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Attempts were made to determine correlations between the different thermal methods used
for estimating the properties of polymer—asphalt compositions. The compositions containing
asphalt, polypropylene and PVC were prepared by mixing the melted components. A number of
methods were found usable for estimation of the thermal properties of the compositions, and the
possibility of describing the obtained results in terms of mathematical relationships was
demonstrated.

The bituminous materials widely applied in the building industry and highway
engineering require, among others, improvement of their thermal resistance and
mechanical strength. Modification of heavy oil residues by means of polymers is
one of the methods of improving these properties. Polymer—asphalt compositions
can be applied in many branches of the economy, such as civil and sanitary
engineering, the building industry and highway engineering. These compositions
have very complex physico-chemical structures. The available literature deals
mainly with giving recipes and methods for the preparation of polymer—asphalt
compositions [1,-2].

The aim of the present investigations was the determination of correlations
between some chosen methods for investigating polymer—asphalt compositions,
and the improvement of their themal resistance.

The investigations were carried out with the following compositions:

— the residue from Rhomaskino crude oil, obtained after distillation at reduced
pressure, and

— (in order to draw comparisons) polymers having different chain structures
and properties (atactic polypropylene (aPP) with molecular mass = 26,000,
isotactic polypropylene (iPP) with molecular mass = 240,000, and emulsion
polyvinyl chloride (PVC) with molecular mass = 80,000).

The compositions were prepared by mixing the melted components for 2.5 h at
T = 453 K for aPP and iPP, and at 7 = 403 K for PVC.
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As there is no particular methodology for determining the properties of
polymer—asphalt compositions, we have adopted the methods commonly applied
for investigating asphalts and plastics:

— softening point (T3,) (Ring and Ball),

— dropping point (T) (Ubbelohd),

— fragility point (7)) (Fraas),

— fragility point by a method of bending on a mandrel (our own elaboration)
(Ty1),

— hardness (Schopper and Hoppler’s consistometer).

It was hoped to utilize the results of the investigations applied in our work to
determine correlations between the investigative methods, and to establish the
dependences in the form of functions for physico-chemical quantities determined
by means of particular methods on such parameters, among others, as temperature
or the polynier content in the composition.

To accomplish these objectives, we used a program of multiple linear regression
with application of a programmable Tektronix 31 minicomputer.

On the basis of the results obtained [3, 4], we established dependences in the form
of mathematical equations for quantities determined by means of particular
investigative methods:

For compositions containing up to 9 wt.% aPP:

Ty = Ty+8.6 Tp=T,r—24

Tip = 3907-1072T % 25427 T\, +4391.9

Ty = —0.664-1072X2+0.859 X+ 313.3

Ty = —2.503-1072X2+0.729 X +322.7

For compositions containing above 20 wt.% aPP:

Ty = Ty+63 Tip=Tr—1.7

Tp= —2.324-1072T % +19.327 T),—3761.3

Ty= —2390-10"4 X2+ 0.099 X+418.9

Ty = —9.24-107*X2+0.186 X+422.8

Moreover, for compositions containing iPP and PVC the following dependences
were obtained:

Ty=Ty+18 T = Tr—42 (=26 wt.% iPP)

Ty = Ty +11.7

Ty = —3.686-1073 X2+0.273 X+313.4 0-30 wt.% PVC

Ty =4713-1073 X2+1.128-1072 X+326.3

Tp = Tpr—5.6 (< 9wt.% PVC)

Ty = Tir—1.9 (<20 wt.% PVC), where

X = polymer content in vacuum residue.

Mechanical properties were investigated by means of a number of methods, but
dependences which could be expressed by a mathematical equation were obtained
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only for the Schopper method and with Hoppler’s consistometer determining
hardness. As model compositions, we investigated those which contained aPP. It
was shown that the values of hardness determined with the Schopper (H) and
Hoppler (F) methods could be described by means of one equation:

F33 = (4.339 X—121.65+ H)- 1074 (N/m?)
where X = 40, ..., 70 wt.% aPP

F3%3 = (7.08 X—232.66+ H) -10™4 (N/m?),
where X = 80, ..., 100 wt.% aPP.

Conclusions

The results of our investigations show that the following methods are useful in
the evaluation of the thermal and mechanical properties of polymer—asphalt
compositions:

- determining softening and dropping points for compositions containing up to
95 wt.% aPP, up to 9 wt.% iPP and up to 50 wt.% PVC;

— determining fragility points, particularly toor compositions containing up to
9 wt.% aPP and iPP, and for the whole range of PVC concentrations;

— determining hardness with the Schopper and Héppler methods for com-
positions containing >40 wt.% aPP.

It was observed that the produced compositions had greater thermal resistance
and strength against operating loads. It was found that it was possible to describe
the obtained results in terms of simple mathematical relationships.

These dependences are conditioned by the nature and content of the polymer in
the system and by the measurement parameters.
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Zusammenfassung — Es wurde versucht, Ubereinstimmungen zwischen den verschiedenen Methoden
zur Abschitzung der Eigenschaften von Polymer—Asphalt-Gemischen festzustellen. Die Gemische von
Asphalt, Polypropylen und PVC wurden durch Mischung der geschmolzenen Komponenten erhalten.
Es konnte cinerseits eine Anzahl von brauchbaren Methoden zur Abschitzung der thermischen
Eigenschaften der Gemische gefunden werden und andererseits eine Moglichkeit zur Fassung der
erhaltenen Resultate in mathematische Bezichungen dargestellt werden.

Pesiome — Hpezmpnmm,x NONBITKH HaXO0XICHUA KOppCJI}lllHﬁ MEXAY pAa3INIHbBIMH TCPMHYCCKHMH
METOAAMH, HCIIOIb3YEMBIMH U4 ONPEACIICHASA CBOKHCTB COCTaBOB HOJ‘lﬂMep—aCd)a.ﬂbT. CocraBbl,
coaepxaliue actba.m.r, TOJIMNPONIHIEH ¥ HNOJHMBHHHIIXJIODHI, OJNYYallH CMEIIMBAHUEM pacnjiaBoB
OTACIbHLIX KOMIIOHEHT. bbln HalineH pAd METOAOB, NPHIOAHBIX Ul ONPEICICHHA TCPMHYCCKHX
CBOMCTB TAKUX COCTABOB M HOKA3aHA BO3MOXHOCTh OIHMCAHHSA IIOJIYYCHHBIX PE3YyJIbTaTOB HA OCHOBE
Ppa3Jit9YHbIX MATEMATHYCCKHAX COOTHOIIECHUH.
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