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1

A fRALIMINAKY ATUDX OF BASIC OPAN_HAAhTH bLAG GHiixiAGTARIoXXCS him THA 

COKRALaTIOW BATWAAW THAM niW IMA OOKKAMPONMIMG BaTHS

IMTKGMUGTIGM

I t  has long beer reco g n ized  th a t  th e  ty p e  and c h a r a c te r i s t i c s  

o f  a  s la g  in  m e ta l lu rg ic a l  p r a c t ic e  i s  p robab ly  th e  roost im p o rtan t f a c t ­

o r in  d e term in ing  th e  n a tu re  o f  th e  b a th  beneath  i t .  This i s  p a r t i c u l a r ­

ly  t r u e  in  th e  case  o f s t e e l  m aking, which c o n s is ts  o f th e  cen tro id  ed 

e lim in a tio n  o f  such im p u r it ie s  as  carbon, phosphorus, s i l i c o n ,  manganese, 

and any o th e rs  which may be p re s e n t  in  th e  o re  o r th e  p ig  iro n  o r  th e  

sc rap  which i s  charged in to  th e  s t e e l  making fu rn a c e . As a h e a t  p ro g re s s ­

es and t h i s  e lim in a tio n  p ro ceed s, th e  com position o f bo th  th e  s la g  and 

b a th  a re  c o n s ta n tly  changing and th e  im p u r it ie s  a re  t r a n s f e r r e d  from th e  

b a th  to  th e  s la g  in  which th e y  a re  r e ta in e d  and by means o f which th e y  

a re  f i n a l l y  removed.

In  s t e e l  making, th e  removal o f th e se  im p u r it ie s  from th e  m eta l 

i s  accom plished  by o x id a tio n  and th e  s la g  i s  an o x id ized  and o x id iz in g  

medium which co n ta in s  th e se  im p u r it ie s  and p re v e n ts  them from re e n te r in g  

th e  b a th . The a c t iv e  in g re d ie n t  in  both  th e  s la g  and th e  m eta l by which 

t h i s  o x id a tio n  i s  accom plished i s  FeO which a c ts  as a c a r r i e r  f o r  th e  

oxygen and makes i t  a v a i l a b le - to  th e  im p u r it ie s  in  th e  b a th .

B asic  o p en -h earth  s t e e l  s la g s  v a ry  over a wide range o f com­

p o s i t io n  and th e  r e s u l t  o f t h i s  v a r ia t io n  i s  a f a i r l y  wide range o f  v a r­

ia t io n  in  p h y s ic a l  p ro p e r t ie s  and g e n e ra l c h a r a c te r i s t i c s  o f  th e  s la g .

In  s p i t e  o f  th e se  v a r ia t io n s  th e r e  a re  seven g e n e ra l c o n d itio n s  to  which 

a b a s ic  o p e n -h e a rth  s la g  roust conform, and th e  s la g  which roost n e a r ly  

m eets th e se  c o n d itio n s  and i s  y e t  w ith in  th e  ran g e  o f  economic f e a s ­

i b i l i t y  i s  th e  one which shou ld  be u sed .



The seven g e n e ra l co n d itio n s  which, a b a s ic  o p en -h earth  s .lag 

must meet a re  as f o i l  or/s:

1 . The s la g  must be s u f f i c i e n t ly  b a s ic  to  p rev en t th e  d is ­

s o c ia t io n  o f  3 CaO-PgOg by carbon o r  by SiO;> in  th e  s la g .

2 . I t  must n o t be too  s i l i c i o u s ,  o th e rw ise  th e  bottom  w i l l  

be a t ta c k e d .

3 . I t  must abso rb  and r e ta in  th e  im p u r it ie s  removed from th e  

b a th . Mn, P, and S i .

4 . I t  must be s u f f i c i e n t ly  f l u i d  to  a llow  c o n ta c t betv/een me­

t a l  and  s la g .

5. I t  roust be s u f f i c i e n t ly  o x id iz in g  to  cause th e  chem ical r e ­

a c tio n s  to  go to  com pletion .

6 . I t  roust p r o te c t  th e  b a th  from su p e ro x id a tio n  from th e  flam e.

7 . I t  roust conduct h e a t from th e  flam e to  th e  b a th  on th e  

h e a r th  o f  th e  fu rn ac e .

One o f  th e  im p o rtan t problem s in  open h e a r th  s t e e l  making i s  

th e  removal o f  s u l f u r ,  p a r t i c u la r ly  w ith  re fe re n c e  to  th e  p a r t  p layed  

by manganese. This a c tio n  i s ,  a t  b e s t ,  very  p ro b le m a tic a l and u n cer­

t a i n ,  f o r  in ; some h e a ts  c o n s id e ra b le  q u a n t i t ie s  o f s u l f u r  a re  removed, 

w hile  in  o th e rs  th e re  i s  p r a c t i c a l l y  no rem oval o f s u l f u r .  There i s  

a t  p re se n t no means o f e s tim a tin g  th e  amount o f  s u l f u r  which w i l l  be 

removed in  any given  h e a t ,  and f o r  t h i s  reason  i t  i s  alw ays d e s ira b le  

to  u se  low s u l f u r  m a te r ia ls  in  open h e a r th  c h a rg es , bo th  b a s ic  and 

a c id .

B asic  open h e a r th  s t e e l  s la g s ,  w ith  which t h i s  paper i s  con­

cern ed , a re  composed o f  SiO^,, P ’Oc, laO , FeO, Fe, Feo0r, , MnO, MgO, and
■w ” C

41^03 , w ith  v a ry in g , b u t fo r  our p u rp o ses , in s ig n i f i c a n t  amounts o f 

m inor im p u r i t ie s .  The ex ac t n a tu re  o f  th e  chem ical t i e - u p s  between



th e se  v a rio u s  c o n s t i tu e n ts  in  th e  s la g  i s  n o t d e f in i t e ly  known, nor can 

i t ,  he e a s i ly  de term ined . In a d d itio n  to  th i s  f a c t  th e  d i s t r ib u t io n  o f 

'th e  v a rio u s  phases in  each o th e r  i s  l ik e w ise  very  much a m a tte r  o f  con­

je c tu re *

I t  i s  th e  o b je c t o f t h i s  paper to  pave th e  wav fo r  a d e ta i le d  

s tu d y  o f th e  c o n s t i tu t io n  o f  o p en -h earth  s la g s  and th e  c o r r e la t io n  o f 

them w ith  th e  b a th s  vfhich th ey  co v er. No a ttem p t has been made to  s e t t l e  

th e  q u e s tio n  o r  even to  s t a t e  d e f in i t e  co nclusions w ith  re g a rd  to  th e se  

s tu d ie s ,  b u t i t  i s  hoped th a t  work h e ro in  o u tlin e d  and th e  m a te r ia l  ac ­

complishments which have been made w i l l  s t im u la te  i n t e r e s t  in  th e  s u b je c t  

and se rv e  as  a fo u n d a tio n  upon which v a lu a b le  work may su b seq u en tly  be. 

b ased .

MiiTHUiXi UPiiiL) IJM Tjtiii*

This work c o n s is ts  o f  a s tu d y  o f  fo u r  ty p ic a l  o pen -hearth  

h e a ts .  Two o f th e se  h e a ts  a re  from a w estern  s t e e l  company, th e  Colo­

rado Fuel & Iro n  C orpora tion  a t  P ueblo , Colorado; and two a re  from a 

m idw estem  s t e e l  company* th e  South Chicago works o f  th e  C araeg ie - 

I l l i n o i s  S te e l  C orpora tion  in  South Chicago, I l l i n o i s . .

