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Abstract. A literature review of modern chemical
methods for modifying road bitumen has been conducted,
focusing on their popularity and the nature of their impact
on binder properties. Sulfur, polyphosphoric acid, maleic
anhydride, thermosetting resins (such as phenol-
formaldehyde, epoxy, polyester, efc.), and polymers are
the most commonly used chemical modifiers in road
construction practices. The method of producing
bituminous materials with varying penetration levels
through the chemical modification of oil residues with
formaldehyde has been considered. All bituminous
materials produced via chemical modification demonstrate
better homogeneity during high-temperature storage
compared to those modified through physical methods due
to the chemical interaction between a reactive modifier
and bitumen. It has also been shown that chemical
modifiers are often used in combination with physical
modifiers to enhance their effectiveness.

Keywords: bitumen, chemical modification, sulfur,
polyphosphoric acid, maleic anhydride, thermosets,
formaldehyde.

1. Introduction

Numerous studies have demonstrated both the
advantages and disadvantages of modifying bitumen with
polymers.! The benefits include improved elastic
recovery, enhanced resistance to cracking at low
temperatures, and better resistance to rutting at high
temperatures. However, drawbacks include thermal
instability and issues with the homogeneity of the
resulting polymer-modified bitumen (PMB). In addition to
physical mixtures of bitumen and polymers, another
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approach to enhancing the properties of bituminous
materials is chemical modification, which involves using a
chemical agent to alter the properties of the pure binder
through its interaction with the components of the
bitumen.”*

Currently, there is no universally accepted
classification for the processes of chemical modification
of binders, tar, or fuel oils, nor for the types of chemical
modifiers. Additionally, there is no clear differentiation of
these processes based on the types of catalysts used or the
way the modifier affects the oil residue (i.e., how the
chemical structure of the residue is altered). In industrial
practice, chemical modification processes are less
common than physical ones. However, chemical
modification often achieves results that are not only
comparable to but sometimes even superior to those of
physical modification, particularly in terms of the
operational characteristics of the modified products.”

2. Chemical Modification

To date, a variety of chemicals have been used to
modify bitumen, including:

1) sulfur (S);'"

2) polyphosphoric acid (PPA) —
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5) thiourea dioxide — ||
NH
6) nanocomposites — polymer/clay, TiO,, Al,Os,

and others;zé’3 4
7) maleic anhydride (MA) —

(@)
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8) thermosets, namely:

e reactive polymers — RET;”"

e epoxy resins;*

e phenol formaldehyde resins (PhFR);**

e polyester resins.**

However, only some of the listed above chemical
modifiers are practically applied, namely S, PPA, MA,
and thermosets, which are the most common ones.

.35-36
b

2.1. Chemical Modification of Bitumens
with Sulfur

Some commercial products known as sulfur asphalt
(e.g., Shell Thiopave®)’' are produced using this tech-
nology. In this process, many parameters must be con-
sidered, with temperature playing a key role. At tempera-
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tures below 413 K, sulfur can react with bitumen or form
hydrogen sulfide through a dehydrogenation reaction.
Higher temperatures enable the formation of C—S bonds,
which facilitate the dynamic vulcanization (currying) of
bitumen. This process leads to the formation of crosslinks
in arenes and naphthenes, altering the chemical
composition and colloidal structure of the bitumen. Sulfur
is known to dissolve in bitumen at concentrations up to 10-
15 wt. %, while at higher concentrations, it recrystallizes
and behaves as a filler.”>> Some researchers have also
suggested that sulfur can self-polymerize when added to the
binder.”'

Nowadays, sulfur is mostly added in small amounts
to PMB. Studies have shown that with simultaneous
modification of bitumen with 4.0 wt. % of SBS and
0.15 wt. % of sulfur (at 453 K for 3 hours), PMB can
achieve superior properties compared to modification with
SBS alone.”*™’

Martinez[JEstrada et a conducted a more
detailed study of the vulcanization processes in the
Bitumen/SBS/S system. In their research, two
copolymers, SB and SBS, have been used as polymer
modifiers (Table 2). The addition of sulfur to SBS-
modified bitumens causes the copolymer molecules to
crosslink via sulfur addition to the double bonds
(vulcanization), forming a PMB structure that prevents
phase separation during storage at elevated temperatures.

