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SPECTRAL ANALYSIS OF POLYMER MODIFIED
BITUMEN USED IN WATERPROOFING

Asphalt is one of the most commonly used buildiregarial. The first attempts at
modifying asphalt were made at the beginning oftétentieth century. Nowadays
the most popular asphalt modifier is the styrentdhiene-styrene (SBS). This
thermoplastic elastomer increases the thermaltaesis of bitumen, widens the
range of plasticity and amends rheological propsriiR spectroscopy is by far the
most common instrumental method used in analytibamistry. The popularity of

this method results from its simple measuremeritriiggie, universality and high

precision. That is why IR spectroscopy applies ®ahalysis of polymer modified

binder (PMB) used in waterproofing.
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1. Introduction

In the market of building materials bitumen produate in the forefront of
the most commonly used materials, next to steeicrate, wood or ceramic.
Approximately 85% of the asphalt goes to the pavermelustry [1], but much
of it is also employed for waterproofing. Accordaneith the European Stand-
ards, there are two types of flexible sheets faewmsoofing:

- bitumen damp proof sheets including bitumen basénmanking sheets
(EN 13969);
- reinforced bitumen sheets for roof waterproofin®yl (E3707).

Flexible sheets for waterproofing, which are cominaralled roofing felt,
are made of three main composites: sheet matkitamen and sprinkle (Fig. 1).
As sheet material are used cardboard, polyestifperglass. Sprinkle is made of
sand, basalt, feldspar or porphyry [2]. As showthiafigure 1 bitumen makes up
more than 2/3 of roofing felt, that is why the pedpes of bitumen have a decisive
influence on the properties of the roofing feltvidalays modified bitumen is used
mainly in waterproofing as well as in the pavemedustry.
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Fig. 1. Composites of roofing felt
Rys. 1. Sktad papy zgrzewalnej

The first attempts of asphalt modification were matithe beginning of the
twentieth century when the method of producingwsidfasphalt, called Dubbs
asphalt was developed. Another attempts made iGQlseof the twentieth centu-
ry resulted in a number of methods to improve troperties of asphalt. The oil
crisis in 1973 and the rapid development of polyofemistry contributed to the
development of technology of modified bitumen [Bhe most common types of
modifiers used are SBS (Styrene-Butadiene-Styrang)APP (Atactic Polypro-
pylene). APP is mostly applied in Southern Eurapgegreas the SBS is the lead-
ing one in Northern Europe.
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Fig. 2. Structural formula of SBS, based on [4]
Rys. 2. Wzér strukturalny SBS, na podstawie [4]

Styrene-butadiene-styrene (SBS) is a thermopladtistomer which con-
sists of three segments. Between two chains ofspolgne there is a chain of
butadiene (Fig. 2). While polybutadiene gives SBSrubber-like properties,
polystyrene gives it its durability.

In the process of crosslinking blocks of styrenanaet with blocks of bu-
tadiene and build durable, flexible and solid nekyavhich gives its properties
to modified binders. As a result of modification 8BS copolymer a distinct
change is made in asphalt properties. The resytiaduct is characterized by:

- greater elastic and ductility (butadiene) [5];

- increasing thermal resistance — better viscogitgreiasing the softening tem-
perature (styrene) [5];

- higher resistance to rutting [5];
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- lower risk of fractures [5];

ability to stress relaxation [6];

ability to elongation at tensile force [6];
high tensile strength [6];

widening the range of plasticity [6];

- better rheological properties [3, 6].

2. Materials and Methods

2.1. Basic bitumen tests

In the study were used following materials:
— 160/220 bitumen (DO0),
160/220 bitumen + 3 wt % radial SBS (DR3),
— 160/220 bitumen + 6 wt % radial SBS (DR6),
— 160/220 bitumen + 9 wt % radial SBS (DR9),
160/220 bitumen + 12 wt % radial SBS (DR12),
— 95/35 bitumen (PO),
— 95/35 bitumen + 2 wt % radial SBS (PR2),
— 95/35 bitumen + 4 wt % radial SBS (PR4).

Three tests of conventional properties were comduébr these samples:
softening point (Ring & Ball method) according tN4EN 1426, needle penetra-
tion at 25 C according to PN-EN 1425 and Fraass breaking aaobrding to
PN-EN 12593.

