VIisIMiXx TURBULENT.
LIQUID - LIQUID MIXING. DROP SIZE. SCALING — UP.

In mixing of immiscible liquids, two rivaling prosses of break-up and coalescence
of drops occur simultaneously. The intensity ofbptocesses and, therefore, the
results of emulsification are determined by locating intensity (shear rate, specific
power, etc.) which, in turn, depends on charadtesi®f tank and impeller, and on the
physical properties of the initial fluids.

VisiMix simulates the formation of the emulsiontelenines if complete
emulsification is achieved, calculates mean drap, Specific mass transfer area,
mixing time, and other process parameters impoftargmulsification, liquid
extraction, multiphase chemical reactions etc.

This example shows how to successfully performisgalp of a liquid-liquid
extraction process.

Problem description:

A liquid-liquid extraction process is carried ontd pilot reactor. In the pilot process,
emulsification is satisfactory, and stabilizatione for achieving the balance between
break-up and coalescence is small (consideralsytihes 10 min). This process must
be scaled up so that the same or similar emulsicaguality is achieved in an
industrial reactor, either already available, ordified by accessible means.

In industrial and pilot reactors, the following Beg-up parameters must be identical:

» Stabilization time for achieving the balance betwbeeak-up and
coalescence (considerably less than 10 min);
» Specific mass transfer area.

The task is to determine these parameters for bothilot and production-scale
reactors in order to make sure that the operation enditions in the production-
scale reactor are close to those in the pilot unit.

Initial data

Pilot reactor:

Tank (with elliptical bottom):
Inside diameter = 300 mm;

Total volume = 30 liters;
Volume of media = 20 liters.

Baffle (flat type, attached at a distance fromilzd)
Number = 4;

Width = 30 mm;

Length = 250 mm;

Distance from bottom = 75 mm;

Distance from wall =5 mm;




Angle to radius = 0 deg.

Impeller (disc turbine)

Tip diameter = 100 mm;
Diameter of disc = 75mm;
Number of blades = 6;

Pitch angle = 90deg;

Width of blade = 20 mm;

Length of blade = 25 mm;
Distance from bottom = 100 mm;
RPM = 350;

Power of drive = 100 W;

Production-scale reactor (basic variant)

Tank (with elliptical bottom):
Inside diameter = 1800 mm;
Total volume = 617

Volume of media = 5/

Baffle (double tubular type)
Number = 1;

Width (tube diameter) = 100 mm;
Length = 1300 mm;

Distance from bottom = 450 mm;
Distance from wall = 100 mm;
Angle to radius = 0 degrees

Impeller (Glass lined impeller-1)
Tip diameter = 800 mm;

Number of blades = 3;

Width of blade = 80 mm;
Distance from bottom = 500 mm;
RPM = 100;

Power of drive = 10 kW,

Media properties

The media is a pure oil - water system without iiggint admixtures with the
interfacial surface tension = 0.03 N/m; its averpggperties are close to those of pure
service water.

Continuous phase (water) properties:
Density = 1000 kg/cub. m;
Dynamic viscosity = 0.001 Pa*s;

Disperse phase (pure oil) properties:
Volume fraction = 0.15;

Density = 940 kg/cub. m;
Dynamic viscosity = 0.03 Pa*s;
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The Solution:

The general sequence of operations is as desalime in other examples of this
Tutorial .

For the given case, you must calculate and contbaerameters: stabilization time
for achieving the balance between break-up andesoahce, and specific mass
transfer area.

The first can be obtained from the graiNETICS OF DROP BREAK-UP in the
Liquid-Liquid Mixing option ofCalculate, and the second can be obtained from this
option directly.

Before proceeding to calculations, you must emiigiai data for both pilot and
production-scale reactors. Start with the pilotudation, and then consider the
available production-scale reactor, changing itsupeters if necessary.

Following the standard VisiMix procedure, starteavrproject for your pilot reactor.

SelectProject, thenNew, then enter the name for your projeStéle-up-pilot.vsmin
this example, as shown in Figure 3-1).

M

Save in: I Tutorial j - £ Edv

Name = |v| Date modified
Janl4_2014 1/14/2014 6:11 PI
hydrod.vsM 1/16/2014 9:34 P
J55.V5M 1/17/2014 2:37 P

‘ i

File name: IScaIe—up-piIotVSM
Save as type: IVisiMix Project Files (*vsm) LI Cancel |

Figure 3-1. Starting a new project.

Click Save and select your tank in tA@nk types selection that appears. The tank
you have selected (elliptical bottom without heahsfer device) will appear in the
Current choice window on the right (Figure 3-2). ClicBK to confirm your choice.
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: Tank types E3

TANKS WITHOUT JACKET

>

Flat bottom Elliptical botom Conical bottom

Elliptical bottom

TANKS WITH CONVENTIONAL JACKET

T E W

Figure 3-2. VisiMix graphic tanks selection.

Ok | Cancell Helpl

Now you will be requested to enter basic initialadfr your project. After you
confirm your tank choice, TANK WITH ELLIPTICAL BOTOM input table with the
selected tank diagram appears. Supply the intéimansions of your tank. Enter
Inside diameter, Total volume andVolume of media,andTotal tank height and
Level of mediawill be calculated by the program and enteredmataally (Figure
3-3).

C:\VisiMix\ Tutorial\Scale-up-pilot.VSM x|

TANK WITH ELLIPTICAL BOTTOM

L]

Inside diameter 300 Imm
Total tank height 449.4 |mm
Total volume 30 ||
Level of media 307.9 |mm
Volume of media | 20 [

KN

L« |
449

KN

~___

= 300

KN

Ok I Cancel Choose new tank Print Help |

Figure 3-3. Entering pilot tank data.

After the table has been completed, click anywloeréhe field of the window, and
the tank diagram on the screen will change to cefleur input. ClickOK to confirm
your input.
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The Baffle typesmenu will now appear. Click on the diagram of sleéected baffle
(Flat baffle — 2 in your case), and it will app@athe Current choice window on the
right (Figure 3-4). ClickOK to confirm your choice.

: Baffle types

Figure 3-4. Selecting a baffle for the pilot reactor.
Enter parameters of your baffle in the table thogtears (Figure 3-5).

Now select your impeller in thenpeller types menu that appears (Figure 3-6). The
single option for your single-stage mixing system is athg selected (by default) in
the Current choice window.
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 Impeller types [x]

paddle

e

dlisk turhine radial turhine 1

d o L

Figure 3-6. Selecting impeller for pilot reactor.

Enter impeller parameters in the input table tipgiears (Figure 3-7), then click
anywhere in the field of the window, and the disbine diagram on the screen will
change to reflect your input. CliéBK to confirm your input.

disk turbine

single

CIE

radial turhine 2

C:\VisiMix\ Tutorial\Scale-up-pilot.VSM x|
DISK TURBINE
Tip diameter 100 Imm j _
Diameter of disk 75 Imm j
Number of blades IIl
Pitch angle 90 |deg =]
Width of blade 20 Imm j
Length of blade 25 [om <] 3
Dist. from bottom 100 Imm j
(S|
Rotational speed 350 |[Rpm  ~] K /
Motor power 100 IW j
@ 300
Pumping direction Idown vl
OK. I Cancel | Choose new impeller | Print Help |

Figure 3-7. Entering impeller data for pilot reactor.

Now it is necessary to define average propertiesexia. At first you will be
requested to fill out the DENSITY AND TYPE OF MEDIiAput table (Figure 3-8a)
and then the AVERAGE VISCOSITY OF MEDIA (Figure 8)8 Since the properties
of the media are close to those of pure servicemnvanter the properties of water as
the first approximation.
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: \VisiMix\ Tutorial\Scale-up-pilot.VSM

Figure 3-8b. Entering average viscosity of media.