From a rheological perspective, sulfur-added
PMB es)sdslébit better elasticity compared to those without
sulfur.””
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Table 1. Characteristics of SBS- and SBS / S-modified bitumen™

Parameter Bitumen Bitumen / SBS Bitumen / SBS/ S
Penetration at 298 K (P298), dmm 63 49 56
Softening point (SP), K 321.8 337.1 355.2
Ductility at 288 K, cm >150 36 41
Dynamic viscosity at 333 K, Pa-s 273.8 4658 75200

Table 2. Characteristics of SB-, SBS-, SB / S-, and SBS / S-modified bitumens>®

. . Penetration at 298 K Softening point (SP), K **
Sample * Softening point (SP), K (P298), dmm g point (SP)

Top Bottom
Bitumen 331 44 331 331
Bitumen / 20S 335 34.2 335 335
Bitumen / 5SB 338 423 335 345
Bitumen / 5SBS 340 25.8 338 343
Bitumen / 5SB /38 340 27.8 351 343
Bitumen / 5SBS / 1.5S 347 25.7 345 346

* The numbers indicate the component content in PMB, wt. %

**SP of top and bottom after storage (homogeneity), K.
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However, the use of sulfur as a chemical modifier
comes with several drawbacks. First, the chemical
interaction between sulfur and polymer modifiers relies on
reactions with double bonds, meaning sulfur use is limited
to polymers that contain double bonds. There is also a risk
of producing non-homogeneous PMB due to the
complexity of sulfur distribution within the mixture.
Additionally, localized over-vulcanization of the polymer
has been observed. The primary disadvantage, however, is
the release of hazardous hydrogen sulfide during PMB
preparation. Hydrogen sulfide can be formed during
vulcanization through the abstraction of hydrogen atoms
from both the bitumen and polymer modifiers, especially
at high temperatures. Some researchers argue that the gas
release is relatively minor, and most manufacturers are
equipped to handle the associated risks and hazards. Shell
Oil Company, for example, has used disulfides
(R—S—S—R), which do not release sulfur at high mixing
temperatures.”’ Disulfides have been shown to improve
the compatibility between SBS polymer and bitumen.
However, these additives are costly and are generally not
used in commercial applications. All these limitations
restrict the widespread use of sulfur vulcanization in PMB
production.”
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2.2. Chemical Modification of Bitumens
with Polyphosphoric Acid

From a chemical perspective, PPA is an oligomer
of orthophosphoric acid (H;PO,). The modification of
bitumen with PPA is a complex physicochemical process
that is highly dependent on the nature of the bitumen.
Currently, there is no unified understanding of the
chemical interaction between PPA and bitumen, primarily
due to the diverse range of molecules present in bitumen.
Miknis e al.,” using NMR spectroscopy, demonstrated
that  polyphosphoric acid tends to revert to
orthophosphoric acid after mixing with bitumen. The
NMR spectroscopy data have not shown the formation of
organic esters of phosphoric acid as a result of the
modification. Kabir et al.'” indicated that bitumen with
high sulfur content exhibits stronger intermolecular
interactions with PPA. Additionally, it has been suggested
that PPA neutralizes polar interactions between asphaltene
molecules through protonation.”’ Copolymerization, alkyl
aromatization of saturated acids, and other reactions are
discussed in more detail in relevant studies.®"™*>

Baldino et al."” studied the effect of PPA on 50/70
and 70/100 bitumen samples (Fig. 1).
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Fig. 1. The effect of the PPA amount on the penetration at 298 K (P298) and the softening temperature (SP) of bitumens'

From the results presented in Fig. 1, it can be seen
that different bitumens interact variably with PPA. This is
attributed to differences in bitumen composition, which is
a significant drawback of this technology. PPA can also
enhance the homogeneity of polymer-modified bitumens
during storage. However, it is important to note that this
improvement may depend on various factors, such as the
type of polymer and the concentration of PPA.

