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No. Type Localit-x  Relative  Prouortions Remarks 
of 
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5 
6 

l 
a 
9 
10 

11 

12 

13 
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17 
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20 

21 

Beach 

Beach 

Beach 

Beach 

Bank 

Bank 

Beach 

Beach 

Beach 

Bank 

" 

Bea oh 

Beach 

Beach 

Bank 

Beach 

Bank 

Bank 

Bank 

Bank 

Bank 

Quartz  Feldspar Dark Con- 
s t i t u e n t s  - 

She l t e r   P t .  Low Medium H i g h  T ida l   F l a t s  

Oyster R .  High Medium LOW T i d a l   F l a t s  

Kye  Bay High 

Seal  and 

Qualicum R .  Medium 

Horne L . J c t  . Medium 

Qualicum 
Beach  High 

Pa rksv i l l e  
Beach 

Englishman R . Low 
LOW 

Nanoose Medium 

Nanaimo Low 

Sandy IS. LOW 

Kuper Is. Low 

P o r l i e r   P a s s  Low 

Telegraph 
Beach Low 

Saanich Reach Low 

Cordova Bay Low 

Medium 

Medium 
Medium 

Medium 

Medium 

Medium 
Medium 

Medium 

Medium 

Medium 

&Tedium 

Medium 
Medium 

Medium 

Low 

H i  @ 
LOW 

Low 

Medium 

Medium 
Medium 

Low 

Low 

High 

High 

High 
High 

High 

T i d a l   F l a t s  

Sand Sp:it 
Banks A.Lone3 

Banks A:Long 
River 

Zighway 

Tidal  F:Lats 

Tida l  F:Lats 
Tida l  F:latn 

Bank A l o n g  

Dredged from 
Highway 

Hanaimo 
Harbor 

Sand Sp i t  

"- 

Typical Beach 
Sand and 

Typical Beach 
Gravel   P i t  

M t .  Tolmie Low  Medium H i  & Sand and ., 
Langford Medium  Medium  Medium Old  Sand  and 

Gravel  pit; 

Royal Roads Medium Medium High 
Gravel  Pit; 

Sand  and 
Gravel   P i t  

Sooke River Low Medium High Banks !don@: 
~ 

Muir  Creek Low Nedium Hi & Bank A l o n g  
River 

I - 
Road 



Keg t o  Ma2 

No Type Local i ty   Relat ive  Proport ions Remarks 
of 

Quartz  Feldspar Dark Con- 
s t i t u e n t s  - "- 

22 Beach 

23 Beach 

24 Beach 

25 Beach 
and 
Bank 

26  Bank 

27 Bank 

2 8  Bank 
Beach 
and 

Beach 
and 

29  Beach 

30 Bank 
and 
Beach 

and 
Beach 

31 Bank 

32 Bank 

33 Bank 

34 Bank 
and 

35 Bank 
Beach 

36 -- 
37 Bank 

38 Beach 

China Beach Low  Medium High Typical Beaoh 

Mary Is. Low Medium Low S p i t  - Nortk. 

Manson Bay Medium  Medium Low S p i t  
End I s l and  

Cortas Is. Medium  Medium LOW Bank and 

Iiernando Is .  Medium  Medium Low Sand C l i f f s  
Beach Below, 

Savary Is, 

Savary Is. 

Harwood Is.  

Harwood Is. 

Harwood Is. 

Medium  Medium LOW C l i f f s  and 
Beach Below 

Medium  Medium LOW C l i f f s  and 

Medium  Medium Low Spit   North 
Beach  Belon. 

End I s l a n d  

Medium  Medium  Low C l i f f s  and 
Beach Below 

Medium  Medium LOW C l i f f s  and 
Beach Below 

Thormanby Is, Medium Medium Low C l i f f s  

Howe Sound LOW Medium High  Sand  and 
Grave l   P i t  

Toint  Grey Low Medium  Medium C l i f f s  and 

P o r t  Co-  Medium  Medium LOW Sand and 
Beach Below 

qui t lam  Gravel   P i t  
F ra se r  R .  LOW Low High From River 

English Bluff Medium Medium High C l i f f s  

Crescent Medium  Medium High T i d a l  F l a t s  

Note: The teras   vvlowtv,  v8mediumv1, and *'hightv a re   used  
only i n  a r e l a t ive   s ense .  For instance,   vrhight l  may be con- 
s i d e r e d   t o   i n d i c a t e  more than 22  per   cent .   quar tz ,  60 per 

" 



c e n t .   f e l d s p a r  and 40 per  cent .  dark c o n s t i t u e n t s ;  9nediumtt 
from 15 t o  22 per   cen t ,   quar tz ,  30 t o  60 pe r   cen t .   f e ldspa r ,  
and 15 t o  40 per  cent .   dark  const i tuents ;   and “low’t less 
than 15 per   cen t   qua r t z ;  30 per   cen t .   f e ldspa r   and  15 per 
cent .  dark c o n s t i t u e n t s .  



P r e l i m i n a r ~ ~ n v e s t i ~ a t i o n  I " i n t o  Pbssibi l i t ies  

For 

P r o d u c i n g   S i l i c a  -.. Sand  from B r i t i s h  ~ Columbia  Sand  Deposits - 
- 

INTRODUCTION 

For many p u q o s e s   s i l i c a   s a n d  i s  a n   e s s e n t i a l  
industr ia l  raw m a t e r i a l .  No co-merc ia l   depos i t s   have  been 
d i s c o v e r e d   i n  B r i t i s h  Columbia. As a r e s u l t ,  the p r e s e n t  

p r o d u c i n g   s i l i c a  sa:nd t h r o u g h   b e n e f i c i a t i o n  of  locaLly  
i n v e s t i g a t i o n  was under taken   to   s tudy  the p o s s i b i l i t y  of 

available m a t e r i a l s .  A s  f a r  as t h e  writer i s  aware, t h i s  
problem has 'no t   beea   p rev ious ly   inves t iga ted .  'On t h e  
o ther   hand ,   such   essent ia l   s teps  as the sepa ra t ion  of 

both,   have  been  studied  elsewhere,  and paten ts   cover ing  
feldspar from  quartz,  and o f  i ron-bearing  minerals  from 

such   separa t ions   g ran ted .   .Cons iderable   research   a long  
t h e s e   l i n e s  has been   ca r r i ed   ou t  by  members of  the   Uni te9  
S t a t e s  Bureau  of  Mines.   Their  publications  formed  the 
basis o f  much of' the   experimental  work 'descr ibed  herein.  
A list of' r e fe rences  i s  aahended, 

o f  the  fol lowing  companies   in   supplying  samples   of   reage: l ts  
used i n   t h e   t e s t s   d e s c r i b e d : -  

The writer graterul ly   acknowledges t h e  coopera.;ion 

E a r r i s o n s  and Cross f i e ld  (Canada) 

hrmour  and Co., Chicago, I l l i n o i s .  
E.I. BW?ont de Nelnours and Go., 

Fanulsol Corporation,  Cilicago, 111. 

.Ltd,, Vancouver, U.C. , 

W.lmington, 'Del. 

The sand   depos i t s   d i scussed   i n  the p r e s e n t   r e p o r t .  
were examined i n  1936 and   labora tory  work was done i n  1941. 
All analyses  were made by G. Cave-Brbwne-Cave, Ohief' Analyst. 

be produced from c e r t a i n   l o c a l  depos i t s   and  tha t   p rocess ing  
It is shown, i n  the   fo l lowing  r e p o r t ,   t h a t  s i l i c a  sand  can 

.has at  l e a s t   p o s s i b i l i t i e s  o f  economic a p p l i c a t i o n .  To 
prove o r  disprove  th.e eommercial: r e a s i b i l i t y   o f   s u c h  bene- 
f i c i a t i o n ,  however, the mos t   su i t ab le   depos i t  must be detrer-. 
mined i n   l i g h t  of  t h e   f a c t o r s   d i s c u s s e d   a n d   s u f f i c i e n t  large- 
sca l e   t e s t -work  done t o  es tab l i sh   approximate   p roduct ion  
costs, 

In   th i s   respec t   ' the   Depar tment  of  Uines would 
welcome samples   o f   sands   f ro2   any   la rge   depos i t s   c lose  %c 
t r a n s p o r t a t i o n .  Such s m p l e s  will be  examined  microscopically 
and, i f  m i n e r a l o g i c a l l y   s u i t a b l e ,  w i l l .  be t e s t e d   i n  a 
pre l iminary  way t o  de t e rmine   t he i r  amenability t o   b e n e f i c i a t i o n .  
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DESCRIPTION OF DEPOSITS 

of B r i t i s h  Columbia a re  considered  here .   Other   deposi ts  
a re   d i s t r ibu ted   th roughout   the   Province  some of which 
are undoubtedly  purer   than  those  discussed.  The 
l a t t e r ,  howover,  have  been  examined i n   d e t a i l ,   a r e  more 
or less r e p r e s e n t a t i v e  of a l l ,  and are e a s i l y   a c c e s s i b l e ,  

Only t h e   s a n d s  of the   sou the rn   coas t a l   r eg ion  

I n  general.,  a i l  the  sands of  the area under 
discussion  have  been  deposi ted  e i ther  as outwash material. 
from g l a c i e r s ,  or  as  d e l t a   o r   a l l u v i a l   d e p o s i t s   f r o m  

beaches snd d e l t a s   a r e   l a r g e l y   t h e   r e s u l t  of t h e   r e -  
streams h e a v i l y  ].aden with g l a c i a l   d e b r i s .  Even r ecen t  

working o? such inaterials, As might  be  expected, a l l  
sands a r e  cha rac t e r i s ed  by a r e l a t i v e l y   l a r g e   p r o p o r t i . o n  
of f r e s h   a n g u l a r   f e l d s p a r   a n d   o t h e r   e a s i l y  decomposed 
minera ls  ani! rock: fragments e 

D i s t r i b u t i o n  of t he  more important  sand 
d e p o s l t s  i s  i.r,dlcated  on  the  accompanying map. Deposits 

f o m e r  a r e   t y p i c a l l y   i n t e r g l - a c i a l   i n   o r i g i n ,   t h e  Lat ter  
a r e  classed as "bank"  and  'qbeachf8 f o r  convenience. T1.e 

r e c e n t ,  A d e t a i l e d   d e s c r i p t i o n  of the   occur rence  of 
t h e s e   d e p o s i t s  is ou t s ide  t h e  scope of t h i s  r e p o r t .  
S u f f i c e  it t o   s a y  tha t  a11 arc: of economic s i z e .  

E?:LQ-?xaL2gx,i. 

FJrpical samples from d e p o s i t s  shovm on t h e  
map were examinad microscogica l ly .  The minera logica l  

i n   p r o 2 o r t i o n s  of rock f ragments ,   fe ldspar ,   quar tz  
composit'ion is remarkably constan-t , differ ing c h i e f l y  

and  heavy  minerals,  

samples  examined: 
The fo l lowing  minerals w e r e   i d e n t i f i e d  i n  t h e  

P l a g i o c l a s e   ' B i o t i t e  
Orthoclase 
Quartz 

Phlogopi te  ( ? )  Tourmaline 
Garnet   Apat i te  

Rock Fragments   Rut i le  
Hornblende  Sphene  Kyanite 
Muscovite Augi t e C h l o r i t e  
I r o n  Ores  Hypersthene  Brookite 

Zircon 

Topaz 



The sands  of Thorrcanby, Texada, Iiarwoo&, 

Lazo, P i t t  and Qualicum  Xivers  are  characterised.  by ccm- 
para t ive   absence  of  rock  fragments.  They cons i s t  

o f  o ther   minera ls .  The cons t i t uen t s   o f  t h i s  group a r e  
e s s e n t i a l l y  o f  p l ag ioc la se   and   qua r t z ,   x i th  lesser amcunts 

present   in   proport ions  ap:>roxiniat ing  those o f  quar tz -  
d i o r i t e .  All of the   accessory   minera ls ,  with t h e  except ion 
o f  topaz,   tourmaline,   kyani te   and  phlogo2hi te ,   have  been 
r e p o r t e d   i n  Coast  Range b a t h o l i t h i c  r o c k s ,  

' Savary,  Iiernando,  Nary,  Cortes and :::u.adra Islands, Caxle 

The sands o f  She l te r ,   Oys ter ,  Kye and Qualicim 
Beac3-w con ta in  a somewhat l a r g e r   p r o p o r t i o n  of bo th   rock  
f ragments ,   quar tz  grains a n d   i r o n   o r e s   r e l a t i v e  t o  fei3.- 
S l ; U T ,  

k p e j ?  Island, P o r l i e r  Pass, Kanaimo Dis t r ic t ,   Scani .ch  
D i s t r i c t ,   V i c t o r i a   a n d  Sooke D i s t r i c t s ,  Jordan River 
area,  Vancouver  area,  and  Frasei-  River  Delta,  are  in 
general   impure,   containing a much l a rge r   p ropor t ion   o f  
~ o c k  fragments o f   v a r i e d   t y p e s  and a s m a l 1 e r . p r o ~ o r t i o 1 1  
o f   qua r t z   g ra ins . ,  

The sands o f  P a r k s v i l l e  Beach, Denman IslLmd, 

mDrc s i l t - a n d  clay,  aEd s l . i&tly less quar t z   t han   t hose  
of  recent.  beac.lles. The d i f fe rences ,   howeser ,   a re   nh i  ther 
marked   nor   cons is ten t   over   the   reg ion  as a whole, 

As a rule., bank sands a r e  Piaer-~rain~.~c;, . . -con~:;ain.  

are  tabulated.   below: (Numbers r e f e r   t o   l o c a l i t i e s   n a r k e d  
on t h e  map). 

Chemical  analyses o r  some represer i ta t ive  so.r@.es 

-.- &nk.De;osits "LL-2- Corn- os ix ion   in   per   Cent ,  "_ : 

- 10 25 - 26 30  27 6 - " - - - 5 

Si02 66.26 68502 68.01  66.75 65.90 68.75 70,07 
A3.203 1639 16.45 17.38  15.28 17.12 16.10 16,OO 
Fe20:j 2,34 ' 2.81, 1.74 3.36 2.20 1.88 l.18 
FeO .1.62 nd 1.42  1.64 2.17 1.62 1.21 

A": 2.10 nd 
C a O  5,65  5.40 5.53 5.59 6.41 5.36 S012 

1.58 l.32 2.00 1.76 1.32 

Na2O 3.56 nd 
K2 0 

3;40 2;60 3.61 3.28 3,24 
1;12 nd 

Ti02 0.30 nd 0.70 nd 0,36 nd 
0.70. 1-88 0'.68 0.45 0.4%. 

nd 
I g n i t i o n  

y-. n 

Loss  . 0.74 nd 0.73 1.02 0.56 Ov31 0-94 
" " I.._" -" " . .  
100,38 -.. 100.49 100.14 l O O A i 5  99,EI. 1OOe$6 
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Beach Deposits - - Composition i n  Per Cent: 

2 3 7 - " ... - 25 28 31 - - 
si02 68-80 
A1203 15.79 

FeO 
Ye203 0,75 

1.60 
Kg0 1$43 
Ca.O 6,07 

64.75 
16,85 
1. 0 7 a 
2.28 
1. v 44 
6.67 
4:; 16 
0.68 
0-40 

L,29 

70 0 21 
15.40 
1.67 
1.47 
1-32 
5,31 
3;41 
0,54 
nd 

1.23 

66.10 
15 .81 
2.70 
2.15 

6.32 
2.01 

3,80 
0.90 
nd 

0.85 

69.71 
15.46 

0.70 
1.72 

1161 
5.62 
2039 
0.97 
0.50 

0.39 

68.1.0 
17 .OO 

na 
2 50 

nd 
4.5'0 
nd 
na 
0 .4:0 

nd 

Por t ions  o f  the  above samples w e r e . f r a c t i o n a t e d  
by s i .nk-end-f loat   separat ion in, broraoforrs (S?. G. 2.85). 
The products  were examined  micToscopically. Results are 
tab;;.' i.ilrl,ed n.L below: 

Bank Sands: - 

Per   cent .  of  
t o tkl .  8E3 9 4  85 89. 9 1  

Qcartzl  c C 
Felaspar a a a 
Rock 

a a 
1 3  t t r T, 

c C 0 

I."_ 
Sinks 

Per cent .  of 

Xornblende 
I r o n  o re s  
Mi C a 
?!>idote 
Eiyyersthene 
Sphene 

R u t i l e  
Zircon 

Garnet 
Augite 

t o t a l  12 

r 
c 

a 

nd 
P 

na 
nd 

nd 
nd 

nd. 

