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THE CENTER FOR AIR ENVIRONMENT STUDIES

Recognizing the inteAd,66,£pfinaA.9 natute 06 probtems invotving the
intetaction 0 6 man and his air environment and the necessity 60'L inter-
coliege   cooperition   in   2660/ 6   to   *eek   .60£utions   to   these   problems,    The
Penp!3 g£vania   State    Un,EV mity    etab.666hed   the    Center  iok  AOL    EnvOLonment
Studie3    in 1 9 6 3. Organized.as a unit 0 6 the I,16.titute Aor Science and               
Enginee,ting   within   the   Intercottege   Re.6 eatch   Progbanv  and  Fac.666ties,   it                                       d/taW3  on the keource  and .tcleen,6  06 many department6.   Facatty membe,U
add,66Ecut ed  with the CAES hold joint  appointmen.6 with academic   depaktmen.6;
such   a,8,     Engineering, Plant Pathology, Chemistw, Forestry, Environmentat
Health,     Ve.te,tincuLY   Science,     and    o.theu.        Theke   ake    ad dit,Eonal    daculty
membet,6 who  CULe  a63O66:uted with the CenteLth,tough  re ezieh  phojects   aione.

The Center dor AOL Environment Studies doste,u interco.6£.ege and in-
terdepaltmenta£ coope,tation and maintain.6 a broad, 6£exible approach to
a»L   poflu.ti.O n 066 ecuich.      The   natiike  and  d,Drection   06   thkA   res earch   -
suppotted  by  iedetal  and  state  governments,  .Endu6.tty, and the  Univet,6.Oty -
reitectj the petbonat   intekebts   and   abililtie6    06   the   Bacuity   and   bta.6 6
and  re,6pond6   to   known   problem   areas.      Typicit  akeas   06   re6 earch  Cule:
studies on tile biologicat ed  ects 0 6 air poffulan«t6    o n   ankmaf.6    and    vege-
tation;   development  0 6 ,6pec,£66  4.66.66.tant to *pedile pollutant,6 ; .6.tudi.65
06  combu6tion  proce63 26   feading  to  Lower  con. aminant  em.Ls.6.Lo,16;   deter-
mindion  06   be.t  metLiodJ   06   coftedion  and  sanipuvig   device,6;   )LeA eakch                                       I
into sman pabkie behavior; 6undamental techniques 0 6 pa*.t£.6£e COMALZOZ;
and   tundamentae  re.6 ecutch on the  chen,£8,04/,  photochemibtky,  and atmosphe,tic

..

reactioF!3  06  a»t,borne  contaminant6.

Redlecting  the  demand  dor atmosphetic  Qua.66ty and the  need  4or  pet-
60111166 (11.6CiL vculgivig degree 06 education, ttaining, and specicLEE zatkon;
6 eveial axlt. poflution «ttaining prog/Iand have been initiated at the Uni-
vwity under the at.66piceS 0 6 the Center.  A.6 an intercottege un,Ot, the               
CAES   does   not  g'Lan,t   degree   nor  oider  any   cou,u e&   06  116   own;   however,
CLOL  polki,tdon  cowwe5   ake  taught  in   many  academic   department6   06   the
Unive,u,ity    by    CAES    associated    6acut:ty   membets . The6e coursej    ake   sup-
potted  by  the  Center  thgough  the  administration o 6 student training  Sund6
and   .th,tough   the   provibion   06   9*aduate   ad,3.68.tants hip.6.       In   an   etdoht   to
expand the.odie,tings in the 6'Eeld, an in.terdi.8,ciptinaty Envikonmental
Pottation   Con.trol.  Ma6.t '.6   Degree   Program  wa6    e.tab.666hed  in   1971  by  the
Gkaduate  School   and   a   numbet  0 6   the   degree   candidcutes   conduct  re& ecut.ch
undeA the direction 06 iaculty associated with the Center.  In addition
to re,6.Edent i.11.6.;01.Uction and in kesponse to extenCLE 0eque.626, pubucser-
vice 2#6.t'Luctionat prog,tama have been initiated through the Center. One
example U the Vuible Em£63.Lon.6 Thaining Progham 066ekd by the Center
and coordinated wah the Bukeau 0 6 Ai.t Poff.66(ion and No,8 e ConOLo£ 0 6 the
Pen,16  flvania   Depcuiment  06   Environmental   Re6ot,kee6.     Since  iedet.cLE fega-
lation  mandate6  that  .6moke  .013pectors  be  cettidied at 3.Ex mon.th intervat6
Sor   theOL   ab.Lttty   to    estimate   visuatty   the   denvity 06  plume   em.Etted  S'lam
stach Or vents, thib P,Logram 3 erves a.6 the Cet,ti·6·£.cation proceduke 604.
Pen,13 gtvania  Depcuctment  06   Envikonmentat   Reources   emp,Eogeeb   as   wele   a,5
60'L industrial, sta.te, and dedeA.at pe,uonnee.
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CUPOLAS MINIMIZE THE ENERGY REQUIRED TO MELT FERROUS ALLOYS

ABSTRACT

Historically the cupola has been the most effective furnace for melting

cast irons.  Although its supremacy was challenged by electric melting

furnaces in the 1960's, persisting energy scarcity and high cost have

encouraged a resurgence of interest in cupola technology.  Using the

optimum design features of modern cupolas and the best melting practices,

they can achieve melting efficiencies of 45% or more based on the energy

value of the original coal.  In contrast, electric melting only uses 21% of

the energy in coal.  Despite.these facts, many foundrymen fear that there

will be problems because of poor metallurgical control if they use cupolas.

Yet experience has proven otherwise.  In terms of energy conservation and

economy it is better to use large cupolas as scrap melters in the steel

' industry.  Yet there is still a deep rooted prejudice against the cupola

plus basic oxygen furnace route to steel making.

f b.re is no oblaction from th. p. .0,
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The cupola may be defined as a vertical shaft melting furnace which uses

coke as its fuel (1*).  Air is introduced near the bottom through' tuyeres

(Fig. 1).  The fuel, flux and metal charge materials are introduced in

discrete batches through a charging door located 5 to 10 cupola diameters

above the bottom doors.  Molten metal and slag are continually tapped at the

spout .and hot gases are passed through a bag house prior to discharge to

the atmosphere. The melting  plucess ulay continue on 'a 20 hour per  day

basis for two or more weeks.

Cupola melting is inherently efficient because it is the only melting

process which brings the fuel and the raw materials into intimate contact

during operation. However,· the most significant feature of cupola melting

is the potential for achieving even greater efficiencies in the future.

Since the 1950's there has been a large number of advances in cupola

technology.  These can be summarized as improvements in cupola design,

cupola operation, cupola controls and metallurgical control.

1.   Cupola Design
a.  Water wall
b.  Hot blast
c.  Divided blast
d.  Recuperative hot blast

2.   Cupola Operation
a.  Oxygen injection
b.  Coke breeze injection
c.  Least cost charge calculations
d.  Induction heated forehearth
e.  Vibratory feeding of charges

3.   Cupola Controls
a.  Blast temperature control
b.  Blast humidity control
c.  Air weight control
d.  On line computer control

4.   Metallurgical Controls
a.  Continuous external desulfurization
b.  Wire feed inoculation
c.  Continuous addition of SiC at spout
d.  Reading of C, Si and carbon equivalent at spout
e.  Improved metal treatment

* Numbers in parentheses designate References at end of paper

i



I '

4

With these improvements in cupola technology and operating practices

come a growing need for technically competent personnel. Without a properly

educated individual who feels pride in making the melting operation a

metallurgical and economic success, the chances of achieving optimum are

reduced.  Finding and developing suitable personnel is crucial.  In this

respect the Foundry Educational Foundation of. Cleveland, Ohio is succeeding

in stimulating the interest of many technically oriented young people.

ENERGY CONSUMPTION IN CUPOLA MELTING

There are several ways to estimate the energy required for melting

iron and steel in a cupola.  The mass balance approach is undoubtedly the

most effective.  Two analyses have been published based on this method.

The results of several analyses of the energy required in cupola melting

are shown in Table 1 and Table 2.

