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FLOWING FILM JIGGING FUNCTION
IN THE NEW “IFFC” PROCESS FOR
SEPARATING MINERALS OF ULTRAFINE SIZES®
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ABSTRACT
The concept of the flowing film jigging was (irst applicd to the [lowing film concentration arca. The flowing
film jigging [funclion is an important clement of the new process, in jection—f{lowing film centrifugation(IFFQC),

for scparating and rccovering mincrals of ultrafine sizes,
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1 INTRODUCTION

It is well known in the [Towing [ilm concen-
tration process the longitudinal conditions of
llow must occur at Re< 500", so the longitudi-
nal shear (du,/ dh) [rom which the Bagnold
foree 1s created must be restricled to a low Ievels
in order to recover [ine particles eflectively. That
limitation prevent the development of this tech-
nology [rom progressing [urther.

Over the past 25 years orbital shear®

and
rocking—shaking action” have been cssentially
aimed at intensilying the Bagnold clfect Lo im-
prove the vertical stratification ol particles. Ac-
cording to thc cxperimental rcsultsm, the centri-
{ugal procces with the additive shaking in an
axial dircction can only opcerate in the very low
centrifugal strength, When a centrilugal [orce is
applied lor écparating ultrafines in the above re-
siricted conditions and high {icld strength, the in-
creasc in the Bagnold force can hardly be syn-
chronized with the large—scale incrcase in the
cenlrifugal [orce. The latier is much greater than
the former. Therclore an additional vertical lorce
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must be introduced into the film. In order to re-
solve this contradiction, a ncw scparaiion process
with the additive utilizing of instantancous hy-
draulic impact force ol high pressure walter jet,
injecction—{lowing film centrifugation (IFFC) is

presented by the auther® 7,

2 EXPERIMENTAL SAMPLE AND APPA-
RATUS

Ultraline cassiterite silicalc—carbonale slime
samples(80~90%—10 um, grade 0.054% Sn and
0.082% Sn recspectively) in the form of old
tailings including iron—mangancsc oxides were
obtained {rom Yunnan, China and arc shown in
Fig.1. Microscopc cxamination showed that
98% of the cassiterile particles were in a liberated
state. Clearly these slimes arc too [inc to be treal-
cd at present,

The schemaltic arrangement and the speci-
fication ol the lﬁboralory SL—300 Scparator
(SL—300S) arc shown in Fig. 2 and Table 1
respectively. Slimes were led at optimum density
onto the inner surface ol drum 1 by pipc 3 and,
as a result of high speed rotation, [ormed into
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Fig. 1  Size and tin distributions in slimes
1, 2—Slime grade 0. 054% Sn;
3, 4—Slimc gradc 0. 082%Sn
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Fig. 2 Schematic arrangement of SL—300S

Table 1 SL-3008S *

Drum Diamcter x Lenglh / mm
Pressurc of Walter Jel / MPa

300x 120
~ 1.5 adjuslable

Osciilation Speed of Jel / ¢cps adjustable
Capacity o[ =10 um Slime / kg » h™! ~110
Power of 2 motors / kW 1.5

* Product of BGRIMM

stratificd beds ol moving particles. The heavy
particles werc in contact with the surlace and
transported out as a concentrate via cxit 6 by the

impact ol water jet 4 acting against the lon-
gitudinal [low. Thc light particlcs, as tailings,
overflowed downstream past cxil 5. Il necessary,
clecaning watcer should be supplicd to the disc 2.

3 EXPERIMENTAL RESULTS

Using the SL—300S in an open circuit with a
primary roughing and clcaning at a [ced rate of
110 kg/h of =10 um slime, with a gradc
0.082%Sn, a tin conccntrate suitable for fuming
trcatment can be obtained at a gr:idc ol 2.17%8n
(thc total enrichment ratio 26.46)with a rccovery
0{67.20%.

(1) Size—E. R. —rccovery relationship

Bascd on thc test, the size—cnrichment
ratio(E.R)—rccovery relationship is shown in
Figs. 3 and 4.
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Fig.3 Size—E. R. —Recovery relationship of
SL-3008S treating 0. 054%Sn grade slime
{Capacity 46, 3kg / h; Feed density 20%)

1, 2—Roughing; 3, 4—First clcaning;

5, 6—Sccond clcaning

The SL—type separator tends to cxhibil a
doublc enrichment ratio pcak cxisting at diame-
ter of 5 and 28 um, which arc clcarly related to
the presence of two kinds ol concentration lunc-
tions, i. ¢. the vertical stratification ol suspended
(=10um) ultraline particles and the longitudinal
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flowing film concentration of unsuspended fine
particles. The former pcaks are particularly ob-
vious at the cleaning stages.

100 : 100
| - 1
24 N/
X
N 2
& E
Ly -
3] q
(]
2 50 50 E
3] s
> 9
S EE
a‘" 4%
0 /2
N . s il
0 20 30 0
Dia. /um
Fig. 4 Size—E.R. —Recovery relationship of

SL-300S treating 0.082%Sn grade slime
{Capacity 110kg / h; Feed density 20%)
1, 2—Roughing; 3, 4—Clcaning

(2) Characteristic of sclf~supporting rag-
ging

Tt is significant that the settled particle bed
staycd on the inner surface for scparating the
cassiterite slime (grade 0.054% Sn).
1) Tin Distribution

Aflter the process was balanced, the tin dis-
tributions arc shown in Fig. 5. By usc of a high
pressurc walter jct acting against the longitudinal
flow, a grade in the maximal concentration re-
gion (5.63%Sn) 100 timcs or more greater than
that of the feed was obtained, and the average
grade of »ctiled particles fi,, which was 35.5 times
grcatcr than that of the continuously discharged
concentraic f§, was obtained .
2) Size distribution

The sizc distributions arc shown in Fig. 6.
Clearly, the size distributior ol settled particles is
comparatively coarser than that of the dis- char-
ged concentrate,
3) Ragging distribution

The test results are shown in Table 2. The
sclf—supporting ragging was basically at the re-
gion of the inner surface ncar the feed and the
thickness of the cassiteritc was approximatively
16.70 pm at 20 mm wide distant feed cxit in the
slope dircction at the roughing stage.
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Fig. 5 Tin distribution in the settled
particle bed stayed in the drum
1—No cleaning walcr; 2—Disconlinuous élcaning water,

119 cm? / s; 3—Continuous cleaning water, 119 cm®/ s
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Fig. 6 Size distribution of the settled
bed stayed in the drum
I, 2, 3—Roughing and sccond clcaning concenlrate,
and scitled bed of slime grade 0.054%8n;
4,5, 6—Roughing and cleaning concentrate,

and scttled bed of slime grade 0.082%8n

As has been indicaled above, the coarser
and richer in cassiterite grains and associated
heavy mincrals of the scitled bed stayed on the
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inner surface of the drum acting as a scli-sup-
porting artificial ragging for scparating sus-
pended ultrafine particles, particularly in the
cleaning stages.

Table2 Ragging distribution of cassi:cerites

Distancetofeed y ymm 20 40 60 80 100 Sum

Weight(67.8g) / % 30.24 23.89 18.58 21.39 5.50 100

Grade(Sn) /% 5.63 0.86 0.23 0.33 0.09
Recovery / % 8399 10.14 2,11 348 0.28 100

Calculated™

. Jpum 1670 2.02 0.04 0.07 0.01
thickncss

4 DISCUSSION

(1) Hydraulic impact ol particles

Tt is clear that TFFC is a ncw, continuous
centrifugal scparation process iniensificd by the
hydraulic impact [orce(P) of a high pressure water
Kt acling against the longitudinal [low ol the [ilm
and characterized by a multi-force ficld. The
[orces acting on a particle simplificd to a sphercat
the boltom of the film on the inclined surface in
the “TFFC” process arc shown in Fig.7.

Fig. 7 Forces acting on a particle simplified

to a sphere at the bottom

The mmpact forcc P could bc instan-
taneously split into three active componcnl
forec(P,, P, and P;). When the loree P is mov-
ing against longitudinal Nlow, the hydraulic im-

pact zone and non—impact zone arc cxisting
simultaneously on the inclined surface. At the
same time, the scttled particles are looscning (fine
partieles), suspending(ultrafine particles) in va-
rying degrees and stratilied by weight and size.
Thus, the two dilferent critical suspended parti-
cles in cach zonc woud appear. Il the suspension
clfect intensified by hydraulic impact could be
evaluated the ratio of critical diameter ol parti-
cles suspended in the impact zone, 4, to the
non—impact zong, d_, it may be given by

d’cr/dcr=4\/v?sin20’/m2C2Hz'sincx (1)
where  v—Rcbounding initial velocity of water
jet; 0'—The clevation angle of rebounding flow; i
—Centnlugal lorcc strength; a—The slope of in-
ner surface; H— Film thickness; C— Bazin
cocllicient; m—Hydrodynamic coc{Ticient.

Using the preliminary test results!”, the
d’,/d,— i rclationship shows that the
d’../ d. must be kept under control in the re-
gion of 5~ 6 in ordcr 1o 1nsurc the lower cost
and the higher recovery.

(2) Instantancous pulsating ol particlcs

When the drum was at a high rotation
speced, the “hydraulic weir conditions” have
turned up in the [ilm by combining adversc ac-
tion of the rebounding flow(#)) and the counter
low(P,). The “hydraulic weir” not only had al-
tcred the velocity distribution of longitudinal
flow, but also promoted scttling of the ultraline
mincrals, which arc dilTicult to scttle down in
gencral case, in [ront of the “weir”. This”weir
ciTect” would cllectually occur when the instan-
tancous vertical [luid velocity s controlled at a
lower valucs and the loosening ultraline particles
must be constained i the laminar boundary lay-
cr which can be casily {ullilled by controlling the
paramcters of water jel. The unrccoverable min-
cral particles in the longitudinal [luid above the
"weir” would be overllowed downstrcam as
tailings. The maximum diamcter ol particles lost
with the “weir flow” is the minimum diamecter of
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recoverable particles, which can be written as

d/h.m = 4.24/»’3\/,111) 1 sind’ / (5 — p)gicoga @)

where  ky—Scraping coelTicient; p—Medium
dynamic viscosity; 0, p—Particlc and medium
density; g—Gravity acceleration

By thce test results, the scraping cocllicient
cqual approximatively to o.1, which mcans
that the o'y, is cquivalent to the diamecter of
suspended particles, while the sin(’ decreases
to 1% ol its inttial valuc.

When water jet impanges upon prlicles,
the motion of them is morce complex. For
simlilying, it may bc described by the motion
of the ', particles, assuming that thcre was
no rclative motion between these particles and
rcbounding [low bclore rcaching peak. The
pulsaling curves ol the 'y | particles can be

described as [ollows

h, = F(Q)
:f(R/k23k4)z—giz2/2 O<t’£t’h 3)
k(R—,H’im)(cpr/k4—]) t’h<t<t0

v, = 1)

(oi(1.098 x 107 — 8 0<t/'<t'h
—(R—-H"_}/k Jexpt/ k, —expl.098 (4)
Lx 107/ k) vo<t<t,

Where
Combined paramcter,

R—Avcrage radius of the drum; k4—-
', —Maximum rc-
bounding height

According 1o the above equations (3) and
(4), the moving curves ol ', particles arc il-
lustrated in Fig.8.

Obviously, the Ayt curve is a Llypical
micro—sawtooth pulsating [eaturc(0—4y). The pul-
sating impact acts so quickly during the first half
ol cycle(0—1',) and rather slowly during the other
hall® (#'y—tp). That of latter ts roughly 50~ 100
times as slow as that of the former. This curve [ca-
ture renders the injection—[{lowing [ilm to have
belter vertical stratification ol suspended particles.
Thus, one ol functional difllerences between the