6 

r 
a 

r 
C 

t 

t 
t 

t 
t 
~ 

15 

r 
a 

nd 
P 

nd 
nd 
nd 
nd 
nd 

C 

11 9 
a a 

r r 
r 
P 

P 
t t 

P 
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F l o a t s  

Per  cent .  of 
t o t a l  

Q:.artz 
Fe ldsp ar 
Rock 

" 

Sinks  

Per cen t .   o f  

Hornblende 
I r o n   o r e s  
Mica 
Epidote  
Hypersthene 
Sphene 

Rvt i l e  
Zircon 

Garset  
Augite 

t o t a l  

2 - 

aa 
c 
a 
t 

1 2  
a 
r 
C 

. c  
r 
r 
t 

t 
r 

.-. 

Beach  Sands : 

3 7 25 

_l"l__ 

- I I 

90 86 95 
C C 
a 

C 
a 

,t t 
2. 
t 

10 14  5 
a a a 
r r I" 

C P 
r 

P 
r nd 

t 
t 

T nd 
I nd 

I' 
n d. 

I' nri - ~* nd- 

C C C 

- .- 

-~ 28 

9 5  

a 
t 

C 

5 
a 
r 

C 
C 

r 
i.. 
1, 
.L 
0 

-. 
t 
t 

- 31 

92  

a 
t 

C 

8 

r 
a 

C 
C 

nd 
nd 

nd 
nd 

nd 
nd 

and r e l a t i v e l y   f r e e   f r o m   v i s i b l e   c l a y   c o a t i n g s .  Some a re  
i r o n - s t a i n e d ,   e s p e c i a l l y   i n  creamy o r  yellowish-coloured 
samples. F t l d s p a r  g r a i n s   a r e   c l e a r   t o ' o p a q u e .  With t h e  
except ion  o f  a v e r y  small propor t ion  o f  potash-feldspar ,  
t he i r   compos i t ion  l i e s  be tween  a lb i te -o l igoc lase  and andesine.  
Golden-coloured  mica i s  common i n  =any  sarllples. It i s  
p robab ly   de r ived   f rom  the   a l t e r a t ion  of b i o t i t e .  

In   genera l ,   sand   gra ins  u.re angular  t o  sub-an$ular 
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Sieve  analyses  of  c h a r a c t e r i s t i c   s a m p l e s   a r e  
presented  below: 

Bank Sands: Per Cent e by 1Weight: - 
10 25 26 - - s 
” 

30  27 6 

I.. ,- 0014 Oil4 0.12 “ I- ;. - Oi42  0;51 0.42 0.20 0;95  1;15 
0633 8;22 17572 13,75  1;85 16i17 9;20 
1.;89 20,15 28,95  23.60  12.70 50.;RO 41.30 
9;90 20;80 18i45  17.45 23.20 21i80 2Sj,O,3 

-7 I- - . .  - 
, .  ” 

19;50 22:45 15-28  12,42 30h00  CIS0 10,90 
68;,29 27,82 18,57 32.35  39.00 , 3,73 7,75 

0; 70 -I- <-i- “ .””, 4; 7!5 
1 i 3 0  0,33 “ “ ” 12.30 

10 e 70 1.4,85 0;27 10 75 1.27 72 * 00 
55: 30 52.55 5;85 51,75 38.00 10 ; 20 
26 A 10 22 i 35 EO: 40 28,75 42.70 1.00 

55 Ei30 29,60 7.05 11,50 0 I30  
1.1.0 ’ 3 -70  . 3,95 1,90 6,57 0 .lo 

concen t r s t ion  of  da rk  mine re l s  i n  t h e  -100 mesh f r a c t i o n .  
S,?rnp:~es 2 ,  3 ,  7 ,  1 0 ,  20 showed a n o t a b l e  

BBNXFICIATION 

TesG-wozk o n  r e p r e s e n t a t i v e  sar@es was done  with 

pyoducing s i l i c a  sand.  Laboratory t es t s  were  reasonably 
t h e  ob jec t  of de t e rmin ing   t he   t echn ica l  f e a s i b i l i t y  of 

success fu l  and y i e lded  much valuable   information.  Iiiiore 
ex tens ive   i nves t iga t ion   on  a larger s c a l e  is requi red ,  kow- 
eve?, t o   e s t a b l i s h   t h e  commercial p r a c t i c a b i l i t y  of such. 
processing.  It is hoped tha t  in.formation  contained  in t , h i s  
r e p o r t  rmy serve ,   no t   on ly  as a basis for f u r t h e r  work, but 
t o  i n d i c a t e  t h e  p o t e n t i a l i t i e s  o f  sand  t reatment   and  heme 
encourage searc.11 f o r  purer   depos$ts ,   Before  ment ioning  the 
a c t u a l   r e s u l t s  o f  t e s t s ,  a resume of the   fundamenta l   fac tors ’  
involved. will c l a r i f y   f u t u r e   d i s c u s s i o n .  



p r i m a r i l y  a mat.i;er o f   e l imina t ing  a l l  minera ls  but 
q u a r t z  froru t h e   f i n a l   p r o d u c t . .  The qua r t z   con ten t  of 
a sand ,   therefore ,   de te rmines   in  large measure i t s  
amenab i l i t y   t o   p rac t i ca l   t r ea tmen t .   i dmos t   equa l ly  
important ,   however ,   are   the  kinds and propor t ions  of 
o the r   mine ra l s   p re sen t ,   i n so fa r  as t h e y  nays or may 
not ,   respond  to   economical   mineral   dressing  methods.  

The recovery.  of s i l i c a  from  impure  sand i s  

depends  upon su f f i c i en t   d i f f e rences   i n   mine ra l   p rope r -  
t i e s   t o   pe rmi t   app l i ca t ion   o f   s imp le   p rocesses .  The 
d i f f e r e n c e s  which allow s u c h   s e p a r a t i o n s   t o   b e  made 
conxiercially are those   o f   spec i f ic   g rav i ty ,   magnet ic  

e l e c t r i c a l   c o n d u c t i v i t y ,  Froin t h i s  po in t   o f  view t h e  
s u s c e p t i b i l i t y ,   s u r f a c e   c h a r a c t e r i s t i c s ,  form and 

composition  of the  sands  under  consid.eration is worthy 
of  re -exanlna t ion .  

The sepa ra t ion  of minera l   g ra ins  i n  sand 

I n   g e n o r a l ,  t he  sands   descr ibed   a re  composed 
o f  t h e  fol!.ovring c s s o n t i a l   c o n s t i t u e n t s :  

Mineral  Chenical Comp e Sp E Renarks 
-" Gravi ty  " 

Quar tz   S i02  
2.66 
2,65 - 

Plagioc lase  ( X . , N a J L ~ s i 3 0 ~ )  2 ; 6 5  - 
(Y .Ca i i lZS i2O8)  2,69 

Ro clc Frag- 
raents 

Hornblende 

Mica 

Accessory 
minera ls  

"loclcedP' g r a i n s  of 
i n t r u s i v e  rocks ,  a l -  
so g r e e n s t o n e ,   s l a t e  
e t c ,  - ." 
Complex Fe, ill, Ca, 3.05 - 
Y!, N a ,  X s i l i c a t e  3.47 

Mainly b i o t i t e  o r  
Tfbl; :aclmltl   biotike,  
Comp1.e~ Mg, Fe, ~ ' C L ~  
IC s i l i c a . t c  

1ncludin.g  garnet ,   Eost ly  

n e t i t e ,   e o i d o t e ,  
augi te ,   sphene,  mag- over 3.0 

i l n e n i t  e ,  e-tc 

Clear, g l a s s y  
g r a i n s   f r e e  from 
v i s ib l e   coa t ing , s  
o r  s u r f a c e  a b m -  
s i o n ,  
Al-1 degrees o f  
s l t e r a t i o n  from 
glassy clear t o  
white  opaque 
g r a i n s .  

Re la t ive ly   f r e s l t .  

Large  proport ion 
b leached   to  golden 
colour.  

R e l a t i v e l y  fres'h. 
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examination of t h e  above su i te  of' minerals:-  
The fo l lowing   po in t s  are suggested by 

so ry  minera ls ,  and. rock   f rasnents .   3enoval  of t h e s e  
will Leave a n   i r o n - f r e e  produ.ct con ta in ing   on ly  SiOz., 
Al2O3, CaO, Na2O and X20 i n  a nl ixturu  of   quartz   and 
f e ldsyar  , 

(1) Iron is r s s t r i c t e d  t o  hornblende,  mica,  aoces- 

( 2 )  e e c i f i c  gravitLes, form and  nagnet ic  proper- 

of qua r t z   and   f e ldspa r  t o  suggest t h a t  t h e y  nay be 
t i e s  of  i ron -bea r ing   r a ino ra l s   d i f f e r  enough from t hose  

ope ra t ions .  
s a t i s f a c t o r i l y   e l i m i n a t e d  bp simple rnineral d re s s ing  

(3) 'Phys ica l   p roper t ies  o f  qua r t z   and   f e ldspa r  do 
not d i f f e r  s u f f i c i e n t l y  t o  allow t h e i r   s q a r a t i o n  by 
e i the r   g rav i ty   o r   magne t i c   me thods .   F lo t a t ion ,  o r  
table   agglomerat ion,  and p o s s i b l y   n l o c t r o s t a t i c   p r o c e s -  
s e s   a r e   t h e   o n l y   o b v i o u s  means of t rea tment .  

m a t t e r  of  e l imina t   ing   i ron-bear ing   n inera ls   by  gravity 
Theoret ical ly ,   the   problem is resolved  in- to  a 

o r  magnet ic   separat ion,   fol lowed by removal   of   fe ldspar  
from the   resu . l t ing   low- i ron   concent ra te  by f1o"i t ion 
o r  t ab le  agglomeration&. 

" 
The f e a s i b i l i t y  of e l e c t r o s t a t i c   s z p a r a t i o n  was n o t  

i n v e s t i g a t e d  th rou@ lack  o f  a-pprolriato  equipment. Pub- 
l i shed  informat.ion suggests that it m i g h t  be app l i cab le  

worthy of  a t t e n t i o n  by t h e   i x t e r c s t e d  reader: 
to t h e  problzm hovvcvcr. The fo l lowin3  r e fe rences  a r c  

E l e c t r o s t a t i c   S e l a r a t i o n  ." -- K.B. Johnson, k g .  and Xin. 

S e l e c t i v e   E l e c t r o s t a t i c   S t m a r a t i o n  -- B.B. Johnson, TP 

E l e c t r o s t a t i c   S e p a r a t i o a   S c o r e s  Advance i n  Phosahate 
Eecovery -- H.8.  Johnson, -En& and Min. 

Journ.,  Oct. Nov. and Dec. 1938. 

877, A.1,M.E.) 1938. 
"- 

"."" 

S p e c i a l  $!lethods F o r  C o r l c e n t r a t u   a n d   P u r i f y i n g   I n d u s -  
t r i a l  E&i.nerals I -- G.W. Jarman, TP 959, A.I.M.E. 

Dry Seoara t ion  """." of Ninerals -- T. Bull. C.I.M.M., 

P r i n c i p l e s  - ._ I  of   X ine ra l   Dres s ing  -- A.K. Gaudin, XcGraw 

Journ., Naarch, 1941. 

p. 8, 1938.  

Oct., 191.0, '0. 8. 
E i l l )  1 9 3 9 ,  pp. 465-467. 

-. " 

".- 



- 9 -  

Conceding t h e  n e c e s s i t y  of f l o t a t i o n ,  or 
a l l i e d   p r o c e s s e s ,  f o r  t h e   s e p a r a t i o n  of fe ldspar   and  
q u a r t z ,   t h e   p o s s i b i l i t y  of d i r e c t  remowal of q u a r t z  

problem.  Both l i n e s  of inves t iga t ion   were   thoroughly  
from  sands  a lso seems a l o g i c a l   a p p r o a c h   t o   t h e  

s t u d i e d   i n   t h e   l a b o r a t o r y .  

a p p e a r s   r e l a t i v e l y   c l e a r - c u t .   P r a c t i c a l l y ,   t h e  follow- 
i ng  compl i ca t ing   f ac to r s   en t e r   i n to  it: 

(1) Variab le   p ropor t ions  of rock fragments of 

Theoret ical ly ,   the   problem  out l ined  above 

diverse   composi t ion and p rope r t i e s   occu r  i n  a l l  sands. 
A s  a whole  the  amenabili ty of t hese   t o   r emova l  i s  
unpred ic t ab le  on theore t ica l   g rounds .  

( 2 )  Sur face   coa t ings  on f e ldspa r   and   qua r t z   g ra ins ,  

m i n e r a l s ,   p r e v e n t   t o t a l   e l i m i n a t i o n  of i ron   f rom  quar tz ,  
as w e l l  as minute   enclosed ' f ragments  of i ron-bearing 

o r   qua r t z - f e ldspa r ,   p roduc t s .  

( 3 )  A sand may be   cons ide red   t he   r e su l t  of n a t u r a l  
c rush ing   and   c l a s s i fy ing   p rocesses .   In  most r e s p e c t s  
i t  r e s e m b l e s   a n   a r t i f i c i a l  "sand" produced  by  crushing 
and   s iz ing  a rock of s imilar   composi t ion.  This i s  

n e t i c  methods i s  concerned. Where f l o t a t i o n  is involved,  
e s s e n t i a l l y  true where   benef ic ia t ion  by g r a v i t y  o r  mag- 

however, a n o t a b l e   d i f f e r e n c e  i s  apparent .  An a r t i -  
f i c i a l  "sand" i s  usua l ly   p repa red   sho r t ly ,  o r  even immed- 
i a te ly ,  before it is subjected t o  the a c t i o n  of f l o t a t i o n  
reagents,   Consequently i t s  g r a i n s   h a v e   r e l a t i v e l y   f r e s h  

t a t i v e  of  t he   mine ra l s   p re sen t .  As a r e s u l t   s e p a r a t i o n s  
s u r f a c e s  which are reasonably   and   cons is ten t ly   represen-  

measure  predictable  from  sample  to  sample. I n  a n a t u r a l  
a r e   n o t   o n l y   f a i r l y  sharp, b u t   r e s u l t s   a r e   i n   l a r g e  

sand,  however,  exposed  over  long  periods of t ime   t o  

t i o n  of s u r f a c e s  mag be so  marked tha t  mineral  composi- 
a tmosphe r i c   agenc ie s   and   pe rco la t ing   so lu t ions ,   a l t e r a -  

t i o n   h a s   l i t t l e   i n f l u e n c e  on r e a c t i o n   t o   f l o t a t i o n  
processes .  The e s s e n t i a l l y  complex n a t u r e  of sand 
deposi ts   f rom the poin t  of view of' d e r i v a t i o n  and h i s t o r y  

degrees  of s u r f a c e   a l t e r a t i o n   o r  a c t i v a t i o n  of g r a i n s  of 
i n t roduces  a fur ther   compl ica t ion  i n  the  form of varying 

the same mineral .  In   b r i e f ,   eve ry   s and   depos i t  must 'be 
considered on i t s  own meri ts   where  t reatment  by 
f l o t a t i o n  me%hods i s  concerned. 



methods  are  such .tha-t  perfect separations  are rarely 
possible 

(4) The practical  limitations of mineral  dressing 

Review  of  Previous Work: 
-I_ 

modity.  Production is in  general  restricted  to  pure 
Silica  sand is a  relatively  low-priced com- 

deposits  requiring  minimum  processing,  Operations on 
the North America.n continent  are  confined  almost  entively 
to  sand o r  loosely-consolidated  sandstone  deposits. 