Table 1.  Energy Required in Cupola Melting

Cupola Blast Melting Energy Reference
Size (I.P.) Type Rate Used Source

(in.) (t/hr) (Btu/ton)

66 Warm 21.9 2.6x106          2

72 Cold 24.1 3.7x106          3

150 Hot 0100 8.6x106          4*

150 Hot 0100 9.4x106          5*

* Includes the energy for the BOF production of steel.
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Figure 1.  Schematic Diagram of a Conventional Cupola
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Table 2.  Effect of Operating Strategies on Energy Required in Steelmaking (4)

Operating Strategy Scrap Energy Req'd**
(%) (106 Btu/t)

BF + BOF with ore trim**              0           27.5
EAF + 100% dir. red. ore             0          26.:7
BF + BOF with scrap + ore trim       25           22.6
BF + BOF with scrap trim             30           21.7
EAF + 50% dir. red. ore              50           16.9
BF + open hearth with 02             50           15.8
BF + open hearth with 02             70           12.5

HBC + BOF with scrap trim* 100 8.6
EAF 100 7.0
Open hearth with 02 100 6.7

BF = blast furnace
EAF = electric arc furnace
HBC = hot blast cupola*
**Scrap energy value =0                                      k

It should be noted that there is a wide divergence in the results

reported in Table 1. This occurs primarily because the mass balance

calculations are based only on the melting energy required within the

cupola.  They do not include energy needed for heating the forehearth,

operating the environmental control equipment or for external desulfurization.

The calculations of the energy usage in the large cupolas involved in steel

production include the energy required to produce the oxygen used in the

BOP vessel.  The carbon boil reaction is exothermic and is fueled by the

carbon picked up by the hot metal during the melting operation.  It appears

that the energy required to produce steel using large cupolas is overstated

by some 10 or.more percent.  A much more detailed energy analysis would be

required to determine the source of this discrepancy.

RECYCLING FERROUS SCRAP

Not only has the large cupola become economically attractive as a

scrap melter, but it makes available a technology which has been largely

ignored in the United States up to the present time. In times of national
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energy shortages it is even more vital to seek ways to reduce energy

consumption to a minimum.  It is important to realize that with·every ton

of scrap metal exported from the United States, the equivalent of 24x106

13
Btu of energy is exported also.  That is a net energy loss of 36x10   Btu

annually which must be replaced by mining, beneficiation and reduction

13
of ore at an expenditure of 40x10 Btu.

If in fact domes Lic scrap can be turned to steel by the recuperative

6hot blast cupola and BOF route, a net energy use of 5.5 to 6.5x10  Btu per

ton would seem to be a reasonable energy requirement. However, even if

developed, the scrap melters would only produce some 20-30% of our annual

steel output.

6The coal energy required to produce 7.Ox10  Btulton of electric

energy would be equivalent to be about 33x106 Btu/ton whereas the total

fossil fuel energy required for the cupola plus the BOF route would

require about 15x106 Btu/net ton of equivalent coal energy.

At this level of potential energy savings it is obviously in the

best interests of the steel industry and the American public to use this

improved technology which is not only energy efficient but which is also

economically viable.

FUTURE DEVELOPMENTS

Many prophets of doom are skeptical about the future of American

coking coals.  There are undoubtedly sufficient supplies for the near

term, but what about long term developments?  There is a good

possibility of developing a suitable low reactivity form coke for

cupola melting which would make the cupola melting process even more

attractive from the economic viewpoint.

9
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Today briquetted coke breeze and coke breeze injection into the

combustion zone of a cupola are being used successfully to improve

melting efficiency. If these innovations are developed to their full

potential, cupola melting will become even more beneficial as an energy

conserver.

In the foreseeable future a new type of form coke should emerge.

It would have the low initial reactivity which is necdcd to make it

suitable for passing through the preheat zone without combustion, but

then it. would develop the high reactivity needed for good melting in

the combustion zone. In fact it may be possible to use a heat treating

process to remove· the iron pyrites from the coal before briquetting, thus

making a low sulfur compact.  This would add immeasurably to the value

of that type of form coke as a cupola fuel.