Three samples were tak en  during  th e  p ro g re ss  o f  each o f  th e se  

h e a ts .  The f i r s t  in  each case  was taken  a t  th e  f lu s h  o f f  p e rio d  and r e ­

p re se n ts  th e  f lu s h  o f f  s la g .  The second sample in  each o f th e  h e a ts  was 

taken  d u ring  th e  m e ltin g  p e rio d  and a f t e r  most o f  th e  lim e had come up 

as may be seen from th e  a n a ly s e s . The th i r d  sam ples were taken  a t  th e  

end o f th e  h e a t and r e p re s e n t  th e  s la g  on th e  b a th  a t  th e  tim e o f ta p p ­

in g  th e  fu rn a c e . A sample o f th e  m eta l b a th  was taken  a t  th e  same tim e 

ea ch o f  th e  S lag  sam ples we8 ta k e n .



A p o rtio n  o f each o f th e  tw elve s la g  .samples was ground 

down c a r e f u l ly  in  a d isc  p u lv e r iz e r  to  -200  mesh f o r  chem ical a n a ly ­

s i s .  The p o r tio n  which was so ground was, as n e a r ly  as c o s s ib le ,  

j u s t  h a l f  o f  th e  o r ig in a l  sample and was taken  so as to  he re p re se n ­

t a t i v e  o f  th e  whole sample in  th e  even t th e re  m ight he v a r ia t io n s  In 

com position, o f  th e  sam ple. Chemical analyse: were run on th e se  sam­

p le s  f o r  SiOg, CaO, T o ta l Fe, FeO, M etallic and w ater so lu b le

iro n ,  MnO, MgO, and Al.,0g. The p e rc e n t Fe^0* was c a lc u la te d  from 

th e  t o t a l  i ro n  by deduction  o f  th e  FeO and th e  metsHic i ro n .

A second p o rtio n  o f th e  sam ples were p rep ared  as th in - s e c -  

t io n s  f o r  exam ination w ith  a p e tro g ra p h ic  m ic ro sco p e . Two r e p r e s e n ts -
t

t i v e  th in  s e c tio n s  were p rep a red  firan each o f  th e  s la g s  sam ples from 

th e  C arnegie I l l i n o i s  S te e l Works. These s e c tio n s  were taken  from 

d i f f e r e n t  p a r ts  o f  th e  sample to  check f o r  v a r ia t io n s  in  com position 

and s t r u c tu r e .  Three s e c tio n s  were p rep ared  from each o f  th e  sam ples 

from th e  Colorado Fuel & Iro n  Company, in  th e  same way and fo r  th e  

reaso n s as b e fo re .

The rem ainder o f  each o f  th e  sam ples was r e ta in e d  and p o l is h ­

ed f o r  exam ination  w ith  th e  m eta llo ,g raph ic  m icroscope. In th e  ro e ta llo -  

g ra p h lc .exam ination  both  d i r e c t  r e f le c te d  and o b liq u e  l ig h t in g  were 

u sed . Because o f th e  r e l i e f  caused by th e  p o lis h in g  o p e ra tio n , th e  

o b liq u e  l ig h t in g  proved to  be much more s a t i s f a c to r y  than  th e  d i r e c t  

r e f l e c te d  l i g h t in g .

The s t e e l  sam ples were d r i l l e d  fo r  a n a ly s is  by f i r s t  r e ­

moving th e  o u ts id e  la y e r  o f  th e  sample to  av o id  con tam ination  and

then  ta k in g  d r i l l i n g s  made by slow d r i l l i n g  w ith  a  h ig h -sp eed  to o l
■ *.  »

S te e l  d r i l l .  The h o le s  from which th e se  d r i l l i n g s  were c o l le c te d



were even ly  d i s t r ib u te d  over th e  sam ple to  a llo w  f o r  s e g re g a tio n  in  

th e  3ample. The s t e e l s  were an a ly sed  f o r  s i l i c o n ,  manganese, carbon, 

s u l f u r ,  and % () - ,
t* , O

DESCRIPTION OF EXal/TltVriON AM!) FACILITIES USED

The chem ical a n a ly se s  o f th e  s la g s  a re  shown in  ta b u la te d  

form on page No. S ix teen .- These an a ly se s  w ere perform ed a t  th e  

Colorado School o f Mines E xperim en ta l P la n t  la b o r a to r ie s  and were 

c a r r ie d  o u t w ith  as much c a re  and p re c is io n  as vns p o s s ib le .  As may 

be n o t ic e d ,  th e  t o t a l  in  many cases i s  over 190^. The so u rce  o f  

t h i s  e r r o r  i s  n o t q u i te  c l e a r .  I t  i*  p o s s ib le  t h a t  i t  i s  in  th e  de­

te rm in a tio n  o f e i t h e r  s i l i c a  o r  alum ina o r p o s s ib ly  b o th , a lth o u g h  

th e  alum ina was run bv d i f f e r e n t  methods f o r  a check on t h i s .  The 

f ig u r e  given  in  th e  t a b le  f o r  F e , ^  i s  th e  f ig u r e  o b ta in e d  by deduct­

in g  th e  m e ta lic  iro n  and th e  FeO converted  to  m e ta lic  i r o n ,  from th e  

t o t a l  iro n  an d ;th en  c o n v e r tin g  t h i s  in  tu rn  to  ^e^O^ as was s t a t e d  

above. I t  i s  o f  i n t e r e s t  to  n o t ic e  th e  much h ig h e r  p e rc en ta g e  o f  

lim e in  th e  s la g s  from th e  Colorado p la n t  th en  in  th o se  from th e  

Chicago p la n t .

The supplem entary  ta b le  o f  a n a ly se s  fo llo w in g  th e  one j u s t  

m entioned g iv e s  th e  a n a ly se s  s e n t  by th e  p la n t  chem ist a t  th e  C .F .& I. 

p la n t .  The d isc rep an cy  between th e se  f ig u r e s  and th o se  o b ta in e d  in  

th e  sch o o l la b o ra to ry , i s  . ' i g n i f i c a n t  b u t n o t a la rm in g . These f ig u r e s  

were u sed  to  check a g a in s t  when th e  sam ples were run  and cou ld  n o t be 

d u p lic a te d . The more a c c u ra te  f ig u re s  a r e  p ro b ab ly  th o se  in  th e  f i r s t  

table.
The ta b le  on page 17 fo llo w in g  th e  ta b le s  o f  a n a ly se s  g iv es  

th e  c a lc u la t io n s  and f ig u r e s  f o r  th e  lim e d i s t r i b u t io n  a cc o rd in g  to  