Treatment$  is  principally  concerned  with 
washing k o  remove  clay  and  fines,  screening  to  meet 
required  size  specffications  and  drying. 

?a 
Excellent  general  review of methods  used  in  proces- 

sing  silica  sand are contained  in  the  following  publica- 
tions:-- 

Technology  and "I Uses of Silica I_ ._ and  Sand - VJ.M. Weigel. 
U,S, Dept, of Commerce,  Bureau 
of Nines, Dull, 266, 1927. 

Nos.. 555 and 686, 1923 and 1928. 
Mines,  Nines  Branch,  Ottawa, 

Top, and Geol,  Survey of Penn. - 
Rept, X I I ,  1919+ 

Silica  in Canac2.a -. Pts, I an.d ~ 2 -- LOX, Cole,  Dept. of 

Glass  Manufacture  and Gl.ass _. Sand  Inclustx -- C.R. Pettke, 

Although  these  publications a r e  not  recent,  there  have 
been few fundamental  changes  in the  princfples  involve3 
in  preparing  silica  sand  for the market. 

- 
technology,  and  more  exacting  specifications  have resu:ltecl 
in the adoption of additional  methods  of  purification by 
some  producers,  These  include  acid  leaching,  magnetic 
separation,  and  tablin  Other  processes,  including 
attrition  milling (1,2 7 and  flotation  (2,3,4,5,6)  have 
been suggested,  Several  Canadian  sands  and  sandstones 
have  been  investigated  (7,8,9,10,11,12,13)  in  the Ore 
Dressing  and  Metallurgical  Laboratories of the Depart- 
ment of Mines  and  Resources  at  Ottawa, In general, how- 

In recent  years  increased  competition,  imprwred 
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eve r ,  a l l  e fo r t s   have   been   d i r ec t ed   t owards   fu r the r  
p u r i f i c a t i o n  of m a t e r i a l s   a l r e a d y   i n   t h e   c a t e g o r y  of 
s i l i c a  sands. 

Although  the  immediate  problem of  producing 
s i l i c a  sand  from  inpure  sands has not   been  invest igated 
before ,  as far as t h e  wr i te r  i s  aware, many a s p e c t s  of 
i t ,  as ou t l ined   i n   t he   p reced ing   s ec t ion ,   have   r ece ived  
cons iderable   a t ten t ion ,   Subsequent   d i scuss ion  will be 
confined t o   f l o t a t i o n  and  magnet ic   separat ion  insofar  

bear ing on the   sub jec t   have   t aken  p l ace   r ecen t ly .  
as few revolut ionary  developments  i n   o t h e r   p r o c e s s e s  

__”I_.”- Removal of Iron-bearin& -~”- JGinerals : 

I ron  oxides   have  been  f loated (14’, 2 ,  3 ,  1, 
1 6 )  w t h  varying  degrees  of success   by  such  anionic  
c o l l e c t o r s  as o le i c   ac id ,   sod ium  o l ea t e ,   sod ium  o l ey l  
su lpha te ,  ammonium l a w a t e ,  sodium s t e a r a t e ,   l l i e r o f l o a t l t ,  
e t c .   u sed   i n   con junc t ion  with s u i t a b l e   c o n d i t i o n e r s ,  
m o d i f i e r s   a n d   f r o t h e r s ,  

14 - Contains   extensive  bibl iography.   Only  the more 
impor tan t   re fe rences  a re  n o t e d   i n   t h e   p r e s e n t  
paper e 

blende and b i o t i t e ,   b u t   b o t h  a re  mentioned (14,  1 6 ,  e t c . )  
as responding t o  f l o t a t i o n  by s u i t a b l e   r e a g e n t s .  

19, 2 2 )  i s  employed i.n many i n d u s t r i e s  f o r  the   e l imina-  

p u r i f i c a t i o n  of s i l i ca   sand ,   fe ldspa?   and   nephel ine  
t i o n  of i ron -bea r ing   impur i t i e s .  Among these  a r e  t he  

s y e n i t e  by removal of such  minerals as b i o t i t e ,  horn- 
blende,  hematite  and  even  muscovite.  

L i t t l e  s p e c i f i c  data  a r e  a v a i l a b l e  on  horn- 

High-intensi ty   magnet ic   separat ion ( 2 ,  17, 18,  

&ETs.?i.o.n~. sf..,.Q?crt..z .‘?PC Jil,elas2Gzi 

sodium o l e a t e  and  lead n i t r a t e  was r epor t ed  ( 2 0 )  a s  
e a r l y  as  1932. Further   extensive  experimentat ion (14) 
a l o n g   t h e s e   l i n e s  was Car r i e6   ou t   i n  Germany wi th  f a i r  
success .  The firs.t p o s i t i v e   s e p a r a t i o n  of fe ldspar   f rom 
quartz,   however,  i s  a t t r i b u t a b l e   t o   w o r k e r s  ( 2 1 )  i n  t h e  

S e l e c t i v e   f l o t a t i o n  of f e l d s p a r  by means of 
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l a b o r a t o r i e s  of the  United  States   Bureau of Mines a t  
Tuscaloose,  Ala.  and  College  Park, Md,, u s i n g   t h e  newer 
c a t i o n i c   r e a g e n t s  w i t h  s u i t a b l e   d e p r e s s o r s  for quar t z .  

D e f i n i t e   f l o t a t i o n  o f  qua r t z  from f e l d s p a r  
has   no t   been   s a t i s f ac to r i ly   ach ieved  as y e t ,   c h i s f l y  

resu l t s   have   been   repor ted  ( 2 1 ,  14,  I), however,  by 
through  lack of depressors  f o r  fe ldspar .   Encouraging 

several workers. 

.-.- General : 

The s u b j e c t  of non-me ta l l i c   f l o t a t ion   has  
r e c e i v e &   c o n s i d e r a b l e   a t t e n t i o n   i n   r e c e n t   y e a s  and a 
w e a l t h   o f   l i t e r a t u r e  i s  a v a i l a b l e  on many o f  i t s  
phases Nuch of this, while b e a r i n g   o n l y   i n d i r e c t l y  
on t h e  problem a t  h.and, i s  a source of i nva luab le   gene r&l  
information.  The fo l lowing   re ferences  were consul ted 
i n  t h e  course of t h e   p r e s e n t   i n v e s t i g a t i o n  (14, 2 2 ,  23 ,  
24, 25) '  

P~ lomera te -T 'b l ing :  

A d i scuss ion  of the   theory   and   prac t ice  of 

other   hand,  a b r i e f   exp lana t ion  of t h e   p r i n c i p l e s  of 
f l o t a t i o n  i s  beyond the scope of t h i s  r e p o r t .  On t h e  

agglomerate- tabl ing may p rove   he lp fu l   t o   t hose   un fami l i a r  
w i t h  t he   p rpcess .  

I n  the  f l o t a t i o n   p r o c e s s  pa r t i c l e s  of a 
desired minera l  a re  made t o   a c q u i r e   w a t e r - r e p e l l a n t   s u r -  
f a c e s  by f i lming  w i t h  su i t ab le   r eagen t s .   Swh   f i lmed  
g r a i n s ,   i n   r e s i s t i n g   w e t t i n g ,   a t t a c h   t h e m s e l v e s   t o   a i r -  
bubbles   introduced  into  the  pulp  mechanical ly  o r  pneumat- 
i c a l l y .  These  bubbles, with the i r   minera l   burdens ,  r ise 
t o  forro a f r o t h  on t h e   s u r f a c e  of  t h e  water. This f r o t h  
i s  skimmed o f f  ca r ry ing  with it t h e  mine ra l   i n   ques t ion .  

I n  the  agglomerate- tabl ing  process   mineral  
g r a i n s   a r e  fi lmed b y   r e a g e n t s   i n   j u s t   t h e  way descr ibed .  
I n s t e a d  of a e r a t i n g   t h e   p u l p  a t  t h i s  stage,  however, a 
heavy i n e r t  o i l  i s  added  which  selectively  superimposes 
a n   o i l y  f i l m  upon g r a i n s  tha t  a re   wa te r - r epe l l an t  
th rough  ac t ion  of t h e   o r i g i n a l   r e a g e n t s .  The pulp now 

with o i l ,   o t b e r s  w i t h  wa te r .   Ag i t a t ion  of t h i s  pulp 
c o n s i s t s  of a mixture of m i n e r a l   p a r t i c l e s ,  some coa ted  

c a u s e s   t h e   o i l e d   g r a i n s   t o   a d h e r e  t o  e a c h   o t h e r   i n  

be removed from uno i l ed   ma te r i a l  by t a b l i n g .  
r e l a t ive ly   l a rge   agg lomera te s  o r  f loccules .   These  may 
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Agglomerate-tabling i s  a p p l i c a b l e   t o  a much 

c o a r s e r   f e e d   t h a n   f l o t a t i o n ,   b u t  i s  n o t   s a t i s f a c t o r y  
f o r   v e r y   f i n e   m a t e r i a l .  I ts  pecul ia r   sphere  of use- 
f u l n e s s   l i e s   i n  th.e  processing of g r a n u l a r   m a t e r i a l  
coarser   than  50 mesh. Close-sizing of feed  is a 
d i s t i n c t   a i d   i n   i m p r o v i n g   s e p a r a t i o n s   i n s o f a r   a s   t h e  
l i m i t a t i o n s  of grav i ty- tab l ing   apply  t o  some extent  t o  
the  process.   Chief  advantages  in  comparison with f l o t q -  
t i o n   a r e   l o w e r   p l a n t  and  treatment  costs;   chief  disadvan- 

l e s s   f l e x i b i l i t y   i n  re t rea tment  of concent ra tes .  
t a g e s   a r e   t h e  oily n a t u r e  of agglomerated  products  ana 

Further   information on the   t heo ry  and p r a c t i c a l  
a p p l i c a t i o n s  of agglomerate-tabling i s  con ta ined   i n  
severa l   publ ica t ions   to   which   the   reader  i s  r e f e r r e d  (PI, 
2 2 ,  2 6 ,  2 7 ,  2 8 ) .  

REVIEW OF TEST-WORK 

Approximately 300 t e s t s  were made t o   i n v e s t i g a t e  
va r ious   f ac to r s   o f  t h e  problem. I n   b r i e f ,   t h e  fo l lowing  
v a r i a b l e s  were s t u d i e d ;  

Sands : 

Most work was done on two sands  (Qualicum  Beach 
No, 7 )  and  Qualicuru River  (No. 5) s e l e c t e d  on t h e   b a s i s  
of mineralogy and pre l iminary ,   t es t s   as   be ing   reasonably  

reg ion .   Severa l  o ther  sands ,   inc luding   cer ta in   obvious ly  
c h a r a c t e r i s t i c  of the  purer  beach  and  bank deposi ts  of t.he 

impure  samples ,   were  invest igated  extensively enough t o  
r e l a t e  them t o  the  above  types o r  t o  demons t r a t e   t he i r  
non-amenabil.ity t o  b e n e f i c i a t i o n .  

Methods: 

A p p l i c a b i l i t y  of the  following  methods,  o r  com- 
b i n a t i o n s  of methods, was studied:  Washing,  screening, 

tab l ing   and   magnet ic   separa t ion .  
c l a s s i f i c a t i o n ,   g r a v i t y - t a b l i n g ,   f l o t a t i o n ,   a g g l o m e r a t e -  

were  followed: 
Two g e n e r a l   l i n e s  of approach t o  the  problem 
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1. Removal of; i ron-bearing  minerals  with con- 
sequent   separa t ion  of qua r t z  and fe ldspar   f rom t h e  r e -  
su l t ing   low- i ron   mix ture .  

2. Concen t ra t ion   o f   qua r t z   i n   an   i n i t i a l   p rod -uc t  
f r o m  which  fe ldspar  and i ron-bear ing  minerals were 
el iminated.  

p roducts  weye ma& microscogica l lg .  By t h i s  rhe’ans 
a c c u r a t e   d i f f e r e n t i a t i o n  of  qua r t z   and   f e ldspa r  i s  

t a t i v e  data, while   approximately  correct ,   are  of  r e l a t i v e  
d i f f i c u l t  i f  r a p i d i t y  i s  e s s e n t i a l .  As a result, quant i -  

value only,  Products  lwhich saemod t o  merit g r e a t e r  
accxracy  were  analysed  chemically. 

ld inera l   de temina t ions   on   var ious  test-  

Reagents ”_._ Tested for Agglonerate-Tabling  and  Flotation: ” 

c o l l e c t o r s :  
The fo l lowing   reagents  were t e s t e d  as 

Anionic  Reagents 8 

Sodium Oleate 
Crude Oleic  Acid - (Beaver  Soaps, L t d . ,  N.nnipeg),  

Reagent 407 - Mahogany Soap - (Sherwood  Petroleum 

$50 Turkey Red O i l  - Sulphonated  Castor O i l  - 50 
Products,  Warren, l a .  ) 

London, Ontar io)  . $ moisture  - (Yoem,  Faust ,  L t d .  

London, On ta r io ) .  
Acid - (Yocurn, Faus t ,  L t d ,  

O i l  - Suluhonated Salmon O i l  - 
Suiphonat ea 01. e t  c 

No. 1 Sul2honated 
(Yocm, Paust, Ltd. , London, 
Ontar io)  . 
Crossfield  (Canada),   Vancouver).  

Sulphonated T a l l  O i l  - ( cour t e sy  of 1rIarrison.s  and 

Cationic  XeaAents .- A 

Trimethyl   Cetyl  Armonium Bromide - (E . I .  du Pont  de 
Nemours and Co., Wilxnington,  Del) 

Tr imethyl   S teary l  Ummonium Bromide - (E.I .  d u  Pont 
de Nemou.rs and Co., Wil i ington,  
De l . ) .  

Wilmin.gton,  Del, 1 . Cetyl   Betaine - (.E.I, du Tont  de Ncrnours and Co., 
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DP 243 - l aury l  amine  hydrochloride - ( E . I .  du 

Pont  de Nemours  and Co., Wilmington,  Del < , )  . 
1 2  NAM - 1180-c - mixture of n-monohexadecyl,  n- 

monooctadecyl,  n-monooctadecenyl  amines -. 
AMAC 1180-.c - mixture of n-monohexadecyl and  n- 

(Armour  and Co ., Chicago, 111.) 

monooctadecyl  amine a c e t a t e s  - (Armour 
and Co.,  Chicago, Ill.). 

and  Co.,  Chicago, Ill.). 
AMAC 1120-A - n-monododecyl  amine a c e t a t e  - (Amour 

Cato l  3E - (Emulsol  Corporation,  Chicago., Ill,) 
607 CE. - quaternary  ammonium d e r i v a t i v e  - (Emulsol 

Corp . , Chicago, I11 . 
B 

Note - Anionic and Ca t ion ic   r eagen t s   a r e   d i scussed   i n  
many p u b l i c a t i o n s ,  among t h e  most u s e f u l  of 
which a r e  : - 

-.” New Flo ta t ion   Reapents  - R.S, Dean and A.B. Hersberger- 
T x 0 5 ,  A.I.M.E., 1935 e 

Clernmer, and S ,R .B ,  Cooke - R.I. 3333, U .S .B.N., 
Use of Wetting  Agents i n  F l o t a t i o n  - R.S. Dean, J .B .  

1937 9 

F l o t a t i o r  and Aalomerate   Concentrat ion of Nonmetallic 
Minerzls  - O.C.  Rals ton - H , I .  3397, U.S.B.M., “”- “ 

1993, 
y_ P r i n c i p l e s  of M i n e r a l   D r e s s i x  - ASIA. Gaudin - McGraw- 

Bill, lF53, pp. 367-384, 

a c t i v a t o r s ,   m o d i f i e r s ,  and f r o t h e r s .  
A v a r i e t y  of reagents   were  tes ted  as   depresso3:s ,  

P r o c e d u r e   i Q ? e s t i n g  

made of samples und.er cons idera t ion .  
Granulometric  and  microscopic  analyses  were 

i n  preparing  samples f o r  f u r t h e r   t e s t i n g :  
The following  standardized  procedure was used 



”.” CRUDE SAND 

discarded 

I 
(Denver  Centrirugal 
C las s i f i e r   9 - inch )  

OVERFLOW 
(aalsrox.  minus 100 

”“__ 

. ” 
mesh - weighed  and 

d iscarded)  

( d r i e d  f o r  micro. 
” 

magnet ic   t es t ing)  
examination  and 

... ”” SAND ‘PRODUCT 

( f z r ? ? u x h e r  
PRODUCT 

test-work) 
I 
I 

The c l a s s i f i e r  was so  ad jus t ed   ‘ t ha t   t he  
r e q u i r e d   s e p a r a t i o n  was e f f ec t ed   w i th  minimum water 
and maximum a g i t a t i o n .  By s o  doing it performed the 
dual r o l e  of s iz i .ng and washingo 

Magne t i c   s epa ra t ion   t e s t s  were made w i t h  a 
smal l   separa tor   des igned  by t h e   w r i t e r .  I t s  a b i l i t y  

of s tandard  super   high-intensi ty   machines .   Small  
t o  remove weakly  magnetic  minerals was s i m i l a r   t o   t h a t  

capac i ty ,   however ,   res t r ic ted  i t s  u s e   t o  samples of 1 0  
grams o r  l e s s ,   w i t h   t h e   r e s u l t   t h a t  non-magnetic  feed 
f o r  subsequent  operations  could  not  be  prepared. 

40-inch  deck, was used f o r  both  gravity-  and  agglomerate- 
t a b l i n g .  

A Wil f l ey - type   concen t r a t ing   t ab l e   w i th  18  by 

Two f l o t a t i o n   c e l l s  were  avai lable;   one of 

S t a t e s  Bureau of Mines  design; t h e   o t h e r  a s tandard 500- 
125-gram  capac i ty ,   bu i l t   by   the  w r i t e r   a f t e r   U n i t e d  
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grtm Denver ::Sub-A” l abora to ry  cell. Tile foriiler served 
for pre l imina ry   t e s t s ,   c l ean ing   o - . i e r a t ions  and. 1 6 t h  

Tile l a t t e r  was .c.sed t o  check resu- l t s  obtained i n  t h e  
c e l l  removed as a n   a g i t a t o r   f o r   c o n d i t i o n i n g  pul2s. 

sma.ller machine,  and as a bl.u.nge? f o r  t h e  re-iioval of 
sl i ne  s . 

Feed. f o r  agglornerate-tabling was condi t ioned 
a t  a p u l p d e n s i t y  o f  50 to 60 Fer   cen t .  solids. Con- 

v e l o c i t y  Jet, o f  vmte-i. and vanned.. Ag:glonersted products 
d i t i o n e d  pul:?s v e r e   a g i t a t e d  =and. a e r a t e d  with a high- 

thus rerAoved vere   re -vanned   to   e l in ina te   en t rapped  
g ra ins .  T h i s  Crocedure  gave  resul ts   corqarable  t o  
tabling and was used. f o r  a l l  gre l iminary  t e s t s .  These 
7rew corroborated 1:fnere necessary by t a b l i n g .  

or emulsions.   Alkal ini ty  o r  a c i d i t y  was determined 
c o l o r i m e t r i c a l l y .  

ileagents  were  added 3s di lu te   aqueous   so1ut ior . s  

DETAILS OF TEST-WORK 

- QUALICUM BEACH SAND: 

A cofiqosite  sanple o f  several   hundred  pounds 
””. 

was taken from sha l low  p i t s   ove r  a considerable  area o f  
sandflats   exposed a t  low t i d e .  . T h i s  p rov ides   an   i n t e re s t -  

and  taken from %he beach above h i g h - t i d e .  The latter is 
i n g  compa;.ison with %le sinall sam;sle described.  previously 

h i g h e r   i n   s i l i c a  and  lower i n   i r o n ;   t h e  forfiler is inore 
t r u l y  r e p r e s e n t a t i v e  of sanii which mj.@c be recovered 
comnercially.  

Wshinffnd -.- Si zing : 

About 3 per  c e n t ,  o f  the   sand  was coa r se r  
than 20-mesh and cons is ted .   l a rge ly  o f  dark r o c k  pebbles  
and broken s h e l l .  :Five p e r  . c e n t .  o f  t he  remaining s a i y l . 2  
was removed as overflow.  Slime was not  abundant. 

ropresented  a l i t t l e  more than 90 per  cen t .  of t h e  
o r i s i n a  s a q l e .  Its more imyor t an t   p rope r t i e s  are 

The resu.l t ing x1inu.s 20 p lus  100-mesh product 
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l i s t e d  below: 

+ 40 t 60 mesh 
60 9 80 ne& .. 80 +lo0 mesh 

Cent . Per 
Remarks 

5 . Conta ins   l a rger  pro- 
p o s t i o n s  of rock  
fragments. 

10 
60 
15 Contains larger pro-  

p o r t i o n s  of dark,  
heavy minc ra l s ,  e$, 
hornblende,   magnet ih ,  
e t c .  

Chenical Analysis : 1$ 
"M 

67 
14 

6 

Miorosco~Sc Analysis : 

Fer  
Cent . Remarks 

Quar tz  20 
Feldspar  

Gra ins   angu la r   t o  sub- 

Dark  E.neralsk 
45 angu la r   and   r e l a t ive ly  
35 Free from i r o n - s t a i n s  

o r  obvious  s l ime,   coat-  
ings.  

w " .  "... c.- - 
Note: Under the  category  of "dark minerals" are c lassed  

a l l  m d e s i r a b l e  i q w i t i e s  i n   s a n d s  o the r  than  
f e l d s p a r .  

"_._ """ 
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sand was d r i ed  aiiId passed through  the  nagimtic   separa ' t ,or .  
A. hTagnetic Separat ion:  X snall sample of vashed 

The non-r t lage t ic   f rac t ion ,  ap;xoximately two-thirds of 
t h e   f e e d ,  cont8.in.cd. 0.17 pe r   cen t .  Fe2O3. 

was t ab led   and   t h re~produc t s   r ecove red ,   des igna ted  
tr l i{<httt ,  ciwriddl-ingtt, and  %eavyTr. The f irst  was con- 
posed o f  mica, shell f r a p n e n t s ,  and coarsof s a ~ d  @?aim. 

rninerals i n   t h e   o r i g i n a l  f eed ,  most of t h e  @pidote ,  
The last  conta ined   near ly  a l l  t he   magne t i t e  and re1atc.d 

ga rne t ,   , e t c .  and a l a r g e   p a r t  of the  hornblende. Insc -  
far as shary sepa ra t ion  was i n p o s s i h l e ,  t h e  produ.cts were 
~ v . t  arbitrari ly t o  inc lude  a maxinwll o r  undes i rab le  ccn- 
s t i t u e n t s   i n   t h e  ; ' l igh t"  and  "heavyTr f r a c t i o n s .  

B. G r a v i t y - T a b l .   F i f t y  pounds  of washed sane. 

The %fdd l ing"   poduc t ,   axovn t ing   t o   two- th i rds  
of t ab le - f eed ,   con la ined 'qua r t z ,   f e ldspa r   and   rock  frag-  
ments, with only :minor qu.ant i t ies  of  hornblende and mica. 

DlIicrosco!>ic Analysis  : 

Per 
Cent. 

Feldspar 
Quar tz  

Dark 
55 
25 

20 

The product   contained 2.3 p e r  cen t .  Fe203. 

Grav i ty - t ab l ing  removed one-third  of  t h e  dark 
aons t i tusn ts ,   eyuiva len 'c  t o  two-thirds  o f  t h e   o r i g i n a l  
i ron   conten t .   So-ca l led  !:heavy mineralsTf  were. a l n o s t  
e n t i r e l y   e l i m i n a t e d .  Remaining dark m a t e r i a l  corqrised 

p a r t i c l e s ,  with oIll;r a small propor t ion  of  hornblende 
in t e r locked   g ra ins ,   rock   f r agnen- t s  and i ron-s tg ined  

and mica. I n   b r i e f ,   l i t t l e  inprovement  could be a n t i -  
c i p a t e d  by c l o s e r  s i z i n g  o f  f e e d ,   l a r g e r   r e j e c t s ,  o r  

, f u l l -  scale  operat5.on. 

C.  &omerate-Tabling: ".""" .. T e s t s  were Glade with 
an ion ic   co l l ec to r s   unde r  a . v a r i e t y  of condi t ions.  The 
f o l l o w h g  coacluslons were reached: 

1. Dark minerals   agglomerated.   . readi ly ,  bu t  
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recavory was incorn?letc  even with excess ive   m~oun t s  
o f  c o l l e c t o r s .  

2 .  Hornblonde and b i o t i t e  w r e  1;lost 

ments,  iron-stainecl gains and even :uarte and rela- 
easily aggloneratod, follo~wed by c e r t a i n   r o c k  frag- 

spar .  No mark@& n o r   p r o g r e s s i v e   s e l e c t i v i t y  Setwcen 
these was ai9paren.t. 

3. Sodiwn  oleate  and t a l l  o i l  wore t h e  most 
e f f i c i e n t   c o l l e c t o r s  t e s t ed .  Others, including s u l -  
J. abonated salaoa o i l ,  oleino  end mahogany soau were 
notable d i f f e r e n c e s   i n   c o l l e c t i n g  power l o r  s p e c i f i c  
e q u a l l y   e f f e c t i v e   i n   l a r g e r   q u t i a n t i t i c s .  &!onc showed 

mlnerals . 
4. O p t i f i l u i n  31 for   sodium oleate ranged from 

7 t o  8, and for Tall o i l  fron 6 t o  7. Sulphonated 

solu.tions and c w d l e d   v h e n   a l k a l i n i t y  was high. The 
c o l l e c t o r s   . i n   g e n e r a l   w e r e  nore e f f e c t i v e  iil a c i d  

co l lec t ing ;  2ower o f  s o d . i m  o l ea to   i nc reased  wi th  greater 
a l k a l i n i t y   w i t h i n  lirnits, but a t  the  expense o f  
s e l e c t i v i t y ,  

The fo l lowing  exard2le demonstrates the order 
of results obta inable :  . 

Reagents : 
Fue l  O i l .  
Sodium Oloate - 2 15s. p e r   t o n  

5 lbs. per   t on  

P o r  cen t .  Pe r  cent.  
i ght 

CI 

Fe205 

Dark Concentrate 1 5  
T a i l i n g  85 

" 

0.5 

A rdninifi1u.m of 0 . 3  per cent .  Fez03 could bo 
obtained. only by  using 10 to 1 5  Founds per ton  sodiwn 
o l e a t e .  

D. F l o t a t i o n :   F l o t a t i o n  of the  : 'mid&lin@  producf; 
yielded i n f e r i o r  ~ ~ s u l ~ s  than  agglomeratc-tabling, owing 
t o   t h o   p r e s e n c e  of r e l a t i v e l y   c o a r s e   g r a i n s   i n  tilo feed , ,  
R e s u l t s  on  minus 5O-aesh m a t e r i a l  were i n   g e n e r a l  com- 
parable .  

Conbined f l o t a t i o n  of  t he  jizinus 50-rnesh, acconl- 
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panied by a ~ ~ l o ~ i e ~ a t e - - ~ a b l i n ~  of t h e  9lu.s  50-nesh 
f r a c t i o n s  gavo only s l i & t l y   s u p e r i o r   r e s u l t s   o v e r  
straight aggloaerat ion  of  the whole  prod.uct. 

&nerals :  A fe ldspar-quartz   pro&u.ct ,   containing f rom 
0.3 t o  0.5 DOT cer!.t. Fe203.  and  anoumtinR t o  one-half 

E .  Conclusions  re  Elimination of Iron-bear% 

the  origindT. unwashed feed,   can be made by a conbin- 
a t i o n  o f  washing ,   s iz ing ,   g rav i ty- tab l ing   and   agglomer~te-  
tabl ing.  By drcying and magnet ic   scparat ion the i ron -  
content  c a n  be f u r t h e r   l o v m e d   t o  ab0u.t 0.1 p e r  cent .  
Fe203. 

- -, - .. 

2. Separa t ion  of Quar tz  and Feldspar:  

g r a v i t y - t a b l e  %1id6..ling" product was agglomerated  wibh 
A. From Low-Iron T a i l i n g :  A l a r g e  s a q l e  of the 

sodium o lea t e   and  t h e  low-iron (0 .5  per cen t .  Fe2O3) 
t a i l i n g   t e s t e d   f o r   r e m o v a l   o f   q u a r t z  and f e l d s p a r  with 
t h e  following r e s u l t s  : 

,- 

def in i t e ly   t ended   t o   agg lomera te   qua r t z   p re fe ren t i a l ly .  
Reagent 607-GE and. the  long-chain mono-amines, 1 2  hTAM 
1180-C and .AI/L4G 1180-C d i d  l i k e w i s e ,   b u t   t o  a l e s s e r ,  
degree.   Lauryl am.ine h y d r o c h l o r i d e ,   t r i n e t h y l   c e t y l  
amnonim brorni.de, Cato1-3E and &!&C 1120-A were l e s s  
less se l ec t ive .   Ce ty l   be t a ine   and   sho r t - cha in  amines 
p roved   i ne f f ec t ive .  

