VisiMix Turbulent.
Semi-Batch Nitration in Pilot Plant Reactor.

Subiject of this example — application of the progidisiMix Turbulent for planningf pilot
plant tests of nitratioprocess.

1. Chemical and physicabdata,

Reactionequation:
RH, + 2HNG; >R (NC)z)g + 2 H,0.

The pilot tests are planned as a next stage afv@ratoryresearch.
Initial composition of nitrating acid (weight):

HNO; -  10%,
H,SO, —75%,H,0 —
15%.

Laboratory tests were performed in 1 liter glasgeter with mixer and jackemitial
guantity of the nitrating acid - 0.8 kg. The orgareactant RE (85 g) wasaddedduring
5-10 min. Accordingly to the obtained results5&IC with 20-25% excessf nitrating
acid practically 100% nitration Echieved.

Properties and constants- estimated values based on data and correlatioh®erry’'s
Chemical Engineerddandbook.

Organic phase.

Initial product — RH2{iquid.
Molecular mass — 130, Density1050 kg/cub.m, Viscosity aboutl cP (a65°C).
Heat capacity — about 1400(kg.K)

Final product — R(N@, - liquid
Molecular mass 474,
Density — 1250 kg/cub.nViscosity— about 3 cP (at 58). Heatcapacity— about 1700/(kg.K)

Nitrating acid.
Initial:

Density —158kg/cub.m,
Viscosity — about 7 cP &5°C.
Heat capacity — about 1890(kg.K).Heat conductivity — about 0.4%/(m.K)

Final:
Density —156Cg/cub.m,

Viscosity — about 10 cP &6°C.
Heat capacity — about 192ikg.
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Reaction heat release — 290 KJ/mol or 2250 KJ/ kgHR.

Characteristics of pilot reactor.

Tank with elliptical bottom, elliptical top and Hadipe coil. Main

dimensions of tank and half-pipe coil are shdwehow.

150

TANK WITH ELLIPTICAL BOTTOM
Inside diameter | 600] Imm j
Total tank height Fi] Imm j
Total volume 197.9 II j
Lewvel of media AG3.8 Imm j ¥ __—/
Yolume of media 117 || j 2
Figure 1
TaME SHELL CHARACTERISTICS
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Figure 2.

HALF-PIPE COIL JACKET. SPECIFIC CHARACTERISTICS.
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Figure3.
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Figure4.

VisiMix Turbulent. Example 16.



2. OQuantities of initial and final products.

Table 1.

Substances Quantity
Kg-mol kg liter

Initial
RH, 0.12 15.6 14.86
Nitrating acid, 185 117
Including HNOs;  |0.293 18.5
H20 27.8
HaSOs 138,7
Final
R(NO,) 5 0.12 20.88 16.7
Nitrating acid, 174.2 1116
Including HNO3;  |0.053 3.35
H20 32.1
H2SO, 138,7

3. Outlined order of operation of the pilot reactor.

- Total quantity of nitrating acid is loadedamtactor.

- Cooling of the reactor sarted.

- The RH2 is added by small quantities. The rétedding is selected so &sincrease
the temperature t65°C.

- The adding rate is decreased, it is controlledssto keep thpermanent
temperature 5% till the end of theprocess.

4. Applicability of mixing device,

4.1. Liquid-liquid mixing.

The process consists in mass transfer betweenntwusicible liquids. So, theinimum
requirement to mixing device — to ensure completelsification of dispersphaseorganic)
and exclude separation of phases on all stagé®qirbcess (sd@gure below).

Liquid-salid mixing 2

Liquid-liquid mixing

KIMETICS ©F DROP BREAK-LP
Completefincomplete emulsification
Mean drop size

Sauter mean drop size

Heat Transfer. Continuous Flow (CF) » Specific mass transfer area
DISTRIBUTION ©F DROPS BY DIAMETER
Mean micromixing time inside drop

Heat Tramsfer. Semibatch (5E) b Micromixing time for disperse phase
Frequency of coalescence

Gas dispersion and mass kransfer »

Liquid-salid mass transFer b

Heat Transfer, Bakch (EH) 2

Heat Transfer. Fixed temperature regime (FT)  #

Figure6.

The input tables for the final state are shdxehow:

VisiMix Turbulent. Example 16. 4



ka/cubm ]
N
9.272¢-06  [sqmis ¥

igure 7.

kaeubm 7]

1250 [kg/obm =
B

Figure8.

Figure9.
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SAUTER MEAN DROF EIZE

Pararneter name TTnits WValue

Sauter mean drop size 0000155

Figurel0.

4.2. Checking the mixing powerThe power is much lower than power of driveee below.

MIZING POWER

Parammeter name Thnits Walue

MMising power AT 175

Figurell.

5. Temperature regime and production rate of pilotreactor.

Accordingly to the described order of operationtation in the pilot reactds considered as
a Semi-Batch process with significant heat rele@ke. maximunprocesgate in the reactor
is limited bycooling.

