
ZESZYTY N A U K O W E  PO L IT E C H N IK I ŚLĄ SK IEJ 
Seria: G Ó R N IC T W O  z 231

1996 
N r kot. 1349

HREDZÁK S „  JA K A B SK Ÿ  Ś., LO V Á S M ., M O C K O V Ó IA K O V Á  A., 
B O LDIÉÁRO VÁ E „  B Á L IN T O V Á  M.

Institute o f  G eo technics o f  the  Slovak Academ y o f  Sciences

DEFER R IZA TIO N  O F  E O L IC  SA N D S FR O M  SA JD ÎK O V E  H U M E N C E  D E P O SIT

Sum m ary. T h e  contribution  gives attention to the possibility o f  eolic sands deferrization by 
means o f  m agnetic  separation. T he sands from  Sajdikove H um ence  are treated  by classifier. 
They are utilized in foundry  and building industry.

O D ŻELA ZIA N IE P IA SK Ó W  E O L IT O W Y C H  ZE  Z Ł O Ż A  ŚA JD IK O V E  H U M E N C E

S treszczen ie . A rtykuł je s t pośw ięcony odżelazianiu p iasków  eolitow ych za  pom ocą  
separacji m agnetycznej. Piaski z  Sajdíkove H um ence były w zbogacane w  klasyfikatorze. 
Znajdują o n e  zastosow anie  w  przem yśle budowlanym  i odlew niczym .

Z astosow anie ty ch ' p iasków  w  przem yśle szklarskim  jes t og ran iczone przez zaw artość 
żelaza. P ró b k i p iasku były przerab iane w  suchej i m okrej separacji m agnetycznej o w ysokim  
natężeniu p o la  w  poligradientow ym  separatorze Jones’a.

1. In troduction

D eposit o f  eolic sands - Sajdikove H um ence is located in Z ahorska  s bottom  land (south­

western Slovakia). I t  is form ed by  dow nsands which achieve th e  thickness about 30 m. The 

sands are g o o d  sorted  ou t (d so  =  0 .26 mm), with very low  co n ten t o f  the  fraction under 0.02 

mm. T he c o n ten t o f  grains in th e  fraction o f  0.1 - 0.6 m m  attains 93 %  m eanly [1],

Q uartz  occu rs  in th e  sands as dom inant mineral. Its con ten t in light fraction w here  it is 

accom panying by feldspar attains over 95 %. The con ten t o f  heavy m inerals such as garnet, 

hornblende, o re  m inerals, staurolite, epidote and apatite is no t m ore  than  1 %  [4]
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E olic  sands from  Sajdikove H um ence are considered  to  be  prospective raw-material for 

u tiliza tion  in  glass industry. In  the  past they  w ere  used  only in building industry. Since 1972 

afte r th e  p u ttin g  in to  operation  o f  w ater con traflow  classifiers th e  sands are treated  to several 

k inds o f  fo u n d ry  sands suitable fo r the pouring  o f  g rey  cast iron  [1 ,2 ] .

T h e  quality  o f  glass sand m ust fulfil the  follow ing conditions: con ten t o f  SiC>2 over 93 % 

w ith  very  lo w  co n ten t o f F e 2 C>3 (for instance - optical glass under 0 .02 %  o f  F e 2 0 3 , white and 

fine w h ite  g lass u n d e r 0 .04  %  o f  Fe2 C>3 , sheet glass under 0.15 %  o f  F e 2 C>3 and m irror glass 

u n d e r 0 .2  %  o f  F e 2 C>3 ) [2,4]

F irstly, de ta iled  research  on  the  possibilities o f  trea tm en t o f  eolic sands described in [3] was 

d irec ted  to  th e  flo ta tion  o f  feldspar w ith th e  follow ing h igh-intensity  m agnetic separation. The 

q u a rtz  sand  w ith  co n ten t o f  Fe2 C>3 un d er 0 .06  %  and concentra te  w ith con ten t o f  feldspar 

a b o u t 76  %  w e re  obtained.

S am ples m ark ed  as S-35 and S-50 obtained by w a ter con traflow  classifying w ere subjected 

to  w e t and  d ry  m agnetic  separation  w ith th e  p u rpose  to  determ ine the  efficiency o f  both above 

m en tio n ed  w ays o f  separation.