After you have entered basic data for your pilaicter, its diagram appears (Figure 3-
9). From now on, you will be asked to enter only tfata required for solving your
particular problem selected in tlalculate option.
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= [Scale-up-pilot] - Drawing of apparatus

Fuor HELP jareis F1

Figure 3-9. Tank diagram.
We recommend closing this window before proceetiincalculations.

To proceed to calculations, sel€dlculate in the main menu and click diquid -
liquid mixing, then onKINETICS OF DROP BREAK-UP. Since additional data is
required for calculations, you will be asked to pbete PROPERTIES OF
CONTINUOUS AND DISPERSE LIQUID PHASES input tabledure 3-10).

C:\VisiMix\ Tutorial\Scale-up-pilot.VSM x|

FROPERTIES OF CONTINUIOLIS AMD DISFERSE LIQUID PHASES.

Continuous phase

Density [ 1000 [kgjcbm =] | eredsl 003 [/m -l

Dynamic viscosity I 0.001 IPa"‘s LI

Index of admixtures || ]

-1--05 -coagulants (de-emulsifiers)

Disperse phase

Volume fraction 0.15 -0.5--0.1 - 2- and 3-valent ions of electrolytes
_ -0.1-0.1 - no significant admixtures
Density I 940 Ikgfcub.m ﬂ {pure oil - water)

- : 0.1 -0.25-electralytes
Dyhamic wiscosity I 0.03 ICP ;I 0.25- 05 - small quantities of detergents
05-1 -detergents.emulsifiers

(0] I Cancel | Frint | Help |

Figure 3-10. Properties of continuous and disperse liquid phases.
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Based on this data, VisiMix re-calculates the agerproperties of the media. If these
calculated values do not correspond to the datreshiearlier, you will receive a
message shown in Figure 3-11.

ATTENTION !

/ oK
Calculated values of average properties of  emulsion

don't correspond to your former input of average

PROPERTIES OF MEDIA:

Former input | Calculated values

Density, kg/cub.m : 1000 991

Dynamic viscosity, Pa*sec : 0.001 0.00138

To change your input select <Cancel>, then Edit - Properties & regime -
Average properties of media, and replace your former input of density
and viscosity with calculated values from this table.

To proceed with the calculations without changing your input, select
<0k, In this case calculated hydrodynamic parameters will correspond
to the former values of PROPERTIES OF MEDIA

Figure 3-11. A message warning of the discrepancy between entered and calculated
average media properties.

Let’s follow VisiMix recommendations and correcettlata entered in the tables
corresponding to AVERAGE PROPERTIES OF MEDIA: DENSIAND TYPE OF
MEDIA (Figure 3-8a) and PARAMETERS OF RHEOLOGY (Eig 3-8b). Click
Cancel,and the message shown in Figure 3-12 will appear.

[Scale-up-pilot] - KINETICS OF DROP BREAK-UP

To proceed with calculations.
change your input and repeat the
question

v o

Figure 3-12. The message recommending to adjust input data.

Click OK and selecEdit input, Properties & regime, Average propertiesof
media and firstly Density and type of mediaand therParameters of rheology
Replace your former input with recalculated datalasvn in Figures 3-13a and 3-
13b.

VisiMix TURBULENT. Example 13. 9



\VisiMix \ Tutorial\Scale-up-pilot.VSM

C:\VisiMix\ Tutorial\ Scale-up-pilot.VvSM

CEE
et [same ]

Figure 3-13b. Entering adjusted viscosity.

By now, you have entered all the required procesgseguipment parameters. Click
OK, and selecLast menu - Kinetics of drop break-up. In a very short time, all the
required calculations will be finished, and a grapKinetics of drop break-up will
appear (Figure 3-14). Click dtart to start the simulation, and you will see that
stabilization time value is about 2 min. You halves determined the first of the two
scaling-up parameters for pilot reactor.

