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¿lin 0 

Quality of steel it not a precisely definable attribut« since it mensure« 

fitness for purpose in comparison with competing materials.      It is, therefore, 

possible only to discuss the difficulties in controlling, during steelraaking, those 

aspects that determine the suitability of a batch of steel for its end use. 

The paper discusses the problema of ensuring correct composition, the origin 

and avoidance of contamination by undesirable elements, the occurrence and oTerooming 

of segregation, the sources of exogenous and indigenous inclusions and the ingot 

defect• that can arise as a result of casting conditions. 
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1. Before diseussint the problems of quality that arise  in steel product io:»,   i <• . J 

probably as well to state that the word "quality" in this connexion has no proci: i 

meaning.       It is impossible to say that one sample of steel is of better qua.1.i ,y  Urr 

cnother unless we specify the use to which it is to be put.       In fact, quality -      .1 

merely suitability for purpose at a ccst that is economic  in comparison with -.»tie. 

materials.      Thus we could say that Thomas steel was not of >¿ood enoufh quality .'or 

th.- nakin»; of en ine crankshafts yet  it is a ;»ood material for the machining l *    ;y,-r;i 

-lu,   holies.      For this latter purpose, the steel is of hißh quality. 

2. ">/e can, therefore, discuss only those problems that occur in stecl-makir..; in Í)» 

control of composition, undesirable elements, homoßeneity, non-metallic inclusion» . 

and in.îot defects, all or any of which may affect the mechanical properties, 

fabricating characteristics,  and service performance.      The control may be exercir.ed 

clurin;, the steelmakinc process itself, during the transfer from the furnace to the 

cistin¿ buy, during teeming,  or finally during solidification to ingots. 

1.      3y composition,  reference is Intended to the proportions of carbon, manimnese, 

silicon,  chromium, nickel, etc., that have to be held within specified limits in order 

that the resulting finished product may have the mechanical properties and service 

performance appropriate to the end use envisaged.       Such elements as sulphur, 

phosphorus, nitrogen and hydrogen are dealt with later. 

As far as composition is concerned, all existing methods of steelmakinc»  open- 

hearth,  electric arc and converter, are capable of making almost any steel, though t 

practically and economically some are far less suitable than others.      This does not, 

of course, mean that even with the most suitable there are no problems in m&kin.j a 

stool to a desired composition;    this  is witnessed by the number of "off-heats" that 

arise in any me It in • shop.      Althou-h such "off-heats" may be diverted to other uses, 

it is more likely that they will have to be down-ßraded and sold at a lower price or, 

worst   of all,   scrapped and used for re-melting. 

5.      Stoelmakinj: is a process by which undesirable constituents 0f the charge are 

removed by oxidation into a sia ;.       Unfortunately,  the desirable elements are not 

immune to this oxidation process and we cannot, therefore,  choose our startin;;: 

nnti-rials  correctly,   remove what  is not wanted and then tap the furnace.       The  extent 

t.. which the various elements are  removed is variable.       Thus silicon is oxidized almost 
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completely under any oxidising conditions, whereas nickel and molybdenum are not 

affected to any appreciable extent.      lianganese,  chromium and iron itself are partly 

oxidised and carbon is removed, as carbon monoxide,  to an extent depending on how far 

the oxidation is carried.      The slagging of any element is a function also of the 

composition of the slag and the temperature of the bath.      But the sla^ composition 

and bath temperature change as refining proceeds and it is extremely difficult to 

predict the extent to which all the simultaneous oxidation reactions will hare prooeedec' 

at any time,      A decision has to bu made whether (a) to leave out some slement from the 

charge and add it when the refining reactions have been completed,   (b) to accept that 

it will, be oxidised and attempt, at a cost, to reduce it back from the slag at the end 

of the procesa, or (c) to remove the material with the slag and add the necessary 

amounts as virgin alloys.      This decision will be decided by the cost of the element 

as alloy or in the raw material, or by its mode of occurrence.      Thus if stainless 

steel is being made from mild steel scrap, we should adopt the first method.      If 

stainless steel scrap were available, the second method would be used.      ¿naganese 

and silicon are allowed to oxidise into the slag and any residual amounts are made up 

to the specified level by addition of ferro-manganese and ferro-eil icon,  i.e. the 

third method is used, 

6,     How does the steelmaker cope with these problems so as to arrive at a given 

composition?      Firstly, he must aim at consistency in raw materials aud methods *f 

working, allied with careful observation of the changes in composition that occur 

during operation.     This will enable him to build up a knowledge of how the various 

reactions proceed and of the extent to which different elements have been removed by 

the end of the process, judged for example by carbon content or final temperature. 

