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Five heavy crude oil samples from the Quayarah field were thermally evaluated using two
modes of thermogravimetry (TG): dynamic and programmed TG with heating and hold-up
periods at 350 and 550°. The light and medium volatility fraction (L + M) appeared directly
proportional to the metal content. In contrast, the heavy fraction (H) (350- 550°) was inversely
proportional to the metal content. This contradiction was attributed to the autocatalytic
degradation of some of the heavy fraction into lighter species, which upgrades the crude with
respect to the (L + M) fraction at the expense of the heavy fraction. The crudes were identical
with regard to the ratio (L+ M) to (H+ R), where R = residue, as a consequence of their
identical APl gravity and sulphur contents.

The rate of degradative volatilization of the heavy fraction was measured by DTG, which
indicated a direct correlation with the vanadium content as regards the ‘onset temperatures and
the DTG peak maximum.

Heavy crude oils are rapidly gaining more attention, and their share in the total
world production of petroleum is rapidly increasing. The study of their properties
and their characterization and evaluation provide important data for the design of
processes for their utilization; the availability of such data for crudes in discovered
but unexploited oil fields determines their future potentials. The Quayarah oil field
is located in the north of Iraq, south-west of the city of Mosul. Quayarah crude oil is
produced in limited quantities and is used mainly to produce road asphalt.

Analytical methods make use of the different physicochemical properties of
crude oils for their characterization. These include techniques such as API gravity,
density, ASTM-IP distillation, gas and liquid chromatography, spectroscopy, etc.

Thermogravimetry (TG) has proved to be useful in distinguishing between crude
oils [1], obtaining distillation curves [2], the characterization of crude oils of various
API gravity [3], and the acquisition of important data in enhanced oil recovery
studies [4].

In this research, programmed TG [3] and dynamic TG are used to characterize
heavy crude oil samples from the Quayarah oil field. The data are correlated with
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some physicochemical parameters and the thermal curves are interpreted in terms
of autocatalysis and induced cracking.
Experimental

The apparatures used was as reported earlier [3]. Samples: five heavy crude oil
samples from Quayarah were used in this investigation. The relevant data on these

crudes are presented in Table 1. Dynamic TG experiments were carried out under a

Table 1 Some characteristics of the studied crude oils

0il API S, %® v, ppm?
1 17.37 6.79 186
2 15.82 6.80 183
3 17.37 6.78 173
4 17.37 6.67 170
5 17.30 6.80 162

2 determined according to IP method
* measured using flame atomic absorption spectrophoto -
metry.

dynamic N, gas flow of 25 ml min ! on samples weighing 5-10 mg at a heating
rate of 100 deg min " . Derivative thermogravimetric (DTG) curves were recorded
simultancously.

Programmed TG: the samples were heated from ambient temperature up to 350°
atarate of 100 deg min ™!, and were held at this level for 2.5 min. Heating was then
continued at the same rate up to 550°, where the temperature was again kept
constant for 2 min.

Results and discussion

Programmed TG

The general profile of the curves of the analysed samples resembiles that observed
for light and medium crude oils [3] as indicated in Fig. 1. The quantitative
evaluation of the curves is given in Table 2. It can be seen from Fig. 1 and Table 2
that heavy crude oils are distinguishable from each other because significant
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Fig. 1 Programmed TG curves of some heavy crude oils

Table 2 Quantitative evaluation of the programmed TG curves®

Oil L+ M % H, % R. % ?;:Q;
1 50.22 33.92 15.86 1.009
2 50.00 35.00 15.00 1.000
3 49.03 36.77 14.20 0.962
4 49.54 36.48 13.98 0.982
5 49.01 37.17 13.82 0.961

@ average of 3 determinations
b weight loss from start till end of 350°C+ hold
¢ weight loss from 350°C + hold to end of 550°C + hold

differences can arise in the heavy fraction and the percentage residue. The analyzed
crudes, however, were almost identical in their light and medium fractions (weight
loss up to the end of the hold interval at 350°). It is important that the weight loss up
to 350° at the very beginning of the hold period varies for each crude and becomes
higher, the higher the vanadium content of the crude (Fig. 2). The hold interval at
350° could decrease the slope of the dependence of the light and medium fraction on
the vanadium content (Fig. 2). This can only be attributed to the action of
vanadium in catalyzing [5] the low-temperature ( < 350°) degradation of heavy cuts
into light and medium cuts or the covolatilization of vanadium porphyrins with
light and medium species [6]. This explanation may be confirmed by the decrease in
the heavy fraction of the crude oils (loss from 350° up to the end of the hold time at
550°) with increasing vanadium content (Fig. 3). It can be seen from Fig. 3 that the
heavy fraction and the residue are interdependent. While the residue percentage
increases in a linear mode with the vanadium content, the heavy fraction decreases
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Fig. 2 Dependence of the L.+ M fraction on the vanadium content: 0, weight loss upto 350 °C and 0,
weight loss till the end of the hold interval at 350 °C
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Fig. 3 Variation of the heavy fraction, A, and the residue, R with the vanadium content

in an opposite manner, so that the sum of the two is almost constant for the
analysed crudes (50.6% £ 0.2).

For light and medium crude oils, the L+ M fraction decreased linearly with the
percentage sulphur [3]. In the present case the similarity of the percentage sulphur
(~6.8%) may be a mirror image of the identical (L+ M) fraction values of the
heavy crudes (~50.0%). However, some gaseous sulphur compounds, c.g.
hydrogen sulphide, were noticed among the evolved gases during crude oil
distillation [7].

