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Many tests are used for the scientific and practical characterization of 
bitumen;::. The number of these tests is so great that the results become rather 
limited, and often even a research specialist in this field is unable to correlate 
the data collected with much care and labour. Comparison of results obtained 
by various workers is extremely difficult hecause the tests generally used are 
not standardized hut have a research character and are therefore quite 
different. 

No doubt, the main difficulty originates in the very complicated struc
tural buildup of bitumens, especially when investigations are carried out 
with respect to the single compounds. Bitumen, a substance that is composed 
of compounds of high molecular weights, and which is the result of a very 
complex geological history, contains a high number and variety of organic 
chemical compounds. Besides carbon and hydrogen, small quantities of sul
phur, oxygen and nitrogen are present in it as heteroatoms, and, also in 
small quantities, sometimes in trace quantities only, metal-organic compounds 
are also to be detected. 

The position becomes somewhat simpler if bitumens are classified accord
ing to groups of compounds that show definite physical and chemical charac
teristics and can be prepared by chemical solubility and adsorption methods. 
Groups of compounds defined on the basis of best known methods of group
analysis are the oils, the resins, the asphaltenes, the carbenes, the carboids, 
the acids, etc. Following the first up-to-date concept, presented by NELL
STEYN [1], of the colloidal structure of bitumens, quite a number of authors 
have proved it. Briefly, and much simplified, it can he said that the innermost 
core of the structure is made up of the so-called asphaltenes, that the resinous 
part surrounds this in the form of a defending colloid and peptizing it in 
different measures in the oily phase. Of course, the real picture is not as simple 
as that, and transitionary structures as functions of intermicellary forces, 
polarity, and molecular weights, of the compounds are probably more compli
cated depending on the effects of the physical state and the temperature of 
the system. On the basis of the state of peptization of the micelles, and of 

1 Periodica Polytcchnica Ch. X1/3-J. 
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the structures evolved, authors distinguish sols and gels, and the most often 
transitionary sol-gel type. Naturally, since it is a substance of technological 
character even in a preponderantly scientific study, questions that per
tain to raw materials production methods and application technology cannot 
be left out of consideration. 

It is for ahout 15 years that we occupy ourselves with research in the 
field of bitumen structures and technologies. During this time wc tried to 
fashion our research tools in such a way that having made a selection as to 
the best from the point of vie'w of application, these we used consequently 
even when their number had to he increased. Thus a comparatively large and 
many-sided body of research experience has been accumulated. Part of the inves
tigated bitumens originate from the Hungarian CHIdes of NagylcllgyeL and 
since 'I'ith these neither the raw material nor technological features vary to 
any great extent, they can also serve as a hasis of comparison. 

The aim of this paper is an attempt, hy a retrospective survey, at bring
ing into correlation the data we have gathered in the course of invcstigations 
[3-19] that moyecl in various directions, and at drawing the appropriate 
scientific and technological inferences therefrom. 

Table 1 

Bitumen test-chart of a research institute 

Density. d25 

Softenin:g point 
Ring and Ball method 
Krnmer- Sarnow method 

Penetration at OCC ......... . 
1;:;2C ......... . 
25 c C ......... . 
40°C ......... . 
SO°C ......... . 
60 Q C ......... . 

Penetration index. P. I. 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

Ductility at cC .............. . 
15 c C .............. . 
2S0C 
40°C 

Viscosity at QC 
QC 
QC 
cC 
cC 
cC 

Equiviscosity temperature 
at 20,000 cSt .............. . 

2,000 cSt .............. . 
200 cSt .............. . 

Fraas break point ................ . 
Stiffness modulus 
.... QC ........ sec ............ . 

°C sec ............ . 
°C sec ............ . 

Loss on heating at 163°C ........ . 
at higher temps .......... . 

QC 
cC 

InID 

mm 
mIll 
Inm 
mm 
mm 

cm 
cm 
CIn 
cm 

Nlm2 

Njm2 

Nlm2 

,,:.% 
w.% 

Softening point 
Ring and Ball method ........ . 

Rise of softening point 
Ring and Ball method ..... . 

Penetration at 25c C ........... 0.1 mm 
Increase of penetration .......... . 
Ductilityat .... cC ............. . 
Break Ijoin t ...................• 
Rise of break point ............. . 

0/ 
10 

mm 
cC 

Loss on heating at 220°C ......... w. % 
at higher temps. ........... w.% 

Softening point 
Ring and Ball method ..... . 

Penetration at 2SoC, .......... 0.1 mm 
Break point .................... cC 
Flash point, open cup ........... . 
Fuming temperature ............ . 
Solubility in benzene ............ . 
Insolubles in cyclo-hexane ....... . 
Asphaltene, n-heptane ........... . 
Flocculation behaviour 

(FR 10) ......... % xylene-
Sweat test (filter paper) 
Sulphur content. . .. . . . . . . . . . • . .. w. % 
Paraffin ........................ w. % 
M.p. of paraffin ................. cC 
Ash ............................ w.S:" 
Saltcontent .................... w.% 
Neutralization number mg KOH/g 
Sapouification number ...... mg KOH/g 
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For the purpose of comparison with practical data, we have rctained 
the parameters of standard technological character but do not deal" ith their 
critieism or their scientific merit ill great detail, neither do we wish to make 
a stand concerning their inclusion into standard specifications. Rather, we 
wish to illustrate the complexity of the present situation by the reproduction 
(cf. Table 1) of a te:::t chart of a research institute [2]. The ultimatc aim cou](l 
he the development of a scientific classification system ·wherehy alEG tcch
nological applicahility could hc predicted. 

