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A Polyethylene Box-Type Mixer-Settler Extractor:

by

Lester Knapp, Roman Schoenherr, John Barghusen
and Morton Smutz

ABSTRACT

The deslign features of a small multistage mixer-settler
extractor are described., The polyethylene construction permits
the use of corrosive systems such as those containing hydro-
fluoric acid. The design permits precise interface control in

each settler., Complete cost data are given.



INTRODUCTION

The unlt operation of liquid-liquld extraction has developed
greatly within the last two decades and is now regarded as an
important technique for separating and refining materials. The
basic information needed for efficient design of extraction
equipment, however, has not progressed as rapldly as the need for
the application of the unit operation. Consequently, the design
of extraction equlpment has developed through experience rather
than through appllcation of theory. This 1s evidenced by the
great varlety of extraction equlipment 1in use today.

Several artlicles have been published recently which review
extraction equipment. Morello and Poffenberger (4) describe and
classify a number of extractors, especlally the column extractor.
A complete survey of extractors was made by Pratt (5, 6) in which
he evaluated and classifled each type of extractor according to its
physical characteristics and performance. Davis et al, (2) present
a comprehensive review of mixer-settler contac tors.

It will be noted that the function of extraction equipment is
to provide the interfacial area necessary for the transfer of
solute from one liquid phase to the other. The mixer-settler type
of extractor 1s a stagewise contactor in which contact is provided

in discrete stages by the action of an impeller.



The arrangement of stages in most patented designs of mixer-
settlers 1s either vertical or horizontal. The vertical units
usually possess a common shaft on which the agitators are mounted,
whille separate shafts and agitators are provided for each stage
in the horizontal units.

Mixer-settlefé have been in use since 1904 (4), but only
recently has. there been much interest in the design of a compact
box-type horizontal mixer-settler. The need for compact mixer-
settlers developed when atomic energy programs required that a
number of mixtures of inorganic materials be separated in apparatus

requlring a minimum of shielding.

Previous Designs of Mixer-Settlers

For the past few years workers at the Ames Laboratory have
developed several separation processes which 1ncorporate multi-
stage liquid-liquld extraction techniques. Concurrent with the
research work on process development was the design of an efficilent
multistage mixer-settler. The mixer-settler had to be able to
handle liquids of high viscosity and also systems of liqulds in
which the density difference between phases was often quite small.
Also, the extractor had to supply a constant flow of liquids from
one stage to another even though there might exist a sharp liquid

density gradlent between adjacent stages.
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Figure 2. Design features of the Bochinskl extractor,




The mixer-settler designs developed by Bochinski and Whatley
were satlisfactory, but leaks frequently developed at some of the
connections, and also there was an appreclable pressure loss as
fluild flowed through the tubing. A box-type mixer-settler
minimlzes pressure losses' and also the number of interstage con-
nections. |

Thls paper descrlbes a new box-type mixer-settler which was
recently developed at the Ames Laboratory. The design of this
unlt incorporates the basic feature of the Whatley extractor -
Interface control by adjJustment of the helght of the heavy phase
i1n the antechamber.

Three sallent features of the box-type extractor are: 1. hori-
zontal arrangement of stages, whereby any desired number of stages
can be made immedlately avallable for any process; 2. I1nterface
control in each stage; 3. compactness of the unit, whereby no
Interstage piping 1s necessary to transport the flulds from one

stage to another.

Design of the Mixer-Settler
The extractor, as shown 1in Figure 3, 1s a horizontal contagctor.-
constructed in the form of a rectangular box. The box 1s partil-
tioned 1nto discrete stages which, 1n turn, are divided into two
chambers - an antechamber and a settling chamber. A mixing chamber

1s suspended in the antechamber from an overhead clamp. Each
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Figure 3. Design of the box-type mixer-settler extractor.




mixing chamber is provided with an impeller which enters through

the top of the chamber. Each impeller 1s connected by means of

a belt and pulleys to a shaft which drives all the stages simulta-
neously. The drive shaft is driven by a belt from an electric
motor,

As illustrated in Figure 4, the flow of liquids through the
extractor is counter-current. The heavy phase from stage n+l and
the 1light phase from stage n-1 flow through respective underflow
and underflow ports into the antechamber of stage n. In the ante-
chamber the heavy phase rises to the level of the 1nlet welr to
the mlxing chamber. The light phase accumulates as a film on the
surface of the heavy phase. The two phases flow simultaneously
through the inlet welr into the mixing chamber of stage n. In the
mixing chamber, by the action of the impeller, the two phases are
mixed and then pumped through an overflow arm into the settling
chamber of stage n. Here the phases separate by gravity and then
flow through the approprilate ports into the adjoining stages.

