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f3)  Ore  sorting. 

In  an  ore  sorting  apparatus,  ore  particles  are  bombarded 
with  neutrons  in  a  chamber  13  and  sorted  by  detecting  radia- 
tion  emitted  by  isotopes  of  elements,  such  as  gold,  forming  or 
contained  in  the  particles,  using  detectors  21  and  selectively 
controlling  fluid  jets  22.  The  isotopes  can  be  selectively  recog- 
nised  by  their  radiation  characteristics.  In  an  alternative  em- 
bodiment,  shorter  life  isotopes  are  formed  by  neutron  bom- 
bardment  and  detection  of  radiation  takes  place  immediately 
adjacent  the  region  of  bombardment. 



BACKGROUND  OF  THE  INVENTION 

THE  invention  r e l a t es   to  ore  s o r t i n g .  

In  a  known  type  of  ore  sort ing  equipment,  ore  rocks  are  presented  to  scanning 

apparatus  in  a  p l u r a l i t y   of  streams  in  which  individual   ore  c a r r y i n g  

par t ic les   are  spaced  apart .   The  scanning  apparatus  determines  the  

c h a r a c t e r i s t i c s   of  the  individual   p a r t i c l e s   which  are  then  sorted  according 
to  those  c h a r a c t e r i s t i c s   while  moving  in  the  pa ra l l e l   streams.  Such 

equipment  is  described  for  example  in  South  African  Patent  No  78/2327. 

Present  scanning  and  detect ion  methods  relying  on  levels  of  l i g h t  

r e f l e c t i v i t y   for  example  are  not  normally  s u f f i c i e n t l y   accurate  e s p e c i a l l y  
when  detecting  very  small  q u a n t i t i e s  o f   ore  per  unit  volume  of  ore  bearing 

par t ic les   so  tha t  economica l ly   viable  p a r t i c l e s   are  sometimes  i n c o r r e c t l y  
sorted  by  being  undetected  and  rejected  in  present   methods.  This  i s  

especial ly   a  problem  as  the  need  for  sor t ing  poorer  qua l i ty   ore  bear ing 
materials  becomes  more  important  due  to  the  rise  in  the  economic  value  o f  

rare  me ta l s .  

SUMMARY  OF  THE  INVENTION 

According  to  one  aspect -of   the  invention  there  is  provided a method  of  

sorting  ore  b e a r i n g  p a r t i c l e s   including  neutron  bombarding  the  p a r t i c l e s  
to  form  isotopes  of  elements  contained  in  or  forming  the  ore  p a r t i c l e s  
and-detect ing  r ad ia t ion   of  se lect ive   i so topes  t o   iden t i fy   the  corresponding 
se lec t ive   element  bearing  par t ic les   to  be  s o r t e d : f r o m  o t h e r   p a r t i c l e s ,   and 

sorting  the  i d e n t i f i e d   par t ic les   from  the  other  p a r t i c l e s .  

According  to  another  aspect  of  the  invention  there  is  provided  an apparatus  f o r  
sorting  ore  bearing  pa r t i c l e s   comprising  a  t r anspor t   system  for  the  ore  p a r t i c l e s  .  
including  a  s t a t ion   at  which  the  pa r t i c l e s   are  subjected  to  neutron  bombardment 



to  convert  one  or  more  of  elements  contained  in  or  forming  the  ore  p a r t i c l e s  

into  i sotopes-of   the  elements,   and  a  fur ther   s ta t ion  at  which there  is  

radiation  de tec tor   means  arranged  to  provide  control  s ignals   in  response  to  

radiation  emitted  from  s-elective  isotopes  to  enable  sor t ing   of  the  corresponding 
selective  element  bearing  pa r t i c l e s   from  other  p a r t i c l e s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

An  ore  sorting  apparatus  and  method  according  to  the  i nven t ion   will  now 
be  described  by  way  of  example  with  reference  to  the  accompanying  schematic 

drawings  in  which:  

Figure  1  shows  one  fom  of  the  apparatus;   and 

Figure  2  shows  a  d i f f e r e n t   form  of  the  a p p a r a t u s .  

