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In our experimental work, stabilised pinewood-based fast pyrolysis bio-oil and the linear block copolymer styrene butadi-
ene styrene (SBS) were used as additives in bitumen used for road construction (Penetration Grade 50/70) to produce a
higher-performance asphalt binder. Our aim was to investigate the modifying effect of the biocomponent on bituminous
binders and prepare a comparative analysis. In order to characterize our samples, conventional and rheological mea-
surements were performed. It was concluded that the biocomponent by itself cannot provide a favourable bituminous
binder with beneficial mechanical properties, however, a favourable solution may be achieved by combining it with the
block copolymer SBS. Based on our test results, stabilised pinewood-based fast pyrolysis bio-oil could be blended with
the examined bituminous binders up to concentrations of 10 w/w% resulting in good bitumen quality.
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1. Introduction

The stricter demands of road construction has brought
about the application of new and high performance, al-
beit expensive, binders (e.g. polymer modified bitumen).
Thus, the development of alternative, high-quality but
cheaper bitumen for road construction has become an in-
tensively researched area [1-5].

Another aspect is that in line with sustainable devel-
opment, the use of alternative materials derived from non-
fossil sources, e.g. biomass or waste, can be a long-term
option for the partial replacement of bitumens derived
from crude oil. A further issue is that the production of
low carbon fuels in the future might reduce the demand
for refining crude oil, which could result in a lack of sup-
ply in the bitumen market as well. Many researchers have
found that different biomass-derived oils could be suit-
able components for blending, substituting for and mod-
ifying bituminous binders [6]. The raw materials of the
processed biomass that produce bio-oils include microal-
gae [7], animal waste [8, 9], maize [10], garden waste
[11], tea residue [12], coffee residue [13], rapeseed [14],
and soybean [15]. The utilisation of these bio-oils can be
beneficial following proper treatment, since these materi-
als could increase the rutting performance of bituminous
binders. These studies show that the utilisation of renew-
able materials can be very promising [16].

Many researchers have studied the modifying effect
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of different wood-based bio-oils. Peralta et al. examined
the application of red oak residues as direct alternative
binders and to reduce the environmental impact of bitu-
minous binders [17-19]. Grilli et al. used pinewood bio-
oil [20], Jiménez del Barco-Carrién et al. used pine resin
[21,22] and Lei et al. used bio-oil derived from wood
as a rejuvenator [23]. Raouf and Williams investigated
the utilisation options of oak wood bio-oil [24]. Cooper
et al. [25], Ball et al. [26], and Bearsley and Haverkamp
blended bio-oil originated pine derived tall oil as a bitu-
men extender [27, 28]. Gondim et al. studied the effect
of plant sap from a “Petroleum Plant” [29]. Yang et al.
examined bio-oils derived from waste wood resources as
bitumen modifiers and extenders [30].

In summary, bio-oils typically have a softening effect,
which improves their performance at low and intermedi-
ate temperatures but impairs their high-temperature per-
formance. This negative impact can be mitigated, e.g. by
the addition of crumb rubber or other polymers.

The application of stabilised wood-based pyrolysis
bio-oil as an additive for bitumen binders has been in-
tensively researched but remains a field of future bitumen
production that is yet to be clarified. The utilisation of
polymer modified bitumen is widespread but the modify-
ing effect of stabilised wood-based pyrolysis bio-oil on
polymer modified bitumen has yet to be clearly defined.
Thus, our target was to investigate the effect of stabilised
pinewood-based fast pyrolysis bio-oil on the character-
istics of different binders, such as road pavement bitu-
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men (Penetration Grade 50/70) and polymer modified bi-
tumen.

2. Experimental

The aim of our study was to examine the quality im-
provement opportunities of bitumen used in road con-
struction (Penetration Grade 50/70). Over the course of
our experiments, the modifying effect of a biocompo-
nent derived from pinewood-based fast pyrolysis bio-
oil on the original bitumen 50/70 (B-series) was investi-
gated. Furthermore, experiments that applied the biocom-
ponent together with the block copolymer styrene butadi-
ene styrene (SBS) (P-series) were conducted.