1. Tr ime thy l   s t ea ry l  armoniuro  bromide 

2. The fo l lowing   concent ra t ion  vras made w i t h  
1/2-lb. p e r   t o n  t r ime thy l  stearyl arnmonii;m bronlide and 
5 lbs .  :pey t o n  rucl oil: 

Per cent .  
Weight Analysis I 

Concentrat e 20 si02 - 82 p e r  c m t , ,  

81203& 
1 2  f f  II 

Fez03 0.09 11 

T a i l i n g  80 """ 

""" 

- 

http://brorni.de
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ugon the s e p a r a t i o n  was studied b u t  on ly  amoniuia 
hydroxide  gave rise t o  any raarked ira:!roveraent. I n  t h i s  
r e s g e c t   t h e  following t e s t  may be compmrred with t h a t  
above : 

The a f f e c t s  o f  a nunbcr of various  chemicals 

Reagents : Tri rne thyl   s teary l  armonium  bromidc- 

RH4OII - 1 lh. pier ton. 
1/2-1b. lpr ton.  

Fue l  O i l  - 5 l b s .  per   ton .  

Per cent .  
Ne i pht Analysis  

Concentrate 

T a i l i n g  85 """ 

The quoted   tes t s   represe i l t   the   mos t  satis-  
f a c t o r y   r e s u l t s   o b t a i n e d  with t r i r n e t h y l   s t e a r y l   m a n -  
ium bromide. 
ove ra l l   r ecove ry ,  but at  t h e  e q e n s e  of  s e l e c t i v i t y .  

Grea ter  aaounts o f   co l l ec to r   i nc reased  

I n   o t h e r  words, it  proved i inpossible  t o  make a clean-culi 
separat ion  between  quartz  and f e l d s p a r  b y  a t tempt ing  t o  

' f l o a t   t h e   f o r m e r .  

a c i d  was used t o   f l o a t   f e l d s p a r  froifi Quar t z   a f t e r  t h e  
metilod ( 21) developed by the United  States Bureau. of 
Mtnes. A c lean   fo ldspar 'p roduct   could  be made i n  t h i s  
way, b u t  t h e   r e s u l t i n g   t a i l i n g  was i m p ~ e  oving t o   t h e  
presence of a l t e r e d  fe ldspar  and rock  fragments  which 
c o u l d  not   ba   e l in ina ted .  

3. A couibtnation or DP 263 and  hydrofluoric  

It was concluded tinat even i f  possible the  
I w o d u c t i o n  or  s i l i c a  sand  by a combination of . t h e   s t e p s  
s o  f a r  ou t l ined ,  w 3 s  imprac t i ca l  ovring t o   t h e  comBlexity 
o f  processes   involved ,   l ack  of s e l e c t i v i t y  and low 
recover ies .   In   v iew of  t h i s  conclus ion ,   fur ther   inves t i . .  
gations  were  concerned with t h e   d i r e c t   c o n c e n t r a t i o n  
of   quar tz  f r o n  iIqu.re  sand. 

B. From Gravltx-Table "- ".- _1-." W i ; i d d . l a r t  Product:  
l_"" 

Preyi0u.s t e s t s  sv.ggested l i t t l e   l i l c e l i h o o d  OS 





f i c i a t i o n ,  o r  e l imina t ion  o f  o b j e c t i o n a b l e   o i l  f r o n  
f i n a l   p r o d u c t s .  T’WO methods sugges-t themselves: 
l eaching   by   o rgznic   so lvents ,  or e n u l s i f i c a t i o n .  The 
f i rs t  was discarded o:;ing t o  i t s  obvious  exgense and 
coI;lplexi-ty; t h e  second was i n v e s t i g a t e d   i n  s o r a  d e t a i l .  

Agglomerated p r o d u c t s  for teStii12 were made 
with ca t ion ic   r eagen t s  a.nC! fuel o i l ,  These were a g i t a t e d  
f o r  short peri.ods wi th  var ious  ernu.lsi.fging; agents.  The 
f o l l o w i n g   r e s u l t s  1vr3re obta.iced : 

t imes ,  bad no a3prcciable e f f e c t ,  
( a )  Ag i t a t ion  in water, even ovcr extended 

( b )  Bd.6.it ion or vretl;in.g agents ,  such as 
Aerosol, caused in;ieCia,Lc collapse of f l o c c u l e s .  On 
removal o f  Aerosol by washing, I.ioTiu’ever, the  product  re- 
agglornemt e6. much ;is bei‘ore, 

( c )  Almost complete de-agglomeration fo l lowed 
v i o l e n t   a g i t a t i o n  ~ r i t h  soc”rux hydroxide i n  m o u n t s  ex- 
ceeding 10 l.bs.* ye? ?,on, 2 c s u l t a  were too v a r i a b l e ,  
however, t o  b2 corq~ici ;c : iy   sat isfactory.  I n  some cases  
where p a r t i u l  re-sggloneration  nccozipanicd removal of 
sodium hydroxide, c: .tendency t o  conc”nt ra te   quar tz  was 
noted,  

((2) bs l i -Lt lc  as 1 lb. :?cr t o n  sodium o l e a t e  

more   t han   gmt l e  agi ta t ion.  The ef’f’ect was permanent 
caused comp:l.ete d s - a g ~ ~ l o r ~ i e r a t i o n  of products  with no 

agglomerated e ? L w  S O ~ D  >was rernovccl by washing. 
f o ~  q u m t z  and feli.dspa:r, bL3.t. dark c o n s t i t u e n t s  re- 

( e )  ‘ T h e  fcl . lot .&ng  reagents  proved  ineffective 
or l e s s  s a t i s f u c t o r y   t h a n  sodium o l o a t e :  Te t rae thanol  
ammonium hydroxidc,  sulphomited o l e i c   ac id ,   su lphona ted  

amonium  linole3a-te. 
c a s t o r  oil and f i s h   o i l s ,  mahogany soap, t a l l  o i l  and 

Sodium o l e a t e  showed promise as a de-agglomerator 
i n  t h e  method  under  consideration. Tcsts were, t he re -  
foro, rnadc t o  d e t e r m i n e   t h e   f e a s i b i l i t y  o f  t h e  p rocess  as 
a whole. 

Concentration ~., . .., o f  . _. Q,uartz .. .. . . . .. .. i n  ... High-s i l i ca  .-I_ Product 3 2  

i n  t h e  i n i t i a l  step, 1.i series of   tes ts   were  consequent1;r  
made t o  compare r o l a t i v c   c o l l e c ’ t i n g  power o f  var ious  

Low reagent cost  was the chief   considerat ion 
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c a t i o n i c   r e a g e n t s   w i t h   r e s p e c t   t o   t h e i r   c o s t s .  An 
a d d i t i o n a l   s t e p  was f irst  introduced howover. 

It had  been  noted  that   al though washed sand 
was free f rom  v is ib le   coa t ing ,   heavy   s l imes   had   occur -  
r e d   d u r i n g   f l o t a t i o n .   T e s t s   w e r e ,   t h e r e f o r e ,  made t o  

t i o n .  Nost of t h e  s l ime proved t o  be l o o s a l y  held  and 
d e t e r n i n e   t h e  e f f e c t   o f  de-sliming on reagent  consump- 

a m a t e r i a l   s a v i n g  i n  reagents   could  be  effected  by 
b r i e f   a g i t a t i o n  and lwashing.  The procedu.ro  adopted 
was a g i t a t i o n  for two minu tes   i n   t he   cond i t ion ing   t ank  
followed by washing and decanta t ion .  This period was 

e a s i l y  obtained by s tandard  sand washing equipment. 
chosen a r b i t r a r i l y  t o   r e p r e s e n t  a degree of sc rubbing  

Tke f o l l o w i n g   t e s t s  were run   unde r   i den t i ca l  
cond i t ions  on samples  of washed and g rav i ty - t ab led  
feed .  Ph ranged.  from 6.8 t o  7.0.  iviineral  content of 
products  was determined  microscopical ly  and is  approxi- 
mate  only. 

( a )  Trimethyl   S teary l  &imonium Bromide - 1/4-lb.  
aer t o n .  

Fue l  O i l  5 lbs i e r  ton .  
of 
/o Quar tz   Fe ldspar  Dark 

We i gl1t $ % 0 

Agglomerate 
Concentrate 13 6G 33 

T a i l i n g  8 7  1 9  65 
1 

26 

( b )  Trime%hyl  Cetyl hmoniurt Bromide: 

Fuel  O i l  
l / Z - l b .  pe r   t on .  

5 l b s .  p e s   t o n .  

% Quar tz   Fe ldspar  
Irki@t $7 0 0 

Dark 

Agglomerate 
Concentrate 2 1  38 54 8 

T a i l i n g  79 20 56 24 
., .. ... - .- 
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( e )  DF243 
Fuel  O i l  

l/&lb* p e r  ton. 
5 l b s .  p r  ton. 

$7 Quar tz   Fe ldspar  
Weight $ 7 

Dark 
0 - $- 

Agglomerate 
Concentrate 30 37 53 10 

T a i l i n g  70 21 56 23 

( a )  12NA.M - 1.180-C 
Fuel O i i "  

1/20-lb. per ton .  
5 l b s ,  pe r   t on ,  

% Quar t z  Foldspar 
!'Je i.p;ht - 0 % 

Agglomerate 
Concentrate 20 50 47 3 

T a i l i n g  80 18 58 24 

1/2O-lb.  per   ton.  
5 l b s .  per  ton. 

$ Quartz   Feldspar  Dark 
Weight ' % % 0 

Agglomweate 
Concentrate 45 45 

F a i l i n g  55 9 
5 1. 
55 

4 
36 

(f) NAC - 1120-A __.- _..,"- ~ 

Fuel Oil 
l/lO-lb. per  ton. 

5 1'0s. per  ton.  

% 
Weight 

€&.art z Fcidsyar Dark 
$ $ $  

L 

Agglornercat e 
Concentrate 1 2  24 68 8 

T a i l i n g  8% 25 51 ' 24 
."-.I_".- """ I". 
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( g )  C a t d l  - SE 

Fuel  O i l  
1 /2- lb .  per   ton .  

5 l b s .  per  ton .  

$ Quar tz   Fe ldspar   nark  
Weip;h.t 0 0 0 

Agglomerate 
Concentrate 30 32 56 

T a i l i n g  70 20 57 
1 2  
23 

(h) 607 - CE 
Fuel O i l  

1/12-1b. per   t on .  
5 l b s .  per ton. 

% Quar tz   Fe ldspar  
We i@t 

.Dark 
0 0 % 

Agglomerate 
Concentrate  15 47 49 4 

T a i l i n g  85 21 5 7  22 

AMAC - 1100-C was s e l e c t e d  as the most 
s u i t a b l e   c o l l e c t o r  Tor the purpose a t  hand. 1% must be 
emphasized, 'however, t h a t  the   . above  tests cannot  be 
considered as any basis f o r  general  coraparisons  between 
the   reagents   concerned .  With o t h e r   m a t e r i a l s ,  or even 

depending  upon  such  unpredictable  factors as freedom 
o t h e r   s a n d s ,   r e s u l t s  m i g h t  be e n t i r e l y   d i r f e r e n t ,  

from s l i m e s ,   p r i o r   a c t i v a t i o n  o f  g ra ins ,   e t c .  

was a g i t a t e d  for 2 minutes,  washed  free from r e s u l t i n g  
A 10 - lb .  sample of gravity-table  Ttraiddlings' t t  

s l imes,   condi t ioned f o r  3 minutes at 50 p e r  cent. 
solids and  tabled.  

Reagent's - RMRC - 1180-C 1/20-lb. per  ton.  
Fue l  O i l  5 l b s .  p e r  ton .  

Agglomerate  Concentrate 
T a i l i n g  

% 
weight 

30 
70 
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rcnoval of as pure a y o d u c t  RS possible and s i n c e  
recovery was a secondary  consid.cration mid.d.lings were 
disczrded. w i t h  t a i l i n g s ,  

Attention. was d i r e c t e d   p r i m a r i l y   t o  the 

lb. !Jer t on  sodiuli.1 o l e a t e  f o r  5 minutes,  washed and re- 
t a b l e d .  About 1 0  pe r  cent .  of t h e  f e e d ,   i n  t h e  forn o f  
agglomerated. dark c o n s t i t u e n t s ,  w~c7.s floatod. o f f .  The 

no f u r t h e r   t c a d e n c g   t o  form f l o c c u l e s .  I t s  comgosi%ion 
remaining sand. was r o l a t i v e l y  f r e e  f rom o i l  and showed 

was as fo l lows  : 

The conccnt ra te  was t h e n   a g i t a t e d   w i t h  1 

s i 0 2  . , . . . . c . * . . . .  80.2 per cent .  
a 2 0 3  ; . . .o . . . . . . . a  12.6. 11 

Fez03 D O 1 s l O . . o . a . .  0.8 0 ' 

Mi.crosco:~ic ExaminaLion: -"" 
Quartz . . O . o . L c D a a .  45  per cent .  
Feldspar  ...,.,..... 50 
Dark * * # . . " . * O . * .  5 

I t  It  

:I i l  

S e w r a t i o n  _1_" o f  dua r t z  and. FeldsDar: " 

The removal o f  f e l d s p a r  f r o m  cleaned. concen- 
t r a t e  was next   inves t iga ted .  DP245 and A S C  - 1120-11 
were chosen as co1lec- toi-s .  

Tests  were made ~.Tith t h e  fol lo~wing  reagent  
coabina t ions :  

- 
(1) DP 243 1./2-1b. pe r   t on .  

Hydrofluoric   acid 3 lbs. per ton.  
d 
P Quartz   Feldspar  Dark ? J v w  0 

Agglomerate 
Concentra.te 60 10 85 5 

T a i l i n g  40 88 10 2 
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( 2 )  MMC - 1120-A 1 / 2 - l b .  pe r   t on .  

Hydrof luor ic   ac id  3 l b s .   p e r   t o n .  

% Quartz Feldspar  Dark 
Weight e % 

Agglomerate 
Concentrate 65  11 83 6 

T'ail ing 35 95 4 1 

t h e   r e a a i n d e r  of  &MAC - 1180-c  concentrate,   about 2 
As a check  on  the l a s t  of t h e   a b o v e   t e s t s ,  

l b s  e i n  weight ,  was condi t ioned  with 1 /2- lb .  p e r   t o n  
of AMAC - 1120-A and 3 l b s .  pe r   t on   hydro f luo r i c ,   a c id  
and  tabled.  Three  products  were  removed. 

Agglomerate  Concentrate 
Midd.ling 

5.0 
15 

T a i l i n g  35 

The t a i l i n g  was ana lysed ,   t he   o the r  two were 
examined. microscopj.cally. 

-__..- Chenical   Analysis  of Ta i l i ng :  

Si02 98.7 

%e203 0.12 
A12 03 i . 6  

Microscopic;  Analysis of Middling and Ae,glomerate 
" Concentrate:  

Middling: 

Fe ldspar  
Quartz , 

Dark 

Agglomerate  Concentrate: 

PeldsFar  
Quar.t z 

Dark 

20 
I 7  

3 

6 
90 

4 
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By r e t u r n i n g   t h e   m i d d l i n g   t o   t a b l e   f e e d   a n d  

pu re r  f i n a l  product  would be increased .  
c l e a n i n g   t h e   t a i l i n g ,   o v e r a l l   r e c o v e r y  of q u a r t z   i n  a 

Sudmary of Tests  on  Q,ualicum  Beach Sand: 

was reduced  from J per   cen t .  t o  2 p e r   c e n t .  by g r a v i t y -  
1. The Fe20  content of washed  and s i z e d  sand 

t a b l i n g ,  or t o  0.17 per   cen t .  by magnet ic   separat ion.  

