VisiMix RSDE. Batch Emulsifying with Rotor/Stator H

Problem description.

omogenizer.

Subject of the batch operation — preparation of diluted emulsion of an organic agent in
stabilizing water solution containing highly active emulsifier. Main properties of substances

are presented in the table below.

Desired size of the main part of droplets in the product — from 5 to 15 um or less.

Parameter Continuous phase Disperse phase (organic)
(aqueous)

Density, kg/m3 1000 960

Dynamic viscosity, cP 1 4

Volume fraction 0.99 0.01

Interfacial tension, N/m About 0.01

Optional equipment unit — a 750 liter mixing tank with a bottom-entering variable speed
rotor/stator homogenizer. Optional rotational speeds — 1500 and 2200 rpm, power of drive —

15 KW.

Purpose of calculations:  check applicability and define expected operational parameters of

the equipment.

Step 1. Start new project RSDE_001 and enter desig

properties of media.

n data of the RSD and average

Select a scheme corresponding to design of the homogenizer (Fig. 1) and enter the rotor
speed (start with 1500 rpm) and main dimensions accordingly to arriving input table (Figs 2).

Current choice
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Figure 1.
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Rotational speed 1500 Fpm j

I_iT

ROTORS STATORS

Internal diarmster I Imm ﬂ I 191 Imm ﬂ
Exernal ciameter | 180 |mm j Im |mm ;I
Internal diam=ster I Imm ﬂ I Imm LI
Exdernal ciameter I Imm ﬂ I Imm ﬂ
Internal diamzter I Imm ﬂ | Imm LI
Fulrrnal miameter I Imm ﬂ I Imm LI

Figure 2.

Click Calculate in the main menu and select BATCH EMULSIFUING>Mean drop size asis
shown in the Fig.3.

Project Editinput Calculate  Supplements Last menu  Lastinput table  Window View Help

POWER. AND FLOW * I

SHEAR CHARACTERISTICS OF RSD CHANNELS *

CHARACTERISTICS OF EACH CHANNEL *

BATCH HOMOGENIZATION >

CONTINUOUS FLOW HOMOGENIZATION

BATCH EMULSIFYING 3 :
Mean drop size. B
3

CONTINUOUS FLOW EMULSIFYING

Distribution of drops by diameter. B

Drop diameter — cumulative density function. B
Dynamics of emulsifying. B

Effective energy dissipation

NON-EMULSIFIRD FRACTION OF DISPERSE PHASE. B

Figure 3.

Now, we have to enter Average properties of media . In general case, average density and
viscosity of emulsion may depend on concentration and density of the disperse phase.
However in the current case, due to very low volume fraction of the oil phase, the average
properties of media cannot differ from the properties of the continuous phase (see Figs 4
and 5).
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Figure 4.

Figure 5.

Next, accordingly to the program requests, we have filled these tables and OK'd the input,
we have to select the type (Fig 6) and enter dimensions (Fig.7) of stator and rotor (Fig.8) of
the rotor/stator homogenizer (RSD).

Current choice

Figure 6.
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Figure 7.

Figure 8.

Step 2. Enter design and process data for the inst  allation.
After the rotor and stator dimensions are entered, the program provides a visual menu for
selection of an installation scheme (Fig.9).

e ] [Cteemee ] [ Ememe ] [ owme® ]

Figure 9.

By pushing the button, select a scheme Internal RSD-1 and confirm the Current choice
(Fig.10) with OK.
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Current choice

Impeller ‘
-“““"‘--,,_‘h‘
— il

T—RSD

Internal Rs0-1

Ok Cancell Help |

Figure 10.

Now the program provides request for technical information corresponding to the selected
scheme. Let us fill the presented tables (Figs 11,12). The Mixing time value requested by
table in the Fig.11 has to be calculated using one of the VisiMIx programs. In the absence of
VisiMIx, you can estimate the Mixing time in your tank using one of accessible empirical
correlations.

INETALLATION DATA,

volume of media I 750 || LI

MNurnber of impellers I i

Mixing time * | B0 |S ~| Impeller
|

isimix program ITurbuIent LI 4&&1}5[}

* Mixing time is defined using one of ¥isimix programs

I 0]:4 I Cancel | Change installation scheme | Frint | Help

Figure 11.
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PROCESS DURATION. BATCH

Pracess duration |41 min |

- - Impeller
Feference information: -

Yolume of media 0.75 cub.m
MNurnber of impellers 1 ﬁ“““ﬂRSD
kixing time 60 5
Wisimix program: TURBULENT

corcel_| |

Figure 12.

Step 3. Enter specific data for emulsifying.

After all general data are entered, the program displays request for specific information
necessary for modeling of emulsifying. First of all, it is a table that defines necessary
physical properties of phases (Fig.13). The most of data requested for input are accessible
(see Table 1 above).

FROPERTIES OF COMTINUOLUIS AMND DISPERSE LIQUID PHAZES.

—Continuous phase

Density [ 1000 [kajcum v | metecsl o [Coo [y/m =]

Dyhamic viscosity I 1 ICP LI

Index of admixtures |1|

Disperse phase

“olume fraction 0.0 0-0.5-no emulsifier
Density I 960 Ikgfcub.m LI 0.5 -1 -weak emulsifiers
Dyhamic viscosity I 4 ICP LI >1 - strong emulsifiers

[n].4 I Cancel | Prirt | Help |

Figure 13.