VisiMix TURBULENT. Example 13. 10



= [Scale-up-pilot] - KINETICS OF DROP BREAK-UP

KINETICS OFDPROPEBREAK-UP

Average drop diameter, microns

Start
For HEL.P press F1

Figure 3-14. Kinetics of drop break-up. Pilot reactor.

The next process parameter you are interestedSpdsific mass transfer areaTo
obtain this parameter, just click dast menuin the main menu and selegpecific
mass transfer area The result of the calculation is shown in Fig8¢&5.

= [Scale-up-pilot] - Specdific mass transfer area

SPECIFIC MASS TRANSFER AREA

Parameter name Units

Specific mass transfer area sq.m/cub.m

For HELP press F1

Figure 3-15. Specific mass transfer area. Pilot reactor.

Sometimes distribution of drops by diameter is ingoat. Click onLast menu again,
and selecbDistribution of drops by diameter. The result is shown in Figure 3-16.
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3 [Scale-up-pilot] - DISTRIBUTION OF DROPS BY DIAMETER

Volume density function, 1/micron

DISTRIBUTION OF DROPS BEY DIAMETER

T Pxr«<>gp> «cdimmzxrrcltex, Txai<a <>rxa=s [iard
For HEL P press F1
Figure 3-16. Distribution of drops by diameter. Pilot reactor.

The data in Figs 3-14 — 3-16 represents basic ctaistics for a pilot reactor.

We recommend closing all windows before proceettingalculations of production-
scale reactor Window, Close All).

Now let us enter the initial data for the availapteduction-scale reactor. To do it, you
may use the existing project and, uskdjt input option in the main menu, change only
those input tables that contain equipment chatiatitss. First save your current project,
Scale-up-pilot.vsmthen click onSave asoption in theProject menu, and save your
current project under a new name, for examptmle-up-production.vsm

Now enter the data of your production-scale reatter's start with the tank data. Click
on Edit input - Tank - Tank geometryand supply the internal dimensions of the
production-scale tank (Figure 3-17).

SelectEdit input - Baffles, and therChoose new baffleat the bottom of the table
that appears. In accordance with your initial datahe production-scale reactor,
selectTubular baffle-2 in the Baffle typesscreen (Figure 3-18).
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C:\VisiMix\ Tutorial\Scale-up-production.VvSM

: Baffle types

Figure 3-18. Selecting a baffle for the production-scale reactor.

Now enter the baffle characteristics based onrttiali data given above (Figure 3-
19).
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C:\VisiMix\ Tutorial\Scale-up-production.VSM x|

TUBULAR BAFFLE-2

Number E . ..3
Tube diameter (D) 100 Imm j

Length (L) 1300 [rm ] . Z
Dist. from bottom 450 Imm j k _/
Dist. from wall 100 Imm j 2 1800

Angle to radius (fi) | o |deg

Le|

oK I Cance\l Choose new baffle | Frint | Help |

Figure 3-19. Entering baffle data for the production-scale reactor.

SelectEdit input - Impeller, and click onChoose new impellerat the bottom of the
DISK TURBINE input table. In your production-scakactor, you have a single-stage
three-blade glass lined impeller. Sel&ttASS LINED impeller—1 in thelmpeller
typesscreen (Figure 3-20), asthglein the Current choice window on the right.

Enter the data foGLASS LINED IMPELLER-1 agitator in the input table that

appears (Figure 3-21).

Whenever you change the equipment parametersanikedtagram changes reflecting
your input. The diagram of your industrial tankresponding to the data you have

entered is shown in Figure 3-22.

 Impeller types [x]
GLAZS LINED IMPELLERS |

e \”

pitched paddle impeller-1 impeller-2

impeller1
DE DIETRICH GLASS LINED IMPELLERS

L -l

= w

single

IR

impeller glaslock flat blades glaslock flatvariahle blades

Figure 3-20. Selecting impeller for production-scale reactor.
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C:\VisiMix\ Tutorial\Scale-up-production.VSM il

GLASS LINED IMPELLER 1

Tip diameter 800 |mm j

Number of blades
Width of blade 80 mm ]

2508

Dist. from bottom 500 |mm j
I
Rotational speed 100 IRpm j K /
Motor power | 1et04 |W j 7 1300
0] I Cancel | Choose new impeller | Print | Help

Figure 3-21. Entering impeller data for the production-scale reactor.

