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Abstract— Resins were syntheszed via phendl
polycondensation with formaldehyde from the coal coking by-
product, phenal fraction namely. Phenol-cresol-formaldehyde
resins were obtained from the fractions b.b.—185 °C (PhCFR-
1) and “raw” phenol obtained from the fraction b.b.-185 °C
(PhCFR-2). It was established that the resulting resins may be
used asmodifiers of road bitumen.
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[. Introduction

Approximately 85% of oil bitumen is used as an
astringent in the ways of asphalt stacking: pavements,
highways, airports etc. It's a basic binding agent that is
used for highway engineering. There are some difficulties
in using of the road bitumen, but the most essentia
problem is that the adhesion properties of the bitumen
commodities are not high enough (even if it meets the
regquirements of the normative documents) [1].

One of the ways of the problem solution is the
modification of the commercial road bitumen. For road
bitumen modification usualy are used the block
copolymers of styrene SBS type, it is caused not only its
ability to improve the bitumen strength but also to provide
a polymer-bitumen elastic compositions, even in a low
temperature [2-4].

The main drawback is high price, what moderates the
growth rate of modified by the thermoelastoplasts
bitumen (price is higher in 1,5-2,5 times rather than non
modified [5]).

It is important to find inexpensive substances which
improve the operating characteristics of bitumen, first of
al adhesive.

The experiments of getting relatively cheaper and
effective oil bitumen modifiers from the by-products of
coking coal are conducted at the department of Chemical
Technology of oil and gas processing, Lviv Polytechnic
National University [6-8].

It is known [2-4], while modifying the oil bitumen quite
effective modifiers are phenol-formaldehyde resins. But
resins got from the phenal, is not widely used as polymer
modifiers because of its high price. On the other hand,
one of the coke-chemical enterprises products is phenol
fraction with the output of 1,5 — 2,5 % wt on fresh coal,
there is a considerable part of phenol and cresol (around
65 %) form in the coking process. The cost of the coal tar

phenal fraction contains 35-50% wt of the phendl, it isin
35-40 times lower than cost of the synthetic phenal [9].
The purpose of the experiments was to show the
possibility of the oil bitumen modification by the phenol-
formaldehyde resins, got from the by-products of the
coking coal process

Il. Experimental

The phenol fraction was used for synthesis, selected on
JSC Zaporizhkoks.

The scheme of experiments performing isin thefig.1. In
order to separate phenol and cresols mixtures was
performed the didtillation of phenol fraction on two
fractions — b.b. fraction — 185 and 185-e.b. fraction °C
(the temperature of phenol boiling is 182 °C, cresols -—
191-202 °C). Then from the b.b. fr. — 185 °C the phenal
was concentrated («raw» phenol was got). The phenol
disengagement from the b.b. fr.-185°C was performed by
10% NaOH solution, with phenal it forms water soluble
phenolates, conversion into phenol was made by the
concentrated hydrochloric acid. (Fig.1)
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Fig.1 Scheme of research.

Themateria balance of didillationisgiveninthe Table 1

TABLE 1
THE MATERIAL BALANCE OF PHENOL FRACTION DISTILLATION
Article/ Vaue fresh, % wt
b. b.fr.-185 °C (phenol concentrate) 50,60
fr. 185-e. b. °C (cresol concentrate) 46,77
Residuum 2,63
Total 100,00
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The method of phenol polycondensation with formalde-
hyde was used to synthesize resins from the b.b. fraction.
-185 °C (PhCFR-1). Theyield of «raw» phenol is 28,8 %
wt for b.b.fr. .-185 °C.

[1l. Result

The conditions of PNCFR-1 and PhCFR-2 are in the
Table 2[10].

TABLE 2
THE CONDITIONS OF PHENOL — FORMALDEHY DE RESINS SYNTHESIS
Parameter Value
Molar relation phenol / formal dehyde 1,42
Catayst content (conc. HCl), % wt on 01
phenol '
Temperature,°C 100
Process duration, min. 60
Theyields of theresinsarein the Table 3.
TABLE 3
THE YIELDS OF PHENOL — CRESOL — FORMALDEHY DE RESINS
Resin b.b. fr.-185, % wt
PhCFR-1 24,3
PhCFR-2 26,1

The oil bitumen was modified at 110 and 190 °C by the
phenol-formaldehyde resins. The characterigtics of the
bitumen-polymer mixturesare in the Table 4.

TABLE 4

THE CONDITIONS OF PREPARING AND CHARACTERISTICS OF
BITUMEN MODIFIED BY THE POLYMER

& M odification temperature, °C
e 0,
Indicators Q . PhCFR-2 the
g | thebitumen bitumen output
£ | output P
O | 110 [ 190 110 190
Softening
temperature (ball & | 45 | 48 | 48 - 48
ring method) (°C)
Penetration
at 25 °C (0,1 mm) 67| 62 | 42 — 52
Ductility at 25 °C >90| >90 | 90 _ >90
(cm)
Adnesontodlass | 495 905 874 - 94,5
(%)
. non-
Homogeneity * * * homogeneous| *

Conclusion

Compare the data given in the table 4, it is dear that
loading into bitumen phenal-formaldehyde resins — 2,5% wt,
increases the mdting temperature and adhesion of ail
hitumen. Modification of PhNCFR-1 of ail bitumen should be
conducted a 110 °C, because a 190 °C the modified
bitumen becomes less plagtic; phenol-formal dehyde resins 2
—a 190°C, because a 110 °C it is modified bitumen what
doesn’t meset the requirements of homogeneity.

Also the results show (Table 3) the yidd of of phenal
PhCFR-2 is much higher than PhCFR-1. So, it is more
expedient to get the phenal-formaldehyde resins from «raws»
phenal.
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