2 .  Fez0 was lowered  to  0.50 pe r   cen t .  b y  
agglomerate-tzbling of g rav i ty - t ab led  sand us ing  about 
2 lbsd per   ton   sodium  o lea te  or t a l l  o i l .  This was 
brought down t o  0.10 pe r   cen t .  by magnetic  separation. 

3 .  Clean  separat ion of qua r t z   and   f e ldspa r  from 

? 

low- i ron   agglomera te   t a i l ings  was imprac t i ca l .  

4. A h igh - s i l i ca   concen t r a t e ,   equa l   t o   one - th i rd  

with 1/20-lb. p e r  t o n  MlAC 1180-c. De-agglomeration of 
of f e e d  was made by  agglomeration of g rav i ty - t ab led  sand 

t h i s  wi th  1 l b .  per   ton  sodium  oleate   fol lowed by t a b l i n g  
gave a product   containing 80 pe r   cen t .  ~ i . 0 2 ,  1 2  per   cen t .  
A1203, and 0.8 pe r   cen t .  Fe203. 

1/2- lb .  p e r   t o n  of AMAC 1120-A and 3 l b s .  per  t o n  XF 
r e s u l t e d   i n  a f i n a l   t a i l i n g   c o n t a i n i n g  98.7 p e r   c e n t .  
s io2 ;  1 . 6  pe r   cen t .  A1203 and 0.,12 pe r   cen t .  
Magnetic  separation  reduced t h e  i r o n  oxide conten Fe20? to 
below 0 - 0 6  per   cen t .  

5. Removal of fe ldspar   f rom  the  above  product  w i t h  

Conclusions  (Q,ualicum  Beach  Sand) : 

Si l i ca   s and  was prepared from Qualicum  Beach 

b e   d i s c u s s e d   i n  a l a t e r   s e c t i o n .  The following  flow- 
sand. The economic f e a s i b i l i t y  of such   benef ic ia t ion  w : i l l  

sheet was used i n  expe r imen ta l   t e s t s :  
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CRUDE SA.JT. 

SCREENING - ( p l u s  20-mesh t o  was te)  I 
I 

"" 

(minus 20-mesh) 

! 
I 

"" WASHING -- ( s l i m e s   t o  waste) 

CLASSIFICAXTI~) - ( f i n e s   t o   w a s t e )  
I 

(minus 20' p lus  100) 

1 
(High-iron I."-.. TMLING (Mica-shell  produc:t 
Concentrate 

t o  waste)  

washed1 sand 

1 t o   w a s t e )  

i 
" CONDIT~ONIPJG (1/20-lb. p e r  ton 

I m c  1180-c. .~ 

5 l b s .  p e r   t o n  f u e l  
o i l )  

(Low-sil ica  TABLING 
product t o  I 
waste) (Agglomerate  product - 

concent ra te )  

CONDITIONING_ - (1 lb. per  ton  
sodium o l e a t e )  

(De-ag&omerated 
concent ra te )  

I 

I 
(Agglomerate  product - high,- 

i r o n  t o  waste)  

-CONDITIONING ""*" - (1/2 lb. per   t on  
(iUL4.C 1120-A. 
( 3  l b s .  p e r   t o n  HF. 
( 5  lbs. p e r   t o n  f u e l  
( o i l  

I- -~--zLIzg 
I 

(Agglomerate product 
high-f e ldspa r )  

( T a i l i n g  - high- I 

(quartz ""........""~__I 

S i l i c a  Sand I (Magnetic  deparation 

. Lo~v-J.ron . . . . . I . . . ., . . Sil,i.ca"sg&ij 
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Q ~ A L I C T J M  .- RIVER SAND: 

Several  hundred  pounds of  sand  were  obtained 

bank of Qualicum  River 2 t o  3 n i l e s  above t h e   I s l a n d  
f rom  cu t s   a long   t he   o ld   l ogg ing  railway on t h e   n o r t h  

Highway. 

Washing  and  Sizing: 

grayish-red slimes, which  together  with minus 100-mesh. 
sand,   represented 9 per   cen t .  of  the  sample.  One p e r  
cent .  was coarser   than  20-mesh. 

Washing  and c l a s s i f i c a t i o n   g a v e   r i s e   t o   c o p i o u s  

below: 
The p r o p e r t i e s  o f  t h e  washed  sand are  l is ted 

"" 
Granulornetric  Analysis:  

-20 ,z 40 mesh 
-40 ?. 60 mesh 

- 9 per   cen t .  

-60 .p. 80 mesh -. 31 il 

-80 +lo0 mesh - 10  per   cen t  (I 

- 50 I' 11 

I" Chemical  Ana:psis: 

Si02 
A1203 1.7~6 11 

Fe203 3.5 I t  

67.9 pe r   cen t ,  
11 

Xi-cEscopic &a,lysis: 

Quartz 3.8 pe r   . c en t .  
Feldspar  54 I1 

Dark 
11 

28 11 I t  

(1) El imina t ion  of I ron-bearing  Minerals :  

A .  M g e t i c   S e p a r a t i o n :  

Magnet ic   separat ion of  a small sample of dri ,3d 
sand  reduced t h e  i r o n   c o n t e n t   t o  0 , 2 2  pe r   cen t .  Fe203. 

B .  "" Gravitx-Tabling: % _- 
F i f t y  pounds of washed  and s ized   sand  was 

the preceding.  section. The r e s u l t i n g  %.iddling produci;" 
' tabled under simi:Lar c o n d i t i o n s   t o   t h o s e   d e s c r i b e d   i n  
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amounted t o  65 p e r   c e n t .  of t h e   o r i g i n a l   f e e d  and 
had the  fol lowing  composi t ion:  

70.6 p e r  cen t .  
16.5 11 11 

2.2 I I  

Microscopic  Analysis : 

Feldspar  
Qv-art z 

Dark 

2 1  pe r   cen t .  
64 qf 

1.5 
11 

I1 

Beach sand, it was f e l t  that  l i t t l e  succes.s  could  be 
a n t i c i p a t e d   i n   e f f o r t s   t o   p r o d u c e   s i l i c a   s a n d  by t h e  
removal of i ron-bear ing   winera ls  a s  an i n i t i a l   s t e p .  
P r e l i m i n a r y   t e s t s  were made with an ion ic   r eagen t s ,  
however,  for  comparative  purposes a 

( 2 )  Aggloraerate-Ta.bling wi th  Anionic  Reagents: 

I n  view of resu l t s   ob ta ined   wi th   Qual icum 

Tests   on washed and   tab led   feed   wi th   an ionic .  
reagents   gave  un-ant ic ipated resul ts .  Marked  concen- 
t r a t i o n  of ison-bearing  rninerals  had  been  previously 
obtained by such t;r.'eatment. I n  th i s  case,  however, 
agg lomera ted   p roduc t s   were   i nva r i ab ly   l i gh te r   i n  
co lour   than   or ig ina l   sand   and   conta ined   no tab le   in -  
c r e a s e s   i n  t h e  propor.bion  of  quartz  present * 

The following t y p i c a l  examples i l l u s t r a t e  the  
degree of  s epa ra t ion   ob ta ined :  

"_ ""._ 

1. Reagents - Sodium Olea te  2 l b .  pe r   t on .  
F u e l  O i l  

Ph 
5 1bs .per   ton .  

6 ,8  

% Quartz  Feldspar  'Dark 
!&+&$&- % - 0 L 

Agglomerate 
Concentrate 73 27 64 9 

T a i l i n g  27 1 2  6 9  29 

Analysis  of Agglomerate  Concentrate - Si02, 74.2;  
A1203, 1 . 6 ~ 9 ;  Fe203, 1,7 p e r  cen t .  
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2.  Reagents - Sodlum Olea te  1 lb. per t o n ,  

Fh 
Fuel  O i l  5 l b s  I per  ton .  
6,8 

% Quartz 
E i g h t  70 

Feldspar  Da$k 
L 

Agglomerate 
Concentrate 61 30 60 10 

T a i l i n g  39 - 8  70 22 
", 

3. Reagents - Sodium Olea te  1/2- lb .  pe r   t on .  
Fuel O i l  5 l b s .  pe r   t on .  

Ph 6.8 

?e Quartz 
Weight ' 

Feldspar  . Dark 
0 -. 

Agglomerate 

T a i l i n g  90 1 9  65 1 2 
Analysis of Agglomerate  Concentrate - Si02 ,  78.9;  
A1203,, 13.0;  P'e2037 1.3 p e r   c e n t s  

Concentrate 10 36 57 

I_ 

The unconventional  behaviour of qua r t z  and 
f e l d s p a r  must be a t t r i b u t e d   t o   p r i o r   a c t i v a t i o n  i n  
p l ace  by n a t u r a l   s o l u t i o n s .  i t  i s  we l l  known t h a t  
b o t h   m i n e r a l s   a r e   f l o a t a b l e  with a n i o n i c   r e a g e n t s   i n  
the  presence 3f metal i ons  such  as   i ron,   a luminium, 
l e a d , '   e t c .  The i n t e r e s t i n g   f e a t w e   i n  the  present  
case,  however, was the a p p a r e n t l y   p r e f e r e n t i a l   a c t i v a -  
t i o n  of quartz.   Microscopic e;:amination f a i l e d  t o  
r evea l   any   v i s ib l e   coa t ing  on sand g r a i n s ,  

sulphonated  salmon  oi l 'and t a l l  o i l .  At a Ph of 6 , 
Fur the r  t es t s  were made wi th  mahogany soa , 

t o  approximate   resu l t s   ob ta ined   wi th  1 l b .  p e r   t o n  
2 l b s . ,  3 Ibs .  and 1 l b .  r e spec t ive ly   were   r equ i r ed  

sodium  o lea te .   Col lec t ing  power t e n d s   t o   i n c r e a s e   w i t h  
d e c r e a s e d   a l k a l i n i t y   b u t   a t   t h e   e x p e n s e  of s e l e c t i v i t y .  

is 

i n   a n   e f f o r t   t o  improve   s e l ec t iv i ty ,  but without 
marked success ,  

Var ious   reagents   were   t r ied  with sodium o l e a t e  
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f o r  30 m i n u t e s   i n  a j a r  mill a t  50 per   cen t .   so l id s  
with a light charge of pebbles.   Actual comminution 
was s l i g h t  but heavy  slimes  were  liberated,  These  went 
removed by washing  and  decanting. The cleaned  sand war: 
agglomerated with sodium  oleate .  

A sample of washed  and t a b l e d  sand was ground 

Roagents - Sodium Oleate  2 l b s .  per   ton.  
Fuel O i l  5 l h s .  per   ton .  
Ph 7.6 

% Quartz  Feldspar Dark 
Wei &t d % 

Agglomerate 
Concentrate 25 1 2  

T a i l i n g  75 24 
52 
68 

36 
8 

More normal r e s u l t s   w e r e   o b t a i n e d   i n   t h e  
above t e s t  a s  a r e s u l t  of c leaning   sand   gra in   sur faces .  

The r e m i n d e r  of .the  sample was blungea 
v igorous ly  f o r  one hour i n  a f l o t a t i o n   c e l l  at  50 per  
c e n t .   s o l i d s  with 6 l b s .  p e r   t o n  NaOH added. Heavy 
slimes  were  formed  as  before.  After  thorough  washing 
t h e   f o l l o w i n g   t e s t  was  made: 

Reagents - Sodium Olea te  2 l b s .  per ton .  
Fuel  O i l  

Ph 
5 Ibs .  per  ton .  

7.8 

% Quartz  Feldspar Dark 
p&$t 0 0 e 

Agglomerate 
I 

28 
51 42 

T a i l i n g  73 2 
Concentrate 2; 

Analysis  of Ta i l i ng  - Si02, 74.8; A1203, 17.1 ;  Fe203, 
0.2 per  cent .  

a c t i v a t i o n  of qua r t z  - m y  be  accomplished by c leaning  
It i s  obvious froin t h e   a b o v e   t e s t s   t h a t  de- 



grain-surfaces   mechanical ly .  On the   o the r   hand ,   t he  

of feed  commercially. 
extensive  processing  required  precludes  such  preparat ion 

( 3 )  AgElomeration wi th  Cat ionic   2eagents :  

Agglomeration of washed  and tabled  sand wi th  
c a t i o n i c   r e a g e n t s  was i n v e s t i g a t e d .   I n   g e n e r a l , .   r e s u l t s  
were  abnormal or inconclus ive  as i n d i c a t e d  by t h e  
fo l lowing   t yp ica l  examples: 

Reagents - 12-N&l-118O-C 2/5-lb. per  t on .  
Fuel  O i l  5 l b s .  p e r  ton.  

40 Quartz 
Wei.&t 

Fe ldspar  Dark 
d 

0 70 . 
Agglomerate 

Concentrate 70  20 
T a i l i n g  30 21 

66 
60 

14 
19  

Reagents - DP 243 2/.5-lb. per  ton.  
Fuel  O i l  5 lbs. per   t on .  

70 Quartz  Feldspar Dark 
Weight 0 - - 

Agglomerate 
Concentrate 10 28 58 

T a i l i n g  90 20 65 
14 
15 

Reagents - Trimethyl   S tearg l  Amnonium Bromide - 
2/5-lb, per   ton .  

Fuel  O i l  5 l b s .  per  ton. 

Agglomerate 
Concentrate - n e g l i g i b l e   q u a n t i t y  - l a rge ly   mica ,  

p rac t ica l   approach   to   the   p roblem was concluded t o   b e  
On the b a s i s  of fo rego ing   r e su l t s ,   t he   on ly  

concent ra t ion  of qua r t z  by  anionic  reagents  followed by 
de-agglomeration  and  separation of qua r t z  and f e l d s p a r  
from the   concen t r a t e .  
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(4) Concentrati0,nnf  G,uartz by  Anionic  Reagents; 

Ten pounds o f  washed  and tabled  sand was 
agglomerate- tabled  using Ta l l  o i l  as c o l l e c t o r .  

Reagents - Tal l  o i l  1 l b .  per   ton .  

Ph 6.6 
F u e l   o i l  5 l b s .  per t o n .  

70 $uuart z Feldspar  Dark - VJeight ?o 0 

Agglomerate 
Concentrate 40 32  60 8 

T a i l i n g  60 1 3  66 21 
-. 

A .  De-Agglomeration o f  Anionic  ,Products: 

p roduct   by   ag i ta t ion   wi th  soap, ca t ion ic   r eagen t s ,   and  
Attempts   to   de-agglomerate   the  above  Tal l   o i l  

sodium  hydroxide  were  unsuccessful. On the   other   hand,  
acidification with gave s a t i s f a c t o r y   r e s u l t s .  

t e d  by a g i t a t i o n  with la rgc  anounts of NaOH. 
Sodium o lea t e   p roduc t s  w r e  only  de-agglomera- 

B. -ration of Q,u.artz  and Feldspar:  

The agglomerate  concentrate  from T a l l  o i l  
treataent was a c i d i f i e d  with 1 lb. per ton  HI? and an 
a d d i t i o n a l  1 l b .  per t o n  Tall. o i l  added. After 3 
minutes   condi t ioning  the  product  wes t a b l e d  with fa i r  
removal of dark cons t i . tuents .  

condi t ioned with the   fo l lowing   reagents  and t ab led .  
The resul t ing  de-agglomerated  sand was then 
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Reagents - NdAC 1120-A 1/2-lb. per   ton .  
€E 
Fuel  O i l  

2 lbs. per   ton .  
5 lbs .  pe r   t on .  