,Vith a yiew to technieal applieability, thc aim of research is to help 
the manufacture of a product that 

1. is rcsistant to effccts of yarious strength and duration (c.g. to those 
of the load" of traffic in thc case of hitumen;; in road coni3tructiol1) uncler 
extreme physical conditions like summer heat, and ,,"inter cold: 

2. is rei3istant to the external chemical or physical ageing cffccts like 
aggressiye grounchl-aters, climatic ageing; 

3. maintains its adhesion properties, posi3ibly under any condition. 
Viith these features .in mind, we haye selected the principal lines of our 

research as follow:::. 
We im-ei3tigated 
mechanieal, rheological, 
chemical and structural, and 
structural agcing properties 

of hitumens. 
Though wc did some researeh concerning adhesion characteristic>" we 

will not discuss these here because adhesion is a funetion of the I'm'facc 
involved as well as that of the hitumen itself. 

Studies concerning mechanics and rheology 

No douht, this is the group of propertie:3 for the testing of which :n;wst 
of the conventional and research methods are used, and thc inycs tigation of 
which had been carried out to the greatest extent. We too have done most 
of our work [3-19] in this field. 

The problem of an adequate instrument restricts the ehoice of scientif
ically founded rheological methods. Bitumen too is a viscoclastic substance, 
its mechanical, or rheological properties val'y accordingly. Duc to their 
colloidal structure, most types of hitumen do not, at least helow ccrtain 
temperatlll'es, obey Newton's law, i.e. sheal' stress is not proportional to shear 
l'ate. Thus, the viscosity of hitumens is not exclusively a function of tem
perature but also of conditions of flow. In this case we speak of a so-called 
"appal'ent" viscosity, keeping in mind that whereas this is a material constant 
of Newtonian liquids, it is a genel'alization in our case and sel'ves to charac-

1 * 
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terizc flow phenomena, but cannot be considered as a specific and constant 
property of the substance. Consequently, for viscosity data that relate to 
bitumens, besides test temperature also shear rate values must be stated. 

If viscoelastic effects are to be tested, an instrument is needed that 
enables the ratio of deformation to shear stress force to be measured as a 
function of time, i.e. the modulus of viscoelasticity or "stiffness", as POEL [20] 
has named it. 

Typical "stiffness modulus" vs. load time curves are shown in Fig. 1. 
With loads of short duration elasticity effects are in evidence (horizontal part 

IO~L-__ ~ ____ ~ ____________ ~ ________ __ 

w~ w~ ro ~ ~ 
time ot ioading, sec 

Fig. 1. Stiffness YS. time of loading ,-,urye, characteristic for yarions bi tnmens 

of the curvc). With loads of long duration, viscous flow emerges independent 
of timc (descent at 45° of the curve). The transition part is small, a rise in 
temperature causes a shift. Curve 3 represents the data of a blown bitumen; 
with these types "stiffness" is less subject to the effect of the time of loading, 
and prolonged elasticity effects come to the fore. 

Omitting details of the question, we note that a similar curve appears 
in the case of bitumens of the same rheological character at the same tem
perature, reckoned from the softening point. On this basis a nomogram has 
been constructed [2, 20] and is used quite frequently to determine, from the 
known value of the softening point and from that of the penetration index, 
"stiffness" at a chosen temperature and time of loading, i.e. to determine 
"stiffness modulus". 

In lack of an adequate instrument, we developed another form of 
rheological characterization. 

To arrive at an informative characterization of a bitumen, hardness 
and rheological character data are necessary. Among the conventional data, 
hardness can be assessed, at a first approximation, by penetration. Rheological 
character can be deduced from the so-called penetration index [21,4, 13], i.e. 
the ratio of penetration to softening point. A penetration index may be 
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read off a graph, or can be calculated. Its value for bitumens IS generally 
between - 3 and 8. PFElFFER, and VAl\" DOORl\IAL propose [21] a classification 
also characteristic of structure; according to this proposal bitumens with a 
penetration index of, or lower than, -2 are purely viscous or nearly so (so
called pitch type~), those of a penetration index bet\\'een -2 and 2 are 
the so-called sol types (most of the road building kinds), and those of a 
penetration index of 2 or higher are the gel type bitumens. According to 
our present knowledge of rheological phenomena this classification is obsolete 
and does not take into account the changes in the state of the system in 
function of temperature and time of loading, nevertheless the penetration 
index serves fairly well for a first approximation, and quite a numher of 
nomograms ha've been constructed with the aid of which rheological features 
like the stiffness mentioned, ductility, Fraas break point, can be determined 
from softening point and penetration values, or from the penetration index. 

In former communications [6, 10, 13] we have discussed our comprehen
sive research system, de-..--eloped for the rheological assessment of Hungarian 
bitumens, including tests and evaluation methods. Among the mechanical 
properties, resistance to deformation and break strength may be emphasizcd 
as the most important. Resistance to deformation is a property of "\\-hich the 
knowledge at maximum utilization temperature is the most important, break 
strength is the one of which the knowledge at minimum utilization temperature 
is the most important. Mechanical properties must be tested both for static 
and dynamic conditions because in practice projects are submitted to both 
these types of stress and to transitionary types between them. 

We have dealt several times with the indirect characterization of resis
tance to deformation and of its correlation with structure. Data were measured 
at various temperatures with a HappIer type consistometer generally on 
samples at rest for 24 hours. For rheological characterization the so-called 
degree of complex flow was used with the restriction that measurements 
were carried out around the softening point and from 30 to 70°C below it, 
under circumstances defined for 10ce interyals. Ayerage shear rate values 
were plotted in a log/log graph as the function of shear stress. Generally, 
measured yalues gaye a straight line that could be described by the equation 

where F = shear strcss in dynes per square centimetre, S shear rate in sec-1 

and c = the slope of the line log S vs. log F referred to the shear rate axis, i.e. 
the degree of complex flow. NI F if S = 1. It was found that if the degree 
of complex flow 'was plotted as a function of the temperature reckoned from the 
softening point, a cun-e characteristic for the structure i", obtained. TRAXLER 
[22] eomments on the numerical values of the degree of complex flow as follows. 