SUMMARY AND CONCLUSIONS

It is evident that cupola melting is both economically and

energetically feasible at the present time.  New developments in coal

technology may make cupolas the predominant melting furnace for gray

iron and scrap steel production.  The divided/hot blast cupola with

coke breeze injection and thermal recuperation, can be up to 50

percent energy efficient.  More important, large cupolas are potentially

much more likely to have improved energy usage than electric arc
t.,

furnaces for melting ferrous scrap for the steel industry.  Their use

could help the. United States to reclaim and. melt its 700x106 tons of

ferrous scrap (6).  Thus several conclusions can be reached:

(1)° Cupola melting requires about 2.5x106 Btu/ton which is
considerably less energy than any other melting process.

(2)  Large cupolas for melting ferrous scrap are economically
and technically feasible.
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(3)  The use of large cupolas will require the training of many new
people in the modern technology required for their operation.

(4)  The scrap dealers and the federal government should  et
together to formulate scrap export policy relative to domestic
shipment.rates to encourage the use of domestic scrap and its

.inherent energy in the U. S. metal market.

(5)  The country should make a consistent effort to exploit its own
ferrous scrap, rather than to make new steels from virgin
materials.
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AIR POLLUTION TITLES U a guide to cu,vt.ent aDL pollu,ti.on fxlteka,tuke and
ubedul 666 a reXxo*peetive seculch,Eng toot.  Th,66 pubucation t.1366
a  computer-produced,   Keyword-in-Context   CKWIC)    60)unat  to  provide  a
61.ULVelj oi 669 pOLLutIOn ikeratake.  Pul,ti.1'tent tafe.6 CULe 62,eected
6kom over 1000. jOUA.naf,6 edch   yeak.
Subdekiptiol'16 to A.OL Pof,elutlon T,Ltie6 ake avcoLEab,ee on a JanuceLY -
Decembet.  ·6 ubs cA..('.ption   ba626.       The  .6.Ex   b.6-movithly   ·66.6UM   CULe   pub-
tihed a.6 60£lows:  No. 1, Janway - Februaty; No. 2, March - ApttiE;
No. 3, May - June; No. 4, July - Ati.81.16*; Sep.tembet - Oc,tobet;No, 5,
and No. 6, which U the cummula,t,Eve x66)ue Sor the yecut. and includeb
the   November   -    December   Citatio 1'13. In   addition   to    Aik   Poffution
T,Ot£eA   .6ubsetip.tionb,  cummulauve .666 ue,5    60'    pabt  yecut,6   cuie  avedable.

A GUIDE TO AIR POLLUTION RESEARCH {PHS) Pubt. No. 981) wa,6 prepared in
1969 by the Center 60/L AOL Environment S.tudie6 under contract to the
National AiA Potiwion COF!»Lof. Admi.FL·E6.Owtgn 06 the United State6
Pubfic Heafth Service.  I£ 1,6 availabte drom the Supe,tin.tendent 06
Documents    06   .the   Gove,tnment   Pkinting   0662ce,    Wa6 hington,    D. C. 20402.
The 1972 ed,66.Lon 06 the Guide wa,6 prepared by the Center under con-

'                 tract to the 0662ce 06 ADI. Progbfun3 06 the Environmental Protection
Agencg and ..66  aho  avedabfe  6/Lom  the Supeitintendent  06  Doctimen,66.

HANDBOOK OF EEFECTS ASSESSMENT: VEGETATION   DAMAGE  wa,6   pub,666 hed  in   196 9.
:1,  2                                                      It   debokbes    .En    de.aGLE   the   many    VCULLous    source,6    06    pottwkon   and   the

e66ect  06 .these po,66.utants on vegehtion.  Included Cule color sude.6
depicting the chabacte,a,8.tic symptom6 06 plant damage.  Th,66 pubuca-
tion «66  avaitabte  through the  Center  dor  ALA  Envikonment Studie,6.