He will also be able to observe the effect of unplanned variations in raw materials or 

operation and thus deoide whether these variations are desirable and to be regarded as 

good practice or deleterious and to be avoided in future.      Deliberately planned 

variations may also be introduced in an effort to discover a better method of working 

or to use a cheaper raw material.        These will be assessed in the some way as chance 

variations but should be planned in the light of knowledge of the physical chemistry 

of slag-metal systems.      This kind of experience has already been largely acquired in 

developed steelmaking countries and con, to some extent,  be taught to newcomers to 

steelmaking,  but it is best and most quickly gained during actual furnace operation. 

% 
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T.      Nevertheless,  there arise occasions when even this knowledge   is  not adequato. 

-rtieulnrly when variations arise over which the .trimotor has insufficient or u<. 

c-ntrol.       Thus,  for example, when aiming at a ( iven carbon content  in the oPen-hecvr,b 

•ro^M, th, neltor will have followed the carbon drop by periodic  sampling ani 

•ly.i..       But  .amplili! ani analysis take tino  and the nelter must prepare to t,,- 

n the assumption that the carben content of several minutes previously will havo 

„r^e' to  the  required value by the time the tap-hole has been opened      The   »rc.U:, 

is ^-ravatod by the fact  that openinr the tap-hole may take c. variable lenCth .Í 

ti-,e and that th« carbon added,  as impurity in the ferro-alloys,  will  contribuì   ii 

»a unknown wny to the final carbon in the ladle. 
8.      More  rapid method« of analysis will minimise these difficulties because th.- ^ 

composition can be known almost at the instant of tappin,.      Such rapid methods arc 

now available and it is possible, with relatively untrained personnel, to obtain en 

the shop fluor results of carbon analysis in less than four minutes.       If tho results 

of carbon analysis are plotted against time,  the  melter is  L. u  iar 1 .it-:• . • rit i  n  t. 

.redict the chants that will occur between last analysis and tap-hole opening 

9        The problem i. different when the bath is  »blocked» by the addition of reducing 

„rent.,   in the electric arc furnace or converter where the heat can be tupped quickly, 

but even so rapid analysis will assist in closer control. 

10. 7ith top-blown converters,  the problem assumes a different aspect.      Repeated 

•nnplinn is not possible but by careful adherence to operating schedule», the amount 

«f oWn to be blown to  reduce a carbon content,  determined at an intermediate 

turn-down,  to a desired final fi/.-ure can be predicted. 

11. Control of manganese presents difficulties after the steel has  been made. 

Durin: the   later sta(;es of refininc; there is net much change in man anese content of 

the melt.       Ferro-non^ne»* has to be added  in the furnace or tho  ladle.       If it  is 

added  in the  furnace, the  oxidizinr conditions will tend to remove   it inte the  slat, 

an«: the  Ion-or it takes to tap the furnace the  lower will the manganese content  bo. 

uno  successful method of  ovrrcomin; this i. to analyse the sia« for  iron, add an 

1H,• ,,->riate  amount of ferro-manganese to the   i^Cc    and a variable amount to th. 

Indio aft, r  it  is half-full.       'forking «harts  showing the relationship between sla5 

iron,  time,  t-  Lulle half-full  and the amounts  of  ferro-manine so  to  be added to   r:ive 

•    ,vlirr.l  n.n-,noSo content,   hav,  been worked   out by statistical  examination of past 

P„.,r.i,  and   aro  convoient  for „„e on tho  shop  floor.      No technique  is,  howevor,   full* 

r...i-Mo   •irf,,1H, tho fin-vi nan,ane*o  content   will  vary with the  extent to which the 
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steel is churned up with the osidi.in/, slaf durinr  tapping.       -he  solution of this 

dilema must be in obtaining constant tapping conditions and holding back slag until 

late in the tapping}    devices such as je* tappers can help in this respect. 