2.2. Spectral analysis — IR-spectroscopy

Furthermore a spectral analysis was carried omittinfrared range. It is
a range between 4000 and 400'cifihe presence of the functional group is as-
sociated with the characteristic absorption bandke spectrum. The qualitative
and quantitative analyses of the substances caer@med on the basis of the
wavelength, frequencies and the shape of band. qUiamtitative analysis is
based on the Lambert-Beer law:

A=¢-l-cC (1)

Where: A- absorbance;
£ — molar absorptivity, L-mot-cm?;
| — thickness of the sample, cm;
¢ — concentration of the compound in solution, -itél

It must be remembered that the molar intensityhefliands is very sensi-
tive to the intermolecular interaction, which causestability ofe factor, the
deviation from the Lambert-Beer law. Measuring itmegral intensity, the sur-
face under the contour band, is time consumingthecefore the quantitative
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analysis often use the maximum intensity. This eauslditional errors, because
the maximum intensity is strongly dependent onabeuracy of the spectropho-
tometer [7]. It should be noted, that from the thee can read the relative val-
ues of the transmittance or absorbance, accordintpe apparatus used, the
measurement conditions, the sample compositionkreiss of the sample and
its concentration. In addition, carbon dioxide avater vapor, always present in
a normal atmosphere, absorb IR radiation and casecaignificant errors [8].
That is why using IR spectroscopy to quantitatimalgsis is very complicated
and requires high precision.

So far a spectral analysis was possible only tpridis or gases. To conduct
the spectral analysis of bitumen it was necessadissolve bitumen in the sol-
vent (toluene, tetrahydrofuran, carbon disulphid&)ch prepared sample was
transferred on the plate made of KBr. After evapogathe solvent, the spectra
analysis was carried out. At present the parametiespectrophotometer allow
to conduct a spectra analysis of solid materiale flesearch presented in this
paper was performed on the spectrophotometer Nit®#eFT-IR. The set-up of
the spectrophotometer was presented in table 1.

Table 1. Set-up of FT-IR Spectrophotometer
Tabela 1. Parametry pomiarowe dla spektrofotonfeTiR

OB 2T Requirements CoMEEny Requirements
Condition Condition
Number of sample scans 32 Optical velocity 0,4747
Resolution 4 000 Aperture 100
Sample gain 4,0 Scan range 4 000 — 4008 ¢cm

3.Results & Discussion

3.1. Basic bitumen tests

At Fig. 3 and Fig. 4 were presented the resultsfersoftening point (Ring
& Ball method), needle penetration attZband Fraass breaking point. Although
the needle penetration of both non-modified biturdees not reach described
value (35/95 bitumen = 30 and 160/220 bitumen =) 16 result for these bi-
tumen are reference for modified samples. The dithe study is the effect of
polymer modification, non the properties of non-ified bitumen. However
The lower penetration could an effect of the shemn ageing (technological

ageing).
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i 160/220 bitumen + radial SBS
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Fig. 3. Basic tests for 160/220 bitumen modifiechwadial SBS
Rys. 3. Wyniki bad& podstawowych dla asfaltu 160/220 modyfikowanego &Rftalnym

95/35 bitumen + radial SBS
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Fig. 4. Basic tests for 95/35 bitumen modified wikial SBS
Rys. 4. Wyniki bad& podstawowych dla asfaltu 95/35 modyfikowanego S&#ainym
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As shown in Fig. 3 and 4 the softening point inseshwith the increase of
polymer content. The penetration grade and Fraesaking point decreased.
The increase in softening point temperature asdicator of the stiffening ef-
fect of PMBs was favorable since bitumen with higkeftening point may be
less susceptible to permanent deformation. Polymadification reduces tem-
perature susceptibility (as determined by the patien) of the bitumen. Lower
values of penetration indicate higher temperatwsceptibility [9]. The SBS
content improves also the properties of bitumersubzero temperatures. De-
crease the Fraass breaking point causes bettstares to low temperatures.

3.2. Spectral analysis

The chemical structure of bitumen is very comp&daand not fully under-
stood. Bitumen is a highly heterogeneous mixturbyafrocarbons. The compo-
nents of asphalt are classified into four clasfesompounds: saturates, naph-
thene aromatics, polar aromatics and asphaltefjesh@ chemical composition
of bitumen is following:

Carbon (C) — 82 % - 87 %,

Hydrogen (H) — 10 % - 15 %,

Oxygen (O) — 2 % - 3%,

Nitrogen (N) — 0,1 % - 1,0 %,

Sulfur (S) - 0,2 % - 7 %.

Fig. 5, 6 and 7 present the absorption spectr&@f2P0 and 95/35 bitumen
modified with radial SBS and radial SBS. In thegaretween 4000 cm-1 and
2500 cmt there are characteristic bands for C-H, N—H and ©ends. Between
2500 cm' and 2000 cri characteristic bands for=C and &N bonds are no-
ticed. Between 2000 cfrand 1500 cm characteristic bands for C=C, C=0 and
C=N bonds are observed. The most important rangedrinfrared is range be-
tween 1500 crh and 400 cm, also named as fingerprint of substances. In this
range characteristic bands for C—C, C—-O and C-Ni®ane noticed. For all the
spectra we can distinguish many bands, which majebged from hydrocarbon
chains, especially in the range under 150¢.cm

The comparison of the absorption spectra of 1606®#0D95/35 bitumen in-
dicates that the spectra are similar, despite ififierehces in physical properties
and its chemical structure (exchanged the dispeasddthe continuous phase).
There are significant differences between the gibsor spectra of non-modified
and modified bitumen. For bitumen modified by SB& distinguish characteris-
tic bands for wavenumber at 1030-§mM66 cm! and 670 cm. These bands are
characteristic for the SBS and represent the bdreCe-H “out of plane”. The
frequencies of these three bands are also depamwdéue content of the poly-
mer. Intensity of the bands increases with thetamfdof SBS. However, finding
the relationship between the polymer content amditbensity of the band is
a very complicated issue.
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Fig. 5. Absorption spectra of 160/220 bitumen medifwith radial SBS
Rys. 5. Widmo absorpc;ji asfaltu 160/220 modyfikoega radialnym SBS
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Fig. 6. Absorption spectra of SBS and 160/220 bitumedified with radial SBS
Rys. 6. Widmo absorpcji SBS oraz asfaltu 160/220yfikolwanego radialnym SBS
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Fig. 7. Absorption spectra of 95/35 bitumen modifigith radial SBS
Fig. 7. Widmo absorpcji asfaltu 95/35 modyfikowaaegdialnym SBS
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4.Conclusions

Due to increasing demands on the properties ofrigituit has become nec-
essary to use PMB. Currently, the best and the eiftsttive modifier is SBS.
Even the small amount of SBS causes significanh@bs in the properties of
modified asphalt. Unfortunately, the high pricetbé polymer is a temptation
for producers to understate its content in thel fimaduct. Therefore, it is neces-
sary to have a fast and simple method to condualitgtive and quantitative
analyses of PMB. The research confirms that IR tspgcopy was found suita-
ble for the study. Based on the absorption spaxftfaMB it is possible to de-
termine if the bitumen was modify with SBS and toatent of the SBS in mod-
ified bitumen.
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ANALIZA SPEKTRALNA ASFALTOW MODYFIKOWANYCH
POLIMERAMI STOSOWANYCH W WYROBACH
HYDROIZOLACYJNYCH

Streszczenie

Asfalt jest jednym z najeZciej stosowanych materiatow budowlanych. Pierwstbyp jego
modyfikacji byty podgte na pocatku XX wieku. Obecnie najeZciej stosowanym modyfikatorem
jest styren-butadien-styren (SBS). Ten termoplastyedastomer zwksza odporn& termiczry
asfaltu, poszerza jego zakres lepkesypsty oraz zmienia jego wdaiwosci reologiczne. Spektro-
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skopia IR jest najegciej stosowas metod instrumentala w chemii analitycznej. Popularfiote]
metody wynika z prostoty techniki pomiaru, uniwémséci i wysokiej precyzji. Dlatego nidiwe
jest wykorzystanie spektroskopii w zakre§iedniej podczerwieni do analizy asfaltow modyfiko-
wanych polimerami.

Stowa kluczowe:analiza ildciowa, styren-butadien-styren, spektroskogiagnia podczerwie

Przestano do redakcji: 02.11.2016 r.
Przyjeto do druku: 31.03.2017 r.