Thus the mixing section provides both mixing of the phases
and pumping of the dispersed phases in the same operation. This is
an essential feature of this mixer-settler. The need for an
external means to provide the flow of the heavy phase from one

stage to another 1s obviated with this mechanism.
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Figure 4. Flow pattern through the box-type mixer-settler extractor.
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Construction of the Mixer-Settler

Several separation processes recently developed at the Ames
Laboratory involved multistage liquid-liquid extraction. Therefore,
one l6-stage and one S54-stage mixer-settler extractors were
constructed to carry out these operations. DBecause the processes
involved the use of corrosive chemlcals, both of these units were
constructed from polyethylene and stainless steel.

A section of one of the polyethylene boxes is shown in
Figure 5. The boxes were constructed from polyethylene sheets.
The sides and bottoms were cut in one piece which extended the full
length of the box. The partitions were cut to size and the under-
flow ahd‘overflow ports cut into them. Slots were milled at all
Joints to provide a semi-force fit. After the boxes were assembled,
the Joints were reinforced and made water-tight by welding them
with molten polyethylene. |

Figure 6 shows the components of the mixer assembly. The
mixing chamber:was made from a polyethylene drinking cup. The welr
and overflow arm were made from polyethylene tubing which was
welded to the cdp;

The»impeller assembly conslsted of a saran plate for mounting
it onto the tube holder, a stainless steel bearing, a polyethylene-
coated stainless steel shaft, a cover, a polyethylene impeller, and

a pulley (not shown i1n Figure 6). The shaft was force fitted into
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the bearing and then coated by shrinking polyethylene tubing over
it. After adding the cover for the cup, the lmpeller was welded
to the polyethylene coating on the shaft. The bearing was then
force fitted into the saran plate.

The mixer was assembled 1n the followling manner: The mixing
chamber was tightly fitted 1nto the hole in the saran tube holder,
the lmpeller assembly was mounted to the tube holder with bolts
and spacers, the cup 1lid was snapped on, and the pulley was
attached.

The assembled holder was attached to a stalnless steel frame
which extended the length of the extractor. The holder can be
posltioned to any desired height by adjusting the bolts which affix
the holder to the frame. Therefore, the helght of the inléf welr
can be positioned and the Interface controlled by adJusting these
bolts.

The drive mechanism for the impellers consisted of a system
of belts and pulleys. Each lmpétler was driven by a belt from a
single drive shaft. The drive shaft was powered by a V-belt from
an electric motor.

The assembled extractor 1s shown in Filgure 7. Thls photograph
is of the 54-stage extractor which was actually used to separate
a mixture of rare earth niltrates by liquid-liquid extraction.

Since an extractor of thils size could not be fabricated in the form
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of one box and still retain some degree of portabllity, three boxes,
each containing 18 stages, were used. No pilping or tubing was used
to transport the liqulds from one box to the next. Instead, the
end stages opposlte each other were used only to pump the liquids
from one box to the next. One mixer pumped the‘heavy phase 1into
the settling chamber of the end stage in the next box, while the
mixer of that stage pumped the light phase into the settling

chamber contiguous to the first mixer.

Interfacé Control-

The interface betwgen the two liquld phases in the settling
chamber of stage n+l ié malntalned at any desired height by adjust-
ing the posltion of the inlet welr to the mixing chamber of stage n.
The hydraullc analysis of the interface control is shown in Figure 8.
The position of the interface depends not only upon the densitles
of the individual phases but also upon the difference in the
densitles. It 1s apparent that the more nearly identical the
densities of the two phases:. are, the more critical the position of
the inlet welr becomes. A system wlth a denslty difference of
0.03 g/ml could only be handled if the position of the inlet weilr
could be set accurately to 1/32 of an inch. A deviation of 1/32

of an 1nch would produce a one-inch change in the level of the

interface.



" \lheavr | HEAV
l PrASE by FHaS

STAGE n+| STAGE n
Figure 8.

h= TOTAL HEIGHT OF LIQUID IN

SETTLING CHAMBER OF ST.IQGE
n+

hi= HEIGHT OF INTERFACE 'ﬁ' SITAGE
A .

HEIGHT OF INLET WEIR TO
MIXING CHAMBER OF STAGE n

DENSITY OF HEAVY PHASE

hw

P

,0;,= DENSITY OF LIGHT PHASE
(h=h) R+hi B = hu Py

hi = hwloh‘l'\IDL
! f% - f{

11

(D MIXING CHAMBER
(® STIRRER

@ INLET WEIR TO MIXING
CHAMBER

Hydraulic analysls of interface control in the

box-type mixer-settler extractor.

ot



17

In Figure 6 the mechanism for holding the mixing chamber is
shown. The mechanism was designed so that, by a simple adjustment,
the height of the inlet weir could be positioned accurately in the
antechamber, Consequently, every stage has its own Interface
control, By knowing only the densities of the two phases and the
depth of the settling chamber, the height of the interface in each
stage can be pre-set by adjusting the position of the mixing
chamber in the adjacent staée.

