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Polymerization Technology – Laboratory

Reaction Calorimetry

1. Subject

Isothermal and adiabatic emulsion polymerization of methyl methacrylate in a batch reactor.

2. Theory

2.1  Isothermal and adiabatic calorimetry

The most important information needed for the reactor design for polymerization reactions is the
heat emission of the reaction over the time. A good heat dissipation to the cooling system is
necessary to avoid accidents. In many cases, literature data are not available for the desired
reaction, so that own measurements have to be done. For measurements in the laboratory scale,
reaction calorimetry is a practical method. This method measures the chemical heat flow of a
reaction which is proportional to the reaction rate.
In general, the measurements are done in a stirred tank reactor with a thermostat and a computer.
Temperature sensors are placed in the reactor (in the reaction mass) and in the outer cooling
jacket. The thermostat measures the inner temperature and regulates the jacket temperature in the
desired way.
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The general heat flow balance of the calorimeter is given as follows

rHVQ RRchem )( ∆−=& reaction heat flow

RV  = reaction volume,

RH∆  = reaction enthalpy,
r = reaction rate

dt
dT

CQ R
paccu =& heat storage in the reaction mass

∑=
i

iipp mcKJC ,]/[  = heat capacity of the reaction micture

)( JRcond TTAUQ −⋅=& conuctive heat flow through the wall to the cooling jacket

U  =  overall heat transfer coefficient [W/(K.m2)],
TR  = temperature of the reactor,
TJ =  temperature of the jacket,
A = area of the jacket

lossQ& loss heat flow to the environment

elQ& heat flow given in the reactor with an electric heater for
calibration

P heat flow produced by stirring

Now we look at two special cases to control a polymerization reaction

a) isothermal

In the isothermal case the reaction mass is kept at contant temperature obver the whole reaction
time. For that reason an occurring heat flow, produced by chemical reaction, must be absorbed to
the cooling jacket. Thus the jacket will immediately be cooled down by the thermostat, when the
reaction starts.
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In the isothermal case the general heat flow balance can be reduced to

PTTAUPQQ JRcondchem −−⋅=−= )(&&

Heat storage in the reaction mass does not occur, because it is kept at constant temperature. The
loss heat flow is neglected and if the viscosity of the reaction mass remains low (as it is the case in
an emulsion polymerization), the heat flow produced by the stirrer can be neglected, too. In
practice, a strictly constant temperature in the reaction mass cannot be reached. Therefore, the
storage or accumulation term cannot be neglected.
Before an experiment is started, the product of the overall heat transfer coefficient with the jacket
area U.A has to be determined. The calibration is done by providing a defined heat flow to the
reactor by means of an electric heater:

)()( ,, JRheatingJheatingR

el

TTTT
Q

AU
−−−

=⋅
&

heatingJheatingR TT ,, ,   =  reactor, jacket temperature when electric heater is on

The calibration is done one time before and one time after the reaction in order to see if any
alterations occur during the reaction. The heat transfer coefficient might change due to
precipitated polymer covering the reactor wall.

b) adiabatic

In this case the jacket temperature is set to the same temperature as the reaction mass. If the
temperature in the reaction mass increases by chemical reaction the jacket temperature does also!
In an ideal case no heat flow from the reactor to the jacket occurs because both of them have the
same temperature.

The heat balance is

P
dt

dT
CPQQ R

paccuchem −=−= &&

The detected temperature is proportional to the conversion of the reaction if only one reaction
occurs. In general, an isothermal control of the polymerization reaction is desired in the industrial
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scale because no temperature rise in the reactor influences the reaction. The function of adiabatic
calorimetry is the simulation of the worst case scenario in a small laboratory scale, i.e., failure of
the cooling system and uncontrolled increase of temperature in the reactor.
The adiabatic temperature difference adT∆  is the maximum heating of the reactor by its own
reaction.

2.2    Determination of kinetic data

By determination of the heat flow of the reaction, the reaction enthalpy H∆ , the conversion X
and rate of conversion dX/dt can be calculated:
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t0 and tend are the times of the beginning and of the end of the measured heat flow peak
(integration limits). )(tH∆ is the reaction enthalpy at time t (partial peak area) and H∆  is the
complete enthalpy of the reaction (complete peak area).
The ideal case is simple: only one kind of reaction and 100% conversion. In practice, however,
simultaneous reactions occur and 100% conversion is not reached! Therefore, the measured heat
flow is the sum of the heat flows of all occurring reactions.

2.3   Wilson plot

The Wilson plot is a method for determining heat transfer data and geometric data of a given
reactor. The product of overall heat transfer coefficient and jacket surface is measured in
dependence on the stirrer speed N
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Please, become familiar with this method by reading the attached literature.

3. Experimental

1st Day:  Isothermal reaction

The recipe for the MMA emulsion is given to you by the assistant.

MMA (methyl methacrylate):    _________________ g

H2O: _________________ g

SDS (sodium dodecylsulfate): _________________ g

AIBA: _________________ g
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The emulgator SDS is dissolved in water. Then MMA is added and the mixture is filled to the
reactor and degassed by nitrogen for 30 min. The reactor is heated at 50°C and the calibration is
done with the electric heater. When the thermical equilibrium is reached again after switching off
the heater, the dissoluted initiator can be injected into the reactor by using a syringe. The
temperatures of reactor and jacket are displayed on the computer screen. If the reaction has ended
the electric heater is switched on again for the second calibration.

2nd Day:  Wilson plot and adiabatic reaction

a) Wilson plot

The Wilson plot is done with water. A defined heat flow is applied to the reactor by the electric
heater. Five different U .A-values should be measured by varying the stirrer speed between 150
and 500 rpm.

b) Adiabatic reaction

Recipe for the MMA emulsion:

MMA (methyl methacrylate): ________________ g

H2O: ________________ g

SDS (sodium dodecylsulfate): ________________ g

AIBA: ________________ g

The preparation is done in the same way as in the isothermal case. Calibration is not necessary.

4. Analysis and report

Please give a short theoretical summary of the method and the used equations and a description of
the experiments.
Calculate the conversion rate and the conversion over the time for the isothermal and the
adiabatic case. Determine the reaction enthalpy from the isothermal experiment and compare with
literature data.
What are the advantages and the disadvantages of this method? What simplifications were made?
Please discuss possible errors!
Evaluate the Wilson plot as shown in the attached literature.

Data: HR∆  = - 55.1  kJ/mol; cp,MMA = 1.5  J/(g . K);  cp,water = 4.18  J/(g . K),
MMMA = 100.12 g/mol
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Attachment:


