New type of dry, heavy-medium,
gravity separator
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Synopsis

The use of pneumatically fluidized powders as media for
separating mineral constituents of ores is discussed. Particular
requirernents are considered and the results of bench-scale, batch
and continuous operations are presented. The performance of a
small-scale fluid-bed separator (20 to 60 Ib/h) has demonstrated
that crushed ores, down to sizes of at least 22 mesh, can be
anied with a recovery of values better than 90 per cent and with
exceilent product grades. The factors which require further
investigation in the design of larger-scale units are indicated.

Heavy-medium systems have been employed with
increasing finesse since 1927. Formerly, developments
were associated mainly with coal cleaning operations
but, since 1936, their field of application has been
extended, with considerable advantages, to the
beneficiation of a wider range of minerals. in the present
state of the art a medium is formed by maintaining
suspensions of finely divided solids in liquids, chosen
so as to provide fluid densities at controllable levels
within the ranges flanked by the densities of the
minerals to be separated. As with ali commercial
separating processes. the effectiveness and economics
of heavy-medium separations are directly related not
only to the physical properties and associations of the
constituents of the feed mixture but also to other factors
which are related to the systems themselves. These
include the medium losses associated with the float and
sink products, and also the maintenance of a medium
having a minimum density variation in conjunction with
a minimum ‘viscous’ resistance to ore particle move-
ments. The two components of this latter condition are
not compatible and, in practice, it is necessary to
tolerate some variation in the density of the medium to
achieve adequate freedom of particle movement and
separation. A degree of turbulence is often introduced
in order to achieve a practical combination of these two
components and, as would be expected, this imposes
an adverse effect on the resulting separation, particularly
of the finer particles in the feed. In any one system all
such factors have to be considered and, eventually,
optimized.

In certain instances it is necessary or more desirable
to operate under dry conditions (for example in arid
areas, with soluble mineral constituents, or when
previous and/or subsequent separations are dry).
A dry, heavy-medium process which appears to
provide an adequate, dry, counterpart to the now well
known and proved wet system is described. The
principles of the wet and dry systems are identical, an
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air—solids fluidized medium being employed with the
dry operation: their practical applications, however,
differ with respect to equipment design and possibly
with respect to performance characteristics.

General principles of dry, heavy-medium,
separating units
Air—solid fluidized systems are well known, particularly
in chemical engineering fields; the large gas-solid
contact areas provided by such systems result in
advantageous heat or mass transfer conditions.
Generally, the gas flow is arranged to produce turbu-
lence within the bed, thereby enhancing the designed
transfer coefficients. Clearly, for separation purposes
a fluid bed with minimum turbulence would be
required.

The fluidizing characteristics of most powders con-
form to a standard pattern which can be represented by
the pressure drop-gas flow graph shown in Fig. 1.
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Fig.1 Pressure drop—gas flow diagram for ideally

fluidizing solids

Onset of fluidization occurs at point A when the density
p of the bed can be expressed as
p=(1—€) ps+eps

where € = overall bed voidage

ps = density of solids

pr = density of fluid

With increasing gas quantity the bulk bed density

decreases slowiy until point B is reached althcugh.
within this range (AB). the effective density, with
respect to the ore, may decrease or increase according
to feed particle size. Also, within this range the fluid
flow within the bed may change from streamline 10
turbulent as bubble formation commences. In certain
operations such conditions provide an effective mixing
system'-2 and, wherever possible when density separa-
tions are sought, they should be avoided. With higher
gas rates, beyond B. the bed becomes increasingly
dispersed and further increases in prassure drop are
encountered.
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. Skimmer

. Skimmer blades
Main bearing

. Reduction gearing
. Electric motor

. Screen grid

NO AW~

. Tailing chute

8. Observation platform
9. Hutch
10. Diaphragm

11. Hydroulic cylinder

12. Pinch type valve

13. Cyclone type spigot

14. Concentrate collection chute
15. Tailing chute discharge

SCHEMATIC diogram fo show the construction details and operating parts of the new I H. C.-Cleaveland jig originally for Malaysian tin recovery.

arrangements employing a few cir-
cular jigs with their high capacity is
that the distribution of the feed over
the individual jigs is greatly sim-
plified. :

The flow of the slurry from the
rotating screen on board the dredge
to the jigs is preferably achieved
solely by means of gravity, thereby
dispensing with the need for power.
Is is also very desirable to keep the
distribution system as low as pos-
sible. Every foot of height increases
the level at which very heavy com-
ponents have to be mounted and also
that to which the dredged material
must be elevated. It is obvious that
the problem of distribution is reduced
as the number of jig feed points de-
creases. A tin dredge treatment plant
with a capacity of 600 cubic meters
ver hour requires 40 3-cell jigs with
42 by 42 inch cells. This necessitates
the feed being divided into 40 equal
parts. Using a circular jig with a
diameter of 25 feet, only two jigs are
more thun ample for the given out-
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put. Thus it is only necessary to split
the feed into two parts. This sim-
plification results in many savings in
capital and operating costs.

While Cleaveland was busy im-
proving the circular jig, other, quite
independent  developments  were
taking place at the LH.C. Delft
laboratory. I.H.C. Holland, long
known as one of the world’s foremost

dredge designing and building com-
panies, offers through its Marine
Mining Division specialized services
ranging from feasibility studies of off
shore mining projects through to
equipment design and construction.
There, engineers were devising a jig
drive mechanism which would elim-
inate the need for back water. The
optimum motion of the water in the

Comparison of Conventional Placer Jig with 1. H. C.-Cleveland Circular Jig

Conventional,
42 by 42 inch,
Thrce Cclls per

Flow Line

Circular,
85-foot Diameter

Full load capacity, cubic yards per hour

Number of flow lines

Full lood per flow line, cubic yard per hour

Total {ig bed ared, square feet

Full load of orea, cubic yord per hour per
square foot

Total width of discharge lips, feet

Full load flow of solids over lips, cubic yord per
hour per foot

Total length of side walls plus discharge lips, feet

Number of diaphragms

Number of drives

Number of motors

Sand overload capacity

Installed horsepower

Approximate total net weight, metric tons

800 800
40
20 400
1,440 922
0.56 0.87
140 157
5.7 5.1
980 157
120 24
60 24
60

3
less thon 25% More than 100044
120** 80

88.5 40

* Due to skimmer. ** Excluding bock water pump motors,

57



o diah,

AT}

i o i a2 M R S . e 1 o e e R R

"

Il e

(514
.
4 T
Tyl ILVHINIONOD ]
= X
¥ 5
AVEL ONUYELINIONOD
1HISNI 13ST4d ——— &
L
b
&=
i INOD J, Iald :
4 110HiS HIldvay [—S1V1
e ¥3QVIBdS [—
4 ' nvyl

804231702
LVEINIONOD

3ISvE d31dvAY TYSHIAINA

HO1NGIHLSIG

‘aNd saniiqedes
28euco;} 1312318 Yim yuawdinba 1981e]
Surdo{aAap ul ped] paysyqeisa-[jam

€ 3UIMO[[0] St 10} NUADUCS Y] PUB "ISCT
ur safuaqjry> Auew SPoY 2IMIng Ay L,
*LL6] UI PIUOISSIUWOD 3q 01 anp
juerd uonanpoid 310 UOLL 3[2OS [[N) © 10}
‘suoneiado jopd [nyssadons 2UIMO[[0)
$10JRIJUIDUOD 300D 1I3YdIaY paseyd
-md sey panwr] epeue) jo Auedwo)
a1Q uolj ayl ‘s[dwexs 104 ‘paean
Aj[nyssaoons aq ued sjue[d d10-uoll
Sunerado-A[1uaiino woiy s3ulre]
UofBRUASUDYD 810-UDI|

*dind 310 snoaoiys
‘oAlseIqe ATy3iy “9sI1e03 B JO IBam Y}
Ippun da pus UL SIORIIUIIUOD AUOD
jey3y sslensuUOWSP uOnR[RISUL SIGY
*Pa3] 10]BNIUIOUOD JUOD Ul Uy
a3 Jo 1uadrad g JO 19pIO 33 JO SIsiun
9S24} JO SOL19A021 [enpialpul 2y, ‘3ui]
-qe1 19M 210J3q PI3] 24} d1enuaduodard
01 S 10JE1UIDUOD U0 3y} Jo A1np Arewr
-11d 3q ], ‘uonerado UGS 10] A18SSIIAU
spijos juadrad ¢9 03 pasy 3k AJISudIp
0] pue ysaw §7¢ SNUIW SIUL} SAOWII
0} P3UO[2AD SI 3ZISISPUN UIIIIS Y]
*9ZISIBAO SAOWSIL
01 YSawl p| }B PaudaIds a1e 3Z1eydsip
[mu pol uy Jusdrad ¢ jo tnoy 1ad suo}
0L ‘193Usmo]j UBYIS[PIY 3} U] "S3[eMm
PNOS MIN “UBUIdpLY Je TN U] uBiafp
-1y 1B Sem UdIym ‘10)33s Spues [erauny