2 . G ra in  size  analysis

G rain  size analysis o f  sam ples S-35 and S-50 have been  provided by dry classifying on 

screens. T h e  d istribution curves w ere  constructed. T hey  are represen ted  in Fig. 1. The samples 

co n ta in  a  very  few  o f  fraction  under 0.1 m m  and they can be characterized  by these values of 

m ean  grain:

S - 3 5  d 5 Q =  0 .389  mm S - 5 0  d 5 o =  0.625 mm
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Grain s ize  [m m ]

Fig. 1. G rain size distribution curves o f  sam ples S - 35 and S - 50 
Rys.l. K rzyw e składu ziarnow ego próbek  S - 35 i S - 50

3. M agnetic separation o f  sands

The laborato ry  separator JO N E S w as used for separation tests. S eparation  p rocess has been 

realized in a  casket located  in an air gap o f  separator. T he basic characteristics o f  separator is 

represented in fig. 2 as the  dependence o f  m agnetic induction on  m agnetizing current.

Curren t [A]

Fig. 2. D ependence o f  induction on  m agnetizing current 
Rys.2. Z ależność indukcji od  prądu m agnesującego

W et m agnetic  separation w as realized in the  casket filled by balls w ith  d iam eter o f  9 mm. 

The induction in em pty casket w as 0.52 T. After its filling by the balls a  po lygrad ien t m agnetic 

field w as form ed with the  induction from  1.0 to 1 4  T  in the dependence on  m easuring point
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location  am o n g  th e  balls. T he density o f  pulp w as ab o u t 300  g .H .  M agnetic  product was 

caugh t in th e  casket and non-m agnetic  one w as w ashing out.

D ry  m agnetic  separation  w as also realized in the  casket. B u t in th e  d ifference o f  w et way the 

casket w as lined by riffled plates. T he induction o f  m agnetic  field w as 1.3 T.

T he results o f  w e t separation  o f  sam ples S-35 and S -50  are  in troduced  in  table 1 and 2. 

Param eters o f  the  dry w ay o f  separation are described in tab le  3 and  4.

Table 1

S - 3 5

M A SS Y IELD C O N T E N T  [% ] R E C O V E R Y  [%]

M P » l Fe20 3 (Noc/3 F e20 3 Si02

M 5.35 0.575 12.732 33.15 55.05 0.20

N 925.0 99.425 0.060 95.73 44.95 99.80

Z  930.35 Z  100.00 0.133 95 .40 100.0 100.0

Table 2

S - 5 0

M A SS Y IELD C O N T E N T  [% ] R E C O V E R Y  [%]

[g] . .. ..°'J..... F e20 3 S i0 2 Fe20 3 Si02

M 9.45 0.65 13.046 28.51 59.30 0.19

N 1435.00 99.35 0.059 96 .20 40.70 99.81

Z  1444.45 I  100.00 0.143 95 .76  100.00 100.00
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T able 3

S - 35

M A SS YIELD C O N T E N T  [%] R E C O V E R Y  [% ]

... __ Fe20 3 S i0 2 Fe20 3 S i0 2

M 2.20 0.422 19.120 31.68 63.55 0.14

N 519.50 99.578 0.049 95.67 36.45 99 .86

X 521.70 X 100.00 0.133

S - 5 0

95.40 100.00 100.00 

Table 4

M A SS Y IELD C O N T E N T  [%] R E C O V E R Y  [% ]

[“ »]__ Fe20 3 S i0 2 Fe20 3 S i0 2

M 2.05 0.294 22.820 21.15 67.10 0.06

N 694.80 99.706 0 047 95.98 32.90 99.94

X  696 85 X 100.00 0.143 95.76 100.00 100.00

The obtained results can be sum m arized as follows:

- the sam ple S-50 w as separated w ith h igher efficiency in both w ays o f  separation - low er 

Fe2 C>3 -co n ten t and F e 2 0 3 -recovery in to  non-m agnetic  product, as well as h igher SiC>2 - 

content and S i0 2 -reco v ery  into non-m agnetic  p roduct, so the  efficiency o f  separation increases 

together w ith th e  d iam eter o f  grain

- for deferrization  o f  sands the  dry w ay o f  m agnetic separation  is m ore suitable and by this it is 

possible to  rem ove abou t 65 %  o f  Fe2 C>3
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4. P ossib ilities o f  efficiency rate enhancem ent o f  deferrization

