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Abstract. Polymer modification is widely used to improve the high-temperature
performance and durability of asphalt binders; however, polymer type and dosage can substantially
affect binder workability and production temperatures. This study evaluated the rotational viscosity
(RV) behavior of three base bitumens (Caspi 70/100, Shymkent 70/100, and Pavlodar/PNXZ
100/130) and several polymer-modified binders prepared using Butonal (3.5% and 5.0%), SBS
(3.5%), and Titan (3.5%). RV was measured using a Brookfield Thermosel viscometer in
accordance with ASTM D4402 at 135 °C and 165 °C, and over a programmed temperature range
from 120 °C to 190 °C with 7 °C increments to construct viscosity—temperature curves and
determine mixing and compaction temperature ranges. Polymer modification increased viscosity at
both 135 °C and 165 °C relative to the corresponding base binders, indicating increased stiffness.
Among the modified binders, 5.0% Butonal produced the highest viscosity and the poorest
workability, with mixing temperatures exceeding 190 °C and compaction temperatures near 185 °C.
Reducing Butonal content to 3.5% decreased production temperatures (=175 °C mixing and ~163
°C compaction). The SBS-modified binder showed a smoother viscosity trend and intermediate
production temperatures (=178 °C mixing and =167 °C compaction). The most favorable
workability was achieved with 3.5% Titan, which yielded the lowest viscosity curves and the lowest
production temperatures (=149 °C mixing and =144 °C compaction), while remaining below the
3000-cP handling threshold consistent with ASTM D6373. Overall, the results demonstrate that
polymer type and dosage govern the balance between stiffness enhancement and manufacturability,
and that multi-temperature RV profiling improves the precision of mixing and compaction
temperature selection.
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Introduction

The use of polymers in asphalt modification dates back to 1843, with natural and synthetic
polymer patents. European research in the 1930s and the introduction of neoprene latex in the
United States in the 1950s set the stage for polymer-modified asphalt (PMA). By the late 1970s,
Europe had surpassed the U.S. in PMA adoption, largely due to guaranteed contractor performance
and interest in reducing life-cycle costs despite higher initial expenses. In the 1980s, the U.S. began
adopting European polymer technologies as new polymers became commercially available, while
standards in countries such as Australia now include guidance for polymer-modified binders [1,2].

The U.S. Federal Highway Administration developed life-cycle cost analysis methods
demonstrating that rubberized and polymer-modified pavements provide superior durability and
cost-effectiveness, as confirmed in Arizona and California [3,4]. Surveys in 1997 showed
widespread interest across states in using modified binders, with significant adoption planned [5].
Studies have consistently demonstrated that polymer-modified binders, including SBS and SBR,
exhibit enhanced resistance to rutting, cracking, and environmental stress compared with
unmodified binders, even when the PG grade is equivalent [6,7].

Research also highlights that polymer modification improves binder viscosity at elevated
temperatures (e.g., 60 °C), enhances fatigue resistance, and increases the service life of pavements,
contributing to the concept of perpetual pavements [7,8]. Thermoplastic elastomers, thermoplastics,
latexes, and terpolymers are widely used, with content levels ranging from 1.5% to 12%, depending
on type, offering specific advantages in elasticity, low-temperature performance, and interaction
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with asphalt [9,10]. The primary mechanism of PMA is the development of a polymer network
within the binder, with performance dependent on polymer—bitumen compatibility, dosage, and
processing conditions.

Overall, polymer-modified asphalt provides a reliable approach to enhancing pavement
durability, reducing maintenance frequency, and optimizing life-cycle costs, establishing its
relevance in modern pavement engineering.

Materials and research methods

Determination of Bitumen Viscosity Using a Rotational Viscometer (RV). Rotational
viscosity testing evaluates the flow characteristics of bituminous binders, ensuring suitability for
pumping, mixing, and compaction in hot-mix asphalt production. According to ASTM D 4402, the
Brookfield Thermosel viscometer, equipped with coaxial cylinders, is commonly used to test both
modified and unmodified binders.

Samples (8—11 g) are heated to a liquid state (<150°C), placed in a preheated measurement
chamber, and equilibrated for ~30 minutes. The spindle is rotated at a fixed speed (typically 20
rpm), and the torque required to maintain rotation is measured to calculate viscosity, which is
displayed digitally in Pa-s (1 Pa-s = 1000 cP). Measurements are typically recorded as the average
of three readings at 1-minute intervals.

The Thermosel system maintains precise sample temperatures and allows generation of
viscosity — temperature curves for estimating optimal mixing and compaction conditions. Viscosity
may also be measured at elevated temperatures (e.g., 165°C) depending on binder type and project
requirements. Superpave specifications recommend a maximum viscosity of 3 Pa-s for pumpable
binders, though this criterion may be waived if the supplier guarantees adequate handling and
mixability.

Results and Discussion

The rotational viscosity (RV) of the bitumen was measured at two temperatures, 135 °C and
165 °C, as well as at multiple temperatures using a dedicated program in accordance with ASTM
D4402, starting from 120 °C with a temperature increment of 7 °C. The results are presented in
Table 1.

The figure illustrates the viscosity values at all measured temperatures in graphical form and
indicates the mixing and compaction temperature ranges, as well as the modification indices of all
bitumens (modified / base). At both 135 °C and 165 °C, an increase in viscosity is observed for
polymer-modified binders compared with the base bitumen, indicating that the addition of polymers
leads to increased binder stiffness.

On the other hand, the results show that the mixing and compaction temperatures vary
depending on the type of polymer, allowing a comparative evaluation of the effect of different
polymer modifiers.

Table 1 — Results of rotational viscosity testing of base bitumens

Viscosity tvpe Rotational viscometer (cP) Temperature range (°C)
ytp 135°C | 165°C Mixing [ Compaction
Bl
Caspi 70-100 310.42 72.67 149 137
Shym 70-100 312.50 74.00 149 137
B2
PNXZ 100-130 237.50 50.00 142 135

The mixing and compaction temperatures of the bitumen were determined separately for two
binders. Tables 2 and 3 present the results for the neat (base) bitumen and the polymer-modified
bitumen, respectively. The temperature ranges for mixing and compaction obtained using the multi-
temperature approach differed slightly from those determined using only two discrete temperatures
and allowed a more accurate estimation by applying 7 °C temperature increments. The Brookfield
viscometer was programmed in accordance with the requirements of the relevant international
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technical standard. The test sequence started at 120 °C and, depending on the binder type, was
carried out up to 190 °C within a total test duration of 5 hours. The results indicate that the
workability of the polymer-modified bitumen decreased; however, its viscosity remained below
3000 cP, which satisfies the viscosity requirements and demonstrates that the modified binder can
still be processed as a conventional bitumen in accordance with ASTM D6373.

Table 2 — Rotational viscosity of base bitumens at different temperatures

Temperature (°C) CASPI 70/100 BASE SHYM 70/100 BASE PNXZ 100/130 BASE

(Pa-s) (Pa-s) (Pa-s)
120 0.92 0.92 0.72
125 0.80 0.80 0.60
130 0.52 0.52 0.39
135 0.38 0.38 0.27
140 0.30 0.30 0.22
145 0.22 0.22 0.18
150 0.18 0.18 0.14
155 0.14 0.14 0.12
160 0.12 0.12 0.10
165 0.09 0.09 0.08
170 0.07 0.07 0.06
175 0.05 0.05 0.05
180 0.04 0.04 0.04
Notes: Mixing range: ~0.2 Pa-s: Compaction range: ~0.3 Pa‘s

Table 2 presents the results of the rotational viscosity measurements for the unmodified
(neat) bitumen. Based on viscosity levels of 0.2 and 0.3 Pa-s, the mixing and compaction
temperatures of the binders were determined. According to the results, the 70/100 penetration grade
Caspi and Shymkent bitumens exhibit identical values, with a mixing temperature of 149 °C and a
compaction temperature of 137 °C. In contrast, the Pavlodar bitumen with a penetration grade of
100/130 shows slightly lower temperatures, with a mixing temperature of 142 °C and a compaction
temperature of 135 °C.

Table 3 presents the results of the rotational viscosity tests performed on bitumens modified
with different polymers. It is evident that, as the temperature resolution increases, a more accurate
determination of the characteristic temperatures can be achieved.

Describing the results from top to bottom, the first binder corresponds to the Butonal-
modified bitumen with a polymer content of 5.0%. As can be observed, there is a pronounced
irregularity in the viscosity curve at the initial temperature range, with relatively large temperature
intervals. This behavior indicates possible inhomogeneity during polymer—bitumen blending and
reflects an excessively stiff polymer-modified binder.

In addition, the mixing temperature exceeds 190 °C, while the compaction temperature is
approximately 185 °C, confirming the significantly increased stiffness of this polymer-modified
bitumen.

This behavior indicates very low workability of the polymer-modified bitumen, as its mixing
requires a significantly longer time compared with other polymers. When the polymer content is
reduced to 3.5%, as shown by the red curve, the blended bitumen becomes noticeably softer. Its
mixing temperature decreases to approximately 175 °C, and the compaction temperature decreases
to about 163 °C, indicating that it is more fluid than the binder modified with SBS polymer.

Table 3 — Temperature-Dependent Viscosity of Polymer-Modified Bitumens

| Temperature, | Butonal5.0% | Butonal3.5% | SBS3.5% | TITAN3.5% | TITAN3.5% |
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°C PNXZ, Pa's CASPI, Pa's PNXZ, Pa‘s PNXZ, Pa's Shymkent, Pa-s
130 3.90 1.75 1.95 0.65 0.70
140 1.85 0.80 1.10 0.40 0.42
150 1.10 0.50 0.65 0.25 0.27
160 0.75 0.35 0.42 0.15 0.17
170 0.48 0.25 0.30 0.10 0.08
180 0.38 0.20 0.22 0.08 0.06
190 0.25 0.15 0.15 0.05 0.04

Note: All polymer-modified binders show a pronounced decrease in viscosity with increasing temperature.

Butonal 5.0% PNXZ exhibits the highest viscosity across the entire temperature range, indicating enhanced
structural stability at elevated temperatures.

TITAN-modified binders demonstrate lower viscosity values, which may allow reduced mixing and compaction
temperatures.

Considering the polymer-modified bitumen containing SBS, the viscosity curve
demonstrates a more uniform and well-homogenized structure compared with the Butonal-modified
binder, as evidenced by the smoother trend of the graph. The mixing temperature is about 178 °C,
while the compaction temperature is approximately 167 °C. This binder is therefore stiffer than the
bitumen modified with 3.5% Butonal.

Finally, the binders modified with 3.5% Titan polymer, prepared using two base bitumens
with different penetration grades, correspond to the lowest curves on the graph. These binders
exhibit a mixing temperature of 149 °C and a compaction temperature of 144 °C. The results for
this polymer-modified bitumen are particularly favorable, since good workability and effective
coating of aggregates by the binder are essential during asphalt concrete production.

Conclusion

Rotational viscosity testing (ASTM D4402) at 135 °C, 165 °C, and across 120-190 °C (7 °C
increments) effectively differentiated the workability and temperature sensitivity of neat and
polymer-modified binders and enabled more accurate determination of mixing and compaction
temperature ranges than the two-temperature approach alone.

The neat binders showed comparable workability: Caspi 70/100 and Shymkent 70/100
exhibited identical production temperatures (149 °C mixing and 137 °C compaction), while the
Pavlodar/PNXZ 100/130 binder required slightly lower temperatures (142 °C mixing and 135 °C
compaction).

All polymer-modified binders exhibited higher viscosity than the corresponding base
binders at both 135 °C and 165 °C, confirming that polymer addition increases binder stiffness.

Polymer type and dosage strongly controlled production temperatures and practical
workability. The 5.0% Butonal binder was excessively stiff and showed poor processing
characteristics, with mixing temperatures exceeding 190 °C and compaction temperatures near 185
°C, indicating limited suitability for standard hot-mix operations.

Reducing Butonal to 3.5% substantially improved workability and lowered production
temperatures (=175 °C mixing and =163 °C compaction), demonstrating a clear dosage-dependent
effect.

The SBS-modified binder exhibited a uniform viscosity—temperature trend indicative of
better homogeneity and compatibility, with intermediate production temperatures (<178 °C mixing
and =167 °C compaction), and was stiffer than the 3.5% Butonal binder.

The best balance between workability and processing temperature was obtained with 3.5%
Titan polymer. Titan-modified binders produced the lowest viscosity curves and the lowest
production temperatures (<149 °C mixing and =144 °C compaction), which is beneficial for
aggregate coating and asphalt mixture production.

Despite reduced workability relative to neat binders, all modified binders remained below
3000 cP during testing, supporting their processability under conventional conditions consistent
with ASTM D6373 requirements.
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TA3A KOHE IIOJIMMEPMEH MOJIUPUKAIUSJIAHFAH BUTYM/IbI
BAMJIAHBICTBIPIBIIITAP/ABIH TYTKBIPJIBIT'BI

Buxropc XapuroHosc
Pura texnukanslk yHuBepcurerti, Pura, JlarBus
e-mail: viktors.haritonovs@rtu.lv

Anparna. Ilonmumepnik Moaudukamus acdaabT OalIaHBICTBIPFBIITAPBIHBIH KOFAPHI
TEeMIIepaTypajarbl KaCUETTEPIH JKOHE Y3aK MEp3IMAUIIIIH apTThIpy YIUiH KEHIHEH KOJJAaHbUIAJbI,
anaia MOJUMEPiH Typli MEH Meuiepi OalIaHBICTBIPFBIITHIH OHICNTIMITITIHE KOHE OHIIPICTIK
TeMIlepaTypajapra eneysi acep eTyl MyMkiH. by 3eprreyne yum Herisri OutymusiH (Caspi 70/100,
Shymkent 70/100 xone Pavlodar/PNXZ 100/130) xone Butonal (3,5% »xone 5,0%), SBS (3,5%)
xoHe Titan (3,5%) monumepnepiMeH MoauQUKaNUsIaHFaH OipHelie OailaHBICTHIPFBIIITAPIBIH
aitHanManbl TYTKbIpAbIK (RV) cumarramanapsl Oaramangsl. RV emmemaepi ASTM D4402
crannaptbiHa coiikec Brookfield Thermosel aiinanmansl Buckosumetpinge 135 °C xone 165 °C
TeMmmeparypanapaa, cogaaii-ak 120 °C-tan 190 °C-xa geiiin 7 °C kagamMMmeH OarmapiamaliaHFaH
TEMIIEPATypajblK JAMANa30HJa >KYpri3uial. bys Tocia TYTKBIpIBIK—TeMIIepaTypa KUCBIKTapbIH
TYPFBI3yFa JKOHE apaslaCThIpy MEH TBIFbI3JIay TeMIlepaTypajapblHbIH JHAara3oHAapblH aHbIKTayFa
MyMKiHIIK Oepai. Ilomumepnixk mMoauduxamus 135 °C xone 165 °C temmeparypanapia Herisri
OUTyMIapMeH CalbICTBIpFaHAAa TYTKBIPJIBIKTBIH ~ apTyblHa  OKemil, OalIaHbICTBIPFBIIITHIH
KATTBUIBIFBIHBIH JKOFapbUIaFaHBIH KepceTTi. MoaudukanusianFran OalIaHBICTBIPFBIIITAPIBIH
iminge 5,0% Butonal eH XKorapbl TYTKBIPIBIKTBI OHE €H TOMEH OHJCNTIIITIKTI KepCeTTi:
apanacteipy Temneparypacel 190 °C-tan xorapsl, an TeIFbI3AAY TeMIepaTypacel mamameH 185 °C
6onael. Butonal memmepin 3,5%-fa neiliH a3aiiTy eHAIPICTIK Temreparypanapibl TOMEHAETTi
(apanacteipy =175 °C, TterFeizgay ~163 °C). SBS-nen moaudukanusianFran OalIaHBICTBIPFBII
TYTKBIPIBIKTBIH OIpKaJBINTHl ©3repyiH JKOHE apajiblK OHJIPICTIK TeMmIepaTypajapibl KepceTTi
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(apanacteipy =178 °C, Teirb1znay ~167 °C). Ex xonaitnel enaenrimTik 3,5% Titan KonmaHpLIFana
OalKanabl: TYTKBIPJIBIK KHCBIKTapbl €H TOMEH MOHIEpAl JKOHE €H TOMEH OHJIpICTIK
TeMrieparypanapasl kepcerti (apanmacteipy ~149 °C, tereizmay ~144 °C), opi ASTM D6373
crarnapteiHa coiikec 3000 cP mierinen acmasel. XKanmel anFanaa, adblHFAH HOTHXKENEP MOJTUMEPIiH
Typl MeH Memepi KAaTTBUIBIKTBI apTThIPy MEH OHJCITIITIK apachlHAaFbl TEMe-TeHIKTI
aKpIHIAWTBIHBIH JKOHE KemTeMmmepaTrypaisl RV-mpodunbney apamacTslpy MeH THIFBI3AAY
TeMIlepaTypajapblH TaHJAYIbIH JOJIIITIH apTThIPATHIHBIH KOPCETTI.
Tyiiin ce3aep: 6utym, Superpave, peoJIOTHSIIBIK KACUETTED, KO KYPBUIBICHI.

BA3KOCTb HEMOJU®UIIUPOBAHHBIX 1 IIOJIMMEP-MOJU®UITUPOBAHHBIX
BUTYMHBIX BAXKYIHIUX

Buxropc XapuToHoBc
Proxckuil TeXHM4YeCKHil yHUBepcUTeT, Pura, JlaTBus
e-mail: viktors.haritonovs@rtu.lv

AnHorauus. IlommMepnas wMogudUKanMs MIMPOKO TNPUMEHSETCS JUIS  yIydIICHUS
BBICOKOTEMIIEPATYPHBIX CBOMCTB M JIOJTOBEYHOCTH ac(ajbTOBBIX BSDKYIIHMX, OJHAKO THUI U
COJIep’)KaHUE TOJUMEpa MOTYT CYUIECTBEHHO BIHUSATh Ha TEXHOJOTMYHOCTh BSIKYLIETO U
IIPOM3BOJICTBEHHbIE TeMIepaTypbl. B HacTosmieM HcciaeloBaHUM OLIEHEHBl XapaKTePUCTUKU
BpamarenbHoil BsiskocTH (RV) Tpéx 6GazoBwix OutymoB (Caspi 70/100, Shymkent 70/100 u
Pavlodar/PNXZ 100/130), a Taxke HECKOIBKHUX MOJIUMEP-MOAUPHUIIMPOBAHHBIX BSIKYIIUX C
ucnoiib3oBanueM moymmepos Butonal (3,5% u 5,0%), SBS (3,5%) u Titan (3,5%). U3mepenus RV
MIPOBOJMJIMCh Ha BpamareabHoM BHcKo3uMmeTrpe Brookfield Thermosel B cooTrBeTcTBUH CO
crannaproM ASTM D4402 npu temneparypax 135 °C u 165 °C, a takke B IpOorpaMMHUPYEMOM
temneparypHoM nuanazone ot 120 °C pgo 190 °C ¢ marom 7 °C. Takoi MmOAX0J IMO3BOJIUI
IIOCTPOUTHh  KPUBBIE  «BSA3KOCTb—TEMIIEpAaTypa» U  ONPEACIUTh JWalla30Hbl  TeMIEpaTyp
nepeMeruBanus ¥ ymioTHeHus. IlomuMepHas Monu¢ukanus npuBena K YBEIHYEHUIO BSI3KOCTU
npu 135 °C u 165 °C no cpaBHeHUIO ¢ 0a30BBIMH OUTYMaMH, YTO CBHIETEILCTBYET O MOBBIIICHUU
KEcTkocTH BsKymiero. Cpenn MoaM(UUIMpPOBaHHBIX BsDKyIIUX Outym c 5,0% Butonal moxasain
HauOOJBIIYI0 BA3KOCTb W HAUXYAIIYI0 TEXHOJOTMYHOCTb: TEMIIepaTypa MepeMelIuBaHus
npespiiasia 190 °C, a Ttemmeparypa ymIoTHeHHs cocTaBimsuia okono 185 °C. CHwmkeHune
cogepkanusi Butonal no 3,5% mnpuBeno K YMEHBIICHUIO TPOM3BOJCTBEHHBIX TEMIEpaTyp
(nepememmBanue ~175 °C, ymnotHenue <~163 °C). Bskymee, momudunupoBanHoe SBS,
XapaKkTepU30BaJIOCh 0Oojiee  pPaBHOMEPHBIM HU3MEHEHHEM BS3KOCTU U NPOMEKYTOUHBIMU
IIPOM3BOJICTBEHHBIMM TeMnepaTypamu (mepememuBanue <178 °C, ymnotHenue <167 °C).
HaubGonee OnarompusaTHas TEXHOJIOTMYHOCTh OblIa JOCTUTHYTa MpU HUcHojab30BaHuu 3,5%
nonumepa Titan: KpuBble BSI3KOCTM TIOKa3ald MUHUMaJbHblE 3HAUEHUS M HaUMEHbIINE
IIPOM3BOJICTBEHHBIE TeMmeparyphl (nepememnBanne ~149 °C, ymnotHenue <144 °C), npu 3ToM
BA3KOCTh He npesbimana nopor 3000 cP B coorBerctBum co crangaprom ASTM D6373. B nenom
MIOJIyYE€HHBIE Pe3yJIbTaThl MOKA3bIBAIOT, YTO TUIl U COJAEpNKaHHE MOJIMMEpa ONPENEISIIOT OalaHc
MEX]y IMOBBIIIEHUEM >KECTKOCTH M TEXHOJOTMYHOCTBHIO, @ MHOTOCTyIEHYaToe MpoQuiInpoBaHHe
RV 1o temneparype nosbliaeT TOYHOCTH BEIOOpa TEMIEpATyp NepeMENINBaHUS U YIUIOTHEHHUSI.

KawueBble ciaoBa: Outy™m, Superpave, peoJOrmyeckhe CBOHCTBA,  JJOPOXKHOE
CTPOUTENBCTBO.
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