The Iniokmation Service6 06 the Center 6ok AOL Environment Studie3
pub,666 he,6   abtleees,   thes eb,   coniekence  and  meeting   proceedingd,   and  repo/t.,t6
by    6acuttg   and   5£966   membew    06   the   Center   604.   d,66.DL·Ebution   to   cotteagueS
in  .the   6·Leed.       L.66.6   06   a££   CAES   pub.El.ca,tko n6,   ake  avaitable  upon  requet.
White to:  Iniokmation Service, Center 60'1. AOL Envikonment Studie6, 226
Fenb ke   Labobatory, The Penn6 givania  State   Univebsity,    Unive,Utty   Park,
Peviva gtvanxla 1 6 8 0 2.
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THE CENTER FOR AIR ENVIRONMENT STUDIES

Recognizing   the  interdisciptinarg   nature   06   problem,6   involving   the
inte,tac,tan 06 man and h..66 aDI. env.Ounment and the nec)63,6tg 6O L i.n,ter-
college coopetition in. e66O,tt6 to seek  6 olution& to these   FLO btems,    The
Penn.6 glvania  State   Univevity   estab.666hed   the   Center  dor A.Ot   EnvOLonment
Stuaties in 1963.  Organized as a unit 06 the Institete 60*. Science and
Engineeging   within  the   Intercoffege   Rejearch   Progbant  and  Fae,666. e.6,   it
dtates  on the reources  and taien.6  06 many depaktmen,6.   Facatty membeA,6
addiLLated  with the CAES hold joint  appointme.,c(:6 with ttcademic   department6;
such as, Enginee,ting, P.£.ant Pathotogy, Chemi,6.0Ly, Fore6.tty, Env.·Dtonmentae
Hea,Lth,  Vete,Itina,ty Science,  and otheks.    Thete ake additional  dacuity
membm who a/Le  associated with the Center through  re,5 e.a,tch  projec..0   66€.one.

The Center dor AOL Environment Stud.£68 603.terb intercottege and in-
terdepabtmentat coopetfu(ion and maintai s a broad, ifexibfe app*oach to
a»t. poffation reb ecurch.      The   natike  and   dDLec.tion   06   thi,8   re.6 eakch   -
suppok.ted  by  dedewl  and  state  govekmena,  indubtky, and the  University -
redlecf,6 the peAsonat  inte#ests   and  ab.6666(.66   06   .the   iacuttg  and  stad 6
and   repond6   to    known   pro blem   CuLea6.       Typic.CLE   akea6    06   ke,6 earch   ake:
studie on the biological. ed 6ects O 6 ait pottiutan.t6 on animats and vege-
taition;   devetopment 0 6 dpede.6  ke,6.66.tant to speddic potlulan.t,6; J tudze&
06   comblauon  prOCe.66 66   lead.Eng  to   fOUJUL  contaminavit  em.66.6,.LoFs;   detek-
mi.natEon  06   bet  method6   06   cottection  and  sampung  devices;   re& ecuLch
into 3mate paA,ti.c,Ee behavior; dundamen«tal tech,li.que6 0 6 jo£urt,de CO YUOLO  t;
and   Sundamentat  research on the   chemistry,  photochemistry,  and atmospheric
reactic n.6    0 6    airborne   contaminan,t6.

..

Reitecting the demand  Aor atmosphetic  qu.alldtgand the  need  60/L per-
sonne£ w,Gth vakying degrees 06 educition, tkaining, and speciatization;
s eve*at ait poffu,66on training prog/Lams have been in,Cti.ated at the Uni-
vetdity   under   the   aU6 pice    0 6    the    Center.        As    an   intercot£ege   unix;     the
CAES doed'not g'tant degreeb  noA 066ek any co:ubs'66  ai ..its :own;  however,
air  poLLation  cot,et.6 96   are  taugkt  in  many  academic  department6   06  the
University   by   CAES   a.6,6ociated   Sacittty membe.,t3. The.6e coubses   ake  sup-
pokted  by  the  Center  thbough  the  adminibtkation o 6 student training iunds
and   through   the   provision   06   graduate   ass,68.tants hips.        In   an   ediokt   to
expand   the   oideungs   in   the   dieId,.  an   ·•En, e/Ld.66 6£15.ELFICULy   Environmental
POitution   Contrat  Master'.6   Degree,R/Logkam·was    96ftab.666hed  in   1971  by  the
G/Laduate  Schoof  and   a  zumber  .0 6  the   degree· ·candida:tes   conduct  re.6 earch
under the direc,tion 06 dacutty associa.ted with .the Center.  In add,Ct,Con
to   resident  instruction   and  in   re ponse  to    ex,teinal   reque616,  pubucder-
vice instructionat pkogram3 have been initiated through the Center. One
exampte 24 .the 1/,68ib,Ee Em.66.6.Lond, 1-,taining Progham 066eted by the Center
and coordinited with the Bureau 06 ALL Poiddion and NoUe Controtod the
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The cupola may be defined as a vertical shaft melting furnace which uses