H erty ’s fo rm ulas in  which i t  i s  assumed t h a t  th e  s i l i c a  i s  p re s e n t  a s  d i­



calcium  s i l i c a t e ,  2-l*'0 .:. 'and th e  PgO.̂  i s  p re s e n t as t r i - c a lc iu m  phos­

p h a te  5CaO . P^Oc;* T h ic  method d e term in ing  th e  excess lim e g ives a 

r e l a t i v e  number on ly  s in ce  in  many cases  q n e g a tiv e  b a s i c i t y  i s  o b ta in e d  

where th e r  has been re ro v u l o f phosphorus, h ich  i s  im p o ssib le  ex cep t in  

th e  p resen ce  o f f r e e  faO. The reason  f o r  t h i s  a p p a ren t e r r o r  i s  t h a t  th e  

degree o f d is s o c ia t io n  .of- th e  IfaO  . SiO, could  n o t be determ ined  and th u s  

i t  i s  p o s s ib le  to  have a h ig h e r  ?ictual b a s ic i ty  than  t h a t  in d ic a te d  by th e  

c a lc u la t io n s  on t h i s  b a s i s .  In  a d d it io n  to  t h i s  th e  t r u e  a b so lu te  ex cess  

lim e  cou ld  n o t be determ ined  u n le s s  th e  fo rm ation  o f l i r e  iro n  oxide com­

pounds, f e r r a t e s  and f e r r i t e s ,  in  th e  s la g  were taken  in to  acco u n t. For 

th e s e  reaso n s  th e  f ig u r e s  on excess  lim e as given sho u ld  be used  o n ly  as 

numbers in d ic a t in g  th e  r e l a t i v e  b a s i c i t y  o f  th e  s la g s  and n o t as a b s o lu te

v a lu e s .

The th in  s e c tio n s  were p rep a red  as s ta t e d  above and s tu d ie d  

v /ith  th e  p e tro g ra p h ic  m icroscope. Photographs were tak en  o f  r e p re s e n ta ­

t i v e  f i e l d s  w ith  o rd in a ry  l i g h t  and a ls o  w ith  p o la r iz e d  l i g h t  between 

c ro sse d  n ic o l  p rism s . These photographs a r e  shov/n in  each case as th e  

second and t h i r d  photographs on each o f  th e  pages o f  pho to g rap h s.

The m icroscope used  f o r  t h i s  work i s  a Bauach and Lorob i n s t r u ­

ment lo an ed  to  th e  departm ent f o r  t h i s  work by Ur. U n d e rh ill  o f  th e  Min­

in g  D epartm ent. The camera u sed  i s  an o ld  model p u t o u t by ’'Sauveur 

and B oylston*’® I t  c o n s is ts  o f  a heavy b ase  w ith  a  clamp arrangem ent f o r  

mounting th e  m icroscope in  an u p r ig h t  p o s i t io n  under th e  bellow s o f  a 

v e r t i c a l  cam era. T here i s  n t r a c k  and clamp f o r  h o ld in g  th e  l i g h t  so u rce  

f o r  th e  m icroscope. For t h i s  work a carbon a rc  was u sed  and th e  ra y s  

•co n cen tra ted  and re n d e red  p a r a l l e l  by p a ss in g  them th ro u g h  a s e r i e s  of 
le n s e s ,  .A lte rn a tin g  c u r r e n t  a t  a voltage of 220 was u sed



f o r  th e  a rc  between i v,r  n ix  m.11M m otor ca^otj. c a rb o n s . T his arrangem ent 

gave a very  s tea d y  and even l i g h t  Tuito  id e a l  f o r  .the  exam ination  and 

pho tograph ing  o f th e  th in  s e c t io n  sam ples.

The mi ore r,cb oo and camera 'we.ro s e t  to  g ive  a m ag n ific a ­

t io n  o f  119 d ia m e te rs . This m a g n if ic a tio n  "-as checked by means o f  a 

ru le d  s c a le  o f  .01  and .1  m il? in  t e r  d iv is io n s  which 'r a s  Photographed 

and m easured. To d u p lic a te  r e s u l t s  w ith  th e  same m icrosccoe  th e  number 

1 ey ep iecd  and th e  2 /3  o b je c t iv e  shou ld  be u sed  and th e  bolows o f  th e  

camera ex tended  to  th e  d iv is io n  marked ’*50w on th e  v e r t i c a l  s c a le .

With th e  l i g h t  as d e sc rib e d  on exposure o f  ab o u t 10 -  15 seconds on a 

"Hammer O rtho D ry*P late  (F x fa s t)  i s  ap p ro x im ate ly  r i g h t  w ith  m ost s e c -
s

t i o n s .

In  making th e se  Photom icrographs e x a c t ly  th e  same f i e l d  was 

photographed w ith  th e  o rd in a ry  and p o la r is e d  l i g h t  and th e s e  a r e  mount­

ed so  t h a t  t h 9y  may be e a s i l y  compared. As may be n o tic e d  th e r e  i s  

o n ly  one pho tog raph  f o r  each o f  th e  f i r s t  s i x  sam p les . These a re  th e  

•samples from th e  C arneg ie  I l l i n o i s  S te e l  Works and th e  f i e l d  shown in  

each case  e x cep t No. 4 i s  r e p r e s e n ta t iv e  o f  th e  sh o le  sam ple. In  th e  

photom icrographs o f  No. 4 th e  t y p i c a l  f i e l d  i s  s im i la r  to  t h a t  shown 

f o r  number 1 and th e  one which i s  shown was ta k en  to  show a s t r i n g e r  

o f  undiSB olved d i-c a lc iu ro  s i l i c a t e  a  number o f  which may be seen 

th ro u g h o u t th e  sam ples o f  b o th  number 1 and number 4 . These s ix  s la g s  

a re  f o r  th e  m ost p a r t  v e ry  un ifo rm  in  s t r u c tu r e  and in  t h i s  r e s p e c t  

a re  q u i te  d i f f e r e n t  from th e  sam ples from th e  C olorado F u e l & Iro n  

Company.

In  o rd e r  to  show th e  v a r ia t io n s  in  th e  s t r u c tu r e  o f  th e  west-* 

e ra  s la g s  i t  was n e c e s s a r y 'to  ta k e  s e v e ra l  photom icrographs*  o f  them 

showing v a r io u s  f i e l d s .  Samples number 7 and number 10 , marked "On
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lim e ends and m iddle” , a re  q u i te  uniform  and us w ith  th e  f i r s t  s ix ,  r e ­

q u ire d  b u t one f i e l d  to  shov; th e  ty p ic a l  and a v e ra g e ,s t r u c tu r e .  With 

samples number 8 and number 11, marked, "Not Q uite  C le a r” , th e se  show 

co n sid e ra b le  v a r ia t io n  th roughou t th e  samples and t h i s  i s  shown in  th e  

v a rio u s  photographs fo r  th e s 9 s a n o le s .

The f i r s t  two photographs o f sample number 8 and both  o f  th e  

photographs o f  sample number 11 show f i e ld s  which re p re s e n t  approx im ate­

l y  50^ o f th e  sample in  each c a se . The t h i r d  photograph o f  sample num-' 

h e r  8 shows an in c lu s io n  in  th e  main p a r t  o f th e  s la g  which i s  d is tin c t* ^

ly  d i f f e r e n t  from any o f th e  r e s t .  There a re  s e v e ra l  o f  th e se  a re a s

and to g e th e r  th e y  c o n s t i tu te  about 5* o f th e  t o t a l  sam ple.

Samples number 9 and number 18 lik e w ise  a re  composed o f two

main structures each o f which com prises app rox im ate ly  50^ o f th e  sam ple.