214 L. VAJTA 

If this yalne is unity, then, structurally, hitumen is a N e,\-tonian fluid, pitch
like, or Cl YCl'y v.-~ll peptized sol. If this value is less than unity, then hitumen 
IS a sol; Hl'OmuJ a valuc of 0.7 hitumen is a transition between sol and gel, 
and at around 0.5 hitumen is of a distinct gel structure. 

Though in the COU£:3e of these te~t" viscosity values can also he cal
culated, for the characterization of hardness the softening point or penetration 
values ,ycre retained. 

Impact-Lending strength was measured with a Schopper type hammer 
mechanism functioning on the Charpy principle, the method evolved by us 
is described in detail elsewhere [9]. A hammer mechanism of maximum 
40 cm.kp work capacity -was used on test pieces of 25 mm by 15 mm 0 without 
incision: five such pieces were poured at one time. The requiTed temperatuTe 
of the [('st pieces ,,-as adjusted in an ultrathermostat, and the wOTk expended 
on the breakillg of the pieees -was measured. Tables 2, 3 and 4 show the 

Ser. 
nnmber 

1. 

2. 

3. 

4. 

5. 

6. 

j. 

8. 

Tahle 2 

Rheology and impact-hending strength of hitumens 

Proecss 

Vac. dist. residue 

Vac. dist resiclue 

Vac. dist. residue 

Vac. dist. residue 

Vac. dist. residue 

Blown 

Blown, from fuel oil 

Vac. dist. residue 

SofteninG' Pene~:~tioll Penetration Asphaltene 
point. cC ~\ -~ll~' index t:Uutent, ~~ 

33 300 f 17.6 

39 249 -"-0.6 18.2 
-? 
;)- 76 -0.5 21.6 

56.5 53.5 -i-004 22.4 

70 23.0 -i-1.0 28.6 

88 22 -;-3.5 3404 

99 24.0 +4.8 38.8 

100 4 +1.9 33.8 

40£ = aboye -10 cm.kp 
T broken. hut could not he measured 
R = cracked 

Degree of complex. f10\~P 

10 20 30 40 

0.78 0.81 0.84. 

0.60 0.72 0.85 0.90 

0.58 0.69 0.74 0.82 

0.60 0.71 0.78 0.81 

0.58 0.65 

0.'15 0.'18 

0.35 0.37 

results; Table 2 for Nagylengyel hitumens variously produced, Table 3 for 
distillation residue bitumen::: from various crudes, and Table 4, for hitumens 

from Romaskino crucIes. 
Before we discuss correlations, it is well to eall to mind that hitumen 

is a viscoelas tie substance the mechanical properties of which largely depend 
on temperature, load and time of loading. At high temperatuTe and under 
great loads it is a Newtonian fluid, at 10\\- temperature and short time of 
loading it lwhaves as an elastic solid. In het,,-een, i.e. during use and under 
conditions for the determination of the degree of complex flow, their behaviour 
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is very complex indeed, and, in most instances, depends on the degree of 
their deformation. If the data in Tables 2, 3 and 4 are considered, it will be 
seen that for bitumens of given hardness primarily the data about impact
bending strength measured above ooe merit investigation; below Oee the 
differences are rather blurred. 

The least rigid and brittle are the N agylengyel bitumens. On the basis 
of degrees of complex no·w, bitumens from distiHation residues sho'w a tran
sitionary structure within the temperature domain round ahout the softening 
point. However, ·when temperature is lowered, this turns into a gel structure 
and the curve of the degree of complex flow tends towards the 0.3 lower limit 
value. If hlown, the Nagylengyel bitumens trend gradually to acquire a gel 
structure and, at values diminishing parallel to the degree of complex flow 
or at increasing values of the penetration index, the impact-hending strength 

manufactured from Nagylengyel stock 

flow 
Work expended. cm.kp, on the breaking of test pieces 

ldth cross·section 25 by 15 mm 

50 60 70 80 90 I ..!.-30 ..!.-20 ..!.-15 ..!.-10 +5 -10 -20 

cC 

40 f 15.5 10.5 

40 f R 23 9.5 8.5 

0.85 40 f 31.5 14.5 10.5 7.5 6 

0.84 40 f R 23.5 18.5 10 8.5 7 6.5 

0.7-1 0.82 0.85 40 f T 19 13.5 8 7.5 6 5.5 

0.55 0.60 0.65 0.70 40 f T ?- -_0.;) 16 11.5 6.5 6 

0.40 0.42 0.'13 GA5 0.'19 40 f T 17 7.5 7 6 

0.60 0.67 0.73 0.75 0.80 12 8 7.5 7 6.5 6.5 6.5 5.5 

values measured above ooe and referred to the softening point become 
greater. 

Referred to meaSllre of hlowing, degrees of complex flow of blown 
hitumens in function of temperature describe a flat curve. These types of 
bitumen contain a comparatively great amount of asphaltenes not very 
highly peptized. 

Much more brittle and of little impact-hending strength also above 
ooe are the distillation residue hitumens ·with low asphaltene content, i.e. 
those of l\Iatzen, Romaskino and Tujmaz. The degree of complex flow around 
the softening point and in the temperature range investigated has a value 
of ahout unity. From the point of view of rheology, around their softening point 
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Rheology and impact-bending 

Ser. I Softening Penetration 

number I Origin point, cC 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

I 
! 