DESCRIPTION  OF  A  PREFERRED  EMBODIMENT 

Referring  to  the  drawing,  in  Figure  1  a  s tockpi le   10  of  crushed  gold  bearing  rock 

ore  par t ic les   i s .p rov ided   above  a.hopper  11.  A  t r anspor t   conveyor  12  feeds 
the  par t ic les   from  the  base  of  the  hopper  11  to  the  top  of  an  i r r a d i a t i o n  

chamber  13.  The  chamber  13  is  provided  with  a  central  cy l i nd r i ca l   tube  14 

extending  into  the  ground  and  an  upper  neutron  shielding  plug  15  at  the  top 
of  the  tube  14.  A  cy l ind r i ca l   slug  16  f i t s   into  the  tube  14  and  carr ies   a 
p lura l i ty   of  neutron  i r r a d i a t i n g   units .   The  chamber  13  has  an  outer  j a c k e t  
17'providing  a  shield  to-conf ine   n e u t r o n  i r r a d i a t i o n   made  of  concrete ,   water  
and  wax  for  example.  The  ore  pa r t i c l e s   pass  down the  chamber  13  between  t he  
tube  14  and  the  j acke t   17  to  be  discharged  onto  a  t r anspor t   conveyor  18. 

The  conveyor-18  de l ivers   the  ore  pa r t i c l e s   to  a  hopper  19  from  where  the  

part icles   pass  to  a  conveyor  system  20  which  may  be  genera l ly   as  desc r ibed  
in  South  African  Patent  No  78/2327. 

In  the  conveyor  system  20  the  ore  pa r t i c l e s   are  formed  into  d i s c r e t e   streams 

of  separated  p a r t i c l e s   and  pass  an  array  of  detectors   2 1 . .   Fluid  jet   supply 
22  includes  one  or  more  arrays  of  fluid  jets   (not  shown)  and  is  rendered 

se lec t ively   operat ive   by an  e lec t ron ic   processor  23.  The  processor   23 
receives  signals  from  a  de tec tor   analyser  24  connected  to  the  de tec tors   21 

and  i n i t i a t e s   the  f lu id   je ts   correspondingly  to  divert   se lec ted   p a r t i c l e s  
from  their   natural  t r a j e c t o r y   towards  a  re jec t   bin  25  into  a  se lected  ore 



bin  26.  The  processor  23  is  provided  in  this  embodiment  and  connected  t o  

level  sensors  27  to  ensure,  by varying  the  conveyor  t r anspor t   speeds,  t h a t  

correct  or  su i t ab le   i r r a d i a t i o n   is  taking  place  in  the  chamber  13. 

The  detectors  21  are  arranged  in  an  array  along  the  path  of  the  d i s c r e t e  

streams  as  well  as  across  streams.  The  detectors   21  are  s ens i t i ve   to  gamma 
radiation  and  provide  for  each  stream  a  pulse  pattern  which  can  be  analysed 

by  the  analyser  24  to  determine  the  presence  and  c h a r a c t e r i s t i c   of  ore 
p a r t i c l e s  p a s s i n g   the  d e t e c t o r s .  

The  method  and  apparatus  described  operates  and  depends  on  the  convers ion 

of  gold  in  the  ore  pa r t i c l e s   being  converted  at  least   p a r t i a l l y   from  gold 

197Au  to  gold  isotope  198Au.  The  gold  isotope  exist   for  a  period  of  t ime 

(half  l i fe   around  2.7  days)  during  which  the  isotope  emits  gamma  rays 
which  are  detected  by  the  de tec tors   20  to  ident i fy   s e l e c t i v e l y   gold  bear ing  

par t ic les   from  the  remainder  of  the  pa r t i c l e s   in  the  d i sc re te   streams.  As 

such,  the  s e l ec t ion   may  be  much  more  r e l i ab le   and  more  sens i t ive   than  provided 
in  ear l ie r   proposals  which  re l ied  on  l ight   r e f l ec t ion   and  the  l i k e .  