One o f th e  th re e  p ic tu re s  in  each case  shows th e  d i s t i n c t  d iv is io n  

between th e  two s t r u c tu r e s .  C lose exam ination o f  th e  second s t r u c tu r e  

shown f o r  sample 9 w i l l  r e v e a l  sm all in c lu s io n s  o f  iro n  betw een, and in  

some c a se s , w ith in , th e  rounded g ra in s  o f th e  m ajor s la g  c o n s t i tu e n t .

In  t h i s  p a r t i c u l a r  c o n s t i tu e n t  and w ith in  t h i s  p a r t i c u la r  s t r u c tu r e  i s  

th e  on ly  p la c e  where th e se  in c lu s io n s  o f iro n  were found.

The t h i r d  p ic tu r e  o f  each o f th e  sam ples i s  one taken  w ith  

o b liq u e  r e f l e c te d  l i g h t .  In  each case  care  was tak en  to  o b ta in  a 

f i e l d  which corresponded  as n e a r ly  as  p o s s ib le  to  th e  f i e l d  photographed 

w ith  th e  tra n s m it te d  l i g h t .  For th o se  samples o f  which s e v e ra l  photographs 

were taken  from th e  th in  s e c tio n  co rrespond ing  photographs were taken  

o f  th e  opaque'Specim envr<.The same m ag n ific a tio n  was u sed  f o r  th e9 e  

photographs as was used  in  pho tograph ing  th e  th in  s e c t io n s .



The camera used fo r  photographing  th e  o p a u e  specim ens i s  a 

h o r i  '.o n ta lly  mounted Rausch and Lomh m e ta llo g ra p h ic  m icro3cope and 

camera u n i t .  The l i g h t  used was fu rn ish e d  by a carbon a rc  as b e fo re  

w ith  th e  ex cep tio n  th a t  d i r e c t  r a th e r  than  a l t e r n a t in g  c u rre n t was u s ­

ed and th a t  th e  carbons were 6 and 8 m ill im e te r  co red  carbons r a th e r  

than  j u s t  th e  s ix  m ill im e te r  carb o n s.

To d b ta in  th e  o b liq u e  l ig h t in g  used  in  making th e se  photo­

graphs th e  t r a n s p a r e n t  i l lu m in a to r  was withdrawn from th e  tu b e  and th e  

o f f s e t  prism  i l lu m in a to r  used  in  i t s  p la c e . With t h i s  prism  s e t  a t  th e  

p ro p er ang le  a  l ig h t in g  was produced which gave a v a ry in g  degree o f ob­

l i q u i t y  a c ro ss  th e  f i e l d .  As may be seen by exam ination  o f th e  pho to­

graphs one s id e  shows a ve ry  d e f in i t e  shadowed e f f e c t  w hile  th e  o th e r  

s id e  shows alm ost d i r e c t  r e f l e c t i o n .  With th e  i l lu m in a to r  s e t  in  t h i s  

manner th e  p la te s  a re  q u i te  uneven in  d e n s ity  and re q u ire  v e ry  uneven 

l ig h t in g  in  p r in t in g .  This i s  q u i te  in co n v en ien t b u t th e  f in a l  r e s u l t  

seems to  be w e ll w orth th e  a d d i t io n a l  tim e and t ro u b le  i t  n e c e s s i t a t e s .  

In  th e  pho tographs th e  r e l i e f  caused by th e  P o lish in g  i s  v e ry  p la in ly  

e v id en t and f o r  t h i s  reason  th e  r e l a t i v e  h a rd n esses  o f  th e  v a r io u s  con­

s t i t u e n t s  may be r e a d i ly  determ ined* T h is  f a c t  i s  o f c o n s id e ra b le  im­

p o rtan ce  and : i s  o f  co n s id e ra b le  y a lu e  in  d e term in ing  th e  c o n s t i tu e n t  o f 

th e  s la g ,  as w e ll as in  g iv in g  a c lean  d i s t in c t io n  between th e  s e p a ra te  

c o n s titu en ts^  which i s  q u i te  i n d i s t i n c t  in  d i r e c t  r e f l e c t e d  l i g h t  or! in  

t r a n s m itte d  l i g h t .

Very c a r e fu l  p o lish in g  i s  e s s e n t i a l  in  th e  p re p a ra tio n  o f 

th e se  opaque specim ens as even v e ry  m inute s c ra tc h e s  which a re  com plete­

ly  i n v i s ib le  w ith  d i r e c t  r e f l e c te d  l i g h t  a re  p la in ly  e v id en t when th e  

sample i s  examined w ith  t h i s  ty p e  o f  o b liq u e  l ig h t in g .  The f i n a l  p o lis h
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was made w ith  powdered alum ina r a th e r  than  w ith  th e  more co n v en tio n a l 

rou g e . Because, w h ile  th e  rouge p o lis h  i s  e a s ie r  to  o b ta in  w ith  th e  

absence o f s c ra tc h e s  i t  i s  n o t n e a r ly  as s a t i s f a c to r y  fo r  th e  type  o f 

exam ination as i s  th e  alum ina p o l is h .  The c h ie f  d if f e r e n c e  seems to  

be t h a t  th e  rouge drags th e  s u rfa c e  mere than  th e  alum ina does and f o r  

t h i s  reason  le av e s  a much le s s  d i s t i n c t  s e p a ra tio n  between th e  v a rio u s  

c o n s t i tu e n ts .  In  p rep a rin g  th e  alum ina p o lish in g  medium o n ly  th e  

alum ina which rem ained in  su spension  in  th e  w ater in  a l i t e r  g raduated  

c y lin d e r  th re e  in ch es  o r  mere from th e  accum ulated s o l id  a f t e r  th re e  

m inutes s e t t l i n g  was u sed . This gave a very  f in e  p o lis h in g  medium and 

when used  f o r  th e  f i n a l  p o lis h  gave th e  roost e f f e c t iv e  r e l i e f  o b ta in e d  

w ith  any o f  th e  p o lis h in g  media t r i e d .  As may be seen from th e  photo­

graphs th e re  i s  p r a c t i c a l l y  no d ragg ing  e f f e c t  o f  th e  p o lis h in g  a t  3.1.

A nother p re c au tio n  which must b'e observed  much more r i g i d ly  

then  in  p o lis h in g  f o r  o rd in a ry  m e ta llo g ra p h ic  exam ination  i s  t h a t  th e  

sample must n o t remain on th e  wheel in  th e  same p o s i t io n  fo r  any le n g th  

o f  tim e , b u t must be c o n s ta n tly  r o ta te d  so t h a t  th e  p o lis h in g  a c tio n  

ta k e s  p lace  in  a c o n s ta n tly  v a ry in g  d i r e c t io n .  Perhaps th e  e a s ie s t  way 

-of accom plish ing  t h i s  i s  to  move th e  sample around th e  p o llsh im ? wheelhe 

in  a d i r e c t io n  o p p o s ite  to  th e  r o ta t io n s  o f th e  w heel. I f  th e  sample 

i s  moved in  t h i s  manner a t  an even r a te  o f speed th e  p o lis h in g  w il l  

be com ple te ly  even and d ragg ing  w i l l  be equal in  a l l  d i r e c t io n s .

The p o lish e d  sam ples o f  th e  th re e  s la g s  from each h e a t  were 

mounted and photographed as a whole so t h a t  th e  p h y s ic a l appearance o f 

th e  s la g s  may be n o ted ., These photographs w ith  an accompanying d e sc r ip ­

t io n  o f  th e  sam ples a re  in c lu d e d  in  th i s  p a p e r .

