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Abstract

The minerals industry faces the constant presstioptimizing
processes to reduce production costs, whilst atstree time
seeking ways to improve their environmental perfamoe.
Largely these objectives can only be achieved tmou
improvements in technology. One critical area esdbvelopment
of a better understanding of fluid flow patternghiv large-scale
process equipment. In this paper we describe how U¥s been
used to quantify flow patterns in laboratory-scatel full-scale
equipment of relevance to mineral processing opesit In
particular, we describe outcomes from the appbcatof the
UVP-Metflow system to study various hydrometalleadi
applications, including determining flow patternsthin full-
scale solvent extraction units and the mixing ofceelastic
flocculant solutions. This work has been carried twusupport
the further development and validation of CFD modkkt are
being used to enhance the design of industrialgzses.

Introduction

Solid-liquid separation is a common practice in thastewater
and mining industries. Suspended solid particles saparated
from the solid-liquid mixture, with the recovereijid either
recycled or processed to recover valuable mateidhile

filtration can be used, the immense volumes thajuire

treatment in mineral processing leads to gravitgireentation
being the only practical option.

Thickeners are large sedimentation vessels, usoatigisting of
a cylindrical feedwell, surrounded concentrically B much

larger, deeper tank which forms the main body eftthickener.
Slurry is fed into the feedwell along with a higlolecular weight
flocculant to induce the aggregation process urtdebbulent

mixing conditions. The aggregates are dischargedn fithe

feedwell to settle under gravity to form a concetgd underflow
(suspension of solids) at the bottom of the tanke TElarified

liquor on the other hand flows over the outer edféhe upper
surface of the thickener (overflow). Industrialckeéners may be
up to 100 m in diameter, with feedwells up to 1&aeross.

Feedwells are primarily designed to dissipate e fstream'’s
kinetic energy, helping to achieve the uniform Isjt with

minimum turbulence, and thereby reducing/elimirgtishort-
circuiting within the thickener [1]. Feedwell uses aa
‘flocculation reactor’ is a relatively recent inration, a
consequence of the introduction of synthetic polyfteeculants
in the 1960s [2].

High molecular weight flocculants (typically soleis of high
copolymers of acrylamide and sodium acrylate) aid fine
particle aggregation and in turn greatly enhancdireg Due to
their high molecular weight and viscoelastic nattineir mixing
hydrodynamics within the slurry feed is crucial ¢ontrolling
flocculation kinetics [3], also potentially affecf underflow
density and overflow solids losses.

It has been shown that the mixing lengths in plpe fof dilute
polymer solutions can be several times larger tttase for
Newtonian flows [4]. These mixing lengths not omlffect the

flow at the mean velocity level but are known tdeef the
turbulence level in mixing [5,6]. In this paper,etteffect of
flocculant mixing in water was studied as a functm mixing
conditions and flocculant concentrations in a cakbnear pipe
using a Metflow Ultrasonic Velocity Profiler (UVRInit [7].

In addition to the lab-scale measurements abov&yllacale

plant study was undertaken in a SX (Solvent eXimagtsettler.
SX involves the selective extraction of dissolveetals from one
miscible phase to the other. A leach solution igediwith an
organic solvent (often containing extractant chesic The
organic and aqueous phases form an emulsion, duvirigh

metal ions transfer to the organic phase. The mexis allowed
to settle and the phases then separate (organtop)rprior to
further processing, Flow mapping during the sejamadf both
phases was carried out in a settler unit usingMbe#flow UVP

unit [7].

In both cases, characterising the flow has provioegluable
information, either for CFD model validation or fonodel
development. It has also demonstrated the appligabf UVP
across vastly different scales of operation.

Experimental Set-up

Laboratory-Scale

The experimental rig consisted of two coaxial lingépes, a
schematic of which is shown in figure 1. The outansparent
plastic tube (a) had a 25.4 mm OD and 19 mm ID,lenttie

inner steel tube (b) had a 6.35 mm OD and 4.35 mmClare

was taken in positioning the inner tube to ensuwes situated at
the centre of the outer pipe. This is done usingersd

specifically-machined spiders. The spider locatedrest to the
nozzle was positioned at least 10 pipe diametaysthat the
boundary layer formed in the pipe was fully develdpefore
mixing with the water.

Flocculant nozzle position a
}Omm

]

¢¢4A35 mm [@19 mm

b

8 MHz transducer (c)
Figure 1: Schematic of the test section

Water was run directly from the mains to the opipe through a
flow control valve that regulated the flow in orderachieve two
different flow configurations viz., one where thentreline
velocity of the inner steel pipe (jet) was gredtsan the outer
pipe and vice versa. A Mono pump was used to mgter
flocculant into the inner pipe.



An 8 MHz transducer (c) was used in this studywédis placed
outside the transparent pipe using a speciallygdesi housing
giving the user the choice of various mounting aagiround the
pipe’s circumference. However, in this study theuits were
obtained by positioning the transducer at the nottd the pipe
to avoid any unforeseen bubbles from corrupting data. The
housing was also designed for the transducer fadlieed at an
angle of 20°, irrespective of its circumferentidkeatation.

