1) Show the most probable distribution of molecular weight for step polymerizations
(demonstration). Mix at high temperature 1 kg of polyester (monodisperse) with M=20000 and
1kg of polyester with M=40000. Calculate the limiting value of Mn and Mw for the resulting blend
if transesterification occurs. (11pts)

2) Consider a monomer pair and Alfrey-Prince parameters.

Monomer Molecular Weight Q e
Styrene 104 1.0 -0.8
Acrylonitrile 53 0.6 1.2

Calculate the molar fraction of styrene in the monomer feed at low conversion free radical
copolymerization process in order to produce SAN polymer (styrene-acrylonitrile) random
copolymer containing 10% by weight of acrylonitrile. (11pts)

3) Show the mathematical expression of elastic retraction force for a single Gaussian molecular
chain and comment on the differences with the classical Hook’s law. (11pts)



Principles of Polymer Chemistry — 1* session exam
February 7, 2013

Surname name ID number

Copolymerization (10 points)
Derive the copolymer equation (show all steps) with clear indication of all the simplifying
hypotheses.

Crosslinking (10 points)

A bicomponent polyurethane adhesive is obtained with a mixture of pentaerythritol C(CH,0H), =
1000 g and 1,4 butanediol HO-(CH,);-OH = 1000 g as component A, and methylene-bis-diphenyl
isocyanate OCN-(CgHy)-CH,-(CgH4)-NCO as component B.

Calculate the amount of diisocyanate needed to have stoichiometric ratio OH/NCO = 1.
Calculate the extent of reaction p at the gel point according to the Carothers equation and the
Flory-Stockmayer theory.

Rubber technology (10 points)

Represent graphically the rheological monitoring of a vulcanization process. Explain how the data
can be used to model kinetically the process, and discuss the applicability of the various kinetic
(isothermal) equations.



Principles of Polymer Chemistry - July 5, 2013

Surname Name
matricola number

1- Crosslinking (10 points) )
Show the estimation of the critical extent of gelauon at gel point for multifunctional step-growth
/ polyreactions according to Carothers and Flory theories.

XCopolymerization (10 points)
A modified PVC grade containing 5% by weight of vinyl acetate is produced by a low conversion
/random copolymerization of vinyl chloride CH,=CH-Cl {€=0.20 Q=0.044) and vinyl acetate CH,=CH-
OCOCHj; (e=-0.22 Q=0.026). Calculate the composition of the monomer feed needed to obtain such
a copolymer.

3- Rubber technology (10 points)
Derive the constitutive equation of rubber elasticity according to the molecular theory model.




e
A0 Jam’s s

@ Bdent O-C peachow  ar %,a\ 5 potut step "%mwlfu w HOUS
acordong 1o Caxotvers aud Fuory theoos

CAROHERS . A groups reacted of amet - Hypothesis A o ool repct
C ekl B Baad VEEURT 56
AZ‘\"Ag* E?)g
e A>/,A =p-B
A

N) = :)“/— s ==
e
\ Pom‘\—
N)J Q0
Flory- STOCKNAYER.
: * + ow MW
_Ropckhwn ooatl 5 (Ldepeude
2 hypothests nﬂ chwhy of fuuenoat g
- No oveli zodton

thj Hot o 8roup A belouging.

o  branchiog :;:3.0ci»?@%‘»{cum% © Hhe /?D“Obodo“
\l@%ﬁ-’\‘\@(‘\@&«

ol | bmuch\\nﬂ(/ﬁxg) e connected throug ox goNES OJ;_‘ b
Dirk= 8 =6 "ot Losteer bramdxxhg wie B
S

A
LA RE P

7 omdn Lo
bomb'dﬂm of reOChow op A

Pa edent of ma{;\bwu ofs A PRSP
B - prooab( ity of. reachow of B
f} . Q‘o\dﬁm c)@ A %{‘OLLPS belouacus o Az
The pmbabdﬁw of tecchiou of % woble Ag B ?B‘P-
. now o pacHe An_ (S :PBCA’P)

