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AN IMPORTANT NOTE FOR THE READER

While this report is believed to be correct at the time of publication, Transit
New Zealand and its employees and agents involved in preparation and
publication cannot accept any contractual, tortious or other liability for its
content or for any consequences arising from its use and make no warranties
or representations of any kind whatsoever in relation to any of its contents.

The report is only made available on the basis that all users of it, whether
direct or indirect, must take appropriate legal or other expert advice in-
relation to their own circumstances and must rely solely on their own
judgement and such legal or other expert advice.

The material contained in this report is the output of research and should
not be construed in any way as policy adopted by Transit New Zealand but
may form the basis of future policy.
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EXECUTIVE SUMMARY

During the 1990/91 sealing season numerous unexplained chipseal stripping failures
occurred on New Zealand roads. Many of the examples had been reported where
normal sealing practices had been used but stripping has occurred, sometimes only
weeks after construction.

In the absence of any other obvious common factor, a change in the properties of the
Safaniya bitumen used was considered a possible reason for the failures. The physical
properties of all roading bitumen used in New Zealand are monitored regularly by
Transit New Zealand, and no change outside specification limits in physical properties
such as viscosity and penetration had been detected. Unfortunately a laboratory test
procedure which is able to detect the adhesion properties of bitumen in real chipseals
does not exist.

However, tests which provide a relative adhesion value that can be determined in a
very simplified and closely controlled laboratory environment are available. In the
present work one such laboratory test (based on the Vialit test) was used to compare the
relative adhesion of bitumens from 1986 (before the stripping problem was reported)
and 1991 productions. No significant differences in adhesion were observed.

Although the bitumen’s physical properties were consistent, it was considered possible
that changes in the chemical composition of the bitumen had occurred and were
affecting adhesion. Thus a range of chemical analytical techniques were used to
compare the gross chemical composition of a bitumen produced in 1986 to the three
bitumens produced during 1991.

Elemental analysis, asphaltene content, differential scanning calorimetry, infrared
spectroscopy and proton nuclear magnetic resonance spectroscopy all failed to detect
the presence of significant differences between the 1986 and 1991 bitumens. Using
these techniques did, however, allow easy differentiation between the Safaniya bitumens
and others (used as controls) that were produced (at Marsden Point) either by butane
precipitation or from a Venezuelan crude.

Thermogravimetric (TG) analysis in air did detect differences between the 1986 and
1991 Safaniya samples and, as a consequence, the study was expanded to analyse eight
Safaniya 180/200 penetration bitumens produced between 1984 and 1992. Differences
were also detected between these extra materials, but no trend or pattern relative to the
date of production was observed.



The conclusion is that the differences revealed by thermogravimetric analysis are simply
batch to batch variation, and analogous to the expected batch to batch variation in
physical properties.

Although no significant difference in the composition of the 1986 and 1991 bitumens
is obvious from the results presented here, only a very small sample of the total
bitumen production over that period has been studied.

In addition, the binder actually used in the field is almost always modified with
adhesion agents, fluxes and cutters, and the effects of these additives have not been
considered here.

It is important to remember also that bitumen-aggregate adhesion is a property
determined not only by the properties of the bitumen, but also by the mineralogical
characteristics (and physical state) of the aggregate. All are significant factors in
determining bonding efficiency.
























The strong absorptions in Figure 2 at 1460 and 1375 cm™ are related to the deformation of
CH, and CH,/CH; groups respectively. The broad absorption near 1600 cm™ is largely
attributable to skeletal vibrations of aromatic species. The series of peaks between 700-900
cm™ are also attributable to these groups. The exception is the 723 cm™ band which is
indicative of the presence of paraffinic chains with four or more carbons. The absence of
any strong carbonyl absorption in the 1700 cm™ region and the small sulphoxide peak at
1030 cm™ suggest that none of the bitumens have been oxidised significantly.

The sulphoxide and carbonyl regions can be more clearly seen in Figures 3 and 4. The
degree of absorption in these regions is a good indication of the extent of binder oxidation.
Species formed during oxidation such as carboxylic acids are thought to be important in the
mechanism of bitumen/aggregate disbonding (Plancher et al. 1977).

Overall the spectra for the Safaniya bitumens are virtually identical to one another. The
Venezuelan bitumen (sample 501), used as a control, can however be clearly distinguished,
in particular in the 2800-3000 cm™ region and at 975 and 1160 cm™.

6. ASPHALTENE CONTENT

Asphaltenes (n-heptane) were determined according to ASTM D3279 (1992), except grade
4 porosity sintered glass crucibles replaced asbestos fibre filter mats, and the dispersions
were allowed to stand for 17-20 hours after reflux. The latter modification allows a more
complete precipitation of the asphaltenes (Speight et al. 1984).

Results are given in Table 4. The 95% confidence limits given are based on the pooled

standard deviation of the duplicates. The asphaltene contents do not suggest any difference
between the four Safaniya bitumens.

Table 4. Asphaltene content of the bitumens.

Bitumen Asphaltenes % w/w Mean (+0.2)*
537 13.16 12.81 13.0
52 13.15 13.16 13.2
225 13.46 13.17 13.3
478 13.40 13.61 13.5
501 16.36 16.67 16.5

* 95% confidence limit based on the pooled standard deviation
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7. DIFFERENTIAL SCANNING CALORIMETRY (DSC)

DSC analyses were carried out in April 1992 at DSIR Chemistry using a Perkin-Elmer
instrument. A 3-6 mg sample was sealed in an aluminium pan and heated to 80°C. The
sample was precooled (10°C/min) to -80°C and then heated at 10°C/min to 80°C. An empty
aluminium pan was used as the reference.

The thermograms obtained are presented in Figures 5 to 9. Figures 5a and 5b show replicate
runs on bitumen 537. The variation in the general slope of the curve is an instrumental
artefact, the important features in the thermograms being those relative to the curve itself and
these appear quite reproducible.

The mid points of the transitions detected were determined in the manner shown in Figure 7,
and are reported in Table 5. All the bitumens showed two transitions, with the exception of
bitumen 478. The general shape of the curves is similar to those obtained by others (Noel
and Corbett 1970, Huynh et al. 1978, Enustun et al. 1990) and, following these researchers,
the lower temperature transition was attributed to the glass transition (Tg). Given the
subtlety of the transition, as shown in the thermograms of the other bitumens, the failure to
detect a Tg in bitumen 478 is probably simply related to a lack of sensitivity in the
instrument.

The higher temperature transition is of uncertain origin. Noel and Corbett (1970) attribute
it to the fusion of crystallised waxes in the bitumen, while Enustun et al. (1990) believe it
may be a manifestation of a gel-sol transformation.

All the Safaniya bitumens gave similar values for Tg (~-25°C) and the higher temperature

transition (~ +7°C). The Venezuelan bitumen has a similar Tg, but a much higher value
(24°C) for the higher temperature transition.

Table 5. Differential scanning calorimetry analyses of the bitumens.

Bitumen First (Glass) Transition* Second Transition*
(°0) (°C)
537 -25 +8
52 -25 +7
225 -24 +7
478 - +8
501 -25 +24

* Calculation procedure shown on Figure 6
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8. PROTON NUCLEAR MAGNETIC RESONANCE (nmr) SPECTRA

Proton nmr spectra were recorded in April 1992 at DSIR Chemistry. Samples were run at
room temperature as 10.0% solutions in CDCl; on a Bruker 250 MHz instrument using
trimethyl-silane (TMS) as internal standard.

A number of replicate samples were run for each bitumen, and some existing data for similar
bitumens were used to help establish confidence limits.

The spectra of the bitumens were qualitatively identical as can be seen from Figures 10 to
14. Following the literature (Dereppe et al. 1978, Dickinson 1980), the spectra were divided
into regions according to the proton type contributing to the signal in that region. These
assignments were as follows:

Chemical Shift Range  Assignment

(ppm from TMS) (relative to anaromatic ring)

0.5-1.0 H, (v or greater CH,)

1.0-2.0 H; (8 CH,, 8 or greater CH,, 8 or greater CH)

2.0-4.5 H, (o CH;, o CH,, a CH, ccx CH,, possibly some CH, as in indane)
4.5-6.0 H, 5. (not observed in any of the bitumens studied)

6.2-9.3 H, (aromatic ring protons, aromatic heterocycles)

Following the approximation usually made in the literature, the contribution from protons
directly attached to heteroatoms (which would be very small) was ignored.