The only un-known parameter in this table — Index of admixtures. As can be seen in the
accompanying documentation (Help or User’s Guide), value of the Index of admixtures is
connected with the interphase electrostatic repulsing pressure: the higher is Index, the
higher is the restricted pressure and the lower is frequency of coalescence of droplets. In
emulsion with efficient emulsifiers the Index is usually higher than 1, and entering value ‘1’
will provide some reservation.

The last input parameter of this section Initial drop size. As you can learn in Help section, for
installation with bottom-entering RSD input of this parameter is optional. So, you can confirm
the value 1000 micrometers that is displayed in the input line of the table (Fig.14).
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INITIAL DROP SIZE BATCH

Initial drop size B |1 ooo| pr |

Applicability condition of the Emulsifying section:

hixing in the tank must be good enough to prevent separation
of phases.

DK I Cancel Help

Figure 14.

Step 4. Calculations.

After the last input is confirmed, the program performs calculations, and the output table
corresponding to the requested parameters (see Fig.3) is displayed. As follows from the data
presented in the output table (Fig.15), the selected installation provides complete
emulsifying of the disperse phase in the tank. However, the mean drop size seems to be
somewhat too high.

EMULSIFIED FRACTION OF DISPERSE PHASE. MEAN DROP SIZE. B

Parameter name Units Value

Mean drop size of emulsified fraction. B 18.5

Emulsified fraction of disperse phase. B 100

For HEIL P press F1

Figure 15.

For additional checking, click Last menu (Fig.16) and select Drop diameter — cumulative
density function . Press Start button. As follows from the arriving graph (Fig.17), only about
30% of the emulsion is contained in the droplets smaller than 15 pum, and the main part of
droplets is significantly larger.

Project  Editinput Calculate  Supplements  Last menu  [a
Qlil Mean drop size. B

Distribution of drops by diameter. B
meter — cumulative density function. B
Dynamics of emulsifying. B

Effective energy dissipation
NOMN-EMULSIFIRD FRACTION OF DISPERSE PHASE. B

Figure 16.
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One of the acceptable ways to reduce drop size of the final emulsion — increase the process
duration. In order to check this option, go to the Last menu and select Dynamics of
emulsifying . Press Start. As follows from the graph (Fig.18), the selected process duration
(40 min) is long enough, and further increase of emulsifying time will not be efficient.

The second possibility — to increase rotational velocity of the RSD.

Select the Disperser design icon in the main menu and change the Rotational velocity from
1500 rpm to 2200 rpm (Fig.19) and press OK. The program repeats the calculations
automatically, and previous results are replaced in the output tables with the new ones.

Emulsified fraction of disperse phase. Drop diameter — cumulative density function. B

Fraction of disperse phase

T >xr«>g> «<dimarraccteces . a1 Txn

For HELP press F1

Figure 17.

Emulsified fraction of disperse phase. Dynamics of emulsifying. B
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For HEIL.P press F1
Figure 18.
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RZE0D DESIGH

Fotational speed I Zz00 IRpm ;I

o

ROTORS STATORS
Internal diametar Imm ;I I 191 Imm LI
External diameter I 140 Imm LI I 200 Imm LI
Internal diametar I Imm LI I Imm LI
External diametar I Imm LI I Imm LI
Internal diameter I Imm LI I Imm LI
External diameter I Imm LI I Imm LI
I QK I Cancel I Change dewice | Frint I Help I

Figure 19.

As follows from the Fig.20, increasing of the rotational speed results in reduction of the
expected Mean drop size value from 18.5 to 12.5 um. The graph on the Fig.21 shows also
that diameter of the min part of the droplets - about 80% - is less than 15 pm.

Basing on the results of the Fig.22, we can expect this result to be achieved in less than the
outlined 40 min.

Select Last menu>Non-emulsified fraction of disperse phase . Accordingly to results

presented in the output tables in the Figs. 22 and 23, emulsifying is completed within 15-20
min.

EMULSIFIED FRACTION OF DISPERSE PHASE. MEAN DROP SIZE. B

Parameter name Units Value

Mean drop size of emulsified fraction. B 12.5

Emulsified fraction of disperse phase. B 100

For HELP press F1

Figure 20.
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Emulsified fraction of disperse phase. Drop diameter — cumulative density function. B

Fraction of disperse phase

T Prec>g> «dimryxicter, pLLTXTd

For HELP press F1

Figure 21.

Emulsified fraction of disperse phase. Dynamics of emulsifying. B

Mean drop size. um

For HELP press F1

Figure 22.

NON-EMULSIFIRED FRACTION OF DISPERSE PHASE. B

Emulsifing time Fraction

8.0 min 0.035 %
16.0 min 0.000 %
24.0 min 0.000 %%
32.0 min 0.000 %%

40.0 min 0.000 %

For HEL P press F1

Figure 23.
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Before taking the final decision to use RSD at the maximum rotating speed, let us make sure
that the power consumption will not be too high. Select Calculate>Power and flow>Power.
As follows from the arriving output table, the existing 15 kW motor ensures operation of the
selected RSD at 2200 rpm with reasonable reservation.

Parameter name

For HELP press F1

Figure 24.
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