OO

\' v \bPBP
_?A ’?BM"P)?A

Palpe (A-P)pn Pap. — probalot

v W\

ik ot SenpenEe with Gaugth



The sormg Fmbabcuhj odended 5 all PQSSCECL MMW =
A= T Lpapali-pT prpe p = Papep 3 Tpapoti=fl) =

= PrPe P 5 XK—b e,
o (A—x)
L/\LFAFB (A& (ﬂ]
= T PA
X = TRed " PBQ‘(J
LA —rpi=¢) [ pei-p)

> Doxrg +he coosg@wkmg ?MCQSS (Ap¥Pat B2)
ol ?ﬂ onch AoCroieetuar Bn TSR oded
e Ay s olole to AE—t) Clapdp. G hext
A1 completed -

M / =10
(% \ ; /l ‘
Couditiou éb s cm&S'@u/mﬁ Ly /L1 L>

=5 A 2 ML oud Ot:‘\/';

The relodioy  ConTbe  rewntren Q)Eor tha case 010 pohfﬁwdwwt ANONOMEIS
with  averoge MWUW AL Ap= :CLrA '
e

i SEF WPERERY

T, K\DCQ

= _L—-_:_
T T ol



3 |
Copoly mern2ad~ou -

5% W/w. @(% U\Y\%@ ocotote lowcowverscon

PVe
— OH,=ci -0 (e=020) =0 Gup &)

s
Ot 2O -0C0CHs (e=022,8= 0,026) &)

Composcisou off the monower [eec
D{ e o Ooé%; exp[_—o,zoCozolroz:@ AB6

Qa2
= 42 exp [-ealey-2)- 202 oxp T+022 e o 853
\ 0,0UY
5 \ LOLCQ:‘CG\'\'e
Constdaung ook of the copdymer / Kg L oy
QB\% o@ uwjk chlorcde
PM,y = DX 242125 = G2 &/mol
Mo = )\QXLH6+ \ox 2L = gééfmo\
Nq = @% - %0.¢ o) 0 the COPOLHMQr UQC = He = T
©2 5 [mo i Moy 6o+ 806
s e = a0 65 el e copoliqmar— F, - NJ04&P - o2
- g Aot 1B
gb@@»{‘moi : , ( '
Fa iz = 0,5
T: w _.@;r\kA—\/E?:— ;(/(/Uw\-'A——b”W—\— /—2',‘()/\+x”"\\7'
A ""@/)} b _

F/U )-:\T))A caes

E e —r)x ).J gia
5230-0,0%.

‘ ( A+ o,o%) _4 0,6y + 4hBb O =

/A - 0 B

_ 0648000 .%C,: padiia b =008
| )/\\\ Q‘ZZOQG .

0,0H0RY -




PRNB S duglic L0138

M- cPesRLINKING

CARSTHERS = p, -

5
Doy
FLoRY - ?o=[4+€C&}ﬂ—é

gyfug(h Ag a)ppa,rmwk\

cwhﬁz
[N P/\.Q/}QA»/%\

durostromon: vodt o A2 (sdhen)

2 - (ORI MER AT ON
CHy =gl

e =0,%

Q= 0,0uL

(Vo) 284

o e
453

Pvo =t pa g >
C?W/ A,53+0,08 : “

C/u;z = C&"\-"OCDGK’(SD

Q= —G 77
Q=0026
S7Z W
S /{0556
29,
e’\lb)) = \O,"—qu
2 g ‘?5 oS .
G& M+ f 40244 £35 =60 e i =123 %w&,@s
AL+ 2 +/l21-,r€+jé~f,(2+jé{_/(2+a)_.86 37 o0
2 20,058 wn
(&)



J’JW MIFNB.  JA T
E- - T45 (a ¥ cilos)

F: W= - TAS W: = “(’;N!T[r\,a* %"3]
ﬁ]dﬂ/g/‘&"‘-ﬂw Seroa AR e Nha __}N\__ﬁgﬁ

sot bibeneto
@@D b2 5]

D g

GWMM

N
)’

h)\ shorro - Gt,@ A)qz_dg

o A, -
dw £ = - _-\, . TN A
g & Q(ZX - G(.’\“ - C’Om;(é,qm






Exam session February 26, 2014
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X Question 1 (10 pts)
oy

between initial monomer Concentration and maximum Production
temperature in chajp Polymerizations. 4 :

X Question 2 (12 pts)
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J
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Principles of Polymer Chemistry - exam session of July 9, 2014

Surname Name Matricola nr.

