I «Mfwittttvlf W**!.    IM«H «IcclMf^«^,  th» rr*^«^  «* t«1< «•* •••- 



i 
Seducing ga» temperature it under the operator's control and can be 
altered at will.     The reducing gas li produced from natural gas in 
M. W. Kellogg «tea« methane catalytic reformers for which Pullman Incor- 
porated owna  the patents. 

Process cycle time and,  therefore, the degree of reduction is under the 
ope-atot'n direct   control  and can be adjusted to manufacture a partially 
rrduccù or a highly reduced product. 

The HyL reactor system can be abut down and started up in a matter of 
hours without   removing the material in the reactor vessel"      Each reactor 
c«nbt inspected and spintonanec performed without plant shutdown. 

Un HyL process  la not discontinuous to any greater extent than a blast 
furnace operation could b« tensed discontinuous.    One reactor is being 
unleaded and recharged while the other three are in primary, secondarvi 
er cooling position.    There Is no Interruption to the process, the induction 
operation la continuous; the flow of reducing gas la continuous. 

Tb* fluid-bad processes war« originally developed by oil companies with 
years of experience in fluid-bad catalytic cracking.    It was postulated 
that, using this technique, powdered iron ore could be reduced at very high 
rates» under absolutely uniform process conditions,  thereby achieving the 
lowest possible capital and operating cost par ton.    As it developed, the 
fluid-bed proved   an erratic performer with iron ore and frequently lost 
its fluidity and "slumped" without warning.    It is also necessary to per- 
forai the reduction In a multiple-bed reactor in which the fluidised material 
Is transferred at regular intervals of time from on« level to the next.    The 
reduced fina« product has then to be briquet ted fox une and to prevent 
rtoxidatioo. 

The slumping tendencies have been cured, but the low capital-cost objective 
apparentty has not materialized and briquetting still remain« a major prob- 
ità.    This ayate» would appear to have good potential if preceded by a 
bénéficiât ion plant which could provide a high-grade concentrate or where 
high-grade ore fines ate available, as in Venesuela. 

Let as examine objectively the question most often raised in comparing 
the relative merits of the ftevcrul processes;  namely, gas consumption. 
The proponents of  the continuous procedes do not present their 
ùata on an actual annual  basis,  but report fuel consumption on the basis of 
their best sustained run, whether it be a matter oi  hours or days, and do 
sot take into account delays in down time for repairs, maintenance, or other 
interruptions during which there is a non-productive use of gas.    There is a 
significant difference when reporting gas consumption on an annual basis 
varans consumption for a period oi maximum production in which no intstrup- 
tisns or délaya occur. 



lor example,   at  the  l!y!.  pl.tnts   in Menico tlic  ¡MN   reformers operile  i or,»   ir.- 
oiibly nnd  the  lp.K.reyatc «I   Lhu r,ctcr  readings   for  the entire year < onst >'m e.s 
the true total   s-.is consumption  for tin- nl.mi ,     The avt r..!c- t enwimpt ion per 
tun in derive! by di-idin-  thf-i  tofol  bv  the .UUMí   t o-m.î;     propice»«, which 
tflkes into account  ;il!   viriulionB   in prodotti,»!   !,vci   due- to del.n:,   !tlfl 

any and all   cause«.     ihc   pubi Í ;.h,d  lignei.  for   IM   ,iS < oiiButnptieii"'. in roi 
tcptescnt   the perl oratane»-   ut   tï.c   H/f. proci ; M  when  opri at In-,  at  m.i> <t.,nm 
efficiency. 

At  the Puebla works  the   tctu.il   ívempe .-imuml   p,.ts coninn-.pt fon j„ ¡Ppro»|. 
n>Htply  17.05  x 10"  Bin's  per tw.tric  ton  of     cloccd  pel lots.     Coropnin»;  the 
rnrntal  average Puebla rod,red pelht production  vnf oí  8 iü ¡nctrlc  ton-; per 
dny versus  the maximum or best diy „|   u2Q metri;-  ton.-?   results   in the    oil ov- 
ini;? 

|?Ö x 17.05 x IO6 

920 lj.'<  y.   10*' Litt  peí   t;»ífr'c   ton oí   reth—v:! 
pe" let ?..     (i|lt   published  tiu-ornit il   ,«:t,- 
tiumjition  i )i  Miditx   íN   íJ.O y.  1U'1  peí  metric 
ton of pelletg. 

