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J. M. GARCÍA-MARTÍNEZ, O. LAGUNA, S. ARESO, E. P. COLLAR

Departamento de Fı́sica e Ingenierı́a de Polı́meros, Instituto de Ciencia y Tecnologı́a de Polı́meros, C.S.I.C.,
C/Juan de la Cierva 3, 28006 Madrid, Spain

Received 12 January 1998; accepted 25 March 1998

ABSTRACT: Chemical modification of an industrial waste (atactic polypropylene) using
a two-step process to obtain a fluorescent-modified polyolefin is the subject of this
article. For these purposes, a Box–Wilson statistical experimental design has been
used. The product was obtained by a condensation reaction after a previous one via a
radical reaction had taken place in the melt. Furthermore, the nature of this product
reveals that only single succinic anhydride groups were previously grafted onto poly-
mers coming from the previous radicular reaction. © 1998 John Wiley & Sons, Inc. J Appl
Polym Sci 70: 689–696, 1998
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INTRODUCTION

Fuctionalization of polymers—especially polyole-
fins—has proven to be a very good way to improve
the properties that limit their commercial value.
Those functionalized polymers have been widely
used as interfacial agents in composite materials
and/or compatibilizers in polymer blends.1–8

Industrial production processes of commercial
polypropylenes (PPs) imply the generation of
atactic PP (a-PP), as a byproduct, with almost no
commercial value (; 10% of the industrial PP
produced all over the world). This aspect makes
the waste very attractive for chemical modifica-
tion to make it useful for industrial and/or scien-
tific applications.

First, works in our group dealt with the modi-
fication of isotactic PP (iPP),9–11 and recently a-
PP12–14 by maleic anhydride (MAH). From the

last studies—performed on a-PP—the hypothesis
that MAH enters the polymer backbone as single
succinic units was suggested.12,13 Many works in
the literature conducted either on model com-
pounds15–17 or polymers (PE18,19 and i-PP10,20)
also supported that idea. However, recent articles
in the literature21–23 suggested grafting of poly-
succinic anhydride.

The condensation reaction occurring between
resorcinol and single succinic groups24–27 (previ-
ously bonded in the macromolecule) lead to the
conclusion of the nonexistence of polysuccinic an-
hydride grafted into PPs chemically modified in
the melt. From this, a new family of fluorescent
additives,28 that has proven to be efficient as an
interfacial modifier in PP-based composites,29 has
emerged.

EXPERIMENTAL

Materials

a-PP, supplied as an industrial waste, was
from Repsol Quı́mica; MAH was from Scharlau
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(FEROSA); and the initiator dicumyl peroxide
“Perkadox BC” was from Akzo. The second step
of the reaction required the use of resorcinol
(Fluka) as a condensation reactant and ZnCl2
(Quimicen) as a catalyst.

Procedures

A set of experiments based on a Box–Wilson sta-
tistical design for two independent variables has
been used in this work.

The two-step chemical modification process
took place in a mixing chamber Rheomix 600 as a
reactor attached to a drive unit and microproces-
sor Rheocord 90 from Haake. Temperature was
set up at 140°C due to the inherent nature of the
material. Gear rate was set up at 45 rpm (deter-
mined in previous works10–12). The first step was
a chemical reaction between a-PP and [MAH] in
the presence of thermal stabilizers10–12 to mini-
mize the parallel degradation reactions. A suc-
cinic anhydride-grafted modified polymer (a-PP-
SA) was then obtained. In this first step, the time
of reaction was fixed to 10 min and after that the
second reaction step started once resorcinol was
added to the reactor—in a resorcinol/initial
[MAH] 5 2/1 molar ratio—and the medium was
homogenized. Then, the catalyst was put into the
batch. This moment was considered as zero time
for the condensation reaction that took place dur-
ing the following 5 min. When the reaction ended
(5 min), the reactor was opened and a colored
polymer was recovered in an ice bath. The ob-
tained polymer was washed in a solution of boil-
ing xylene and then precipitated in methanol to
remove nongrafted species. Then, the polymer
was filtered and dried. The final polymer obtained
[a-PP-succinil-fluorescein (SF)] was dark brown
to red-colored.12,13,24 Figure 1 shows a schematic
reaction mechanism of the two-step chemical
modification process.

Characterization

Grafting level was determined by an improved
traditional hot titration method.10,11,30,31 A 1 g
sample of polymer was put in 150 mL of refluxing
xylene/n-butanol mixture for 60 min. The hot so-
lution was then titrated without permitting it to
cool, with 0.05N ethanolic KOH using Thymol
blue as an indicator. Then, an excess of KOH
solution was added and a deep-blue color was
back-titrated to a yellow endpoint by addition of
0.05N isopropanolic HCl to the hot solution. Re-
sults were expressed as weight percent referred to
as the MAH equivalent to make it easier to follow
the reaction from the first step because the second
step reaction was 100% quantitative.12,13

Infrared spectra were recorded on a Nicolet 520
Fourier transform infrared spectroscope using
the KBr pellet technique, and performing at 32
scan and 2 cm21. Ultraviolet spectra were re-
corded on a Shimazdu UV-265 FS spectrophotom-
eter.