The analysed crudes are characterized by almost identical API gravity valucs,
which is consistent with the identical (L + M)/(H + R) ratios (Table 2). The ratio
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(L+ M)/(H+ R), therefore, can be considered a significant datum for crude oils, in
accordance with the previous findings [3].

Dynamic TG

While the profile of the TG curves of light oils is not significant, the heavy crude
oils yielded TG curves with two distinct weight loss stages (Fig. 4). The DTG curves
are more reliable in showing the qualitative sorting of the crudes, as concerns the
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Fig. 4 Dynamic TG curves of heavy crude oils

initial weight loss temperature of the second stage and also the temperature at
which the maximum rate of weight loss occurs (Fig. 5). Table 3 details the
quantitative evaluation of the TG and DTG curves. During catalyzed combustion
studies on the crude oils, the DTG curves were also more informative than the TG
curves [4].
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Fig. 5 Dynamic DTG curves of heavy crude oils
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Table 3 Quantitative evaluation of dynamic TG curves

Crude (L+ M), % T4, °C DTG 2;,,, °C

1 373 412 506
2 30.6 416 519
3 368 422 520
4 28.6 421 520
5 30.2 425 532

“ weight loss from start till 350 °C

* initial decomposition temperature of the second stage

¢ temperature of the maximum rate of weight loss of the second
stage

The autocatalysis of the vanadium species on the thermal behaviour of the heavy
crude oils was visualized more clearly in the dynamic TG curves than in
programmed TG plots. The temperature of the maximum rate of weight loss in the
first stage was <350°, which was the lower, the higher the content of vanadium
(Fig. 6). Therefore, the low-temperature ( <350") weight loss part is not restricted to

DTGrmay »°C

>
13C
v, ppm

Fig. 6 Dependence of DTG | (temperature of maximum rate of weight loss in the first stage) on the
vanadium content

distillation but to catalytic degradation. The second stage of weight loss starts
beyond 400°. The initial decomposition temperature is dependent on the vanadium
content. The higher the vanadium content, the lower the decomposition
temperature (Fig. 7). The weight loss occurred in a temperature range at which
asphaltenes [8] and heavy vacuum residue [9] decompose, 480-530°. Again, the
DTG peak maximum DTG 2 decreased with the increase of the vanadium content.
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Fig. 7 Dependence of the initial decomposition temperature of the second stage with vanadium content
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Zusammenfassung Finf vom Quayarah-Feld stammende schwere Rohdle wurden mittels

dynamischer und programmicrter TG mit konstanten Perioden bei 350 und 550 °C charakterisiert. Der
Anteil der leicht- und mittelfliichtigen Fraktion (L + M) schien proportional, der der schwerfliichtigen
Fraktion (£f) (350 550') dagegen umgekehrt proportional dem Metallgehalt zu sein. Dieser
Widerspruch wurde dem autokatalytischen Abbau einiger der schwerfliichtigen Komponenten zu
leichteren Spezies zugeschrieben, der zu einer Erhohung des Anteils der (L + M)-Fraktion auf Kosten
der schwerfliichtigen Fraktion fithrt. Die Rohéle waren wegen der gleichen API-Schwere und gleicher
Schwefelgehalte hinsichtlich des Verhiltnisses von (L + M) zu (H + R) identisch (R = Riickstand). Die
Geschwindigkeit der degradativen Verfliichtigung der schweren Fraktion wurde mittels DTG gemessen,
wobci sich cine direkte Korrelation zwischen dem Vanadingehalt einerseits und der Einsatztemperatur
bzw. dem DTG-Peakmaximum andererseits ergab.

Pestome — [laTb 006pa3uoB Tkea0#H cbipoil Hed1u MecTopoxienus Kpaspax OblIM HCC/IEAOBAHEI
MCTOAdMH  IHHAMHYECKOH TCPMOrpPaBUMCTPHH H TEPMOrPABMMETPHH C TPOIPAMMMPOBAHHBIM
HAI'PEBOM M MICPHOIAMH 33/1cPXKKHU npu 350 1 550°. O6pa3oBarue jierkux U cpeaunx ¢paxuui (JI1+ C)
OLLTO IPSIMO TIPONIOPUHOHANLHO CONEPXAaHHIO META.1)1a, TOT1A KAK KOIHYeCTBO TshkeNon dpaxunn (T7)
(350-550") — obpaTHO IPONOPLHOHAILHO COUCPNKAHHIO METAILIA. DTO IPOTHBOPCUHE Ob1I0 OTHECEHO
34 CYCT ABTOKATATTHTHYECKOI'O PACTIA/Ia HEKOTOPOI'O KOJIHYECTBA Tske.10M (pakuuu Ha 6onee sierkue
dpaximy, Tem caMbiM oboranas ceipyto HebTh ITHMH QpakiMAMHU 3a cueT Taxes10i ¢ppakunu. Bee
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06pasubl chIpoi HETH XapPaKTEPH30BAIMCh OAYHAKOBLIM COOTHOWIEHHeM ¢pakuuit T+ Cn T+ O, rue
O -- ocratouyHan (ppaxilMs, YT0 SBIANOCH CNENCTBHEM MX oaunakoBoro AITU yuenwHoro Beca u
coaepxanus cepbl. CkOpOCThb pacnaja Taxe:1o0i ppakuuu Ha 6onee Jierkue Oblna H3MEPEHa MCTOLOM
ATI. CkopocTb pacnajia, OTHOCHTEILHO HAYaIbHBLIX TeMnepaTyp u MakcumymoB JTA mukos,
KOPPeJHpOBalaCh ¢ CO/IePXalueM BaHadusa B JaHHBIX 00Opa3nax HedTy.
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