The s t e e l  sam ples were taken  a t  th e  same tim e a t  which th e  

s la g  sam ples were taken  and re p re s e n t  th e  com position  o f th e  . b i th  a t  th e



v a rio u s  s ta g e s  in  th e  r e f in e r y  o p e ra tio n  co rresp o n d in g  to  th e  v a rio u s  

s la g  sam ples* As was n o ted  so above, th e  o u ts id e  su rfa c e s  o f  th e  sam ples 

were removed w ith  th e  d r i l l  and d isca rd e d  to  av o id  con tam ination  by
9

s c a le  %o r by d i r t .  D r i l l in g s  were made w ith  a h igh  speed to o l  s tee l, 

d r i l l  run a t  low sDeed and w ith o u t lu b r ic a n t  o f  any k in d . The d r i l l  

h o le s  were so spaced  th roughou t th e  sample as to  g iv e  a r e p r e s e n ta t iv e  

sample in  case  th e re  had been a ry  se g re g a tio n  in  th e  co o lin g  p ro c e ss . 

F a i r ly  la rg e  sam ples v/ere d r i l l e d  so as to  f u r th e r  m inim ise th e  e f f e c t  

o f any s e g re g a tio n  which m ight have been d r i l l e d  in to .  The s t e e l s  w ere, 

an a ly zed  f o r  Carbon, phosphorous, su lphur* manganese, and s i l i c a n ,  and

th e  d i s t r ib u t io n  o f  th e se  v a r io u s  c o n s t i tu e n ts  between s la g  and b a th  i s
0 '

e a s i ly  seen* The r e s u l t s  o f  th e  a n a ly se s  a re  shorn  in  ta b u la te d  form 

on page 19,

bli&MAftY

As may be seen l y  comparing th e  photom icrographs o f  th e  0 . F.

& I .  s la g s  and th o se  from th e  C a m e g ie - I l l in o is  s t e e l  c o rp o ra tio n  th e re  

i s  a d i s t i n c t  d if f e r e n c e  in  th e  c h a ra c te r s  o f  th e  s la g s  from th e se  two 

p la n ts .  The s la g s  from th e  e a s te rn  company show a much more advanced 

s ta g e  o f  m a tu r ity  than  th o s e  from th e  w estern  p la n t .  In  o th e r  words th e  

v a rio u s  c o n s t i tu e n ts  a re  in  a much b e t t e r  s t a t e  o f  s o lu t io n  in  th e  e a s t ­

ern  plant® In  a d d it io n  to  t h i s  th e r e  i s  . a  marked d if f e r e n c e  in  th e  u n i­

fo rm ity  o f  th e  two d i f f e r e n t  groups o f  s la g s .  The e a s te rn  s la g s  were 

n e a r ly  uniform  th ro u g h o u t and, f o r  t h i s  reaso n  i t  was n e c e s s a ^  to  ta k e  

rb u t one photom icrograph to  o b ta in  a  f i e l d  ty p ic a l  o f  th e  e n t i r e  sam ple. 

T his was n o t a t  a l l  t r u e  w ith  th e  w este rn  s la g s  in  which th e re  a re  v e ry  

marked segregation in to  two or three d i s t i n c t l y  d i f f e r e n t  s t r u c tu r e s ,  

and i t  was necessary to photograph several fields to g e t  a true picture



o f  th e  c h a ra c te r  o f th e  s la g .

In a d d itio n  to  t h i s ,  and perhaps as a p a r t i a l  ex p lan a tio n  fo r  

i t ,  th e  w estern  s la g s  run  d e f in i t e ly  h ig h e r  in  faO than  do th e  e a s te rn

* r>s la g s ,  a lth o u g h , in  every  case  th e re  i s  an a p p re c ia b le  excess o f CaO 

over t h a t  re q u ire d , f o r  th e  a c id s  a t  th e  tim e o f  ta p p in g .

These c o n d itio n s  may w e ll be th e  reaso n s fo r  much i f  n o t a l l

o f th e  t ro u b le  being  ex p erien ced  a t  th e  C. F . & I .  p la n t  in  t h e i r  s t e e l -

making a t  th e  p re se n t tim e .

I t  may a ls o  be n o tic e d  th a t  as th e  lim e in c re a s e s  in  th e  s la g

th e re  i s  a t  f i r s t  an ap p a ren t d ec rease  in  FeO. This i s  n o t as would o f f ­

hand be expected  s in c e  th e  t o t a l  amount o f  FeO in  th e  s la g  shou ld  in ­

c re a s e  as th e  lim e comes up . As a m a tte r  o f  f a c t  t h i s  i s  e x a c tly  th e  

case  and th e  d ecrease  in  p e rcen tag e  o f FeO as th e  lim e comes up i s  caus­

ed by th e  d i l u t i o n - e f f e c t  o f  th e  lim e as i t  e n te r s  th e  s la g ,  th u s  caus­

in g  th e  FeO to  be d is so lv e d  in  a l a r g e r  q u a n t i ty  o f  s la g .

UATIU1JG

S ince th e  o p t i c a l  p ro p e r t ie s  o f  many o f th e  su sp e c ted  com­

pounds in  th e se  s la g s  a re  n o t a v a i la b le  and s in c e  th e y  a re  n e ce ssa ry  

to  determ ine th e  p resen ce  o r absence o f  th e s e  compounds in  th e  s la g s  i t  

i s  recommended th a t  i f  f u r th e r  work i s  to  be done on th e  s u b je c t  pure 

s la g s  be made up and s tu d ie d  to  determ ine  th e se  p r o p e r t ie s .

A d e ta i le d  p e tro g ra p h ic  s tu d y  o f  th e  s la g  c o n s t i tu e n ts  which 

i s  beyond th e  scope o f  t h i s  paper shou ld  be undertaken  and as many as 

p o s s ib le  o f  th e  c o n s t i tu e n ts  de term ined . S ince  th e  q u e s tio n  o f s u l fu r  

e l im in a tio n  i s  so u n c e r ta in  i t  seems p ro p e r to  su g g est t h a t  work on th e  

a c t io n  o f  manganese in  th e  b a th  and s la g  be a ls o  un d ertak en  and th e  ex­

a c t  n a tu re  o f  th e  r e a c t io n s  and d i s t r ib u t io n  o f  p ro ducts  in v o lv ed  be 

s tu d ie d  w ith  th e  u l t im a te  aim o f  d e term in ing  th e  req u irem en ts  fo r  c e r -



t a i n  s u l f u r  e lim in a tio n  in  th e  b a s ic  open h e a r th .

Rate ;o f co o lin g  has a v e ry  decided  e f f e c t  upon th e  s t r u c tu r e  

o f  s la g s  and f o r  t h i s  reason  some ex p erim en ta tio n  on th e  d if fe re n c e  in  

s t r u c tu r e  caused by d i f f e r e n t  r a t e s  o f coo lin g  seems d e s i r a b le .  The 

s la g s  examined fo r  t h i s  paper were a l l  cooled  a t  very  n e a r ly  th e  same 

r a t e  and f o r  t h i s  reason  th e  r e l a t i v e  d if fe re n c e s  in  s t r u c tu r e  were 

q u i te  p robab ly  m a in ta in ed .