=2 [Scale-up-production] - Drawing of apparatus ;Iﬂlil

For HELP press F1

Figure 3-22. Tank diagram for production-scale reactor.

Now you can return to calculations. Seleast menuin the main menu and click on
KINETICS OF DROP BREAK-UP. The program analyzes the process in your
production-scale reactor, finds the process camttunsatisfactory and issues a
message, recommending to increase the numberftééFigure 3-23). Then the
message shown above in Figure 3-12 will appeagesting that you change your
input first and then repeat the question.
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Scale-up-production.vsm E3

Centrifugal separation of emulsion is expected.
Adding baffles is advisable

/ oK

[Scale-up-production] - KINETICS OF DR... E|

To proceed with calculations,
change your input and repeat
the question

Z

Figure 3-23. These messages recommend increasing the number of baffles in the
available production-scale reactor.

To increase the number of baffles, seledit input — Baffles, and change the number
of baffles from 1 to 2 in th&ubular baffle - 2 input table as shown in Figure 3-24.

T
TUBULAR BAFFLE-2

Number b

Tube diameter (D) 100 Imm j

Length (L) 1300 [mm | - 2

Dist. from bottom 450 |mm j K _/

Dist. from wall 100 |mm j Z 1800

Angle to radius (fi) 0 Ideg j :9

[ ok | concel | Choosenswhele | Pint | Help ‘

Figure 3-24. Adjusting baffle data for the production-scale reactor.

Select agaihast menuin the main menu and click ddNETICS OF DROP
BREAK-UP. You will not receive any warning message, whictangethat the operating
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conditions are now satisfactory. In a very shaonitj the calculations will be finished,
and a graph dfinetics of drop break-up will appear (Figure 3-25). From this graph,
you can see that stabilization time for the indabkteactor is about 4-5 min.

= [Scale-up-production] - KINETICS OF DROP BREAK-UP

KINETICS OFDROPEREAK -UP

Average drop diameter, microns

Star]
For HEL P press F1

Figure 3-25. Kinetics of drop break-up. Production-scale reactor.

Now you must calculate the second process parameggired for scaling-up:
Specific mass transfer areaClick onLast menuand select this parameter. The
result is shown in Figure 3-26.

UseLast menuto obtainDistribution of drops by diameter (Figure 3-27).

[ [Scale-up-production] - Specific mass transfer area

SPECIFIC MASS TRANSFER AREA

Parameter name Units

Specific mass transfer area sq.m/cub.m

For HELP press F1

Figure 3-26. Specific mass transfer area. Production-scale reactor.
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(3 [Scale-up-production] - DISTRIBUTION OF DROPS BY DIAMETER (=13

DISTRIBUTION OF DROPS BY DIAMETER
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XA r»x«<>gp>» «<dimaazxyxaracetltex ., T XAIA T <> [Stard
For HELP press F1

Figure 3-27. Distribution of drops by diameter. Production-scale reactor.

The comparison of the pilot data (Figs 3-14 — 3drf) the data for production-scale
reactor (Figs 3-25 — 3-27) shows the following:

» The value for stabilization time is considerablgdehan 10 minutes for both
reactors (2 minutes for pilot reactor and 5 mindieegproduction-scale
reactor).

» Specific mass transfer area is practically the simmboth reactors: 3450
m?/m? for pilot reactor and 3520%m? for production-scale reactor).

» The distribution of drops by diameter is also pradly identical for both
reactors.

The conclusion:

Calculations for pilot and modified production-seatactor show that emulsification
processes in both reactors are similar, and thangeap can be successfully
performed, provided that the available productioals reactor is modified in
accordance with the VisiMix recommendations.
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