IFFC and the simple flowing—[ilm ceatrilugation
(FFC)®is whether it has posscssed of the inherent
Nowing [ilm jigging Munclion ol suspended ultr-
afine particles’® . Aftcr the process was balanced,
the scttled particle bed stayed on inner surlace
would spontancously act as sclf-supporting artifi-
cial ragging.
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Fig. 8 Moving curves of the ¢', . particle

1—h4—1; 2—vy—1; 3—Hydraulic weir; 4-—Scraping laycr

5 CONCLUSION

By usc ol a high pressure water jet [irst in-
troduced as an cllcclive scparating [orce in [low-
ing concenlration, thec ncw comntinuous process
"TFFC” has been created. The inherent [lowing
[ilm jigging function of thc pulsating [ilm in the
"IFFC” process can signilicantly improve the
performance of the lilm as a scparation mcdium
for scparating and rccovering mincrals of ultr-
aline(—10um) sizes, as has been veriflied by the
cxperimental results.
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2NiB+12en+6H,0H,
The transportation ol clectrons suddenly
deereasc the potentiai to —1.12 'V,

At the moment of inducing the polential of

the stainless steel moves suddenly [rom —0.83 V
to —0.72 V and then moves to —1.12 V. Perhaps it
is rclated to the surface reactions. The detailed
mcchanism should be rescarched further, Period
IV is the transilion stage that has been discussed
before. Period V' is the period when the Ni—
B—SiC clectroless composite plating occurs con-
unuously.

The experimental results indicate that the
passivily of the surlace is onc of thc [actors
dcterming the catalytlic activity ol the substrate
metal besides the stationary potential and tem-
perature of the bath,

4 CONCLUSIONS

The obtained results arc summarized as fol-
lows:

(1) Besides the stationary potential of the
substirate mctal and tecmperaturc ol the bath the

passivity of the surfacc of substratc metal deter-
mines its catalytic aclivity;

(2) The transition time and slopc ol the po-
tential—time curve arc usclul for judging the
catalylic activity ol a substrate mctal;

(3) The deposition rate of Ni—B—SiC clec
troless composile platung is almost the samc on
the catalytic metal.

REFERENCE

1 Jiang, Xiaoxia, In: Proc of the First Conl on Elcctroless
Plating ol China. Nanjing., 1952,

2 Fang, Jingli. Acta Chimica Sinica, 1983, 41(2): 129.

Fang, Jingli. Acta Chimica Sinica, 1983, 41(6): 505.

4 Wang, Fengyin; Zhao, Guopeng, Electroplating and Pol-
lution Control, 1986, (3): 1.

5 Bard, Allen J. Faulkner, Larry R, Elcctrochemistry Me-
thods-fundamentals and Applications. Beiging: The Che-
mistrial Industry Press, Beijing, 19838,

6 Zhao, Guopceng, Yu, Xinwet, J Finiéhing Science, 1991,
16: 130.

7 Huang, Zhixiu, Wu, Chunshu. Electroplating Theory.
Beijing; The Agrologica Machincry Press, 1982,

(Continued from page No26)

3 Burt, R O. Inter J ol Mincral Proccssing, 1975, 2,
219-234,

4 Chin, PC; Wang, Y T; Sun, Y P. In: proccedings of 13th
Mincral Processing Congress, Laskowdki, J (cd.) Warsaw,
Elscvicr, 1980, 1398—1423,

5 Tucker, P; Chan, S K, Mozlcy, R H et al. Preprints of 1n-
ternational Mincral Processing Congress, Dresden 1991,
77-39.

6 Chincsc Patcnt, CN 83 1 028378, Int. CI*. BO3B 5/ 00.

7 Lu, Yongxin. Nonlcrrous Metals(Quarterly), 1989, 41(1):
35—41 1989 (in Chincsc).

§ Lu, Yongxin; Luo, Xingmin and Du, Maodc. In:Procced-
ings ol the First Intcr Conference On Modern Proc-css
Mincralogy and Mincral Processing. Int Academic Pub-
lishers of China, Beijing. 1992, 316—321.

9 Sun, Y P. Gravily Concentration, Beijing: Mctallurgical
Industrial Press, 1982. 256—264 (in Chincsc).