A nother s e r ie s  o f  t e s t s  which were n o t a ttem p ted  a t  a l l  in  

t h i s  work and which would p robably  prove o f v a lu e  in  subsequen t work 

on th e  s u b je c t  a re  t e s t s  to  de term ine  th e  p h y s ic a l p ro p e r t ie s  o f th e  

m eta l a t  th e  v a r io u s  s ta g e s .

I t  i s  su g g ested  th a t  p o s s ib ly  a scheme o f  co o p era tio n  be­

tween th e  m e ta llu rg y  departm ent and th e  geology departm ent be worked 

up whereby th e  p e tro g ra p h ic  and m in e ra lo g ic a l work could  be perform ed 

in  th e  geology departm ent and th e  c o r r e la t io n  and a n a ly t ic a l  work 

cou ld  be perform ed in  th e  m e ta llu rg y  departm ent.

Because o f th e  s c a r c i ty  o f  p u b lish ed  o r a v a i la b le  inform a­

t io n  on th e  s t r u c tu r e  o f s la g s  and t h e i r  c o r r e la t io n  w ith  th e  b a th s  

and because o f  th e  extrem e im portance o f in fo rm atio n  on t h i s  s u b je c t  

i t  i s  a  f i e l d  which o f f e r s  a lm ost u n lim ite d  o p p o rtu n ity  f o r  fu tu re  

work*



Tabulated baXa



SAMPLES EXAMINED

1 F lush  Off 223719

2 M elt Sample 223719

5 Tap S lag 223719

4 F lush  Off 174232

5 M elt Sample 174282

6 Tap S lag 174282

7 8047-1 On Lime - End & Middle

8 8047-2 Not Q uite C lear

> 8047-3 At P relim

10 8049-1 On Lime - End & Middle

11 8049-2 Not Q uite C lear

12 8049-5 At P relim

Samples 1 -  6 Prom C arnegie I l l i n o i s  S te e l C o ., Chicago, I l l i n o i s  

Samples 7-12 Prom C« F. & 1 . ,  P ueblo , Colorado
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ANALYSES OF SAMPLES

SAMPLE S±0n M aO, 2 ■ 2 ■g OaO MgO Fe •Fe FeO F62°3 MnO P2°5

1 17 .0 15.2; 4 .6 54.6 3 .4 37.6 2.86 13 .7 3.10

2 21 .9 37.4 8 .4 11.2 1 .3 10 .7 2 .29 11.6 2.81

3 15.8 36.3 7 .8 18.6 2 .2 19.3 2 .00 7 .9 1.94

4 2 0 .0  6 .6 7 18.5 4 .7 29 .4 2.2 32.8 2 .43 14 .8 2.49

5 22 .1 38.3 9 .3 11 .1 1.6 11.6 .72 10 ,7 2 .49

15 .1

>

42 ,9 7 .6 17.2 1 ,8 1 8 .3 1.72 7 .6 1.96

7 2 6 .1  3 .44 41.2 9 .6 8 .2 1 .1 8 .7 .43 9 .8 2 .32

8 18 .1 50.5 8 .0 9 .8 1 .3 1 0 .0 1 .0 0 6 .2 2 .25

9 14 .1 51.4 7 .5 13 .3 1.2 13 .3 2 .43 5 .9 1 .75

10 24 .4 4 2 .7  8 .9 9 .4 1 .4 9 .6 .77 7 .7 2.76

•31;, 17 .5 ; 50 .9  7 .8 9 .5 1 .1 9 .9 1 .00 5 .8 2 .4 0

12 1 4 .5 52.5  7 .2 11 .8 1 .2 12 .2 1 .57 5 .7 2 ,08

T o ta l
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SLAG ASSAYS FROM C. F . & I .

SAMPLE S i0 o CaO

7 8047-1 24,3 36,4

8 8047-2 1 7 .0  4 7 .7

9 8047-3 14.2  46 .6

10 8049-1 23.6 38 .7

11 8049-2 17 .2  51 .2

12 8049-3 14 .8  51.2

Fe

7 .3

8 .9

11.6

8.1

8.8

10 .9
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jduCCESS CaO

SAMPLE
TOTAL

GaO
CaO FOP SiO 
1.86  x 8 i 0p

CaO, , FO13 PpOc 
1 .19  x Po0 '

CaO FOP AC! PS 
SiO.) : Pj>Og Excessi CaO

1 15.2 31.6 3.69 35.3 20 .1

?. 37.4 4 0 .7 3.35 44.1 6 .7

3 36.3 29.4 2.31 31.7 4 .6

4 18 .5 37.2 8.97 40.2 21 .7

5 38.3 4 1 .1 2 .97 44 .1 5 .8

42 .9 28 .1 2 .33 30.4 12 .5

7 41 .2 48 .5 2.76 51.3 10.1

8 50.5 33.6 2.68 36.3 14.2

9 5 ^ 4 26 .2 <0
 

' 
• o 00 23 .3 23.1

10 42 .7 45 .4 3.29 48 .7 6 .0

11 50 .9 32.5 2.85 35.4 15 .5

12 52.5 27 ;0 2.48 29 .5 23 .0
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ANALYSES OF STEELS

SAMPLE; S i Mn 0 'PAO-. 2 5 Fe

1 .05 0 .03 2.68

2 0 .18 1 .00

5 .07 0.15 0.10

4 .07 0 .18 2.94

5 .03 0 .23 0 .67

6 .05 0.16 0.Q9

7 .05 0.24 0 .94

8 .05 0 .25 0 .37

9 .05 0.13 0 .09

10 .03 0 .19  0 .61

11 .03 0 .17  0 .24

12 .05 0 .1 5  0 .19
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SLAG APPEARANCE AND 'CHARACTERISTICS

No 1 -  F lush  O ff 223719

T his s la g  i s  v e ry  porous and spongy in  appearance and i s  com­

posed alm ost e n t i r e ly  o f  gas b u b b les. I t  i s  a v e ry  dark re d is h  

brown c o lo r  in  th in  s e c t io n  and b lack  in  m ass. I t  i s  v e ry  b r i t t l e ,  

q u i te  h a rd , and n o t a t  a i l  tough . The sample c o n ta in s  a c o n s id e r­

a b le  number o f  iro n  in c lu s io n s  w hich, f o r  th e  most p a r t ,  have 

s e t t l e d  to  n e a r th e  bottom  o f  th e  sample l a d l e .  The f r a c tu r e  i s  

q u i te  v i tr e o u s  and away from th e  gas b u b b le s .

No 2 -  M elt Sample 223719

T his s la g  i s  much more dense and le s s  spongy than  th e  f lu s h  

o f f  b u t th e re  a re  s t i l l  a  good many gas po ck e ts  n e a r  th e  co o lin g  

c e n te r  o f  th e  c ro ss  s e c t io n .  This sample i s  q u i te  h a rd  though u n i­

form . In  c o lo r  i t  i s  b la c k e r  than  th e  f lu s h  sample and g iv es  a 

d u l l  so o ty  su rfa c e  on f r a c tu r e .  There a re  a number o f sm all in ­

c lu s io n s  o f  iro n  in  th e  sam ple. There a re  n o t n e a r ly  as  la r g e  o r 

as abundant as  in  th e  case  o f  th e  p rev io u s  sam ple, and do n o t seem 

to  have s e t t l e d  ou t o f  th e  s la g  to  n e a r ly  th e  d eg ree .