2.3. Chemical Modification of Bitumens
with Maleic Anhydride

The chemistry of the interaction between MA and
bitumen is complex and largely depends on the varying
composition of bituminous materials. To date, there is no
consensus among researchers on this matter. Chemical
reactions between MA and bitumen have been studied by
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comparing modifications under a nitrogen blanket using
MA, succinic anhydride (similar to MA but without the
double bond), and the corresponding diacids. Results from
FTIR analysis, gas chromatography, and mass spectro-
metry have revealed the presence of two acidic groups
(—COOH) both in the case of using MA and succinic
anhydride. This suggests that both anhydride rings open to
form the corresponding diacids. Additionally, in the case
of MA, the disappearance of the double bond absorption
band has been observed in the FTIR spectra of MA-
modified bitumen.”

Several studies have demonstrated that the
rheological properties of bituminous mixtures, formed by

S

H,C. CHs

Bitumen
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adding MA, succinic anhydride, and various organic
diacids to bitumen, follow the next order:
MA > succinic anhydride = dicarboxylic acids >
> monocarboxylic acids
These results suggest that the two carboxyl groups
are capable of binding two bitumen molecules. The
superior performance observed when MA is added to
bitumen is attributed to the presence of an MA double
bond, which reacts with bitumen molecules. However,
recent studies present conflicting results regarding the
MA-bitumen reaction. FTIR analysis has indicated that
the MA rings remained intact during the MA-bitumen
reaction.”” This observation has led to the hypothesis that,
instead of ring-opening, Diels-Alder reactions.

CHs

/CH\E'/C (D

and -7 complex formation between MA and asphaltenes might be involved.

Complex formation

Asphaltene surface
-

’
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The m—r charge transfer process is likely due to the
polycyclic aromatic structure of asphaltenes, which act as
donors in such processes.

These reactions occur at higher temperatures than
Diels-Alder reactions.

Kang et al. have studied the preliminary synthesis
of polymer-MA (creating a reactive polymer) and its
subsequent use to modify bitumen.”” The chemical
interaction between such a polymer and bitumen
components ensures better homogeneity and stability
S

H3C CHj

Bitumen Polymer-g-MA
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It is also possible for MA to react not only with the

diene fragments in bitumen (the Diels-Alder reaction) but

also with alkenes:

CHj

(€)

during the PMB storage. Moreover, this type of chemical
modification allows the incorporation of various polymers
and by-products of polymer production into bitumen,
providing tailored PMB properties.””® However, an
additional purification step is needed to remove an
unreacted MA monomer, which increases production
costs.

S

HsC CHs
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Becker et al.*® have compared the storage stability
of PMB produced using SBS, SEBS, and two commercial
SEBS variants with different maleic anhydride contents
(under conditions of 443 K, 6000 rpm, and 4 hours).
SEBS with grafted maleic anhydride (SEBS-g-MA) has
exhibited better storage stability, although it has not signi-
ficantly enhanced the rheological behavior of the binder.

Fig. 2 presents the influence of key technological
parameters on the physical and mechanical properties of
the resulting maleinized bitumens (OBMA). It has been
determined that the optimal modification involves adding
2.0% of maleic anhydride by weight to the bitumen, with
a reaction time of no more than 30 minutes. Further
increases in these parameters have not led to significant
improvements in the physical and mechanical properties
of the final products.

»
»
»
>
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The modification temperature has the greatest
impact on the physical and mechanical properties of
OBMA (Fig. 2). This is due to changes in the
modification chemistry. At temperatures below 403 K, n-xt
complexes form between large polycyclic aromatic
components of the raw materials (asphaltenes) and MA.
At temperatures above 423 K, bitumen reacts with MA
via the Diels-Alder reaction.