Therefore,   15.4 x t0° um  rr.,,re«. nts wh.it wínht  !.e tailed the optimi« g«, 
conauwptíon For the Myl. procos« ami correi pond* to the tvpe of thront ICH I 
value published by others. 

Swindell-Dressier «ml tfYl SA hnve never ..«cu this nwibcr ur this metliod oí 
íinnlynis because  it   if»  their  firm conviction  that   ih,, eionomirs and profit 
ability of a project must  he bnuvd on .-miniai ,unsuwption values, which is 
the only  true basi*  tor appraising procese per i ormane«. 

The ele, trie power requit« „cnt lor the !?yl. process i*. 7.3 kilowatt hour* 
per metric ton of sponjr Iron; r„r Mldtex «l ll^burg. It is \%S kilowatt 
hour*. 

With m* at $.10 U.S.  per MM nr„ AIHf etertr      powor at $ 01 U.S. per kilo- 
vntt hour, a «iirrct merry cost cosjpariaon of Hyh "actuul" vemts Midrcx 
"theoretical" would be: 

17.0b m Btu @ $.W 
7.5 KWHf» $.01 
15.« MM li tu (i $.30 
las mu c« $.01 
Total $(L'.S.)/Metric Ton 

5.1? 
.07 

O? 

Madre« 

4.50 

• .35 

On an ^»^eoreHcil cofimwpttoii basta, j.«.., |^L at UA % 10* *t», 
Kidrex at 15.0 * 10», the cost differential favoring ft>L would be $1.66 
per ton. 



t»!   muH » rt.í* • s    »|j f < ¡ »..'tin-   !.:.,.H  >'.i ;   cur;rnra;U h»n   IH   tlu-   cilici   Un   prore:» s 
t»ftiritt»rv   fa«ct<»r   hai  *"> »%>:tMf a< tut I r*j,  COHI, 

t*.|  «.  :I*M«J-    li..»r   •!»     rr.Si.tioi'  ;>• .:*?      lor r»rort.;     "X"   nn«!  nrorf;-*  "Y"  ar<- 
mtfHl *t   tH»     ,;«*•*    '„nul  pitvh»«-t lr»n  CíH-üCíIV and  plant   !'X''   a« tu.ílly  pri>- 
éwri  10V    r»I   ti*   rate4 .íiiiiu-il   In'ii.ijíf   (ci j ii-irncy   tacici    1.ü>,  vl»ore.ü* 
flrnn*    "Y"  i'M-ni.i. <'     .»-»¡y  b -'     "III -nircy   í.uitr O.«-1). 

H  «ut*  fartbet   MMIW5   »IM»   Ihr   caj it tí   chun-cn  for  dcj-r« ciaflini,   insurance, 
!**#«,   ftt»tr,«t,   it.,   estai,   fiav.   Iß     ni   M,,   plant  rust   rut   annual   ton, 
tekftb,   f'T   iîv-n, n» ' ,ii.   •.'»   IH'    '-Iffih  .i-   VVJ U.S.    for   both  penches,   tl-.r 
capital  fh'.rpt-   »«n.otH   î   « *  -îI rr f.i'f-j'inK, < •?•«!   tor  pr.u-tKH  "X"   ir. Sô.?1! per 

Ulla dttfrrmti.il   of   $  .'O ptr ton,   «hic  solely to a dilferencr In proco« 
reliability,   I-   the (attiva U'nt of  a  lr>.0 Ml Btu em rf.v  debit  against proceas 
T* tita | i» ,ii   $.i«! f** r ir; 1 lu. 