% Quartz   Feldspar  Dark 
Wei gh t 0 % 0 

Agglomerate 
Conoontzatx 63 4 

37 
9 3  

84 
3 

Tailing 14 2 

Chemical. ana lyses  of these  products   were 
88 fo l lows:  

Agglomerate  Concentrate  Tail ing 

Si02 64.8 per   cen t .  sio2 9 3 . 7  por   cent .  
A1203 22.8 11 I1 A1203 4.4 I' 11 

Fe203  0.34 I t  Fe203  0.20 It I t  

content  of the  t a i l i n g   t o   a p p r o x i m a t e l y  0.10 pe r  cent. 
Magne t i c . s epa ra t ion   r educed   t he   i ron   ox ide  

Separa t ion  of f e l d s p a r  f rom quar tz  was less 
p o s i t i v e   i n  this case  than f o r  Qualkuia i3each sand. 
Poore r   s e l . ec t iv i ty  was a t t r i b u t e d   t o   f i l m e d   g r a i n s .  A s  
a check a small sample of the  de-agglomerated T a l l  o i l  

with 5 lbs .  per   ton   sodium  s i l i cof luor ide  and 3 lbs. pel' 
concentrate  vvas blunged f o r  on6 hour   i n  a f l o t a t i o n   c e l l .  

t on   su lphur i c  acid.  Af te r   washing   f ree  from s l imes   the  
cleaned sand was agglomerated wi th  t h e  f 0 1 1 0 ~ i n g  reagents: 

Reagents - AMAC 1120-A 
HI1 

1/2-lb.  per   ton .  

Fuel  O i l  
3 l b s .  per   ton .  
5 lbs. per   ton .  

70 

MTeight 
Quartz   Feldspar  Dark 

(I 0 

Agglomerate 
Concentrate  65 2 96 2 

T a i l i n g  35 95 4 1 
""" '.."-.,-..- 
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Summary -&alicum _." River Sand) : 

(1) Quartz,  ra ther  than  dark  minerals ,  was con- 

r eagen t s   l i kewise  Sa i l ed  t o   g i v e   c o n v e n t i o n a l   r e s u l t s .  
centrated  by  agglomerat ion w i t h  an ion ic   r eagen t s .   Ca t ion ic  

This  anomaLous behaviour was z t t r i b u t e d   t o   n a t u r a l  pre-, 
a c t i v a t i o n  of sand g r a i n s .  

( 2 )  De-agpJorneration o f  T a l l  o i l  products  was 
e f f e c t e d  by a c i d i f i c a t i o n  wi th  137, O S  sodium o l e a t e  
products  by  a{:itation with NaOH. 

p o s i t i v e   t k a n  f o r  ?,ualicu:n Reach  sand. 
( 5 )  s e p a r a t i o n  of f e l d s p a r  froi2 qua r t z  was less 

(4) Samples  responded  normally t o   b o t h   a n i o n i c  
and c a t i o n i c   r e a g e n t s   a f t e r  impure  grain  surfaces   were 
cleaned by extended  blunging  in a f l o t a t i o n  machine w i t h  
a su i t ab le   d i spe r s ing   agen t .  

Conclusions: 

before   high-grade  s i l ica   sand  can bo produced  from 
Qualicum  River  sand. insofar a s  t h i s  would  be  too cost:Ly 

than  low-grade rui;torial can be obtained from t h i s   s o u r c o .  
i n   p r a c t i c e ,   t h e r e  seems l i t t l e   l i k e l i h o o d  tha t  o t h e r  

Thorough c l eans ing  OS sand  grains  i s  necessary 

Pre l iminary  t es t s  w w e   m d e  on c e r t a i n   o t h e r  
sands   to   de te rmine  t h e i r  poss ib le   amenabi l i ty   to   bene-  

were  samples  submitted by four  comrercial   sand  and g;ravc,l 
f i c i a t i o n   d o n g  t h e  l i n e s   a l r e a d y   s t u d i e d .  Among t h e s e  

producers:  

(1) P i t k c t h l y  B r o s .  (No. 36 on  map) 

Microscopic  examination  revealed t h a t  t h e  
quar tz   conten t  of t h e   s a n d  was t o o  small t o  merit t es t -  
work. 



mesh f r a c t i o n )  : 
Microscmic  Examination - (minus 20 plus 3.00 

Approximate 
Q 

Quartz 
Feldspar  
Dark Consti tuent sw 

9 
28 
63 

B 
Dark const i tuents   comprise   rock  f ragments ,   hornblende,  
e p i d o t e ,   g a r n e t ,   c h l o r i t e ,   e t c .  

( 2 )  H i l l s i d e  Sand  and  Gravel L t d .  (No. 33 on map) 

mesh f r a c t i o n )  
Microscopic  Examination - (minus 20 p l u s  100 

Appro5imate 

Quartz 
Feldspar  
Dark Conwbituents' 

10 
40 
50 

&Dark c o n s t i t u e n t s   l a r g e l y  composed of rock  fragments 
w i t h   l e s s e r  amounts of hornblende,  etc.  

The quartz   content  of t h i s  sand was l i kewise  
t o o  small t o   encourage   fu r the r   i nves t iga t ion .  

(No. 19  0nTGiJ-T 
( 3 )  Producers Sand  and Gravel Co. ( 1 9 2 9 )  Ltd .  

mesh f r a c t i o n )  
Microscopic  Examination - (minus 20 p l u s  100 

Approximate 
4 

Q,uartz 14 
Feldspar  
Dark C o n s t i t u m t s  w $2 

a 
amounts of hornblende,   e tc .  
Dark c o n s t i t u e n t s   l a r g e l y   r o c k   f r a g m e n t s   w i t h   l e s s e r  
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Although  the  proport ion of qua r t z  i s  small 

i n  this sand a few p re l imimp2  tcs ts  wore made t o  s tudy  
i t s  p r o p e r t i e s .  

Gravi ty- tab l ing  znd   magnet ic   separa t ion   fa i lx l  
t o   e l i m i n a t e  many of t he   da rk   cons t i t uen t s .  

Anionic  reagents  tended  to  agglomerate  dark 
m i n e r a l s   p r e f e r e n t i a l l y ,   b u t  with i n s u f f i c i e n t   s e l e c t i v -  
i t y  t o  allow c lean -cu t   s epa ra t ions   t o  be made. CationLC 
reagents   fa i led   l ikewise   to   e f fec t   any   promis ing   recovt?r -  
i e s .  

(4) Deeks Sand and Gravel Go. Ltd.  (No. 35 on map) 

This  sand was l i & t e r  i n  colour  than preceding 
samples  and  contained a h igher   p ropor t ion  of quar tz .  

f r a c t i o n  
Microsco i c  Examination - (minus 20 p l u s  100 mesh + 

Approximate 
.a 

Quartz 
Feldspar  
Dark Cons ti tuen , ts  

I n s o f a r  as th i s  sand   conta ined   the   h ighes t  
p ropor t ion  of quar t z  of t h e   f o u r  commercial  sanples 
examined, a va r i e ty  of tests were made. 

T a l l   o i l  and  sodium o l e a t e  had  a s l igh t   t endency  
t b  concen t r a t e   qua r t z ,   bu t   t o  a nuch l e s s e r   d e g r e e   t h a n  
with Qualicum  River  sand. It was found  inpossible  t o  
r ecove r   p roduc t s   su f f i c i enk ly   f r ee   f rom  rock  fragment,s 
t o   a l l ow  the   swpara t ion  of fe ldspar   f rom a c l ean   qua r t z  
t a i l i n g   i n   t h e   f i n a l   s t e p .  

Cat ionic   reagents   agglomerated a heterogeneous; 
c o l l e c t i o n  of minerals   wi . thout   apparent   select ivi ty .  

It was dec ided   tha t   the   sand  was unamenable t c  
benef ic ia t ion   wi thout   thorough  c leans ing .  
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( 5 )  Savary  Island  Sands (No. 28 on map) 

Chemical Anal- 
Beach  Sand 

Chemical  Analysis 
Bank Sand 

si02 69 per   cen t .  
A1203 15 A1203 17 11 

Fe203 3 I' Fe203 4 'I 

Si02 
I1 

11 

67  per   cen t .  
11 

11 

Microscopic Anal- Microscopic Analysis 
Beach  Sand Bank Sand 

Fe ldspar  
Quar t z  26 pe r   cen t .  Quartz 2 1  per  cenl;. 

Fe ldspar  64 31 11 

Dark 1 2  I t  Dark 1.5 It II  

;B 

6 2  11 I1  

Note: Dark c o n s t i t u e n t s   l a r g e l y  composed of hornblende, 
mica,   i ron  ores ,   e tc .   wi th   only  minor   amounts   of   rock,  

Test-Work : 

l imi ted   quant i ty   o f   samples   ava i lab le .   Resul t s   were  
s u f f i c i e n t l y   i n s t r u c t i v e ,  however, t o  i n d i c a t e  i n  a gen.- 
e r a 1  way the   amenab i l i t y  of t h e s e   s a n d s   t o   b e n e f i c i a t i o n ,  

Both  beach and  bank  samples  responded  similarly 

Test-work was r e s t r i c t e d  t o  a minimum by t h e  

t o   a l l   r e a g e n t s .  The l a t t e r ,  however,  contained more 

washing. A s  a result reagent  consumption was h ighe r  and 
abundant  sl imes which  were incompletely removed by 

s e l e c t i v i t y  less. There was no i n d i c a t i o n  of t h e   p r e -  
a c t i v a t i o n  which  had  marked  $ualicum River sand. 

ob ta ined   wi th  sodium o l e a t e   i n   t h e  amounts of 2 l b s .  pe.r 
ton  for   beach  sand and  4 l b s .  p e r   t o n  f o r  bank sand. 

Fair ly   c lean  removal  of dark  minerals  was 

The following r e s u l t s  wi th  c a t i o n i c   r e a g e n t s  
are typical : - 

Beach  Sand: 

Reagents - 12-NApII 1180-c 1/20-lb. p e r  ton,, 
Fuel  O i l  5 lbs. pe r   t on .  
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70 Quar tz   Fe ldspar  Dark 
'Weight 0 

Agglomerate 

T a i l i n g  1 7  67; 15 
5 Concentrate 15 

85 
65 

Beach Sand: *- 

Reagents - Trimethyl   S teary l  Ammonium Bromite - 
3/4-1b. per %on. 

Fuel  O i l  5 lbs .  pe r   t on .  

7* Quartz  Feldspar Dark 
-. Weight 70 

Agglomerate 
Concentrate 25 6a 28 4 

T a i l i n g  7 5 1 2  73 15 

t r a t e   a f t e r   m a g n e t i c   s e p a r a t i o n  was a s  follows: 
A chsmioal   analysis  of the  agglomerate  concen- 

Si02 
A1203 
Fe203 

were slightly l e s s  s a t i s f a c t o r y ,  and r equ i r ed   nea r ly  
aouble the  quan t i ty  o f  co l lec tors   to   g ive   comparable  
r ecove r i e s .  

Resul t s   ob ta ined  by agglomerating bank sands 

those  of Harwood,  Mary, Hemando,  and  Cortes  Islands 
In   genera l ,   Savary   I s land   sands   as   wel l  a s  

show promise of  amenabi l i ty  t o  b e n e f i c i a t i o n .  

GENERAL REVIEW OF SARDS: 

sands  through  beneficiat ion was s tud ied .   Inves t iga t ion  
was r e s t r i c t e l :   t o   c e r t a i n  type depos i t s  of the  southern 
c o a s t a l   a r e a  of Br i t i sh  Columbia. The fo l lowing   po in ts  
were   es tab l i shed:  

The production of s i l i c a   s a n d  from impure 

(1) Si l i ca   s and  was produced from Qualicum  Beach 
sand by agglomerate-tabling and magnet ic   separat ion.  
Comparable r e s u l t s  may be  expected  from  other  beach 
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Savary,  Hamood,  Hernando Mary and  Cortes   Is lands.  
depos i t s   inc luding   those  of Oyster   River ,  Kye Bay, 

P r e - r e q u i s i t e s  f o r  s a t i s f a c t o r y   t r e a t m e n t   a r e :  

the   sand  t o  make processing  worth-while.  
( a )  A s u f f i c i e n t   p r o p o r t i o n  of quar tz  i n  

( b )  A minimm of rock  fragments  and  iron- 

( e )   G lean ,   f r e sh   su r f aces  on mine ra l   g ra ins ,  

coa ted   g ra ins .  

o r ,  i n   o t h e r  words, absence of p rc -ac t iva t ion  and 
excess ive   s l imes .  

( 2 )  E f f o r t s  t o  r e c o v e r   s i l i c a   s a n d  from Qualicum 
River  sand were  o n l y   p a r t l y   s u c c e s s f u l .  This was 
a t t r i b u t e d   t o   p r i o r   a c . t ; i v a t i o n  of g ra in   su r f aces  by 
such metal i o n s  as aluminium and i r o n ,   d e r i v e d  from 
n a t u r a l   s o l u t i o n s ,  This phenomenon appears   character-  
i s t i c  of most bank: sands i n   v a r y i n g   d e g r e e   w i t h   t h e  
r e s u l t   t h a t   e a c h   d e p o s i t  mus t   be   inves t iga ted   separa te ly .  

( 3 )  Dele ter ious   coa t ings  may be  removed  from sand. 
grains   by  l 'a t t r i t i ,on  mil l ingl l   thus   exposing  c lean 
mine ra l   su r f aces  to  r e a c t i o n  wi th  r eagen t s .  The el imina-  
t i o n  of i n d i v i d u a l   p e c u l i a r i t i e s  of  sands i n  th i s  way 

well  a s   g r e a t e r   c o n s i s t e n c y  and p r e d i c t a b i l i t y  of 
g i v e s   r i s e  t o  c l eane r ,  more s e l e c t i v e   s e p a r a t i o n s   a s  

r e s u l t s .  However, the  degree of processing  necessary t o  

f o r  commercial a p p l i c a t i o n .  
e f f e c t   d e - a c t i v a t i o n  of ce r t a in   s ands  may be  too  cost ly  

General  Discussion of Sands: I__- 

The t e c h n o l o g i c a l   f e a s i b i l i t y   o f   p r o d u c i n g  

tes t -work  descr ibed.  Much work remains t o  be  done, how- 
s i l ica   sand  f rom  impure  sand has been  es tabl ished  by 

product ion of s i l i c a   s a n d .  T h i s  can  only  be  carr ied ow; 
eve r ,   t o   p rove   t he   p rocess   app l i cab le   t o   t he  commercial 

on  a l a r g e r   s c a l e   t h a n   t h a t   p e r m i t t e d  .by  equipment a t  
t h e  writsrvs d i s p o s a l ,  

Chief   fea tures  t o  be   Inves t igc ted  are: 
1_.- 

(1) Most s u i t a b l e  ...... _""-." sands:  Samples  tested by 



t h e  wr i t e r  are representaLive of only a small propor- 
t i o n  of t he   s and   depos i t s  of t he   P rov ince ,  many of  which 
undoubtedly  contain more qua r t z ,  The h igher   the   p ro-  
p o r t i o n  of qua.rtz in   the   c rude   sand   the   h igher   the   over -  
a l l  recoveryy  hence  tho lower %he t reatment  oost on 
t h e   f i n i s h e d   p r o d u c t .   I n   a d d i t i o n   t o   h i g h   q u a r t z  

slimes, p re -ac t iva t ed   g ra ins ,  and ia  large  measure 
content,  however, a sand  must  be f r e e  from  excessive 

from  rock fra(_:ments, Fur-ther i t s  s ize   rcnge  should 
conform  approximately .to c o m e r c i a 1   s p e c i f i c a t l o n s  

l o c a t i o n ,   S i l i c a  s m d  at b e s t  i s  a low-priced commodity 
. Perhcps the most v i t a l   c o n s i d e r a t i o n  i s  

and will. n o t  s.tand high f r e igh t   ch iwges ,  If i n  
a d d i t i o n   t o  these, t he   s and   mi s t   bea r   bene f i c i a t ion  
cos ts ,   p roximi ty  -Lo consuming cen t r e s  becomes o f  para- 
mount importance 

( 2 )  P r o c e s s i s   D e t a i l s :  Working de ta i l s   can   on ly  
be  determined by t e s t i n g  of a snec i f ic   den0s i . t  on a 

""-.."-."" 

l a r g e r   s c a l e , .  The f1ow"sheet aLcomn:janyini the s e c t i o n  
on Qualicurn  Beach sand  i s  o f f w e d  merely t o   i n d i c q t e   t h e  
e s s e n t i a l   s t e p s   r e q c . i r c G   i n  t h e  case ol" a p a r t i c u l a r  
sand  sample.  For  Qualicum  Beach  sand it was necessary 
t o   d i v i d e  the p r o c e s s   i n t o  <wo st,nge:; t o   e l i z i n a t e  i n t e r -  

Sands may b e  found, horhiever, i n .  which a s u f f i c i e n t l y  
f e r i n g   m a t e r i a l  from .i-he f i n a l   f e l d s p a r - q g a r t z   s e p a r a t i m .  

pure W&arto, t a t l i n g  may be obtained by d:.rect rcmoual o:? 
f e l d s p a r  

combined wi th l  a g g l o r r , e r a t e . . t a b l i ~ l ~   i n  certai ,? cases .  I11 
gene ra l ,  however, sraximum eiimin:-;.:ion of i m p u r i t i e s  
appears  advantageous  before  agglon!erati .on.   In this con- 

might be suggested R G  a n   i n i t i a l  s tup ,  This would requS.re 
nec t ion  sepa ra t ion  of undes i rab le  const i taenbs  magnet ical ly  

a f ree-f lowing  feed,   which  could 0d.y be  obtained  from 
many depos i t s   by   a r t i f i c i a l   d ry ing .   Aga in ,   abou t   one - th i rd .  
of' feed would be  removed, a l a r g e  put only  weakly 
magnetic,  which would require   largo  machine  capaci ty .  

Gravi ty- tab l ing  rnigl1.t be dispensed with,  o r  

h igher   than  t h a t  of g rav i ty - t ab l ing ,  would  be  r;lultiplied. 

Further, i t  is possi.ble by agglomera te- tab l ing   to  re- 
seve ra l   t imes  when cha rged   aga ins t   t he   f i na f   p roduc t .  

c o v e r   s i l i c a  sand s u f f i c i e n t l y  pure for sand   b las t ing  
and  foundry  use,  By r e s t r i c t ing ;   magne t i c   s epa ra t ion  

The c o s t  of magnet ic   separa t ioa ,   cons iderably  
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t o  t h e  f inal .  s t age ,   t he re fo re ,   dua l   d ry ing  i s  avoided 
and c o s t  o f  processing  charged  only  against   the  
m a t e r i a l   a c t u a l l y   t r e a t e d .  

Not only may o p e r a t i n g   d e t a i l s  depend  upon 
t h e   n a t u r e  of t h e   o r i g i n 8 1  smd, but also upon t h e   s c a l e  
of production. For example, i f  requi red   capacr ty  i s  
t o o   g r e a t   t o  be handled on one g r a v i t y - t a b l e ,   o v e r a l l  
e f f i c i e n c y  would  be  improved  by p r i o r   c l a s s i f i c a t i o n  of 
minus 20 p l u s  100-mesh f e e d   i n t o  two or more s i z e  f r z c t i o n s ,  
fol lowed  by  para1l .d   tabl ing of each. 

s i l i c a  sand i n  Br i t i sh  Coluiabia a r e   s t e e l   f o u n d r i e s .  
( 3 )  Economic Factors:  Chief  consumers of 

Small amounts a r e  also used for sand-b la s t ing ,   spec ia l  
p l a s t e r s ,   c t c .  None i s  produced  local ly .   Imports   in  
1940 t o t a l l e d   n e a r l y  2,000 t o n s  from the   Un i t ed   S t a t e s ,  
l a r g e l y  f r o 3  I l l i n o i s  End Cal i forn ia .   Del ivered   pr ices  

Belgium was t h e  chief  source of sup l y  sand coming i n  
ranged froin $10 t o  $14 per ton.  P r i o r  t o   t h e  war, 

a s   b a l l a s t  and s e l l i n g  f o r  ~ $ 6 .  t o  29 5 per ' .  ton .  

The  market f o r  s i l i c a  sand i n   A l b e r t a  i s  

g lass .   Bere   aga in   the   source  of supply i s  the   Uni ted  
r e l a t i v e l y   l m g e ,   m i n l y  f o r  u s e  in   t he   . r anufac tu re  of 

S t a t e s .   D e l i v e r e d   p r i c e s   a r e   s l i g h t l y   l e s s  than those 
f o r  B r i t i s h  Columbia,  owing t o   s h o r t e r   r a i l   h a u l  fron 
p r o d u c e r s   i n   I l l i n o i s  and  Minnesota.  Yashington a l so  

none i s  produced i n   t h e  S t a t e .  
consumes a f a i r l y  l a r g e  quan t i ty  of s i l i c a  sand but  

s a n d s   t o  meet the above  markets  cannot be a c c u r a t e l y  

t r a t i v e  example,  based on r e s u l t s  with Qualieurn  Beach 
judged froia the test-work  done. 'The f o l l o w i n g   i l l u s -  

sand, i s  i n t e n d e d   t o   c l a r i f y  f u r t h e r  d i scuss ion  and not 
t o   be   accep ted  as a f i n a l   e s t i m a t e  of p r a c t i c a l   c o s t s :  

The economic f e a s i b i l i t y  of processing  impure 

Example : 

Assumptions - mining c o s t . -  25 c e n t s   p e r   t o n ,  
overa l l   recovery  of s i l i c a   s a n d  - 

10 per  cent .  o f  crude 
sand. 

sand per day, 
capac i ty  of p l a n t  - 100 tons  crude 
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It ems Tons cos t   To ta l  Waste 

Treated  Per  Ton Cost - Products  - 
Mining 100 $0 "25 $25 .oo "" 

Washing, s i z i n g  

t a b l i n g  
and   grav i ty-  

100 0.20 20.00 Mica-shell  con- - 
c e n t r a t a  5 tons  
high-iron  ccncen- 
t r a t e  - 25 tons.  

Conditioning  ana 
Agglomerate- 
t a b l i n g  70 0 *15 10,OO Low-s i l ica   t a i l ing-  

45 tons .  

De-agglomeration 
and  Agglomerate- 
t a b l i n g  25 0.25 6 .OO High-iron ag,:loroer- 

a te   p roduct  .- 2 tons  

Conditioning  and 
Agglomerate- 
t a b l i n g  23 1000 23.00  Yigh-feldspar  pro- 

duct ion - 1 0  tons .  

Di rec t   t rea tment   cos t ,  l e s s  labour  484.00 f o r  100 ton:: crude. 
Labour 1.5 00 
I n d i r e c t   c o s t s  1.5 .OO 

T o t a l   c o s t s  .$ 114,OO 
Cost p e r  t on  s i l i c a  sand 11.40 

magnet ic   separat ion and handl ing,  as wel l  as p r o f i t .  On 
To the  above must be  added  cost of drying,  

t h i s  b a s i s ,  $14. t o  $15 per ton  would be a minimum 
s e l l i n g   p r i c e ,  

however,  brings ou t  t h e   f o l l o w i n g   f a c t o r s :  
C r i t i c a l   a n a l y s i s  of the  foregoing  example,  



i n g   s e l l i n g   p r i c e  of the   sand .  R ?eduction from 25 
c e n t s  t o  15 cen t s  a t  this po in t  would r ep resen t  a savi:ag 
of # l a O O  per %on  on the f i n a l   p r o d u c t ,  

!a) Mining  cost  i s  the l a r g e s t   i t e m   a f f e c t -  

g r a v i t y - t a b l i n g  might well be el iminated  without  
(b) I n  the   t r ea tmen t  of c e r t a i n  sands 

adve r se ly   c f f ec t ing   p rocess ing   e f f i c i ency .   Th i s  would 
save  roughly 10  cen t s  p e r  t on  on crude  feed or #l,OO per  
t o n  on sil.:i.m c:;ind, 

( e )  Reagents   necessary for t h e   s e p a r a t i o n  
of f e l d s p a r  and q a r t z  are expensive,  There i s  a 
p o s s i b i l i t y   t h a t  sodium f l u o r i d e  o r  sodium s i l i c o -  
f luor ide   and   su lp l lur ic   ac id  may be   subs t i t u t ed  f o r  
h y d r o f l u o r i c   a c i d   i n  t h i s  s t a g e ,  By s o  doing a saving 
of 40 t o  50 c e n t s   p e r   t o n   s i l i c a   s e n d  m i g h t  be e f f e c t e d .  

i d )  Other items of d i r e c t   c o s t  sh.ow l i t t l e  
promise of r educ t lon ,  

Even sh.ou2.d the above-mentioned  economics be 
p o s s i b l e ,   t h e   s e l l . i n g   p r i c e  of s i l i c a  sand  would s t i l l  
be # l 2 ,  t o  Fer ton .  On t h e   b a s i s  o f  t h e  above 
example ,   therefore ,   the   benef ic ia t ion  of impure  sands 
t o  y i e l d   s i l i c a   s a n d  would appear d e f i n i t e l y  uneconomic. 
Before  &ismissin.g  the  subject,   however,  i t  must  be 
remembered that  i n   t h e   p r e s e n t  example all expenses arc  

pe r   cen t .  of i n i t i a l   f e e d .  This being t h e  c a s e   e i t h e r  
charged  against  a f i n a l   p r o d u c t   r e p r a s e n t i n g   o n l y  10 

h igher   rccovcrg  or sale of flwastea3 products  ..rill improve 
t h e  p ic ’cure   mater ia l iy ,  

from 10   pe r   cen t .   t o  20  p e r   c e n t ,  would decrease   cos ts  
I n  t h e  above oxamplo an   i nc rease   i n   r ecove ry  

from $1.1,40 to 47.60 pes   ton  of s i l i c a  sand,   Further  

t o  $j,00 t o  64,OO p e r   t o n  with the above f low s h e e t ,  o r  
i n c r e a s e  t o  50 p e r   c e n t ,  would r educe   p sod~x t ion   cos t  

t o  a cons ide rab ly   l ower   f i gwe   w i th   s imp le r   p rocess ing .  

p r e s e n t   r e p o r t   a r e   e s s e n t i a l l y  low i n  s i l i c a o  Recoveri3s 
exceeding 15 per   cen t .  of f eed   a r e   no t   t o   be   an t i c ipa t ec l  

therefore ,   depends upon t h e   p o s s i b i l i t y  of sell . ing 
even  unaer  optiaum  conditions.  Hope of econo-mic t rea tm3nt ,  

“waste   products*” 

The group of sand depos i t s   cons ide red   i n   t he  
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R e v e r t i n g   t o   t h e   i l l u s t r a t i v e  example,  the 

fo l lowing   po in ts   a re   wor thy  of d iscuss ion:  

(a )  A t 'high-iron"  concentrate of 25 t o n s  is 

black sand, composed of magnetite,  i lmen i t e ,  ep idote ,  
removed  by g rav i ty - t ab l ing .  About 5 tons  of t h i s  i s  

garne t ,   e tc . ,   the   remainder   be ing  a mixture of quar tz ,  
f e ldspa r ,   ho rnb lende ,   e t c .  No spec i f i c   u se   can   be  
suggested f o r  t h e  former a t   p r e s e n t ,  but t h e   l a t t e r  
would be s u i t a b l e  f o r  p l a s t e r  or concrete .  

contains  mica.  The proport ion would be  salal1 fo r   Qua l i -  

including  Savary Is., Harwood Is.,  e t c ,   T h i s  mica  can 
cum Beach sand, but  up t o  25 pe r   cen t .  f o r  c e r t a i n   o t h i r s ,  

be  readi ly   separated  f rom  gangue  by  agglomerate- tabl ing 
wi th   ca t ion ic   r eagen t s   and   su i t ab le   mod i f i e r s .  From 
some sands   as  much a s  L o r  2 tons  per  hundred tons  
would  be  recoverable  and  would  be  suitable f o r  manufacture 
of a s p h a l t   r o o f i n g   a f t e r   d e - o i l i n g .  

( b )  The " l igh t"   p roduct   f rom  grav i ty- tab l ing  

( c )  From t h e  f irst  s t a g e  of agglomerate-tabling 
about 45 tons  of l o w - s i l i c a   t a i l i n g   r e s u l t s .   T h i s  
m a t e r i a l  would  compare favourably  with many p l a s t e r  and 
concre te   sands   so ld  i n  B r i t i s h  Columbia. 

of high-feldspar   product .   This  would  have the   fo l lowing  
( a )  The f ina l .   s epa ra t ion   y i e lds   abou t  10 t o m  

approximate  composi t ion  af ter   de-agglomerat ion,   tabl ing 
and magnet ic   separat ion:  

Sj-02, 63 per   cen t . ;  A1203, 23 pe r   cen t . ;  
Fe203, 0,08 per   cen t . ;  CaO, 8 pe r   cen t . ;  
N 9 0 ,  5 per   cent .   and K20, 1 per   cen t .  

Such a product would  be  a s u b s t i t u t e  f o r  
nephe l ine   syen i t e  and f e l d s p a r   i n   g l a s s   m a n u f a c t u r e ,  It, 
could a l s o  r e p l a c e   s i l i c a  sand a s  an ing red ien t  of 
s p e c i a l   p l a s t e r s ,   e t c .  where  white  colour i s  t h e   e s s e n t i a l  
requirement.  

c e n t r e s ,  a plant   might  s e l l  t he   fo l lowing   ma te r i a l s  i n  
add i t ion  t o  s i l i c a   s a n d ;  

If s i t u a t e d   s u f f i c i e n t l y   c l o s e   t o  consuming 
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P l a s t e r  and  concrete  sand - 7 0  t o n s   a t  50 c e n t s  

Fe ldspar  

To ta l  

" 

$65 .oo 
Overa l l   cos t s  per  100 tons !$ 114.00 
Sale of waste products  65 ,oo 

Balance $ 49.00 

Cost  per  ton  charged  against  
s i l i  ea sand 4,90 per   ton  

poss ib l e ,   cos t s  would be fur ther   reduced   as   fo l lows:  

1 ton  mica a t  $25"  per  ton  8 25,OO 
Balance   cha rgeab le   t o   s i l i ca  

sand 24 e 00 
C o s t   p e r   t o n   s i l i c a  sand 2.40 

Should  the  production and s a l e  of  mica  prove 

a s   i l l u s t r a t i v e  of t he   f ac to r s   i nvo lved ,  must  be re- 
emphasized. They a l s o  serve,  however, t o  i n d i c a t e  t h e  
kina  and degree of expenses connec.ted wi th  aa, opera t ion  
of this s o r t ,  

That  the  above  cost   data  can only be  accepted 
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