')( Question1 (5 points). Explain what is the “gel effect” in free radical polymerizations, and represent it
graphically. Suggest how to minimize / avoid this effect.

=¥~ Question 2 (12 points). A bifunctional polyol (OH groups) with MW 1000 g/mol and density 1.1 g/ml must
be stoichiometrically balanced (OH/NCO = 1) and crosslinked with a three-functional polyisocyanate with
MW 600 g/mol and density 1.1 g/ml to give a polyurethane adhesive.

- By knowing that the kinetic constant kys-c of the step polyreaction is 5 x 10 I/mol.s, calculate the
gel time at ambient temperature of the bicomponent polyurethane assuming additivity of volumes.

- How could we extend the gel time of the same adhesive to 150% its initial value without changing
the temperature ?

- What's the gel time of a modified adhesive if we decide to crosslink the polyol with a
polyisocyanate with an average functionality 2.5? (obtained by premixing the three-isocyanate MW
600 with a di-isocyanate MW 200 in proper amounts — assume density 1.1 g/ml also for the
diisocyanate)

\){ Question 3 (5 points). Calculate the low conversion azeotropic composition for a copolymerization process
having r; =0.7 and r, = 0.1, Show graphically the results in form of Fy-f, diagram.

\/Question 4 (8 points). Derive mathematically a suitable expression for the elastic retraction force of single :
polymeric chain in random coil conformation. Comment on the dependence of such a force on both the
deformation and,the temperature.
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PRINCIPLES OF POLYMER CHEMISTRY

EXAM SESSION OF SEPT.25, 2014

SURNAME NAME:

MATRICOLA NR:

1) Question 1 - Copolymerization (12 points)
< When two monomers A and B are copolymerized, an azeotrope copolymer is formed at a ratio of 1
mol of A and 2 mol of B. If monomer A is known not to homopolymerize:
- What polymer composition (expressed as molar fraction of A) will result initially when a
mixture of 1 mol of A and 9 mol of B are copolymerized?
- Will the copolymer formed after 50% conversion from an initial mixture of 4 mol of A with 6
mol of B contain more or less of the same amount of A compared to that formed at 1%

conversion?

2) Question 2 — Rubber technology (8 points)
¢ Explain the chemistry and process monitoring (graphical representation) of elastomer vulcanization

3) Question 3 - Step polymerizations (10 points)
o Derive mathematically the most probable distribution of molecular weights for step-growth
polymerizations. (2-5 Swdes , My fetes —¥ )
By applying the suitable statistical relations, calculate the weight % of residual monomer for a step-

growth polymerization runatr=1and p=0,99.

W % =

Nn e T S i (9.0 1)
| =S
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Principles of Polymer Chemistry - Exam Session of September 28, 2015

Question 1 (score 5).

Explain what is the “gel effect” in free radical polymerizations, and represent it graphically. Suggest how to
minimize this effect.

Question 2 (score 9).

A bifunctional polyol (OH groups) with MW 2000 g/mol and density 1.05 g/ml is stoichiometrically balanced
(OH/NCO = 1) and crosslinked with a three-functional polyisocyanate with MW 600 g/mol and density 1.1
g/ml to give a polyurethane. By knowing that the kinetic constant kas-c of the step polyreaction is 5 x 103
I/mol.s, calculate the gel time at ambient temperature of the bicomponent polyurethane assuming
additivity of volumes.

Question 3 (score 3)

Control of molecular weight in anionic living polymerizations

Question 4 (score 5).

Calculate the heat evolved during a 300% uniaxial deformation at +20°C of a strip of rubber having
dimensions 10x2x80 mm, and density of crosslinking = 10° mol/cm3

Question 5 (score 8).

Show graphically the rheological process monitoring of vulcanization, and show the most suitable
(isothermal) kinetic models