1» ti» plore«}* * owftarlfffw» n'ven  in  thr  literature on   the  subject of direct 
rrevet ten.  au att*«q»r   i«. w.-uU> to  incorporate this all -e usent Jal variant. 

til» «a»wrmr   l«> rx|»r« * s w * i*»«, the»  Impact  of  the efficiency   factor  tu terms of 
Ml earrg» *let»i»   wmitJ b»  el»bor to evaluate the plant  coat per annual  ton 
Im p«*era» "%*'  at  t>4*   imi   .SBìRO le procesa "¥" an "effective" capital 
t»ht of $?*» aer   twwtai  ton er, «ore precisely, establish a  realipHc «ml 
tact**!  lower »rout*-H on ratjm» for nmee^ "Y."    After all,  adjusting the 
atadattlen »»ft  or pimi    o*i  di;,ciip;»»cy ai tor the   C«ct duey not compensale 
far tfcr •»!»•• :.!KR  liamafe th*  pnrrnater  expected. 

Eaaertwe Han  «kt«*»* tln.-.t r«-rtiift basir  re qui revenir,  of  the   financia»» 
tantltatlon-: «mit  be mit afi  r the prnces» «flection Ha» been «ade before 
Uptcwfrtativir ot   tbe prejvet ran «ut ertali/.'.    Among  those arc:   • 

a. A emapr eitert:* tve fiauibtlilv   study by an  Independent 
raaauttant. 

b, A »tM*fner,b .«ail'-t  «atrvey. 

f,    A ir«»|*l*»te   fin.incl.il   snilysit 

è»    r*r«rl&l»n for if * ratpr training. 

*,    Avall*Mlity of operatix%\ personnel for « limited 
f«fl«4. 

f. Initial  ».riUf.r-nM'iil  of   ih#    facility. 

g. T«rt»nJral  or «Jvlroiy participation of a recognised 
«•eruttar, roaaany. 

b.     Defitti t iv«-  project eKtifliatc . 



rUKL SOURCES 

I 

The jir-lcrrrd  «»urcr of   r^u-tnn»   i„  reformed  „.•turn!   ,,„   („iWrri   1„ 
order oí   Increaalnr; plant  .-»nti opi-ritfiv  ,,<w   * ,   i-        «•• '""•<"   m 

mHMm » I the „II   rewiring u,, „ddHln,, „f  ,,„      '    •„   ','    ' '„ ,t. ^ 
«.. for the production „f „„„ gao, a= „t,,  „„  u,,' ^    [.     " ;. „,     ,, " 
reduci-R „;,„ trom th, IJtl,t.!r f„H, ,;tVo,. ,l,ov,     i- X íc .1    .,    I,, 
«ploy«! for the ,.«,nuf,c-t„r, „f „v,,,,,,,,* ,,.   I„     h'   , • Sc   1      „ M 

CK^ä ïicmL::"8 on * •ub"ontui "cau b> ^"'-t «hirui« 

i 

B5î!JBLaF.ll.lTlKS AND moamiiM 

¡biiiVui ""r,lio" «" 1« »O« °r cm.clu.fon. draim „ to tlK „c„„t. 
ability of an  iron ore for direct rerfiirn•.    <«- — ,_ u    ..    ^   . tcc|,t 

adcouatc m--i1«      TW« <-    uire«-t reduction,  it immt be tested on an 
?.   u    Î f , erc la no wt,y Lo avold  t}'*s»  nor the exoenae   and if 
ij absolu ely  c.«»ti.l  to the proration oí f   definí rl^wíící  i- 
bllily and profitability  study without which financin, w U  Iv ZfficCît 
if not imponible to arrange.    It   I. imponible-  for $,   j   Lpec    ve cUent 

Uk ne îië      tr t0 COM*Iflt« tcch»*•* ««J anemic  Í«•••.« íuUy witho*f taking the necetmury step« to dvvrlou cmtenHni   ,t.« -,       «u wxcuci 
ment of  those data require.-, ihlZIZvïZZ I ,        Pr"prr ,,cv«;loP- 
whicl, local co.t factorlcL t ^[IT "•ro*riaic ***** ««"*"»* 

ÎtoSÎÎÏ! '"f1"'1"  Cor ore tc8ti"8 «re available both at the work« of 
ojaljta y La.ina In Mexico and „t  the rcac.irch  facilities   Ï Swindell- 

»reisler Company in  the United st-it...      «,. , ,   »i  »winacll- 
facll'tie« For fi.„ #7.ini"a bt',t'-»-    T}«c-8c ru.RP lr.jm beneh-scalo 



design and guarantee ItyL plants to accommodate  the variety of  iron otes 
or pell etti  the prospectivo    lient  sttbmiti.   for evaluation. 