2.1 Samples

The investigated feedstock was a commercially-available
bitumen (producer: MOL Plc.) with Penetration Grade
50/70 (softening point: 51 °C; penetration: 56 0.1mm).
The modifying agent for the polymer modified bitumen
samples was the linear block copolymer styrene buta-
diene styrene (DST L 30-01, producer: Voronezhsin-
tezkauchuk OJSC) applied at a concentration of 4 w/w%.
The styrene concentration of the copolymer was 30
w/w%. The applied biocomponent was derived from
a commercial pyrolysis liquid of pinewood (producer:
BTG-BTL, The Netherlands [31], elemental analysis of
the BTG-BTL product: C: 46 %, H: 7 %, O: 47 %; water
content: 25 w/w%). Before blending, the sample was sta-
bilised. The water content was removed and the volatile
organic components that are boiling up to 220 °C were
removed with the water as well, to adjust the flash point
of the additive by distillation. Samples of the biocompo-
nent were applied in concentrations of 1, 5, and 10 w/w%.
Table 1 shows the composition of the samples.

2.2 Measurements

In order to characterise our samples, conventional bitu-
men tests were conducted before and after aging. The
softening point of the samples was determined according
to the standard MSZ EN 1427 using an automatic ring-
and-ball softening point tester (Petrotest RKA 5). Pen-
etration measurements were conducted according to the
standard MSZ EN 1426 using an automatic penetrometer
(Petrotest PNR 12). Aging was simulated by the rolling
thin-film oven test (RTFOT) according to the standard
MSZ EN 12607-1.

The change in the rheological properties was investi-
gated by using an Anton Paar MCR 301 type dynamic
shear rheometer (DSR). The linear viscoelastic range
(LVE range) of the samples was investigated by ampli-
tude sweep analysis. During the measurements, the fre-
quency was constant (10 s~') and the amplitude varied.
The amplitude sweep analysis was measured at 10 and
60 °C which resulted in the corresponding v (deforma-
tion) values. The sweep frequency response analysis was

Table 1: Composition of the samples

Name of Bitumen SBS, Biocomponent,
the sample 50/70, wiw%  wiw% w/w%
Bref 100 - -
Bbio01 99 -
Bbio05 95 - 5
Bbiol0 90 - 10
Pref 96 4 -
Pbio01 95 4 1
Pbio05 91 4 5
Pbiol0 86 4 10

also investigated at 10 and 60 °C, within the frequency
range of 0.01 — 100 Hz. The multiple stress creep recov-
ery (MSCR) test was performed at 60 °C over 10 cycles
according to the standard ASTM D7405. During the anal-
ysis, the samples were subjected to a loading force of 100
N for 1 sec which was then removed for 9 secs. After the
10th cycle, the loading force was changed to 3200 N and
another 10 cycles measured. From the experimental val-
ues the percentage of the recovery could be calculated.

The temperature-dependence of the rheological prop-
erties was investigated within the temperature range of
10 — 70 °C, with a heating rate of 1 °C/min at a constant
frequency of 1 Hz. During the measurements, the values
of the complex modulus, namely the stiffness and com-
plex viscosity, were investigated.

3. Results and Analysis
3.1 Basic properties

As for the conventional properties, the softening points of
the samples were increased by the biocomponent as well
as SBS when compared to the original bitumen 50/70
(Table 2). The increasing effect tendentiously escalated
as the amount of applied biocomponent increased. In the
case of applying two modifiers simultaneously (biocom-
ponent and SBS polymer), synergistic effects were expe-
rienced.

In accordance with the softening points, the penetra-
tion of the samples decreased by using every blending
component, that is the samples became harder (Table 2).
The increased stiffness could be explained by the blend-
ing of the rigid biocomponent.

From the results measured after RTFOT, it can be
stated that in the case of the SBS polymer modified bi-
tumen (PmB) samples, the aging effect was less signifi-
cant when compared to the sample of reference bitumen.
Moreover, in the case of the PmB samples, the biocompo-
nent enhanced its resistance to hardening. Every sample
complied with the technical specifications for road con-
struction currently in force in Hungary (for Bbio samples
MSZ EN 12591, for Pbio samples MSZ EN 14023).

Table 2 shows the conventional properties of the sam-
ples before and after aging.
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Table 2: Basic properties of the samples and the requirements of the bitumen standards before and after RTFOT.

Before RTFOT After RTFOT
Softening point,  Penetration, | Change in mass, Increase in Retained

°C 0.1 mm w/w% softening point, °C  penetration, %
Bref 51.0 56 —0.02 5.9 67.9
Bbio01 51.1 54 0.006 2.1 75.9
Bbio05 51.2 53 —0.30 3.9 7.4
Bbiol0 51.4 52 —0.50 4.7 71.1
MSZ EN 12591
50/70 46 — 54 50 — 70 < 0.50 < 8.0 > 55.0
Pref 72.5 35 0.04 2.6 82.9
Pbio01 74.1 32 0.01 3.6 96.9
Pbio05 77.0 31 —0.01 3.1 93.5
Pbiol0 79.7 29 —0.02 3.2 100.0
MSZ EN 14023
10/40-65 >65.0 10 — 40 <0.30 < 8.0 > 50.0
25/55-65 >65.0 25 — 55 < 0.50 <8.0 > 50.0

3.2 Rheological properties

The results of the amplitude sweep analysis are presented
in Fig. 1.

The deformation values increased by applying the
SBS polymer component at 10 °C, thus the LVE ranges
were widened. In every case, the blending of the biocom-
ponent narrowed the LVE range. The addition of the rigid
component resulted in a stiffer structural material with
a lower resistance to deformation. The extent of the de-
crease was significant in the case of the samples that were
only modified with biocomponents. In the other cases, the
decrease was less notable, the bituminous matrix could
positively compensate for the narrowing effect of the bio-
component.

As for the measurements conducted at 60 °C, the per-
manent deformation decreased in every case when com-
pared to the reference sample, nevertheless, the value of
the permanent deformation increased. In the case of the
samples that were only modified with a biocomponent,
the narrowing of the LVE ranges was minimal when com-
pared to the values measured at 10 °C.

Fig. 2 shows the results of the sweep frequency re-
sponse analysis. At 10 °C and 60 °C, the values of the
complex modulus were measured, presented and eval-
uated at frequencies of 25 Hz and 30 Hz, respectively.
These conditions correlate with similar asphalt tests.

At 10 °C, the complex modulus values, namely the
stiffness, were preferably larger in the case of every mod-
ified composition when compared to the reference sample
(Bref). However, in the case of the samples modified with
only a biocomponent, by adding the biocomponent, the
stiffness decreased tendentiously. In view of the Bbiol0
sample (10 w/w%), the value of the complex modulus
was almost identical to that of the reference sample. As
for the PmB samples, similar behaviour was observed.
By blending the biocomponent in small amounts (up to
5 w/w%), the complex modulus decreased, but in accor-
dance with this effect the fatigue performance improved.

The stiffness of the samples containing 10 w/w%
of biocomponent (Bbiol0 and Pbio10) were comparable
to those of the corresponding reference samples (Bref,
Pref), thus the stiffness of the asphalt mixture can be suit-
able as well.

The results measured at 60 °C showed that the com-
plex modulus positively increased by the blending in of
the SBS polymer. In the case of the samples modified
with only a biocomponent, the modifying effect of the
blending component was negligible.

As for the flexible behaviour, the results of the MSCR
test are presented in Figs. 3 and 4. The loaded and relax-
ation periods are shown in the diagrams on the left-hand
side, while the percentage of the elastic recovery at the
end of the 1st and 10th cycles can be seen on the right.
Every diagram shows the results measured when a load-
ing force of 3200 N was applied.

In the case of the samples modified with only a bio-
component, the component applied in small concentra-
tions (up to 5 w/w%) influenced the elastic recovery pos-
itively when a loading force of 100 N was applied. How-
ever, when applied at a concentration of 10 w/w%, the
percentage of the elastic recovery decreased when com-
pared to the reference sample, however, the value of the
permanent deformation increased. When high loading
forces (3200 N) were applied, the permanent deforma-
tion was adversely increased by the biocomponent. The
elastic recovery of the samples was negligible, the elas-
tic property practically ceased under the test conditions,
their viscosity dominated.

In the case of the PmB samples, when a loading force
of 100 N was applied, the biocomponent influenced the
flexible behaviour positively at every concentration. The
permanent deformation decreased and, in line with this
positive effect, the percentage of the elastic recovery in-
creased. Thus, the rutting performance of the samples
was favourable. The higher the blending concentration of
the biocomponent was, the more flexible the behaviour

47(2) pp. 77-83 (2019)
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Figure 1: LVE range of the samples —a) 10°C, b) 60°C.
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Figure 3: The results of the MSCR test of the samples modified

of 3200N.

it exhibited. When high loading forces were applied, the
tendency was the same. The favourable values of the PmB
samples can be explained by a phenomenon in which the
biocomponent did not influence the flexible properties of
the PmB matrix, while it could mitigate the liability to
deform as a result of its rigid structure.

By comparing the values of every sample measured
by the MSCR test, the flexible behaviour of the PmB sam-
ples was significantly better than in the case of the refer-
ence bitumen sample. Nowadays the modification of bitu-
men is strictly necessary in order to comply with the more
rigid requirements enforced by the technical practices of
road construction, namely that the binders have a suf-
ficient degree of rutting performance. According to our

with only a biocomponent when subjected to a loading force

measurements, the biocomponent by itself cannot provide
a good solution to this problem, however, by blending it
with SBS polymer the modifying effect of the biocompo-
nent could be beneficial.

The results of the Temperature Sweep Analysis are
presented in Fig. 5. In the case of the samples that were
only modified with the biocomponent, the values of the
complex modulus decreased at lower concentrations (up
to 5 w/w%), but by applying the biocomponent at 10
w/w%, the values of the complex modulus were almost
identical to that of the reference sample (Bref).

As for the PmB samples, the stiffness increased in
every case when compared to the Bref sample. The
value of the complex modulus increased by increasing

Hungarian Journal of Industry and Chemistry



QUALITY IMPROVEMENT OF BINDERS FOR ROAD CONSTRUCTION 81

| —Pref ——Pbio0! Pbio05 Pbiol0 |

.
(=]

Deformation (1)
[ = S B
th © wh © h o

(=]

100 120 140 160 180 200
Time (s)

40 37.35
35 33.98
~ 30
o~
=~ 23.24
BB a0
Z 20
2
& 15
8.89
10 6.37
5 2.39
0.30
0
Pref Pbio01 Pbio05 Pbiol0

Figure 4: The results of the MSCR test of the samples modified with SBS polymer when subjected to a loading force of

3200N.

the biocomponent concentration. During the Temperature
Sweep Analysis, the temperature dependence of the com-
plex viscosity was measured as well. The tendency was
very similar to that of the temperature dependence of the
complex modulus. In particular, the complex viscosity
significantly increased in the case of the PmB samples
when compared to the reference sample (Bref). By in-
creasing the blending concentration of the biocomponent,
the complex viscosity increased further.

4. Conclusion

The aim of this work was to investigate the quality im-
provement opportunities of bitumen used in road con-
struction (Penetration Grade 50/70) and to provide a com-
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Figure 5: Temperature dependency of complex viscosity
— a) samples modified only with biocomponent, b) PmB
samples.

parative analysis of the modifying effect of stabilised
pinewood-based fast pyrolysis bio-oil on SBS polymer
modified bitumen. According to our measurements, the
biocomponent can be blended at a concentration of 10
w/w% with the tested bituminous binders. As for its flex-
ible properties, the utilisation of the biocomponent by it-
self does not result in a good bitumen quality, but together
with the SBS polymer the rutting performance improves
significantly. Based on these results, further measure-
ments are being planned with other modifying agents to
identify the exact and credible binder composition from
economical and technical points of view. Furthermore,
it is necessary to examine the methods of blending and
treating opportunities of the biocomponent that can pro-
duce a binder with better mechanical properties and pos-
sibly with a greater concentration of the biocomponent in
the blend.
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