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As author of  th is ish to acknowledge my
us authors who haveindebtedness to the host of  .

researched and writ ten upon t i l l 'JuUject of f i re assay.
Without the rnul t ip l ic i ty of  thei i '  issay formulae ana
diverse comments,  i t  would have taken a l i fet ime to col lect
the data which was incorporated in our computer ized over-
v iew  o f  t he  sub  i ec t .

o f  :

unnamed ,
n o t e s .

An

Among the most
T .  K .  R o s e ,  C .

notable of such writ ings were the works
H .  F u l t o n ,  F .  E .  B e a r n i s h ,  E .  H .  M i l l e r r

Mason ,  Mas te r  o f  F ine  A r t s ,  Mas te r  o f  Sc ience  i n  Chemis t r y ,
and  Mas te r  o f  Sc ience  i n  GeoLogy . During my years at
F ind lay  Co l l ege ,  Jack  con t r i bu ted  seve ra l  t housand  hou rs  i n
one- to -one  tu to r i ng ,  and  th i s  au tho r  sha I l  be  fo reve r  i n
h i s  d e b t  .

Bo th  t ime  and  exper t i se  on  the  pa r t  o f  Jo leen  Russak ,
M ichae l  A I Ien ,  and  She i - Ia  Lash ley  t rans fo rmed  th i s  w r i t i ng
f r o m  s c r i b b l e d  n o t e s  t o  l e g i b l e  c o p y ,  a n d  t h e y  a r e ,
r i g h t f u l l y ,  a s  m u c h  t h e  a u t h o r  a s  I .

- -  w a L t e r  C .  L a s h l e y
S i f ve r  C i t y ,  New Mex ico
' T r n , r - r t ,  

I  O a q

Vt  s  iCo I  c ( R ) :  V e r e l o n  1 . 2 0 ;  I B t {  S o f t v a r e ;
# 6 0 2 4 0 0 4

Srn i th ,  and  W.  F .  H i l l eb rand .  O the r  au tho rs  mus t  go
for I  fa i led to make bibl iographic comment on my

unsung  he ro  o f  t h i s  Bu l l e t i n  i s  p ro fesso r  Jack
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B U L L E T I N  1 1 3 0 8 4 A

I NTRODUCTI ON

T h i s  b u l l e t i n  i s  i n t e n d e d  t o
f a m i l i a r i z e  t h e  n o v i c e  w i t h ,  a n d
to  re f resh  the  memory  o f  t he
p r o f e s s i o n a l  i n '  t h e  a r t  o f  f i r e
a ' s  say ing  the  nob le  me ta l s .

I n  t h i s  w r i t i n g ,  w e  w i I I  d i s c u s s
on ly  s i l ve r  and  go1d .  Even  though
f h a  f  i r o  . a a c l w  n f  t - h a  r r l F t i n l t m

group  me ta l s  i nvo l ves  the  sane
n r r r n m o + r i  n  n h o m i  c f  r r r  t h a r a  a r a
P I a v , L ' s u r f u  e r r E , , ' r r u r I ,

i n n o v a t i o n s  f o r  c o l l e c t i n g  t h e
PGMS wh ich  a re  too  numerous  to  be

l c l u d e d  i n  t h i s  p u b l i c a t i o n .
' 7we  w i l l  be  i n t roduc ing  i n to  the
f l ux  fo rmu la  one  chemica l  ( red
i ron  o r  f e r r i c  ox j , de )  wh ich  i s  no t
no rma l l y  i nc fuded  i n  the  f l ux ing
o f  o r e s  f o r  a s s a y ,  b u t  w h i c h  i s
a lways  i nc luded  i n  a  sme f t i ng
f l u x .

Moreove r ,  ASAT T  s  a rgumen t  f o r
the  use  o f  red  l ead  ox ide  ove r
l i t h a r g e  w i  I 1  b e  d i s c u s s e d .

we  sha1 l  a l so  desc r ibe  how to
de te rm ine  the  success  o r  f a i l u re
o f  t he  f i r i ng  by  examin ing  the
s lag  and  the  l ead  bu t ton  wh ich
w i  1 l  have  been  p roduced .

LAYMANI S TERMS

w h e r e v e r  p o s s i b l e ,  w e  w i l l  u s e
I a y m a n r s  t e r m s ,  f o r  t h i s  b u l l e t i n
i s  d e s i g n e d  a s  a  t o o l  t o  b e  u s e d ,
ra the r  t han  as  a  t rea t i se  to  be
a rgued  ove r .
^ . :  -
- I f  t e c h n i c a f  r e f e r e n c e s  a r e
! t -
F m p l o y e d ,  w e  s h a l l  d e f i n e  t h e m  a s
b r i e f l v  a s  o o s s i b l - e .

I T  I S  A S S U M E D . . .
. . . that-t ire re-EE-5?-already knows

what  the  too l s  o f  t he  t rade  a re .
There fo re ,  we  w i I l  no t  e labo t ' a te
o n  t h e i r  d e s c r i p t i o n s .

I N BRI EF

T h e  o b j e c t  o f  f i r e  a s s a y  i s  t o
o x i d i z e  a n d  a b s o r b  i n t o  t h e  s l a g
a l l  t he  unwan ted  base  me ta l s  wh i l e
comp le te l y  d iges t i ng  the  rock -
f o r m i n g  m i n e r a l s .  S i m u l t a n e o u s  I  y ,
d rop le t s  o f  l ead  a re  f  o r rned  wh ich ,
i n  t u r n ,  c o l l e c t  t h e  n o b l e  m e t a l s
and  s ink  to  the  bo t ton  o f  t he  me l t
t o  f o rn  the  l ead  bu t ton .

S i m n l c  a s  t h e  a b o v e  s t a t e m e n t s
sound l  one  mus t  o rches t ra te  these
happen ings  upon  a  t ime / tempera tu re
sequence  w i th  reasonab le  accu racy .
I f  t he  p rope r  sequence  does  no t
t r a n s p i r e  r  t h e  n o b l e  m e t a l s  a r e
l e f t  i n  t h e  s l a g ,  a n d / o r  b a s e
m e t a l s  a r e  r e d u c e d  t o  t h e i r
m e t a l l i c  f o r m  a n d  c o n t a m i n a t e  t h e
l -ead  bu t ton . Such  con tamina t . r  on
w i l I  r e s u l t  i n  l o s s e s  d u r i n g
c u p e l  l a t i o n .

T h p  r p  f . ) r c  -  t h e  S e c r e t

success fu f  f i r e  assay  depends  upon
o n e ' s  a b i l i t y  t o  c o m b i n e  d r y
chemica l  i ng red ien ts  w i th  an  o re
in  such  a  manner  tha t  one  p roduces
a  k n o w n  s l a g  w h i c h  w i l l  f l u i d i z e
a t  a  known  tempera tu re .

D E F I N I T I O N  O F  S L A G S

Slag  i s  t he  g lassY  end-Produc t
wh ich  has  been  p roduced  du r ing
f u s i o n . I t  i s  composed  o f  a
comb ina t i on  o f  e lemen ts  i nvo l v ing
t h r e e  f a m i l i e s  o f  P Y r o m e t r i c
b e h a v i o r .  w h e r e  R  =  R e a g e n t  ( o r

e femen t  i f  you  w ish )  and  O  =

oxygen ,  t hese  fam i l i es  a re  i den -
t i f  i e d  a s :

l )  R O  w h i c h  i . s  r e f e r r e d  t o  a s
b o s  i  c  o r y g e n  a n d  c o m p r i s e s  t h o s e
e lemen ts  tha t  f o rm p r imarY  ox ides

D A q E  I
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wi th  a  s ing le  a tom o f  oxygen .
' hese  i nc lude  nagnes ium '  ca l c ium,
oa r ium,  and  s t ron t i um.

M o s t  w r i t i n g s  w i I l  a l s o  i n c l u d e
I i t h i u m ,  s o d i u m ,  P o t a s s i u m ,  a n d
rub id iun  j -n  th i s  g rouP ,  and ,  f o r
the  monen t ,  we  sha I l  t oo .  (The
d i f f e rences  w i th in  these  subgroups
a r e  d e f i n e d  o n  p a g e  1 2  i n  t h i s
w r i t i n g .  )

Bas i c  ox ides  me l t  a t  l ow  temper -
a tu res  and  p rov ide  the  eu tec t i c
f l ux ing  wh ich  a l l ows  them to
d i sso l ve  and  comb ine  w i th  o the r
e  l e rnen ta  I  ox ides .

2 )  R 2 o 3 These  a re  the
dmpho  t  e  r  i  c  compounds . T h a t  i s :
t hey  may  ac t  as  e i t he r  bas i c
o x i d e s  o r  a s  a c i d i c  o x i d e s  ( a t  t h e
t e m p e r a t u r e s  o f  f u s i o n  a s s a y r  t h e y
o f ten  rema in  re f rac to ry  and  mere l y
th i cken  the  me l t  )  .

They  a re  compr i sed  o f  t he
e lemen ts  wh ich  fo rm p r imary  ox ides
us ing  two  a toms  o f  an  e lemen t  and
- .h ree  a toms  o f  oxygen .

-  The  th ree  mos t  impor tan t  members
o f  t h i s  s r o u p  a r e  a l u m i n a

For  the  s imp l i f i ca t ion  o f  under -
s t a n d i n g  t h i s  s c a l e ,  w e  w i l l -
r .p. . "" i t  t lg  acid ic .9TId:e( R o 2  )  b y  s i l i c a  a l o n e  (  S i o 2  )  , -
f o r  i t  i s  t he  ma jo r  rock - fo rm ing
oxide as wel l -  as a cornmon ingredi-
en t  i n  t he  compound ing  o f  a  f l ux .

S u b s i l i c a t e  =
ARoTSf o-,  = [R4O4*Sj.  02 I

T h i s  s l a g  (  i r r e s p e c t i v e  o f  t h e
compounds )  has a rat io of  two
bas ic  oxygens  to  each  ac id i c
o x y g e n  ( o r  1 : 0 . 5 ) .

I ' {onosi  I icate =
, Ro-TSIot-=TR2 02 * s i 02 I

As  the  name imp l i es ,  t he  ra t j - o
o f  bas i c  oxygens  i s  equa l  t o  t he
a c i d i c  o x y g e n s  (  I : 1  )  .  T h j - s  i s ,  b Y

I  - l o r tan t  ra t i o  t oL A L ,  L r r E  r r l t f

r  emembe r w h i l e r e a d i n g  t h i s
b u l l - e t i n ,  f o r  i t  i s  t h e  s l a g  t h a t
w e  w i l l  b e  t r y i n g  t o  m a k e  i n  e v e r y
r n s t a n c e .

S e s o u i s i l i c a t e  =
a n o * : s i o 2  =  [ n 4 o 4  * S i 3 0 6  I

S e s o u  i  m e a n s  o n e  a n d o n e - h a I f .
r a t i o  i s

. ) . r .
( A  1 2  0 3  )  ,  b o r o n
I r o n  ( F e 2 0 3  )  .

( B 2 o 3  )  ,  a n d T h e r e f o r e ,  t h e  R O :  R O 2
4 : 6  ( w h i c h  r e d u c e s  t o  l : l

3 )  R o 2
o r i d e s  o f t e n  r e f e r r e d  t o  a s
a l r c c - F n r m o r e J I I J - U C T

s i l i con  a tom and  two  oxygen  a toms ,
i  s  f h c  m o s f  i m n o r i - a n t .  T i t a n i u m ,
t i n ,  a n d  z i r c o n i u m  d i o x i d e s  o n I Y
come in to  p lay  when  one  i s  work ing
w i t h  c o n c e n t r a t e s .
d e a l i n g  h e r e  w i t h  r a w  o r e s ,  w e
w j . 1 1  t r e a t  t h e  e n t i r e  f a m i l y  a s
t h o u g h  i t  w e r e  s i l i c a .

METALLURGICAL SCALE

Var ious  ra t i os  o f  comb ina t i ons
be tween  the  RO and  RO2 g rouPs
a r e  r e f e r r e d  t o  a s  t h e  m e t a l l u r g i -
c a 1  s c a l e .

When  rev iew ing  th i s  sca le ,
remember that the R in the RO
p o r t i o n  m a y  b e  s o d i u m ,  P o t a s s r u m '
c a l c i u m ,  e t c .

T h e s e  a r e  t h e  o c  i d  i  c B i s i l i c a t e  =
RFslb2 = tR o*s i  02 I

A s  t h e  p r e f i x  b i  s u g g e s t s '  t h e
r a t i o  o f  R O  t o  R O 2  i s  I : 2 '

T h e r e  a r e '  o f  c o u r s e ,  t r i s i l i -
ca tes  and  on  up  the  l i ne ;  however '
I IE - f  us ion  o f  b i s i l i ca tes  c rowds
t h e  m a x i m u m  f i r i n g  t e m P e r a t u r e s
u s e d  i n  n o r m a l  a s s a Y i n g ,  a n d  w e
can  see  no  need  to  bu rden  You  w i th
t e r m s  w h i c h  d o  n o t  P e r t a i n  t o  t h e
d i s c u s s i o n .

R E M E M B E R  I
T h e _ _ s  l a g  i  s _ t  h e  c o n s t a n t ,  a n d  t h e

f l u x e s  a r e  a l t e r e d  s o  t h a t  t h e y

l l " tn , , " ln in "  : i : "  . : l l : "0 :o 'o t " '  I
page  2



FLUXING INGREDIENTS

m o m e n t ,  w e  s h a l l  m e r e l y
. h p m  i  c t  r w  . r o n a r :  l  I  V  U S e d

g  an  o re  a long  w i th  the
f a m i l y  t o  w h i c h  i t .

B A S I C  O X I D E S
FORMULAE:

U S E D  A S  R O  I N  F L U X I N G

Sod ium Carbona te /anhyd rous ,
Na  2  CO3

- tnas
f o r m u l a .

L i t h a r q e ,

D o  n o t  u s e  s o d l u m  o r  D o t a s -N O T E :

I  Fo r  t he
a .
1 1 5  t  t n e
i n  f  l ux in
behav io ra l

A  f o r m  o f  l e a d  o x i d e  n o r m o  I  l y
u s e d  i n  a l l  f i r e  a s s a v s .

s i u n  b i c a r b o n a t e s ,  a s  s
! o r  a n n y o r o u s  s o o l u n
B i c a r b o n a t e s  c o n t a i n  a
w h i c h  i s  a  r e d u c i n g  a
w o u l d  b e  r e l e a s e d  a t
t  i m e  i n  t h e  f i r i n g  s e q u e n

AMPHoTERICS (R2o3  )
FLUXING FORMULAE:

B o r a x  G 1 a s s ,
N a 2 O * 8 2 O 3 * 2 H 2 O

T h e B z 0 3 t he  ac tua l
anpho te r i c .  Ho \ . {eve r ,  s  i  n te r i ng
t h i s  c o m p o u n d  t o  g l a s s  a n d  g r i n d -
i n g  i s  e a s i e r  t o  m a n i p u l a t e  t h a n
powdered  bo r i c  ac id .  I t  has  been
p r e d e t e r m i n e d  t h a t  p r e - c o m b i n i n g
t h e  d i b o r o n  t r i o x i d e  w i t h  s o d i u m
o x i d e  w i l l  p r o d u c e  a  b a s i c  o x i d e
b e h a v i o r  a t  e l e v a t e d  t e m p e r a t u r e s .

I f  r e d  i . r o n  o x i d e  i s  l e s s  t h a n
5 t  o f  t h e  m e l t ,  i - t  b e h a v e s  a s  a
v e r y  l o w  t e m p e r a t u r e  f l u x  i n  t h e
e u t e c t i c  e n v i r o n m e n t  o f  a  m e l t .
T h i s  e f f e c t  d i m i n i s h e s  a s  t h e
n p r r - o n f  : . r e  r i  q p <  T F  l -  h 6  n o r / - o n f  -

t , v } v 9 | . 9

a g e  e x c e e d s  I ,  t h e  e x c e s s  i s
a c t i n g  a s  a  r e f r a c t o r y .

u b s t i t u t e s
c a r b o n i t e .

h y d r o g e n
g e n t  t h a t
t h e  w r o n g

U S E D  I N

i s  u s e d

PbO

in  eve ry  f  I ux

R e d  L e a d-.----=.-' 1 n e

p r  e  f  e  r
fo rmulas

Ca l -c ium

Potass ium Carbona te ,  K2CO3
O c c a s i o n a l l y  u s e d  i n  f i e u  o f

sod ium ca rbona te ,  bu t  no t
recommended ,

Ta r ta r ( a r g o I  ) ,  ( c u o H * C o 2  *  H  1 2

O x i d e ,  P b 3  O 4
fo rm o f  l ead  ox ide  we

t o  u s e  i n  o u r  f l u x

o x i d e  ( l i n e ) ,  C a O
: q  a  h i  o h  i p r n n o r a i - _ u f e  f  l u X

h e  l  n e  . . r n +  r ^ l  l - h a  v i  - ^ ^ -  i  ! \ '
L r r e  v f  r e u > a L y

m e 1 t .

SOMETIMES USED AS
FORMULAE:

R O  I N

when
when

-  1  - ^  ^

A C I D I C  O X I D E
FLUXING FORMULAE:

S i l i c a  '  S i O 2
l " h a r a  i s  o n I w

a n d  t h a t  i s  s i l i c d

CHEMICAL EVENTS

I Y -: ',
F l - C n-  o f  t he

OXI DE S
FLUXI NG

(  RO2 )  USED

o n e  R O 2  u s e d ,

I N

An organic compound used
f i r i ng  phospha te  o res ,  o r
assay ing  cupe ls  .  (  I t  i s
reduc ing  agen t ,  l i ke  f1ou r .  ) DURING FUSION

Potassium I i ! :g!e,  XNO,
Th is  i s  an  ox idan t  used  to

con t ro l  t he  quan t i t y  o f  l ead
r e d u c e d  w h e n  f i r i n g  s u l f i d e  o r e s .
( I t s  u s e  s h o u l d  b e  a v o i d e d  i f
p o s s i b l e ,  f o r  i t  w i l f  s l a g  s o m e  o f

The  chemica l  even ts  tak ing  p lace
dur ing  fus ion  a re  cha r ted  by  the i r
t h e o r e  t  i  c o  I  t e m p e r a t u r e s  o n  p a g e
f o u r  ( 4 ) . However ,  we  w ish  to
e m n h a  q  i  z c  I ' h a  i  l -  h o c e  r -  e m n a

are  app rox ima te  and  w i l l  f f uc tua te
, l r . r . n r d  i  n c r  i -  . r  l - h e  r r n i . r r r a  a r r l .  a ? ^ t -  i . . c

o f  e a c h  i n d i v i d u a l  f u s i o n .fe 
ecus. )



n

TEMP.OC V IS IBLE COLOR TEMP,OF EYENT
7 n

---86-- 
36DTfn4 pERoxrDE (ff used) begins
o r i d o t i o n

1 0 0  2 1 2  S u r f a c e  u o t e r  e v o p o r o t e s

1 9 0  3 7 4  E n t r o p p e d  o t m o s p h e r i c  r r r c t e r
v o l o t i l i z e s

270 5-l  8 SODIW BICARBONATE = COc REDUCTION
7 7 r i s  l r o u  t d  b e  a n  e r r o r

339 643 POTASSIUI . f  N ITRATE ( i f  used)  reac ts
W/ SULF IDES

FUSION STARTS AT THIS POINT

3 3 9  6 4 3  F u s i n g  p o i n t  f o r  L E A D  O X I D E S
' 

340 644 Reduction of L I  TIIARCE to LEAD by CO2
stor ts  i f  CHARCOAL is  used

4 5 0  8 4 2  S I L I C A  r e o c t s  v / P O T A S S I U M  N I T R A T E  ( i f
p r e s e n t )

4 7 5  L o u e s t  V i s i b l e
R e d  8 8 5

4 8 2  9 0 0  C h e m i c o  I  l y  c o m . b i n e d  p o t e r  v o  l o t  i  I  i z e s

5 0 0  9 3 2  B O R . A X  s i n t e r s  t o  o  v l s c o u s  m e l t

500  932  RED LEAD OXIDE deco rnposes

5 3 0  9 8 6  l Q h e n  f  l o u r  i s  u s e d ,  t h e  r e d u c t i o n  o f
LEAD OXIDE to  LEAD by  CO2 s to r t s

5 3 0  9 8 6  P O T A S S I @ f  N I  T R r { f E  o r i d o t d o n  f i n i s h e d

5 9 0  1 0 9 4  B O R A X  r e a c t s  v / S I L I C A  &  r e m d i n s
v i s c o u s

590  1094  FERROUS SULFATE decowoses  ( i f
p r e s e n t )

6 5 0  D a r k  R e d  1 2 0 0

6 5 5  1 2 1 0  C O P P E R  S U L F A T E  d e c o m p o s e s  ( i f  p r e s e n t )

7 0 0  1 2 9 2  T h e  e v o  l u t f o n  o f  C O Z  s t o p s

700  1292  SUL  F t rR  hds  com,b ined  v /SODA and /o r
v o l a t i l i z e d .

p a g e  4



IE

]i T E M P . O C--7nn--
,t-,

J  7 0 4

7 5 0

8 0 0

8 1 4

8 1 4

8 1 5

8 1 5

d J . )

8 8 8

9 0 0
I
. r  920

9 5 4

1 0 1 0

1 0 1 8

1 0 3 0

1 0 9 0

1 1 5 0

Il!l!!_E_gq!q! TEMP O F
7Zn2--
1 3 0 0

1 3 8 0

1 4 7 2

1 4 9 7

t 4 9 7

EVENT
L )  t n a r ( v t  s l n t e f s  &  c o m b i n e s  w / S I L I C A

A l l  u t o t e  r  i s  g o n e

Cher ry  Red

B r i g h t  C h e r r y
Red

O r a n g e

Ye  I  l ow

yslw ll4lryq
H i  Y e l l o \ )

1 5 0 0

1 5 0 0

1 5 7  0

1 6  1 6

1 6 5 0

t 6 8 8

1 7 5 0

1 8 5 0

1 8 6 5

1 8 8  6

MIN IMTJM

SODIUM CHLORIDE decomposes (Undes i re_
a b l e  d u e  t o  t h e  r e l e a s e  o f  C H L O R I N E j  

-

G4I , { I1  -  l i tqnges  to  LEAD in  the  presence
of SODIUM OXIDE ond IRON

S^9.? !W__CARBONATE,  in  the  presence o fSUIFIDES, f o rms SODrW Sitr,rarr,S i iI R O N  a s  p r e s e n t

SODIUM CdRBONA TE me t rs

POTASSIUU C. ,4RBONA ?E fuses  ( I f  p resent )

L ITHARCE decomposes

C A L C I A T  &  S t L t C A  b e g t n  t o  c o m b t n e

SIL ICA beg ins  to  comb ine  w  /ALU\ ! ! I  NA

SIL ICA hos  comb ined  w /ALUMINA

S O D I U M  S I L I C A T E S  a r e  m e l t e d

LEAD MONOSIL ICATE i s  / l u id ;  BORAX no ru
b e c o m e s  o n  o c t i v e  f  ! u r  &  f l u i c t i z e s  t h e
m e l t ;  &  M E T A L  g l o b u l e s  s e t t l e  t o  t h e
b o t t o m  t o  f o r m  t h e  b u t t o n

TIRING TWPERATURE

Na,Fe ,Co  / . /C .NOSIL ICATES o re  f  l u r .d

!EA!E\4!y!! (wlga lywLD_ g4 rylq4Iq4ll)

2 0 0 0

2 1 0 2

2 1 9 2

2 1 9  2

2 4 0 0

1 2 0 0

1 2 0 0

t,,,
FLUORSPAR moy or

F IRE BRICK me I  t s

m e l t e d

p a g e  5

may  no t  hav  e



3O DEGREES CENTIGRADE
SODIUM PEROXIDE

I T h i s  r e a g e n t  i s  s e l d o u  u s e d .  ]

Sod ium pe rox ide  wou ld  me l t  and
b e g i n  o x i d i z i n g  a t  3 0 " C .

T h i s  i s  A  v F r v  n o w e r f u l  o x i d i z -
i n g  a g e n t  a n d  i s  s e l d o m  u s e d  i n
f u s i o n  a s s a y ,  f o r  i t  w i l l  n o t  o n l y
d i s s o l v e  t h e  c r u c i b l e ,  b u t  w i  l I
a f s o  t a k e  t h e  e n t i r e  p l a t i n u m
fami l y  i n to  mo l ten  so lu t i on .

IOO DEGREES CENTIGRADE
FIRST WATER

There  a re  th ree  t ypes  o f  wa te r
i n v o l v e d  i n  t h e  o r e .  T h e  f i r s t  i s
t h e  s u r f a c e  w a t e r  t h a t  h a s  b e e n
a b s o r b e d  f r o m  t h e  a i r  o r  d u r i n g
t h e  a c t  o f  c o n c e n t r a t i o n .  T h i s
w i l l  e v a p o r a t e  a t  1 0 0 ' C .

I9O DEGREES CENTIGRADE
SECOND IIATER

P h y s i c a  I  I y  e n t r a p p e d  w a t e r s  a r e
r e l e a s e d  (  v i o J . e n t  I y  )  . These  a re
t h e  w a t e r s  ] o c k e d  i n  v u q s ,  i n c l - u -
s l - o n s , a n d  i o n i  c a  I l y  b e t w e e n
6 l ^ l . o l a i c  : n / l  ^ F t , - f  r 1 -y r u r s f s u o  L ! I r L q r - .

e v o L v e  a t  1 9 0 " C .

270  DEGREES CENTIGRADE
SODIUM BICARBONATE

I D o  n o t  u s e  t h i s  r e a g e n t . ]

T h i s  r e a g e n t  i s  s e l d o m  u s e d ,  f o r
i t  m u s t  d i v e s t  i t s e l f  o f  b o t h
hyd rogen  and  ca rbon  be fo re  becom-
i n g  s o d i u m  o x i d e .

To  s ta r t  reduc t i on  be fo re  the
ac t  o f  ox ida t i on  beg ins  wou ld ,  i n
t h e  o p i n i o n  o f  t h e  a u t h o r ,  b e  a n

T h e  u n w a n t e d  b a s e  m e t a L s
m u s t  f i r s t  b e  o x i d i z e d  a n d  t h e n
comb ined  w i th  the  f l uxes  to  keep
t h e m  f r o m  c o n t a m i n a t i n g  t h e  I e a d

339  DEGREES CENTIGRADE
POTASSIUM NITRATE

l^ lo rk ing  w i th  a  se l f - reduc ins  oa
(  s u l f i d e s  )  m a k e s  i t  n e c e s s a r y  t o
o x i d i z e  a  c o n t r o L l e d  a m o u n t  o f
these  su l f i des  to  p roduce  the
c o r r e c t  s i z e  o f  l e a d  b u t t o n .