Normally,  it  is  required  that  all  pa r t i c l e s   passing  through  the  chamber  13 

are  subjected  to  at  least   s u b s t a n t i a l l y   the  same  amount  of  r ad ia t ion .   In 

practice  therefore   it  is  p r e f e r a b l e - t h a t   the  pa r t i c l e   sizes  are  selected  i n t o  .  
grades  for  passage  through  the  chamber  13.  Similarly  it  is  preferred  t o  
transport   ore  p a r t i c l e s   through  the  chamber  along  spiral   paths,  tumbled 
progressively  downwards  in  stages  or  otherwise  pos i t ive ly   fed  through  t h e  
chamber  13.  Likewise,  the  rad ia t ion   sources  are  d i s t r i b u t e d   in  the  chamber 
in  a  suitable  manner  to  ensure  that  ore  pa r t i c l e s   passing  through  the  chamber 
13  are. subjected  to  as  even  d i s t r i b u t i o n   of  radia t ion  as  p o s s i b l e .  

The radiat ion  may  be  provided  from  any  sui table   source-of   neutrons  i n c l u d i n g  
sources  based  on  Cal i fornian  252,  neutron  emi t t e r s   such  as  provided  by  the -  
bombardment  of  Beryllium  or  other  ta rget   elements by Radium,  Americium  241  o r  
other  radio  i s o t o p e s ,  p a r t i c l e   a cce l e r a to r   neutron  generators   or  a  s m a l l  n u c l e a r  
r e a c t o r .  

It  will  be  appreciated  that  when  sort ing  ore  pa r t i c l e s   containing  gold,  the  gold 
isotopes  have  r e l a t i v e l y   long  h a l f - l i v e s ,   as .explained  above.  For  long  h a l f - l i f e  
isotopes  of  gold  or  other  elements,  the  embodiment  of  Figure  1  may be  modif ied  



or  controlled  to  allow  the  ore  pa r t i c l e s   to  be  stored  for  a  period  of  say  i 

2 4   hours.  This  can  be  achieved  in  separate  dedicated  storage  bins  (not 

shown)  or  in  the  hopper  19.  By  storing  the  ore  p a r t i c l e s ,   isotopes  having 

re la t ive ly   shor ter   h a l f - l i v e s   will  decay  during  storage  to  a  level  at  which 

t h e  r a d i a t i o n   emitted  will  not  i n t e r f e r e   with  l a te r   r ad ia t ion   d e t e c t i o n  

from  the  desired  isotope.   This  enables  l a t e r   se lec t ion   of  the  d e s i r e d  

elements,  using  gamma  ray  de tec t ion ,   provided  by  the  de tec tors   21,  to  be  more 
accurate.  If  the  delay  is  too  shor t ,   s i g n i f i c a n t   gamma  rad ia t ion   from 
shorter  h a l f - l i f e   isotopes  may  s t i l l   be  present  when  the  ore  pa r t i c l e s   pass  
the  detectors  21  and  cause  erroneous  se lec t ion   of  the  desired  ore  bear ing  

par t ic les .   In  other  words,  where  elements  are  present  in  the  ore  p a r t i c l e s  
which  not  required  to  be  sorted  whose  isotopes  h a v e  h a l f - l i v e s   which  are  s h o r t  

re la t ive   to  isotopes  of  elements  required  t o  b e  s o r t e d ,   it  is  an  advantage 
to  delay  the  de tec t ion   of  gamma  rad ia t ion   until  such  isotopes  have  a t  l e a s t  

s ign i f i can t ly   decayed  so  that  only  isotopes  of  the  longer  l i fe   e l e m e n t s  

then  emit  a p p r e c i a b l e   radia t ion  during  de tec t ion .   This  delay  may  be  p r e s e n t  
by  the  inherent  throughput  speed  or  spec ia l ly   provided  by  s torage.   F u r t h e r ,  
where  two  o r   more  d i f f e r e n t   longer  h a l f - l i f e   isotopes  are  produced  by  neutron 

bombardment,  a  delay  period  or  periods  can  be  s e l e c t i v e l y   chosen  so  that  only 
the  isotopes  of  i n t e r e s t   emit  the  major  amount  of  rad ia t ion   in  the  r equ i r ed  

energy  window  for  d e t e c t i o n .  

