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A.method for bitumen analysis by pyrolysis gas chromatography is described_ 
The characteristic ratio of Iight unsatiurated and saturated- hydrocarbons in bitumen 
pyrolyzate was used for the detennintition of the maltene and asphaltene fractions in 
bitumens. Bitumens of various types and origins were investigated. 

INTRODUCTION 

Pyrolysis gas chromatography (CC) is a successful tectique for the charac- 
terization of compiex materials such as polymers, and has also proved to he efhective 
in the characterization of bitumens. Publications on investigations of bitumens by pyro- 
lysis GC imply that it can possibly be used also for the elucidation of bitumen struc- 
tures and for the ident&ation of different bitumen types14, but the procedures de- 
scribed did not result in an anaIytical method for the quantitative determination of 
bitumen composition. The main reasons for this Iack of success are the complex com- 
positions of numerous non-volatile compounds in bitume_ns and the similarity of 
structures and amounts of the various components in daerent types of bitumens. 

The purpose of this work was to investigate the intluence of -the differences in 
structure :of the average asphaltene and maltene molecules on their degradation 
products and to develop ti pyrolysis GC method for the determination of these eon- 
stituents. in bitumens. The light fraction of pyrolyzate was analyzed qualitatively and 
quantitatively in order to- establish the characteristic hehaviour in the degradation 

-processes of asphaltenes and’maltenes. 



Apparatus qd operatihg co&ions -. 
The pyrolysis was carried out in a furnace-type micro-reactor’. A short pre-cut 

column was situated between the pyrolyzer and analytical column so as to prevent the ._ 
heavy fragments from entering the column. The analysts of the light fraction of pyro- 
lyzate was performed under the following conditions. Precut columri: glass, 5 cm x 
3 nun I.D., 10% di-2-ethyihexyl sebacate on Chromosorb P, 30-&l mesh. Analytical 
column: glass, 2 m X. 4 mm I.D., 5 % Carbowax 2OM on alumina pre-treated with 
50% sodium hydroxide in methanol**‘. Can-i er gas : nitrogen at a flow-rate of 40 ml/ 
min. Temperature programme: Z-min isothermal period at 25” then programmed to 
200” at 10°/min. Chromatograph : Perkin-Elmer M-800 with a flame ionization detector_ 

The bitumen samples investigated, classified according to their penetration 
data, and the origins of the related naphthas, were as follows: 

IA: Iraq B-200 (9.0% asphaltenes); 
IB : Iraq B-SO (11.7 % asphaltenes) ; 
IC: Iraq B-65 (14.0 % asphaltenes) ; 
IIA: Iran B-200 (7.6 % asphaltenes); 
IIB: Iran B-80 (9.5 % asphaltenes) ; 
IIC: Iran B-65 (11.5% asphaltenes); 
IID: Iran B-45 (16.5 % asphaltenes); 
IIIA: Vacuum residue “Velebit” N-8. (6.3 % asphaltenes); 
IIIB: Vacuum residue “Velebit” Z. (1.7 % asphaltenes); 
IIIC : Vacuum residue “Kelebija” (4.7 % asphaltenes) ; 
WA: Bitumen of unknown origin (23.7% asphaltenes); 
IVB: l3itumen of unknown origin (27.6% asphaltenes); 
VA, VB and VC : Asphaltene fractions of bitumens IA, IID and IIIC ; 
VIA, VIB and WC: Maltene fractions of bitumens IA, IID and IIIC. 
The samples of asphaltene and maltene fractions of bitumens were prepared by. 

the 1-P. method based on the precipitation of asphaltenes with n-heptanelO. 

RFSULTS 

The GC separation of individual light hydrocarbons under the conditions used 
permitted a reliable interpretation of bitumen pyrograms for both qualitative and 
quantitative purposes (Fig. 1). 