T h e  possibilities o f  deferrization  in detail w ere  observed for sam ple S-35 w ith higher Fe- 

co n ten t -  0 .146  %  o f  F e 2 C>3 (during  previous tests the  F e-conten t in S-35 w as 0.133 % of 

F e 2 C>3 ). F o r  this purpose  th e  tw o-stage m agnetic  separation w as applied O btained results 

w e re  n o t satisfactory because  o f  the  F e-con ten t in non-m agnetic  p roducts during application of 

the  bo th  w ays o f  separation  did no t decrease  un d er 0 .045 %  o f  Fe2 C>3

M agnetic  p roducts after the  first stage o f  separation  under field o f  1.0 T m arked M l as well 

as a fte r th e  second stage u n d e r field o f  1.3 T  m arked  M 2 w ere subjected to  X -ray  mineral 

analysis w ith  the  aim to  observe the  distribution o f  phases into the separation  products.

In  m agnetic  p roducts M l  there  w ere  identified th e  garnets o f  alm andine series as dominant 

m inerals - pyrope M g 3 Al2 (S i0 4 ) 3  and  alm andine F e 3 Al2 (SiC>4 )3 . T he high intensity o f  peaks 

in X -ray  read ing  o f  o rtoclase  K A JSÍ20g w as also observed. The accom panying m inerals are 

rep resen ted  by ho rnb lende C a2 (M g,F e)5 (S i,A l)g0 2 2 (O H )2 , ilm enite FeTiO g, staurolite 

(F e ,M g )2 A l9 SÍ4 C>2 3 (O H ), titanite  CaTiSiC>5 . Peaks o f  m agnetite Fe3 Ü 4  and hem atite D- 

F e 2 C>3 a re  covered  by th e  ones o f  dom inant minerals. B u t lastly m entioned  Fe-m inerals were 

identified by observation  u n d e r b inocular as accessories.

Q u artz  occurs as dom inan t phase  in m agnetic  p roduct M 2. It is accom panying by ortoclase, 

o ligoclase  0.7N aA lSÍ3O g - 0.3C aA l2SÍ2O g and pyrope. By m eans o f  observation  under 

b inocu lar it w as found  o u t th a t the  surface o f  quartz  grains is soiled by lim onite film.

O n th e  basis o f  obtained know ledge dealing w ith the  lim onite film on the  surface o f  quartz 

gra ins it can  affirm  th a t film  prevents to  enhancem ent o f  deferrization efficiency. For this 

reason  it is needed to  apply a technological operation  fo r surface dressing w ith th e  aim to 

rem o v e  o f  surface layer o f  lim onite. Such operation  is currently realized by m eans o f  intensive 

ag ita tion  o f  pulp in a tan k  as th e  trea tm en t by attrition  in the  practice.

T h e  u ltrasonic m achine fo r m ulti-aim ed cleaning T E S L A  UC 002 E M I w as utilized for the 

p re trea tm en t o f  sands by attrition  un d er laboratory  condition. The operating  frequency o f  this 

equ ipm en t is 25 kH z ±  20% . T h e  sam ples o f  sands w ere  subjected to  acting  o f  ultrasonics in 

th e  tan k  o f  c leaner during  30 and 45 m inutes. O btained products w ere decanted.

T h e  co n ten t o f  F e 2 0 3  in sands decreased  from  0.146 %  to 0.139 %  after 30  minutes of 

u ltrason ics acting and to  0 .114  %  after 45 m inutes, respectively.

P ro d u c ts  o f  attrition  a tta ined  th e  m ass yield o f  0.3 - 0.5 %  at Fe2 0 3 -con ten t ab o u t 3 .0 %. 