The presence of absorption bands in the 1880-
1680 cm' region of the FTIR spectra for products
prepared at temperatures above 423 K (Fig. 3) supports
the occurrence of the Diels-Alder reaction. These
absorption bands are characteristic of maleic anhydride
copolymers, indicating that temperature selection is a
critical factor in the modification process.
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Fig. 2. The effect of technological parameter on the modification of oxidized bitumen with maleic anhydride
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Fig. 3. FTIR-spectra of: 1 — OB; 2 — OBMA prepared at 403 K; 3 — OBMA prepared at 423 K ; 4 — OBMA prepared at 443 K

To produce OBMA and TMA as a separate
binder with a higher SP, modification temperatures below
403 K are required. However, further asphalt concrete
production will also demand adjustments in temperature
regimes.

At modification temperatures below 403 K,
OBMA with an SP of 333.2 K is formed. Increasing the
modification temperature significantly reduces an SP,
indicating a transition from n-t complexes to chemical
interaction between MA and bitumen as the process
temperature rises above 403 K. This finding has been
confirmed by heating OBMA samples (obtained at 403 K
and 443 K) to 436 K using the RTFOT method. When the
OBMA prepared at 403 K was heated, an anomalous and
unexpected decrease in an SP by 8.8 K was observed,
while the OBMA prepared at 443 K showed an increase in
SP by 2.8 K. This characteristic of maleic anhydride
suggests its potential use as an inhibitor of bitumen

= 67-69
aging.

2.4. Chemical Modification of Bitumens
with Thermosets

Thermosets include reactive ethylene terpolymers
(RET), which are based on terpolymers containing
reactive groups such as glycidyl methacrylate, acrylic
acid, and others. Compared to non-reactive polymers like
PE, PP, etc., PMB made with RET exhibits better
homogeneity due to the formation of a strong covalent
bond between RET and bitumen. However, one potential
drawback is the risk of uncontrolled and undesirable
crosslinking of unsaturated polymers through a radical
mechanism. As a result, saturated polymers such as SEBS,
PE, PP, etc., are often more suitable for this process.

The use of RET with acrylic functional groups
increases the polarity and reactivity of the resulting PMB.
Despite these advantages, RET is more expensive than

other polymers and can cause issues with gelation due to
the high number of reactive groups in each
macromolecule. To avoid these problems, the amount of
RET used is typically limited to 2-2.5 wt. %, and in many
cases, it is kept below 1.0 wt. %.”" Thus, RET is primarily
employed to improve the compatibility between bitumen
and other polyolefins, as demonstrated by Yeh ez al.”'

Poly(ethylene butyl acrylate/glycidyl metha-
crylates), marketed as Elvaloy® AM and Elvaloy® 4170
(DuPont, Wilmington, DE, USA), have been blended with
bitumen to test the storage stability of the mixture.”’ After
storing at high temperatures, all samples remained fully
homogeneous, showing that RET helps ensure storage
stability.

Cubuk et al*' have investigated the effect of
bisphenol-A-based epoxy resin on the properties of
bitumen 50/70. Adding 2-3 wt. % of the epoxy increased
the viscosity, reduced P298 from 62 to 54 dmm, and
raised SP from 322.2 to 325.2 K. This type of PMB is
recommended for use in regions with hot climates, as it
maintains high FBP.

FTIR spectroscopy has confirmed that bisphenol-
A-based epoxy resin (in amounts of 2, 5, 10, and
15 wt. %) interacts with oxidized bitumen at 473 K (for 30
minutes at 1000 rpm).** The greatest increase in SP, to
284 K, has occurred with 5 wt. % of the epoxy resin.

Ivashkiv e al.* have also found that using epoxy
resins increases the SP of the final PMB while
significantly improving their adhesive properties.