The results for hydrogen type are given in Table 6, expressed as a percentage of the total
integral. The 95 % confidence limits given are based on the pooled standard deviation of the
data given in the table plus other results on similar bitumens.

The distribution of hydrogen types among the Safaniya bitumens is very similar and does not
support the contention that the bitumens are different in any way. The technique does expose
differences between the Safaniya and Venezuelan bitumens, as expected from examination
of the aliphatic stretching region of the infrared spectra (Figure 1).

Table 6. Proton nmr analyses for the bitumens.

Hydrogen Type as % of Total Integrated Intensity
Bitumen (Mean of Replicate Determinations) H,/H, + Hy + H,
(No. of +0.002
Replicates) H, H, H, H,
+0.1 +0.3 +0.3 +0.1

537 (12) 13.5 62.4 18.0 6.1 0.065

52 (2) 13.4 61.3 18.8 6.5 0.070

225 (2) 13.5 61.5 18.4 6.6 0.071

478 (2) 13.4 61.9 18.4 6.3 0.067

501 (6) 14.8 59.0 20.2 6.2 0.066

21



Figure 10.

Figure 11.

A

1010‘ ‘9?0‘ o '5.‘0‘ ) '7.'0‘ o ’5.‘0‘ 5‘.0 3,'0 2,‘0 0.0
ppm
Proton nmr spectrum for bitumen 537
1(;‘0 9‘0 S.‘O 7.0 G'O 5‘.0 3!0 2,‘0 ) OTO
ppm

Proton nmr spectrum for bitumen 52

22



10.0 9.0 8.0 7.0 6.0 5.0
ppm
Figure 12.  Proton nmr spectrum for bitumen 225
| 100 so sl "o 5.0 6.0 o 30 2l o 00
ppm

Figure 13.  Proton nmr spectrum for bitumen 478

23



10.0 5.0 : : : - 0.0

Figure 14.  Proton nmr spectrum for bitumen 501

9. THERMOGRAVIMETRIC ANALYSES

Experiments were carried out on a Mettler TG50 thermobalance controlled by a Mettler
TCI10A processor. The raw data were transferred to a computer for analysis. Bitumen
samples (10-11 mg) were heated at 5°C/min in an open platinum crucible (5 mm high, 5 mm
id) in an air- or nitrogen-purge gas (200 cm® min™"). Inorganic ash contents of the bitumens
were negligible (<0.1% w/w), and were ignored in the subsequent data treatment.

Thermogravimetric curves for the bitumens under air and nitrogen atmospheres are presented
in Figures 15 to 23. The first derivative of each curve is also shown (i.e. the rate of loss
of weight with time) which makes visual comparison of the curves easier. Tables 7a and 7b
list weight losses under air and nitrogen over the specified temperature intervals as a
percentage of the total weight lost.

All experiments run under air show numerous non-reproducible sharp spikes and peaks that
can occur at any point in the profile, although they usually appear between ~ 340-460°C.
This noise is not an instrumental artefact and its origin has been discussed elsewhere
(Herrington et al. 1992). Apart from this region, the curves for the Safaniya bitumens are
qualitatively similar.
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The Venezuelan bitumen can be easily distinguished by the temperature (~460°C) of the
largest dtg (differential thermogravimetric) maxima, as it is always somewhat lower than that
of the Safaniya materials (~510°C).

The thermogravimetric curves for the bitumens under nitrogen (Figures 20-23) are
qualitatively very similar. Examination of the weight loss data extracted from these curves
(Table 7b) also fails to show any difference between the bitumens. The weight loss data
under air (Table 7a) do, however, show a clear difference between the 1986 and 1991
Safaniya bitumens in the 400-600°C region. Given that the analyses previously discussed
showed no significant difference between the Safaniya bitumens, it was considered important
to verify the weight loss results (in air) before drawing conclusions. To this end four other
180/200 Safaniya bitumens were selected for study.