When the holders for the mixing chambers were assembled,
great care was taken to insure that the top of the inlet welrs were
in all cases é certain distance below the bottom of the saran plate.
The bottom face of the plate was taken as a datum for positioning
the helight of the inlet welr in the antechamber, For each stage
in the extractor, the distance between the top of the inlet weilr
and the saran plate was the same. Any changes whilch were required,
due to density gradients 1n the extraction system, were made by
adjusting the bolts which affixed the holder to the steel frame

which extended the length of the extractor.

Cost of Constructing the Extractor
In connection with the construction of the 5i4-stage mixer-
settler, an estimate of the cost for materials and labor involved
was made. Table I itemizes the specifications and costs forgthe

materials which were used in constructing this unit. Although this
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Table I. Cost for 54-stage mixer-settler

Material Labor Total
Item cost cost cost
Mixer-settler box and table
Polyéthylene -$.84.24 $114.76 $ 199,00
Angle iron table 31.60 92,25 123.85
Steel frame T4.62 132.75 207.37
$190.46  $339.76  $ ..530.22
Mixing holder assembly
Bearings, shafts and :
spacers ‘ $214.93 $174.28 $ 389.21
Mixing cups 5.50 5.50
Saran tube holders 190.00 190.00
Saran bearing plates 21,00 21,00
Bolts and nuts - 159.41 159,41
$590.84  $174.,28  § T65.12
Drive Assembly
Main drive shaft $ 16.75 $ 16.75
Universal joints 26.10 26.10
Drive pulleys from motor 2.00 2.00
Neoprene "O" ring belts 21.81 21.81
V-drive belt 1.27 1.27
Aluminum pulleys 57.70  $419.63 477.33
Supports 36.00 36.00
$161.63  $419.63 $ 581.26
Total cost $9U42.93  $933.67 $1,876.60
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cost analysls 1s rather detailed, the resulting total cost is only
an order of magnitude; and any extrapolation to other units could
not be made with great accuracy. A considerable labor cost has
been omlitted from the table. Thils was the labor used in the
construction of the boxes and 1n the flnal assembly of the mixer-
settler. If this labor cost were 1lncluded the final total cost

of the mixer-settler might be approximately $2,500,

Summary of Characteristlcs of the Extractor

The extractor has been used successfully in two different
extraction processes., Koerner et al. [2) used a 16-stage box-type
mixer-settler of this deslign 1n separating nilobium and tantalum by
liquid-1liquld extraction. The feed to the extractor was a
solution of tantalum, nioblum and hydrofluoric acid in methyliso-
butyl ketone. No difficulty was experlenced 1in handling the hydro-
fluoric acid system. The nloblum was scrubbed from the tantalum
wlth O.,1M sulfuric acid.

The S54-stage extractor was used in the separatlon of mixed
rare earth nitrates wlith tributyl phosphate as a solvent. The
feed, solvent and scrub solutions were all 5N 1n nitric acid. No
corroslon difficultlies were experilenced during a run lastling 300
hours.

There are several characteristlcs of thls box-type mixer-

settler which distingulsh 1t from other extractor types. The box-
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type mixer-settler has a bullt-in interface controller which can
be adjusted even when the extractor is 1n operation. The interface
controller can be positloned with a fine degree of accuracy.

It 1s known that for optimum mixing of liquids in a continuous
process, the liquids must enter the mixing chamber along the axis
of the impeller. This 1s @dequately provided for in this design.
Both phases enter the mixing chamber along the axis of the impeller.

No auxiliary means are necessary to transport the heavy phase
from one end of the extractor to the other. In some box-type units,
the extractor 1is tilted to move the heavy phase from stage to stage.
In this unit, however, the necessary head is provided by the
impeller which pumps the phases through fthe extractor.

This box-type design 1s compact. There is no need for any
interstage piping connections. : The liqulds flow easily from one
stage to the next through the ports in the partitioéns.

The number of sfages which can be added to the extractdr is
almost unlimited. It can be envisioned that an extractor contailn-
iIng 150 to 200 stages 1s not at all beyond the realm of possibility:
The stages can be easlly added without belng concerned about inter-
stage connections.

Unlike many mixer-settlers, fthere 1s no back-mixling of liguids
in this design. The unit was designed so that 1t was 1mpossible

for back-mixing to occur,
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A wlde latitude in impeller speed 1s allowed in this design.
The impeller may rotate within a wide range of speed above a
minimum without decreasing mixing efficliency. Therefore, by having
the impeller rotate at a speed above the minimum, the mixer-settler
can easlly handle surges 1n liquld flow and stilll provide maximum
mixing efficiency.

The box-type unit is simple 1In design. Therefore, construction
of metal or plastic unlits 1s easlily accomplished.

Feed lines can be Introduced at any stage without revising the
extractor design or construction. This 1s usually true with most
mixer-settler designs, but 1s not necessarily the case with column
extractors.

During the contlinuous run made with the rare earth nitrate-
tributyl phosphate system, the extractor performed quite well even
though the liqulds were about ten times as viscous as water. The
impeller was able to displace all of the llquids entering the
mixing chamber. Also, there was no bulld-up of liquid in the ante-

chamber.
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