Nagylengyel 

Matzen 53 

Tujmaz 51 

Lispe 55 

N agylengyel -~ 

"" 
Romaskino 53 

50% Nagylengyel, 50% 

Romaskino 53 

U.S.S.R. 50 

50% Nagylengyel, 50% 

U.S.S.R. 52 

40 f = above 40 cm.kp 
T = broken. but could not be measured 
R = cracked 

at 25c C, 
0.1 mm 

76 

55 

48 

80.5 

68.5 

39 

53 

54.5 

55.5 

Penetration 
index 

+0.5 

0 

-1.0 

+1.4 

+0.4 

-1.0 

-0.3 

-1.0 

-0.4 

Table 3 

strength of bitumens of 

Degree of 

Asphaltene 
cO;)lplex 

content, % 
10 20 

°C 

0.58 0.69 

1 1 

12.3 0.8 1 

1 alatt 0.7 

21.8 0.60 0.71 

6.1 0.84, 

14.5 0.75 

5.1 0.85 0.88 

13.6 0.75 

Table 4 

Rheology and impact-bending strength of hitumens 

Ser. ! 
number 

1. 

2. 

3. 

4. 

;). 

6. 

.. 

Process 

-~----

Vac. dist. residue 

Vac. dist. residue 

Vac. dist. residue 

Blown 

Blown 

Blown 

Blown 

40f = ahove 40 cIll.kp 

Softening 
point, cC 

53 

50 

38 

55 

64.5 

68.5 

82 

Penctration 
at 25~C, 

0.1 mm 

39 

54.5 

237 

57 

26 

22.5 

12 

T = broken, hut could not he Illcasurcd 
R = cracked 

-1.0 

-1.0 

-0.2 

-0.6 

+0.4 

+0.8 

+1.2 

Asphaltenc 
content, 9~ 

6.1 

5.1 
,., , 

14.9 

16.2 

16.3 

20.4 

Degree of complex 

10 20 30 

cc 

0.3.J. 0.87 

0.85 0.88 0.92 

0.37 0.93 

0.57 0.68 

0.58 0.67 

0,47 0.54 

O.'1S 
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vaCUUlll distillation re si dues from various origin 

fIo, .. · 
\'\'"ork expended~ cm.kpt on the breaking of test pieces 

with cross section 25 by 15 mm2 

30 40 +20 +15 ! +10 +5 -5 -10 -15 -~o 

cC 

0.74 0.82 40 f 31.5 14..5 10.5 10.0 7.5 6.5 6 

1 1 14. 8 7.5 6.5 6 5 4·.5 4.5 4 

1 1 14 10.5 8 6.5 6 5.5 5 4.5 4. 

0.68 0.68 32 18 10.5 7.5 7.5 6 6 5.5 5.5 

0.79 0.81 0.85 40 f R 23.5 18.5 10 8.5 8 7 7 6.5 

0.87 0.90 0.93 11.5 8 7 6.5 6.5 6 6 6 6 

0.83 0.85 0.90 40 f T 13 9.5 8 7.5 7 6.5 6.5 6.5 

0.92 0.95 1 4·0 f T 13 10 8 
,., 7 6.5 6 5.5 , 

0.87 0.90 0.93 40 f R 16 12 9 7.5 7.5 7 6.5 6 

m :mufactured from R:)1ll:lskino stock 

flow 
V;, ork expended, cm.kpl on the breaking of test piece s 

with cross section ~5 by 15 mm:: 

40 50 60 70 30 +30 +20 +15 +10 -20 

°C 

0.90 11.5 8 7 6 6 

0.95 40 f T 13 10 6.5 5.5 

1 40 f 16 7 6 

0.87 R 15.5 10 6.5 6 

0.75 0.87 0.87 40 f T 15 9.3 7 6 

0.71 0.79 0.84 40 f 25 13 8.5 6 6 

0.49 0.56 0.61 0.65 0.68 11 9 8 6 6 
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they are cl08e to a purely Vi8COllS fluid. An intere8ting fact is that the gel type 
Lispe bitumen that contains little asphaltene and shows a high paraffin value 
also exhibits greater impact-bending strength. Paraffin value is detrimental, 
mainly because it increases the change of viscosity as a function of tem
perature. 

An amelioration of the lower impact-bending strength of Romaskino 
bitumens can hc effccted by admixing it with N agylengyel bitumen. By 
blowing, also the asphaltene content of Romaskino hitumens can he increased 
and their gel character improved. 

70-
1 

r==~=:;=+=;;f,l;;==g;;;;+= 
V 

cm/sec 

10-5 '-::---'_-'--'-'-:--'-_J...L~:---'---" 
102 7: a/cm2 

Fig. 2. Log shear rate (V) vs. log ;;hear ;;tre;;s (r) correlations at various temperatures, of 
bitumen;; of vacuum distillation residues made from l'iagylcngyel crude;; 

It is interesting to note that impact-hending strength data are different 
according to the structures tending to converge towards a common limit 
value. This seems to parallel the oh8erved rheological phenomenon which 
consists in a convergence, when temperature decreases, of the degree of 
complex flow connected to gel structure hecoming more pronounccd, towards 
a limit value of 0.3. We may mention that this value of about 4· ... 6 cm.kp 
at -20°C does not increase very much unless the hitumen is admixed with 
an additive suhstance, e.g. ruhher grist. 

To give an example of the application of our test method we present 
in Fig. 2 a log/log graph of shear rate vs. shear stre8S plotted from data 
referring to a hitumen produccd as a distillation residue of N agylengyel 
origin. The graphically determined data of the function of degree of complex 
flo'w and temperature are collected in the fourth row of Tahlc 2. On Fig. 3 
shear rate vs. shear stress of a bitumen blown from residual fuel of N agy-
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lengyel at various temperatures is shown in a log/log plot. The data concerning 
complex flow data and impact-bending strength values are to he found in 
the seventh row of Table 2. Most informative and suggestive seemed to be 
the comprehcnsive form of presentation adopted e.g. in Fig. 4 for a distillation 
residue of Romaskino crude, and blown bitumens. 

For ageing tests, viscosities ,I-ere measured with a sliding-plate and micro

film viscosimeter as constructed hy LABOLT and VAN OORT [25]. A hitumen 
layer 40 to 100 microns thick was placed bet-ween two glass plates, the one fixed, 
the other movable. The displacement of the movable plate varies according 

Fig. 3. Log shear rate (IT) ys. log shear stress (r) curves for yarious tempera! ure;;. of a bitumen 
blown from a ;\" agylengyel fuel oil 

1,0 
C 
0$ t=~~~;;;:~ ___ 
0,8 

0,7 

0,5 

0,5 

0,
" 
,-

M L-____ ~ __ ~ ________ ~ ______ ~ __ ~~ __ ~ ___ 

5 10 15 20 25 30 35 1;0 It5 50 55°C 
Temp eralure 

Fig. 4. Degree of complex flow of Romaskino bitumens as a function of the temperature 
reckoned from the softening point 
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to the load applied. A great ach-antage of this yiscosimeter is that it requires 
a minute sample only; a disach-antage is that clasticity, thixotropy, etc., 
cannot be measured with it. Neyertheless it is a very useful tool in the esti
mation of the effects of ageing under various conditions because a thin layer 
of the sample suffices for the tcst to be carried out. 

Chemical tests and the study of structures 

The mechanical properties of bitumens depend mainly on their chemical 
or colloid chemical structure eyen if this correlation cannot in every instance 
be proyecl directly. HO'weyer, there are authors 'who attribute but a sub
ordinate role to the features of structure. For research of this kind a difficulty 
resides therein that the yarious group~ interact and form a colloid chemical 
system among themselves. Thus, even if difficulties of idcntification could 
be overcome this would not suffice without the kno-wledge of how the groups 
identified affect each other structurally. The very detailed analytical data 
gathered with the help of the most up-to-date testing apparatus could not 
as yet be brought into adequate correlation with the properties of the binders. 

The most useful methods have been those which split the bitumens 
according to chemically 'characteristic functional groups and try to predict 
the behaviour of bitumens when in use on the basi" of the ratios and character 
of these groups. These analyses according to functional groups are now utilized 
to a much smaller extent than would be possible. 

The main rcasons for this neglect are the following. 
1. ~Iost of these methods are not simple enough for practical field ·work. 
2. No method exists that has gained wide acceptance and is consistently 

applied. 
To answer a demand as it arose herc, 'we attempted the elaboration 

and introduction of a method that gives sufficient information about the 
structure of bitumens, yet does not inyolve too much laboratory work. The 
method of our choice is, as far as its essentials are considered, the same as 
that described by TRAxLER et a1. [23]. 

For a detailed account of this method we refer to former communi
cations [16, 17]. In essence it is the following. The lower molecular weight 
components are extracted from the bitumen sample with n-hutanol, and the 
quantity of the so-called asphalt-like substances (I) is detcrmined. The solvent 
is removed from the extract and the latter, in turn, is dissoh-ed in acetone, 
cooled and filtered at 23°C; the residue is then, according to the authors, 
fraction (HI), i.e. that of the saturated compounds. The solution in acetonc 
yields, when the soh-ent is removed, fraction (Il) called that of the cyclic 
compounds. The designations (I), (H) and (Ill) are also those proposed by 
TRAxLER, since seyeral authors did not accept his original ones. 
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Advantages of this method are the following. 
The fractionation of bitumens into parts according to the main charac· 

teristic groups is made possible. It is simple, since two operations yield three frac
tions. On the basis of this fractionation into three parts the components of a bi
tumen can be plotted on a triangular chart, and with the hE'lp of such a chart a 
comparison of this hitumcn with known types, guidE'd by the published data 

IOO%A 

90%-----90% 

90% ... 

[urfextract 

cp,·~s~s!1!1 resid. 

,90% 

.c 
90~~ --100% 

Fig. 5. Re;;ults, taken from the literature, of group analyses 

of the latter, becomes feasible. RdractiYe indices, ultraviolet and infrared 
spectra to a certain degree reveal the chemical nature of the several fractions. 
With data about the degree of dispersion added [17] also the colloid state 
can be guessed at if the asphaltene content is known. 

Results of our studies seem to suggest that they are in some cOl'l'elation 
with colloid chemical, rheological and physical properties. 

A further advantage is that this method yields results that are fairly 
reproducible. 

In a calculation of the degree of dispersion, the amount of asphal
tenes is subtracted from that of the asphalt-like compounds, the remain
der is that of the heavy resins. To this is added the the quantity of the 
cyclic compounds, this sum is then divided by the sum of asphaltenes and 
saturated compounds. Amounts are expressed in per cents by weight. Ac
cording to the theory that forms the basis of this method, it is mainly 
the saturated components ·which are responsible for the precipitation of the 
asphaltenes, in contrast to resin-like and cyclic components which exert a 
peptizing effect. From this it follows that· the lower the degree of dispersion, 
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the less is the peptization of asphaltenes, and the hitumen in question shows 
a gel structuree. If the degree of dispersion is high, then there is a sol structure 
present. Fig. 5 is a suggestiye form of the presentation of such results. 

\'arious types of hitumen are plotted, according to their composition as 
stated in the literature, on a triangular diagram, and their position on it corre
sponds very well to the use the several types are put in practice, e.g. in road 
construction. A furfural extract, a typically aromatic product, is found in the 

, 
.9!]%-'~---ga% 

! / 
90% .'---'-----

Fig. 6. Results of group analysis experiments $ Xagylengyel bitumen, yae. rcsid. X Xagylcngyel 
bitumen, blown :J Barabasszeg bitumen eR Romaskino bitumen, YHe. resid. Ill}! }Iatzen 
bitumen, vac. resid. e}IG :1Iatzen bitumen, blo\\-u 0T Tujmaz bitumen, yae. resid. "K 

Kardoskut bitumen, yae. resid. ,,:11E :1Iexico Res. ®TR Trinidad 

corner of the diagram which is characterized hy the preponderance of cyclic 
compounds. Gilsonite, kno"wn to contain much asphalt, emerges in the corner 
characterized hy the preponderance of asphalt-like components. According 
to the opinion held hy many authors, good hitumens fall into the middle or 
transitionary field. In these hitumens no single component type is pre
dominant, thus their mechanical properties assume no extreme values. The 
known Mexican (Panuco) and Trinidad hitumens helong to this group. 

On Figure 5 the effect of technological processes hecomes apparent. 
It can he seen e.g. that during hlowing the amount of asphalt-like compounds 
increases at the expense of saturated and cyclic compounds. The outcome of 
reduction in vacuo is similar, only the ratio of cyclic to saturated compounds 
is shifted. Of course, similar shifts occur in connexion with agemg. 
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Correlation between experimental results of this method 
and the quality of bitumeus 

Results of our experimental 'work are presented in Tables 5, 6 and 8, 
and are plotted in a graph in Fig. 6. We think that for unknown bitumens 
this method gives pertinent information on the quality to be expected. This 
method enables us to make compari50ns with types internationally known. 
It enables us also to estimate asphalt-like substances besides asphaltenes; 
the former include high molecular weight and resin components of which 
the quantity is considerable, e5pecially in bitumens having little asphaltene 
content, e.g. in Matzen bitumens. Most likely these tran5itionary types of 
compounds are able to maintain a stable structure, and are easily converted 
into asphaltene by blowing. The difference between these bitumens and 
those of high a5phaltene content consists therein that in the latter the con
version process had already occurred naturally. The uniformity of the refractive 
indices measured indir::ates uniformity of the separation and the selectivity 
of the method. 

Application of this method facilitates the choice bet,\;een bitumens 
blown and bitumens of dist. residuum. A selection of the best technological 
process will primarily be guided by the character of the raw material. If this 
is such that the rheology and structural composition of its product is not 
good, e.g. it shows a strongly negative penetration index, great sensitivity 
to temperature, low content of asphalt-like substances, and preponderance 
of the so-called saturated part, then, presumahly, it will be more usefully 
applied after having been blown to a certain degree. The elucidation of the 
dependence of mechanical properties of bitumens on their structural features 
may eventually help the synthesis of hitumens. For there exist refinery 
wastes that are composed preponderantly of compounds of one group, e.g. 
various extracts, paraffinic residues, asphalt-propane residues. Compounded 
according to a suitable formula, these wastes could yield inexpensive bitumens. 
In Figs 5 and 6 we marked the limit values originally proposed by 
SCH\VEYER [24]. The triangle drawn in Fig. 6 represents our proposal of 
categorization. 

A survey of rheological data suggests that the best materials for use 
in road construction are the transitionary types and, to a certain degree, 
the asphalt-like bitumens. Later on, perhaps, it will be possible to set up 
certain group-composition specifications to characterize the good hinders. 
From data referring to Nagylengyel and Barahasszeg bitumens (cf. Table 5), 
and on the hasis of Fig. 6, it can be stated that from the point of v-iew of 
group composition the N agylengyel bitumen falls into that part of the diagram 
where, according to the opinion of several authors, the best hitumens belong. 
The effect of technologies can be traced to a certain measure hy this method. 
When bitumens made as vacuum distillation residues with different 
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softening points are compared, it is found that in the softening point range 
from 40 to 75 c C the amount of asphalt-like components increases by about 
20 per cent. In the case of blo"wn bitumens, the relatiye increase of asphalt-like 
components within the same range of softening points is less, and so is the 
decrease of the amount of cyclic components. Even less is the change of the 
amount of saturated compounds. The degree of dispersion is practically 
uniform with the rise of the softcning point brought about hy distillation 
process. This fact is in good accord with rheological properties. Howeyer, 
it is surprising that distilled samples from Barabasszeg in tests hehaved 
like the highly hloy>u samples: their degree of dispersion was the lowest. 

Group analyses of other types of bitll1nells. From the point of yiew of 
the future of the Hungarian hitumen industry, among the hitumen sa.mples 
tested the analysis of Romaskino type samples was of interest. Here some 
deviations het"ween results were found. In Table 6, the degree of dispersion 
of samples Nos 3 and 4 was high, and also the amount of asphalt-like com
ponents was quite great. As was found hy component-analyses, Romaskino 
type s"amples Nos 1 and 2 had lower degrees of dispersion, in accord with 
penetration index values characteristic for rheological hehaviour. The asphal
tene content of the J\Iatzen hitumcns is rather low hut increases considerahly 
"when hlown. It is also interesting that the amount of heavy resins, sho"wn 
hy the difference, and greatest in Matzen hitumens among those tested up 
to now, together with the refractive indices of the fractions, did not change 
during blo"wing. The highest degree of dispersion was found in samples of 
hitumens made from Jl..Iatzen vacuum distillation residues. 