12. Cne problem comrion to all procedures in  .vhich additions are made to the otherwise 

finished steel is that the precise wei£  t of the steel in the furnace or ladle is not 

knoxm.        It is only by careful weighing of input and adopting constant operating 

conditions that the former can be reliably estimated and only by ensuring that all the 

oteel in the furnace or other vessel  is tapped that this estimate can be used to calculate 

ladle additions. 
13. Undesirable Elements     The undesirable elements may be divided into two clas.es. 

Vl^ro are those impurities,  like  sulphur, phosphorus, nitrogen and hydrogen,   that arise 

fro;, any normal ra.v materials or f ro<n contamination during processine and thoae, known 

BS residual  or tramo elements,  like cor n, nickel, cobalt,   arsenic, antimony,   tungsten, 

lolybdenuir.,   lead and tin,  that arise in unluovn amounts fro,* contnerolal scrap.      ïhe 

ele ents in the first class are genernlly ref,ardr > as deleterious to performance and 

steel specifications usually lay down   n/inrn-a Units.      The members of the latter group 

are reneraily not so specified but  ii    res«»t  in   ;ore than minimal counts nay render 

the steel unfit for certain purposes.       It ¡nuat not be overlooked that so.« of these 

"undesirable"  elements are often  beneficial.       Thus sulphur ana lead may bo deliberately 

added to improve machinability,   copper and phosphorus added to iaprov« corrosion 

resistance or to impart extra stiffness to sheet. 

"•      9"lPhur    i" found in practically all the ra'v moti rial a used for steelnakings    pig 

iron,  scrap,   fuel oil and even lime.      Fron whichever source  it arises, when the ohargi 

is molten the sulphur burden in the •teeloaking unit will be distributed between the 

slag and the metal.      The steelmaker mustien endeavour to improve this distribution. 

Although it  is desired to keep this paper as simple as possible  it is necessary to 

oonsider the factors that control the distribution.     The chemical reaction involved 

can be written asi 

Sulphur (in metal) + Basic Oxide   (in sla:;> Sulphide (in slag) + Oxygen (in metal). 

This shows  that a first requisite for lo., sulphur in steel  is low sulphur burden. 

Every effort should be made to obtain pifc iron and scrap of  the lj-.»est sulphur content, 

even if this means that the hot metal fro.u the  blast furnace  has  to be treated with soda 

os'-, or injected lime.      niph sulphur fuel oil   should also be avoided for it has been 
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.       tv,t ^ , of the sul vur contained in the oil bun^d durin,- -Hin« den  lu „n 

! . ,.. ,irth  furnace can be absorbed by t.. coa*»..      *» -con. rea.ui.it. » « h, , 
,     .        . .     •„ tHö «...,        carp  should be taken tls " " »   in calculate? concentration  oí basic oxide  in  the  slat .       lare  snu 

c     -, and  feed materials,   efficient line  is cloyed to 8ire  a 2.1  to  „1  l»»- 

ci   •  ntie.       The final factor is tho concentration of oxygen  in t,e metal.       acr     ,.  i 

••'-a' the problen really occur..        In „W  refining by oxidation,   it i. nece.su,>   - 

;st Uish condition, for the  removal of   «hosphorus and carbon that inevitably  lc,l U 

c-iduUon of the metal and in  spite of ,11 the  precautions to mi» tain a high bn.id,' 

iao   partition coefficient between  slag    nd netal never reach,«  a hi,h value.       .t   ,, 

• nier these circumstances that the careful choice or treatment of • «aterial, -«id 

I. uS0 of iN  sulphur fuel aro of adranta,.. L the other hand,  converter rteel^ 

oes not use fuel oil,   so this source of contamination is avoided.      Nevertheless,   sine, 

i, is essentially an oxidi.in* process,  it is not capable of very ,uch sulphur r«,oval, 

ta, there is evidence that it is superior to tho open-hearth in that .one of the 

<ul,"ur introduced vit» the c,,rge is turned way in the very oxidising condition, of 

•u      ^cving.       *or very low sulphur content in  steel,  the electric arc furnace i. 