2261 ANt ONINIA GTHOM

243 Jo apIsIno Ssuonej[eIsul [RIUELO Y]
JO SUO0 S1339ySMOjj Ul], UBI3[PIV P
-siue(d uoneoy WauapqA{ow pue 12d
-do> jo s8urjie} Ui JSIX3 UBD YOlUm S[eId
-witu Jo sannuenb Jourw Jo £13A0031 10}
[enuajod ayl sajensuowsp uonmofdde
SIYY, "sonjea 3yl jo uadzd o; 01 09
JO A19A0231 & Y3Im [:000°] Jo Suiperddn
ue 10J sapiaoid 123ysmo[y sty ‘pajen
-SO{fl 129YSMO)J 9yl Yiim Pp3ieall udy)
pue ‘S2UC[OA20IPAY Ul pawWi(sap st Jul
-frey wonejo)y 1addod ay ], “sanjea 1addos
[enpisal dWOS pue SIN[RA WNUOSIZ
pue wmiuein Jo £13A0331 9y} 10§ jueid
uotygo]y 12ddos i woif Juipe: uogeIny;
s1e21) jue[d 3y [ 'SIO}RIIUIDUOD JUOD KIS
JO YoB3 *s)IndId uaads s3siidwod uony|
-[e3suI Ay |, "SI0JRIIUIIUOD JUIS LIAYIIDY
Jo suonefieisul 3j3uls s3I 3y Jo
auo saterado goigm ‘Aueduwio) Bumry
eloqeled 9y} Jo 195Ysmoy) e1oqefed "¢
-3anpoid
wnpwsid paysiuy e axyew 03 siojeredas
snpudew oy 3urqeus ‘sutead ssodwod
os1202 a1 jo uontodoid adie] e s30a(a1
$10]121JUIDUOD UG 3 Jo Touse Juik}
-1SSe[D UOHEBNUIdU0d oy], "sausodurod
2)ed1[Is 2ylaudew-oue)) I3sIe0d Y}
pue sureid ajoudew-oueiny aind 1auy
1) UIIM]IQ IBUILIISIP 0] 3[qeun e
siojeiedas srjpudew oy ], uasaid Buaq

AAeiD AQ sjeidulll SISACSS

Buleauadu0d Buleajued auy
o1 pues Jus4

ey jeun o f

el 3u03 el

BunesuIN0I 35103 0§
r e Z 3

vS TYYASNYML — ANVJNOD DNININ YH08YIVd

131 puZ PuZ S318vL
4315:33 04
DNIDINTS '
3I9v1sT NOD |
T 139715 |
R t
10 Guag A i
vyl i
3NQ10AD | i
N ASQ ASSAE 34l
L1IND 3NOD
r——:5——‘ ¥INVITIOIY L
' 3 Taw
ey 2ueD PIN PN el duo)
L L i . Lo 1
HOLYYINIINOD MOLYHINIONOD
INDD AHTANODIS INOD DN QAN
T i '
L L ! A
A 1 | ONITIVL TYNid Y -
40 Bidg 40 6og | EL jg
INOIDAD NO12AD | i ASCA 'ASSAE 3dAl .
NI : LINA 3NGD : b3
3 :
S1TW 11va 2 JBAWIRI} Prw WOl 4 dINVITT
' 3“3‘|°.L H G : ‘ .:15'
6ds 4Q \uawiea il piw 0] i !
) SINOIDAD ¢ - S :
| jeL P 20079 ‘ i t
i :
i [Tso1vyinaonod 3nv02 AdvWRG | N | ‘ F
L — — u - : 3
10 Biag . i ‘ _: : ‘g
INCIDAD f vy | NOD s ]
A | SRRy
sn SO l | SO 3dAL SAE Jari ‘ o
N i SLINA 3NOD SLNAINOT E
[(N33425 wsa i ‘ HIONIAVIS 7 BINON0H T
— ! ——
1w QoY | [ L }3* A ;
D | - J\ :
210 U1y ORIVYL NCILVIONS — oo —y ;