The influence of the differences in the structures of maltenes and asphaltenes 
on the composition-of the light pyrolyzate was investigated at various pyrolysis tem- 
peratures.. In addition to the increase in the total amount of the light degradation 
products with increasing pyrolysis temperature, the composition of the. pyrolyzate 
changed characteristically with the samples of bitumen fractionspyroiyzed. Table L 
shows the relationship between the particular light saturated and unsaturated h#ro- 
carbons found in the pyrolysis products of maltenes and asphzdtenes prepared from 
bitumen sample IA for pyrolysis temperature& in the range 400-700”. The results given 
are the averages of six peak.area (P) measurements. .. : 
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Fig. 1. Typical pyrogram of bitumen. Pyrolysis temperature 500”. Peaks: 1, methane; 2, ethane: 3, 
ethene; 4, propane; 5, prop-ene; 6, isobutane; 7, n-butane; 8, butene-1, isobutene, tram-butene-2; 
9, cis-but&e-2; 10, butadiene; 11, neopentane; 12, isopentane; 13, n-per&me, pentene-1, pentene-2, 
2-methylpentene-1, bmethyipentene-2. 

TABLE I 

THE RELz$TIONSHlP~OF THE PEAK AREA (P) OF UNSATURATED AND SATURATED 
HYDROCARBONS IN PYROLYZATE OF ASPHALTENES (A) AND MALTJZNES (M) AT 
DIFFERENT TEMPERATURES 

Pyrolys fs P~fP~~iPC~ - 
temperature PZlp~3 P,-4lPW4 Pzc~!hs 
(“C) PC3 t Pzd i Prcs 

A M _ A M-A M A M 

400 1.01 1.27 1.17 1.66 1.13 1.35 1.11 1.39 
500 1.28 2.03 1.68 2.37 1.59 2.24 2.49 219 
550 1.81 3.41 2.06 3.80 1.8s 3.41 1.90 3.52 
650 3.29 8.77 4.34 14.12 3.19 7.97 3.63 10.24 
650 5.66 .10.13 7.22 40.07 lS.78 421.80 6.41 14.61 
670 7.15 13.67 12.35 48.33 9.62 102.50 7.92 20.47 

Ah of the relatiouships considered differ strongly in the asphahene and maltene 

.fractions, particularly at higher-pyrolysis temperatures. The greatest differences for 
the bitumen fractions investigated were found in the ratio of penteucs to isopentane 

.&tent in the pyrolyzate. 
However, the best repeatability of the results was established where the sum 

of the peak areas of unsaturated C&Z5 hydrocarbons was related to the sum of the 

peak areas of saturated G-C, hydrocarbons; this ratio is denoted by &. The graph 
of IulS against pyrolysis temperature (Fig. 2) shows the increase in the difference 
between the I& values for qaltenes and asphahenes with increasing temperature. 
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pyrolysis tempxafrue for asphakene (A) and malkne (M) fractions of bitumen 

The experime&J results for 1,~~ versus pyrolysis temperature can be expressed 
by the following equation: 

y= x 
KfLX 

where for asphaltenes K = 942.588 and L = - 1.282 and for maltenes R = 553.096 
and L = -0.786. 

The characteristic ratio of light unsaturated and saturated hydrocarbons in 
bitumen pyrolyzate were used for the determination of the asphaltene and maltene 
contents in bitumen samples. The p_yrolysis temperature was 5&O”, which was high 
enough to obtain distinctive IujS values for each fraction determined’in bitumen, but 
not too high to affect the repeatability of the results Using a sample size of 0.5-I .O mg, 
the repeatability under the above conditions was G,,, = +0.12. The asphaltene and 
maltene fractions prepared from bitumens of various sources and types were investi- 
gated in order to prove the influence of origin one the pyrolysis products (Table II). 
The Iuf5 values arc the means of six measurements_ 

A plot of 1,~~ versus asphaltenes content, obtained by analysis of bitumens of 
known composition (IA, IB, EC, IIIC, IIIA, IVA and maltene fraction of bitumen IA) 
was used as a calibration graph (Fig. 3). 

TABLE II 

I.,. VALUES FCiR ASPHALTENES AND MALT&ES OF BITUMENS OF -DIFFERENT 
ORIGINS 

IIA 7.6 9.05 7.8 
IIB 9.5 8.75 iQ.4 
IB 11.5 8.64 12.4 
IID 7 16.5 8.29 16.8 
VB 27.3 7.78 29.2 

* I.P. l.xl&mdza_- 



Fig. 3. Relationship between IuI. and aspkaltene content in bitumens. Pyrolysis temperature 560”. .- 

Table III gives the results of the pyrolysis CC anaiysis of bitumen samples of 
known composition. The found asphaltene contents in investigated samples are in 
good agreement with the results obtained by the 1-P. methodlo. 

TABLE LII- 

RESULTS OF BITUMEN ANALYSES 

AsghaItenes Maitenes 
--- 

Iraq B-m0 

(I.41 2.36 10.64 
rranB-45 

-fnW 2.37 io.33 
Vacuum residue 

“Ketgbija” 

mc) 2-45 10.69 

DISCUSSION 

The application of pyrolysis GC for analytical purposes requires very strict 
control of the pyrolysis conditions and the complete resolution of the degradation 
products. A. reliable interpretation of pyrograms was achieved by meeting these re- 
qujrements in the light fraction of bitumen pyrolyzate investigated. With the excep- 
tion of-k-pzntane -I- pentenes, the saturated liiht hydrocarbons were completely re- 
-solved from the unsaturated hydrocarbons. 

The relationship between all of the unsaturated and saturated pyrolytic frag- 
ments studied shows a characteristic behaviour of structurally difFemnt bitumen-frac- 
tions. MaItenes, which possess more parafhnic structures -compared with the poly- 
.aromatic structures of asphaltenes, show higher values of the. ratio-of unsaturated to 
saturated hght hydrocarbons in pyrolyzate. These diEerences increase with increasing 
chr+inIen,& .of the pyrolytic fraqnents and with increasing pyrolysis temperature. 
Cotiquently, & the highest applied temperature of 6?0”, the propene to n-propane 
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ratio for maltenes is twice, the butenes to n-butane ratio. foUr times atid the-pentenes 
to isopentani ratio. more than ten times that.for asphaknes -(Table I). ‘. 

-However, with high values of these ratios, the small alkane peaks result in a 
lower accuracy in the peak area measuremen= and a much reduced rtipeatability of 
results. For this reason, the advantage of having the greatest diEerences in the charac- 
teristic peak area ratios between maItmes and asphaltenes was hot r&iized, and the 
most convenient condition that gave the required repeatability was the sum of C,-C, 
unsaturated hydrocarbons against the sum of C&Z, saturated hydrocarbons in the 
pyrolyzate &,) at a pyrolysis temperature of 560”. 

The relationship established between structurally different fractions of bitumen 
and their pyrolyzate compositions is valid for fractions prepared from bitumens of 
various types and origins (Table D). It is obvious that the parts of the maltene and 
asphaltene molecules which, under the conditions of thermal degradation applied, 
produce light fragments appear to have the same or very similar structures regardless 
of the origin of the bitumen. Taking this fact into account, it-is possible to characterize 
bitumens with a high degree of reIiabiWy on the basis of the established Z/s values. 
The achieved repeatability of results (cm1 = f 0.12) permits the determination of 
asphaltenes in bitumens with an accuracy in asphakene content of f 1 OA. These values 
refer to asphaltene contents up to 30x, which represents the usual leveIs.foUnd in 
bitumens. 

The results obtained by pyrolysis GC for the asphaitene content of bitumens 
(Table III) probably give a more accurate picture of the actual asphaltene contents 
than the f.P. method, as the results obtained by the latter include errors due to a varia- 
tion of 20 % in reproducibility. 

The differences in the composition of saturated and unsaturated light hydro- 
Frbons, in maltene and asphaltene pyrolyzate indicate the distinct structure of the 

pyroIyzed sampIes_ The very different values of the pentanes to isopentane ratio in 
maItenes and asphaitenes show the presence of much larger amounts of isopentane in 
asphaltenes. This result agees with the observations of Karr et ai.', who found a 
large amount of highly branched paraffins in the pyrofyzate of asphaltenes. However, 
the unresolved normal and branched oleh do not permit any conclusions to be 
drawn regarding the type and amount of branching in degraded aiiphatic chains, as 
was shov by Brown I1 On the basis of the li&t pyrolytic fragments, one can derive _ 
more conclusions regarding the bitumen constituent structures than has been done so 
far. 
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