F o r  t h i s  p u r p o s e ,  p o t a s s i u m
n i t ra te  i s  t he  rnos t  success fu l
ox idan t ,  and  the  reac t i on  shou ld
f  ^ k a  n l  r n o  r r o r r r  a : r ' l r r  i  n  f  h o  m e l  f

L q !  f  I  f  r r

H o w e v e r ,  u s e  K N O l  o n l y  w h e n
€ ^ r  i  +

i n  q l : r r  { - h a  D l / : M c
h a s  a  t e n d e n c y

339  DEGREES CENTIGRADE
LEAD OXIDES

Both  I i t ha rqe  and  red  l ead  ox ide
f  r r c e  i  n f n  ^  i r i  ^ u ,  s y r u p y  m a s s  a t
t h e  s a m e  t e m p e r a t u r e .  f h i s  i s  a
m e l t ,  a n d  n o  r e a l  r e a c t i o n  h a s
t a k e n  D l a c e  a s  v e t .

3 4 0  D E G R E E S  C E N T I G R A D E
C H A R C O A L ,  F L O U R ,  C O R N M E A L ,  E T C .

Most  ca rbon  bea r ing  ma te r i  a  I  s
smo lde r  and  cha r  a t  t h i s  t empera -
t u r e . C a r b o n  d i o x i d e  i s  c r e a t e d
a n d  e v o l v e s  a s  a  g a s ;  h o w e v e r ,  i t
h a s  I i t t I e  e f f e c t  u n t i l  h i g h e r
f  a m n a r : l -  r r r p <  : r o  r o , 1 q l g f l  .

450  DEGREES CENTIGRADE
POTASSIUM NITRATEI  IF  PRESENT '

r e a c t s  w i t h  s i l i c a  t o  f o r m
^ ^ ! ^ ^ ^ , . . . -  ^ : 1  :  ^ - ! ^ ^
P U  L a r s  r  u r r

. {  /  ]  U E b I ( I E D

THE LOWEST
CENTIGRADE

V I S I B L E  R E D  H E A T

b u t t o n .
c h i s  g o a l

482  DEGREES CENTIGRADE
THIRD WATER

Chemica l l y  comb ined  wa te rs  o f
crvstar l iza t ion o ' i i , l  

r l l ! t : . : :pa n d  i m m e d i a t e l Y  b e c c  
D a q e  6

R e d u c t i o n  w o u l d  d e f  e a t



30 DEGREES CENTIGRADE
SODIUH PEROXIDE

I T h i s  r e a g e n t  i s  s e l d o n  u s e d .  ]

Sod ium pe rox ide  wou ld  me l - t  and
b e g i n  o x i d i z i n g  a t  3  0 ' C .

Th is  j , s  a  ve ry  power fu l  ox id i z -
i ng  agen t  and  i s  se ldom used  i n
fus ion  assay ,  f o r  i t  w i l l  no t  on l y
d i sso l ve  the  c ruc ib le ,  bu t  w i l I
a l s o  t a k e  t h e  e n t i r e  p l a t i n u m
fami l y  i n to  mo l ten  so lu t i on .

IOO DEGREES CENTIGRADE
FlRST WATER

?here  a re  th ree  t ypes  o f  wa te r
i nvo l ved  i n  the  o re .  The  f i r s t  i s
the  su r face  wa te r  t ha t  has  been
a b s o r b e d  f r o m  t h e  a i r  o r  d u r i n g
the  ac t  o f  concen t ra t i on .  Th i s
w i  1 I  e v a p o r a t e  a t  1 0 0 o C .

I9O DEGREES CENTIGRADE
SECOND WATER

P h y s i c a l l y  e n t r a p p e d  w a t e r s  a r e
r e l e a s e d  (  v i o l e n t l y  )  . These  a re
t h e  l r a t e r s  l o c k e d  i n  v u q s ,  i n c l u -
s 1 0 n s , a n d  i o n i c a l l y  b e t w e e n t u r e .
p l a t e l e t s  a n d  c r y s t a l s .  T h e y
e v o ] - v e  a t  1 9 0 ' C .

270  DEGREES CENTIGRADE
SODIUM B I  CARBONATE

I D o  n o t  u s e  t h i s  r e a g e n t . ]

T h i s  r e a g e n t  i s  s e l d o m  u s e d ,  f o r
i t  n u s t  d i v e s t  i t s e l f  o f  b o t h
hyd rogen  and  ca rbon  be fo re  becom-
ing  sod ium ox ide .

To  s ta r t  reduc t i on  be fo re  the
ac t  o f  ox ida t i on  beg ins  wou ld ,  i n
t h e  o p i n i o n  o f  t h e  a u t h o r ,  b e  a n

The  unwan ted  base  me ta  I s
m u s t  f i r s t  b e  o x i d i z e d  a n d  t h e n
comb ined  w i th  the  f l uxes  to  keep
them f rom con tamina t i ns  the  l ead
o u l t o n .
t h i s  g o a l

339  DEGREES CENTIGRADE
POTASSIUM NITRATE

W o r k i n g  w i t h  a  s e l f - r e d u c i n g
( s u l f i d e s )  m a k e s  i t  n e c e s s a r y
ox id i ze  a  con t ro l - f  ed  amoun t
t h e s e  s u l f i d e s  t o  p r o d u c e
c o r r e c t  s i z e  o f  l e a d  b u t t o n .

F o r  t h i s  p u r p o s e ,  p o t a  s  s  i u m
n i t r a t e  i s  t h e  m o s t  s u c c e s s f u f
ox idan t ,  and  the  reac t i on  shou ld
t a k e  p l a c e  v e r y  e a r l y  i n  t h e  m e l t .

However ,  use  KNO? on ly  when
f  n r  i  +

f ^  c  l  > d  t h a  D n M c
has  a  tendency

339  DEGREES CENTIGRADE
LEAD OXIDES

B o t h  l i t h a r g e  a n d  r e d  l e a d  o x i d e
f  r r c o  i n l . n  r  f h i a L |  5 Y !  U P I
t . h 6  f  6 h ^ 6 f  r + , t r e .  T h i s  i s  a

m e I t ,  a n d  n o  r e a l  r e a c t i o n  h a s
t a k e n  p l a c e  a s  y e t .

340  DEGREES CENTIGRADE
CHARCOAL,  FLOUR,  CORNMEAL,  ETC.  O

Mos t  ca rbon  bea r ing  ma te r i  a  I  s
s m o l d e r  a n d  c h a r  a t  t h i s  t e m p e r a -

C a r b o n  d i o x i d e  i s  c r e a t e d
a n d  e v o l v e s  a s  a  g a s ;  h o w e v e r ,  i t
h a s  l i t t l e  e f f e c t  u n t i l  h i g h e r
f a r r n a r > f , , r a c  > r a  r a a c h e d .

450  DEGREES CENTIGRADE
POTASSIUM NITRATE,  IF  PRESENT,

reac ts  w i th  s i l i ca  to  fo rm
p o t a s s i u m  s i l i c a t e s .

475  DEGREES CENTIGRADE
THE LOWEST V IS IBLE RED HEAT

482  DEGREES CENTIGRADE
THIRD WATER

Chemica l l y  comb ined
c r y s t a l l i z a t i o n  b r e a k
and  inmed ia te l y  becone

":t
o f

the

w a t e r s  o f

,il:':.::l:l
page G

Reduc t . i on  wou ld  de fea t



( con t i nued  f rom page  6 )

Th is  reac t i on  may  be  ve ry  v io len t
rand  push  the  me l t  ove r  t he  r im  o f
} ' ne  c iuc ib le .

The  s t ronger  the  bonds ,  t he
h ighe r  the  tempera tu re  tha t  w i l I
be  needed  to  b reak  them,  and  th i s
reac t i ' on  may  t ransp i re  f rom 492"C .
t o  7 0 4  " C .

Each  mo lecu le  o f  s team w i l l -
ca r r y  one  a tom o f  oxygen  w i th  i t .
Th i s  i s  de t r imen ta l  t o  t he  fus ion
and  mus t  be  compensa ted  fo r  ( t h i s
i s  one  o f  t he  reasons  whv  we  use
red  l ead  )  .

5OO DEGREES CENTIGRADE
BORAX GLASS

A I  t hou  gh the  bo rax  g l -as  s  ,
i t se l f ,  w i I I  no t  become chemica l l y
ac t i ve  un t i l  much  h ighe r  t empera -
t u r e s  a r e  r e a c h e d ,  i t  s i n t e r s  t o  a
v i s c o u s  m a s s  a t  t h i s  p o i n t  a n d
a c t s  a s  a  q l u e  t o  h o l d  t h e  m e l t  i n
suspens ion  wh i l e  t he  neces  sa ry

f e a c t i o n s  t a k e  p l a c e .
t

5OO DEGREES CENTIGRADE
RED LEAD OXIDE

Red l ead  ox ide  decomposes ,
re leas ing  i t s  ex t ra  oxygen .  I n
o the r  words ,  Pb304  (  red  l ead
ox ide  )  decomposes  to  PbO
( l i t h a r g e  )  .  T h i s  t r a n s l a t e s  t o
one  mo le  o f  f ree  oxygen  fo r  each  3
mo les  o f  l i t ha rge  rema in ing  i n  t he
m e l t .

The  excess  f ree  oxygen  enhances
t h e  p r o b a b i l i t y  o f  a  s u c c e s s f u l
f i r i ng ,  f o r  ox ida t i on  o f  t he  base
meta l s  mus t  t ransp i re  be fo re  any
J - i t ha rge  i s  conve r ted  to  ne ta l l i c
Iead ,  o r  t he  l ead  bu t ton  w i l l  be
con tamina ted  w i th  then .

T h e s e  r e a c t i o n s  a r e  o n  a  n e o r -
e  s  t  ne  f  ghbo  r  bas i s ,  and  ca rbon
( c o n v e r t i n q  t o  c a r b o n  d i o x i d e )  a s
we I I  

" s  
w i te r  (becoming  s tea rn )  a re

) o m p e t i n g  w i t h  t h e  b a s e  m e t a l s  f o r
6 n y  f r e e  o x y g e n  t h a t  i s  a v a i l a b l e .

Base  me ta l s  co l l ec ted  i n  t he
lead  ( soon  to  appear  i n  t he  me l t )
wou ld  no  l onger  be  ox id i zed , .  and
they  wou ld  con tamina te  the  resu l t -
an t  bu t ton .

Shou ld  the re  be  i nsu f f  i c i en t
oxygen  in  the  me l t ,  m j_ne ra l s  o f
+ n t i m o n v ,  .  b i s m u t h ,  _  c o b a l t ,  c o p p e r ,
r r o n ,  n r c K e I ,  t e l l u r i u m ,  a n d  t i n
would reduce Eo---EIEE metaff ic
s t a t e .  I n  t h e  p r e s e n c e  o f  a  C N
rad ica l ,  i nd ium and  tha l t i um w i l -1
r e o u c e  a s  w e t I .

530 DEGREES CENTIGRADE
METALLIC LEAD BEGINS TO FORM

Meta I l i c  l ead  beg ins  to  appear
i n  t h e  m e l t :  ( l - )  a s  a  m i c r o s c o p i c
m i s t ,  a n d  ( 2 1  i n c r e a s i n g  i n  s i z e
a q  n ' r o n l c t q  . 6  1 I a r ' f u t / v r r

a n o t h e r .
( I n  a  t h i n  a n d  f l u i d  m e l t ,  t h e s e

drop le t s  wou ld  s ink  to  the  bo t tom
be fo re  the  nob le  me ta l s  had  been
re leased  f rom the i r  gangue ,  and
t h e  f i r i n g  w o u l d  b e  a  f a i l u r e .  )

530 DEGREES CENTIGRADE
POTASSIUM NITRATE,  IF
I I Q F N

exhaus ts  i t s  power  to

590 DEGREES CENTIGRADE

IT HAS BEEN

o x i d i z e .

BORAX
reac tS  w i th

m e t a l  o x i d e s  t o
s i l i c a t e s  w h i  c h

s i l i c a  a n d  b a s e
f orrn complex boro-

r e m a i n  v i s c o u s .

590  DEGREES CENTIGRADE
FERROUS SULFATE,  IF  PRESENT,

wou ld  decompose  a t  t h i s  t empera -
tu re ,  f o rm ing  fe r rous  ox ide  and
s u r r e n d e r i n g  i t s  s u l f u r  t o  t h e
sod ium in  the  f  l - ux .

650  DEGREES CENTIGRADE
VIS IBLE DARK RED

page  7



655  DEGREES CENT]GRADE
COPPER SULFATE , IF  PRESENT,

decomposes.

/OO DEGREES CBNTIGRADE
ALL CARBON PRESENT

has  conve r ted  to  ca rbon  d iox ide ,
and  i n te rna l  reduc t i on  s tops .

7OO DEGREES CENTIGRADE
ALL SUTFATES AND/OR SULFTDES
PRE SENT

have  decomposed ,  and  the  su l fu r
has ei ther combined with sodium or
v o l a t i l i z e d .  T h a t  i s  i f ,  o n d
o n l y  i f ,  t h e  f l u x  u ' o s  p r o p e r l y
compounded .  Shou1d  th i s  no t  be
the  case ,  t he re  wou ld  be  a  b lack ,
g ranu la r ,  semi -ma IJ -eab1e ,  s  u1 f  i de
mat te  l y i ng  j us t  above  the  1ead
bu t ton ,  and  the  f i r i ng  wou ld  be  a
fa i  l u re  .

7OO DEGREES CENTIGRADE
LITI1ARGE ( PbO )

s i n t e r s  a n d  c o m b i n e s  w i t h  s i l i c a
;  f o r m  l e a d  s i l i c a t e s .

704 DEGREES CENTIGRADE
ALL WATERS OF CRYSTALLI ZATION

have  been  expe l l ed ,  and  the  ne l t
b e g i n s  t o  s e t t l e  i n  t h e  c r u c i b l e .

750  DEGREES CENTIGRADE
VISIBLE CHERRY RED

8OO DEGREES CENTIGRADE
SODIUM CHLORIDE (SALT  )

In  many  o lde r  f l ux  fo rmu lae ,
sa l t  was  ca l l ed  fo r  as  a  cap  fo r
a s s a y s .  I f  i t  w e r e  u s e d ,  i t  w o u l d
deco rnpose  a t  t h i s  po in t .

W E  S T R o N G L Y  R E c o } T M E N D  t h a t  8 a 1 t
! 9 !  b e  u e e d  l n  a n y  f l u x i n g
f  o r r o u l a ,  f o r  1 t  n i l l  c o u b i n e  v i t h
a n y  s u l f i d e s  a n d  v o l a t i l i z e  g o l d
- r d  t h e  P G M 6 .  (  T h e r e  a r e  s e v e r a l

c o v e r y  p a t e n t s  b a s e d  u p o n  t h l s
v e r y  p r l n c i p l e .  )

814 DEGREES CENTIGRADE
ALL GALENA PRESENT

wi l l  conve r t  t o  l ead  a t  t h i s

:;Ti"?i:";n"." ll"i",,lin il;^ 3s
i d e  p r e s e n t  t o  a c t  o s  t h e  e u c h a n g e
a g e n t  u h i c h  t r c n s f e r s  t h e  s u l f u r
f  r o m  t h e  g a l e n a  t o  t h e  s o d  i  u r n
o t i d e  ,  f  o r m t n g  s o d i t . u n  s i l t c o t e .

N O T E :  G a l e n a  i s  k n o r r n  t o  c a r r y
a l l  o f  t h e  n o b l e  B e t a l s ,  a n d ,  i n
o u r  o p i n i o n ,  i t s  d ! r e c t  r e d u c  t  i o n
t o  n e t a l l l c  l e a d  l s  i m p o r t a n t  t o
t h e  s u c c e s s  o f  a n y  f i r e  a s e a y .

I t  1 s  o u r  o b s e r v a t i o n  t h a t  s l a g s
w h l c h  c o n t a i n  v e r y  h l g h  e n t r a p p e d
n o b l e  m e t a l  v a  l u e  s  a r e  l n v a r  i a b  l y
t h o s e  v h i c h  a l s o  c o n t a l n  h l g h
p o t a s a i u D .

A p p a r e n t  l y ,  t h e  u s e  o f  p o t a s s i u m
n i t r a t e  t o  o x i d l z e  t h e  e u l f i d e e
a n d  t o  n u l l l f y  t h e l r  r e d u c t i v e
p o v e r  E a y  c o n t r  l b u t e  t o  t h e  8 1 a g -
g  1 n g  o f  t h e  n o b  l e  n e t a l  v a l u e g .

F o r  t h l s  r e a a o n ,  l r e  h a v e  l n c o r -
p o r a t e d  f e r r l c  o x i d e  i n  o u r  f  l u x
f o r n u l a e  t o  f a c l  l  l t a t e  t h e  r e d u c . r .
c r o n  o r  g a  r e n a  a n q  o E n e r  s u i f  l o e a . !

I . J E  R E C O M M E N D  t h a t  y o u  a c c e P r  t h e
l a r g e r  I e a d  b u t t o n .  E i t h e r
s c o r l f y  l h e  e x c e a s  l e a d  o f f  ,  o r ,
b e t t e r  y e t r  u a e  a  l a r g e r  c u p e l  t o
a b s o r b  t h e  e x c e s s  l e a d .

815 DEGREES CENTIGRADE
VISIBLE BRIGHT CHEP&Y RED

8I5 DEGREES CENTIGRADE
ANY SODIUM CARBONATE,

w h i c h  h a s  n o t  c o m b i n e d  w i t h
o t h e r  e l e m e n t s  b y  e u t e c t i c  e f f e c t ,
w i I I  m e l t  a t  t h i s  t e m D e r a t u r e .

855 DEGREES CENTIGRADE
ANY POTASSIUM CARBONATE,

wh ich  has  been  subs t i t u ted  f
sod ium ca rbona te  and  wh ich  has  n
comb ined  by  eu tec t j - c  e f fec t ,  w i
f u s e  a t  t h i s  p o i n t .

or
o t
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888 DEGREES CENT]GRADE
JOTAL DECOMPOSITION OF LITHARGE
t  t a k e s  p l a c e ,  a n d  t h e  s e r i o u s
U u s i n e s s  o f  o i s s o l v i n g  t h e  r o c k -
fo rn ing  m ine ra l s  conmences .

R E M E M B E R :  T h e  m i s r  o f  l e a d
d r o p l e t s  i s  s  u s  p e n d e  d  i n  t h e  n e l t ,
a n d  i t  w i l l  c o l l e c r  t h e  n o b l e
! n e t a l s  a s  t h e y  a r e  r e l e a s e d  f r o n
t h e  i r  g a n g u e .

9OO DEGREES CENTIGRADE
VISIBLE ORANGE

920 DEGREES CENTIGRADE
CALCIUM AND SILICA

beg in  to  comb ine .

954 DEGREES CENTIGRADE
ALUMINA AND SILICA

beg in  to  comb ine .

Those  members  o f  t he  p la t i nunn
group  me taLs ,  wh ich  do  no t  co rnb ine
w i th  l ead ,  se t t l e  by  g rav i t y  i n
a c c o r d a n c e  t o  t h e i r  s i z e ,  s h i p e ,
a n d  d e n s i t y .  W h e t h e r  t h e y  d o - o r
do  no t  a r r i ve  a t  t he  bu t ton  i s  a
func t i on  o f  t he  f l u id i t y  o f  t he

{010  DEGREES CENTTGRADE
FLCIUM,  ALUMINA,  AND S IL ICA

have combined to form complex
s i  l i ca tes  .

1O I8 DEGREES CENTIGRADE
SODIUM S IL ICATES

As  the  sod ium s i . L i ca tes  reach
the i . r  me l t i ng  po in t ,  t he  f l ux
b e g i n s  t o  f l u i d i z e ,  a n d  t h e
d ropJ .e ts  o f  l ead  beq in  the i r
descen t  t o  the  bo t tom o f  t he
c ruc ib le .

1O3O DEGREES CENTIGRADE
LEAD MONOSILICATE

has  become h igh l y  f 1u id ,  and
b91o : r  changes  f rom a  re f rac to ry ,
th j - cken ing  agen t  t o  a  ve ry  ac t i i e
f l ux ing  agen t .  W i th  i nc reased
f l u id i t y ,  t he  d rop le t s  o f  l ead
con tac t  each  o the r  and  the  f reed
-ob le  me ta l - s  wh ich  have  no t

.  -_ . I ready  been  co l l ec ted .  Then  they
rap id l y  descend  to  the  bo t tom o i
the  c ruc ib le .

N O T E : T h e v o  r  d s  l o g h a s
a p p e  a  r e  d  i n  ! h e  d e s c r i p t  i v e  v o c a b  -
u 1 a r y . U s a g e  o f  t h i s  w o r d  i s  n o w
p r o p e r ,  f o r  S l o g  i s  t h e  d r o s s
r e o a i n i n g  w h e n  a l l  p o s  s  i b  1 e  r e a c -
t i o n s  o f  d i g e s t i o n  a r e  c o m p l e t e d
a n d  s e p a r a t i o n  o f  t h e  s u s D e n d e d
l e a d  h a s  t a k e n  p l a c e . l f  r b e
a b o v e  h a s  n o t  t a k e n  p 1 a c e ,  t h e n
t h e  c r u c  i b  l e  h a s  b e e n  r e m o v e d  f  r o r n
t h e  f u r n a c e  p r e n a t u r e l y ,  o r  t h e
o r e  v a s  n o t  p r o p e r l y  f l u x e d  i n  t h e
f i r s  t  p l a c e .

IO9O DEGREES CENTIGRADE
VIS IBLE YELLOW

115  O DEGREES CENTIGRADE
MONOSIL ICATES FLUID IZE

Even  the  nos t  s tubborn  comb ina -
t i o n s . _ o f  i r o n ,  s o g i u m ,  a n d  c a l c i u m
m o n o s l l _ J . c a t e s  f l u i d i z e .  I f  t h e
ca lcu la t i ons  a re  an1 'where  nea r
co r lec t ,  t h i s  shou ld  be  the
h ighes t  t empera tu re  needed  fo r  a
s u c c e s s f u l  a s  s a y  -

12OO DEGREES CENTIGRADE
VIS IBLE H I -YELLOW

12OO DEGREES CENTIGRADE
CALCIUM FLUORSPAR

I ' t any  f l ux ing  fo rmu las  ca l l  f o r
ca l c ium f l uo rspa r . We cons ide r
th i s  t o  be  an  e r ro r ,  as  i t  r ema ins
r e f r a c t o r y  u n t i l  i t  r e a c h e s  t h i s
tempera tu re  and  has  a  tendencv  to
r e t a i n  s m a l l  p a r t i c l e s  o f  l e a d  a n d
n o b l e  m e t a l s  i n  t h e  s l a g .

page  9  -
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STAGMAS TER

Had Slaqmaster been compi led in
the era of  pen and paper mathema-
t i cs ,  i t  wou ld  have  cons t i t u ted  a
monumental  feat.

As  i t  i s ,  t he  ab i l i t y  o f  t he
mic ro -p rocesso r  t o  c runch  numbers
a t  l i gh tn ing  speed  has  a l l owed  us
to combine the theoret ical  pr i -nci-
p les  o f  py rometa l l u rgy  (as  i pp l i ed
to  assay ing )  h ' i t h  t he  py romet r i cs
o f  ce ramics ,  and  to  i n t roduce
emp i r i ca l  obse rva t i ons  wh ich  have
resu l ted  i n  t he  s inp t i f i ed  work
shee t  f ound  on  page  12 .

fn  rev iew ing  hundreds  o f  assav
f o r m u l a s  f r o m  t h e  p a s t ,  w e  a t t e m p l
ted  to  asce r ta in  wha t  ra t i ona le
the  o r t  o f  assay ing  emp loyed  to
a r r i ve  a t  f l ux  va r ia t i ons  fo r
va r ious  hos t  rock .

I t  w a s  d e c i d e d  t h a t  t h e  o r t  i s
m o s t  p r o b a b l y  b a s e d  u p o n  o n e ' s

(  e i -  t he r  consc ious  o r

(  4 )  I {ust  deconpose the ore
p le te l y  and  have  NO a f f i n i t y
t h e  n o b f e  m e t a l s .

(  5 )  Shoufd not at tack
c r u c i b l e  ( a p p r e c i a b l y ) .

fo r

o
the

subconsc ious  )  t o  de te rm ine  the
c o m p o s i t i o n  o f  t h e  s a m p l e  t o  b e
a s s a y e d ,  i n c l u d i n g  ( b u t  n o t  l i m i -
ted  to  )  t he  app rox ima te  con ten t  o f
s r l i c a ,  f e l d s p a r s ,  c a l c i u m  g r o u p
mine ra l s  (as  ca rbona tes  o r  ox ide i
and  no t  comb ined  i n  fe ldspa rs  )  ,
t h e  s u l f i d e s  a n d  o x i d e s  o f  m e t a l s ,
a n d  c l a y  o r  c l a y - I i k e  m i n e r a l s .

S p e c i f i c a I l y ,  t h e  a s s a y e r  m u s t
comb ine  the  o re  and  the  f l uxes  i n
a  manner wh ich  p roduces  a
s u c c e s s f u  I  s l a g .  T o  p a r a p h r a s e
E .  E .  B u g b e e  ( 1 9 4 0 ,  A  t e r t b o o k  o f
f i r e  o s s o y i n g  [ : r a  e d . ] :  N e w
York ,  John  Wi ley  &  Sons  )  ,  a
success fu l -  s l ag  mus t  nee t  t he
f o l l o w i n g  c r i t e r i a :

(1 )  Low tempera tu re  o f  f o rma t ion .

(2 )  Pas ty  a t  f o rna t i on  tempera -
tu re ,  t o  ho ld  up  the  l ead  m j . s t
un t i l  t he  nob le  me ta l s  a re
l - i be ra ted  -

( 3 )  T h i n  a n d  f l u i d  w h e n  h o t ,  s o
tha t  t he  l ead  may  co l l ec t  and
s e t t l e .

(6  )  Mus t  have  a  l ow  sDec i f i c
g rav i t y  when  f l u id ,  so  t i r a t  t he
lead  and  s lag  w i l l  sepa ra te  i n to
two  phases .

(7  )  Mus t  sepa ra te  read i l y  f rom
the  l ead  bu t ton  when  co ld .
(  Th i s  i nd i ca tes  conp le te  decom-
p o s i t i o n  o f  t h e  o r e .  )

(  8  )  Shou ld  con ta in  a I1
impur i t i es  o f  t he  o re .

o f  t he

These  same ru les  app ly  when  com-
pound ing  a  success fu l  g laze  fo r
use fu l  and /o r  deco ra t i ve  po t te ry
(excep t i ng  the  comments  abou t
me ta l l i c  l ead  and  the  co lLec t i on
o f  t he  nob le  me ta l s  )  .