»a »urior.       Hier,  is no contamination fro, fuel,   ^ be.t ty^e  of slag can be produced 

K    - adding  reduci«, agent, and closin,  the  furnace doors the concentration of oxyi:en 

i..   J.  steel may be brought to a very lo, Urol.      In this way,   sulphur contents of 

< ,( •     n'  below  en be achieved. 
•   .      Phosphorus,  unless r^uired at very low  level,  is generally not troublesome 

,-ovided  the   .Inn  is sufficiently basic  -,H<  oxidising. .'hen,  however,  high phosphorus 

iron is used  a« the chari;c,   -he   slag-etal distribution obtainable without  excessive 

o- idation of  iron  (and thus unacceptable los.  of yield)  is not  sufficiently hie* to 

omdueo phosphorus contents low  enouga for sor.« applications.       It is necessary, 

:-,,.•of ore,   either to avoid hif/« pho.pno.us charges  (as is the case in fixed open-hearth 

furnace.)  or   to work a .«lti-.lng process,   in  which the major proportion of the 

chorus  i«  caused to pas,  into a sia,.  «hi«h  is then rowed.      The fomation of a ne. 

,1,.B  nnd  prolonged refining  »ill  then  reiuee   the phosphorus dovm  to the desired lerel. 

i,  is  tho  process used  in  tilting open-hearth furnaces and LJ>-*C and IL? vessels. 
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16.       /hile »orne nitrogen is contained in pig iron and scrap,  tho boil during carbon 

renoval  is sufficient to lower it to acceptable values.      However,   if the purging 

action of the boil subsides,    contact v.-ith nitrogenous gases will cause the content to 

rise again,   often to undesirable levels.      For thia reason,  nir-blown Tho-.a3 steel  is 

higher in nitrogen than open-hearth steel,  and steel finished under reducing conditions 

in the electric arc furnace,  particularly i£ the reducing period is prolonged,   is also 

high in nitrogen.      For very low nitrogen steels it is advisable to avoid contact 

altogether with nitrogen or air and to use processes like stear-oxygen or carbon 

dioxide-oxygen bottora-hlowing or oxygen top-blowing. 
l''»      hvdrogen    enters steel when it coues in contact with the gas or with substances 

containing it.        Hydrogen may also be transferred to the metal by a slag which,  in 

turn,  absorbs it frow th« water vapour in the air.      Fortunately,  the purging action 

of the carbon boil will generally overcorae any transfor from the slug but once the boil 

has ended conditions are right for hydrogen pick-up.      Any additions made to the 

furnace should be well dried and the steal should not be tapped into damp ladle or 

touned into moulds that are dar-ip or have improperly dried hot tops.      l^ven in spite of 

all these counter measures,  hydrogen contents in the steel may be excessive and 

recourse may be needed to auxiliary treo.tuent.      Cf these,   inert gas flushing is easily 

carried out and can bo quite effective.      Undoubtedly,  vacuum treat ent in some forra is 

the   tost effective and stream degassine iato the uould or vacuuia treatment of the 

contents of the ladle are no» becoming  routine operations for hydrogen removal. 

13.      The residual or trtrio elements    entering the steelmaking furnace in the pig iron 

or scrap can be divided into t ,»o groups.      "here aro those that s.re fully oxidized during 

refining  (and do not present any real px-oblens)  and those that are little affected and 

vo.-ir.in dissolved in the steel.      ïhe elenents ncntioned in paragraph 14 belong to this 

¿voun.      Since they are not removed in steelmakini, there is no ronedy but to choose 

raw materials carofully when low-residual stool  is needod.      The trr,np element content 

of pig iron is generally low,  though if scrap is usud in the blast furnace some nay be 

present.      Steel nade fro • pip iron will nlso bo low in residuals and works'   scrap is 

therefore a suitable charge raterial.        Purchased scrap,  however,   is a potent source 

of tramp elements because even with the beat arrangements it is not possible to 

guarantoe complete separation froir. non-ierrous ¡materials.      For low residual contents, 
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.i. ir« and ..A.-  own scrap should be cloyed.      Pro,pt analysis for tra,* elements 

..       Blt out  should also bo  performed  so that  il  any nr»  too high the heat nay bo 

. lve-W to * loss critical order.      :.y      l*e token,   if a heat .nade fro, purchasou 

-c-  -   should .rove   to be lo.  in  residue,   it can bo diverted  to  a  suitable  application. 