coke as its fuel (1*).  Air is introduced near the bottom through tuyeres

(Fig. 1).  The fuel, flux and metal charge materials are introduced in

discrete batches through a charging door located 5 to 10 cupola diameters

above the bottom doors.  Molten metal and slag are continually tapped at the

spout and hot gases are passed thr6ugh a bag house prior to discharge to

the atmosphere.  The melting process may continue on a 20 hour per day

basis for two or more weeks.

Cupola melting is inherently efficient because it is the only melting

process which brings the fuel and the raw materials into intimate contact

during operation.  However, the most significant feature of cupola melting

is the potential for achieving even greater efficiencies in the future.

Since the 1950' s there has been a large number of advances in cupola

technology. These can be summarized as improvements in cupola design,

cupola operation, cupola controls and metallurgical control.

1.   Cupola Design
... a.  Water wall

b.  Hot blast
c.  Divided blast
d.  Recuperative hot blast

2.   Cupola Operation
a.  Oxygen injection
b.  Coke breeze injection
c.  Least cost charge calculations
d.  Induction heated forehearth
e.  Vibratory feeding of charges

3.   Cupola Controls
a.  Blast temperature control
b.  Blast humidity control
c.  Air weight control
d.  On line computer control

4.   Metallurgical Controls
a.  Continuous external desulfurization
b.  Wire feed inoculation

·,                  c.  Continuous addition of SiC at spout
d.  Reading of C, Si and carbon equivalent at spout
e.  improved metal treatment

* Numbers in parentheses designate References at end of paper
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With these improvements in cupola technology and operating practices

come a growing need for technically competent personnel.  Without a properly

educated individual who feels pride in making the melting operation a

metallurgical and economic success, the chances of achieving optimum are

reduced.  Finding and developing suitable personnel is crucial. In this

respect the Foundry Educational Foundation of Cleveland, Ohio is succeeding

in stimulating the interest of many technically oriented young people.

ENERGY CONSUMPTION IN CUPOLA MELTING

There are several ways to estimate the energy required for melting

iron and steel in a cupola.  The mass balance approach is undoubtedly the

most effective.  Two analyses have been published based on this method.

The results of several analyses of the energy required in cupola melting

are shown in Table 1 and Table 2.

Table 1.  Energy Required in Cupola Melting

Cupola Blast Melting Energy Reference
Size (I.P.) Type Rate Used Source

(in.) (t/hr) (Btu/ton)

66 Warm 21.9 2.6x106          2

72 Cold 24.1 3.7x106          3

150 Hot .0100 8.6x106          4*

150 Hot 0100 9.4x106          5*

* Includes the energy for the BOF production of steel.
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Figure 1.  Schematic Diagram of a Conventional Cupola
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Table 2.  Effect of Operating Strategies on Energy Required in Steelmaking (4)

Operating Strategy Scrap Energy Req'd**
(%) (106 Btu/t)

BF + BOF with ore trim**              0           27.5
EAF + 100% dir. red. ore              0           26.7
BF + BOF with scrap + ore trim       25           22.6
BF + BOF with scrap trim             30           21.7
EAF + 50% dir. red. ore              50           16.9
BF + open hearth with 02             50           15.8
BF + open hearth with 02             70           12.5
HBC + BOF with scrap trim* 100 8.6
EAF 100 7.0
Open hearth with 02 100 6.7

BF = blast furnace
EAF = electric arc furnace
HBC = hot blast cupola*
**Scrap energy value = 0

It should be noted that there is a wide divergence in the results

reported in Table 1.  This occurs primarily because the mass balance

··        calculations are based only on the melting energy required within the

cupola.  They do not include energy needed for heating the forehearth,

operating the environmental control equipment or for external desulfurization.