Hence ,  ou r  ra t i ona le v r a s :
o f  c e r a r n lI f .  w e  u a e

t o  a r r l v e  e t
t h e  r u l e a
a  g l a z e  f o r n u l a  r . r h  i

e a t u r e a  a t  I 0 5 0 ' C  a n d  l s  c o n p o e e d
o f  t h e  c h e n t s t r y  o f a s s a y  f l u x l n g
(  l n c  I u d  l n g  f  l o u r
a g e n t  )  ,  t h e n  a l l

a a  a  r e d u c i n g
o f  B u g b e e ' s  r u l e e

p i  l 1  b e  g a t l e f l e d .

Us ing  the  "wha t  i f "  capac i t y  o f
a  sp readshee t  p rog ram ca l  l ed
Y i s i c o l c  ( R ) ,  w e  m a n i p u l a t e d  t h e
leng thy  fo rmu lae  i nvo l v ing  no lecu -
Ia r  we igh t ,  ce ramic  equ iva len ts ,
and  the  emp i r i ca l  re la t i onsh ips
necessa ry  to  des ign  success fu l
f l u x e s  ( g l a z e s ) .

On  page  f2 ,  t he  f i r s t  f ou r  ca te -
go r ies  a re  based  upon  reso l v ing
the  p rob lem fo r  each  behav io ra l
g r o u p  a t  1 0 0 t  ( 2 9 . 1 6 6 9 )  .  y o u  m u s t
fu rn i sh  the  es t ima ted  pe rcen taqes
a n d  n u l t i p l y  b y  a  s i n g l e  f a c i o r
f o r  e a c h  f l u x i n g  i n g r e d i e n t .

Group  f i ve  i s  based  upon  the
oxygen  requ i renen ts  fo r  ox id i z ino
base  me ta l  m ine ra l s  (and  no th in i

il3'Ei;,", "!ii', i.ifi I "?ru;*f n'" becoi
page l- 0
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MISCELLANEOUS NOTES

NOTICE: REA, THIS BEFORE USING SLAGI4AS?ER

designed to work with ORES which contain
(and lo r  nob le  me ta l s )  as  the i r  su l f i des ,

I .  S laq rnas te r  i s
base  me ta l s
and,/or oxide s .

I f  you  a re
exceed ing  th i s

up to  15 t
su l fa tes ,

I

\ wishing to f i re CONCENIRATES with base metals
amoun t ,  p fease  re fe r  t o  ASAT Techn ica l  A i i l  #7 .

I I .  you r  f i r i ng  cyc le  and  the  amoun t  o f  ox ida t i on  o r  reduc t i on  du r ing
the  fus ion  w i t l  p lay  a  pa r t  i n  t he  s j - ze  o f  t he  l ead  bu t ton  wh ich

i s  r e c o v e r e d .

There fo re ,  i f  t he  bu t tons  a re  cons i s tan t l y  sna l l e r  t han  25  g rams ,

you  w i t t  need  to  add  app rox ima te l y  I / I 0  g ran  o f  f l ou r  f o r  each

ldd i t i ona l  s ram o f  l ead  tha t  t he  bu t tons  l ack -

i r

f
t

'l

I
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PHOTOCOPY PAGES 12 & 13 FOR YOUR WORKSHEET

we have stated that the RO group was actual ly div ided into two groups
wh ich  a re  cons ide red  separa te l y .  Wh i l e  ca l c i r -m ,  magnes ium,  ba r ium,  and .
s t ron t i um compounds  a re  rep resen ted  on  the  workshee t  ( ca tego ry  B ) ,
l i t h i um,  sod ium,  po tass ium,  and  rub id ium a re  no t i ceab ly  absen t ,  f o r
they  .a re ,  i n  rea l i t y ,  R2o  ra the r  t han  RO.  As  such ,  t hey  me l - t  a t  ve ry
low  tempera tu res .  The re fo re ,  t he i r  m ine ra l s  a re  genera l l y  se l f - f l ux ing
and  may  be  i gno red  i n  ou r  ca l cu la t i ons .

To  the  bes t  o f  you r  ab i l i t y ,  (1 " )  es t ima te  the  pe rcen tage  o f  each  o f
the  f i ve  ca tego r ies ,  (2 )  rnu l t i p l y  t he  pe rcen t  (as  a  who l -e  number  )  t imes
the  fac to r  g i ven  be low  each  i ng red ien t ,  (3 )  en te r  t he  answer  i n  t he
space  p rov ided ,  and  (4 )  t o ta l  each  co lunn .  Us ing  these  to ta l s ,  f i I I  i n
the  b lanks  p rov ided  i n  Your  F Iu , r  Fo rmu lo  I s . ' .

R E M E U B E R  T O  A D D  t h e  3 8  g r a u s  o f  r e d  l e a d  o x i d e  a s  n o t e d  b e l o s  ( + )  o n
t h e  l r o r k s h e e t .  I t  i s  t h e  l e a d  s h i c h  w i l l  p r o v i d e  t h e  b u t t o n ,  a n d  1 f  t t

'  i a  n o t  p r e s e n t ,  t h e r e  v i  1 1  b e  a  s e r l o u g  e r r o r  i n  t h e  s l a g .

WORKSHEET FOR MONOSILICATE SLAGS INVOLVING ORES
W I T H  1 5 t  O R  L E S S  M E T A L L I C S

PERCENTAGE CALCULATIONS

l-
2
3
4
5

S i l i c a QUART Z
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Fe ldspa rs  any  TYPE (AvG.  )
A lum inas  as  CLAY,  TALC,  ETC.
METALS - -  OXIDE,  SULFIDE,  _ATE

TOTAL PERCENTAGE

( A t

B i

c i
D r
E r

}lULTI PLY
EACH ROW
B Y  * t :  S O D A
A  0 . 3 6  =

B
c-

RED LEAD SILICA
xxxx =

BORAX

x x x x  =  0 . 0  0 . 1 6  =
0 . 4 6  =

0 . 3 9  =

0 . 8 8  =
0 . 7 8  =
0 . 1 6  =
0 . 3 9  =

x x x x  =  0 . 0 ) - - z u  =
u . l _ b  = x x x x  =  0 . 0
x x x x  =  0 . 0  x x x x  =  0 . 0

D
E

TOTALS

( + )  =  3 8 . 0

s g

MULTIPLY
EACH ROW
B Y  * 8 :  L I M E
A _  0 . 1 3  = .
B xxxx =-ll-

n
E-
TOTALS

IRON I I I  FLOUR
0 . 1 9  = 0 . 0 4 8  =

0 . 0 4 3  =

c -  x x x x  =  0 . 0  x x x x  =  0 . 0  0 . 0 3 0  =
x x x x  =  0 . 0  0 . 0 9  =  0 . 0 3 5  =
xxxx = o. o xxxx =-lll- xxxx =--Tl-
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PROJECT * DATE

YCXIR FLUX FORMULA ISI

ORE

SODIUM CARBONATE

RED LEAD oT LITHARGE

SIL ICA

BORAX GLASS

CALCIUM OXIDE ( l ime  )

RED IRON OXIDE

POTASSIUM NITRATE

OTHER

FLOUR

TOTAL CHARGE + ORE

z > . L o - L

g rams

grams

grams

g rams

grams

grams

grams

grams

grams

gr  ams

I INQUART ( i f  any )  = mg
mg

mg

GOLD
S I LVER

TOTAL INQUART

BUTTON

TOTAL

Minus

Equa 1s

WE I GHT

I,JEIGHT OF BEAD

5 I L V  E I (

) n g = 9 "

9rams

mg

m 9 = o z

Tr,/TON

Tr,/TON

COI4MENTS:
I



FIRE ASSAY PROCEDURES

Sample Preparat ion

ASAT 's  p rocedures  a re  d i rec ted
a t  accu racy ,  ra the r  t han  a t  . . ono l
l ] " "1  - -3nd rhey wi l l  be more 

" ; ; t iyrn  DoEh  t ime  and  ma te r ia l s  t ha i
s tandard  commerc ia l  ne thods .

We assume tha t  a  va l i d  rep resen_
ta t i on  o f  t he  o re  to  be  i ssavea
l : :  -  .been _ proper ty  . " ; ; i ; ; ; ;
c r u s h e d ,  a n d  s p l i t .

PIace
( b u t  n o t
p l a s t i c ,
and shake
s t r o k e s .

t he  f  I ux ing
the  o re  )  i n

f r e e z e r  b u g ,
r r  r o r  a t

conponent s

,  a -  l a r g e ,
a n t  I a t e  i t ,

l e a s t  1 0 0

p a s s  a  # 2 0 0  m e s lirattened, 
- - -^"i l i i i ."""i;r.r.t l l

rema in ing  upon  the  sc reen  shou ld
De  re tu rned  to  the  samp le  wh ichpassed  th rough  the  sc reen ,

. B l e n d  t h e  s a m p l e  w e l l ,  a n d  u s e
e r r n e r  

.  a  m i c r o s p l i t t e r  o r ,  b e t t e r
yec ,  t he  checke rboard  me thod  tos e l e c t  t h e  2 9 . 1 6  g r a m s  ( t  a s s a y
t o n )  w h i c h  w i l l  b e  u s e d  i n  t h ea s s a y .

.  Us ing  the  fo rmu lae  de r i ved  f rom
. l :  9 I a g m a s t e r  w o r k s h e e t ,  

" ; i ; ; "' , . : .  
.  ,  : u : l  d e s i g n a r e d  i n g r e d i e n i .

,  
r { l . r nno ld  a  spoon f  u I  o f  bo raxg l a s s ,  o r  s i l i c a ,  t o  c l e a n  t h em o r t a r  a n d  p e s t l e .

I n  t h e  c h e c k e r b o a r d  n e t h o d .  t h e
P u I p  i s  s p r e a d  a b o u t  I / g  i n c h
t h i c k  u p o n  a  f L a t ,  s r n o o t h  s u r f a c e ,
a n d  a  s p a t u l a  i s  u s e d  t o  d r a w  a
c h e c k e r b o a r d  p a t t e r n  o f  1  i n c h
s q u a r e s .

U s e  t h e  s p a t u l a  t o  t a k e  a  s m a l l
q u a n t i t y  f  r o r n  e a c h  s q u a r e .  B e
s u r e  t h a t  e a c h  s q u a r e  i s  r e p r e _
s e n t e d  a t  1 e a s t .  o n c e  a n d  t h a t  t h e
t i p  o f  t h e  t o o l -  s f i d e s  a c r o s s  t h e
s u r f a c e  u p o n  w h i c h  t h e  p u l p
r e s i d e s .

F o r  p r a c t i c a l  p u r p o s e s ,  2 9 . 2
9 r a n s  i s  s u f f i c i e n t l y  a c c u r a t e  f o r

a s s a y  t o n .

At  
. l eas t  I -T -g rams  o f  c rushed

macer ra l s  shou fd  be  pu l ve r i zed  to

P l a s t i c  b a g s  a r e
y o u  c a n  s e e  j u s t
p o w d e r e d  n a t e r i a l s  a
y o u  s h a k e  t h e m .

e x c e l l e n t ,  f o r
h o w  w e l l  t h e
r e  b l e n d i n g  a s

l

l



Place the weighed sample of  the
o re  and  tw ice  i t s  vo lume o f  t he

,  b lended  f l uxes  i n  t he  mor ta r ,  and
l .

,  t h e n  g r r n d  t h e m  t o g e t h e r .-  R E M E M B E R T  a l l  t h e  r e a c t l o n s
v h i c h  \ . / i 1 l  t r a n s p i r e  d u r i n g  t h e
f i r i n g  a r e  d e  p e n d e n  t  u p o n  n e a r e s t
n e i g h b o r  e f f e c t s ,  a n d  l n t i E a t e
c o n t a c t  c a n  b e  a s s u r e d  o n l y  i f
t h e  o r e  i 6  g r o u n d  i n t o  a  p o r t i o n
o f  t h e  f l u x .

A s  r e d  l e a d  o x i d e  i s  a  b u l k y
m a t e r i a l ,  i t  w i l l  p r o b a b l y  b e
n e c e s s a r y  t o  u s e  a  4 0  g r a m  c r u c i -
b 1 e  r a t h e r  t h a n  t h e  t r a d i t i o n a l  3 0
gran  c ruc ib l -e . However ,  we  fee l
tha t  t h i s  added  cos t  i s  war ran ted .

P l a c e  a p p r o x i m a t e l y  o n e - h a I f  o f
t he  f l ux  f rom the  p las t i c  bag  i n
t h e  c r u c i b l e ,  a n d  c a r e f u l l y  b r u s h
the  con ten ts  o f  t he  mor ta r  i n to
t h e  c r u c i b l e  a s  w e l 1 .

Add  the  spoon fu l  o f  bo rax ,  o r
s i l i ca  (  t ha t  you  re ta ined  wh i l e
w e i g h i n g  o u t  t h e  f l u x e s ) ,  t o  t h e
mor ta r ,  and  g r i nd  i t  w i th  the
Des t l e  to  c lean  these  too l s  and  to

a n y  p a r t i c l e s o f  t h e

Th is  60  m inu te  f i r i ng  cyc le
a l l ows  20  m inu tes  fo r  ox ida t i on ,
20  m inu tes  fo r  d iges t i on ,  and  20
m i n u t e s  t o  f l u i d i z e  t h e  s l a q .

C a s t i n q
Remove  the  c ruc ib le  f rom the

f u r n a c e  w i t h  c r u c i b f e  t o n g s .
Sw i r l  i t  6  o r  8  t imes  w i th  the

same coun te rc  l ockw i  se  mo t ion  tha t
y o u  w o u l d  u s e  i n  p a n n i n g  g o l d .

r L , . - -  i r  - ^ h + l t ,  o n  a  f i r e  b r i c kr r r u " ' P  Y E r r L r I

o r  m a s s i v e  m e t a l  p ] a t e ,  a n d  r e p e a t
t h e  s e q u e n c e  o f  s w i r l i n g  a n d
t h u m p i n g  o n e  m o r e  t i m e .

T h e  s l a g  s h o u l d  b e  a b o u t  a s

f l u i d  a s  4 0 - w e i g h t  ( o r  I e s s )  r D o L o r

o i I . S h o u l d  i t  b e  a s  t h l c k  a s

h o n e y ,  i r  n u s t  b e  r e t u r n e d  t o  t h e
w i t h  t h e  t e n p e r a t u r e

r  c o l l e c t  a n y  p a r t i c l €
l ,  sample  wh ic i r  may have

t h e  w a l l s  o f  t h e  n o r t a r .
wh ich  may  have  adhered  to

Brush  the  c lean ing  compound  f rom
the  mor ta r  j . n to  the  c ruc ib le ,  and
add  the  rema inde r  o f  t he  f l uxes
f rom the  m ix ing  bag .

P l a s t i c  o r  s t a i n l e s s  s t e e l  i c e d
t e a  s p o o n s  ( o r  l o n g  s p a t u l a s )  a r e
exce l l - en t  t oo l s  w i th  \ , r h i ch  to  s t i r
t he  powdered  ma te r ia .L  i n  t he
c r u c i b l e .

B lend  the  f l uxes  and  samp le  i n
the  c ruc ib le  un t i l  t he  co lo r  i s
un i fo rm th roughou t .

F i r i nq  Schedu le--T 
rEEe t i re crucible (s )  in a pre-

hea ted  fu rnace  a t  900  oc  !20 "c
l 1 5 6 2 " F  1 5 8 o F l ,  a n d  m a i n t a i n  t h a t
tempera tu re  fo r  20  m inu tes .

A t  t h e  e n d  o f  2 0  m i n u t e s ,  t h e
in te rna l  t enpera tu re  o f  t he  me l t
w i l l  app rox ina te  thd  cha rnber  tem-
pe ra tu re ,  f o r  me l t  t emPera tu re
genera l l y  l ags  l 5  t o  20  m inu tes
beh ind  the  a i r  t empera tu re  l - n  the
f u r n a c e .

f u r n a c e
i n c r e a s e d  t o  1 2 0 0  o  c  [ 2 1 9 2 ' F l  f o r
a n o t h e r  2 0  m i n u t e s .

a h r '  l  a r z l  c n h a r a c^ r r l /  r } / r r L ! ! J  L r t a L  r L ' a I  r r o v s

c l u n g  t o  t h e  w a 1 ]  h a v e  b e e n
d i s l o d g e d  a n d  h a v e  s e t t l e d  t o  t h e
b o t t o m .

. . l - , ^  l . , , r l - + ^ h  n : r r  h a  ^ . c f  i  n  . ar r ( J w ,  L r r s  l J u  L  L U r r  l r r q l  p s

c o n i c a l  s t e e l  ( o r  m e h a n i t e )  m o l d .
Th is  shou ld  be  done  w i th  a  smoo th
pour ing  mo t ion  and  i n  such  a
manner  tha t  some o f  t he  s lag  has
en te red  the  mo ld  be fo re  the  l ead
d o e s . Th is  e l j ,m ina tes  any
tendency  fo r  t he  l ead  bu t ton  to
s c a l d  t o  t h e  i r o n  m o l d .

I t  i s  bes t  t o  1aY  a  P iece  o f
s h e e t  m e t a l  o v e r  t h e  m o l d  w h i l e  i t
c o o l s ,  f o r  t h e  s t r e s s  w i t h i n  t h e
c o o l i n g  s l a g  c a n  h u r l  g l a s s - l i k e
sp l i n te rs  fo r  some d i  s tance  .

D u r i n g  t h i s  c o o l i n g  P r o c e s s ,  o n e
may  o f ten  hea r  a  p inq ing  sound  as
t h e  s l a g  f r a c t u r e s ,  a n d  i t  i s  b e s t
to  wa i t  un t i l  you  can  touch  the
i ron  mo ld  w i th  the  ba re  hand
be fo re  i nve r t i ng  i t  and  a l l ow ing
t h e  c o n e  t o  f a l l  o u t .

p a g e  1 5



F i rs t  Exan ina t i on
Examine the area where the lead

b u t t o n  j o i n s  ( j o i n e d )  t h e  s 1 a g .
I f  t h e r e  i s  a  b r i t t l e ,  s e m i -

me ta f l i c  t o  me ta l l i c  1aye r ,  t h i s
i s  spe i ss  ( composed  o f  a rsen ides
and  me ta l s  ) C o l l e c t  e v e r y  b l t
o f  l E  r  a n d  s e e  p a g e  2 0  v h e r e  n e
w i l l  e x p l a i n  h o w  t o  s a l v a g e  t h e
a s s a y  b y  p r o p e r  s c o r i f l c a t i o n  o f
t h i s  ! [ a t e r l a l .

Should there be a Iaver  of
semi  - r? r r  I  I eab le  , b lack , spongy
mate r iaL  l y i ng  above  the  bu t ton ,
th i s  i s  a  ma t te  composed  o f  und i -
g e s t e d  s u l f i d e s . I n  t h i s  even t ,
t h row the  assay  away  and  reca l cu -
la te  a  new f l ux ing  fo rmu la  us ing  a
Ia rge r  pe rcen tage  f i gu re  fo r  ca te -
go ry  number  5  (ne ta l s  as  su l f i des ,
sul fates ,  and/or oxi-des )  .

Neither of  the above circun-
s tances  shou ld  ex i s t  i f  you r
es t ima t ion  o f  a l l  f i ve  ca tego r ies
in  the  S laqmas te r  f o rmu lae  was
co r rec t .

So  we  w i l l  assume tha t  you  a re
-eady  to  pa r t  t he  bu t ton  f rom the

; Iag .  I n  mos t .  i ns tances ,  t hey
w i lL  have  pa r ted  on  the i r  own .  I f
t hey  have  no t ,  a  sha rp  rap  w i th  a
hamrner on the point  of  the button
w i l l  s u f f i c e  t o  s e p a r a t e  t h e m .

C lean inq  The  Bu t ton
I t  i s  bes t  t o  t ap  the  bu l k  o f

the  s lag  f ree  f rom the  bu t ton  w i th
a steel  rod before harnrner ing i t
upon  a  s tee l  b lock .

During the act of  harnmering the
bu t ton  i n to  a  square  you  w i l l
p robab ly  d r j - ve  some o f  t he  s lag
in to  the  l ead .  I f  t h i s  i s  on l y  a
sma l l  amoun t  (2  o r  3  m i l l i g ra rns  ) ,
n o  h a r m  i s  d o n e .  I n  f a c t ,  i t  w i l L
enhance  the  cupe l l a t i on  wh ich  i s
to  fo l l ow .

Hammering
square  1s
n e c e s s i t y .
reshape the
be picked up

i th  the  tongs
W e  s h o u l d

a r e  l n v o  l v e  d

t he  bu t ton  i n to  a
a  t rad  j - t i on ,  no t  a

The  ob jec t  i s  t o
button so that i t  may

eas i l y  and  f  i r r n l y

h a n r n e r e d .  H o n e v e r ,  p G M s  a r e  n o t
t h e  t o p i c  o f  t h i s  B u l 1 e t i n ,  s o  w e
w i l I  n o t  p r e s s  t h e  i s s u e  a t  t h i s
t  i n e  .

Second  Examina t i on
Lead  assay  bu t tons  shou ld  be  a

hornogeneous lead grey in color and
h igh l y  ma l l eab le .  I f  du r i nq  the
c lean ing  you  shou ld  no te  a re i s  o f
con t ras t i ng  me ta l l i c  co lo rs ,  o r
any  a reas  o f  b r i t t l eness  when
harnmer j .ng the button, th is is
ev idence  o f  con tamina t i on .

I t  i s  adv i sab le  to  p lace  the
bu t ton  under  runn ing  i a te r  and
then  expose  i t  t o  t he  a i r .  I f  i - t
r ap id l y  da rkens ,  t h i s  wou ld  i nd i -
ca te  the  p resence  o f  t ha l l i um.

Shou ld  tha l l i um be  p resen t ,  t he
o re  mus t  be  t rea ted  as  a  p rob lem
ore  ( th i s  w i l l  be  cove red  i n  a
fu tu re  Bu l l e t i n  )  .

A11  o the r  con taminan ts  may  be
removed  by  sco r i f i ca t i on ,  wh ich  i s
exp la ined  on  page  20 .

Cupe l  l a t i on
U n t i l  r e c e n t l y ,  o n e  c o u l d  f l r e

i n  s n y  c o m o e r c  1 a  I  c u p e  I  w l t h
c  o n  f  l d e n c  e  t h a  !  t h e  g r e a t e s t  e r r o r
v h l c h  c o u l d  o c c u r ,  e v e n  r r ! t h  a
8 r o 8 8  e r r o r  1 n  t e E P e r a t u r e ,  v a a
4 . 5  p e r c e n t  o f  t h e  n o b l e  r n e t a l e
r e c o v e r e d .

H o w e v e r ,  w e  h a v e  r e c e n t l y  d L s -
c o v e r e d  E h a t .  t h i s  1 e  n o  l o n g e r  t h e
f a c t ,  a n d  a  p r e v l o u s l y  a l l o w a b l e
2 0 0 " C  e r r o r  c a n  c r e a t e  a  l o e e  o f
7 3  p e r c e n t  o f  t h e  n o b l e  E e t e l s  1 n
t h e  l e a d  b u t  E o n .

T h e r e  f o r e  ,  W E  S T R O N G L Y  S U G C E S T
t h e t  y o u  f o l l o v  t h e  c u p e l l a t l o n
t  e E p e  r a  t u r e  s  c h e d u  1 e  v e r y  c l o s e l y
8 o  a s  t o  a v o  l d  t h e s e  l o s s e s .

Preheat  the cupel la t ion chamber
t o  a p p r o x i m a t e l y  1 0 0 0 o C  I I 8 3 2 ' F ] .
T h i s  w i l l  a l l o w  t h e  f i r e  b r i c k  t o
a c c u m u l a t e  h e a t  a n d  f a c i l i t a t e  t h e
tenperature regulat ion dur ing the
r e m a i n d e r  o f  t h e  f i r i n g .

Because  bone  ash  cupe ls
abso rb  the i r  we igh t  i n
ox ides ,  t he  we igh t  o f  t he  l ead

page

w i l l
lead

T 6
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t h a t  s h e n  P G M e
b u t t o n  i a  n e v e r



dete rmi ne s
t o  b e  u s e d .

button
cupe l

, , *  .

r a p l d l y ,  a n d  a  b l a c k  s c u n  r r i l l
a p p e a r  o n  t h e  e u r f a c e .  T h l e  1 g  a n
o x i d e  o f  l e a d  a n d  w 1 1 1  v a n i e h  a e
s o o n  a a  t h e  d o o r  1 a  c l o e e d .

. U n c o v e r l n o  1 s  t h e  t e r E  u s e d  t o
' ' 1 " . r . o "  . ' n e  o r S a p p e a r a n c e  o r  r n e
o x l d e  a c u l r r  a n d  t t  i s  b e a t  t o
c h e c k  t h e  c u p e l a  r . r l t h l n  a  m i n u t e
o r  a o  t o  b e  a u r e  t h a t  t h l 8  h a 8
t r a n s p l r e d .

t h e  s i z e  o f

a  genera l -  ru le ,  i t  i s  bes t  t o
cupe l  we igh ing  app rox ima te l y

tw ice  tha t  o f  t he  l ead  bu t ton .  By
fo l l ow ing  th i s  ru le ,  t he re  i s  l i t -
t l e  danger  o f  t he  l i t ha rge  (pbo )
pene t ra l i ng  the  mass  and  m ig ra t i ng
in to  the  f l oo r  o f  t he  mu f f l e .

Cupe ls  shou ld  be  p laced  i n  the
fu rnace  e i t he r  p r i o r  t o  t u rn ing  i t
o r i r  o r  a t  l eas t  12  to  15  m inu tes
be fo re  they  a re  to  be  used .  Th i s
w i l l  a l - l ow  any  accumu la ted  mo is -
tu re  to  be  d r i ven  o f f .

Open ing  the  doo r  o f  t he  fu rnace
alLows the tenperature to drop
rapj-d1y, and the buttons may be
p laced  i n  the i r  respec t i ve  cupe ls
a t  a b o u t  8 5 0 ' c  I f  5 6 2 " F 1 .

T h e  e x c e a s  h e a t  r e t a i n e d  i n  t h e
c u p e  I ! r 1 1 1  r n e l t  t h e  b u t t o n

I f  t t  h a e  n o t ,  a
e l l v e r  o f  v o o d  d r o p p e d  u p o n  t h e
E o l t e n  e u r f a c e  v i l l  a c c o u p l l B h  t h e
f  e a  t .