•   .        p^eneity      In order to ensure t,at a batch of stool is consistently of the 

„i-e;.  quality,   every billet,  bar or shoot, roiled fron it should have the  sa,e 

c    option,  within the li :its laid do,n by the  relevant specification.      Although 

..-^'-~y be v.rictions oí conation  (aecnusc  of  stratification)   in the  iumac,   it 

. ,- V  ossuti that the  turbulence at tartan *iU  result in a hoaoGeneou, liquid 

c~-   ." a in tac  ladle. 
C.      juring  the cooling that takes place  in the  ingot nould,  the  steel   nil,  of course, 

.   3ubject to tue laws governine the  solidification of solutions.       Station »ill 

occur ,s a  result of phencena which cause the first  solid to separate to be  of a higher 

«,rl<" than  th,  liquid  and far the various exponents of the  steel    having the  lowest 

.•rc„i- points to concentrate  in the parts of  the  ingot last to solidify.      The  result 

i,  incertain regions contain ,cre  and  oth.r. 1— of H given element than the  average 

co .cition of the ingot as , .hole.       Vo ., first approximation,   it nay be  said  that 

;,oli<ification takes place  fro», the  sidos ,nd  boti« of the  ingot  so that uajor 

sow-elation occurs near the top of the  iarot. 
'.U      Carbon,   sulphur and phospl orus are *,*,  elements uo.t prone to  segregation and 

,.ou;;! the  steel can be r.nde  sufficiently low  in  sulphur and phosphorus that even if 

,  --nation «oes  .ake place,   the concentration of these elements  is nowhere above 

deification liits,  carbon has gon.rr.lly to be held within certain narrow range« and 

,c   ,ures have  to  b. taken  to  eliminate   segregation.       Fig.  1.   indictes the  type  of 

,ot-:-c-tion   referred to.       2A,  shaded are,  represent« the region  in which porosity 

oecu,=-.        . first  «to? will  be  to .,ake  w  ingot  shape  such that  solidification  takes 

•-o  as  rmi'.ly r.s  possioU-J     the  cross  section  of the   nould  should be  as  snail  as 

iösrJ'jl.-,   for tais will  :*\e   fie average   solidification rate high,   always  subject to the 

,;.ovJso   th,t the  lar.ot caí he ¿iven  mviViciont mechanical working   to produce the   Full 

.•c    -uical   properties   in   the   finished   >ro;uct. 

,.        ¿vantage    .ay also  bo  taken  of  the  fact  that  segregation  tends to be  concentrated 

.r,    ,,:s  the   top of the   i:*ot,   by providin..  the  uould with a hot-ton or feeder head. 

•     ] ,     ÌLI   , aintain   the   steel     ,t  the  to;   c.   th,   ingoi   in  the  liquid   state  and  allow  the 

• t,d   i.purities   to  rise  into  the  herd  and   so give  an  acceptably low discard on 

I 

§ 
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cropping.      But vita all   cíese counter-measures it    ust be accosted that,  when mkinR 

lerr,e  ingots,   segregation will occur.        .non  a user demands finisaeJ  products that can 

bo mace only frou largo ingots,  ho musc be   «eparca  to relax co position  specification 

limits if the  steelmaker is  to be able  to    ake   .aterial  economically. 

?.3.      However,   for nony products,   t'aero  i a «n answer to the proolem of   segregation. 

Small cross sectional dimensions and rapid solidification are possible by continuous 

casting.      Cther speakers vili be describing  the process  so it will  suffice here to 

sif.te that continuously cast ingots are essentially free fron segregation both in 

cross-section and longitudinally and,  with less mechanical working  than  is given to 

conventional ingots,  produce finished materiale fully in conformity with current 

specifications. 
24.      Non-metallic  Inclusions      In spite of all the care devoted to obtaining correct 

composition,  absence of undesirable elemonts and to reducing segregation,  another 

source of "iupurities"  is indissolubly Hal «d with  in;<ot nakinfe.      I refer to nou- 

.etr.llic inclusions,  predominantly oxiJos or compounds of oxides of aluminium,  silicon, 

manganese and  iron,  which constitute  sources  of inferior mechanical properties.      They 

mr.y arise  in two ways»    fron reactions taming place within the bulh of  the  steel or by 

reactions between the steel     Jid the  refectorios vit:» which it co; o s  in contact.       The 

:?ull extent to which inclusions arise fro:, refractories is not yet clear,   in spite of 

.-.any researches thrt have been carried out.       Example s have been found  of embedded 

particles that obviously came fror., broman refractory f-aininf; access to the steel in   its 

passane to the  inriOt r.;ould.       Such defects can be prevented by  strict  rttontion to 

cleanliness in the setting of ingot moulds and runners and the choice of oricks of 

adequate  strength.      'fhore  is evidence,  however,   that  some  steols can,   during their 

passage over or through refractories,   react with and dissolve the material.      Some of 

this eroded material may remain entrappod within the ingot.      The occurrence of this 

type of inclusion is somewhat sporadic,   so that it cannot be said vdth any certainty 

whether the tests conducted to determino how far rofractories do contribute to non- 

netallic inclusions lead to positive conclusions. 

25.      The major source of inclusions is,  undoubtedly, deoxidation practice.      Almost all 

steels when ready for tapping contain ¡. concentration of oxygen such that,  during 

cooling and solidification,   it will react with carbon to evolve carbon monoxide and  thus 

to uncontrolled turbulence and blow-hole forration. Before  the steel  is allowed  to 
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c,V.   i,  is,   fuereíoro,   trente* with doo::i¿rJits  suca r» ferror abónese,   ferrosilicnn, 

:     i.iu..,   etc.,   to  lower t.e  oxygen content   so fat no ear bon rono.:ide gas fonetica 

j       ,-,.,>ibK-   (k oli od  steels)  or that t'.-.e correct ar ount is produced at the  right ti - 

;   '     ir.»,   and balancee'   steels). 
.       .a   oxide, forced  by  „e  «ction of  Lia-  ¿eoaiaants '.re  insoluble  in  steel ,ná  it 

;.   e'e-.r  that the  re-^dy is tc be  sought in  providing conditions  in vhich they e-.n 

esc   v  before the   steel   solidifies.       Por   this  r.son,   the deo:-iaatiou  is prefer any 

concuoïiid   in the furnace  or I-.die,  where te   steel  rer.ains i.oit.n,   rnd  ti e  is :U<"    ' 

o.- inclusions to  rise  into t! e  supemai ne  slag  layer. 

,-.      ftoch deoxidant Rives different levels  of dissolved oxyge.i -"u;.   inclusion oo.jt....t 

,L t:,e various stages  -iter taking,      ri,.  2  taken f ro. i the work of Plöckingei-'   bhr..B 

»  o " 
i. i »i Since the  solubility of  oxygon in  solid  sttcl is extre.oly sviali,   it enn be 

Cir 

iahen thnt the  total  oxypen content of ;•  solid sa:..nle repreaonts the  sa-, of the 

inclusion  that wro  present before  sa   iliiife  and those that will  for    durinp 

solidification. 
lo,      It »ill bt- observed tivi  siiico-...onLan«se additions to the Ut.le result in lower 

,o •!   oxygen after 8-12 • inu.es waitLi;.   Li  e   thnn do silicon or calcium suicide but 

-..:••:  Kirconiur,,   tit.niun,   aa.I  cluviiniu:   rre   superior.       It -ill  be  observed thr.t 

'•     aiur. cnuses  a  rapid  (nil during -;..:v>i"&   of t:'fc fttmae<!»  no'clvmgo during the 

.\hit-   tir*    nd   mother decrease durin;,  in*ot tee...ing.       This  su£%ests that the nlu»..in.» 

•viclv.s  rm   re .ovud  r-ndiy only when  ¿: e    .etnl  is agitated  but do not have a hi«h 

•..   of  ris*i  ti'.rouf...  quiescent i-ttal.       -lis  .ay   ,*. attributable to  the  fact that when 

:;,,     ,,  by  :ii.it tion   to  ,-x  interface,  vUa  either sla& or air,   they are absorbed 

•   ly  ay the sln;  or re. iia nt thw ; ir-.:ctr 1  interface.      diner  it is difficult under 

eie   1   conditions  to  ensure absence of  slag,   the firbt expiration  is considered 

.   lia.ly.       :he  superiority of :ilu. iniu     as a a\ox<H:uit for producing cleaner steel 

h    . * n  verified  in  works'   practice. 

, , re is, -otcvtr, on« Jeoxidani t. t «ives rise to a product ¿not very readily 

e H fro stet I. Tins is crrbnn, t'lot^h whvi» used under nor .al conditions, it is 

.      ,   . ffici.fnl  dtoxidizer.       Altliou;     r   rhon  will  react with  oxygen during  solidificati« 

.   ,i(i-   so>.   d. o>.id i tion,   it »vili   aao-'uee  carbon    onoxide blowholes and  in any case 

,    a., i «lu. I   oxyuon   nil I   U   .sufficient   .,    Interact with eierents having  greater oxypt-n 

i   it>*  to   -i-oducf  non-: stallie   inclusions.       .'owtvor,   the deoxidizing power of carbon 

I 

I 

'•''•     '•     •»    i'V'i»'-i(,t   °*  dioxic  tien   r,r\ctice on cleanuess of  steel,   Journal   Iroi 
).    1   la.-t j tute,    ?7C>— -:' l   (July   <...>\) 
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is very much  increased if ambient pressure  is lowered and by subjecting the  steel  as 

a batch    or continuously to high vncuun,   very low  residual oxygen and thus low 

inclusion contents can be  obtained.       -'his technique is now being  implied  increasingly 

net only for  re¡:ov¡-.l  of hydrogen as ncntioi^d in paragraph 21,  but  -Iso for deoxidation. 

It has the groat  advantage  that  if  the  ir,r.tuent i:, given before addition  of alloys, 

there is no oxyaen to react wastefully  t.ierewith and alloy recovery is higher. 

3C.      Ingot Defects       îany a satisfactory batch oí steel has been nade of reduced value 

because of defects arising during the actual  ingot raking.      These defects nay not even 

be apparent at the  ingot stage but only ~.fter rolling or forging and hence additional 

wastage of tire,   effort,  and „oney.       It is not possible here to describe  the many ingot 

defects that can arise and reference should be :,iade to Special Report No.63 of the  Iron 

nnñ Stool   Institute,  but cxw. jles may be quoted to indicate the cause and  remedy of 

sono of them. 

31, The most obvious defects are perhaps cracks.      Hanger cracks can occur when the 

ingot is suspended in the mould because of n badly worn or ill-fitting hot-top or to 

overfilling of the nould.      These are generally horizontal cracks.      Vertical ffo cracks 

-.riüe when the  contraction of the  ingot  skin  is prevented by notai  having froaen in an 

open crevice   in  the would.       Fins or fir. she s between nould and bottor   plate can cause 

basal cracks.       The  remedies are  obvious;    roulds  should be rejected when cracked and 

the fitting of hot-tops and setting on  stools  should be carefully checked. 

32. Cracks can be associ\ted with surface irregularities which restrict contraction. 

Thus double  skin  (see later)  can cause transverse,  longitudinal and oblique cracks. 

¿here arc also cracks not accompanied by  surface irregularities nor caused by obvious 

restriction.       These are usually described by direction and position as transverse or 

longitudinal  facial cracks,  transverse or longitudinal corner cracks or basal cracks. 

'¿heir cause  is not fully understood but the following   ire known to Lo contributing 

¿actons 
Inability of the skin to withstand the stresses resulting fron ferrostatic pressure 

exerted by the  liquiá steel. 

'oo high  teening ter.per-.ture. 

Too high teening rate. 

Too high    -.ould  temperature. 

Too large  corner radius on ingot. 

Too  small  flute depth on ingot. 

Steel  entering nould towards one  side  instead of centrally. 

a, 

b. 

c. 

d. 

e. 

f. 

