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FROM 

IW POWELL, T1,SGOiiSIiT 

by 
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Though it i s  quite ce r t a in  t h a t  t h f s  kyanite rock may be concen- 

t ra ted  with f l o t a t i on ,  i t s  res is tance t o  crushing po inb to  methods using 

l e s s  f i n e  crus'ning. 

Providing expl.oration indicates  an ore body of adequate size,  

and invest igat ion shows t h a t  an operation here could compete prof i tably 

with o p e r a t e w o f  s imilar  nature i n  the  ididdle Atlantic and Southern s t a t e s ,  

it i s  recomaelided tha t  e i t h e r  a wet o r  dry mil.ling process be used conti.ngent 

on ava i l ab i l i t y  and cost  of water or e l ec t r i c i t y .  

After  preliminary crushing t o  about q", the  wet method should con- 

sist of j igs  f o r  removal, of t h e  garnet and kyanite aM the t a i l i n g s  t o  shak- 

ing  tables  t o  remove the  b i o t i t e  and muscovite. The kyani.te could be s e p -  

rate.' from t h e  garnet on h sbakirtg table .  

Aftex crushing t o  pass @ i n  the dry ?recess, the ore iould be passed 

over a s e t  of shaking screens, where t he  extreme f ines  a r e  removed and discarded. 

The oversize i s  fed over three s e t s  of electromagnetic roLls, where the garnet, 

b io t i t e ,  and some muscovite a r e  removed. The remaining mster ia l  - kyanite, 

qusrtz, fe ldspar ,  and some muscovite - i s  passed though  an e l ec t ros t a t i c  f i e l d  

acd the kyanite removed. 

REPORT ON BBILLING OF KYBNITE ORE 

Because of t he  res is tance t o  crushing of this rock, it would be neces- 

sary t o  conduct a carefu l  screening t e s t  t o  deters ine the minimum crushing 

necessary t o  give maxhmum economic recovery. 



T h i s  ore consists of a medium coarse-grained b i o t i t e  sch is t  with f a i r l y  

uniform distributi.on of kyanite crystals .  The sch i s t  i s  dominantly quartz, bio- 

t i t e ,  felds-wr with garnet and lcyanite disseminated throughout. This s ch i s t  

occurs jn i s o l a t m  outcrops about 2 miles southwest of Powell, Wisconsin, in 

sections 28, 29, 32, 33, T.42N., R.@., Iron County. All the property is owned 

by the State  of Fisconsin. The surface area of 'known ore consists of two s e p - .  

rated outcrops; the dimensions of one was 345 f e e t  by 210 f ee t ;  the other out- 

crop had maximum dimensions of 560 f e e t  by 375 f ee t .  There i s  a stream near the  

outcrops and a county truuk highway is close. The area i s  marshy with l . i t t l e  

r e l i e f ,  which condition sill necessi ta te  pumpi.ng i n  any operation. 

T h i s  investigation was confined primarily t o  the  poss ib i l i ty  of con- 

centrating the  kyanite by f lo ta t ion .  T h i s  attempt was not  e n t i r e l y  success- 

ful. Other investigations working on s imilar  ores succeeded in concentrating 

the hyanite t o  about 98% recovery. 

Recent t r i a l s  (?day 5, 1939) indicate thz t  the successful f l o t a t i o n  

of this ore i s  approaching, though mounts of reagents s u c c e s s f u i l ~  used oil 

other kyanite sch is t s  do not show good recovery on t h i s  par t icu lar  sch is t .  

The l is t  of reagents used by Coghill & Clemmer: 

--------- 
Pounds aer Ton Crude Cse - 

Reagent Used Rougher Cleener Reclean= 
-.------- --- 

Pine o i l  . . . . . . .  0.08 
Oleic acid . . . . . .  0.32 . . . .  Sodium oleate  0.60 . . .  Sodium hydroxide 1.00 0.75 ,. 
Sodium s i l i c a t e  . . .  $1.75 
Sulfuric acid . . . .  0.32 

It seem evident now t h a t  the  amounts of rehgents f o r  t h i s  oze w i l l  be 

sio'ilfir t o  the above l ist .  



Though the  f l o t a t i o n  of this ore i s  no t  as  ye t  successful, there  were 

several  charac te r i s t ics  learned of the  mill ing of the  ore. It w a s  found that 

t h e  ore absorbed a great  deal  of water used in ball-mill grinding and necessi- 

tated a much heavier load of water t o  e f f ec t  adequate grinding. About 150 

gms. ~ ~ 0 / 5 0 0  gms. of ore  i s  necessary. Sodium Hydroxide was found t o  be a 

de f in i t e  ac t iva tor  of frothing. The more NaOH added, resul ted i n  increased 

froth.  The NaOH did not materially increase recovery of any of t he  minerals 

fl.oated. Absence of NaOH, however, precludes any f lo t a t i on  worthy of the  name. 

Var'iations of Oleic Acid seemed t o  ind ica te  t h a t  smaller. amounts enhanced the 

recovery of b io t i t e .  Increase of sodium oleate  materially increased the f l o -  

t a t i o n  of t he  micas. About 4 ib/ton a good recovery of the  micas. 

However, i n  t he  opinion of the  wri ter ,  the  addi t ional  crushing and 

reagents costs  would not be warranted by the  addition61 recovery of kyanite 

f ines.  Therefore, a mechanical type of concentration, i n  Which less f i ne ly  

grolwd ore may be hzndl.ed, i s  recommended. After being crushed i n  jaw-crusher, 

it i s  crushed through 1,011s s e t  a t  about 4". This ore was Jigged. and a very 

good bed of garnet and kyanite was formed n i t h  gu l l e t  on the bottom next t o  

the  screen. T h i s  concentrate day be read i ly  separated on shaking tab les  due 

t o  the very d i f f e r en t  c rys ta l l ine  shapes of garnet and kyanite. The garnet i s  

more or l e s s  sphericel  and the  lryanite i s  long and blade&. 

It i s  recommended tha t  a ba t te ry  of j igs be used t o  insure recovery 

of a l l  of t h e  kyanite and garnet. The f i n a l  overflow from the  j i g s  should be 

table6, %here the micas rill b~ r'emoved. The remaining quartz, felcispar, f t c .  

would go t o  t he  t a i l i ngs  stacker. 

The following method of concentration was not used viith t h i s  ore due 

t o  lack of equipment. It i s  used by the Gelo Nines, Inc. of Bunsv i l l e ,  h'.C. 



This method consis ts  of select ive screering through 4 Hmer  vibrat ing 

screens. Each of the sized sections of ore i s  sen t  oveI 3 Johnson induction 

magnetic separators;  t he  first pass removes most of the  garnet and some of the  

b io t i t e ;  t h e  second, the  r e s t  of t he  garnet; and the  l a s t  pass removes the r e s t  

of the  b i o t i t e  and much of the muscovite, leavipg q w t z ,  fe ldspar ,  kyanite, 

beryl, and remaining muscovite. A modified Huf f  type e l ec t ros t a t i c  separator 

concentrates t he  kyanite in recoveries up t o  98%. 

The above kyanite operations a r e  chief ly  working res ieua l  kyanite de- 

posits .  Therefore, the  crushing costs  a r e  much smaller t h  woulci be the costs 

f o r  t h i s  >particulzr operation because of the resistarrce of t h i s  sciiist t o  crush- 

ing. 
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