Close  the  fu rnace ,  and  ad jus t
t h e  h e a t  ( t o  m a i n t a i n  7 0 0 o C
[ 1 2 9 2 ' F ] )  a n d  t h e  d r a f t  ( t o  a d m i t
d. '  f low of air  throuqh the
charnber )
l -  Lead turns to lead oxide
(1 i t ha rge )  and  i s  abso rbed  by  the
c u p e l  a t  7 7 0 " C  [ 1 4 1 8 ' F ]  .  D o  n o t
l e t  t h e  c h a m b e r  t e r n p e r a t u r e  i r o r r y
y o u  ,  f o r  t h e  h e a t  g e n e r a t e d  b y  t h e
o x i d a t l o n  o f  t h e  l e a d  r o  l e a d
o x l d e  w l l I  c o n t r l b u t e  f r o m  7 0 " C  t o
1 3 5 " C  t o  t h e  m o l t e n  n e t a l .  T h e t
i s :  t h e  m o l t e n  m e t a l  w l l l  b e
h o t t e r  t h a n  t h e  c h a m b e r  i n  w h i c h
. i t  r e s l d e s .

{ h i s  ( 7 0 0 ' C )  t e m p e r a t u r e  s h o u l d
rU main ta ined fo r  the  f i rs t  30
minutes  o f  the  cupe l la t ion  and
then s lowly  inc reased to  830"C

[ 1 5 2 5 " F ]  o v e r  t h e  n e x t  3 0  m i n u t e s ,
a n d  9 1 0 ' C  [ 1 6 7 0 " F 1  f o r  t h e  f i n a l  5
to  10  m inu tes .  (The  ave rage  35
g ram bu t ton  takes  45  m inu tes  to
cupeJ. .  )

A g a l n ,  t h e  t e m p e r a t u r e  o f  t h e
b e a d  v l l l  e x c e e d  t h a t  o f  t h e  c h a n -
b e r . A t  t h e  v e r y  e n d ,  h o l r e v e r ,  i t
i s  t h e  h e a t  o f  s u r f u s l o n  r a t h e r
t h a n  o x l d a t  i o n  s h i c h  c r e a t . e s  t h i s
p h e n o m e n o n .

We assume the  reader  i s  f am i l i a r
w i th  the  we igh ing  and  pa r t i ng  o f
t h e  p r i I l  ( n o b l e  m e t a l  b e a d )  a n d
w i .1 l  d i rec t  t he  rema inde r  o f  t h i s
Bu l Ie t i n  t o  eva lua t i ng  the  s Iag .

EVALUATING THE SLAG

A s  w e  s t a t e d  e a r l i e r ,  t h e  o b j e c t
o f  S laqmas te r  i s  t o  f o rmu la te  a
monos i l i ca te  sJ -ag  based  upon  eye -
b a l l  e s t i m a t e s  o f  t h e  f i v e  b a s i c
ca tego r  j - es  o f  py romet r i c  behav io r .

W h e n  m a k i n g  t h e s e  e s t i m a t e s ,  t h e
l e o s t  d e t r i m e n t a l  e r r o r  w o u l d  b e
t o underes t ima te t h e  s i l i c a

r
I

I
t .

c o n t e n t . Converse l y ,  t he  mos  t
de t r imen ta l  e r ro r  wou ld  be  to
underes t ima te  the  ca l c ium and , /o r
c l -ay  con ten t .

Mos t  f l ux  fo rmu lae  w i I l  con ta in
enough  i ron  to  rnask  the  co lo rs  o f
o the r  me ta l  ox ides .  However ,  t he
o p a c i f i e r s  ( t i t a n i u m ,  z i r c o n i u m ,
and  t i n )  w i l l  a l t e r  a  t ransparen t
s lag  to  an  opaque  s lag .  Moreove r ,
an t imony r  se l -en iun ,  and  z inc  w i l l
con t r i bu te  a  smokey -g rey ,  t rans lu -
cency  to  an  o the rw ise  t ransparen t
s 1 a g .

Fo r  the  sake  o f  b rev i t y ,  we  w i l l
desc r ibe  seve ra l  s l ags  so  tha t  you
w i l l  have  a  ya rds t j . ck  aga ins t
wh ich  to  measure  you r  resu l t s .

V i t reous  i s  a  te rm desc r ib inq
the  su r face  tex tu re  o f  t he  b roke i
s lag  and  does  no t  re la te  to  t rans -
pa rency  o r  opac i t y .  V i sua l l y ,  i t
l ooks  l i ke  b roken  g lass .

V i t reous  Ye l1ow-Green  S laqs
a re 

-TEEEf!6d 
i un =T1 i cate s-EiE-span

the ent i re range from the mono-
s i l i c a t e  w h i c h  i s  f l u i d  a t  I 0 2 0 o C
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a

t o  t h e  b i s i l i c a t e  w h i c h
a t  1 0 3 0 0 c .

V i t r e o u s  L i  q h  t - Y e  I  l o w
T r a n s p a r e n t  S l a g s

a re  l ead  s i l i ca tes  w i , t h  t he  mono-
s i l i c a t e  f  l u i d i z i . n g  a t  1 0 3 0 o C  a n d
t h e  b i s i l i c a t e  b e c o m i n g  f l u i d  a t
1 0 5 0 0 c .

V i t r e o u s  B l a c k  S l a q s
a r e  o f  t w o  t y p e s :  

-

e i t he r  a  monos i l i ca te  composed  o f
s o d  i  u n / I e a d , / i  r o n  ( f l u i d  a t  1 0 3 0 o C )
o r  a  s o d i u m / i r o n  b i s i l i c a t e  ( f I u i d
a t  1 0 7 0 " C ) .

Y o u  r . r i 1 l  n o t e  t h a t  t h e  1 a s !  t e E -
p e r a t u r e  l i s t e d  ( 1 0 7 0 ' c )  i s  w i t h i n
3 0 ' C  o f  o u r  1 1 0 0 ' C  t a r g e t ,  a n d  a l l
o f  t h e  s l a g s  a r e  v i t r e o u s .

A n y  u n d i g e s t e d  m a t e r i a l s  o r
e n t r a p p e d  l e a d  s p h e r e s  L ' i  1 l  s t i c k
o u t  I i k e  a  s o r e  t h u r r b .

I f  a n y  u n d i g e s t e d  p a r t i c l e s  a r e
p r e s e n t ,  t h i s  w o u l d  i n d i c a t e  t h a t
tbe  f i r i ng  cycLe  L 'as  no t  qu i te
I o n g  e n o u g h .

M lx tu re  o f  S tonev -Wh i te  and
Transparen t  t o  Co l -o r l ess

vi .  t rEois- Crvsta f  fJnE- s f  aqs
a r e  s o d i u m  m o n o s i l i c a t e s  w h i c h
f l u i d i z e  a t  1 0 7 0 ' C  a n d  i n d i c a t e  a
s h o r t a g e  o f  l e a d  o x i d e .  ( U s e  a
hand  lens  to  ca re fu l l y  examine
t h i s  o n e  f o r  u n d i g e s t e d  p a r t i c l e s
and /o r  en t rapped  lead  beads .  )

s t o n e y - w h i t e  C r y s t a l l i n e  S I a q s
a re  a  homogenous ,  s toney -wh i te  and
c rumb le  i n to  a lmos t  geone t r i c

A l -  f  h ' i  c  n . \ i  n l - *  J ross
e r ro r  has  occu r red ,  and  you  have  a
s o d i u m  b i s i  l i c a t e s - l - a g  ( r l u l - d
1 0 9 0 ' c ) . We sugges t  t ha t  you  re -
ca l . cu la te  you r  f o rmu la  and  tha t
y o u  d i s c a r d  t h i s  b u t t o n .

S t o n e y - B f a c k  S  l a g s
( v e r y  f l u i d  w h e n  p o u r e d )

a r e  s o d i u m / i r o n  s i l i c a t e s  w h i c h
f l u i d i z e  a t  1 0 7 0 ' C  a n d  s h o u l d
p resen t  no  p rob lems .

S tgn  ev : I ,  i  q l_ r  ! -  Yg  l  l ow  S lags
a re  s  od i  um/ l  ead /ca f  c ium monos i l i -
ca tes ,  and  they  c rowd  the  ta rge t' . e m p e r a  t u r e  b y  f l u i d i z i n g  a t
1 0 8 0 ' C .  T h i s  i n d i c a t e s  t h a t  v o u
h a v e  m i s j u d g e d  t h e  c a l c i u m  g r o u p
m i n e r a l s ,  a n d  i t  w o u l d  b e  b e s t  t o

a l te r  the  percentages  in  the  S laq-
master  fo rmula  and f i re  aqa in . - *

R e s i n o u s  B  l a c k  _  g ] a ; s  Oa r e  i r o n T l e a a  m o n o s i t i c a t e s  f  l u i d - -
i z ing  a t  1100oC.  Even thoush thev

f l u i d i z e s

and

poured ,  t hey  a re  o f ten  decep t j _ve ,
and  we  wou ld  sugges t  t ha t  vou
i n c r e a s e  c a t e g o r y  * 5  a n d  d e c r e l s e
ca tego r ies  *1  and /o r  *2  on  vou r
S lagmas te r  workshee t

An1 C91or & Svrupy
A l though  the re  a re  bo th  monos i l -

r ca te  and  b i s i l i ca te  f  o r rnu lae
w h i c h  e x c e e d  1 1 0 0 ' C ,  t h e y  w i l l  b e
apparen t  by  a  th i cken ing  o f  t he
s l a g ,  w h i c h  i n d i c a t e s  t h a t  t h e
ca l - c ium g roup  m ine ra l s  exceed  the
es t ima ted  pe rcen tages  r  and  you
shou ld  reca l cu la te  the  S laqmas te r
I  OrmuIa  .

Y o u  E a y  h a v e  o v e r l o o k e d  s o r n e
e a s i l y  m i s s e d  m i n e r a l ,  s u c h  a B
b a r  1 t  e  o r  f l u o r i t e .

THE FOLLOWING IS A

app ea r reasonab ly  f l u id  when

SI,MMARY FOR QUICK REFERENCE

C o l o r P o u r

Y-G Ve  ry

L t - Y / T r  V e  r y

Conment

F l u i d  E r c e  I  l e n t

F l u i d  E x c e l l e n t

F l u i d  f , r c e l  I e n tv  B t k V e r y

st -wht /
T r - C o l  X t o l  F t u i d  S e e  p g .  j B

S t - W h t  X t d l  F l u i d  S e e  p g .  j B

S t - B l k  V e r y  F l u i d  E x c e l l e n t

S t - L t - Y  F l u i d  S e e  p g .  j B

R e s . B l k  F l u i d  S e e  p g ,  1 8

A n y  C o l o r  S y r u p y  S e e  p g ,  1 8

(  V = V i  t  r e o u  s  ;  Y = Y e  1 1 o v ;  G = G r e e n ;
L t = L i g h t  i  T r = T r a n s p a r e n t  i
B I k = B 1 a c k ;  S t = S r o n e y  i  W h r = W h i r e ;
C o l = C o l o r l e s s ;  X  t  a  I  =  C  r  y  s  t  a  1  1  i  n  e  ;
R e s .  = R e s  i n o u s  )

p a g e  1 8

a



I  n . r i t i n q  t h e  s l a g  i s  u s u a r l Y
- n e c e s s a r y -  o n l Y  i f  b e a d e d  m e t a l s

( i -ead  )  s t  j - 1 I  show in  the  d ross  '  o r

i f  o n e  i s  f i r i n g  P G M s  -
However '  one  naY  w ish  to  re f i r e

the  s lag  to  con f i rm  the  tho rough-
n e s s  o f  t h e  P r i m a r Y  f i r i n g '

I n  any  even t ,  t he  me thod  o r

a s s a y i n g  t h e  s l a g  i s  a s  f o l l o w s :

F IRE ASSAYING SLAGS

f )  C r u s h  a n d  P u l v e r i z e  t h e  s l a g

t o  m i n u s  # 8 0  s i e v e  s i z e ,  a n d  P l a c e
i t  i n  a  3 0  g r a m  c r u c i b l e  a l o n g

w i t h  3 8  g r a m s  o f  l i t h o r g e  ( P b O )

a n d  3  g r a m s  o f  f l o u r .

P o v d e r e d  n e t a l l l c  s  l  l v e r  i 8  t h e

b e 6 t  i n q u a r t .  S e c o n d  b e s t  s o u l d

b e  f i n e l Y  g r o u n d  s i l v e r  n i t r a t e
( o n e  m i l l i g r a r o  o f  s i l v e r  t a k e s

f  . 5 7 5  o i l l i g r a o s  o f  s i l v e r

n i t r a t e ) '  S i l v e r  c h l o r i d e  ( o n e

r o i l l i g r a n  o f  s i l v e r  t o  l ' 3 2 8

n i  I  l  i l r a n s  o f  e i l v e r  c h l o r l d e )  u r a y

b e  u s e d ;  h o v e v e r '  i t  d o e s  i n t r o -

d u c e  c h l o r i n e  i n t o  t h e  n e l t  a n d '

r h e r e f o r e ,  s h o u l d  b e  Y o u r  l a s t

c h o i c e .

S P O T T I N G
I N  T H E

CONTAMINAT I  ON
LEAD BUTTON

2 l  B l e n d  t h e  m a t e r i a l  u n t i l  t h e

co l ,o r  i s  un i fo rm th roughou t  '  and

r e f i r e ,  u s i n g  t h e  s a m e  6 0  m i n u t e

f i r i n g  c y c l e  a s  b e f o r e .
( w e  l r e  s i m P l Y  r e P l a c i n g  .  

t h e
'  l i t ha rge  fo r  a  new c louc l  o r  reao

m i s t ,  w i t h i n  t h e  m e I t ,  w h i c h  w i l l

r e s u l t  i n  a  2 5  g r a m  t o  3 5  g r a m

r.button. )
v

Gold  recove red  i n  th i s  second

bu t ton  i nd i ca tes  tha t  t he  o re

con ta ins  m ic roc rYs ta l l i ne  go ld

encapsu la ted  i n  a  ra the r  re f rac -

to ry  m ine ra l ,  o r  t ha t  Yo r /  have

n j . s iudged  the  ca fc ium and  c laY

fac io r i  o f  t he  o re  bY  seve ra l
f  o 1 d  .

Th i s  wou ld  a l l ow  the  me l t  t o

become f l u id  a t  a  tempera tu re
lower  than  the  f i na l  d iges t i on

tempera tu re  o f  t he  m ine ra l s  i n  t he

N o t  a l l  o f  t h e  i m P u r i t i e s  w h i c h

mav  con tamina te  the  l ead  a re

" u i i t y  
r e c o g n i z e d  b y  o b s e r v i n g  t h €

bu t ton .  Fo r tuna te lY ,  some Po ten -
t i a l  P r o b l e m s  m a Y  b e  s P o t t e d  P r i o !
to  cuPe l l a t i on  and  avo ided  b l

s c o r i f i l a t i o n  ( s e e  P a g e s  2 0  n  ? l l '
A t  t he  tempera tu res  ! ' r e  spec l !  1ec

f o r  l h e  f u s i o n  a s s d ! r  t n e  P o s s a -
b i l i t y  o f  P b O  r e m a i n i n g  i n  t h (

l e a d  i s  s l i g h t .
T h e r e f o r e ,  i f  t h e  b u t t o n  s h o w !

s i g n s  o f  b r i t t l e n e s s  ( c r a c k s  w h e l

be inq  hammered  )  ,  You  shou l<

s u s p 6 c t  t h e  P r e s e n c e  o f  a r s e n i c

z i - n Z ,  a n t i m o n Y ,  o r  s u l f u r  ( s i I v e '

and /o r  go ld  i t t  . * ce=s  o f  30 t  w i l

a l s o  m a k e  a  b u t t o n  b r i t t l e )  '
I r on  and  coPPer  tend  to  make  th

b u t t o n  h a r d  a n d  d i f f i c u l t  t

f  l a t t e n  d u r i n g  h a m m e r i n g
B lo tches  o i  d i sco lo red  rne ta  11 i  c

somet imes  occu r  and  a lwaYs  s rgna

the  need  to  sco r i fY  the  bu t ton
These  a re  genera l lY  caused  .D

exso lu t i on  where  the  me ta l  (  s

i nvo l ved  do  no t  a l l oY  w i th  l ea

a n d ,  t h e r e f o r e ,  h a v e  a  t e n d e n c y  t

oa the r  w i th  c lumPs  uPon  the  su r

i ^ " "  o f  ( a n d  w i t h i n )  t h e  c o o l i n

l e a d .
Tha l l i um may  be  de te rm ined  b

we t t i ng  the  l ead  bu t ton  an

e x p o s i i g  i t  t o  t h e  a i r  f o r  a  f e

m i ' nu tes  .  r f  i t  i s  P resen t  '  t h

U " l t " "  w i l l  b l a c k e n '  ( S c o r i f Y  t f

b u t t o n  i n  a  f l o w  o f  m o i s t  a i r ' )  - -
page  r :

t he  l ead  wou ld  have
b e f o r e  t h e  v a l u e s  w e r e

f reed  f rom the  gangue  '
To rernedY this Problem, rev].ew

the  ca l c ium g rouP  comPonen ts  ano

c tayeY  cons t i t uen ts  o f  t he  9 l -aq -
mas le i  f o rmu la ;  make  such  ad jus t -

f ie iE!-  as maY be required; and'  j -n

any  case '  aaa  a  Powdered  s i l ve r

i n iua r t  ( f r om 4  to  I0  t imes  the

O ""i::::3'"tn3"i"13":: ::":;:';:]i-
shee t  (Page  13 )  so  tha t  i t  may  be

deducted f  iorn the bead weight '



Shou ld  the  bu t ton  have a very
dark  su r face  and  a  g raph i t i c  b lack

owder  rub  o f f  on  you r  hands ,  t he
p r o b l e m  i s  m o l y  ( n o l y b d e n u n ) .
O n c e  a g a i n ,  s c o r i f y  t h e  b u t t o n .

There  i s  one  p rob lem wh ich  nay
be  spo t ted  on l y  by  l ook ing  a t  t he
used  c ruc ib l -e .  I f  t he  wa l l s  above
the melt  are covered r .r i th a bubblv
foam g loss ,  vanad ium pen tox ide  wa l
i n  t he  o re ,  and  you  mus t  sco r i f y
t h e  l e a d .

SPOTTING CONTA.I,II NATI ON
AFTER CUPELLATION

I n  t h i s  c a s e ,  t h e  o b s e r v a t i o n s
a r e  e r  p o s t  f a c t o ,  f o r  y o u  h a v e
s u f f e r e d  a  l o s s  o f  n o b l e  m e t a l s
a n d  m u s t  r e f i r e  t h e  a s s a y .

However ,  t he  second  assay  shou ld
b e  s u c c e s s f u l  ,  f o r  y o u  w i l l  k n o w
t h a t  t h e  p r o b l e m  e x i s t s  a n d  w i l - I
sco r i f y  t hL  bu t ton  p r i o r  t o  cupe l -
l a t i o n .

I  f  t he  a rea  .a round
h e  e o l d  r - r r n a l )  i s

a n n a - F n f  r i  r -  r i  n a q  O f
h l r n l e i  c h - d r o 6 h  + l ' ^

Y r s s r r ,

o the r ,  more  recen t  s tud ies .  The
s imp l i c i t y  w i th  wh ich  the i r  da ta
i s  p resen ted  f i t s  ou r  con tex t ,  and
we  submi t  t he  fo l f ow ing  pa raph rase
o f  t ha t  w r i t i ng .

In f l uence  o f  Impur i t i es
(upon  cupe l l a t i on  l -osses  )

o

But ton  saze =  25  g rans  o f  l ead
= I  gram per button

S i l ve r  i nqua r t  =  4  m i l l i g rams
(4  oz  T ray / ton  o f  o re )

r : a ] A  i r t d r l r r +  =  1  n i l l i a r r n

(L  oz  T roy / ton  o f  o re )

Los  s
GO l-O

o f
lTr

Loss  o f
: _ : _ - i - -  - , ^ .

b r t v e r  (  t . ,

t h e  b e a d  ( i n
b rown  w i th
ye I l ow  and

' i - ^ , , - i r , ,  : ^a r " ! / u r  r  L I  J -  >

Impur i  t  y

' I rn

Arsen i  c
Ant ino ny
Z i n c
Cadmium
I ron
Manganese
Mo lybdenun
Vanad i  um

B ismuth
Tha  11 i  un
Te l l u r i um
Se 1en  i um

' ) n

? q

J . l

4 . 0
r 3 . 6
1 1 . 0

t n  n

a L - o

2 3 . r

1 ?  q

1 6 . 3
r 3 . 3
1 7  . 6
1 3 . I
1 6 . 6
1 A  1

2 6 . 2
) 1  - '

3 2  . 6
2 7  . 9
3 4 . 4
O  T  . Y

6 4 .  s

b i  smu th  .
I f  t h e  b e a d  i s  s e a t e d  i n  a

c i r c l e  o f  b l - a c k  t o  d i r t y - g r e e n ,
. c l n n F r  i s  i - h p  n r r 1 n r i 1 .

D i s c o l o r e d  s c o r i a  (  c i n d e r s  )  o n
t h e  s i d e s  o f  t h e  c u p e l  s i g n a l s
t i n ,  a r s e n i c ,  z i n c ,  c a d m i u m ,  i r o n ,
and /o r  manganese .

I f  t he  cupe l  i s  checke red  and
c r a c k e d ,  a n t i m o n y  w a s  p r e s e n t .

T e l l u r i u m  w i I l  r e n a i n  ( i n  p a r t )
w i  t h  f  h a  c r n l  d  r n r l  r l i  e a n l  n r  i  +

w h e r e a s  s e l e n i u m ,  t h a I l i u m ,  v a n a -
d ium,  and  mo lybdenum w i l l -  cause
losses  w i thou t  l - eav inq  a  t race .

S t a n d a r d  l o s s e s  o f  g o l d  a n d
s  i  I v e r  i n  p u r e  I e a d  b u t t o n e  d u r  l n g
c u p e  l  l a t  i o n  u s u a l l y  a v e r a g e  0 . 0 1
m l l l i g r a m s  o f  g o l d  a n d  0 . 1  o i l l i -
g r a m s  o f  s i l v e r .

The  f i gu res  you  have  j us t  read
shouLd  conv ince  you  tha t  i f  t he re
i s  ev idence  o f  impur i t y  i . n  t he
bu t ton ,  a  second  assay  acconpan ied
by  sco r i f i ca t i on  i s  wor th  the
t ime ,  -e f fo r t ,  and  money  i nvo l ved .

S C O R I F I C A T I O N

S c o r i f i c a t i o n  i s  c a r r i e d  o u t  i n
a  s h a l l o w  f i r e  c l a y  d i s h  i n  w h i c h
the  l ead  bu t ton  and  a  sma l l  amoun t
o f  f l u x ( e s )  i . s  p r a c e d .  

D a q e  2 0

L O S S E S  D U E
I N  T H E

T O  I M P U R I T I E S
LEAD BUTTON

I n  1 9 1 1 ,  C h a r l e s  H .  F u f t o n  a n d
. s s o c i a t e s  s t u d i e d  t h e  l o s s e s  i n

u p e l l a t i o n  a n d  i n c L u d e d  t h e m  i n  a
p u b l i c a t i o n  t i t l e d  s i m p l y ,  A s s o y
l v lanua l .  The i r  f  i gu res  ag ree  w i th

G



These sha l low
s ize  and capac i ty

f  iu* . t . t

d ishes  vary
a s  f o l l o w s :

ho  lds
ho lds
ho lds
hold s

T h e  a u t h o r  p r e f e r s  t o  u s e  t h e
3 . 5  l n c h  d l s h ,  f o r  l t  g i v e s  a
l a r g e r  e x p o s e d  a r e a  d u r l n g  t h e
o x i d a t  l o n  p e r  i o d  o f  t h e  s c o r i f i c a -

1 . 5  i n c h
2 . 0  i n c h
, )  < . i - ^ L

3 . 5  i n c h

SCORIF ICATIONFLUXE S

FIRING SCHEDULE

Place the  scor i fv inq
preheated  fu rnace 

-  
a id

1 0 0 0  o c  t o  1 1 0 0  o c  f o r
minu tes ,  o r  un t i l  the  eye

T h e  t e r E  e y e  i s  a p p l
c l r c l e  o f  n o l t e n  t n e E a
c e n t e r  o f  t h e  d i s h  n h i c h
b y  t h e  s u r f a c e  t e n s  L o n  o
d r a v l D g  t h e  c e n t e r  o f
t o I J a r d  a  e  p h e r  l c a  I  s h a p e .

T h i 6  a l l o n s  t h e  f l u x e s  t o  f o r e  i
r i n g  a r o u n d  t h e  l e a d .  I n p u r t t l e r
s u r f a c l n g  w i t h i n  a t  

"  
, " f a . "  , . t r :

o x i d i z e  u p o n  c o n t a c t  r r i t h  t h e  a i r
a n d  a r e  c o l l e c t e d  l n  t h e  f  l u x .

L e a d  i E  s  I o w l y  v o l a t i l i z e d  ( a n <
a b s o r b e d  i n t o  t h e  f l u x ) ,  a n d  t h (
b u t t o n  s h r l n k s  l n  B i z e  u n t i l  t h (
s l a g  c o v e r s  i t  c o t r p l e t e l y .  A t
t h i s  p o i n t ,  t h e  e y e  h a s  c l o s e d .

I , ihen the eye has c losed,  remov€
t h e  d i s h  f r o m  t h e  f u r n a c e ,  f o r  i f
i t  i s  a l l o w e d  t o  c o n t i n u e  i n  t h e
a b s e n c e  o f  f r e e  o x y g e n ,  t h e  n o b l e
m e t a l s  m a y  o x i d i z e  a n d  c o m b i n €
w i t h  t h e  f l u x  ( i f  t h e  i m p u r i t i e s
a r e  a  I  r e a  c i y  c o n s u m e d ) .

T h e r e  i s  a  p r o t e c t i v e  o r d e r  o f
.  o x i d a t i o n  i n v o l v e d  ( w h i c h  m e a n s

t h a t  i r o n  w i l l  o x i d i z e  b e f o r e  z i n c
a n d  z i n c  b e f o r e  l e a d ,  e t c . ) .

T h e  p o r t i o n  o f  t h i s  o r d e r  w h i c h
i s  k n o w n  f o r  s u r e  i s :  i r o n ,  z i - n c ,
1 9 1 d '  n i c k l e ,  c o p p e r ,  p l a t i n u m ,
s i l v e r ,  a n d  g o I d .

_  The  unsu re  pa r t  o f  t h i s  sequence
i s  a s  f o l l o w s :  a n t i m o n y ,  a r s - e n i c ,
c a r b o n ,  b i s m u t h ,  t e l l u r i u m ,  s e  l e n -
i  u m ,  a n d  s u l f u r .

However ,  t he  manner  i n  wh ich  the
two  sequences  f i t  t oqe the r  i s
u n c e r t a i n ,

A f te r  remova l  f rom the  fu rnace ,
the  con ten ts  o f  t he  d i sh  shou ld  be
poured  i n to  a  con ica l  mo ld .