The main disadvantage of using epoxy resins as
bitumen modifiers is their poor -elastic-deformation
behavior, particularly at low temperatures, as well as their
higher cost compared to other modifiers.

In some studies,””"* PhFR (Bakelite) is considered
a physical modifier of bitumen. Other research,” using
FTIR spectroscopy, has proven a chemical interaction
between PhFR and bitumen:
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The modification of bitumen with PhFR results in
an increase in the amount of asphaltenes. This indicates
that, during the interaction between bitumen and PhFR,
the resulting product becomes part of the asphaltene
fraction, contributing to the transformation of bitumen
into a gel-like structure. This change significantly impacts
the rheological properties of PMB.

Cubuk et al*' have studied the modification of
bitumen 50/70 with PhFR (Bakelite with SP > 403 K).
This modification enhances the bitumen’s strength due to
the crystallization and cross-linking effects of the additive,
which results from chemical interactions. Such properties
are desirable for flexible road pavements. Additionally,
the modification improves the resistance of the bitumen
mixture to deformation and increases adhesion at the
bitumen/aggregate interface. This leads to more durable
pavements, particularly under heavy traffic, and is
especially beneficial in regions with hot climates.

PhFR as a bitumen modifier are still not
extensi7\5/e7éy studied, likely due to the high cost of these
resins.

2.5. Polycondensation of Arenes with
Formaldehyde

Special attention should be given to the reaction of
arenes with formaldehyde to form AFR, which presents a
promising method for developing new bituminous
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OH OH

-H,0

CH,OH
Phenol formaldehyde resin (PhFR)

®)

CH,OH

materials.” ™" The formation of AFR occurs through the

interaction of arenes — ranging from simple ones like
benzene to more complex structures such as asphaltenes —
with formaldehyde via two typical polycondensation
reactions:
(n+1)HArH + nCH,0 —
— H(ArCH,),ArH + nH,0O (6)
(n+1)HArH + (n+m)CH,0 —
— HAr[CH,Ar],(CH,0),H + nH,O 7

The grimary condensation  products  are
arylmethanols:*"*?
ArH + CH,0 — ArCH,OH ®

However, synthesizing arylmethanols are challen-
ging because they are highly reactive in acidic environ-
ments and undergo further transformations at a rapid rate.

In the presence of HCl and CH;COOH, chloro-
methylation and acetoxymethylation reactions can occur,
respectively: "

ArH + CH,0 + HCI — ArCH,Cl + H,0 ©)]
ArH + CH,0 + CH;COOH —
—ArCH,0COCH; + H,0 (10)

To prevent these side reactions, alternative acids
like sulfuric acid should be used.*"**

The reactivity of arenes in condensation with for-
maldehyde depends on their structure. Table 3 illustrates
the relative rates of condensation reactions between
various arenes and formaldehyde to form AFR.
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Table 3. Relative reaction rates of the condensation of aromatic hydrocarbons and formaldehyde

Aromatic hydrocarbons Structural formula Relative reaction rate
1 2 3
Benzene @ 1
Toluene @70% 10-15
CHs
0-Xylene 21.2
CHs
HsC
m-Xylene 430
CHs
p-Xylene H304®70H3 72
/C Hj
Cumene CH 8.9
\
CHy
HsC
Mesitylene QCHS 400-500
Hs;C
H;C CHs,
Durene j@i 322
H;C CHs,
Naphthalene “ 50
CHs
a-Methylnaphthalene “ 660
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Continuation of Table 3
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1 2 3
CHs
B-Methylnaphthalene “/ 512
Acenaphthene * 13,300
Acenaphthylene *i 23,000
Phenol O OH 56,400
p-Cresol H5C OOH 55,100

Conventionally, the relative rate of benzene’s
condensation with formaldehyde is taken as 1,
representing the slowest rate of interaction. From Table 3,
it can be concluded that the rate of condensation between
arenes and formaldehyde is strongly influenced by the
arene structure and increases with:

e increasing molecular weight of the raw
materials (aromatic hydrocarbons);

e increasing the number of aromatic rings;

e increasing the number of methyl substituents
and their location;

o the presence of heteroatoms (functional
groups); for instance, phenols react with formaldehyde at
a much higher rate than arenes.**™