The process consists of two periods — initial pkrath increase of temperature to’&5due
to reaction heat and stable state period with emigemperature. Initidemperaturen the
reactor before nitration is assumed to b&35Input tables for propertied reaction media
and liquid cooling agent are presentelow.
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Figurel2.
HEAT TR&NSFER PROPERTIES OF THE MEDIA
Media | EEETEE e,
PARAMETER TEMPERATURE
Average density [ 1580 [ ka/cubm =] 5 T =]
Dynamic viscosity [~ 7 E =] s [t =
Specific heat [ 1850 [1/1kg™) || = t =l
Heat conductivity [~ .42 [wetmeK) =] == Tt =l

Figurel3.

5.1. Semi-batch heat transfer. Stage 1 — heatingned.

Purpose of calculation for this stage was defiretbiows: to estimate fraction &H, that has
to be introduced into reactor in order to incre@seperature to & within 10-15 min.

VisiMix modeling has been performed for injectionrh 0.1 to 0.5 of the totgjuantity of
RH,. Accordingly to the data of par.2 and 4, addingotdl quantity of RH resultsin
increase of volume of media by 11.3 liter. The ltb&at releases

0.12*1000* 292000 = 3.5*100.

Values of final volume and heat release for engeiimo the corresponding VisiMiput
table are defined going out of this equation (T&})le
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Table 2.

Fraction of total |Increase of Date for VisiMix input table VisiMix result -

RH, quantity volume,liters . Final
Flna! vqlumeof Heat release] temperaturef
media,liters media,’C

0.1 1.13 118.13 3.5%1C° 35.4

0.2 2.26 119.26 7%10° 42.4

0.3 3.39 120.39 10.5*1CF 49

0.4 4.52 121.52 14*10° 54

0.5 5.65 122.65 17.5*10 60

Accordingly to the data of Table 2, one of the jjmfises to satisfy requirements the heating
stage is to introduce about 40% (6.25 kg) okRHring the first 12 minThe corresponding
input table and modeling results are presebedw.

SEMIBATCH PROCESS. HEAT TRAMSFER SPECIFIC DATA,
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Figurel4.
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5.2. Semi-batch heat transfer. Stage 2 — period obnstant temperature.

On the second stage 60% of the Rldbout 9.4 kg- have to be addedahstant
temperature. The total heat release on this stage

0.6*3.5*10 = 2.1*10 J.
Heat transfer rate from the reaction media to ogpéigent can be evaluatesingVisiMix

option Heat transfer. Fixed temperature regime The correspondingnput table and
calculation results are presentasglow.

HEAT TRAMNSFER
MEDIA TEMFERATURE
FOR Fl<ED TEMPERATURE REGIME

T emperature = I o j

Figurel6.

HEAT TRAWNEFER EATE. FT. LA,

Parameter narme Thits

Heat transfer rate. FT. T

Figurel7.

The RH injection ratés:

12.5 KW / 2250 KJ/ kg = 0.0055 kgs.

For 9.4 kg the injection time is about 17€%c.

For a final evaluation, this stage is simulate@ami-batch heat transferwith initial data
accordingly to the input tablgelow.
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SEMIBATCH PROCESS. HEAT TRAMSFER SPECIFIC DATA.
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Figurel8.
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6. Evaluation of mass transfer in the reactor.

The calculations above are based on assumptiomedétively high reaction ratend
efficient massransfer.

In the current example the mass transfer in a batcemi-batch reactor céne evaluated
using the parametédean micro-mixing time inside drop. Thisparametecharacterizes
rate of mixing inside droplets. For ‘fast’ reactom gives thenaximumestimation of
reaction time after formation of droplets. Evaloatiof the timeof formation is based on
Kinetics of drop break-up.

Results of calculations for the input data showfigure 8 are showhelow.
Accordingly to these results, drop formation an@noimixing in the reactas practically

finished within 1.5 — 2 minutes after Rihjection - period short enougiscompared to total
batch duration. So, mass transfer limitation ofrigection isnot probable.
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MEAN MICROMIKING TIME INSIDE DROF

Pararneter name TTnits

Mean micromixing time inside drop

Figure20.

Awerage drop diameter, microns

EKINETICS OF DROF BREAE-UF

‘\-\_,_\_\_\_\_\_\-\_\-_\_\_\_\_\_
T dxrxaes_ = Start
Figure21.
7. Scaling-up.

It follows from the data above that one of the m@aioblems in development af
production scale process will be connected with treasfer from the reactiomedia.For
reproduction of mass transfer conditions, the v@hfeMean micro-mixindgime inside drop
and time of drop formation have to eproduced.

Conclusions.

1.

Intensity of mixing in the pilot reactor isghi enough to provideompleteemulsifying of
disperse phase (Rtnd R(NQ) ;) and relatively small meadrop sizes.

Nitration can be provided as a semi-batch atjr, total nitration timéor synthesis
of 21 kg of product will be about 45 min oore.

Rate of nitration is limited by rate of cogirMass transfer rate in the readrelatively
high, mass transfer limitation of the process iat@texpected.
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