The  i>i lot  plani   has ;?J1  ! he bnr;ir  process  < ycl«    f.-atur»  .  of   the e num. rciat 
mills ond   jr,  (1...sIe,no«.l with a  ücpih oi   hci   idooH.al   to  the   larç.r. reactor::. 
The pilot  reactor holds a charge of   -ix  lens  for each  tr-r.t.  run.    The pilot 
plant   is   fully   Jn/.t i nwotit e<.' .'»tri MU   fstahHr.h any  *!    ;ircd  prmu-is  ri. di- 
lation.     Tent  rerulU ate computer j./..;d  im   i fOcUm   avJ accurate compu- 
tation. 

The following are excerpts from tin   official  -.ahí; policy manual on "renting 
Procedure"  ifunted by Swindell-Dressier Company,   t ho world-wide rali H and 
licensing agency  for the HyL prore«: s and applies to either lump ore or 
pelleté. 

"The test pronom procedure« designated Phase  1 and Pha.ne 11 
«re outlined below: 

"Phage i 

a.    The client must furnish,  for preliminary tenting,  50 kilo» 
ot a representative sample of the ore he proposes  to u»e. 
The ore should be shipped In sealed druroa. 

h.    after receipt of the ore, appropriate teats will be »ode to 
develop preliminary data in three important arcan ; 

(1) The reducibility of the ore relative to the 
Mexican ore Btandurd. 

(2) The probable proccswlng steps required to con- 
vert the ore to the deolrcd end product. 

(3) The schedule of  tests required  for Pitase  fi. 

c.    A report will be prepared  lor the client setting forth the 
results of the t««t« and further  recommendations. 

Predicated on the finding» in I'has»   1, any or all of the follow- 
ing tests might be indicated tur Phase U: 

a. Crushing and grinding 

b. teneficiation 

c. Pelletiïing 

d. Reduction 

e. »felting «nd finishing in the «leetrie Curnacv.** 

•MÜM^II 



The. Phase   I  rcduclblHty   »r«it    !•   nerf:umrd at   Mo.trrri      it»*»   l.¡  itr»e.|., 
''bag tr.it.'' 'ivo or r*ore -ntll ttjin-f-nt a f - • ar.f tt •<» ,-»t »»,, ,~tj 
are piarci? In nrtallU viit b.ijn and msrrtft if dll'Mm te/it 
lOCutiO't« il! LIHï ttWkHtirJ ti rli(.;,:ti hnawai .-ulv dj « • v ! «» «if;. 
compie» ci L!Ií main tinn-.t- uí Hc.ii u. on«. Afte» M-tiju'i^, l ,t 
to the full riuri,i-»t v\. i.tuui^ tvtli, » .i«¿ s.ürj.l»r «.M »»^..--I,; %i»..r 

rcicLori, .'trt imfoailn!, pl.*(»•<! it, í:»,I1« ti .-(aita 
und reraov/*t1 t PI lie Ir borní -ry 
ti suple   ire  fiten analy:-.cd   Im  com:».-, rati ve    «suit» 

r, ;   %  • t i 

I -.,   h  » 
5.4: f»Ít 1 

•r¡      -'«uní» pr ,a» , íV   i t« iv í fU*f, 
The c Hint's  «t&niplc and  s he Me* it   »i unira! 
i» 

If the Phart  I  rofuilu  shew* tbi»   th«   driver of reduction am! phr« ic.nl 
character ol   the   npen,-,«    iron art. rpj il It ntivcW (:qii-il   m m   »«ttr-r   thin the 

time,   temperature,   r, •* t cmimwpt If*, Mexican control   sample,   th" condition?*  o 
etc., established   for  the ciwneri.li»! unit   ip;>ear i.nnlicabie to the «Hint's 
ore and ptulluiuuy projected plant   i conotJitcf; tan We given. 