All these criteria are met by petroleum residues
after vacuum distillation of crude oil (tars) and bitumen.
Therefore, it is particularly interesting to explore the
process of tar condensation with formaldehyde to produce
products with higher viscosity compared to the raw
material (tar), which could meet the specifications for
various grades of viscous petroleum bitumen used in road
construction (depending on process conditions). The
novelty of this method lies in the fact that the required

oligomer for modification (to improve properties) is
formed directly during the process from the raw material
(i.e., tar) components. Additionally, a significant advan-
tage of this process is that the resulting oligomer does not
need to be isolated from the mixture (bitumen).””**

Traditional scheme for
producing modified

bitumen Scheme of the research
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Fig. 4 illustrates the scheme of tar modification
with formaldehyde to produce road bitumen. The required
oligomer — arene-formaldehyde resin (AFR) — is formed
directly in the tar or bitumen through the polycon-
densation of aromatic structures (primarily those con-
taining functional groups, such as hydroxyl) with formal-
dehyde.

FMT has been compared with traditional binders
used in Ukraine, namely oxidized bitumen (OB-1 and
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OB-2), which are produced at the tar oxidation plant of
PJSC "UKRTATNAFTA." Two samples of oxidized
bitumen, OB-1, and OB-2, have been prepared from two
selected tar samples (T-1 and T-2) at different time
intervals during the industrial oxidation process. The
technological parameters for modification, as well as the
physical and mechanical properties of the tars (T-1 and T-
2) and the oxidized bitumens produced from them (OB-1
and OB-2), are presented in Table 4.5

Table 4. Technological parameters for modification and the physical and mechanical properties of the resulting FMT

Parameter for - — . ; S g ; 2 i ‘;. ;? a 2. =
. . . Y—I‘ A 1 1 H H
modification / Properties| t | . aoa aoa S S S S S S S S S S S
of a product B B B B B = ~ ~ ~ = =
Parameters for modification
Raw material - - T-1 | T2 T-1 T-2
Formaline content, | _ || _ | _ | 19 | 19|30 | 32|10 |20]30] 102030/ 30
wt. % to tar
Catalyst - - - - HzSO4 HCI H3PO4 HzSO4 HCI H3PO4
Catalyst content, L _ _
0% to o 11| 173231010 |20]30]10]|201|30] 30
Temperature, K — | = | = | = [ 383|378 |38 ] 373 | 403 | 403 | 403 | 403 | 403 | 403 | 403
Time, min — -1 -] -To6lo6|lo8]10]10[10]10]10]10]10] 10
Properties of a product
Penetration at 298 K\ 151 0e | g9 | 75 | 144 | 89 | 47 | 131 | 139 | 95 | 83 | 58 | 43 | 78 | 99
(P298), dmm
Softening point (SP), K | 312 [314.2[320.2 [321.8] 321 | 332 [356.4[320.4|319.4 |324.6|331.8[325.4| 345 |321.8] 32422
Ductility at 298 K50 112100 |>150(>150| 42 | 16 | 4 | 59 | 79 | 111 | 134 | 15 | 12 |>100| 86
(D298), cm
F"aas(bFr]ge;,k)‘nép"mt 255 | 244 | 261 | 249 | 256 | 258 | 264 | 259 | 253 | 256 | 259 | 253 | 256 | 259 | 260
Plasticity interval (IP), K| 330 |343.2[332.2[345.8| 338 | 347 |365.4|334.4]339.4 [341.6]345.8(3454] 362 [345.8] 3472
Adhesion to glass,% | 42| 36 | 29 [ 31 | 65 | 81 | 94 | 83 [ 89 | 97 [ 94 [ 78 | 96 | 92 | 83
Adhesion to gravel, mark| 2.5 | 25 | 3.0 [ 25 | 35 | 45 | 50 | 45 | 45 [ 50 | 50 [ 45| 50 | 50 | 45
A notable advantage of FMT is its significantly e polymer-modified bitumen (except for

higher SP at the same P298, as shown in Table 4,
indicating superior heat resistance of FMT in comparison
to oxidized bitumens.”**