I f  t he  s lag  adheres  to  the  l ead
and  leaves  a  f i lm  o f  me ta l  on .  t he
s lag ,  more  l ead  shou ld  be  added
and  a  second  sco r i f i . ca t i on  run .

I f  t h e r e  1 e  e v l d e n c e  o f  l a r g e
q u a n t i t i e s  o f  l E p u r i t l e s ,  t h e
s  c o r  l  f y  l n g  d l e h  e h o u  1 d  b e  D a i n t e d
v i l h  a  t h l n  c o a t  o f  ( w e t )  . " d  i r o . ,
o x i d e .  T h l s  r l t l l  l e e g e n  t h e
a l t a c k  u p o n  t h e  s i l i c a  i n  t h e  c l a y
d i s h .

Examine the new button with the
same care used to examine the
fus ion  bu t ton .  I f  i t  s t i l 1  shows
s i g n s  o f  i m p u r i t i e s ,  r e s c o r i f y  i t .

(  I f  t h e  s c o r i f i c a t i o n  d i s h  i s
undamaged ,  i t  may  be  used  aga in .  )

i n

Cub ic Cent ime te r  s

I f ,

z )
3 t

t  1 o n .
I f  t he  bu t ton  we ighs  35  g rams

more ,  p lace  i t  i n  t he  d i sh  and
t h e  f l u x  ( a s  d e f i n e d  . b e 1 o w ) .
the  bu t ton  we ighs  l ess  than
grams ,  add  enough  tes t  l ead  (
pu re )  t o  equa l  t h i s  we igh t .

or
add

t r
3 5

9 9 9

lo .  i r on ,  mo lybdenum,  vanad ium,
_ 9 n d  m a n g a n e s e ,  a d d  5  t o  g  g r a m s  o f

] o r a x  g l a s s .' -  
Fo r  t i n  and , /o r  copper ,  add  a  1  :  I

m ix tu re  o f  bo rax  g lass  and  s i l  j - ca
( 5  t o  8  g r a m s ) .

Fo r  a l l  o f  t he  rena in inq  i npu r i -
t i e s ,  w e  s u g g e s t  3  g r a m s - o f  L o r a x
g l a s s ,  2  g r a m s  o f  s i l i c a ,  a n d  2
g rams  o f  red  l ead  ox ide .

.  Fo r  sco r i f y i ng  a  spe  i  ss ,  we igh
!h "  spe i ss  (wh ich  you  sa l vag6d
f rom the  fus ion )  and  add  6  t imes
i t s  we iqh t  i n  red  l ead  ox ide  (NOT
l i t ha rge  )  p tus  5  g rams  o f  bo rax
g 1 a s s .

d ish  in  a
f i re  a t

2 0  t o  3 0
c l o s e s .

i e d  t o  t h e
I  i n  t h e

1 s  f  o r n e d
f  r h e  l e a d

t h e  E e t a l

p a g e  2 1



BUY]NG OUR ODDBALL  SUPPLIES

Red Lead Oxide

I f  you  pu rchase  Pb3O4 f rom a  chemica l  supp ly  house ,  you  w i I I  pay
a  s m a l l  f o r t u n e  f o r  i t .  I f  y o u  p u r c h a s e  f r o m  a  c e r o m i c  s u p p l y  h o u s e ,
however ,  i t  i s  as  cheap  as  l i t ha rge .

[ tne red lead ASAT uses is manufactured by Hammond Lead products
Inc . ,  Ha [unond ,  I nd iana ,  and  mus t  be  pu rchased  in  l a rge  quan t i t i es .  ]

I f  t he re  a re  no  ce ramic  supp ly  houses  i n  you r  a rea ,  t r y  Ceramic
K i n g ,  3 3 0 0  G i r a r d  N . E . ,  A l b u q u e r q u e ,  N l 4  8 1 1 0 7 .

I n e  s u r e  t o  f i r e  a  t e s t  b l a n k  o n  a n y  l e a d  o x i d e ,  f o r  l t  n a y  ( o r  m a y
n o t )  b e  c o n t a m i n a t e d  i r i t h  s i l v e r .  F o r  i n s  t a n c e :  o u r  c u r r e n t  s u p p l y
c a r r  l e s  0 . 0 0 1  n 1 1 1 i  g r a o s  o f  s  i  l v e r  p e r  1 0 C  g r a u s  o f  P b  3 O 4 .  I

Red Iron Oxide

Donr t  1e t  t h i s  one  th row you ,  f o r  t he  Fe2O3 used  i n  the  cons t ruc -
t i on  t rade  to  dye  conc re te  p ink  i s  good  enough .  I t  nay  be  pu rchased  a t
a n y  c o n s t r u c t i o n  m a t e r i a  I  o r  m o s o n r y  s u p p l y  s t o r e .

S o d a  A s h ,  S i l i c a ,  &  B o r a x  c l a s s

May  be  acqu i red  f rom a  number  o f  adve r t i sed  sou rces .  However ,  i f  you

: : ; ; l ; : ' " r i l  o lo3. ' ! i5 l l "o13i= 
r rom an industr ior  supprv house'  the 

O

AFTERTHOUGHT

Most  pe rsons  w i l l  make  the  e r ro r  o f  es t ima t ing  a  qua r t z , / s i l i ca te  ve in
m a t e r i a l  a s  b e i n g  I 0 0 t  s i l i c a .

Hav ing  v iewed  thousands  o f  spec t rog raph ic  f  j - lms ,  t he  au tho r  may
a s s u r e  y o u  t h a t  t h i s  i s  n o t  t h e  f a c t .  ( B e s i d e s ,  p u r e  S i O 2  w o u l d  b e
w a t e r  g l a s s  c l e a r .  )

The average composit ion that ! . /e suggest you use when you encounter
s u c h  n a t e r i a l  i s :

S i I i c a
Ca  Group
Fe  Id  spa r  s
A lumina
M e t a l l i c s

I  B a l a n c e  l e s s  m e t a l l i c s ]
8 . 0
( n

IYour  es t imate  ]

'va/r-
tta l.t

page 22
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r o  t h e  b i s i l i c a t e  w h i c h
a t  l - 0 3 0 ' C .

a l t e r  t he  pe rcen tages  j . n  t he  S laq_
mas te r  f o rmu la  and  f i r e  aqa in . - . .  ^_ .

R e s i n o u s  B l a c k  S l a 6 s  | !
ar€ i  rE.vlEEa *onos:. i rEtEs f lu id-
i z i ng  a t  1100oC.  Even  though  they
appear  reasonab ly  f l u id  when
poured ,  t hey  a re  o f ten  decep t i ve ,
and we would suggest thal  you
inc rease  ca tego ry  #5  and  aec .e l se
ca tego r ies  # f  and /o r  #2  on  you r
S laqmas te r  workshee t .

Any  Co lo r  &  Sv ruDv
Ar rnough  the re  a re  bo th  monos i l _

i ca te  and  b i s i l i ca te  f  o r rnu lae
wh i . ch  exceed  1100oC,  they  w i f i  Ue
apparen t  by  a  th i cken ing  o f  t he
s lag ,  wh ich  i nd i ca tes  i t r a t  t he
ca lc ium g roup  m ine ra l s  exceed  the
es t rma ted  pe rcen tages  r  dnd  you
s  hou  l -d  reca l , cu la te  the  S laqmas ie r
f o r m u l a .

Y o u  r n a y  h a v e  o v e r l o o k e d  B o n e
e a s 1 1 y  u l i s s e d  a r l n e r a l ,  s u c h  a 8
b a r i t e  o r  f l u o r l t e .

f l u i d i z e s

and

s i l i c a t e  f l u i d i z i n g  a t  L 0 3 0 . C  a n d
t h e  b i s i l i c a t e  ! g r - n m i  n -  f  I  r , . i  A  ^ +
r o s o o c .  

! r u ' r ,  c r L

V i t r e o u s  B l a c k  S l a q s
a r e  o t  t w o  t v D e s :
e r ! + e r  .  a  m o n o s i l i c a t e  c o m p o s e d  o f
s o d  i u m / l e a d l i  r o n  ( f 1 u i d  a t  1 0 3 0 . C )
o r  a  s o d i u n / i r o n  b i s i L i c a t e  ( f l u i d
a t  1 0 7 0 " C ) .

Y o u  w i l l  n o t e  t h a t  t h e  l a s  t  t e n -
p e r a t u r e  l i s t e d  ( 1 0 7 0 . C )  i s  v i  t h  i n
3 0 ' C  o f  o u r  I 1 O 0 ' c  r a r g e t ,  a n d  a l I
o f  t h e  s l a g s  a r e  v i t r e o u a .

A n y  u n d i g e s t e d  m a t e r i a l e  o r
e n t r a p p e d  l e a d  s p h e r e s  v i l l  s t i c k
o u t  1 i  k e  a  s o r e  t h u s r b .

I f  a n y  u n d i g e s t e d  p a r t i c l e s  a r e
p r e s e n t ,  t h i s  w o u l d  i n d i c a t e  t h a t
t h e  f i r i n g  c y c l e  w a s  n o t  g u i t e
l o n  g  e n o u g h

f l u i d i z e  a t  1 0 7 0 ' C  a n d  i n d i c a t e  a
s h o r t a g e  o f  t e a d  o x i d e .  ( U s e  a
hand  lens  to  ca re fu l t y  examine
th i s  one  fo r  und iges ted  pa r t i c l es
and /o r  en t rapped  Ie ia  ueaa i .  )

S t o n e y - W h i t e  C r y s t a l l i n e  S l a q s
a r e  a  h o m o g e n o u s ,  s t o n e y - w h i t e  a n d

in to  a lnos t  geo rne t r i  c
A t  t h i s  p o i n t ,  a  g r o s s

9s-!st
V Y-G

V  B I K

s t  -wh t  /
T r - C o I  X t o I

S t - w l t  X t o  I

s r - B I k

s r - L t - y

F l u i d  E r c e  I  l e n t

F I u i d  E r c e l l e n t

THE FOLLOWINC IS A
SUA/IMARY FOR QIJICK REFARENCE

P o u r Coftme n t

V e r y

V  L t - Y / T r  V e r y

crumb I  e
p i e c e s .

: I e  s o d i u m / i r o n  s i l i c a t e s  w h i c h
t t u i d i z e  a t  I 0 7 0 ' C  a n d  s h o u l d
P r e s e n t  n o  p r o b l e m s .

S toney : ] , i  q f ! - yg  l  I  ow  s  Iags
a re  sod ium/ lead /ca l c ium monos  i  1 i -
ca tes ,  and  they  c rowd  the  ta rge t

r m p e r a t u r e  b y  f l u i d i z i n g  a t
1 8 0 " C .  T h i s  i n d i c a f e s  r h e t -  w n r r

! ? " . ' n i . j " J ; ; ;  I i i . - - . " i . r " ; - ; ' : ; ;
rn rne ra l s ,  and  i t  wou ld  be  bes t  t o

V e r y  F l u i d  E r c e l l e n r

F I u i d  S e e  p g .  1 B

F l u i d  S e e  p g .  1 g

V e r y  F l u i d  E x c e l l e n t

F  l u i d  S e e  p g .  j B

R e s . B I k  F l u t d  S e e  p g .  j g

A n y  C o l o r  S y r u p y  S e e  p g .  j 8

( V = V i t r e o u s ;  Y = Y e  l  I o w ;  G = G r e e n ;
L t = L i g h t ;  T r = T r a n s p a r e n t  i
B l k = B l a c k i  S t = S r o n e y ;  W h t = W h i t e ;
C o  1 = C o  1 o r  l e  s  s  ;  X r  a  1 = C r y s  t a  l  l  i n e  ;
R e s .  = R e s  i n o u s  )

p a g e  1 8

er ro r  has  occu r red ,  and  you  have  a
s o d i u n  b i s i l i c a t e  s l a q  (  f  l u i d
I 0 9 0 " c ) .  w e  s u g g e s t  t h a t  y o u  r e -
c a r c u l a t e  y o u r  f o r m u l a  a n d  t h a t
Y o u  d i s c a r d  t h i s  b u t t o n .

o

Transparen t  t o  Co lb r l ess
v r t r e o u s  C r y s t a f l i n e  S I a q sv J _ E r q 9 u s  C r y s t a l l i n e  S l a q s

are sodi  urn monos i  l -  i  CatEs 
-wh 

i  ch

S t o n e y - B l a c k  S I a q s
(  v e r y  t l u r d  w h e n  p o u r e d )



PHOTOCOPY PAGES 12 & 13 FOR YOUR WORKSHEET

l ' l e  have  s ta ted  tha t  t he  Ro  g roup  was  ac tua l l y  d i v ided  i n to  two  g roups'h '  h  a re  cons ide red  separa te l y .  Wh i l e  ca l c ium,  magnes ium,  ba r ium,  and
t  n t i u m  c o r n p o u n d s  a r e  r e p r e s e n t e d  o n  t h e  w o r k s h e e t  ( c a t e g o r y  B ) ,
i t h ium,  sod iu rn ,  po tass ium,  and  rub id ium a re  no t i ceab ly  absen t ,  f o r
,hey  a re ,  i n  rea ] - i t y ,  R2O ra the r  t han  RO.  As  such ,  t hey  me l - t  a t  ve ry
. o w  t e m p e r a t u r e s -  T h e r e f o r e ,  t h e i r  m i n e r a l s  a r e  g e n e r a l l y  s e l f - f l u x i n g
rnd  may  be  i gno rec l  i n  ou r  ca l cu la t i ons .

T o  t h e  b e s t  o f  y o u r  a b i l i t y ,  ( 1 )  e s t i m a t e  t h e  p e r c e n t a g e  o f  e a c h  o f
- h e  f i v e  c a t e g o r i e s ,  ( 2 )  m u l t i p l y  t h e  p e r c e n t  ( a s  a  w h o l e  n u m b e r )  t i m e s
h a  f  a r - f  n -  o i v e n  h o l o w  e a r - h  i n c r r e d i e n t  -  / 1 )  o n f a r  t h c  6 n g 9 7 g 1  i n  t h e4 l l j A 9 v + l r r l , \ J , 9 r r 9 v ! 9 1 | 9

; p a c e  p r o v i d e d ,  a n d  ( 4 )  t o t a l  e a c h  c o l u r n n .  U s i n g  t h e s e  t o t a l s ,  f i l I  i n
: h e  b l a n k s  p r o v i d e d  i n  Y o u r  F l u r  F o r m u l o  I s . . ,

R E M E M B E R  T O  A D D  t h e  3 8  g r a n s  o f  r e d  l e a d  o x i d e  a B  n o t e d  b e l o v  ( + )  o n
h e  r . r o r k s h e e t .  I t  i s  t h e  l e a d  v h i c h  v i 1 1  p r o v i d e  t h e  b u t t o n ,  a n d  l f  i t

s  n o t  p r e s e n t ,  t b e r e  v i l I  b e  a  s e r  l o u g  e r r o r  i n  t h e  e l a g .

I {ORKSI iEET FOR MONOSILICATE SLAGS INVOLVING ORES
I , J I T H  ] . 5 3  O R  L E S S  M E T A L L I C S

P E R C E N T A G E  C A L C U L A T I O N S

t

t i

5 l 1 t c , l

C r , M g , B ] , S r  a s
f c J , d s p a r s
-  I u r n i n a : ;  a s

.TA I,S _ _

T O T A I  P E R C E N T A C E

Q U A R T  Z
O X I D E  o r  C O 3
a n y  T Y P E  ( A V C .  )
CLAY .  Tn LC ,  ETC .
O X I D E ,  S U L F I D E ,  - A T D

A *
B r

E T

! U L T I P L Y
]ACI]  ROW
t Y  r 3 : B ORAX

0 . 0 4  =
0 . I 0  =
0 .  t 6  =

XXXX =

S ODA
0 . 3 6  =
0 . 1 6  =
0 . 0 4  =
0 . 3 9  =

RED LEAD
0 . 8 8  =

S  I L I C A

0 . 7 8
n  t K

n  l q

r . 2 a

0 . 1 0
X  X X X

0 . 1 6
x x x x  =  0 . 0

0 . 0

x x x x  =  0 . 0
0 . 0
0 . 0

( + )  =  3 8 . 0
]OTAL S g g

lULT I  PLY
iAC H ROW
] Y  * ? : PLOU R

0 . 0 4 8
0 . 0 4 3
0 . 0 3 0
0 . 0 3 5

X X X X

x x x x  =  0 - 0

I R O N  I I I
0 . 1 9  =

xxxx =--61 o-
0 . 0 9  =X X X X

X X X X

0 . 0
0 . 0
0 . 0 ar o ^ , ^ L S

0 . 0 0 . 0



d iv ided  i n to  two  g rouPs
maones ium,  ba r iu rn  '  and

' e  w o r k s h e e t  ( c a t e g o r Y  B ) ,tepresented _ on th o
i r i " r . '  u " a  r u b i d i u m  a r e  n o t i c e a b l y  a b s e n t ,  f o r

, ' nzo ' ra ther  than Ro '  A '  =" ! l l - f | : I  i : l :  ? l  "9 'v
; . s6r . ; : - - r r ' ' " i . i6 r " ,  the i r  rn inera ls  a re  genera l l y  se l f  - f  lux ing

e ' igmorea l  in  our  ca lcu la t ions  '
.  # ; i -  o f  your  ab i l i t y ,  (1 )  es t imate  the  percentage o f  each o f

: c  :  u r h n l 6  h i r F L . ^ -  \  ! . . ' * ^ ^j i ; ;  
" ; t ; ; " r ies l  

(2 )  mur t ip rv  the  percent  (as  a  who le  number )  t i rnes
i .c toa  g i . r "n  be low each ingred ien t ,  (3 )  en ter  the  answer  in  the

, r

e .  o r o v i d 6 d ,  a n d  ( 4 )  t o t a l  e a c h  c o l u n n -  u s i n g  t h e s e  t o t a l s ,  f i l l  i n
b l a i t s  p r o v i d e d  i n  Y o u r  F I u r  F o r m u l o  ' l s ; '

R E H E U B E R  T o  A D D  t h e  3 8  g r a n s  o f  r e d  l e a d  o x i d e  a B  n o t e d  b e l o n  ( + )  o n
i h e  l r o r k s h e e t .  I t  i s  t h e  l e a d  s h i c h  v i l l  p r o v i d e  t h e  b u t t o n ,  a n d  i f  l t
. e  n o t  p r e s e n L ,  t h e r e  v i 1 1  b e  a  s e r i o u s  e r r o r  L n  t h e  a l a g .

W O R K S H E E T  F O R  M O N O S I L I C A T E  S L A G S  I N V O L V I N G  O R E S
W I T H  I s t  O R  L E S S  M E T A L L I C S

P E R C E N T A G E  C A L C U L A T I O N S

S i l . i c a
C a ,  M g ,  B a ,  S  r  a s
F c l d s p a r s
A l u m . : - n a s  a s

]TA I ,S __

TOTAL PEITCENTAGtr

QUART Z
O X I D E  o r  C O 3
a n y  T Y P E  ( A V G .  )
CLAY ,  TAIC ,  ETC .
O X I  D E  ,  S U L F I D E .  _ N  T E

A r
B i

c r

E T o
i U L T I  P L Y
I A C H  R O W
, Y  i 3 :  S O D A
,  0 . 3 6

' 0  .  1 6
0 . 0 4
0 . 3 9

'OTALS

IULT I  PLY
:ACH ROW
i Y  r t :

0 . 0

0 . 0 0 . 0
3 8 . 0

g

R E D  L E A D
0 . 8 8  =

S I L I C A B ORAX

x x x x  =  0 .  0
x x x x  =  0 . 0

0 . 7 8
0 . 1 6
0 . 3 9
r  . 2 0

( + )

o .  r 0

0 . 1 6

I  T I I F

n  t ' :  -
I R O N  I I I
0 . 1 9  =

r 'LOUR
0 . 0 4 8
0 . 0 4 3
0 . 0 3 0
0 . 0 3 5

xx xx

0 . 0
l . 0
0 . 0
0 . 0

xxxx =---bl-o--

0 . 0 0 . 0



/ . t

t 4ti,
) ; - - \  \  a

T E C H N I C A L  A I D E :
FIux Formulae

# 9

PR,ECALCULATED FLUX FCRMULAE
pv  pna l  T \ /DF

I n t roduc t i on

I ] J ldgmel ta ls_  o !  { i re_+ssgy ing  (an  in t roduc t ion  to  S lagrmaster )
and  Techn ica l  A iCe  r :0 ,  I r " f ggs ing  the  Nob1e  Me ta l s  F io rn  F i re
Assav ,  be fo re  us inq  these  f - ;mu Iae .

I l c  i  n d  f  h a T a b l e  o f  C o n t e n t s

T h p  f  n l  l n r - . l i r n  h r a . : ' l  a r r ' l  r r - . 1  F t , , - i - ^, y  p ! _ _ _ _ _ - _  ,  f o r m u l a e  a r e  t h e
resu l t s  o f  many  hundreds  o f  man  hou rs  o f  l abo r .

Dur ing  the  deve lopmen t  o f  " s lag rnas te r ' ,  (ASAT 's
compu te r i zed  ne thod  o f  a r r i v i ng  a t  a  ba lanced  monos i l i ca te
s l a g  f o r  a n y  o r e ) ,  o u r  s t a f :  s p e n t  m a n y  h o u r s  i n  l i b r a r v
resea rch  as  we l l  as  l abo ra to ry  expe r imen ta t i on .  As  a
consequence ,  t he  " roc ;K  t ype"  chen is t r y  t ha t  we  used  fo r  t he
ind i v idua l  f o rnu la t i ons  i s  t he  AVFr^c rc  a f  numerous  chemica l
desc r  j . p t i on "  ; i  

- ; ; ; ;  - ; . . x - . " " . .  "

You  do  no t  have  to  be  a i  expe r t  t o  use  th i s  t ech  a id  fo r
i f  you  can  de te rm ine  fhF  c renc r , r  l  f . :m i  1 . '  i n to  wh ich  a  rock
f  a r i s ,  t he  f  o rmu ta  * i i i - 13 ' . i " ; ;  ; ; ; ; ; i l  t .  . r . ,  ^  . , . \ . \ . i  i ^h  r rq  Y w v u  l u r r .  r ! r
however ,  you  can  p i ck  the  p rope r  name (o r  i t s  nea res t
m ine ra log i ca l -  re la t i ve ) ,  t he  f i r i ng  shou ld  be  nea r l y  pe r fec t .

w e  w o u l d  s u g g e s t  t h a t  y o u  a c q u i r e  B u l l e t i n  1 1 3 0 b 4 A ,

Our  tab le  o f  con ten ts ,  on  the  fo l l ow ing  page ,  i s  d i v ided
in to  th ree  ca tego r ies :  concen t ra tes  ( fo rmu iaL  1  -  Z )  ,  i gneous
r o c k  t y p e s  ( 3  -  3 4 ) ,  a n d  s e d i m e n t a r y  r o c k  t y p e s  ( 3 5  -  4 ; ) .

The re  w i l l  be  two , fo rmu lae ,  pe r  page ,  wh ich  a re  l i s ted  by
a  number  a long  the  l e f t  marg in ,  (we  a re  us ing  no  ac tua l  page
number  i n  t he  conven t iona l  sense ) ,  as  we I I  a i  by  name in -  t he
cen te r  co lumn.

You  w i l l  no te  tha t  each  rock  t ype ,  i n  each  ca tego ry ,  i s
l i s ted  a long  the  r i gh t  marg in  i n  t he  o rde r  o f  d im in i sh ing
s i l  j - ca  con ten t  so  tha t  t he  use r  rnay  emp loy  th i s  f ac to r ,  i f  and
when  needed .



TABLE OF CONTENTS FOR FLUXES BY ROCK TYPE

Ja .l TYPE

I  CONCENTRATES --  OXIDES
2 CONCENTRATES --SULFIDES

IGNEOUS
3 ALKALI  GRANITE
4 RHYOLITE
5 CALC ALKALI GRANITE
5 SODACI,ASE GRANITE
7 QUARTZ DIORITE
8 GRANODIORITE
9 TONALITE
1O SYENITE
]1 TRACHYTE
I 2  M C N Z O N I T E
1 3  A N D E S I T E  I C A L C I C  ]
14 ANDESrrE Iar-xer.r cArcrc ]
T 5  A N D E S I T E
16 SYENITE ISoDA CLASE ]
I 7  N E P H E L I N E  S Y E N I T E
1 8  F E L D S P A ? H O I D  S Y E N I T E
I 9  D I O R I T E
20 PYROXENE GABBRO
2T BASALT IHI  ALUMINA ]
22 LAMPROPHYRE
2 3  B A S A L T  I T H O L E I I T E  ]
2 4  N O R I T E
2 5  G A B B R O  I C T I V I N E  F R E E  ]
26 ANORTHOSITE
2'7 ESSEXITE
28 BASALT I  ALKALI-OLIVINE ]
2 9  B A S A L T  I P I C R I T E  ]
30 GABBRo IALKALI  ]
31 GABBRo I  HYPERTHENE*oLIVINE ]
3 2  P E R I D O T I T E
3 3  D U N I T E
34 TROCTOTITE

COI'IMENTS ssio2

: : : : : : : : : : 3 : : : : :

7  4 . 0
7 3 . 0
' 7 )  <

1 1  1

o o . 6

6 6 . 6
6 6 . 6
6 2  . 0
o l - .  u
6 0 . 0
5 9 . 5

INTERIOR 59  .1
5 9 . 0
s 8 . 0
5 5 . 0
5 s , 5
5 3 . 5
q ?  n

5 1 . 0

5 0 . 5
5 0 . 4
f  U . , L

5 0 . 0
4 8 . 6
4 8 , 4
4 8 . 3
4 5 . 8
4 6 . 5
4 4 . 5
4 0 . 7
4 0 . 3

pn  r r ve

ISLAND ARCS
CONTI NENTAL

:  :  :  :  :  :  :  :  3  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  :  3  3 : : : : : 3

SEDI!.1ENTARY
35 QUARTZ ARENITE
36 CHERTS/FLINTS
37 ARKOSIC SANDSTONE
38 AVG. SANDSTONE
39 CLAY
4 0  S I L I C E O U S  O O Z E S  (  E A R T H S  )
4 1  L I T H I C  A R E N I T E
42 GRAYWACKE
43 BLACKMUD S, /SI{ALES (  SLATES )
4 4  D O L O M I T I Z E D  L I M E S T O N E
4 5  L I M E S T O N E

v ) . 6
q q  6

l J - z

b  I . L

6 6 . 1
6 3 . 7
4 1 . 0

5 . t
1 n



N o l

FOR OXIDE CONCENTRA1ES

Si l ica qUARTZ ETC.
ca, l tg ,Ba,Sr  as OXIDE or  CO3
Feldspars any TYPE (AvC. )
Aluninas as CLAY,TALC, ETC,
I'lETA].s** OXIDE , ST'LFIDE , -ATE

TOTAI 7.

