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Instantaneous Chain Length Distribution

A free-radical polymerization is to be carried out in a 20 L batch reactor. In order to avoid
any thermal runaway you decided to do the reaction as a solution polymerization. The initial
concentrations are M0 = 4.7 mol/L and wI,0 = 0.01 (with respect to the monomer), respectively.
In the literature you read that benzene is a suitable solvent for the present polymerization
system. The following reaction steps have to be considered:

I2
kd−→ 2R1

Rj + M
kp−→ Rj+1

Rj + M
kfm−→ R1 + Pj

Ri + Rj
ktd−→ Pi + Pj

Ri + Rj
ktc−→ Pi+j

Concerning diffusion limitations you found the following expressions for kp (glass effect) and kt
(gel effect):

kp =
1

1
kp,0

+ exp(Cηwp)

kpD,0

kt =
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kt,0

+ exp(Cηwp)

ktD,0

+ CRDkp (1− wp)

kt = ktd + ktc
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where wp is the weight fraction of the polymer in the reaction mixture. Moreover, you define
the following ratios:

Cfm =
kfm
kp

Ct =
ktd
ktc

a) Determine the instantaneous number and weight weighted chain length distribution (CLD)
of the above described polymerization reaction and plot them at four different conversions
(X = 0.10, 0.40, 0.70, 0.90). Plot also the instantaneous number average, nN and weight
average nW of the CLD as well as the instantaneous polydispersity index σ as a function
of conversion X for the following cases:

1 Termination by disproportionation dominates (i.e. Cfm = 0, Ct = 1000)

2 Termination by combination dominates (i.e. Cfm = 0, Ct = 0.001)

3 Termination by combination is negligible and chain transfer to monomer dominates
(i.e. Cfm = 0.01, Ct = 1000)

b) Determine the instantaneous number and weight weighted CLD for the growing radicals
at four different conversions (see part a)). Find the expression for the growing chain
instantaneous CLD based on the definition for the dead chains in chapter 2.2 and the
population balance equations in chapter 2.1. Take the conditions in (a)-1 as the base case
for the calculations. Then have a look at the cases (a)-2 and (a)-3. Discuss the influence
of the different conditions on the growing chain CLD and plot these results as well if they
are different. Compare the results for the growing chain CLD with the dead chain CLD.

c) Compare the evolution of conversion with reaction time obtained under the conditions in
(a)-1 with the one calculated under the same conditions, however neglecting all diffusion
limitations.

d) Find the instantaneous number average, nN, weight average nW and the instantaneous
polydispersity index σ for the dead chains CLD neglecting diffusion limitation and plot
the results against conversion. You have to consider the same cases as in part 1. What
are the differences with respect to the results obtained in (a) 1 to 3?

Additional information:

Mm,M = 100 g mol−1 Mm,I = 164 g mol−1

Mm,S = 78 g mol−1 ρS = 0.88 kg L−1

ρM = 0.94 kg L−1

f = 0.5 kd = 5.55× 10−6 s−1

kp,0 = 715 L mol−1 s−1 kt,0 = 9.8× 106 L mol−1 s−1

kpD,0 = 3× 1011 L mol−1 s−1 ktD,0 = 3× 108 L mol−1 s−1

Cη = 25 CRD = 180

• Neglect the presence of the initiator when evaluating the initial solvent concentration as
well as in the computation of the polymer weight fraction wp.