Two of these (samples 204, 284) were recently produced (March and May 1992
respectively), another (606) was produced September 1990, and a fourth (448) was a
November 1984 bitumen that had only recently been found. Thermogravimetric analyses
under air, using the same conditions as for the first set of samples, were carried out on the
extra bitumens and the results are presented in Table 7c. (Unfortunately the fourth bitumen
was located too late to be included in the other analyses carried out as part of this study.)

All eight Safaniya bitumens show that the weight losses in the 400-600°C interval vary
considerably, though without any obvious trend or pattern. Clearly the low result obtained
for bitumen 537 is also somewhat anomalous. The lack of any trend relating to the date of
production can be clearly seen in Table 8 by comparing mean weight losses in the 400-500°C
and 500-600°C regions:

Table 8. Mean weight losses (%) of Safaniya bitumens between 400°C and 600°C.

Bitumen 448 537 606 52 225 478 204 284

Sample date 1984 1986 1990 1991 1991 1991 1992 1992
(Nov)  (Apr)  (Sept)  (Feb)  (May) (Nov) (Mar) (May)

Temperature Mean Weight Loss (%)

400-500°C 47.6 52.8 49.9 47.3 47.8 48.0 49.8 45.7

500-600°C 25.0 16.0 20.2 21.8 22.6 21.1 20.7 25.1

Although there is variation in weight loss in the 400-600°C region between the bitumens, the
results for replicate determinations on the same material are relatively consistent. This
suggests that the differences are systematic and not just a random effect.
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Figure 15.  Thermogravimetric curves (air atmosphere), bitumen 537
First derivative of mass curves (two replicates)
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First derivative of mass curves (two replicates)
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Figure 20.  Thermogravimetric curves (nitrogen atmosphere), bitumen 537

38



X

dtg (mg/s)

mass (mg)

Bitumen B2

1E-4)
-] 100 200 300 400 560 600 g1} 800 (=173 16098
temperature (C)
First derivative of mass curve
Mass curve

0 100 206 380 400 See aee’ 700 go0e =171 io0eo

temperature (C)
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39



(X 1E-3)

dtg (mg/s)

mass (mg)

Bitumen 225

1 ! LI T I 1 1T 7 ! 1 11 ! LI L.t ! LA B N | ! T 1 1 1 l T 17 1T 7

‘ LELLE

| T 1 1 1 !

iee 200 300 480 500 600 7080 860

temperature (C)

First derivative of mass curve

Mass curve

see

100680

lllltIIll||ll||l‘|llllll|l||||

||||||||1||

Figure 22.

188 200 300 408 B00 6009 7008 8ee

temperature (C)

Thermogravimetric curves (nitrogen atmosphere), bitumen 225

40

g0

i1008




Bitumen 478

(X 1E~-4)
‘ T T | 1 ‘ T T T T I 1 T T T I T 1 T 1 ' H ¥ T T T T T T ! T T T 1 T T H i T T ] T l T
- = . . . . | . 4 ]
_3 S— —]
..13 — ot
~ R _
[ R
» N
o - ]
E -23 |- —
o B i
)
T — -
—33 — o
_43  — J—
-53 b— —
%] 1008 208 300 409 500 600 780 800 =1-1"] 1600
temperature (C)
First derivative of mass curve
Mass curve
)
£
Nt
0
0n
]
E

P T U N, T b S PN R N R TP e e ]
‘ I\ i) 1 1 I 1 i i 1 l 1 i 1 i I 1 1 1 1 l 1 1 1 1 ! i 1 1 1 ' 1 1 1 1 ‘ 1. i} L 1 I 1. 1 H 1 I 1 I3 H L I
@ 109 200 3080 400 500 600 708 800 =11 1000
temperature (C)
Figure 23.  Thermogravimetric curves (nitrogen atmosphere), bitumen 478
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10. PHYSICAL ADHESION

During the course of this work we became aware of earlier data (G.F.A. Ball, unpublished
data) comparing the adhesion of bitumen 537 and a 1989 180/200 bitumen (which met the
specifications of TNZ M/1). The procedure used in that work was based on that of the Vialit
test currently used for adhesion agent approval. The two procedures are described here.