No 3 -  Tap Sample 223719

T his i s  a ve ry  den se , h a rd  and tough s la g .  I t  i s  v a ry  f i n e ly  

c r y s t a l l i n e ,  and shows some spongyness n e a r th e  c e n te r  o f  th e  

sampleo I t  i s  a lm ost b lack  in  c o lo r  in  bo th  th in  s e c tio n  and 

m ass. This f r a c tu r e  i s  d u l l  r a th e r  than  v i t r e o u s  as in  th e  case  

o f  th e  f lu s h  sam ple. There a re  a few v e ry  sm all in c lu s io n s  o f 

i ro n  in  th e  sample and th e s e  seem to  be q u i te  u n ifo rm ily  d i s t r i b u t ­

ed th ro u g h o u t.
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SLAG SAMPLES FROM HEAT 223719 
CARNEGIE ILLINOIS STEEL CORPORATION

' /

' f

*mA1?Vv ^O ' •1/.’ .vt-L- , «<»

&

1 . FLUSH OFF SLAG

2 . MELT SAMPLE

S. TAP SLAG
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No 4 -  F lush  O ff 174*82

This s la g  i s  n o t n e a r ly  so spongy as th e  f lu s h  o f f  s la g  from 

h e a t 225719. The gas in  th e  sample c o l le c te d ,  r a t h e r ,  a t  th e  

c e n te r  o f  th e  sample and d iv id ed  i t  q u i te  c le a r ly  in  two. In 

th in  s e c tio n  th e  c o lo r  o f  th e  s la g  i s  a  re d d ish  brown and in  

mass i s  j e t  b la c k . The s la g  i s  q u i te  den se , g la s s y ,  and v e ry  

b r i t t l e ,  and n o t a t  a l l  tough* No in c lu s io n s  o f  i ro n  a re  v i s i ­

b le  to  th e  un a id ed  eye*

No 5 -  M elt Sample 174 282

This s la g  i s  q u i te  Spongy In  n a tu re  and c o n ta in s  many la rg e  

, gas p o c k e ts„ I t  has a  d u ll  so o ty  f r a c tu r e  s im i la r  to  th e  co r­

responding  sam ple o f  h e a t 223719* The c o lo r  in  th in  s e c tio n  

i s  dark  re d d ish  brown and in  mass a  d u l l  b la c k , e s p e c ia l ly  

n e a r  th e  upper co o lin g  su rface*  T his s la g  c o n ta in s  a  g re a t  d e a l 

o f in c lu d ed  iron*  Many o f  th e  iro n  in c lu s io n s 'a r e  q u i te  la rg e  

in  s ta e  and, f o r  th e  most p a r t  have s e t t l e d  to  th e  bottom  o f 

th e  sam ple, p ro b ab ly  in d ic a t in g  low s la g  v is c o s i ty *  The s la g  

i s  f a i r l y  h a rd  b u t n o t v e ry  dense o r  v e ry  tough .

No 6 -  Tap Sample 174282

This s la g  i s  v e ry  s im i la r  to  th e  ta p  s la g  o f  h e a t  223719,

I t  i s  q u i te  b lack  in  bo th  th in - s e c t io n  and in  m ass. I t  i s  

v e ry  f i n e ly  c r y s t a l l i n e  w ith  a  very  narrow  spongy la y e r  a t  th e  

c e n te r  which a lm o st com pletely  d iv id e s  th e  sample in  two.

There i s  very  l i t t l e  o r  no in c lu d e d  iro n  in  th e  sample* The 

f r a c tu r e  i s  q u i te  even g iv in g  a dulH b laok  su rface*



SLAG SAMPLES FROM HEAT 1 7 4 2 8 2
CARNEGIE IL L IN O IS  STEEL CORPORATION

*• |y
'\K ,»-4>

f  m w i

4. FLUSH OFF SLAG

5. MELT SAMPLE

6 . TAP SLAG
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No 7 -  8047 -  1 On Lime Ends & Middle*

This was a sm all sample and f o r  t h i s  reason  cooled in  a th in  

s e c tio n  In d ic a t in g ,  even tvith  th e  ra p id  co o lin g  th e  s la g  shows 

f a i r l y  co arse  c r y s ta l l in e  s t r u c tu r e .  I t  i s  q u i te  spongy w ith  

some f a i r l y  la rg e  gas ro c k e ts  n e a r th e  upper s u r fa c e . The 

bottom , however, i s  a lm o st v i t r e o u s .  T his p a r t i c u la r  s la g  i s  

ve ry  b r i t t l e  and on ly  sm all p iece s  rem ained i n t a c t  fo r  p o l i s h -  

in g . No in c lu s io n s  o f ■ m e ta lic  iro n  a re  v i s i b l e  to  th e  u na ided  

eye. The C olor o f  th e  sam ple in  th in  s e c t io n  i s  a g re e n ish  g ray  

and in  mass i s  j  a t  b la c k .

No 8 -  8047 -  2 Not Q uite C lear

This sample i s  p a le  brown in  c o lo r  and somewhat t r a n s lu c e n t  

p a r t i c u l a r ly  n e a r  th e  bottom  s u r fa c e . I t  i s  f in e ly  c r y s t a l l i n e  

in  s t r u c tu r e  n e a r  th e  edges and somewhat c o a rse r  n e a r  th e  c e n te r .  

I t  i s  q u i te  spongy a t  th e  c e n te r  o f  th e  c ro ss  s e c tio n  and so re  

o f th e  gas pockets a re  q u i te  la rg e  in  s i z e .  There i s  very  l i t t l e  

m ech an ica lly  in c lu d e d  iro n  in  th e  sam ple. T his s la g  i s  h a rd  

f a i r l y  dense and q u i te  to u g h •

NO 9 -  8047 -  3 At P relim

T his s la g  i s  f in e ly  c r y s ta l l in e  in  n a tu r e .  I t  i s  dense , la rd  

and q u i te  tou g h . There i s  a l i t t l e  spongyness n e a r th e  cenifc r  

b u t th e r e  a re  very few gas pockets o f  any a p p re c ia b le  s i z e .

The s la g  i s  a g reen ish  brown c o lo r  w ith  an alm ost m e ta l l ic  la te r ,  

and a s p l in te r y  f r a c tu r e .  There a re  a lm ost no in c lu s io n s  o f 

iro n  in  th e  sam ple.
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--SLAG- SAMPLES FROM HEAT 8 0 4 7
COLORADO FUEL & IRON CORPORATION

V.‘

7 . ON LIME -  ENDS & MIDDLE 

d . NOT QUITE CLEAR

9 . ATJPRELIM
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No 10 -  8049 -  1 On Lime Ends & M iddle

This i s  a very  fjpongy s la g  and has a g re a t number o f  la rg e  

"gas Dockets in  th e  c e n te r  o f  th e  sam ple. I t  i s  f in e ly  c r y s t a l ­

l i n e  In  s t r u c tu r e ,  q u i te  b r i t t l e  and n o t v e ry  tou g h . There a re  

ve ry  few m echanical in c lu s io n s  o f iro n  in  th e  sam ple. The 

c o lo r  o f th e  s la g  i s  b lack  and th e  f r a c tu r e  away from th e  spongy 

c e n te r  i s  s p l in te r y .