YOIrR FLUX FORMI'IA IS, ORE
FELDSPAR (YOUR CHOICE)-- - -
SODII]M CARBONATE (ANHYD) ---

RED LEA.D or  LITHARGE--- - - - -
SILICA
BOR.AX GLASS- -

cArcruM 0xrDE (Lr-t-rE) -------
R - E D  i R 0 N  O X r D E - - - - - - - - - - - - -
POTASS]UM NITMTE

5  . 8 4 - 0 .  2  A T
2 3 . 3 3 - 0 . 8  A T
8 .00 grans

6 3 . 0 0  g r a u s
L00 grans

1 4 , 0 0  g r a n s
1.00 graros
2.00 g laEs
0 . 0 0  g r a n s
0 . 0 0  g r a o s
3 . 0 6  g r a n s

1 2 1 . 0 0  e
1 1 5 . 1 6  C

Percent
0 . 0 0
0 . 0 0

8 5 . 0 0
0 . 0 0

1 5 . 0 0
1 0 0 . 0 0

5  .  E4 -0 .  2  AT
2 3 . 3 3 - 0 . 8  A T

J .  + v  5 r  d u .

6 9 . 5 2  g r a n s
0 . 0 0  g r a n s

1 3 . 5 0  g r a n s
0.00 graus
7 .00 grans
0 . 0 0  g r a n s
0 . 0 0  g r a n s
, t  < <  ^ - - - ^
L .  ) )  b L d u n

L 2 5 . 3 4  g
1 1 9 . 5 0  g r

Percent
7  . 0 0
0 . 0 0

8 5  . 0 0
5  . 0 0
3 . 0 0

1 0 0 . 0 0

OTHER
FLOIJR
TOTAI, CHARCE rcRE
Flux  charge on ly

N o 2

FOR SULTIDE CONCENTRATES

Si l i ca  QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Fe ldspars  any  TYPE (Avc .  )
A luminas  as  CLAY,TALC,  ETC.
META-LS** OXIDE, SIILFIDE, -ATE

TOTAI, 7.

YOUR FLITX FORI'IIILA IS: ORE
F E L D S P A R  ( Y O U R  C H O I C E ) - - - -
SODIUM CA-RBONATE (ANHYD)- - -
RED LEA-D or  L IT I iARGE-- - - - - -
S I L I C A
BORAX GLASS-  - -

c A L C I t  r l  O X r D E  ( L I H E )  - - - - - - -

R E D  I R o N  0 X I D E - - - - - - - - - - - - -
POTASSIUM NITMTE
OTHER
FLOUR
TOTA!
Flux

- - - - \ - - -

CHARGE .I\]RE

charge on ly



N o 3

AI,KAII GRANITE

FOR MONOSILICATE SI.AGS INVOLVING ORES WITH 152 OR LESS I.{ETAI,ICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Fe ldspars any TYPE (AVG. )
AluEinas as CLAY,TALC, ETC.
METALS** OXIDE , SIJLFIDE, -ATE

TOTA! 7.

YOIJR FLLIX FORMI]LA IS :
SOD I IJM CA.RBONATE (ANHYD)---
RED LEAD or  LITHARGE--- - - - -
S I L I C A
BORAX GLASS- - -
CA-LCIIJM OXIDE (LIME) - - - - - - -
R E D  I R O N  O X I D E - - - - - - - - - - - - -
POTASS IIJH NITRATE

Percen t
7  4 . 0 0

1 . 0 0
2 3 . 0 0
0 .  0 0
2 . 0 0

100 .  00

2 9 . 1 6  - 1  A T
2 8 . 0 2  g r a n s

109.98 grarns
0.  l0  graus
6 .74 grarns
9 , 6 2  g r a u s

14.  20 graurs
0 . 0 0  g r a n s
0.00 grarns
4.29 gr  eEs

2 0 2 . I L  s
L 7  2 . 9 5  g t

LESS METAIICS

1 4 . s 9 - r / 2
1 4 . 0 1
5 4 . 9 9
0 . 0 5
J . . t /

4 . 8 1
7 , 1 0
0  . 0 0
0  , 0 0
2 . 1 4

1 0 1  . 0 s
8 6  . 4 7

t 4  . 58 -7  /  2
1 3  . 9 9
5 4 . 5 0
0  .08
J . . + O

4 . 7 5
7  . 0 5
0  . 0 0
0  . 0 0
2 . r 5

I 0 0 . 5 5
8 5 . 9 7

N o 4

RHYOLITE

FOR MONOSIIICATE SLAGS INVOLVINC ORES WITH 157" OR

OTHER
FI,OUR
TOTAI CEARGE ]{RE
Flux charge on 1y

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Fe ldspars any TYPE (Avc.)
Aluminas as CLAY,TAI,C, ETC.
UETAI.S** OXIDE , SIJLFIDE, -ATE

TOTAI 7.

YOUR FLUX FORMULA IS:
SODIW CARBONATE (AXHYD) - - -
RED LEA! or  LITHARGE--- - - - -
S I L I C A
BORAX GLASS - -
CALCIUIT OXIDE (LrUE) - - - - - - -
R E D  I R O N  0 X t D E - -  - - - - - - - - - -  -
POTASSIUM NITMTE
OTHN R
FLOI'R
TOTAL CHARGE +ORE
Flux charge on 1y

Pe rcent
7  3 . 0 0

I  . 5 0
24,00
0 . 0 0
I . 4 0

1 0 0 . 0 0

2 9 . 1 5  - 1  A T
27 .98 graos

109 .01 grans
0.  16 graos
5 . 9 2  g r a n s
9 .49 graos

1 4 , 0 9  g r a n s
0.00 grans
0.00 graros
4.  29 grans

2 0 1 . 1 0  g
1 7 I . 9 4  g r



N o 5

CALC ALKA],I GMNITE

FOR I'IONOSILICATE SLAGS INVOLVINC ORNS WITH 152 OR LESS METAIICS

Si l ica QUARTZ ETC.
Ca ,Mg,  Ba ,  Sr  as 0XIDE or  C03
Fe ldspars any TYPE (AVG. )
Alurn inas as CLAY,IA-LC, ETC.
I"IETALS** OXIDE , SULFIDE, -ATE

TOTA1 7.

YOIIR FLIIX FOR}IIJLA IS:
SODIIJM CARBONATE (ANHYD) - - -
RXD LEAD or  LITHARCE--- - - - -
S I L I C A
BORAX GIAS S. -
C A L C  I  I J M  O X I D E  ( L I M E ) - - - - - - -
R X D  I R O N  O X I D E  - -  - -  - - - - - -  - -  -
POTASS I IJM NITMTE

Per  cen t
7  2 . 5 0

1 . 9 0
2 3 . 0 0
0 .  0 0
2 . 6 0

1 0 0 . 0 0

CHARGE +ORE
charge on 1y

2 9 .  1 6  - 1  A T
2 7 , 8 9  g r a n s

I  I 0 . 0 9  g r a n s
0 . 1 9  g r a n s
6 . 7 7  g r a D s
9 . 4 3  g r a o s

1 4 . 0 4  g r a n s
0.00 grarns
0 . 0 0  g r a n s
- .  . J  5 r  d d -

2 0 I . 8 2  C
1 7 2 . 6 6  g r

L4  .58 - r  /  2
1 3 . 9 5
5 5  . 0 4
0 . 1 0
3  . 3 9
4  . 7 1
7  . 0 2
0  . 0 0
0  . 0 0
2 . 7 3

1 0 0  .  9 1
8 6 . 3 3

OTHER
FLOUR
TOTAL
I  _tux

N o 6

SODACLASE CMNITE

FOR MONOSILICATE SLAGS INVOLVING ORES WITH 157. OR LESS METAI ICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Fe ldspars any TYPE (AVC. )
Aluminas as CLAY, TALC, ETC.
I{E TALS** OXIDE , SI'LFIDE, -ATE

TOTAI, 7"

YOUR FLI'X FORM{JLA IS:
S OD I U}I CARBONATE (ANHYD)---
R-ED LEAD or  LITI IARGE--- - - - -
S I L I C A
BORAX CLAS S. -

cALCrUr, l  0XrDE (LIME) - - - - - -  -
RED IRON OXIDE--  - - - -  - - - -  -  -  -
POTASSIUM NITMTE

Per  cent
7 L . 7 0

r . 5 0
23 .50
0 . 0 0
3 . 3 0

100 .  00

CHARGE r{RE
chalge on ly

2 9 . 1 6 - 1  A T
27 .44 gr ams

1 0 9 . 9 9  g r a n s
0 . 1 5  g r a n s
6.78 graros
9 . 3 2  g r a n s

1 3 , 8  3  g r a o s
0 . 0 0  g r a m s
0 . 0 0  g r a o s
4 . 2 1  g r a E s

2 0 0 . 8 9  e
1 7 1 . 7 3  g r

t 4 .58 - t  /  2
1 3 . 1 2
5 5 . 0 0
0 . 0 8
3 . 3 9
4 . 6 5
6  . 9 2
0 . 0 0
0  . 0 0
2 . L I

100  .44
8 5  . 8 6

AT

OTHER
FLOUR
TOTAI.
I  _tux



N o 7

QUARTZ DIORITE

FOR MONOSILICATE SLACS INVOLVING ORES WITH 157" OR LESS UETAIICS

Si  l ica QUARTZ ETC.
C a , M g , B a , S r  a s  o X I D E  o r  C 0 3
Fe ldspars any TY?E (AVG.)
Aluminas as CLAY, TAI ,C, .  ETC.
MXTALS** OXIDE , SIILFIDE, -ATE

TOTAL 7.

YOITR FLIIX FOR}IIILA IS:
SODIUM CARBONATE (ANHYD) ---
R-ED LEAD or  LITI {ARGE--- - - - -
S I L I C A
BORAX GLAS S -. -
C A L C I U M  O X I D E  ( L I } , l E ) . - . - - - -
R E D  I R o N  O X I D E - - - - - - - - - - - - -
POTASSI IIH NITMTE

Percent
6 6  . 8 0
6  . 6 0

2 1 . 8 0
4 . 8 0
0 .  0 0

1 0 0 . 0 0

OTHNR
FLOUR
TOTAL
F lux

CTTARGE +ORE
charge on ly

2 9 . 1 6 - 1  A T
2 9 . 8 3  g r a n s

1 0 7 . 2 9  g r a o s
1.43 graos
6 . 8 2  g r a r n s
8 . 6 8  g r a n s

1 4 . 0 5  g r a r n s
0 . 0 0  g r a n s
0 , 0 0  g r a r o s
/ ,  2 t  ^ - ^ - -' .  J r  5 !  d u r

20 I .57  e
I 7  2 . 4 L  g r

L 4  . 5 8 - L  /  2
1 4 . 9 1
5 3 . 6 5

0 . 7 1
3  . 4 1
4 . 3 4
7 . 0 2
0 . 0 0
0  . 0 0
2 . J . 6

1 0 0 . 7 9
8 6  . 2 L

N o 8

GMNODIORITE

FOR MONOSILICATE SLAGS INVOLVINC ORXS WITIT 157. OR LESS METAI ICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Fe ldspars any TYPE (AVG.. ,
Alurn inas as CLAY,TAI ,C,  ETC.
METAI,S** OXIDE , SULFIDE, -AiE

TOTAL 7.

YOUR FLITX FORMIILA IS:
SODIIJ I ' I  CARBONATE (ANHYD)-- -
RED LEAD or  LITHARGE--- - - - -
S I L I C A
BORAX GLASS---
C A I , C I W  O X I D E  ( L I M E ) - - - - - - -
R E D  I R o N  0 X I D E - - - - - - - - - - - - -
POTASSI tJM NI TRATE

Pe !  cent
6 6 . 6 0

5 . 4 0
2 3 . 7 0
0 . 0 0
4 .  3 0

i 0 0 . 0 0

TOTAL CHARGE +ORX
Flux charge on 1y

2 9 . 1 6 - 1  A T
2 7 . 4 1  g r a n s

109 ,  78 graos
0 . 5 4  g r a o s
7 , 0 0  g r a n s
8 ,66 grarus

1 3 . 4 1  g r a n s
0 . 0 0  g r a o s
0 . 0 0  g r a o s
4.  14 grans

2 0 0 . 0 9  c
1 7  0 . 9  3  g r

14 .58 - I  /  2
1 3 . 7 0
5 4 . 8 9
0  . 2 7
3 . 5 0
4 . 3 3
6 . 7 r
0  . 0 0
0  . 0 0
2 . 0 7

1 0 0 . 0 4
8 s  . 4 6

OTHXR
FLOUR

( )
( )

I 1



N o 9

TONALITE

FOR IiIONOSILICATE SLAGS INVOLVING ORES

Percent
6 6  , 6 0

6 . 7 0
2 2 . 4 0
0 , 0 0
a .  3 0

1 0 0 . 0 0

WITH 157" OR LESS METALICS

Si  l ica QUARTZ ETC.
C a , M g , B a , S r  a s  o X I D E  o r  C O 3
Fe ldspars any TYPE (Avc.  )
Aluninas as CLAY,TAJ.C,  ETC.
METALS** OXIDE, S T'LF IDE', -ATE

TOTAL 7"

YOUR FLI'X FORHIJLA IS:
SODIIJM CARBONAIE (ANHYD) ---
RID LEAD or  LITHARGE--- - - - -
S I L I C A
BORAX GLASS--
C A L C  I  I J M  O X I D E  ( L I M E ) . - - - - - -
R E D  I R O N  0 X I D E - - - - - - - - - - - - -
POTASSIUM NITMTE
OTHXR
FLOUR
TOTAL CHARGE T{RE
Flux charge on ly

2 9 . L 6 - L  A T
27 .95 gr  au 's

1 1 0 .  5 8  g r a n s
0 . 6 7  g r a n s
6 . 9 2  g r a n s
8 , 5 6  g r a a r s

1 3 . 5 9  g r a a s
0.00 graros
0 . 0 0  g r a n s
4.  16 grans

20L.69 c
L 7  2 . 5 3  g r

L 4 . 5 8 - L / 2
1 3 . 9 8
5 5  . 2 9

0 . 3 4
3  . 4 6
4  . 3 3
6 . 8 0
0 . 0 0
0 . 0 0
2 . 0 8

1 0 0 . 8 5
8 6  . 2 7

No 10

SYENITE

FOR MONOSILICATE SLAGS INVOLVINC ORES WITIT 157" OR LESS METAI.ICS

Si.L ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Fe ldspars any TYPE (AVc.)
AluEinas as CLAY,TAIC,  ETC,
I'{ETAI,S** OXIDE, SULFIDE , -ATE

TOTAI 7.

YOIIR FLTIX FOMIILA I S :
SOD I  TJH CARBONATE (ANHYD)-- -

Or LITHARGE--- - - - -

BORAX GLASS--
CALCrt[ ' r  oxIDE (LI ]18) -------
RTD IRON OXIDE- -  - -  - -  - - - - - -  -
POTASS I T]M NITMTE

Percen t
6 2 . 0 0

3 . 5 0
29 .80
0 . 0 0
4 . 7 0

100  .00

RED LEA.D
S ILICA

2 9 . 1 6 - 1  A T
2 5 . 1 2  g r a n s

1 0 5 . 7 0  g r a n s
0.  35 graurs
7 .60 grans
8 . 0 6  g r a n s

12.  27 graos
0 . 0 0  g r a n s
0,00 grans
4 , 0 2  g r a E s

1 9 2 . 2 9  c
1 6 3 . 1 3  g r

1 4  . 5 8 - r  /  2
t 2 . 5 6
5 2 . 8 5

0 . 1 8
3 . 8 0
4 . 0 3
6 . L 4
0 . 0 0
0 . 0 0
2 . 0 1

9 6 . r 4
8 1 . 5 6

AT

OTH.E R
FLOUR
TOTAL
I  r ux

CHARGE .rcRE

charge on ly



N o  1 1  
,

TRACHYTE

FOR MONOSILICATE SLAGS INVOLVING ORIS WITH I57. OR LESS METAI.ICS

Si  l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Feldspars any TYPE (AVG, )
Aluminas as CLAY,TALC, ETC.
METALS** OXIDE , STJLFIDE, -ATE

TOTAI 7"

YOUR FLLX FOMIILA IS :
SOD I IJ}I CARBONATE (ANHYD)---
RID LEAD or  LITHARGE--- - - - -
S  I L I C A
BORAX GLASS - - -
C A L C I U M  O X I D E  (  L I M E  )  -  - - - - -  -
R E D  I R O N  O X I D E - -  - -  - - - -  -  -  - - -
POTASSIIJH NITRATE

Per  cen t
5 I . 0 0
4  . 2 0

29 .50
0 . 0 0
5 . 3 0

100 .  00

Per  cen t
6 0  . 0 0

7  . 2 0
26  .50
0 . 0 0
6 . 3 0

I00  .  00

2 9 . 1 6 - l  A T
2 5 . 0 7  g r a n s

106 .  04 grans
0.42 grarns
7 .58 grarns
7 . 9 3  g r a n s

1 2 . 1 8  g r a n s
0.00 grarus
0 . 0 0  g r  a n s
3 . 9 9  g r a n s

L 9 2 . 3 8  c
L 6 3 . 2 2  g r

1 4 , 5 8 - I  i 2
1 2  . 5 4
5 3 . 0 2
0 . 2 1
3 . 7  9
3 . 9 7
6  . 0 9
0 . 0 0
0 . 0 0
2 . 0 0

9 6 . L 9
8 1 . 6 1

L4  ,58 - r  /  2
t ,  a a

5 4 . 1 1
0 .  3 6
3 . 6 8
3 . 9 0
6  . 2 0
0  . 0 0
0  . 0 0
L . 9 9

9 7 . 8 1
8 3 . 2 3

OTHXR
FLOUR
TOTAL
F lux

N o  1 2

MONZ ONITE

FOR I4ONOSILICATE SLAGS INVOLVING ORES WITH 157. OR

CHARGE J{RE
charge on  ly

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  o X I D E  o r  C 0 3
Fe ldspars any TYPE (AvC.)
Aluminas as CLAY,TALC, ETC.
METAIS** OXIDE, SIILFIDE I -ATE

TOTAL 7"

YOUR FLI]X FORMIILA IS:
SODIUM CARBONATE (ANHYD).- -
RED LEAD or  LITHARGE--- - - - -
S ILICA
BORAX GLASS--
C A L C I U H  O X I D E  ( L I M E )  - - . - - - .
R I D  I R O N  O X I D E - - .  - -  - -  - .  -  - - -
POTASSITDI NITMTE
OTHER

LESS METAIICS

CHARGE r{RE
charge on Iy

2 9 . 1 6  - 1  A T
2 5 . 9 7  g r a n s

1 0 8 . 2 2  g r a n s
0 . 7  2  g r a n s
7 .36 graos
7 .80 graus

1 2 . 4 1  g r a n s
0 . 0 0  g r a n s
0.00 graus
3 . 9 8  g r a o s

1 9 5 . 6 3  C
L 6 6 . 4 7  g r

FLOUR
TOTAI,
!  L U X



N o  1 3

ANDESITE ( CALCIC ) [ ISLAND ARCS ]

FOR MONOSILICATE SLAGS INVOLVING ORES WITH 157. OR LESS METAI ICS

Si  1 i .ca QUARTZ ETC,
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Fe ldspars any TYPE (Avc.  )
Aluninas as CLAY,TALC, ETC.
METAI,S** OXIDE , SULFIDE, -ATE

TOTAL 7.

YOUR FLIX FOR}IIJLA IS:
SODIIJM CARBONATE (ANHYD) - - -
RED LEAD or  LITMRGE--- - - - -
S I L I C A
BORAX GLAS S - -

C A L C I  I J M  O X T D E  ( L I M E ) - . - - - - -
R E D  I R o N  0 X I D E - - - - - - - - - - - - -
POTASS I IJM NITMTE

Pe rcen t
5 9  . 5 0
1 0 . 3 0
2 3  . 2 0
0 . 0 0
7 . 0 0

1 0 0 . 0 0

CITARGE rcRE
charge on J.y

2 9 . 1 6 - 1  A T
27 .09 grans

1 1 0 . 5  2  g r a n s
1 . 0 3  g r a u s
7 . 1 2  g r a n s
, . , r  t i r d u J

0 . 0 0  g r  a m s
0 . 0 0  g r a n s
3,99 grarns

1 9 9 . 3 9  e
1 7 O . 2 3  g r

t / .  .58-r /  2
t 3  . 5 4
5 5 . 2 6
0 , 5 2
3 . 5 6
3 . 8 7

0 . 0 0
0 . 0 0
2 . O 0

9 9 . 7 0
8 5 . L 2

74 .58 -L  /  2
12 .81
5 3 , 5 6
0 . 3 7
1  7 7

J  . . ' 4

O . T J

0 . 0 0
0  . 0 0
I  . 9 9

9 7 . 1 1
8 2 . 5 3

OTI{E R
FLOUR
TOTAL
F lux

No 14

ANDESITE ( AI,KAI I CATCIC ) I CoNTTNENTAT TNTERToR ]

FOR MONOSILICATE SLACS INVOLVING ORTS WITH 157. OR LESS METAIICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Feldspars any TYPE (  AVG. )
Aluroinas as CLAY, TA-LC , ETC.
METALS** OXIDE, SULFIDE , -ATE

TOTAI 7.

YOUR FLI'X FORfiIJTA IS:
SOD I IJH CARBONATE (ANHYD)-.-
RED LEA.D or  LITHARGE--- - - - -
S I L I C A
BORAX GLASS--
CALCIW OXIDE (LIME)-- - - - - -
R E D  I R o N  O X I D E - - - - - - - - - - - - -
POTASSIW NITMTE

Per  cent
5 9 .  r 0
1  . 3 0

27  .80
0 . 0 0
5  . 8 0

1 0 0 . 0 0

TOTAL CHARGE I{RE
Flux  charge on  1y

2 9 . 1 6  - 1  A T
2 5 . 7 5  g r a n s

107 ,  12 graus
0 . 7 3  g r a n s
7 ,54 grans
7 .68 grarns

12 .  25 graus
0.00 grarns
0.00 grams
3 . 9 8  g r a m s

I 9 4 . 2 L  c

AT

OTHN R
FLOUR



No 15

ANDES ITE

FOR MONOSILICATE SLACS INVOLVING ORNS WITH 157. OR LESS }lETAI.ICS

Si l ica QUARTZ ETC.
C a , Y g , B a , S r  a s  O X I D E  o r  C 0 3
Fe ldspars any TYPE (AvC. )
Aluminas as CLAY,TALC, ETC.
ITETALS** OXIDE , SULFIDE, -ATE

TOTAI, %

YOUR FLUX FOR-IIUI,A IS:
SODIIJM CARBONATE (ANHYD) ---

Percent
5 9  . 0 0
1 0 . 2 0
2 3 . 5 0
0 . 0 0
7 . 3 0

100 .  00

R-ED LEAD
S I L I C A

2 9 . 1 6 - 1  A T
2 6 . 8 7  g r a n s

110.  41 grarns
1 . 0 2  g r a n s
7 , 1 4  g r a o s
7 . 6 7  g r a n s

1 2 , 6 4  g r a n s
0 . 0 0  g r a m s
0 , 0 0  g r a n s
3 . 9 8  g r a n s

1 9 8 . 8 8  C
1 6 9 . 7 2  g t

t 4  . 5 8 - r  /  2
L 3 . 4 4
5 5  . 2 0
0 . 5 1
) . )  |
3 . 8 4
6 , 3 2
0  . 0 0
0  . 0 0
1 . 9 9

9 9  . 4 4
8 4 . 8 6

or LITITARGE- - --- - -

BORAX GLASS- -

cArc lu l r  oxrDE (LI l . rE)  - - - - - - -
R E D  I R o N  0 X I D E - - - - - - - - - - - - -
POTAS S I I,J},I NITMTE
u l a l L l (

FLOUR
TOTAL
F 1ux

CHARGE TORE
charge on ly

No 16

J  I D I Y . t I E  I  D U U A  L T J A J !  I

FOR }'ONOSILICATE SLACS INVOLVING ORES WITH 152 OR LESS I'IETAI.ICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Feldspars any TYPE (AvC. )
Aluninas as CLAY,TAIC,  ETC.
METALS** OXIDE, SULFIDE, -ATE

TOTAI 7.

YOUR FLI,]X FOR}IIJLA IS:
SODIUM CARBONATE (ANHYD) - - -
RID LEA-D or  LITMRGE--- - - - -
SILICA
BORAX GLASS- -

cArc luu oxIDE (  LtME) -  - - -  - - -
R E D  I R O N  O X I D E - - - - - - - - - - - - -
POTASSIUM NITMTE

Percen t
5 8 . 0 0

7  . 0 0
2 9 . 5 0
0 . 0 0
5 . 5 0

1 0 0 . 0 0

CHARGE {ORE
charge only

2 9 . 1 6 - 1  A T
25.28 gr  ams

1 0 5  . 8 3  g r a n s
0 . 7 0  g r a u s
7 , 7 4  g r  a m s
7 .54 grans

1 2 , 0 0  g r a n s
0 . 0 0  g r a n s
0 . 0 0  g r a n s
3 . 9 7  g r a n s

1 9 2 . 2 2  C

L4 .58 - I /  2
L2 .64
5 2 . 9 I
0 .  3 5
t . o l

3 . 7 7
6  . 0 0
0  . 0 0
0  . 0 0
r . 9 9

9 6 . 1 1
8 1 . 5 3

OTI{E R
FLOUR
TOTAL
F Iux

( )
( )

t 1



N o  1 7

NEPHELINE STENITE

FOR MONOSILICATE SI.AGS INVOLVING ORES WITH

Per cen t
5 6 . 0 0

2  . 6 0
3 6 . 8 0
0 .  0 0
4 . 6 0

1 0 0 . 0 0

L 57.  OR LESS METAIICS

Si  l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C o 3
Fe ldspars any TYPE (AVG. )
Aluminas as CLAY,TAI-C,  ETC.
META],S**  OXIDE, SIJLFIDE, -ATE

TOTAI, 7.