Procedure 1 (from Ball) - Galvanised iron plates (20 x 20 cm) were coated with a film of
bitumen (40g) and allowed to stand (2 hours) in a constant temperature room (21°C). One
hundred washed and air-dried chippings, also at 21°C, were placed individually on each plate
and rolled in. The prepared plates were allowed to stand at 21°C for 24 hours (to allow
good bond formation) and were then placed in a 21°C water bath for a further 22 hours.
After this time, plates were removed (four at a time) at intervals and tested as for the
standard Vialit test. Results for this work are presented in Table 9. Although there is some
variation, both bitumens are seen to have given very similar adhesion values.

Procedure 2 (after Ball) - To compare results of our procedure with those of Ball, another
test was carried out using bitumens 537 and 225. Ball’s procedure was followed except that
the plates were not immersed in water and were tested at intervals timed from the addition
of the chip, i.e. without an initial "bond formation" period. The results (Table 9) show that
both bitumens give comparable values although the results are all near the 100% mark.

Table 9. Physical adhesion test data.

Procedure 1 (from Ball): 24-hours bond formation followed by 22 hours water immersion at 21.0°C +0.5

Bitumen Percentage of Chips

Retained
537 75.5
"1989" 77.8

Procedure 2 (after Ball): immediate testing after rolling, without 24-hour bond formation at 21.0°C +0.5

Percentage of Chips Retained at Specified Times
Bitumen
025 { 0.5 1 4 8 24 Hours
537 n.d. n.d. 95 100 95 98
225 100 97 98 100 100 100

n.d. = not determined
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11. CONCLUSIONS

The physical properties (as measured according to TNZ M/1), elemental analyses, nmr
spectra, IR spectra, asphaltene content, and DSC thermograms of the 1986 and 1991 Safaniya
bitumens are very similar, and do not support the contention that the old and new materials
are significantly different. This is also borne out by the results of the simple adhesion test
that was carried out.

Although the molecular weight of the 1986 bitumen is lower than those of the 1991 bitumens,
the spread of results between these materials is too large to confidently conclude that this
difference is significant.

The thermogravimetric analyses carried out in air show clear differences between the eight
Safaniya bitumens studied. The weight losses in air at such high temperatures are related to
a complex combination of pyrolysis and oxidative decomposition reactions. The differences
in the weight loss data are thus difficult to interpret in terms of the original bitumen
composition, although no apparent trend or pattern differentiates the pre-1990 samples from
the later bitumens.

No significant difference in the composition of the 1986 and 1991 bitumens is obvious from
the results presented here, although only a very small sample of the total bitumen production
over that period has been studied.

In addition, the binder actually used in the field is almost always modified with adhesion
agents, fluxes and cutters, and the effects of these additives have not been considered here.

Bitumen-aggregate adhesion is a property determined not only by the properties of the

bitumen, but also by the mineralogical characteristics (and physical state) of the aggregate.
All are significant factors in determining bonding efficiency.

43



12,

RECOMMENDATIONS

Given that the bitumen being produced in New Zealand appears to be consistent in
terms of its chemical composition, work that establishes the number and exact
circumstances surrounding reported stripping failures is necessary. This will allow
common contributory factors or combinations of factors to be identified.

To provide rapid answers to the immediate problem, efforts should be directed
towards development of a method for the direct, realistic, empirical comparison of
physical adhesion of different bitumens.

Such a procedure would be used simply as a research tool, and thus would not require
the refinements and scale of investment previously made to establish the Vialit test
currently used for determining the relative effectiveness of adhesion agents.

Such research should complement the research project "Adhesion Properties of
Bitumen for Chipsealing" (PR3-0057), currently being undertaken by Works Central
Laboratories.

The inclusion of some form of chemical characterisation (such as thermogravimetry
or infrared analysis) should be considered as an adjunct to the routine TNZ M/1
testing carried out under the current bulk bitumen programme. This would provide
a database for the comparison of bitumens, and allow detection of trends or sudden
changes.
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