No 11 -  8049 -  2 Not Q uite  01e a r

This sample l i k e  No 8 i s  brown in  c o lo r  and t r a n s lu c e n t  n e a r  

th e  bottom  s u r fa c e . I t  i s  h a rd  compact and b r i t t l e .  I t  i s  n o t 

v e ry  tough-and  n e a r  th e  c e n te r  i s  q u ite  ookety  and spongy.

There a re  a few in c lu s io n s  o f  iro n  and th e se  seem to  have s e t t l ­

ed to  n e a r  th e  bottom o f  th e  sample la d le *  Some f a i r l y  la rg e  

c r y s ta ls  a re  v i s i b l e  to  th e  naked eye*

No 12 -  8049 -  3 At P relim

This sam ple i s  f in e ly  c r y s t a l l i n e ,  dense, compact, h a rd  and 

q u i te  to u g h . There i s  a lm ost no spongyness a f  a l l  and th e re  

a re  ho g ts r.p o ck o ts^ in  th e  sam ble. No in c lu s io n s  o f  iro n  a re  

v i s i b l e  to  th e  una ided  eye* The c o lo r  o f  th e  s la g  i s  s o r t  o f 

a re d is h  brown r a th e r  than  th e  green o f sample 9 in  th e  c o r re s ­

ponding s ta g e  o f  h e a t  8047•
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SLAG SAMPLES . FROM HEAT 8 0 4 9
COLORADO FUEL & IRON CORPORATION

115 V1- *;

an..

10. ON LIME -  ENDS 8c MIDDLE 

11o NOT QUITE CLEAR 

12. AT-PRELIM



PHOTOMICROGRAPHS
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SAMPLE NO 3 FLUSH OFF -  2 2 3 7 1 9  -  1 2 0  X

R e fle c te d  L igh t 

O blique i $ r £ < y

•YsĴ Vv̂

T ran sm itted  L ig h t 

Crossed N ico ls
i •'

‘ 4 A i i i

ml
T ran sm itted  L ig h t 

O rd inary



5 0

SAMPLE NO 2 WELT SAM PLE.- ■ 2 2 3 7 1 9  -  1 2 0  X

R e fle c te d  L igh t 

Oblique

mm
m v S S m

)<~Wa

*

K « - v „ T ran sm itted  L igh t 

C rossed N ico lsa*
5' v\ i  ^

& 8 a t f

3SS

'fci.'vN

i

T ran sm itted  L ig h t 

O rd inary



5 1

SAMPLE NO 5  TAP SLAG -  2 2 5 7 1 9  -  1 2 0  X

R e fle c te d  L igh t

Obliqufc

ypj*;.

'-T  •4y * r :.

T ran sm itted  L igh t

C rossed N ico ls

Transmitted Light 
Ordinary;
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SAMPLE NO 4  FLUSH OFF -  1 7 4 2 * 2  -  ICO X

R e fle c te d  L ig h t 

Oblique
KF-W /

T ran sm itted  L ig h t 

C rossed N ico ls

T ran sm itted  L ig h t 

O rd inary



3 5

SAMPLE NO 5  MELT SAMPLE -  1 7 4 2 8 2  -  1 2 0  X

R e fle c te d  

O blique

T ran sm itted  L ig h t 

C rossed N ico ls

&

T ran sm itted  L ig h t 

O rd inary
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SAMPLE NO 6  TAP SLAG -  1 7 4 2 8 2  -  120 X

R e fle c te d  L igh t

O blique

T ran sm itted  L ig h t

T ran sm itted  L ig h t 

O rdinary
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SAMPLE NO 7  ON LIME -  ENDS & .MIDDLE -  8 0 4 7  - 1  -  1 2 0  X

R e fle c te d  L ig h t 

Oblique

T ran sm itted  L igh t 

C rossed N icola

m

toOL-®

T ran sm itted  L ig h t 

O rd inary

x



SAMPLE NO 8  NOT 4 U IT E  OLE/VR -  8 0 4 7 - 2  -  1 2 0  J

.36

S f ipR e fle c te d  L igh t

Oblique

T ran sm itted  L ig h t

Crossed N ic c ls

T ran sm itted  L ig h t 

O rd inary
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SAMPLE NO 8  NOT QUITE CLEAR -  8 0 4 7 - 2  -  1 2 0  X

R e fle c te d  L igh t

Oblique

T ran sm itted  L ig h t

C rossed N ico ls

Transmitted Light 
Ordinary



SAMPLE NO 8  NOT QUITE CLEAR -  8 0 4 7 - 3  -  120 X

3 8

R e fle c te d  L ig h t 

Oblique

T ran sm itted  L ig h t

C rossed N ico ls

Transmitted Light 
Ordinary



5 9

SAMPLE NO 9  AT PRELIM -  3 0 4 7 - 3  -  1 2 0  X

R e fle c te d  L ig h t 

Oblique

a&SKSfcr.v-N?

T ran sm itted  L ig h t

C rossed N ic c ls

T ran sm itted  L ig h t

O rd inary



4 0

SAMPLE NO 9  AT PRELIM -  8 0 4 7 - 3  -  1 ? 0  X

R e fle c te d  L ig h t

Oblique

T ran sm itted  L ig h t

C rossed N ico ls

Transmitted Light 
Ordinary
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SAMPLE NO 9  AT PRELIM -  8 0 4 7 - 3  -  1 2 0  X

R e fle c te d  L ig h t

O blique

T ran sm itted  L ig h t

C rossed N ic e ls

" i ' V ‘’Hi*'**'

T ran sm itted  L ig h t 

O rd inary
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SAMPLE NO 1 0  ON LIME -  ENDS’ & MIDDLE -  8 0 4 9 - 1  -  1 2 0  X

R e fle c te d  L ig h t 

O blique

1 r:- n ;■ v S v /^ w r ^ . ‘̂ VVO 1 : •

F f l i f S M

T ran sm itted  L ig h t 

Crossed N ico ls
y ' - j

>W

m

T ran sm itted  L ig h t 

O rd inary



4 3

SAMPLE NO 1 1  NOT 4U IT E  CLEAR -  8 0 4 9 - 2  -  1 2 0  T

R e fle c te d  L ig h t

O blique

m m m

T ran sm itted  L ig h t

C rossed NiccOs

T ran sm itted  L ig h t 

O rd inary



SAMPLE NO 1 1  NOT QUITE CLEAR -  8 0 4 9 - 2 . -  1 2 0  X.

4 4

R e fle c te d  L igh t 

O blique

i  < - s t e a l t &

*W-V?

T ran sm itted  L ig h t

Crossed N ico ls

Transmitted Light 
Ordinary
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SAMPLE NO 12 AT PRELIM -  304P-3 -  120 X

R e fle c te d  L ight: 

Oblique ,VV"V

V. >o£$y,'̂  m. '' ■ . k»

T ran sm itted  L ig h t

Crossed N ico ls

Transmitted
Ordinary



4 6

SAMPLE NO 1 2  AT PRELIM -  8 0 4 9 - 5  -  1 2 0  X

R e fle c te d  L ig h t 

Oblique

T ran sm itted  L ig h t

Crossed N ico ls

T ran sm itted  L ig h t 

O rdinary
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SAMPLE NO 12 AT PRELIM, -  3049

Oblique

T ran sm itted  L ig h t

C rossed N icc ls

T ran sm itted  L igh t 

O rd inary
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