RESULTS AND DISCUSSION

Table I lists the grafting values (MAH equivalent)
for the Box–Wilson experimental design, as well
as the conversion values referred to the initial
[MAH]0 used to obtain a-PP-SA. Although the
whole reaction time was 15 min, the first 10 min
corresponded to the reaction between a-PP and
MAH to give a-PP-SA, and the other 5 min to the
condensation reaction between the grafted suc-
cinic groups and resorcinol to produce a-PP-SF.

This condensation reaction has been demon-
strated to be 100% quantitative24–27 and was
used in previous works12,13 to conclude the un-
steady character of radicalar grafting reactions
below 8 min of reaction time. That means that the
process yielding is governed by the first-step

Figure 1 Reaction scheme of the two-step modification process.
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grafting reaction and not by the second step con-
densation reaction. This fact is supported by ad-
ditional results12,13 corresponding to the first re-
action step (t minutes) and to the whole process
(t 1 5 minutes), listed in Table II, where an
absolute coincidence can be concluded.

It is important to remember, as previously
mentioned, that there are many works that have
reported for many years on the existence of
grafted polymaleic anhydride (Gaylord and col-

leagues30–36), and more recently in the last years
(De Roover and colleagues21–23). Findings re-
ported herein clearly concluded the nonexistence
of grafted oligomers in the polymer. This fact was
supported by the condensation reaction mecha-
nism between resorcinol and single succinic
groups24–27 previously bonded in the macromole-
cule.

The reaction mechanism would be as follows:

From this scheme, the sharp exigences of reorga-
nization, at an atomic level necessary to yield the
succinil-fluorescein structure, can be observed.

Then, if oligomeric structures were attached into
polyolefin, only the end succinic anhydride groups
would be able to pass to succinil-fluorescein, thus

Table I Experimental Worksheet

Experiment
No. Sample [POx] (%) [MAH]0 (%) [MAH]GRAFT (%) Conversion (%)

1 a-PP-SF-1 0.70 3.00 1.10 36.6
2 a-PP-SF-2 3.50 3.00 2.55 85.0
3 a-PP-SF-3 0.70 15.00 0.78 5.2
4 a-PP-SF-4 3.50 15.00 2.10 14.0
5 a-PP-SF-5 0.12 9.00 1.00 11.0
6 a-PP-SF-6 4.08 9.00 2.70 30.0
7 a-PP-SF-7 2.10 0.51 0.50 98.0
8 a-PP-SF-8 2.10 17.50 0.50 2.9
9 a-PP-SF-9 2.10 9.00 2.50 27.8
10 a-PP-SF-10 2.10 9.00 2.40 26.6
11 a-PP-SF-11 2.10 9.00 2.45 27.2
12 a-PP-SF-12 2.10 9.00 2.10 23.2
13 a-PP-SF-13 2.10 9.00 2.10 23.9

a-PP-SF results expressed as equivalent in succinic anhydride grafting.

FUNCTIONALIZATION OF a-PP BY SUCCINYL-FLUORESCEIN 691



avoiding such a reaction for the n-meric units
because of the steric hindrance. Results displayed
in Table II clearly demonstrate that all of the
succinic groups are single units, because of the
identity of the number of grafted succinil-fluores-
cein groups coming from those of the first reaction
step.

In this sense, infrared spectra corresponding to
three different samples of a-PP, as original and
containing, respectively, 1% grafted succinic an-
hydride and 1% grafted succinil-fluorescein
groups, have been plotted in Figure 2. Function-
alized PPs (both a-PP-SA and a-PP-SF) show a
characteristic band near 1790 cm21 correspond-
ing to carboxylic groups. This band does not lead

to the conclusion of the existence or nonexistence
of succinil-fluorescein-grafted groups. The evi-
dence of the latter can be determined by the pres-
ence of a band at 1775 cm21 associated with g-lac-
tonic a,b-nonsatured cycles, and another one near
1600 cm21 corresponding to carboxylic acid.
Quantification of grafted groups by Fourier trans-
form infrared spectroscopy is fully discussed else-
where.13,37 Also, Figure 3 shows the preliminary
absorption spectra corresponding to a-PP, with or
without succinil-fluorescein-grafted groups, and
where the existence of a peak at l 5 450 nm
corresponding to a fluorescent group is clearly
observed.24–28 This peak appears to be propor-
tional to the amount of succinil-fluorescein
grafted in the polyolefin backbone. A further
study on this topic will be the subject of another
article.

Polynomial Fits

Grafting level ([MAH] equivalent) and conversion
values compiled in Table I were fitted according to
the Box–Wilson quadratic model of surface re-
sponse.38–40 The polynomial coefficients obtained
are compiled in Table III. Here, it can be noted
that the confidence factor of the regression (^r2&)
obtained is next to 1.0 (0.924 for grafting and
0.973 for conversion), an excellent quadratic
model. That means the system can be studied
from the predictions of these polynomials that

Table II Additional Results of Grafting in a-
PP-SA and a-PP-SF Obtained in the Central
Values of the Experimental Model Conditions
at Different Reaction Times

Sample
Reaction Time

(min) [t]
a-PP-SA

Graft (%) [t]
a-PP-SFa

Graft (%)

1 8.4 2.90 2.80
2 11.5 3.95 4.00
3 13.0 2.10 2.10
4 13.4 3.00 2.90
5 15.0 3.90 3.85

a The second-step process was always 5 min for all of the
samples.