T h e  recovery  o f  Fe2 0 3  to  attrition p roducts w as from  5.0 to 6.0 %.
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The m agnetic  separation  o f  sands pretreated during 45 m inutes carried  o u t acco rd ing  to  the 

schemes represen ted  in figures 3 and 4. T he separating casket w as lined by riffled plates.

feed

a  =  0 1 1 4 % F e 2O 3 
1 st stage 1.0 T

M l N2

V  V

y ,' =  0 . 4 1 5 %  y ,=  99.585 %
Ui =  1 4 .2 6 0 %  Pi =  0.055 %
e ,' = ,5 1 .7 1 0 %  e, =  48 .290  %

2 nd stage 1.4 T

|  M2
y2‘ =  0.039 %
0 2  =  2 .990 %  
e2 =  1.010 %

Fig. 3. 
Rys.3.

y’, y - m ass yields o f  tailings and concentrate [% ]

o - Fe20 3 c o n ten t in tailings [% ]

P - Fe20 3 - co n ten t in quartz  concentrate [%]

e -rec o v e ry  o f F e  [%]

The application o f  u trasonics in the  pretreatm ent o f  sands results in th e  decreasing  o f  Fe2 0 3 - 

content in com parision  w ith the one-stage and the tw o-stage  m agnetic  separation  w ithou t the 

pretreatment.

It w as verified on ce  again that dry way o f  separation is m ore  efficient than  w et one The 

difference in Fe 2 C>3 -con ten ts o f  non-m agnetic products can be observed already after the first 

stage o f  separation  (N l) .  L ow er Fe 2 C>3 -content and Fe2 0 3 -recovery  w ere  attained by 

application o f  the  dry w ay o f  m agnetic separation.

y2=  99.546  %  
(32 =  0 .054  %  
e 2 =  47 .280  %
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feed

a  =  0.114 % F e 20 3
1 st stage 1.0 T

I Ml N1
N/ v /

Yi’ = 0.398 % Yi= 9 9 .602 %
u ,  = 12.518 % P, =  0.433 %
E l ’ = 62.280 % si = 3 7 .720 %

r

2 nd  stage

M 2

y2 = 0 .0 4 8  %  
u 2 =  3.032 %  
e2' =  1.270 %

Fig. 4. 
Rys.4.

1 4 T

N 2

y2= 99.554 %  
p 2 =  0.042 %  
s 2 =  36 .4 5 %

S. D iscu ssio n  and conclusion

T h e  h ighest ra te  o f  deferrization o f  sam ples S-35 and  S-50 w as achieved by m eans of the 

d ry  w ay  o f  m agnetic  separation under polygrad ien t m agnetic  field form ed by riffled plates.

In c reasing  o f  m agnetic field over 1.0 T  at application  o f  the  tw o-stage separation results in 

lo w  efficiency o f  separation because o f  it is no t possib le to  rem ove  the  iron bonded in limonite 

film s on  th e  surface o f  quartz grains by m agnetic  separation .

C onclusively , th e  obtained know ledge can sum m arize as fo llow s [6]:

- so  called  heavy m inerals can rem ove from  sands w ith  h igh  efficiency under m agnetic field of 

1 . 0 T

- th e  c o n ten t o f  Fe2 C>3 depends on the  con tam ination -g rade  o f  q uartz  grains by limonite film.

- th e  c o n ten t o f  Fe2 Û 3  in final non-m agnetic  p ro d u c t can  decrease  by application o f the 

su rface  dressing  o f  quartz  grains by attrition u n d e r u ltrason ic  field o r intensive agitation

- d ry  w ay  o f  m agnetic separation is m ore effective.
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Streszczenie

A rtykuł jes t pośw ięcony odżelazianiu piasków  eolitowych za  p o m o cą  separacji 

magnetycznej. Piaski z  Sajdikove H um ence były w zbogacane w  klasyfikatorze. Z najdu ją  one 

zastosowanie w  przem yśle budow lanym  i odlew niczym .

Zastosow anie tych piasków  w  przem yśle szklarskim  jes t ograniczone przez  zaw artość  

żelaza. Próbki piasku były przerab iane w  suchej i m okrej separacji m agnetycznej o w ysokim  

natężeniu pola w  poligradientow ym  separatorze Jo n es’a.

W yniki pracy m ają charak ter użytkow y wskazując, że m agnetyczna separacja na sucho 

jest bardziej efektywna. R ów nież usuw anie filmu lim onitow ego z pow ierzchni ziarn  kw arcu 

przez zastosow anie u ltradźw ięków  popraw ia efekt w zbogacania m agnetycznego.