Based on current regulatory standards, the resulting
FMT samples meet the main physical and mechanical
property requirements for the following binder materials
(Table 4):

e petroleum road viscous bitumen according
to DSTU 4044:2019:”° BND 150/220 — FMT-12; BND
100/150 — FMT-1, FMT-4, and FMT-5; BND 70/100 —
FMT-2, FMT-6, FMT-7, FMT-10, FMT-11; BND 50/70 —
FMT-8;

elasticity) according to DSTU 9116:2021:”” PMB
70/100-55 — FMT-2, FMT-7; PMB 35/50-70 — FMT-3,
FMT-9;

e bitumen modified with synthetic waxes
according to SOU 42.1-37641918-068:2017:" WMB-S
60/90 — FMT-2, FMT-7; WMB-S 40/60 — FMT-3, FMT-9;

e Dbitumen modified with adhesive additives
according to SOU 45.2-00018112-067:2011:” BND-A
70/100 — FMT-6, FMT-7, FMT-10; BND-A 35/50 —
FMT-3, FMT-9.

Hence, this method is flexible, and by adjusting the
amount of the modifier (formylating mixture), it allows
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for the production of binders with different P298 and SR
values.

Another advantage of FMT over oxidized bitumens
is their high adhesive properties. FMT produced using
HCl1 and H;PO, exhibits the best adhesion to acidic
mineral fillers (Table 4).

Upon the chemical modification of tar with
formaldehyde, the group composition changes. To
confirm this, the group composition of the raw materials
(T-1) and the products (FMT-1, FMT-2, and FMT-3) has
been determined using the Markusson method (Fig. 5).

52.8
52.4 51.2
48.3
mT1 EFMT-1
FMT-2 ®FMT-3
30.7
8.8
25.5
24.2 24,
21.5 2
I 16.7
Oils Resins Asphaltene

Fig. 5. Group composition of the raw materials and the products
of chemical modification of tar with formaldehyde

FMT samples differ in terms of P298 and SP:
FMT-1 — 144 dmm and 321.0 K, respectively; FMT-2 —
89 dmm and 332.0 K; and FMT-3 — 47 dmm and 356.4 K
(Table 4). The content of carbenes and carboids remains
unchanged with an increase in the modifier amount. The
primary transformations during the modification occur
with resins, which are converted into asphaltenes. This is
evidenced by a decrease in resin content and an increase
in asphaltene content (Fig. 5). This outcome is logical, as
resins and asphaltenes contain heteroatomic compounds
that are more prone to condensation with formaldehyde.

3. Conclusions

The primary disadvantages of using distillation and
oxidized bitumens are their low heat resistance and poor
adhesion to traditional acidic mineral fillers. These issues
contribute to the formation of ruts and cracks in asphalt
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concrete pavements that use such binders, ultimately
shortening the service life of the pavements. To address
these problems, distillation and oxidized bitumens are
often modified with polymers, typically plastics
processing waste (such as PE, PP, PET, etc.) and specially
synthesized block copolymers like styrene-butadiene-
styrene (SBS). Road pavements made with polymer-
modified bitumen (PMB) are far more resistant to
deformation and cracking caused by road traffic than
those made with unmodified bitumen. However, most
polymers used in bitumen modification have poor
compatibility with bitumen, leading to the delamination of
PMB during long-term storage at high temperatures. A
partial solution to this issue is the use of chemicals in the
modification process.

It has been demonstrated that chemical
modification of petroleum residues (tars) and bitumens to
produce high-quality binders for road construction has
been less explored compared to physical modification
with polymers. The advantage of chemical modification is
that it enables chemical interactions within the bitumen
(or tar) and modifier system, resulting in binders with
enhanced properties such as heat resistance, improved
adhesion to mineral fillers in asphalt concrete, and
resistance to delamination during storage. An overview of
the effects of various modifiers has been conducted.

The potential of modifying petroleum residues and
bitumens using an inexpensive and readily available
modifier — a 37% aqueous formaldehyde solution
(formalin) — was also explored. Formaldehyde can
undergo copolycondensation reactions with aromatic
compounds, especially heteroatomic ones, under certain
conditions. Petroleum residues (tars) as well as distillation
and oxidized bitumens contain significant quantities of
such large heteroatomic polycyclic arenes (resins and
asphaltenes).  Modifying  these  materials  with
formaldehyde, depending on the amount used, allows for
the production of bituminous materials with the desired
penetration and softening point.
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Abbreviations

AFR  Arene-formaldehyde resins
BND Road oil bitumen
BND-A Road oil bitumen modified with adhesive

additives
D298  Ductility at 298 K
FBP  Fraas breaking point

FMT
FTIR

Formaldehyde modified tar
Fourier transform infrared spectroscopy;
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1P Plasticity interval
MA  Maleic anhydride
NMR  Nuclear magnetic resonance

OB Oxidized bitumen
OBMA Oxidized bitumen
anhydride

P298  Penetration at 298 K
PE Polyethylene

modified with maleic

PhFR  Phenol formaldehyde resin
PMB  Polymer-modified bitumen
PP Polypropylene

PPA  Polyphosphoric acid

RET  Reactive ethylene terpolymer
S Sulfur

SB Block copolymer styrene-butadiene

SBS  Block copolymer styrene-butadiene-styrene
SEBS Block copolymer styrene-ethylene/butylene-
styrene

SP Softening point

T Tar

TMA  Tar modified with maleic anhydride

WMB-SBitumen modified with synthetic waxes
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OI'JISI METO/IB MOJIUPIKYBAHHS JOPOKHIX
BITYMIB. YACTHHA 2 — XIMIYHE
MOIUPIKYBAHHS

Anomauisn. [Ipogedeno nimepamypHuii 021510 Cy4acHUX Xi-
MIYHUX MemoOi6 MOOUpIKysanHs 0opodichix Gimymie 3a nonynsp-
HiCMIO Ma Xapakmepom 6nIugy Ha elacmugocmi 6 ‘axcyyux. Haii-
€ cipka, nonigpocghopna Kucioma, maneiHosuil anziopuo, mepmo-
peakmugHi cmonu (gheronogpopmanvoecioni, enokcuoni, noniepipHi
mowjo) ma nonimepu. Posensinymo cnoci6 odepoxcanns pisHux 3a
nenwempayielo  OiIMyMHUX — Mamepianie — Memooom  XiMiuHO2O
MOOuQiKy8anHs Hagpmosux 3anuwikie opmanvoezioom. Yci 6imym-
Hi Mamepianu, siKi 00epPAHCAHO CROCOOOM XIMIUHO20 MOOUDIKYBAHHSI,
Xapakmepusylomocsi Kpaujoro 0OHOPIOHICMIO npu 30epieanni 3a
BUCOKUX MEMNEPAmyp HOPIGHAHO 3 8 ANCYHUMU, O00EPHCAHUMU
Memooamu PizuuH020 MOOUGIKYEAHHIM, WO 3YMOGILEHO XIMIUHOW
63A€MO0I€I0  MIDIC  peazeHmom-moougixamopom i Oimymom.
Toxkazano, wo uacmo Xximiuni moougixamopu 3acmocogyioms y

Knrouoei cnosa: Oimym, ximiune Mmooughikyeawhs, cipka,
nonigpocgpopra kucioma, maneiHoguti aneiopud, mMepmMopeaKmuseti
cmonu, popmanvoezio.