Durability tests of hitumen 

Experiments were carried out to ascertain the durability of hitumens, 
and to elucidate its dependence on chemical composition and on rheological 
data. In the course of their application and use, hitumens are exposed to 
effects, e.g. of oxidation, light, heat, photo-oxidation, water, adsorbents, 
mechallicalloacl and microhial life, that may bring ahout significant chemical 
changes or structural modifications. \,\iithin this domain, intensity and ratio 

of single factors may depend on the conditions of use. Thus for hitumellS 
used for roofing climatic, for those in underwater insulation mechanical, 
chemical and microhiological, for those used in road paving, again ',\-eathering, 
adsorption, etc. factor;, in interaction will be of paramount importance. 

These influences usually cause changes like hardening, incTeased hrittle
ness, reduced adhesion, etc. which formerly ,\-ere considered as heing mainly 
due to the volatility of the lighter components: to-day, however, it is known 
that molecular rearrangement is one of the causes of reversihlc hardening, 
greater viscosity due to cooling being another, while irre,-eri'ihle hardening 
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is one consequence of chemical changes like polymerization, oxidation, and 
of the subsequent rearrangement:'; of colloidal structures, etc. Thus it is possihle 
that a hitumen of originally good mechanical properties is of low application 
value ne,-ertheless, hecause it is easily oxidized. Therefore, by our experiments 
we made an attcmpt at a clarification, mainly on the hasis of rheological 
properties, of the dependence of dm'ahility on chemical c'lmposition. 

A former communication [19] describes our methods, and refers to the 
literature on this suhject. The most costly method mentioned in the litf'ratnre 
is the construction of an experimental road section. Ho\\-cYer, this implies 
that favourahle or detrimental effects of construction technology, of cxtreme 
climatic conditions, of extreme loads, ohscure the picture. A further difficulty 
is the very long time of rC'search. On a smaller scale hut still rather costly 
and lengthy are the Weather-O-meter tests prop08ecl by STRIETER; these 
take from 30 to 60 days, give reproducible results, hut then their relation 
to practieal conditions is douhtful. 

Therefore, various laJ)()ratory methods for the ageing of hitllllH'llS were 
evolved of which the following are hest known. 

1. Oxygen ahsorption (or homh) method hy A:"DERSO:". 

2. Oxidative hardening index hy \\fILKnso:" et al. 
3. Thin-film method of Lnns and WELBOR:", i.e. the B. P. R. thin-film 

test. :;'{ ow the ASTM D -1754 specification. 
,1. =VIicrofilm ageing tcst, or the so-called Shdl method, at pr<:sent an 

AST2\I -Recommendation. 
5. Oxidation method hy EBBERTS. 

6. Comhined microfilm test of GALLAWAY and EBBERTS. 

Items 3 and L1 haye gained 'I-ide acceptance, and I'.-e also used thes<'. 
The so-called loss of heating: test as practisf'd here, \I-as deYclopcfl, in 

cssence, from the method of LEiYIS and \,rELBOR;-;-; thiE test was abo n~:3orted 
to in our studies. 

The most accurate eYdluation of ageing phenomena is possihle ".-hen 
thin films of thc samplc are used. Thc introduction of the sliding-pLte micro
yiscosimeter (cf. Fig. 7) enabled Hi' to examine such ::mall salllples. This 
, l' , 1 T 1 0 ['! -] cr" r'j . I ' ulstrnment was (eslgnen DY LABorT ant YA:" ORT =-;). lH!!l-lLlTI OXH iCilO!l 

has heen proposcd by GEIFFI:" et al. [26]. 
The essence of thc method is as follo\\-s. From the l)ilull1C'll ~Ulnple a 

film, 9 to 11 mierons, is prq)<1l'ecl het,,-ce11 t'wo parallel glnss \,\'he11 the 
plates are separated, an ahout .') micron film is obtained and put for :2 hours, 
at I07 cC, into a (hying oyen for oxidation on a sample-holder n'Yoh-ing at 
5 to 6 Lp.m. Follo\\-ing this operation, the hitumen sample is det8Chcd fro111 
the glass plate and placcd between the plates of the yiscosill1etcl' llwiltioned. 

Thc yiscosity of the original sample and that of the aged :3~lmple is measured 
at 25 cC. 'With the help of the graphs obtaincd also thc degree of complex 

2* 
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flow was determined. The agemg index we calculated from viscosity data 

determined graphically at a shear rate 5 . 10-2. (1'2). A similar ratio 
VI Cl 

was ealculated from the degrees of eomplex flo'lV- before (Cl) and after (c 2) 

agemg. 

Indirect methods for the prediction of the useful life of hitnmens 

In our communication mentioned [19], we collected from the literature 
those results of experiments Ol; studies which can be brought into correlation 
with the number of cycles mcasured on a W-heater-O-meter. Such are the 

Motor 

Insuiating coupling 

-Sliding plate iBI 

Fig. 7. Schematic drawing of a sliding-plate micro-viscosimeter 

viscosity of thc maltene phase, infrarcd spectra of thin bitumen films, 
carbonyl-index, asphaltene filterability, asphaltene content, dispersion factors 
according to l\L~UTEOS and according to TUAXLEU. Among these -wc deter
mined the two last and the asphaltene content, and we also calculated the 
critical solubility factor. Results obtained in connexion 'with ageing tests are 
sho'wn in Tables 7 and 8; in Table 7 the results of thin-film ageing tests, and 
in Table 8 those of chemical analyses and stability tests are presented. 
These Tables, given as examples, contain results on samples that can be 
tested, both hefore and after ageing, at 25°C. 
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Group-analy:;i:; rr"mit s alld {',olloid stahility data of hitllIlWIIH 
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For the method of the modified inhomogeneity spot-test we refer to 
the literature. We may mention that aceording to our experience nearly the 
same inhomogeneity values pertain to bitumen types, and to teehnologies 
generally, irrespective of hardness, hut if the instahility indicated by the 
spot-test also appears at higher xylene ratios then thermal effeets, contam
ination hy a foreign suhstance, and ehange of hasic materials may be suspected. 
In the last two cases the shift can also appear in the instability pertaining 
to lower xylene concentration. 

Again, the degTee of complex fiow, deteTmined by the sliding plate 
test as shown in Table 7, points to the tTansitionary sol-gel eharacter of 
N agylengyel bitumens and to the sol structure of Romaskino bitumens. 

Among the ageing-test results in Tahle 8, the ageing index of sample 
No. ,1 is conspicuou::- in so far as this value could not he expected on the basis 
of loss on heating tests. By blowing, ageing properties seem to improve. The 
general experience is that the ageing index of bitumens from N agylengyel 
distillation residues is a value around 4. Romaskino types have their index 
around 2. This index, as found in the literature, which falls bet"ween about 2 
and 15, in this respect N agylcngyel hi tu mens occupy quite a good position, 
Romaskino hitumens doing even hetter. This is reassuring in the case of 
Nagylengyd bitumens, hecause in loss on heating tests the ehange of the 
conventional data is rather great, though 'within the tolerance limits. The 
degree of complex flow, characteristic of structural changes with age, does 
not present such a uniform picture, neither could we distinguish sharply 
enough one type of hitumen from the other. It seems that structural ehanges 
due to ageing and those due to temperature decrease are similar, i.e. that 
hitumens originally of a sol type assume gel strueture during ageing, whereas 
bitumens of the transitionary and gel types alter their character slightly. 
On the basis of chemical and stability data we might say the follo·wing. In the 
case of all the bitumens studied, asphaltene content, the softening points 
also taken into account, remains below the level deemed to be unfavourable 
from the point of view of useful life. Paraffin content goes beyond the 
prescribed 2 per cent maximum only in a few instances and by a very small 
margin even then. The higher paraffin contents of Romaskino bitumens is 
what can be expected on the basis of group-composition. Again we refer to 
Figs 5 and 6, according to which also the data sho'wn in Table 8 point to 
the fact that N agylengyel bitumens are close to the central section marked 
by Mexican and Trinidad bitumens. 

Conclusion 

The most important statements arrived at can be summarized thus. 
Rheological character. Bitumens can be fairly well characterized by 

conventional data that define hardness, as e.g. by the softening point or 
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penetration, by the penetration index, fm-ther by the degree of complex flow 
determined at softening point and in lOoe intervals of the range between 
30 to 70 0 e below softening point, finally hy impact-bending strength figures 
measured in the range bet'ween 0 and 20 ce. Transitionary and gel type 
bitumens, besides being less sensitive to temperature, show greater impact
bending strength in the temperature domain above oDe than do sol type 
bitumens. Of course, the temperature for which comparisons "",ere made 
",-as calculated from the softening point. Below oDe, differences were 
blurred, impact bending strength sank to about the same level for all the 
bitumens tested. Amelioration was possible only through addition of e.g. 
rubber grist. From the rheological point of view, Nagylengyel bitumen 
behaved well, Romaskino bitumen proyed more brittle and more sensitive 
to temperature. 

Group compo<ition analysis. It is also ad-dsable to qualify bitumens 
on the hasis of group composition. Our choice of method proved to he 
advantageous, it furnished reproducible results. Group composition of 
N agylengyel hitumens were found to be yery like that of the hest hitumens 
of Mexico and Trinidad; the composition of Romaskino, Matzen and 
Tujmaz bitumcl1s were found to be less favourable, due e_g. in Romaskino 
hitumens to higher paraffin content and 10'wer ratio of asphalt-like 
components. 

Stability of colloidal structu re. For the characterization of colloid 
stability, degrees of dispersion of asphalten according to MARTEl"S, and 
according to 'l'RAxLER, were used, and our own inhomogeneity test developed 
from the spot-test deserihed hy OLIEl"SIS. Generally, these tests giye results 
also characteristic for ra,,' materials; the degree of dispersion, according to 
a numher of author.,:" affects the useful life of hitumens. The values ohtained 
are quite good and suggest a long useful life. Based upon degree of disper
sion, Matzen hitumens are to be expected to last the longest. 

Durability. For this, test the so-called Shell method, recommended 
also hy the ASTl\I, was used, and a sliding-plate viscosimeter served for 
eyaluation. Ageing was carried out at 5 micron film-thickness, and the visco
simeter mentioned proved to he hest for the handling of such small samples. 
The ageing index of hitumens used in known experimental road-sections falls 
between 2 and 14. Therefore the value 4 measured for N agylengyel hitumens, 
and value 2 measured for Romaskino hitumens can he regarded as very good 
indeed, even hy world standards. 

As shov,rn. in this paper, a great number and variety of experimental 
approaches were utilized in this eyaluation of bitumens. Therefore it might 
he reassuring hoth for bitumen producers and bitumen users that the generally 
known very good quality of the Nagylengyel hitumens is proved and con
firmed hy this work, i.e. that, on account of their mechanical, rheological, 
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structural and ageing properties these bitumens rank among the very best. 
Not so reassuring, however, is the fact that our experts do not pay enough 
attention to the application of Romaskino bitumens "which, though less good 
on mechanical, rheologieal and structural points, yet promise to have the 
longest useful life. We avail ourselves of this opportunity to press for large
scale application tests of Romaskino bitumens here, so much the more as in 
the future Romaskino crude will be an important raw material of the Hungarian 
petroleum industry. 

Summary 

By the use of a wide array of experimental techniques we have attempted a complex 
evaluation of the various properties of bitumens. Over and above the study of cOllventional 
data, the most important questions tackled were the following: Rheological character, group
composition, stability of the colloidal structure and durability of bitumens. 
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