II the Phase I results ar,> net  comparable, pilot plant  teatinr «*»T *»** to 
be undertaken ro «intahli sh a preliminary evaluation of  the ori--prue e»ei Ají 
characteristics to establish quantitative ttiffi renées. 

A, favorable prognosin in 1'hnae 1 doe* ,lot nfceHsitrily assure the Urtate«! 
success of the larger male Phase  II program and no finii petition cm be 
established until  the work in Phase 11 ha« been templet ed and evaluated. 

On th»s busi* of  successful Phane  II  test», processing  tnform.it lo» and 
data will be entnblinherl,  a definitive estimate  of plant   in«? operatiti«', 
coita prepared,  mid a performance guarantee giver..    The quantity ol ore 
needed for Phase II dependa upon the number iir*l complexity of the teat a; 
the normal requirement  in 50 ton« of u truly représentât i ve sample for 
test d.  "reduction" only.    Tf teata a., b., e, and e,  are neecasary et 
desired, correspondingly larger tonnages of ore «fill be necessary.    Only 
test d.  is required if oxide pellets are iurniuhed. 

WL PLANTS 

The first 75,000 metric ton per year commercial Ifyl, plant was Installed 
in the steelwork» ol  Hojalata y Lamina,  S, A.  In Hontetrtv,  Mexico, and 
began operation in 195? am! hai» been in operation ever since.    It is cur- 
rently producing 92,500 metric tons per year.    The second plant  for Hojalata 
y Lamina, S. A.,   initially rated at  187,500 m.-trH  tona rcr year, cosatene «HI 

operation in I960 and has also been on stream slfce that   tit«;.     !t   ts cur- 
rently producing 238,000 metric ion« of reduced pellet;   ¡t- year. 

The third plant,  identical  to the aet-ond plant built  for HYLSA, was in- 
stalled for Tubos de Acero de Mexico S. A.  (TAMBA), the largest ncamleas 
pipe and tubing manufacturer in Mexico,  located in Veracruz., Mexico.   Tbl» 
plant started up In 1967 and is currently operating at 177,000 »etrir t, 
per year. 



Tí*  f.mrth  IM.  k.|-tm   i**»  huí it   f« i   INhS.WKj*   at   P.M'blr*.  Htr icr,   «mi  r.t<irtcd 
wp   tft   W>.      PrJ-if... í'«    d-   íl-t»«t!   lo  Mrrxhttf   ."'7 5»C»0íi   t on i   t><    rr^irn!   produt f 
wmtílf,   M   ii .wri-íU*    r-HÌt'if  ,«4,tKH» .>«tr!<    tor. s p< •   vvaí . 

4  fililí  ítyL   » Uut   »!•••.!«•   li  »' -'.i   ,  lit i -iï ,   '*•!• «'»-In--   ;;i.Ki-(r,.ít.»   J--»  Bnlii.-t, 
.{,   ¿,   f|f ;tr*i% .'!.•„•«'  »I   IM  fh    1-1-1.••   ri   F.i«-Ma  ''fît   I»»t<!   :t!)->vc,   .tn»>  rm- 
»«<**« wl a^'í r;ft '•>!• .  t'.i'    «•'•'*• 

Tin-   if*ftt   Ely»    Munt    «ti-    ».;(::'.   tn und. r  t «>¡t;.? i •.»<! ton  in Mont i-rrry,  Moxi'O, 
•Mtt «111   rtwi- ni c  en«« :-!•< m«   ir  ^iwlxr  of    Mil:    vr.ir.       J t.   -r! 11   »wivr  «' 
CÄ|M»' ltf   f»t     »7'', tKHI  -iwlfff    tm:t   ni    r< tltirifi   »»»iitt'i. 

A i«*tfn*t   f«»r «  ««vi-ritt' pl.mt  w*is sl!.i>*»«1  Jt*   íiirt«   oí  t.hir. y*?ar with 
Il'kr  Rflin^  S. A.   «í   áthtv,,  i,r««ff,  with  ;>   <1i-»ir,n  '-.»parity  of   2BÜ.00Ü 
•wtrl«*  (»ut*;  f*«*i   ¥f»r • 

tiltil ita- »fUiaMoii of   rh'•«•  itiiw ft«» intttal lifiotvi,   tl'c  toíal  production 
«if  all *yl   pi««** will   «-»a h J.Wi.mW «rtrir   t«ns p»»r year. 

la r«r««t »«»1*1» «rtlcl«'» tiave •pf»r*t'«-d  In the ttthrfUaî  mt-ili« «xprcifllnp, 
m-rl«*«   toMbt« »M to w*M'tm?r  th* «ih/t-nt of direct  redutH« bas  truly 
•rriv#4.     Th**y womkr  «hout   thr protracted  «t.-irt-tip prriod.1*  ttvme of  the 
wvvr pffwf «*•»« #n   *n^€«riim iftf aiu-r carlirr wid« ly-pttblit J     »! prop.woitls 
»•   tMn|Mt*«*t  ktitu\,*;,  nirf pl«»»t  gtaiMrom» aft« t sc-tíou»  rinunci«ti   UWSCN 

f»«f>f*U fcy   faillir»   to tr«N predicted prwhtct l-»n. 

flit«  1« rr« «tâi% « rf»»ti»rt  «Ür«it-re«»uetiM* Mir«dlt.i*iHt y  r.ap."    Thl* 
•*rf#éit«l»ilitv n«F**  i»   «*»t  %#ltf«*it   fmnKlutluffi in fact.    With  the rJn#>.W 
owrptiw of tin« »M- fttiHi'ij,  thrre as still  a gtarine,  ïiul  f»f  rmhi.t.jnfIve 
plat* «forati»?. «Util  »'h li h f m tu  ustd by  tin    tiui/nt  a;  rt .-près enti ni;  truly 
€«a?arat»l«'  »tati«tira. 

Misait»*  fro-« tht   tJteruturc ami Mi tinga «ueh a«  this f>m»  f-.  Intormation on 
wh* »tant H  fall««!, and •* ttwl *»f»f mt.lnr, dut* .imi product i or. costs. 

UM« ttwitrti  mtrtiHh <t*hl#v«.1  to dat«' by now  .»t  thr  leaUinr. cemtetiHrra «ttd 
tk* M*i«r»t<*tuli»'1«   rt'liM.tHm-r of thrlr sp«TOit*rii  t>i «llgcles** clarifying 
Inf armiti on ««t.rii  II   i^f^nnlhlv tor th#« «t'?i1y^t  to évalua ti> with runf idonee 
thf full  K»«MI  *»t  priwt'»« «ItftiMtivr«! tht€'r«titnHy appllc«hU* to the 
IbdlvlJiMil   titr«3 of  thi   éfvrloplttr nntion. 

It  in «H*  «•«• Ih«« fnw#ttr»t*>r awl tbv pro«f»«»i tlvo rllcnt  to rectify this 
•ItHffttob by êmm*àim  tir»th«wt vcrillc-tLlc»* ami drtatlrd lnfarmttion anú 
êêtë m Ih*  trt«ii» «^ fp*r*tiw« i^trUmt   C«r g_H proccw«irn,   includine 
« et»^l*t€- rrcord »I  émm~t lm- amt uptrstiiv upüi-tr: awl thrlr eauKcs,  ifid 
the remi  mi MI «ai« MUM-•  ^M1  rtj-air*.  fi»r a prriod oí »ot  Ir»» than 18 conacc 
Mtlv# mpmth». 

•«••¡••••Mb&sässaia-i .     — miiiin 1 



With this information an efficiency factor can br established for vnch 
process and appi 1er) impartial ly in the comp -ira Li ve tv ;luat ion. 

If a  full and comprehensive response i.i not fortbco-nin»;, tin- proci*«» 
should br» removed fr«"i* contention in the compart ron, rcjinrdle»;;1 of I he 
stature and antecedent- of the sponsor--CAVFAT liMPTOR! 

• •-^-"—--•-»^-~ 