£'• 
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Cnce  ficaia the  remedies cui be  seda  fror, the above.       ¿o::o  crchs occur within  tl 

U.ct itself and nave been attributed to the presene*, of high proportions of -ilu-iis i-i 

-net nitrogen which reduce the  strength of  the  steel  so that  it c-nnot withstand  t ,»• 

sol ic ific-1ion  stre s se s. 

33»      Jouble  skin    nay result fror! splash of  steel on to r.:Ould -ills    t the  st;rt of 

v'.u teeming.       The use  of  splash cans or , ads is to be  roeopnenaed.      double  skii* e  • 

riso crise at  the top of nn  ingot,   e.g.     iUi effervescing  steel  a  shell of   vt-i      > 

e corred as  ".   result of the uetal level  falling rapidly when tae i.culd  is filled. 

vide  shell will five  rise  to double  shin  ih   tee? ing is resumed. 

V.,      hap u-.rk.« r.ay  result fro:, slowing (.en or interrupting the teeing if this >. iv;« 

.vt  of the  too  surface n chance to  solidify.      Very flow  toe -.ing or too low  a toe ..ii ¿ 

he: morituro nay cause pronounced ripple. 

V...       Subcutaneous blov holo3 and  aegre,:"---.tejs h-ve been known to occur when ..n 

insufficiently deoxidized  steel h<s been   teened into dirty moulds.      The  iron  oxide   i.i 

«a.  t.irt cm  re.ct locally with the c-rhen  in the  ste«l  to produce s -Till blowholes  ti.it 

iul'ihL  fully or partly v.ith i, pure  liquih  fro;    the  still  liquid p-rt of  the  ingot. 

Jó.       Sore  of  these   ingot defects nay disappear oa rolling  or forain«   or   it luast 

-•..oaeissititte »lerely ingot  scarfing,  but others r.ny causi   so .-.any consequent defects  in 

:. .;   rolled or forged  product that part o- -.11  of n cist has to  o*>  scrapped.       It is 

ILT-X- then  that as r.uch cn.ro    .ust be tricen  • t the ingot rakin:   as   .t any other stage  to 

e.i£.u:-e  that  teevin^  te .-periture and rato  -.:<*.   correct for the  steel oting east,  that 

ewto.-. plates and hot-tops are well fittuJ   -.nd that splashing  or overfilling of the 

oulf'   are  avoided, oulds  should be   strictly exr.r.incd for cracks,  properly cleaned 

and used only at the  correct tor.pt.-rature.      ho hard and fast  rules can be laid down} 

or  erience r-.ust be the ¿uide to correct practice for each grado of steel    ind each 

iaf.oh  shape   and   size. 

3Y.       hi paragraph 29 it was indicated  that continuous ensting could overeo e  the 

X-OJU     of  segregation.      Although in.aoi exfe-cts do -rise  in continuous casting,   tin 

.".c>.ss  ; ine rally ¿ivos far less  trouble   in  thiá  respect than  doeo conventional c.stiug 
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".üvidud the  -culd is desi-no^ correctly,   siuul is to* ed it f.o ;.--/>roprir.tc  rat.,   u¡ i 

,  c  secondary codine  r.jnliod judiciously,   c'ternr.l Mid intera-vi  ir.; et quality cu, ', 

:u'-itccd.       ¿lacuisc e  stiuE   conditions c-a be   >.nd ;;iv nnint.-.Lïod und. r   .ucii clos, r 

cor.l-.ol than in r. ci s ting bay,  continuous casting produces innova consistently suiti  l» 

„e;- Curtlicr processing« 

-»•'•       hl coacl»8Í°P»  tc -"Ao  stutl of £OOf-   quality,   i.w.  suitr.hio fer the purposv 

ir.taidod,  close  attention   lust bu paid te choice of raw  -storici»,  ..-.ethode oi  opcr.Li ^ 

<wo;:idntion practice and,   since a bad in¿;ot vastus till thv effort thr.t hi» (>ou*} bi-*.r;.-, 

•-o ilio -vny in which tht  stc-tìi  is converted to ingot forr«.      Other qur.Uty-lewcring 

(uiuöts e-ui iriso througr. wrong mechanical working or iwat trv fewni procedures bu* 

•'.hese r.re not basically tho concern of tho steelmaker. 
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