YOIJR FLI]X FORMI]LA IS:
SODIIJM CARBONATE ( ANHYD ) -. -

or  L ITHARGE-- - - - - -

BORAX GLASS - -

cAr,cI l j } r  oxIDE (Lr l1E)-------
RED rRON 0X IDE-  -  - - - -  - -  - - - -  -
POTASS I I'M NITRATE

RED LEAN
SI] , ICA

2 9 . 1 6 - I  A T
2 2 . 8 3  g r a n s

1 0 0 . 7  2  g r a n s
0.  26 graros
8.  39 grans
7 , 2 8  g r a n s

1 1  . 0 0  g r  a o s
v ,  u v  5 r  d l r

0 . 0 0  g r a n s
3 . 9 0  g r a o s

1 8  3 .  s 5  c
1 5 4 .  3 9  g r

l t ' . 5 8 - I  / 2
1 1 . 4 1
5 0 . 3 6

0 . 1 3
4 . L 9
3 . 6 4
5 . 5 0
0 . 0 0
0 , 0 0
r - . 9 5

9 t . 7 7
7 7 . 1 9

OTHER
FLOUR
TOTAL
!  rux

CHARGE +ORE
charge on ly

No 18

FELDSPATHOID SYENITE

FOR MONOSILICATE SLAGS INVOLVING ORES WITH 157. OR LESS META]-ICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Feldspars any TYPE (AVG. )
Aluninas as CLAY,TAI ,C,  ETC.
METALS** OXIDE, ST'LFIDE , -ATE

TOTAL 7"

YOUR FLIIX FOMIILA IS:
SOD I IJ},l CARBONATE (ANHYD)---

RED LEAD or  LITHARGE--- - - - -
S ILI  CA
BORjX GLASS - -

CALCII ]M OXIDE (LI .TIE)  - - - - - - -

R E D  I R O N  o X r D E - - - - - - - - - - - - -
POTASSIIIM NITRATE

P e r c e n t
) ) . ) u

3 . 5 0
35  .00

0 , 0 0
6 . 0 0

100 .  00

OTHXR
FLOUR
TOTAL
Flux

CITARCE +ORE
charge on ly

2 9 . 1 6 - 1  A T
2 2 . 9 9  g r  a a s

1 0 2 . 3 8  g r a n s
0 . 3 5  g r a n s
8 . 1 7  g r a o s
7 .22 gr  aos

1L 04 graos
0 , 0 0  g r a n s
0,00 graos
3.86 graros

1 8 5 . 1 6  C

1 4  . 5 8 - r  /  2
1 r . 5 0
5 1 . 1 9

0 . 1 8
4 .  0 9

5 . 5 2
0  . 0 0
0  . 0 0
1 . 9 3

9 2 . 5 8
7 8 . 0 0



No 19

DIORITE

FOR }IONOSILICATE SLAGS INVOLVING ORES I.IITH 157"OR LESS YETAI ICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  0 X I D E  o r  C 0 3
Fe ldspars any TYPE (AVG. )
Aluminas as CLAY, TA-LC, ETC.
META-LS** OXIDE , SULFIDE, -ATE

TOTAL 7.

YOUR FLIIX FORMIJLA IS:
SODIIJM CARBONATE (ANHYD) ---

RED LEAD or  LITHARCE--- - - - -
SILICA
BORA.8 CLASS- - -

C A L C I U M  O X I D E  ( L I M E )  - - - - - - -

R E D  r R O N  0 X I D E - - - - - - - - - - - - -
POTASSIUM NITMTE

Per  cen t
5 3 . 5 0
1 4 . 5 0
2 2 . 5 0
9 . 5 0
0  . 0 0

100  .  00

CHARCE +ORE
charge on  1y

2 9 .  t 6 - 1  A T
3 0 . 5 4  g r a n s

1 0 3 . 7 0  g r a n s
2 . 9 7  g r a o s
7 . 1 9  g r a n s
6 .96 graus

r J . v J  6 ! a , u s

0.00 graros
0 . 0 0  g r a n s

I 9 7 . 1 5  g
1 6 8 . 5 9  g r

I t '  .5  8 'L  /  2
1 5  . 2 1
5 1 . 8 5

L . t r 9
3 . 6 0
3 . 4 8
6 . 5 3
0 . 0 0
0 . 0 0
2 . r 0

9 8  . 8 8
8 4 . 3 0

OTH.ER
FLOUR
TOTAL
F lux

No 20

PYROXENE CABBRO

FOR MONOSILICATE SLAGS INVOLVING ORES WITH 157. OR LESS METAI ICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Feldspars any TYPE (AVC. )
Aluninas as CLAY,TAIC,  ETC.
I{ETA],S** OXIDE , SIJLT'IDE, -ATE

TOTA! 7.

YOUR FLI]X FORMULA IS:
SODIIJM CARBONATE (ANHYD) ---

RfD LEAD or  LITI {ARGE--- - - - -
S I],I CA
BORAX GLASS- - -

C A T C I U M  O X I D E  ( L I M E ) - - - - - - -
R E D  r R O N  O X I D E - - - - - - - - - - - - -
POTASSIUM NITRATE

Per  cen t
5  2 . 0 0
1 9  . 2 0
19  .00
9  . 8 0
0 . 0 0

1 0 0 . 0 0

CHARGE +ORE
charge on 1y

2 9 . 1 6 - l  A T
3 2 . 1 3  g r a n s

105 .60 graos
3 ,49 graros
7 .04 graDs
6.76 graus

13 .45 grans
0,00 graus
0.00 graros
4.23 graors

2 0 1 . 8 6  g
7 7  2 . 7  0  g t

L4 .58 - r  /  2
1 6  . 0 7
5 2 . 8 0

3 . 5 2
3 . 3 8
6 . 7 3
0 . 0 0
0  . 0 0
2 . 1 2

100  .9  3
8 6  . 3 5

AT

OTHE R
FLOUR
TOTAL
!  r u t



No 2I

BASAIT I ItI AIUMINA ]

FOR MONOSILICATE SLAGS INVOLVING ORES WITH 157. OR LESS METAI,ICS

Si l ica QUARTZ ETc,
C a , M g , B a , S r  a s  o X I D E  o r  C O 3
Fe ldspars any TYPE (AVG. )
Alurn inas as CLAY,TALC, ETC.
}IETALS** OXIDE, ST'LFIDE, -ATE

TOTAL 7.

YOIIR FLLX FORMIILA IS:
SODIIJM CARBONATE (ANHYD) -.-

or  LITI iARGE--- - - - -

BORAX GLASS--
C A L C I I J M  O X I D E  ( L I M E ) - - - - - . .

R E D  I R O N  0 X  I D E  - - - -  - -  -  -  - -  - -  -

POTAS S I L'},1 NITRNTE

Pe rcent
5 1 . 0 0
1 7 . 9 0
2 1 . 1 0
1 0 .  0 0
0  . 0 0

1 0 0 . 0 0

RED LEA.D
S I L I C A

2 9 . 1 6 - 1  A T
3 1 .  3 4  g r a n s

1 0 4 .  1 2  g r a n s
3 , 3 9  g r a n s
, . z r  S r d u r

6 . 6 3  g r a r o s
1 3 .  l 0  g r a n s
0 . 0 0  g r a n s
0 , 0 0  g r a m s
4,  20 gra l rs

I 9 9 . 1 4  C
1 6 9  . 9 8  g r

t4 .58- r /2
r ) . o /
52 .06
1 . 7 0
3 . 5 0
3  . 3 2
6 . 5 5
0 . 0 0
0  . 0 0
2 . 7 0

9 9  . 5 7
84 .99

OTHER
FLOUR
TOTAI
!  l u x

t
(
(

t
CHARCE J{RE

charge on  ly

No 22

LAM?ROPHYRE

FOR MONOSI],ICATE SLAGS INVOLVING ORES WITH 157. OR LESS }IETAI,I CS

Si l ica QUARTZ ETC.
C a ,  g , B a , S r  a s  o X I D E  o r  C O 3
Feldspars any Tl?E (AVC. )
Aluninas as CLAY,TALC, ETC,
}IETALS** OXIDE, SULFIDE, -ATE

TOTAI 7"

YOUR FLLX FORHIJLA IS:
SODI U}l CARBONATE (AXHYD ) -- -
RED LEA, or  LITEARGE--- - - - -
S I L I C A
BORAX GLASS- -
CALC I  r j l l  OXIDE (LI l tE)- - - - - - -
R t D  I R O N  O X r D E - - - - - - - - - - - - -
POTASSIUM NITRATE

Percent
5 0 . 6 0
1 5 . 0 0
23 .70
9 . 7 0
0 . 0 0

1 0 0 . 0 0

TOTAL CHARCE rcRE
Flux charge on ly

2 9 , 1 6  - 1  A T
30.  31 grans

I0 2 ,58 grans
3 , 1 5  g r a n s
7 .42 gr aas
6.58 grarus

1 2 . 7 3  g r a n s
0 , 0 0  g r a n s
0 . 0 0  g r a u s
4 . 1 7  g r a m s

1 9 6 . 0 9  s
1 6 6 . 9 3  g r

1 4  . 5 8 - r  /  2
1 5  . 1 5
5 r  . 2 9

r . ) d
?  ' 7 1

3  . 2 9
6 . 3 6
0  . 0 0
0 . 0 0
2 . 0 8

9 8  . 0 5
8 3  . 4 7

AT

OTHER
FLOUR

( )
( )

t t



No 23

R A q t T ' r  I  T u n r F T r r ! .  1

FOR MONOSILICATE SLAGS INVOLVING ORES WITE 157. OR LESS tlElA.I, iCS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Fe ldspars any TYPE (Avc.  )
Aluminas as CLAY,TALC, ETC.
UETAI,S** OXIDE , SI'LFIDE, -ATE

TOTAL %

YOUR FLt'( FORMIILA IS:
SOD I IJI'I CAX,AONATE (ANHYD) ---
RED LEA.D or  LIT} IARGE--- - - - -
S I L I C A
BORA( GLASS--
CALCIIJ} I  OXIDE (LIME) - - - - -  - -
R E D  I R O N  0 X I D E - - - - - -  - - - -  - -  -
POTASS II'M NITRATE

Percen t
5 0 . 5 0
1 9 . 8 0
1 7 . 8 0
0 . 0 0

1 1 . 9 0
100  .  00

2 9 . 1 6 - 1  A T
28.00 grans

1 1 5  . 0  3  g r a n s
1,98 graros
6 .85 grans
4  E t  ^ - ^ - -v .  r ,  6 ! 6 ! r s

1 2 . 3 7  g r a n s
0 , 0 0  g r a a r s
0 . 0 0  g r a n s
3 .  8 l  g r a n s

2 0 3 . 7 6  g
L 7 4 . 6 Q  g r

I / '  . 5 8 - r  /  2
1 4  . 0 0
5 1  . 5 -
0 . 9 9

3  . 2 8
6 .  i 8
0 . 0 0
0 . 0 c
1 . 9 0

1 0 1 . 8 8
8 i  . 3 A

No 24

NORITE

FOR I'IONOSIIICATE SLAGS INVOLVING ORES WITH 157.

OTHER
FLOUR
TOTAI CIIARGE r{RE
Flux charge on Ly

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Feldspars any TypE (AVG. )
Aluninas as CLAY,TAIC,  ETC.
UETAI-SJ.| OXIDE , SIJLFIDE, -ATE

TOTAI, %

YOT'R FLI'X FORMULA IS:
SOD I I]M CA-RBONATE (ANHYD)---
RED LEAD or  LITHARGE--- - - - -
SILICA
BORAX GLASS--
CATCI l 'M OXIDE (LIME)-- - . - . -
R E D  I R O N  0 X I D E - - - - - - - -  - - - - -
POTASSIUM NITMTE
OTHN R
FLOUR
TOTA], CHARGE J{RX
Flux charge on ly

OR LESS IiIETAI.I C S

Percent
5 0 . 4 0
2 2 . 0 0
L9.40
8  , 2 0
0 . 0 0

1 0 0 . 0 0

2 9 . 1 6  - t  a T
32.24 graas

105,81 graros
3 . 5 1  g r a u s
7 .32 graros
6 . 5 5  g r a u s

13.  39 grans
0 . 0 0  g r a o s
0.00 grarns
4 . 2 3  g r a n s

202.22 e
1 7  3 . 0 6  g r

1 4 . 5 8 - 1 / ?
l 6  l ,

5 2 . 9 1
r . 7 6
3 . 6 6
3  . 2 8
6 . 7 0
0  . 0 0
0  . 0 0
2 . L 2

1 0 1 . 1 1
d o . ) J

( )
( )

t l



No 25

ANORTHOS ITE

FOR I,IONOSILICATE SLAGS INVOLVINC ORESUITH 157.  0R LESS HETAI, I  CS

Si  l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Feldspars any TypE (AVC. )
Aluuinas as CLAY, TA.LC'  ETC.
METAI,S** OXIDE , SULFIDE ,.ATE

TOTAI 7.

YOTIR FI,IIX FOR,YWA IS:
S OD I II}t CARBONATE (ANHYD)---
R-ED LEA! or  LI I ITARCE--- - - - -
S I L I C A
BORAX GLASS- -
CAICI IJ} I  OXIDE (LIME) - -  - - - - -
R E D  I R O N  O X I D E - - - - - - - - - - - - -
POTASS I IJM NITRATE
OTHIR
FLOUR
TOTAL CHARCE ]{RE
F I u x  c h a r g e  o n  L y

Si  l  ica QUARTZ ETC.
C a , M g , B a , S r  a s  0 X I D E  o r  C O 3
Fe ldspars any TYPE (AVe.)
Aluninas as CLAY,TALC, ETC.
METAI.S** OXIDE , SIJLFIDE, -ATE

TOTAI 7"

YOIIR FLIIX FORMULA IS:
SODIUM CARBONATE (ANHYD) ---
RED LEAD or  LITI IARGE--- - - - -
SII,ICA
BORAX GLASS--
C A L C I I J M  O X I D E  ( L I X E ) - - - - - - -
R E D  I R O N  0 X I D E - - - - - - - - - - - - -
POTASSIUM NITMTE

Percent
5 0 . 1 0
1 7 . 3 0
2 2 . 8 Q
9  . 8 0
0 . 0 0

1  0 0 .  0 0

2 9 . 1 6 - l  A T
3 0 . 7 3  g r a n s

1 0 3 . 0 5  g r a n s
3.  30 grans
7 . 3 8  g r a n s
a  < 1  - - - - ^v . _  r  6 r d u o

1 2 , 8 2  g r a r n s
0.  00 grans
0.00 graurs
4 . 1 8  g r a n s

1 9 7 . 1 3  C
1 6 7  . 9 7  g r

L t ' . . 5 8 - L / 2
t ) . J b

5 r . 5 3
l . o )

3 . 6 9
) . z o
6 .1 ' l
0 . 0 0
0 . 0 0
2  . 0 9

9 8 . 5 7
8 3 . 9 9

14  .58 - r  /  2
L2 .99
5 1 . 0 6

0 . 7 3
4 . 3 3
3  . 2 5
) . t /

0  . 0 0
0 . 0 0
2 . 0 0

94 .69
8 0 . 1 1

( )

t l

No 26

GABERO I OLIVINE FREE ]

FOR MONOSILICATE SLAGS INVOLVING ORXS t{II TE 157. OR I,ES S METAIICS

Per  c  en t
5 0 . 0 0
1 4 . 5 0
32 .50
0 . 0 0
3 . 0 0

100 .  00

CHARGE T{RE
charge on 1y

2 9 .  t 6 - 1  A T
25.97 grarns

1 0 2 . 1 1  g r a n s
I . 4 5  g r a o s
8.65 grans
6.50 graos

I 1 . 5 3  g r a n s
0.00 graus
0.00 grans
4.00 grans

1 8 9 . 3 7  c
1 6 0 . 2 1  g r

AT

OTHER
FLOUR
TOTAl.
F lux



No 27

ESSEXlTE

FOR MONOSILICATE SLACS INVOLVING ORXS WITH 15% OR LESS I.IETATICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Fe ldspars any TYPE (Avc.  )
Aluminas as CLAY,TAIC,  ETC.
METAI.S** OXIDE, SI]LTIDE, -ATE

TOTAL 7'

YOIJT. FLIJX FOR}IIJLA IS:
SODIIJM CARBONATE (ANHYD) ---
RED LEA-D or  LITHARGE--- - - - -
S I L I C A
BORAJ{ GLASS--
C A L C I I D I  O X I D E  ( L I M E )  - - - - - - -
R E D  I R o N  0 X t D E - - - - - - - - - - - - -
POTASS IIl}I NITRAIE

Pe rcen t
4 8 . 6 0
1 1  . 8 0
2 8  . 6 0
I 1 . 0 0
0 . 0 0

1 0 0 . 0 0

TOTAI CHARCE r{RE
Flux charge on 1y

2 9  . 1 6  - 1  A T
2 8 . 3 6  g r a n s
9 8 . 8 4  g r a n s

2.94 gt  ams
7 ,70 grans
6 . 3 2  g r a n s

1 1  . 8 8  g r a u s
0.00 graros
0 . 0 0  g r a m s
4 . 0 8  g r a n s

1 8 9 . 2 7  e
1 6 0 . 1 1  g r

t 4 . 5 8 - L  /  2
1 4 .  l 8
4 9  , 4 2

J . 6 )

3 . 1 6
5 . 9 / '
0  . 0 0
0 . 0 0
2 -04

9 4 . 6 4
8 0  . 0 6

AT

OTHER
FLOUR

No 28

BASAIT I ATKATI-OLIVINE ]

FOR IIONOSILICATE SLAGS INVOLVING ORXS WITH 157. OR LESS }4ETAIICS

Si l ica QUARTZ ETC.
C a , H g , B a , S r  a s  O X I D E  o r  C 0 3
Fe ldspars any TYPE (AVc. )
Aluninas as CLAY, TAI,C, ETC.
META'-S** OXIDE, SI'LFIDE , -ATE

TOTAI Z

YOUR FLIIX FORMIJLA IS:
SODII}I CARBONATE (ANHYD) ---

or LITHARGE-- -- -- -

BOR{( GLASS- - -

cAlCIUr l  oXIDE ( I IXE)-- - - - - -
R E D  I R o N  0 X r D E - - - - - - - - - - - - -
POTASS IT]M NITMTE

Percent
48 .40
1 8 . 3 0
2 0 . 0 0
1 3 . 3 0
0 . 0 0

1 0 0 . 0 0

RXD LEAD
SILICA

2 9  . 1 6  - 1  A T
3 1 . 8 3  g r a o s

I 0 3 . 2 5  g r a n s
3 , 9 6  g r a o s
5 . 9 7  g r a n s
6.  29 grans

I 2 . 9 6  g r a n s
0 . 0 0  g r a n s
0 . 0 0  g r a n s
4 . 1 8  g r a r o s

1 9 8 . 5 9  C
1 6 9 . 4 3  g r

L4 .58 - r  /  2
I  q  o l

5 1 . 5 3
I  . 9 8
3 . 4 8
3 . 1 5
6 . 4 8
0  . 0 0
0  . 0 0
2 . 0 9

9 9  . 2 9
6 4 . t 1

t
(
(

t
OTETR
Fi,OUR
TOTAL
FIux

CI{ARGE .+oRE

charge on Iy



No 29

BASAIT I PICRITE ]

FOR }IONOSILICATE SLACS INVOLVINC ORES WITH 157. OR LESS METAIICS

Si l ica QUARTZ ETC.
C a , ! 1 g , B a , S r  a s  O X I D E  o r  C 0 3
Feldspars any TYPE (Avc.  )
Alurn inas as CLAY, TALC, ETC.
trIETAI.S** OX IDE , S IJLF IDE , -ATE

TOTAL 7.

YOUR FLLX FORMIJI,A IS I
SOD I IJM CARBONATE (ANHYD)-..
RED LEAD or  LITHARGE--- - - - -
S  I L I C A
BORTX GLASS- -
C A L C I T ] M  O X I D E  ( L I M E )  - - - - - - -
R E D  I R O N  O X I D E - - - - - - - - - - - - -
POTASS 1W NITMTE

Percent
4 8 . 3 0
2 8 . 1 0
1 1 . 0 0
L2 .60
0 . 0 0

100 .  00

2 9 . 1 6 - 1  A T
3 5 , 6  7  g r a n s

1 0 9 . 1 0  g r a n s
4.83 graros
5 .50 graros
6.  28 graus

14.  25 grans
0 . 0 0  g r a r n s
0 . 0 0  g r a u s
4 ,  3 0  g r a m s

2I0.01 e
1 8  0 .  9 1  g r

I t L . 5 8 - I / 2
I I . 6 J

5 4 , 5 5

3  . 2 5
1  t / ,

7  . r 2
0 . 0 0
0 . 0 0
2 . 1 5

1 0 5  . 0 4
90 . t'6

L 4 , 5 8 - r / 2
L 6  . 2 0
5 L  . 9 9

2 . 0 7
3 . 5 6
3 . 0 4
A 9

0 . 0 0
0  .00
2 . O 9

100  .05
8 5 . 4 7

OTHER
FLOUR

No 30

GABBRO I ATKALI ]

FOR MONOSI],ICATE SLAGS INVOLVING OR-ES WITH 157" OR LESS I{ETAIICS

TOTAI, CHARGE +ORE
Flux charge on 1y

Si  l ica QUARTZ ETC.
C a , M g , B a , S r  a s  o X I D E  o r  C O 3
Fe ldspars any TYPE (AVc.)
Aluminas as CLAY,TALC, ETC.
}1ETAI-S** OXIDE, STJLFIDE, -ATE

TOTAI %

YOUR FI,LX FORMIJLA IS:
SOD I IJM CAIBONATE (ANHYD)---
RED LEA.D or LITIIARGE-------
srttcA
BORAX GLASS---
CALCr Ul t  oxrDE (LI l , lE)- - - - - - -
R E D  I R o N  0 X I D E - - - - - - - - - - - - -
POTAS S II'}I NITMTE

Pe r  cent
4 6 . 8 0
2 L . 7 0
t o  t o
t 2 . 3 0
0 . 0 0

I 0 0 , 0 0

CHARCE J{RE
charge on  Iy

2 9  . 1 6  - t  A T
3 2.40 grarns

1 0 3 , 9 8  g r a n s
4.  14 graos
7 . 1 1  g r a n s
6.08 grams

1 3 . 0 4  g r a o s
0.00 grans
0.00 graos
4 . 1 9  g r a n s

2 0 0 . 0 9  c
rzdS:  g r

OTHE R
FLOUR
TOTAI.
F lux

( )
( )

t l



No 31

GABBRO I HYPERTHENE OLIVINE ]

FOR MONOSILICATE SLAGS INVOLVING ORXS WITH 15% OR LESS METAI, ICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Feldspars any TYPE (AVG. )
Aluninas as CLAY, TAIC. ,  ETC.
HETALS** OXIDE , SI'LFIDE, -ATE

TOTAI. 7"

YOUR FLI]X FORMIJI,A I5:
SODILTI CAXBONATE (ANHYD) ---

Per  cen t
4 6 . 5 0
2 2 . 1 0
2 0 .  0 0
1 1 .  a 0
0 . 0 0

100 .  00

RED LEAD
SII - ICA

2 9 . 1 6 - i  A T
3 2 . 1 5  g r a n s

1 0 3 . 8 0  g r a n s
4.03 grans
7.27 graas
6 . 0 5  g r a m s

1 2 . 9 6  g r a n s
0 . 0 0  g r a m s
0 . 0 0  g r  a r u s
4.  18 gr  arns

1 9 9 . 6 0  s
L 7  0  . I ' 4  g r

2 9 . 1 6 - 1  A 1
38.37 graors

1 1 2 .  1 7  g r a n s
5 . 7 5  g r a n s
6,41 grans
5 . 7 9  g r a r o s

14.8 3 grarus
0 . 0 0  g r a a s
0 , 0 0  g r a n s
4.35 grans

2 1 6 . 8 2  C
1 8 7 , 5 6  g r

U' ,58- l  /  2
1 6 . 0 8
5 1 . 9 0

2 . 0 2
3 . 6 4
3 . 0 2
6 . t + g
0  . 0 0
0 . 0 0
2  . 0 9

9 9 . 8 0
8 5  , 2 2

1 4 . 5 8 - t /  2
1 9 . 1 8
5 6 . 0 8

2  . 8 8
3  . 2 r
2 , 8 9
7 . 4 2
0  . 0 0
0 . 0 0
2 . r 8

108  .41
9 3 . 8 3

AT

or LITHARGE--- - - - -

BORTX GLASS--
CAI .CI I ] }1  OXIDE (L IME)- . - . . -_

R E D  I R O N  O X I D E - - - - - - - - - . - . -
POTASSIUM NITRATE

CHARGE T{RE
charge on  ly

Si l ica QUARTZ ETC.
C a , ! l g , B a , S r  a s  o X I D E  o r  C 0 3
Fe ldspar  s  any TYPE (AVG.)
Aluuinas as CLAY, TA.LC, ETC.
META],S** OXIDE,SI]LFIDE, -ATE

TOTAI 7"

YOIIR FLIJX FORMIJLA IS:
SODIUM CAR.BONATE (ANHYD)---
RXD LEAD or  LITITARGE--- - - - -
S I L I C A
BORAX CI,ASS--
cAr.c  I  rJM oxIDE (Lr l rE)- - - - - - -
R E D  I R O N  O X r D E - - - - - - - - - - - - -
POTASSItjl ' ' NITMTE

t
(
(
t

OTHER
FLOUR
TOTAL
Flux

No 32

PERIDOTITE

FOR HONOSI1ICATE SLACS INVOLVINC ORXS WITH 157" OR

Pe rcen t
44 ,50
3 7 . 5 0

1 2 . 5 0
0 . 0 0

1 0 0 . 0 0

LESS META.I-ICS

AT

OTHE R
FLOUR

t
(
(

t
TOTAI CEARGE TORE
Flux charge on Ly



No 33

DUNITE

FOR I.IONOSILICATE SLACS INVOLVING ORES I.'I Tli 157. OR LESS METAI ICS

Si l ica QUAITZ ETc.
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Fe ldspars any TYPE (AVG. )
AluDinas as CLAY,TAIC,  ETC.
METAI,S** OXIDE , SIILFIDE;'-ATE

TOTAL i

YOUR FLIN FOMIJLA IS:
SODIUM CARBONATE (ANHYD) ---
RED LEA.D or  LITMRGE--- - - - -
S ILICA
BoRtx GLASS- - -
CAICI  UM OXIDE (  LIME )  - - . - -  -  -
R n D  I R O N  O X r D E - - - -  - -  - -  - -  - -  -
POTASS IU},I NITMTE

Pe rcent
4 0 . 7 0
4 7  . 0 0

4 , 1 0
8  . 2 0
0 . 0 0

1 0 0  .  0 0

TOTAI, CHARGE +ORE
Flux charge on ly

29 . t6 - I  A t
39.63 graurs

1 1 4 . 3 _ 1  g r a n s
6 . 0 1  g r a E s
6 , 9 8  g r a m s
5 , 2 9  g r a r o s

r - . v J  S r d u -

0.  00 graurs
0.00 gr  arns
4 .  3 8  g r a n s

2 2 0 . E 5  C
I 9 1 . 5 9  g r

t 4 . 5 8 - 1 i 2
1 9 , 8 2
) t . r /

3 . 0 1
3  . 4 9
2 . 6 5
7 . 5 3
0  . 0 0
0  . 0 0
,  l o

1 1 0 . 4 2
9 5 . 8 4

AT

OTHER
FI,OUR

N o .  3 4

TROCTOLITE

FOR MONOSILICATE SLAGS INVOLVING ORES WITH ].57.OR LESS META] , ICS

Si l  ica QUARTZ ETC.
Ca, l4g,Ba,Sr  as OXIDE or  C03
Feldspars any TYPE (AvC, )
Aluninas as CLAY,TA!C,  ETC,
METAI.S** OXIDE , ST'LFIDE, -ATE

TOTAI, 7"

YOUR FLIIJ( FORMIJLA IS :
SODIUM CARBONATE (AXHYD) - - -
RED LEAD or L ITIIARGE - - - - - - -
S I L I C A
BORAX GLASS- - -
CALCIt j } , l  OXIDE (LIME) - - - - -  - -
R E D  I R O N  0 X I D E - - - - - - - - - - - - -
POTASSIW NITMTE

Per  cen t
4 0 ,  3 0
20 .70
34 .  00
0 .  0 0
5 . 0 0

100 .  00

CHARGE +ORE
charge on ly

2 9 , 1 6 - 1  A r
2 5 . 3 9  g r a n s

1 0 1  . 0 5  g r a n s
2 . 0 7  g r a n s
9 . 1 2  g r a u s
5 . 2 4  g r a n s

1 0 . 5 6  g r a u s
0 . 0 0  g r a n s
0 , 0 0  g r a n s
3 , 8 4  g r a n s

1 8 6  . 4 4  c
1 5 7 . 2 8  g r

1 4 . 5 8 - I  /  2
1 2 . 7 0
5 0 , 5 3

1  . 0 4
4 . 5 6

5  . 2 8
0 . 0 0
0  . 0 0
r . 9 2

9 3  . 2 2
7 8 . 6 4

OTHXR
FLOUR
TOTAI,
I  t ux

( )
( )

t l



N o .  3 5

QUARTZ ARENITE

FOR MONOSILICATE SLAGS INVOLVING ORES WITH 157. OR LESS }IETAI I CS

Si l ica QUARTZ ETc.
C a , M g , B a , S r  a s  o X I D E  o r  C O 3
Fe ldspars any TYPE (AVG, )
Aluninas as CLAY,TAJ,C,  ETC,
METALS** OXIDE ,  SULFIDE, -ATE

TQTAI, 7.

