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APPENDIX

A.1 Description of the RC1 Reaction Calorimeter

The Mettler RC1 reactor is eter, the development of which

was based on the work o \&th m it is possxble to run
experiments in any of three o amely: (1).2 1abatlc mode, in which the
jacket temperature (7)) is such a_manne . the heat of reaction is

conserved, i.e., there is no ' thiough the wall 2 reactor, thus operating

in emulsion polymerization: }1) the rate of polymenzatlon is obtained directly, with

fhe conversion beirﬂ; uu&}c(a P{lhﬂn%@ Wga’f}ﬂ ‘§.on curve; and (ii)

nearly continuous nq'l”ormatlon for the process is obtained (every 2.s). With this
information% ﬂ;lﬁ)mgrm Lu My:l:gam ﬂn’elcacill be made,
allowing the observation of important features which cannot be seen using any other

techniques.
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RD10

PIC10

C Callbratlon Heater
P : Pressure sensor

Figure A-1 Schematic skele.t(zn:ggthb

)

1 reaction calorimeter.

7 0
A schematic representatlon of the RCI reactor is shown in Figure A-1. The

" sumundﬁbu RID AR PSR IV S« i o e

2dm>s™). A bafﬂe and different types®f impellers ean be used. Thexgomplete RC 1
system is c% ﬁ’lﬁ q Daj mnil n’] 'HPY]) ﬂ)’] @s Egl controller
(RD10); (iii) a computer; and (iv) a pressure indicating controller (PIC10). The
reactor/ thermostat unit used to carry out all of the experiments reported here is a
1.5-dm™ high-pressure glass reactor rated at 60 bars (HP60). The metallic cover of
the reactor can be thermostated to minimize heat losses due to condensation.

A magnetic drive allows operation of the impellers at speeds ranging from 50 to



156
2,000 rpm. A safety rupture disc located on the reactor cover prevents any damage to
the reactor due to excessive pressure. The computer displays and stores data measured
during the experiments by the RC1/RD10. Also, it transfers the set points and safety
related parameters to the RC1/RDI10. It serves as the interface between the user and
the reactor. The thermostat unit controls the /7ctor temperature at the set point,
pumping the heat transfer fluid (silicone oil) thr@he jacket of the reactor in a

o

closed system. This circulati@stgm‘_is divided into.two separate parts: the heating

circulation system with eleet"c/

by an external cooling sys €m._Eonfr

ing and the cooling cireulation system provided

t_he__r_e'actor temperature profile is carried out

by adjusting the jacket tempeératiir ,;wl}ich\ys':accomplished by activation of the
iy |

electric resistances in the heatifg systeni-and by supplying a cold stream of silicone
# i 1

:J i ‘ .l':"

oil to the heated circulation syst

regulated control value. e

Qi Héat of

Qst:"Power input by

Qc: Heat of calibration or compensation

Qace: Heat ‘a¢cumulatéd in'the reabiion

Qf* Heat flow through the reactor wall'to the cooling
Ql: Heater losses to the

<4—

Figure A-2 Energy balance for a batch reactor without condensers.
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The heating system and the control value are activated automatically by the
computer. The experimental values of the variables or parameters studied (7, 7j, rpm,
pressure, etc.) are sent to the computer at a minimum of every two seconds and are

used to calculate other parameters (O, Onow, d7r/df, etc.). All of these can be

displayed on the monitor, recorded on d stored on the data diskette.

i i | , \\ \'.\ he reactor. The energy
terms involved in the equatio ; ?’ ’ \ \,'\ n this case, kinetic and
potential energy terms are ed; “the “res and jacket temperatures are

- _

considered homogeneous, and the re on syst ded as perfectly mixed. The

=

(7
Qr!B Ox FOS=IOROT O ) (A-1)

)12l mm #en3
ARIAN TN TN

O =V AH R, (A-2)

where V,q is the volume of water in the system (dm™); AH, is the heat of
polymerization of the monomer (J mol™") used; and R, is the rate of polymerization

(mol dm®s™).
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The heat input by the stirrer is given by:

Ou = PoN’d’p (A3)

where P, is the power number; N is th ¢ stirrer . d is the diameter of the impeller;

and p is the density of the system. The acc reaction is calculated by:

(A-4)
where (mCp)r and (mC,); arg't apacities of the reaction
mixture and inserts, respeetiv

- derivative of the reaction

temperature. The heat flow throug cooling system is given by:

(== ] (A-5)

) @
where U is the oveFT ﬁﬁﬁewﬁﬂtywzmﬂ :cj»he wet area (m?),

and AT is the differefiée between the reac?on and jacket temperatures

ARIANN I UNIINYAY

From eq (A-2), it is seen that the rate of reaction is directly proportional to the
measured heat evolved. This is valid only for single reaction or when one of the
reactions in a scheme dominates the other ones, which is the case for a free radical or

chain polymerization process.
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Heat losses to the surroundings, O, and Oy are considered in the baseline, Oy,
which is the initial O, signal under no reaction and calibration conditions, U is
measured by performing calibrations in which a known and constant amount of

energy (approximately 24 J s™') is applied to the system for a period of 10 min.

During this period, 7; is constant an curs, thus U is simply a function

of AT and the heat of calibration PR i@ by performing temperature

T———
ramps. (O, is then calculated usi g equation:

(A-6)

Thus, the rate of polymerizati be calculated directly by measuring the
parameters in eq. (A-6) and h eq. (A-2). The extent of
conversion in the RC1 _reaction calorimeter ime is. calculated using the

expression in eq. (A-7): . 7 '\_‘

j y
Aut Inemanens
RN TUENIN Y

(A-7)

where X; is a relative calorimetric conversion. The integral in the numerator is the
partial heat of reaction evolved at time 7, and the integral in the denominator is the
total heat of reaction at the end of the polymerization or at #: As one can see, for 7 =

X: will be always equal to one, which is not likely to be the true final conversion (Xy)
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in an emulsion polymerization. Thus, it is necessary to introduce a correction factor to

obtain the actual calorimetric conversion (X;). The latter is defined as:

(A-8)
where My, is the initial mole ent A, and A \- heat of polymerization
whose value can be obtain ed by:

(A-9)

where X is the final 4 :c'l" measurement (e.g.,

gravimetry). Substituting eE (A-9) in'eq. (A-8),and co mbini@the result with eq. (A-7),

the corrected or rezﬁ ﬁ-ﬁ.ﬁcweﬂ WWEF ﬁ.l‘uj is given by:
ammnwumwmé’a

= EwXy (A-10)

tf

[0, dt
0

Then, to obtain the calorimetric fractional conversion, it is simply necessary to
multiply the relative conversion values given by the RC1 reaction calorimeter by the

final gravimetric conversion.
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