The calculations of the energy usage in the large cupolas involved in steel

production include the energy required to produce the oxygen used in the

BOP vessel.  The carbon boil reaction is exothermic and is fueled by the

carbon picked up by the hot metal during the melting operation.  It appears

that the energy required to produce steel using large cupolas is overstated

by some 10 or more percent.  A much more detailed energy analysis would be

required to determine the source of this discrepancy.

RECYCLING FERROUS SCRAP

Not only has the large cupola become economically attractive as a

scrap melter, but it makes available a technology which has been largely

-.        ignored in the United States up to the present time. In times of national
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energy shortages it is even more vital to seek ways to reduce energy

consumption to a minimum.  It is important to realize that with every ton

of scrap metal exported from the United States, the equivalent of 24x106

13
Btu of energy is exported also.  That is a net energy loss of 36x10   Btu

annually which must be replaced by mining, beneficiation and reduction

13
of ore at an expenditure of 40x10 Btu.

If in fact domestic scrap can be turned tn steel by the rccuperative

hot blast cupola and BOF route, a net energy use of 5.5 to 6.5x106 Btu per

ton would seem to be a reasonable energy requirement.  However, even if

developed, the scrap melters would only produce some 20-30% of our annual

steel output.

The coal energy required to produce 7. Ox106 Btu/ton of electric

energy would be equivalent to be about 33x106 Btu/ton whereas the total·

fossil fuel energy required for the cupola plus the BOF route would

require about 15x106 Btu/net ton of equivalent coal energy.

At this level of potential energy savings it is obviously in the

best interests of the steel industry and the American public to use this

improved technology which is not only energy efficient but which is also

economically viable.

FUTURE DEVELOPMENTS

Many prophets of doom are skeptical about the future of American

coking coals.  There are undoubtedly sufficient supplies for the near

term, but what about long term developments?  There is a good

possibility of developing a suitable low reactivity form coke for

cupola melting which would make the cupola melting process even more

attractive from the economic viewpoint.
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Today briquetted coke breeze and coke breeze injection into the

combustion zone of a cupola are being used successfully to improve

melting efficiency.  If these innovations are developed to their full

potential , cupola melting will become even more beneficial as an energy

conserver.

In the foreseeable future a new type of form coke should emerge.

It would have the low initial rpactivity which is needed to make it

suitable for passing through the preheat zone without combustion, but

then it· would develop the high reactivity needed for good melting in

the combustion zone.  In fact it may be possible to use a heat treating

process to remove the iron pyrites from the coal before briquetting, thus

making a low sulfur compact.  This would add immeasurably to the value

of that type of form coke as a cupola fuel.

SUMMARY AND CONCLUSIONS

 ·            It is evident that cupola melting is both economically and

energetically feasible at the present time.  New developments in coal

technology may make cupolas the predominant melting furnace for gray

iron and scrap steel production. The divided/hot blast cupola with

coke breeze injection and thermal recuperation, can be up to 50

percent energy efficient.  More important, large cupolas are potentially

much more likely to have improved energy usage than electric arc

furnaces for melting ferrous scrap for the steel industry.  Their use

could help the. United States to reclaim and melt its 700x106 tons of

ferrous scrap (6).  Thus several conclusions can be reached:

(1)  Cupola melting requires about 2.5x106 Btu/ton which is

considerably less energy than any other melting process.

(2)  Large cupolas for melting ferrous scrap are economically
and technically feasible.
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(3)  The use of large cupolas will require the training of many new
people in the modern technology required for their operation.

(4)  The scrap dealers and the federal government should get
:Agether to formulate scrap export policy relative to d,nuestic
Fhipment.rates to encourage the use of·domestic scrap and its

inherent energy in the U. S. metal market,

(5)  The country should make a consistent effert to exploit its own
ferrous scrap, rather than to make new steels from virgin
materials.
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