Figure 2 Infrared spectra of a-PP, a-PP-SA, and a-PP-SF.
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model the process in the experimental range
scanned. From the latter, the statistical signifi-
cance of the model is concluded. This statement is
supported by parameters of analysis of variance
compiled in Table IV.

It is important to note that the term of pure
error (lack of fit in both models) presents values of
9.0% and 2.3%, respectively. This parameter is
related to any factor having influence in the re-
sponse and is not considered as an independent
variable by the model. The higher value of the
former would be in accordance with data obtained
in a previous work,12 wherein it was found that
pure error increased while reaction time did. It
also confirms our ideas about the fact that, when
studying the process only at long reaction times,
it is impossible to appreciate the real evolution of
the a-PP/MAH system in an accurate way.12,13

Isoline Maps

The isoline maps plotted in Figure 4 concludes in
the same way as previous works12,13 about the
reaction between MAH and a-PP, and the unfa-
vorable long time role that reaction plays in reac-
tion yielding. Once again, it is important to re-
member that, in the process performed for this
work, the first step time of reaction was 10 min.
So, with the level of grafting after 3, 6, and 9
min,12,13 a decrease in the graft level was ex-
pected to occur at 10 min. The net amount of
grafts (in number of groups) would be the same
after the second step because of the quantity of
the condensation reaction.

Map A in Figure 4 shows a typical evolution on
the rising ridge when peroxide concentration
[POx] increases, with the optimum concentration
of [MAH]0 nearly 9.0%. This map indicates the
favorable effect that [POx] plays in the governing
reaction step and then in the whole process. Map
B exhibits evolution of conversion as a function of
initial [MAH]0 and [POx] in the reaction media.
Here, it can be observed that, in terms of conver-
sion, low values of [MAH]0 are favorable, and high

Figure 3 UV-vis absorption spectra of a-PP with and
without succinil-fluorescein-grafted groups.

Table III Coefficients of the Response Surface Polynomials

Linear Terms Interaction Terms Quadratic Terms

t (min) r2 a0 a1 a2 a3 a4 a5

Grafting level 5a 0.924 20.6405 0.7553 0.3899 20.003869 20.06154 20.02210
Conversion 5a 0.973 53.80 23.82 28.594 21.177 21.368 0.3404

Polynomial equation: a0 1 a1x1 1 a2x2 1 a3x1x2 1 a4x1
2 1 a5x2

2

x1 5 [POx]

x2 5 [MAH]0

a Referred to the second step of reaction (condensation reaction between grafted succinic anhydride and resorcinol).
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values of [POx] would contribute to maximize the
conversion. From these two plots, it can be de-
duced that it is one thing to reach a maximum
level of grafting, and it is another thing to opti-
mize the process in terms of the amount of initial

reactant concentrations (economical optimiza-
tion). This would indicate that, in future applica-
tions, it must be taken into account what the
researcher (or industry) is looking for: to maxi-
mize the grafting level reached or to optimize the
reactant concentration. Strategies would be
sharply different.

The previously described data are confirmed
when studying the evolution of the system in
Figure 5, where graft and conversion versus
[POx] or [MAH]0, keeping constant the other
independent variable in the experimental de-
sign central value, have been plotted. From
these, it can be observed that the higher the
[POx] level, the higher are graft and conversion;
but, when represented versus [MAH]0, a clearly
perceptible maximum in the surrounding of
[MAH]0 5 9.0% can be observed, with conver-
sion nearly 30%. The maximum conversion
found in the experimental range scanned is
when grafting level is ; 1.5%. When repre-
sented conversion versus [MAH]0, a decrease in
values close to 10% can be observed, looking to
stabilize the conversion values in this value.
Data indicate the main role played by [POx] in
the reaction mechanism,12 not only if compared
with classical kinetics, but also for the need of a
radical-like initiator to start the process.

CONCLUSIONS

The feasibility to obtain a fluorescent product by a
two-step process in the molten state is clearly
concluded. Preliminary characterization studies
of modified polymers support this conclusion.
Also, as an important conclusion of this work, the
absolute absence of any kind of succinic oligo-
meric species grafted into a-PP obtained in the
molten state must be noted. This modified poly-
mer (a-PP-SF)—among other applications—would
be used as an interfacial agent in heterogeneous
materials based on PP.

Table IV Statistical Parameters of the Analysis of Variance

Process r2
Mean Sum of

Squares
Pure
Error

Confidence
Factor (%)

Deviation Due to
Pure Error (%)

Molten state
(succinil-fluorescein) Graft 0.924 0.170 0.133 99.6 9.0

Conversion 0.973 81.564 4.157 99.9 2.3

Figure 4 Isoline map showing concentration and
grafting levels.
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