In.Figure  2,  the  embodiment  is  p r o v i d e d . p a r t i c u l a r l y ,   and  in  cont ras t   to  
the  embodiment  of  Figure  1,  for  sor t ing  ore  p a r t i c l e s   by  forming  r e l a t i v e l y  
short  h a l f - l i f e   i so topes .   The  embodiment  of  Figure  2  is  arranged  t o  expose  
the  ore  p a r t i c l e s   to  neutron  bombardment  at  a  s ta t ion   adjacent  gamma  r a d i a t i o n  
detectors.   In  this   way  isotopes  having  a  short  h a l f - l i f e ,   of  only  say  around 
1  minute  such  as  isotopes  of  manganese,  can  be  detected  to  enable  sort ing  o f  
the  ore  p a r t i c l e s .  

The  ore  pa r t i c le   t r anspor t   system  can  be  general ly  as  described  in  South 
African  Patent  No  78/2327,  and  comprises  a  conveyor  belt  100 above  which  i s  
mounted  an  array  of  neutron  sources  102.  Pa r t i c l e s   on  the  belt  are  exposed 
to  neutron  bombardment  and  isotopes  formed  are  detected by an  array  of  d e t e c t o r s  

104.  Arrays  106  and  108  of  f luid  je ts   are  cont ro l led   by  a  de tec tor   a n a l y s e r  
110  to  sort  the  p a r t i c l e s   by  se lect ive  impingement   of  f luid  from  the  f l u i d  

jets  in  an  otherwise  conventional  manner. 



In  Figure  2,  the  embodiment  is  arranged  to  se lec t   two  types  of  ore  p a r t i c l e s  

by  sensing  gamma  radia t ion   and  de tec t ing   the  c h a r a c t e r i s t i c   r ad ia t ion   energy 
at  d i f ferent   energy  levels  c h a r a c t e r i s t i c   of  s e l ec t i ve   isotopes  to  de termine  

the   presence  of  those  i so topes .   In  this  way  for  example  Aluminium  and 

Manganese  bearing  ores  may  be  sepa ra te ly   selected  from  the  remainder  of  the  

ore  p a r t i c l e s ,   each  providing  in  e f f ec t   an  i d e n t i f i a b l e   s ignature   r ecogn i sed  

by  detector  s ignals  supplied  to  the  de tec tor   signal  analyser   110. 

The  embodiment  of  Figure  2  may  be  arranged  to  detect   only  one  type  of  i s o t o p e  

or  more  than  two  types  of  i so topes ,   as  d e s i r e d .  

It  will  also.be  appreciated  that  the  p a r t i c u l a r   ore  pa r t i c l e   t r a n s p o r t  

systems  described  are  examples  only  of  systems  that   may  be  used  in  c a r r y i n g  

out  the  inven t ion . - 'The   throughput  speed  and  conf igura t ion   as  has  been  exp la ined  

depends  mainly  on  the  h a l f - l i f e   of  the  isotopes  formed  by  neutron  bombardment 
but  can  also  depend  on  the  amount  of bombardment  used.  In  this  way  the  s e l e c t i o n  

of  one  or  more  isotopes  from  other  i s o t o p e s . f o r   detect ion  can  be  enhanced.  Where 

ore  sorting  is  dependent  on  forming  and  detect ing  r e l a t i v e l y   long  h a l f - l i f e  

isotopes  a  r e l a t i v e l y   slow  throughput  speed  is  used,  or  a  spec i f i c   delay  o r  

storage  arrangement  provided,  to  allow  any  short  h a l f - l i f e   isotopes  to  at  l e a s t  

s i gn i f i c an t l y   decay  before  reaching  the  gamma  r ad ia t ion   de t ec to r s .   Where  s e l e c t i o n  

is  based  on  forming  short  h a l f - l i f e   i so topes ,   the  de tec t ing   is  arranged  to  f o l l o w  

a  c e r t a i n  r e l a t i v e l y   short  time,  which  can  also  be  s e l e c t i v e ,   a f ter   neut ron  
bombardment.  In  the  l a t t e r   case,  bombardment  s t a t i ons   and  detec tor   s t a t ions   a r e  
arranged  close  to  one  another  to  allow  the  i s o t o p e s  t o   be  detected  shor t ly   a f t e r  

they  have  been  formed. 

Conveniently,  s c i n t i l l a t o r   de tec tors   are  used  for  de tec t ing   the  gamma  r a d i a t i o n  

but  other  s u i t a b l e . r a d i a t i o n   de tec to r s   may be  used .  

The  methods  and  apparatuses  described  may  be  used  for  sor t ing  a wide  v a r i e t y  

of  elements  or  element  bearing  p a r t i c l e s   from  other  elements  or  waste  m a t e r i a l .  

The  select ion  of  p a r t i c u l a r   elements  from  other  elements  can  be  carr ied  out  by 
d i f fe r ing   the  neutron  bombardment  and  by  sensing  d i f f e r e n t   types  or  energies  o f  

rad ia t ion ,   including @  and  β  r a d i a t i o n ,   emitted  by  the i r   i s o t o p e s .  

Whereas  the  apparatus  described  in  Figure  1  includes  a  neutron  bombardment 

s ta t ion  which  is  underground,  the  bombardment  may  take  place  other  than  in  an 
underground  s i t e .  



1. 

A  method  of  sor t ing  ore  bearing  par t ic les   character ised  by  neutron 

bombarding  the  pa r t i c l e s   to  form  isotopes  of  elements  contained  in  or  

forming  the  p a r t i c l e s ,   detect ing  radiat ion  prcduced  by  selected  i so topes  

to  identify  corresponding  se lec t ive   element  hearing  p a r t i c l e s ,   and  s o r t i n g  

the  i den t i f i ed   pa r t i c l e s   from  other  p a r t i c l e s .  

2. 

A  method  according  to  Claim  1,  charac ter i sed   in  that  the  neutron  bombarding 

takes  place  in  an  underground  s t a t i o n .  

3. 

A  method  according  to  Claim  1,  charac te r i sed   by  detect ing  d i f f e ren t   types  

or  energies  of  radia t ion   emitted  by  the  isotopes  to  d i s t ingu i sh   d i f f e r e n t  

isotopes  from  one  ano the r .  

4 .  

A  method  according  to  Claim  1  for  sort ing  pa r t i c l e s   which.form  r e l a t i v e l y  

long  l i fe   i so topes ,   charac ter i sed   by  delaying  the  passage  o f  p a r t i c l e s   a f t e r  

bombardment,  and  detect ing  the  rad ia t ion   a f te r   the  delay  so  as  to  al low 

any  shorter   h a l f - l i f e   isotopes  to  at  least   s i g n i f i c a n t l y   decay.  

5. 

A  method  according  to  Claim  1,  for  sor t ing  ore  p a r t i c l e s   which  form 
short  h a l f - l i f e   isotopes  cha rac te r i sed   in  that  the  bombarding  takes  p lace  
immediately  before  detect ing  rad ia t ion   produced  by  the  i s o t o p e s .  

6. 

Apparatus  for  sor t ing  ore  bearing  pa r t i c l e s   cha rac t e r i s ed   by  a  t ranspor t   system 
for  the  ore  pa r t i c l e s   including  a  s t a t ion   at  which  the  pa r t i c l e s   are  s u b j e c t e d  
to  neutron  bombardment  to  convert  one  or  more  of  the  elements  contained  in  o r  
forming  the  ore  pa r t i c l e s   into  isotopes  of  the  elements,   and  a  fur ther   s t a t i o n  

at  which  there  is  radiat ion  detec tor   means  arranged  to  provide  control  s i g n a l s  
in  response  to  radia t ion  emitted  from  s e l ec t ive   -isotopes to  enable  s o r t i n g  
of  the  corresponding  se lec t ive   element  bearing  p a r t i c l e s   from  other  p a r t i c l e s .  



7. 

Apparatus  according  to  Claim  6,  charac ter i sed   by  means  for  delaying  the  p r e g s r  
of  the  ore  p a r t i c l e s   a f ter   bombardment  to  allow  shor ter   h a l f - l i f e   i so topes  
to  decay  at  l eas t   s i g n i f i c a n t l y   before  being  supplied  to  sa id   fur ther   s t a t i o n .  

8.  

Apparatus  according  to  Claim  6,  charac ter i sed   in  that  said  fur ther   s t a t i o n  

is  arranged  to  provide  control  signals  s e l ec t i ve ly   i nd ica t ive   of  the  

presence  of  two  or  more  d i f f e r en t   isotopes  a t  the   fu r the r   s t a t i o n .  
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