Flocculant

The flocculant used in this study was Magnafloc 38ba
Specialty Chemicals, now BASF), a powder product wig®%
anionic character and a nominal molecular weighthia range
15-20 million. A 0.5%(w/w) stock solution was madsy
carefully adding flocculant powder to water undeomsg stirring.
This was then diluted to produce three differemoemtrations
(0.2, 0.05 and 0.0075%). The effect of ionic stthngn
flocculant mixing behaviour was also investigat@dio sodium
chloride (salt) concentrations (0.02 and 0.2 M)enevestigated
for the three flocculant concentrations. For thsshitions, the
required amount of salt was first mixed in the watgor to the
powder addition during stock preparation.

Plant-Scale

The plan view of the settler unit is shown in fig; it measures
about 28.5 m wide and 32.6 m long. However, only #rea
highlighted in green provided access for measurésnen
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Figure 2: Plan view of SX settler, UVP measurenzgaa shown in
green.

Seven ultrasonic transducers with a low frequenc®.6 MHz

were chosen for their good propagation abilitiethm large scale
of the settler, since the attenuation of elecwi@toustic
efficiency is proportional to the square of freqaenUnder the
condition of relatively low fluid velocity insidehe settler, the
maximum measuring distance of the 0.5 MHz transdueas

approximately 3 m along its axis.

Experimental Procedure

Laboratory-Scale

The effect of flocculant mixing was measured atr fpasitions,
with the 0 mm location almost coinciding with the of the
flocculant pipe (figure 1). The other three locatovere 30, 75
and 150 mm from the tip. Two velocity variationsrevérialled to
study the effect of flocculant mixing, one where jacket water
velocity was higher than the flocculant jet and diker where

the jet velocity was higher than the water velacitp achieve
this, the flow rate on the flocculant pipe was ngimed at
0.5 L/min while the flow rates of the water wereanged to be
20 L/min (Wyoe < U,) and 6 L/min (Y, > U,,), respectively.

All the measurements were carried out with a UVPnity

(Model UVP-Duo) MET-FLOW unit using an 8 MHz transxbr
with 4 cycles and 1024 repetitions. The flow vetpeesolutions
for the low and high flow rates were approximat8lyand 14
mm/s, respectively. In the absence of direct memsants the
velocity of sound through the flocculant(s) is uely to be
different from water due to the low concentratiofi the

flocculant. The speed of sound for all the runs keyst constant
at 1480 m/s. A 300 profile average was found sigffic for a
statistically stable solution, increasing beyonds tmumber
caused the mean flow behaviour to change lessli¥an

Plant-Scale

A measurement mesh was pre-set with 26 cross pants
represent the two-dimensional flow pattern (re@dim figure 2).
A minimum number of 22 transducer holder positigresl dots)
were carefully chosen to obtain 2D velocity compueéen both
X and Y directions at each cross point. For ingafer the mesh
point 1, the Y direction transducer in position Awid provide
the measurement of flow velocity in Y direction, Mthile the X
direction transducer on the left side of disk irsition B would
provide the flow velocity, U1, in X direction. Trefore the 2D
velocity vector at mesh point 1 was determined.

Two Perspex transducer holding disks were setréicaeheights
of 700 and 1400 mm above the bath bottom for thecity field

measurements in aqueous and organic layers, respect
Unfortunately, no measurements could be obtaineitheatl400
mm height in all 22 positions. It was believed thla¢ upper
transducer holding disk was in the two-phase dsperlayer.
Only aqueous phase velocity field measurementprasented in
between the chevron and picket fences. A detailgtine of the
measurement setup and procedure can be found ig &taad. [7].

Results and Discussion

Laboratory-Scale

In this section, the mixing characteristics of ifint

concentration flocculants along with varying saiintents are
studied. A non-dimensional distance r* is useddpresent the
distance across the pipe diameter, where r*=0 sepits the pipe
wall and r*=1 represents the centreline of the pigelocity

profiles are only presented up to the centrelinghefpipes.

Usoe>Uw

Figure 3 shows the mixing behaviour at four diffégréocations
wherein Yo, > U,. In all the runs carried out, mixing of water
with water was also studied in order to establishbehaviour
relative to the high molecular weight flocculantwsimns. Figure
3a shows the effect of flocculant mixing with ndts@® M),
whereas figures 5b and 5c show the effect of saitentrations
on the flocculants at 0.02 and 0.2 M, respectivdiile the non-
invasive nature of the UVP measurements is an adganthe
figures show that the technique does not resoleettinbulent
boundary layer of the pipe wall accurately.

From figure 3a it can be seen for each case thacitglof the
fluid jet at the pipe exit is of the same magnituli®ving down
the pipe to the next station (30 mm from the tiph# jet pipe)
the momentum of the jet had dissipated to a sirdiégree except
for 0.2% flocculant. This trend also held true ébations farther
away from the jet (75 and 150 mm). For the 0.2%digant
solution it appears that mixing was highly consérit the effect



of which can be seen by a decrease in the velotitpcculant in
the jet region.
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Figure 3: Normalised velocities (h) showing flocculant mixing
characteristics downstream of the flocculant pip®,a30, 75 and 150

mm. when . > Uy (&) with no salt (0 M) (b) 0.02 M salt (c) 0.2 M.
salt.

Figure 3b shows equivalent results for flocculaolusons at
0.02 M salt. It can be seen that at 0 mm, the vtiagcof all the
fluids coincided with each other, whereas on movfagher
away from the jet exit, the water as well the fldents of
concentrations 0.0075% and 0.05% were more dispénsa the
0.2%. The mixing of the highest concentration fldeat shows
an interesting behaviour wherein, it tries to maimt the

momentum of the jet at the 30mm station. Howewartte same
flocculant at 75 mm station the loss of momentuns sianilar to
the O M case. This reduction is observed promigasitise to the
jet region. This momentum loss was continued furihto the
150 mm section with the attenuation effect beingsle
pronounced. Most of the other fluids appeared tehhoroughly
mixed at this point.
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Figure 4: Normalised velocities (k) showing flocculant mixing
characteristics downstream of the flocculant pip®,a30, 75 and 150
mm. when W, < Uy (a) with no salt (0 M) (b) 0.02 M salt (c) 0.2 M.
salt.

Figure 3c shows the mixing behaviour of flocculanith 0.2 M
salt. It can be seen that the mixing behaviourhef ftocculants
improved greatly with the addition of the salt, damg to mix
readily within a shorter distance of the jet edigt prominence



was visible at 0 and 30 mm, while at 75 and 150 timenjets had
mixed thoroughly with the surrounding water to astndepict a
fully developed profile.

Utioce<Uw

Figure 4 depicts the effect of flocculant mixingewhthe velocity
of the water jacket is higher than the flocculagtt Here again
figures 4a, 4b and 4c represent results of flocaslat 0, 0.02
and 0.2 M salt, respectively.

From the results presented above, it can be sthgedhe higher
concentration flocculant solutions required muchgler mixing
lengths. These mixing lengths were reduced asothie strength
is increased. The solution dimensions of aniorscdulants are
known to decrease at high ionic strength, with phesence of
solution cations effectively “shielding” repulsionsfom the
charged groups along the polymer chain, allowirgggblymer to
take a more coiled conformation.

The behaviour exhibited by the highly concentraiedculant
solutions is attributed to the viscoelastic natofr¢he long chain
acrylamide/acrylate copolymers. Such effects are wnell
captured within CFD, but given the relatively shogsidence
times within the turbulent feedwells (~10-50s), wmfifging
flocculant mixing is crucial towards accurate potdins of
feedwell performance.

In most cases of flocculant mixing presented irs thaper, the
momentum from the flocculant jet did not match wiitle outer
water jacket momentum. While this may be due toutgerlying
viscoelastic nature of the flocculant which inhgbinixing, this
loss of momentum has not been captured elsewheceséised
momentum of water) by the UVP. This may be mairtyilauted
to the single line measurements carried out in éxiseriment.
Work is now underway to circumferentially map thectulant
jet all around the outer pipe in a bid to captuhis tlost
momentum.

Plant-Scale

Only a few results from the plant-scale measuresmeare
discussed here; a full summary of results can badon Yang et
al. [8]. Figure 5 shows the 2D velocity vector atceamline plot
of the aqueous phase at a height of 700 mm abowebdth
bottom. With the aid of a reference vector of 10/s) the 2D
vector plot indicates not only the direction of\flanovement but
also the magnitude of the velocity at each meshtpoi
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Figure 5: 2D velocity vectors and streamlines betwehevron and picket
fences (700 mm above base).

It can be observed that a high velocity, flow mowstighight out
of the chevron fence in the vicinity of the settentreline with a
magnitude of approximately 80 mm/s. Otherwise,rtagority of
the aqueous flow had a velocity range from 20 tordfd/s,
except for a few points close to the outlet of ¢hevron fence.
Moreover, a large flow recirculation zone can bensa the right
side corner of the settler, as is indicated byflitn streamlines.
This was mainly due to the negative pressure figlderated in
the region by the bulk aqueous flow leaving thevehie fence

with an angle towards the centreline of the setiiée centre of
this recirculation zone was almost in the middletloé right
corner structural section.

This recirculation upstream of the chevron was fified as
undesirable behaviour for phase disengagement undenal
settler operation. Further work is underway usind@kodelling
to test prospective modifications.

Conclusions

In the current study, an UVP was used to studycfitant mixing

in a laboratory-scale system and was also usebaiacterise the
flow in a full-scale SX settler unit. The versdtiliof UVP was

clearly demonstrated at extremes of scale and imidustrial

streams. UVP was able to readily distinguish th&riloution of a

flocculant jet in pipe flow in a non-invasive mannproviding

real-time velocity measurements. The 2D velocityangl

measurements on a full-scale settler were ablelickly capture

features that were difficult to quantify by singbeint velocity

techniques. In both applications, UVP is therefexpected to be
an invaluable validation tool for CFD models curhgreing

developed to describe fluid flows during the mixjpmgcesses.
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