YOIIR FLTIX FORMIJLA IS:
SODIIJM CARBONATE (ANHYD).--
RED LEA.D or  LITHARGE--- - - - -
S I L I C A
BORTX GLASS--
cAlc I  r in  oxIDE (LIME)-- - - - - -
R E D  I R O N  O X I D E - - - - - - - - - - - - -
POTASSIUM NITMTE

Percent
9 5 . 8 0

2 . 7 0
0  . 2 a
0 . 8 0
0 . 5 0

100  .  00

TOTAI CHARGE {ORE
Flux charge on ly

2 9 . 1 6 - l  A T
3 6  . 0 5  g r a n s

1 2 5 , 3 5  g r a u s
0 , 4 0  g r a n s
4.  13 grans

1 2 . 4 5  g r a n s
1 8 . 5 5  g r a n s
0 , 0 0  g r a n s
0 . 0 0  g r a n s
4 . 7 5  g r  a n s

230.95 c
20L.79 gr

! 4 . 5 8 - t / 2
1 8 . 0 3
62 .68
0 .  2 0
2 . 0 7
6  . 2 3
9 . 3 3
0 . 0 0
0 . 0 0
2 . 3 7

1 1 5 . 4 8
1 0 0 . 9 0

OTHER
FLOUR

N o .  3 6

CHERTS /FLINTS

FOR MONOSILICATE SLAGS INVOLVING ORES WITH 157. OR LESS HETAI.IC S

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Fe ldspars any TYPE (AVG,)
Aluninas as CLAY,TALC, ETC.
METAI.S** OXIDE , SULFIDE, -ATE

TOTAI, 7"

YOUR FLIN FORMIILA IS:
SODIT'M CARBONATE (ANHYD) ---
RED LEAD or  LITI IARGE--- - - - -
S ILI  CA
BORAX GLASS--
C A I C I U M  O X I D E  ( L I M E ) - - - - - - -
R E D  I R O N  O X I D E - - - - - - - - - - - - -
POTASSIUM NITMTE

Percen t
9 5 . 6 0

1 . 7 0
0 . 9 0
L  . 2 0
0 . 5 0

100  .  00

OTHTR
FLOUR
TOTAL CHARGE +ORX
Flux charge on ly

2 9 . 1 6 - l  A T
3 5 . 7 0  g r a o s

1 2 4 , 7  9  g r a n s
0.  36 grans
4,  14 grans

12.  43 grans
1 8 . 5 1  g r a u s
0.  00 graos
0.00 grans
4 . 7 3  g r a n s

2 2 9 . 8 2  e
200.66 gr

14  .58 - t  /  2
1 7 . 8 5
6  ?  1 0

0 . 1 8
2 . 0 7
6  . 2 r
9 . 2 6
0  . 0 0
0  . 0 0
2  . 3 7

1 1 4 . 9 1
1 0 0 . 3 3



N o , 3 7

ARKOSIC SANDSTONE

FOR MONOSILICATE SLAGS INVOLVING ORES WITH I57. OR LESS METAI,ICS

Si l ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Fe lds pars any TYPE (Avc.  )
Aluninas as CLAY,TAI ,C,  ETC.
I'{ETA],S** OXIDE , SULFIDE, .ATE

TOTAI, 7.

YOUR FILX FORMIILA IS r
SODIIJM CARBONAIE (ANHYD) ---

or  LITHARGE--- - - - -

BOR.AX GLASS- -

C A L C I I J  O X I D E  ( L I M E ) - - - - - - -

R E D  I R o N  0 X I D E - - - - - - - - - - - - -
POTASS I I 'M NITMTE

Percent
7  5  . 5 0

3 . 4 0
8  . 2 0

1 0 . 4 0
2 . 5 0

1 0 0 . 0 0

RND LEAD
S ILI CA

OT}1ER
FLOUR

2 9 .  L 6 - 1  A T
3 3 . 1 3  g r a n s

1 1 5 . 4 6  g r a n s
2.00 grans
4 , 5 7  g r a n s
9 , 8 2  g r a n s

1 5  . 7 6  g r a n s
v .  v v  5 r  d u ' 5

0 . 0 0  g r  a n s
4.  38 grarns

2 ! I '  . 3 8  C
L 8 5 . 2 2  g r

L 4 . 5 8 - 7  /  2
1 6 , 5 6
5 7 . 7 3

1 . 0 0
2 . 3 4
4 , 9 r
7 . 8 8
0  . 0 0
0 . 0 0
2  . 1 9

r 0 7 . 1 9
9 2 . 6 L

TOTAL CHARGE TORE
Flux charge on ly

N o .  3 8

AVG. SANDSTONE

FOR MONOSILICATE SLAGS INVOLVING ORES I.'ITH I57. OR LESS METAI ICS

Si l  ica QUARTZ ETC.
C a , M g , B a , S r  a s  O X I D E  o r  C O 3
Fe ldspars any TYPE (AVG.)
Aluninas es CI,AY, TAI,C, ETC.
METALS** OXIDE, SI]LFIDE , -ATE

TOTAI. 7.

YOITR FLTIX FORMIJLA IS:
SODIlJM CA.RBONATE (ANHYD) ---

R.ED LEA-D or  LITHARGE--- - - - -
S I L I C A
BORAX GLAS S - -.
cALCIUl ' r  0XIDE (Lr l lE)  - - - - - - -

R E D  I R O N  O X r D E - - - - - - - - - - - - -
POTAS S II'M NITMTE

Pe!  cen t
7 5 . 2 0
6  . 6 0
6 . 3 0
8 . 4 0
3 . 5 0

1 0 0 . 0 0

CHARGE +ORE
charge on Iy

2 9  . L 6 - I  A T
3 3 . 6 4  g r a n s

1 1 7 . 8 1  g r a n s
2.00 grans
4.68 grans
9 . 7 8  g r a u s

1 5 . 9 7  g r a n s
0 . 0 0  g r a n s
0 . 0 0  g r a n s
4.38 grans

2 I 7 . 4 I  g
1 8 8 .  2 5  g r

14 .s8- r  /  2
L 6 . 8 2
5 8 . 9 1

r . 0 0
2 . 3 4
4  . 8 9
?  o c

0  . 0 0
0 . 0 0
2 , t 9

1 0 8 . 7 0
9 4 . L 2

AT

OTHE R
FLOUR
TOTA!
_! tux



N o .  3 9

CLAY

FOR YONOSII,iCATE SLAGS INVOLVING ORESwrTH 15% 0R LESS METAI , ICS

Si l ica QUARTZ ETc.
C a , M g , B a , S r  a s  O X I D E  o r  C 0 3
Fe lds pars any TYPE (AVC. )
Aluninas as CI ,AY,  TALC, ETC.
META.LS** OX I DE , S ULF IDE , -ATE

TOTAL 7.

YOUR FLLX FORMIJ],A IS:
SODILTI CARBONATE (ANHYD)..-
R-ED LEAD or  LITHARGE--- - - - -
S I L I C A
BORAX GLASS- -
a t T  a T r r v  n Y T n F  f  r  r M F  \  - -  - - - -  -

R E D  I R O N  0 X i D E - - - - -  -  - - -  -  - -  -
POTAS S I L'},1 NITMTE

P e r c e n t
7 I . t L A

1 . 3 0
4  . 3 0

1 8 . 0 0
5 . 0 0

1 0 0  .  0 0

TOTAL CHARGE -rcRE

Flux charge on 1y

2 9 . 1 6 - 1  A T
3 3 , 6 9  g r a n s

11.5 .5 6 grans
3 . 0 1  g r a o s
3 , 6 7  g r a u s
9 . 2 8  g r a o r s

t J . J /  6 r 4 u .

v r v v  5 r d u ' s

0 . 0 0  g r a n s
4,24 graas

2 I 3 . 7 9  I
1 8  4 . 6  3  g r

Lr '  .58-t  /  ?
l b . / )

5 7  . 7 8
1 . 5 1
1 . 8 4
4 . 6 4
7  . 6 8
0 . 0 0
0 . 0 0
2 . 1 2

1 0 6 . 9 0
o t  1 )

OTHER
FLOUR

t
(
(

i

No.  40

sl l rcEous 00zEs I  EARTHS ]

FOR MONOSILICATE SLAGS INVOLVING ORES WITH 157. OR LESS HE TA],I CS

Si l  ica QUARTZ ETC.
C a , l l g , B a , S r  a s  O X I D E  o r  C 0 3
Fe ldspars any TYPE (AVG. )
Aluninas as CLAY,TALC, ETC.
METAI.S** OXIDE, SIJLFIDE,.ATE

TOTAI 7"

YOTIR FLI,X FORMIJLA IS:
SODIIJH CA.R,BONATE (ANHYD) ---

RED LEA-D or LITIIARGE- - - - - - -
S I L I C A
BORAX GLAS S. -

CAICI IJM OXIDE (LIME) - - -  - - - .
R E D  I R o N  O X r D E - - - - - - - - - - - - -
POTASS I IJ}I NITMTE
OTI{ER

Pe !  cent
6 7 . 1 0

3  . 2 0
1 2 . 5 0
1 2 . 3 0
4 . 9 0

1 0 0 . 0 0

FLOUR
TOTA!
Flux

CHARCE r{RE
charge on ly

2 9 . 1 6  - 1  A T
3 0 . 9 3  g r a o s

1 1 2 . 2 3  g r a n s
2.  29 graus
5 . 0 0  g r a n s
8 . 7  2  g r a n s

1 4 . 3 0  g r a o s
0 . 0 0  g r a o s
0 . 0 0  g r a n s
4.  16 grarns

2 0 6  . 8 0  c
L 7 7  . 6 4  g r

1 4 . 5 8 - I /  2
1 5  . 4 6
5 6 . 1 1

l . l . +

2 . 5 0
4  . 3 6
|  .  L )

0 . 0 0
0 . 0 0
2 , 0 8

1 0 3 . 4 0
8 8 . 8 2



N o .  4 I

LITHIC ARXNITE

FOR }IONOSILICATE SLACS ]NVOLVING ORXS WITH

Percen E
o o .  r u
1 3 . 6 0

7 . 0 0
8 , l 0
5  . 2 0

r 0 0 . 0 0

152 OR LESS METAI. IC S

Si  I  i ca  QUARTZ ETC.
C a , M g , B a , S r  a s  o X I D E  o r  C O 3
Fe ldspars  any  TYPE (AVG.  )
A luminas  as  CLAY,TAI ,C,  ETC.
METALSX*  OXIDE ,  S I ILFIDE, .ATE

TOTAL %

YOUR FLII{ I'OR}{IJLA IS I
SODTIJM CARBONATE ( ANHYD) ---

RED LEA-D or  L IT I {ARGE-- - - - - -
S  IL I  CA
BORAX GLASS - - -

cALCIUM OXIDE (  L I - t1E )  - - - -  - - -

R E D  r R O N  O X r D E - - - - - - - - - - - - -
POTASS II,IM NITRATE

CHARGE +ORE
charge on ly

2 9 . 1 6  - l  A T
3 3 . 4 9  g r a n s

1 1 7 . 3 0  g r a r n s
2 . 5 6  g r a n s
5 .  1 2  g r a n s
8 . 5 9  g r a n s

1 5 . 1 9  g r a r n s
0 . 0 0  g r a m s
0 . 0 0  g r a n s
r .  z J  t i r  d u >

2 1 5 . 7 1  C

1 4  , 5 8 - r  /  2
1 0 . / )

5 8 . 6 5
1 . 3 3
2 . 5 6
4 . 3 0
7 . 6 0
0 . 0 0
0 . 0 0
2 . 1 3

1 0 7 . 8 8
9 3 . 3 0

OTHER
FLOUR
TOTAL
I  r ux

N o .  4 2

GRAYWACKE

FOR MONOSIIICATE SLAGS INVOLVINC ORES WITH 157"OR LESS METAI , ICS

Si l  ica QUARTZ ETC.
C a ,  g , B a , S r  a s  o X I D E  o r  c 0 3
Fe ldspars any TYPE (Avc.  )
Aluminas as CLAY,TALC, ETC.
UETAT,S** OXIDE , SIJLFIDE, -ATE

TOTAI 7.

YOUR FLTIX FORMULA IS:
SOD I IJM CAR'BONATE (ANHYD)---

or  LITI {ARGE--- - - - -

BORAX GLASS-- -

cAr,c r ulr oxrDE (LIr 'rE)-------
R E D  I R O N  o X I D E - - - - - - - - - - - - -
POTASSIUM NITMTE

Per  cen t
6 3 . 7 0
6 . 5 0
9  . 6 0

1 4  . 2 0
6 . 0 0

1 0 0 . 0 0

RXD LEAD
SILICA

OTHER
FI,OIIR
TOTAI
F 1ux

CHARGE TORE
charge on ly

2 9 .  t 6 - 1  A T
31 .84 graros

1 1 3 . 4 1  g r a n s
2.9 2 grarns
4.7 3 grarns
8 . 2 8  g r a n s

14.  29 graos
0 . 0 0  g r a n s
0 . 0 0  g r a n s
4,  12 grans

208.76 e
1 7 9 . 6 0  g r

L 4  . 5 8 - I  /  2
L 5 . 9 2
J b . / U

r  . 4 6
' ,  17

4 . L 4
7 . L 5
0 .  0 0
0  .00
2 . 0 6

104  .38
8 9 . 8 0

AT

( )
( )

I 1



N o .  4 3

BLACIIMIJDS / SHAI-ES I SLATES ]

FOR MONOSIIICATE SLAGS INVOLVING OR.ES WITH I5Z OR LESS HETA.L I CS

Si l ica QUARTZ ETC '
C a , M g , B a , S r  a s  o X I D E  o r  C 0 3
Fe ldspars any TYPE (AVG. )
Alurr inas as CLAY,TAIC,  BTC.
META],S** OXIDE, STILFIDE, -ATE

TOTAI. %

YOI'R FLIJX FORMTILA IS :
SODILM CARBONATE (ANHYD) - - -

Percent
4 1  . 0 0
9 . 5 0

1 8 . 8 0
2 5 . 7 0
5  . 0 0

100  .  00

RED LEAD
S ILI  CA

OTHER
FLOUR
TOTAL
M X

CHARGE +ORE
charge on ly

2 9 , 1 6 - 1  A T
2 9 . 9 I  g r a n s

100.5 3 graros
5 .06 graus
5 . 6 0  g r a m s
5 . 3 3  g r a n s

11 .4_:  graros
0 , 0 0  g r a n s
0.00 grarns
3 . 8 4  g r a n s

1 9 0 . 8 6  e
1 6 1 , 7 0  g r

I t '  ,58-I  /  2
L 4 . 9 5
5 0  . 2 6

2 . 5 3
2 . 8 0
2 . 6 7
5 . 7 2
0 . 0 0
0  . 0 0
r . 9 2

9 5 . 4 3
8 0 . 8 5

AT

o r  L I T M R G E - - - - - - -

BORAX GLASS- -

cAr,cIUM OXrDE (I-r l1E) -------
RED IRON 0XrDE- - - - - - - - - - - - -
POTAS S I LTM NITRATE

N o .  4 4

DOLOI4lTIZED LIMESTONE

FOR MONOSILICATE SLACS INVOLVING ORES I.IITH I57. OR LESS }IETAI, I CS

Si l ica QUARTZ ETc.
C a , U g , B a , S r  a s  O X I D E  o r  C O 3
Feldspars any TYPE (AvG. )
Aluminas as CIAY,TAIC ' ETC.
METAI,S** OXIDE, SI'LFIDE , -ATE

TOTAT 7.

YOUR FLIIX FORMIJLA ISr
SODIUM CARBONATE (ANHYD) ---

RED LEAD or LITUARGE -- -- - --

S ILI  CA
BORAX GLASS- -

C A I C I l J M  O X I D E  ( L I T E ) - - - - - - -
R E D  r R O N  O X T D E - - - - - - - - - - - - -
POTASSIW NITMTE
OTHER

TOTAL CMRGE +OF.E
Flux charge on Ly

Percent
3 . 9 0

9  2 . 2 0
0 ,  5 0
I . 4 0
2 .  0 0

r 0 0 . 0 0

2 9 . 1 6 - 1  A T
44.38 grans

1 1 6 , 3 8  g r a n s
9.44 grans
9.46 graos
0.51 graros

1 3 . 7  8  g r a n s
0.00 grans
0,00 grans
4.  22 grans

2 2 7 . 3 2  C
1 9 8 .  I 6  g r

1 4  . 5 8 - L  |  2
2 2 . L 9
5 8 . 1 9

4 . 7 2
4 . 7 3
0  . 2 5
6 . 8 9
0  . 0 0
0  . 0 0
, ' l l

1 1  3  , 6 6
9 9  . 0 8

( )
( )

t 1



N o .  4 5

LIMESTONE

FOR MCNOSILICATE SLAGS INVOLVINC ORES WITH

Percent
1  . 0 0

9 6 . 0 0
2  . 5 0
0 . 5 0
0 . 0 0

100  .  00

1-qZ OR LESS METAI ICS

SiI ica QUARTZ ETC.
Ca ,Vg ,  Ba ,  Sr  as OXIDE or  C03
Fe ldspars any TYPE (AVC. )
Aluninas as CLAY,TAIC,  ETC.
MFTALS** oxrDE. s l f l  FTDE :ATE

TOTAI 7"

YOUR FLL1 FORMULA IS:
SODIIJ}' CARBONATE (ANHYD) ---

or  LITHARGE--- - - - -

BORjX GLASS-- -
cArc I  u l l  0xrDE (Lr l lE) -------
R E D  I R 0 N  0 X I D E - - - - - - - - - - - - -
POTASSIUM NITMTE

RED LEAD
S ILICA

OTHER
FLOUR

2 9 . 1 6 - 1  A r
44.82 grams

1 1 4 . 3 6  g r a n s
9 .68 grans

1 0 , 0 4  g r a E s
v .  r J  6 r d ! ' s

1 3 . 6 8  g r  a n s
0 . 0 0  g r a m s
0 . 0 0  g r a u s
4.27 grau.s

2 2 6 . 1 2  C
1 9  6  . 9 6  g r

rt ' .58-r /  2
2 2  . 4 L
5 7 . 1 8

4 . 8 4
5 , 0 2
0 . 0 7
6 . 8 4
0 . 0 0
0 . 0 0
2  . 1 3

1 1 3 . 0 6
9 8 . r , 8

TOTAL CHARGE i{RE
Flux  charge on  ly



PHOTOCOPY PAGES 12 & ] .3 FOR YOUR WORKSHEET

We have s ta ted  tha t  the  RO group was ac tua l l y
w '  :h  a re  cons idered separa te ly .  WhiLe  ca l -c ium,
s . ,on t ium compounds are  represented  on  the
l - i th iun ,  sod ium,  po tass ium,  and rub id ium are
!h"y  a re ,  in  rea l i t y ,  R2O ra ther  than RO.  As
Low tempera tures .  There f6re ,  the i r  m ineraLs  are
and may be  ignored in  our  ca lcu la t i -ons .

d iv ided  i n to  two  g roups
magnes ium,  ba r iu rn ,  and

w o r k s h e e t  ( c a t e g o r y  B ) ,
n o t i c e a b l y  a b s e n t ,  f o r

such ,  t hey  me l t  a t  ve ry
g e n e r a l l y  s e l  f - f  I u x i n q

To  the  bes t  o f  yogT .  ab i l i t y ,  ( l )  es t ima te  the  pe rcen tage  o f  each  o ft ] t .  f i ve  ca tego r ies ,  (2 )  mu l t i p l y  t he  pe rcen t  (as  a  who le  number )  t imesthe  fac to r  g i ven  be low  each -  i ng red ien t ,  (3 )  en te r  t he  answer  i n  t hes p a c e  p r o v i d e d ,  a n d  ( 4 )  t o t a l  e a c h  c o l u m n .  U s i n g  t h e s e  t o t a l s ,  f i l l  i nthe  b l -anks  p rov ided  i n  Your  F Iu : r  Fo rmu ld  I s . . .

t

R E l , { E U B E R  T 0  A D D  t h e  3 8  g r a n a  o f  r e d  l e a d  o x l d e  a e
t h e  v o r k e h e e t .  I t  1 s  t h e  l e a d  s h l c h  w i l l  p r o v l d e  t h e
i g  n o t  p r e B  e n t ,  t h e r e  v i l I  b e  a  s e r L o u 8  e  r r o r  1 n  t h e  a

n o t e d  b e l o v  ( + )  o n
b u t t o n ,  a n d  1 f  1 t

l a g .

WORKSHEET FOR I ' {ONOSILICATE SLAGS INVOLVING ORES
WITH 159  OR LESS METALL ICS

PERCENTAGE CALCULATIONS

I
2
l
1
;

/  b r J . t c a
)  C a , l t g , B a , S r  a s
) F e l d s p a r s
)  ' l u m i n a s  a s
. /  r l ]  r . { t ! J  - -

TOTAL PERCENTAGE

QUARTZ
OXIDE o r  CO3
a n y  T Y P E  ( A v c .  )
CLAY, TALC, ETC .
OXIDE ,  SULFIDE,  -ATE

{ a *

B *
c *
D r
E r (D

'1ULTI PLY
]ACH ROW
l v  r q .

\
SODA RED LEAD

0 . 8 8  =
t _  0 . 4 6
.  \ J .  U {

) -  0 . 3 9
i  xxxx

S IL ICA
xxxx =

xxxx =---dlT-
0 . 1 6  =_'----:-__-;-
x x x x  =  u .  u

BORAX
0 . 0 4  =
0 . 1 0  =
0 . 1 - 5  =
x x x x  =  0 . 0
x x x x  =  0 . 0

=  0 . 7 8  =

0 . 3 9  =

( + ,  = 3 8 . 0
]OTALS

:Y:, :

TULTIPLY
]ACH ROW
l v  * 9 . LII'1E

n  1 "

xxxx
XXXX
xxxx
xxxx

IRON I I I
O  l a  =

0 . 1 4
xxxx
0 . 0 9
xxxx

FLOUR
0 . 0 4 8
0 . 0 4 3
0 . 0 3 0
0 . 0 3 s

xxxx

0 . 0
0 . 0
0 . 0
0 . 0

, \

page 12



D D . \  T F A . n  I NA]'1E

yOt/R FILX FORjvTULA tS:

ORE

SODIUM CARBONATE

RED LEAD oT LITHARGE

SIL ICA

BORAX GLASS

CALCIUM oXIDE ( l ime )

RED IRON OXIDE

POTASSIUM NITRATE

OTHER

FLOUR

TOTAL CHARGE + ORE

DATE

t 2 9 . 1 6 - 1

grams

gr ams

grams

grans

g rams

gr  ams

g rams

I  rams

) I N Q U A R T  
( i f  a n y )  =

TOTAL INQUART

m9
mg

m9

GOLD
J I ! V E K

BU1TON WEIGHT

TOTAL WEIGHT OF BEAD

Minus  GOLD

Equa ls  S ILVER

) rng = g"

I rams

rn9

Tr /TON

T r, /TON

COM}.IENTS :



P R O J E C T  # NAME

YAJR FLI]X FOR4IUI-A IS:

O R E

SODIUM CARBONATE

RED LEAD OT LITHARGE

S  I L I C A

BORAX GLASS

CALCIUI ' I  OXIDE (  l ime )

R E D  I R O N  O X I D E

P O T A S S I U M  N I T R A T E

O T H E R

F L O U R

T O T A L  C } I A R G E  +  O R E

DATE

2 9 .  r 6 - ro grams

grams

grams

grams

grams

grams

g r a m s

grams

grams

, JQuanr  ( i f  anv )  =

T O T A L  I N Q U A R T

ng
rng

m9

G O L D
q T T \ / F T ]

B U  f T O N

TOTA L

M r n u s

w r - t u d  I

WEIGHT OF BEAD

G OLD

) l ! v t , r r '

g r a m s

mg

) n g  =  O z  T r , / T O N

n9  =  oz  T r , /TON

C O U M E N T S :



. ]  P R O J E C T NAME

Yd.R FLUX FOIi}IIJTA IS..

ORE

SODIUM CARBONATE

RED LEAD oT LITHARGE

Q I T  r ^ r \

BORAX GLASS

C A L C I U M  O X I D E  ( l i m e  )

R E D  I R O N  O X I D E

P O T A S S I U M  N I T R A T E

O T H E R

FLOUR

TOTAL CITARGE + ONE

DATE

grams

grams

grams

g  rams

g rams

9rams

Oau^Rr  
( i f  any ;  =

T O T A L  I  N Q U A R T

mg
m g

m g

G O L D
S I  LVER

B U ' I T O N  W E I G H T

T O T A L  W E I G H T  O F  B E A D

M r n u s  G O L D

E q u a I s  S  I  L V E R

) ng = oz Tr/ToN

m9 = oz Trlrol l

9rams

m9

COIA1ENTS:


