Available online at www.sciencedirect.com

SCIENGE @Dlnecr@ thermochimica
acta

ELSEVIER Thermochimica Acta 440 (2006) 156—165

www.elsevier.com/locate/tca

A new quick method of determining the group hydrocarbon composition
of crude oils and oil heavy residues based on their oxidative
distillation (cracking) as monitored by differential
scanning calorimetry and thermogravimetry

Yu.L. Shishkin®

Gubkin Russian State University of Oil and Gas, Leninski prospect 65, 119991 Moscow, Russia

Received 15 November 2004; received in revised form 18 October 2005; accepted 1 November 2005
Available online 6 December 2005

Abstract

A calorimetric-thermogravimetric method is described of determining mass percent contents of distillate fractions, paraffins, base oils, resins
asphaltenes and carbines in various crude oils. The method is based on recording DSC curves of a 10—15 mg sample heated in air in a calorimet
cell at a rate of 40-50C/min. Additionally, weight loss of sample is found at temperatures before and after the reaction. At temperatures from
220°C or higher distillation of the hydrocarbon mixture starts to be accompanied by its exothermic oxidation, thereby making possible monitoring
the distillation (oxidation) of consecutive HC fractions by simple calorimetric-techniques. Differential scanning calorimeter “Thermodat” of
high-calorimetric-resolution and sensitivity equipped with dedicated software was used for conducting the experiments and performing all the
calculations. Percent contents of the main constituents in a number of heavy and light crude oils were determined and formulas for establishin
paraffinic, base oil and coke-forming potentials of crude oils and oil residues derived. One full analysis of a sample takes no longer than 1.0-1.5t
The method can be used for on-line quality control of various petroleum products, such as atmospheric and vacuum oil residues, cracking residue
lubricants, ceresins and paraffins.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction principles of scanning calorimetry and thermogravimetry seem
to be the most promising.

Knowledge of the chemical composition of various crude oils  The majority of the work using these methods is directed
and petroleum heavy residues is indispensable for correct protbwards elucidation of the nature of thermal reactions in the
uct quality assessment and choice of optimal petroleum processample heated in the range 20-700 finding the correlation
ing technologies. To obtain such knowledge one needs methodsetween the chemical composition of the sample and its thermal
preferably rapid, sufficiently accurate, easy to use and capableehavior (properties) and establishing the influence of experi-
of performing on-line in industrial conditions. The known meth- mental conditions on the results obtained. Ranjbar and Riish
ods of chemical analysis employing selective solvent separatiostudied the effect of the oil composition on the oil pyrolysis and
and extraction are labor, time consuming and thus do not meebmbustion kinetics. Yoshiki and Phillig2] studied kinetics
the said requirements. Therefore, attempts are being constanthy low-temperature oxidation and high-temperature cracking of
made to develop rapid instrumental methods of chemical anaAthabasca bitumen and its dependence on atmosphere, pressure,
ysis of petroleum products, among which those employing théeating rate and support material. Laux et[3]. investigated

atmospheric, vacuum and visbreaking crude oil residues and

their mixtures with and without dispersing agents by TGA at
* Tel.: +7 95 1355932; fax: +7 95 1358895. three different heating rates with a view to establish the correla-
E-mail address: yu.l.shishkin@mail.ru. tion between the thermal and physico-chemical stability of these
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complex mixtures. Goncalves et al. studied crude oil asphaltenés a sine qua non condition for obtaining reliable experimental
and the coke by TG-DTA/GC/MS methodsoKand Iscarj4] data.

applied DSC to study crude oil combustion in the presence Experiments were conducted in static atmosphere (air) and
and absence of metal chlorides. Three different reaction regiortseating rates of 45-5@/min were commonly used. Heat
were identified as low-temperature oxidation, fuel depositioreffects AH, J of thermal reactions were calculated using the
and high-temperature oxidation in all the samples studié#. K formula

and Karacafb] studied six light and heavy crude oils containing

differentamounts of saturate and aromatic (resin and asphaltenE)AH = KA (1)
fractions. The oils show two regions of weight loss—the low-wherek is the heat transfer coefficient of the calorimetric-cell,
temperature one, more pronounced for the lighter crudes, due W§/deg andA; is the peak area, sec.deg, corresponding to the
distillation of saturate fractions and the second one, beginningeat effect. The coefficiel dependence on the temperatiire
from ca. 400C, due to visbreaking and cracking of the heavy : was approximated by the formula

aromatic fractions remaining in the sample after evaporation of 2
the lighter fractions. Ir{6] two Turkish crude oils were sepa- K=a+bT +cT (2)

rated into their saturate, aromatic, resin and asphaltene (SARAphe instrument was calibrated using metals with known temper-
constituents and combustion experiments were carried out oy res and heats of fusion (In, Sn, Pb, Zn, Al). For the crucible
whole crude oils and their fractions by TG/DTG. Temperaturejescribed above and air as the gaseous medium in the oven
intervals and kinetic parameters of evaporation and oxidation of = 2 55 ,=1.2x 102, ¢ =2.57x 10-5. The standard error of
each fraction were determined [if] it was shown that the pyrol- - measurement in the interval 20-7GD using formulag1) and

ysis behavior of crude oils and their SARA fractions depends oi2) was estimated to be 5-10%.

the chemical nature of the constituents and that “each fraction in

whole crude oil follows its own reaction (distillation and crack- 3. Results and discussion

ing) pathway independent of the presence of other fractions”.

This important property of petroleum hydrocarbons is made full - |n Fig. 1are presented the DSC curves of some model hydro-
use of in the approach developed in the present paper. carbons used for calibration of the method.

It can be concluded from the above that some basic ther- | Fig. 1the reference material temperatuf2 is plotted
mal properties of petroleum hydrocarbons and their naturahn thex-axis and the differential temperaturé—72 on the Y-
mixtures, e.g. crude oils, have been well established. What igyis. The temperatures of transitions are indicated as intervals
lacking is a more detailed, more quantitative assessment of th@in_m_p" whereT2;, is the temperatur@2 where the DSC
group hydrocarbon composition of crude oils and their heavityrve begins to deviate sharply from the baseline &g is
products. To attain this aim, new experimental approaches, neye temperatur@&2 where the DSC peak has an inflection point

instruments with h|gher calorimetric-resolution and SensitiVityon its descending branch (Some distance to the r|ght of the peak
than the conventional ones are needed. The author’s differentig)mmit). It is assumed that @, the reaction is largely over

scanning calorimeter “Thermodat” meeting the said requiref1].
ments was used for the present study. The instrument is the

further development of the quantitative differential thermalanal- ¢
ysis apparatus described in the author’'s earlier publications fg
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and evaporate on heating without boiling (without forming bub- ¢ 4,

bles). Due to good convection, the vapors and gases escape from ?8% A .

the sample surface without the need to overcome atmospheric 10 ~— A
pressure (as in bubbles) and this is equivalent to conditions of " 100 200 300 400 500 600
distillation under reduced pressure. Besides, rapid removal of Temperature, C

gaseous oxidation pI’OdUCtS and u_nOb_StrUCt?d SUppIY of air (0X¥:'ig. 1. DSC curves of various petroleum hydrocarbons: A, ceresin; B, medium
gen) to the sample ensure full oxidation of its constituents an@ase jubricating oil: C, heavy base lubricating oil: D, resin extracted from crude
minimal formation in it of condensation products (resins), whichoil; E, asphaltene extracted from cude oil.
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500-620°C (700°C) to resins and asphaltenes. The initial part

(\ (A) of the first region 300—330C belongs mainly to paraffins, the
10 . . . .
0 "_//v remaining part of it—to base oils. One can note the following
-10 regularities of the sample’s thermal behavior on passing from

C-so 100 200 300 400 500 600 700 younger to older crudes.
25
8 ; B 1. The first oxidation peak is shifted to lower temperatures and
1% becomes narrower. Its left shoulder increases in height and
a3 —— steepness while its right shoulder goes down. TAg tem-
T e a0 400 se0 | o0 | 700 perature (the flare up temperature of paraffins) drops from
c

. = NINCO
Gl lalélaTé lald]

F c 320to 300C.
; © 2. Likewise, the resin—asphaltene peak shifts to lower temper-
; atures and becomes narrower, lower and smaller as its right

shoulder dwindles down.

200 300 400 500 600 700
Temperature, C The first regularity can be explained if one assumes that old
_ _ _ _ o (lighter) crudes contain greater amounts of normal paraffins
Fig. 2. DSC curves of crude oils of dlffgrent geological age dn‘fgrmg in the with Ty = 300°C and lesser amounts of medium and heavy base
content and nature of hydrocarbon constituents. A, young Mordovian crude; B, . .
old Vietnamese crude; C, a still older Kalmik crude. oils than the young heavy crudes which, conversely, contain
greater amounts of heavy base oils and mainly isoparaffins of

Ceresin exhibits an endothermic effect at ca°@0and ceresin type witly =320°C. The second regularity reflects the
exothermic effects at 330—380 and 500-560 The first of  structural change of asphaltenes which become less thermally
these corresponds to ceresin melting, the second to oxidativeable as they disintegrate to low-molecular species (resins) in
distillation of paraffins and oil admixtures and the third to oxida-lighter crudes.
tive destruction of resin admixtures (Fig. 1A). Medium base In general, the more normal and isoparaffins are contained
oil undergoes oxidative distillation in the region 320-380 in a sample, the steeper and higher should be the ascending
and oxidative destruction of resin admixtures at 500850 branch of the paraffinonaphthenic peak, reflecting the high-heat
(Fig. 1B). The heavy base oil has a broader oxidation intervaand kinetics of oxidation characteristic of such paraffins.
325-420C due to a broader fractional composition and a more One can see fronfig. 2 that the Mordovian crude is low
pronounced exothermic effect of resin oxidation at 500880 on paraffins as the left shoulder of the peak is low and slow.
due to a greater resin content than the medium base oil (Fig. 1Cyhe well developed right shoulder of the peak extending to
The resin and asphaltene extracted from crude oil oxidize dtigh-temperatures indicates the presence of high-boiling base
500-600 and 550-62@, respectively (Fig. 1D and E). oil fractions. Besides, this crude is rich in asphaltene and resin

Itfollows from Fig. 1that the main constituents of a hydrocar- as its resin—asphaltene peak with a big right shoulder, large area
bon mixture, viz. paraffins, naphthenoparaffins (base oils), resinend height clearly shows.
and asphaltenes occupy definite and well separated regions on The Vietnamese crude is rich in normal paraffins as is evi-
the temperature scale and can thus be identified and measurgeinced by its low-flare up temperature (3@ and sharply
independently of each other (see dIgp. Further, these temper- increased steepness and height of the ascending branch of the
ature regions have different breadths, proportional to the breaditeak. The peak’s reduced and narrowed right shoulder points to
of distribution of fractions within each constituent. Compare, forthe reduced content of medium and heavy oils in this crude as
example, curves B and C of medium and heavy base oils. Tencompared to the Mordovian one.
peratures of oxidation increase as the molecular mass and the The still older Kalmik crude has normal paraffins with the
boiling point of the constituentincrease. In this respect oxidatiorhighest oxidation heat as the steep and high-left shoulder of the
curves follow the same rules as ordinary distillation ones. peak shows. Its flare up temperature has shifted t¢ @dadi-

In Fig. 1 were given examples of more or less individual cating the presence of paraffins gff@ype. The right shoulder of
hydrocarbons or their narrow fractiorisig. 2 presents exam- the peak is narrower than that of the Viethamese crude oil, indi-
ples of oxidation of their natural mixtures, viz. three crude oilscating a greater degree of conversion of heavy oils to light ones
differing in geological ag¢13] and thus HC composition. The and these to paraffins. It has the lowest asphaltene content as
Mordovian crude is a young heavy oil; the Kalmik is an old light its resin—asphaltene peak is completely shifted to temperatures
one. The Viethamese crude occupies a middle position. TheB00-600C where resins predominantly oxidize.
specific gravities are/2° = 0.9082 0.8920 and 0.7300 g/cih Above was given a qualitative description of the main fea-
respectively. Let us see if the present method can distinguistures of the thermal behavior of some petroleum hydrocarbons.
between crudes of different geological age and in what way. Below is presented a more elaborate quantitative treatment of

Fig. 2 demonstrates that indeed the main components ahe obtained data, aimed at determining percent contents of the
a hydrocarbon mixture oxidize at their expected characterismain constituents in petroleum products.
tic temperatures in mainly two regions. From comparison of To achieve this goal two major tasks should first be solved.
Figs. 1 and 2one may conclude than the first region (peak) Itisevidentfrom curvesifig. 2that paraffins, light, medium
300-440C belongs to paraffins and oils and the second on@nd heavy base oils oxidize and evaporate consecutively in a
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rather broad interval 100-15C giving rise to a broad exother-

Heats of oxidation of hydrocarbons of the type presented

mic peak of irregular shape. To find the contents of these HGh Fig. 1 were determined using sample masses 6—-8 mg and a
fractions one needs to divide the overall peak into portions correheating rate of 50C/min. The results are summed upliable 1.
spondingto each fraction, which means that definite assignments In the second column temperatures of beginning of the major
should be given to each fraction on the temperature scale afxidation peak’y (flare up temperature) and of the end of reac-
oxidation. So the first task is to find ways and means of decortion (7;,.) are indicated. In the third column sample mass loss

voluting the overall peak into constituent sub-peaks.

atT=Tqy—5 (7°C) (distillate fraction) is given. The last column

The second task is to determine oxidation heats of individualists the oxidation heats of hydrocarbons studied.

hydrocarbons or their narrow fractions, i.e. perform the calibra-

tion of the instrument (method).

In the table average values of oxidation heats are given for
3—4 parallel measurements if one definite compound is studied.

Calorimetry allows establishing the content of a thermallyThe relative standard deviation as a rule does not exceed 10%.
active ingredient in a mixture by using its overall reaction heatf samples of one class from various sources are studied, typical

AH,, recorded by the instrument and its reaction h&af,,

intervals of the values’ variation are given.

determined by the operator beforehand using standard speci- To obtain the distillate fraction cited in the table, the standard
mens. IfAH, of a specimen is not known from the literature, it specimen of masaf, heated at the adopted rate of“®lYmin,

is found experimentally using formulas:

AHS == AHQMS (4)
AHs

AHy = 5

0= i )

whereMs is the standard specimen’s mak§7) the coefficient
of heat transfer of the calorimetric-cell at temperatlirandAs

is the area of the peak on the heating curve corresponding to the

standard specimen’s heat effect.

was quickly removed from the furnace at a temperature’&-7
below Ty and weighed. Then the specimen mass lossv@g
found and the distillate fractiom calculated as:

o= (AM) 100%
M

Heats of oxidation were calculated for the sample mass remain-
ing in the crucible using formula:

K(T)As
AHy= —— 25
(M — AM)

whereAs is the area of the peak on the heating curve of the

The heat of oxidation\ Hy, of a constituent is calculated from  gtangard specimen.

the partial area, of the overall peak via formula:
—AHp = K(T)(An+ t(AT2 — AT1)) (6)

wheret = C/K is the time constant of the cell ardl'l andAT2
(°C), are the left and the right heights of the partial peak.

The weight fraction m% of an ingredient with knowxiH,
can now be found:

AHn) 100
m% — (AL

M

(7
whereM is the initial mass of the sample.

Table 1

As data inTable 1show, temperatures and heats of oxi-
dation of normal paraffins increase with their molecular mass
and reach a maximum for ceresin, which is composed primar-
ily of long-chain normal and isoparaffins, having, evidently, the
highest oxidation heats. Heavy naphthenoparaffins (base oils)
have much lower oxidation heats than long-chain normal and
isoparaffins. There is a notable difference in oxidation heats
between heavy distillate oils (2400 J/g) and heavy residual oils
(1800 J/g). The reason for this may be that the former contain
more paraffins (are more paraffinic) than the latter.

Division of the overall oxidation peak into constituent sub-
peaks and calculation of percent contents of HC fractions is

Temperatures and heats of oxidation of hydrocarbons used for calibration of the instrument

Sample Temperatures of Mass loss of sample at Heat of oxidation
oxidationTy—T;.p. (°C) T=Tn—5 (7°C) (mass%) (Ho (J/9)
(distillate fraction)
n-paraffin Gg 275-290 44 684
n-paraffin G1 276-302 26 1400
n-paraffin Gg 290-324 16 1900
Ceresin 320-380 7 6000-8000
Light base ail I-20A 305-343 16 900
Medium base oil [-40A 315-380 16 1850
Heavy base oil I-50A 320-420 16 2200
Distillate oil 420-500C 310-410 10 2400
Distillate oil >500°C 325-420 12 2600-3200
Residual oil 324-420 12 1800
Resin 500-560 6000-10000
Asphaltene 540-620 15000-40000
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characteristic point of the curve corresponding to the flare up
temperaturdy of the hydrocarbon mixture.

The main peak starts froffyy and ends at 400C (440°C)
where another characteristic point is situated separating it from
the right wing, or the right satellite of the main peak. The latter
may consist of several, usually four sub-peaks; the rules for their
finding are given below. Let us first consider the notion of the
characteristic point of the curve.

The characteristic point (ChP for short) of the curve is by
definition the point where the curve has a maximum downward
curvature (the inflection point) and from which the exponent
\ ; is dropped onto the baseline. It is assumed to correspond to

i the temperature where one reaction ends and another starts.
\ Between two ChP’s the point of a maximum upward curvature is
: i situated—the summit of a sub-peak. This is the center of a par-
] ticular fraction distribution. Drawing exponents from two ChP’s
472 2604 273,6 289,1 3023 317,8 3332 346,4 3619 375,1 3905 4038 419.2 4325 ;47,9 46344766 flanking the summitis equivalent to separating the fraction from
Temperature Thase, C its neighbors.
As often as not the summits are poorly defined and the posi-

Differental temperature, C

O = N W &~ OO

Fig. 3. Naphthenoparaffinic oxidation peak of Mordovian crude oil divided into .

six sub-peaks by six exponential curves in Deconvolution module. tion of the ChP’s on the curve must be guessed at. Still, a
successful deconvolution can be performed in the majority of
cases.

performed in a special data processing module “Deconvolu- The first step in deconvoluting the main peak is to find the
tion” of the program “Thermo” supplied with the instrument summits and then the ChP’s flanking them on its ascending and
“Thermodat”. Its mode of operation is described below using aslescending branches. In the case of the Mordovian crude the
examples the thermograms of crude oil$-aj. 2. ChP’s seem to be the following: 3207354, 380, 400, 440C.

The operator draws a baseline under the peak to be studiéithus, five sub-peaks can be generated by the known procedure
and accesses the module. A detailed and enlarged graph of thsing these ChP’s.

peak appears on the screen (Fig. 3). The following interpretation of the peak Fig. 3can now be
In the Deconvolution module the regularities of the thermalgiven.
behavior of crude oils discussed earlier in connection igfh 2 The left satellite of the peak most likely corresponds to the
are seen much better and in greater detail, allowing more or lesidation of heavy paraffins in the distillate fraction that in
accurate peak deconvolution. young crudes have not had time to disintegrate to low-molecular
In the module DTA peaks are presented as the additionadpecies.
temperature of reaction 7, = T1-Tpaseplotted againsTyase[8]. The first sub-peak of the main peak may correspond to the

In this module the overall peak can be divided into as manyxidation of paraffins. The second, third and fourth sub-peaks
sub-peaks as there are fractions in the sample. To do this tlehould then correspond to the oxidation of light, medium and
operator places the pointer of the mouse on the curve at a poiheavy oil fractions.
where, presumably, one reaction ends and another starts, presse§he small right wing of the peak from 440 to 480 may
the left button and an exponential curve is dropped from the pointorresponds to the oxidation of light resins that are present in
chosen onto the baseline. The last curve must be drawn frorypung oils and absent in old ones. Its small size may be due to
some point on the final exponential tail branch of the overalltheir small content or their low-oxidation heat.
peak. Taking the temperatures of the characteristic points of the

The exponent mimics the tail branch of the peak correcurve as borderlines between separate HC fractions, one can give
sponding to one reaction (substan¢&)]. Its shape (curva- the following assignment of oxidation intervals to isoparaffins,
ture) can be changed by putting an appropriate value of thight, medium and heavy base oils of a heavy crude oil (Table 2).
cell's time constantr into the check box on the operator  The temperatures of characteristic points may vary by about
panel. We use =10 for the first major peak 300-450 and  5°C for different heavy crude oils; therefore, in the table they
=65 for the second peak 500-7@ as approximate average are given with a possible interval of their variation.
values. Now that the first task (that of peak deconvolution) has been

Let us introduce some terms and define some rules fosolved and oxidation heats of the main HC components are
describing and analyzing oxidation peaks of hydrocarbon mixknown (Table 1), one can proceed to the percent contents deter-
tures. mination of HC fractions.

The overall peak (peak for short) iig. 3can be considered In studying oils, as all other HC volatile products, it is nec-
to consist of several closely situated sub-peaks overlapping oressary to know the fraction evaporated from the crucible by the
another. The first one from 240 to 320 can be termed the time the major exothermic effect starts. Calorimetry cannot pro-
left wing, or the left satellite of the main peak. It ends at avide this information, as one does not know what part of the



Yu.L. Shishkin / Thermochimica Acta 440 (2006) 156—165 161

Table 2
Temperatures of oxidation of isoparaffins, light, medium and heavy base oils in heavy crude oils with flare up temperatuse<325

Distillate heavy paraffins Solid paraffins Light oil Medium oil Heavy oil
Oxidation intervals71-72 (C) 240-320+5 320-350:5 350-385:5 385-400 400-440

distillate evaporates with and what part without the heat effectdation and percent contents. Column eight gives distillate and

Therefore, some other method should be used. In the case dasphaltene/resin contents determined gravimetrically as the sum

cussed, the sample, while being heated from room temperatueet+ y and beneath them the value g 100—(a+y)%. The

at the rate of 50C/min, is rapidly removed from the furnace at calorimetric-value of is also given.

temperature some 52T below the flare up pointy and the Comparing data for the three crude oils in the table the follow-

weight fraction lost (distillate:%) determined gravimetrically. ing regularities can be noted on passing from younger (heavier)
A fresh sample of the same material is heated to°€1@hen  to older (lighter) crudes.

removed from the furnace and weighed. The weight fracion

of resin + asphaltene remaining in the crucible is found and the

fraction g = paraffins + base oils is calculated via formula: gé
28
B = 100%— (o + y)% (8) 5

The method delineated above gave for the Mordovian crude g23| 7~
a=44,y=14 andB=42%.

After peak deconvolution the program determines the partial
peak aread, and calculate&\ Hy, for each sub-peak (fraction)
and its percent contents via formulé® and (7). Before that
the operator must input the values of the initial sample mass
into an appropriate checkbox on the operator panel and the frac
tion’s oxidation heat Hqp into a special table of the module. The
choice of AHyy, values is governed by three rules. The first one
demand that the content of tigdraction found calorimetrically
is more or less equal to the value obtained gravimetrically.
The second rule recommends choosing for the lighter oil frac-
tlons SomeWhat greater Va|ueSZS)H0 than for the heaVIer Ones’ 7,9282,3291,1 299,9 3088 31?".5 3264 3353 344.1 353,0 3618 3706 3795 335.’;‘39?.1 406,0 4148
assuming that the lighter fractions of base oils contain greater (a) Temperature Thase, C
amounts of high-energy paraffins. Tentatively one may\i&g,
values decreasing by 5-10% at each consecutive step. The thirc 54
rule recommends choosing for the paraffinic fraction of young 32 :
heavy crudes oxidation heats on the order of 6000J/g and for 39|~ U
old light ones those on the order of 7000 J/g. ) O i . - -

Following these rules, the values &, = 6000, 3000, 2600 S N o N O 0 L U O O A il 0
and 2400 J/g were chosen to give 5.0, 16.0, 10.3 and 10.9 for® 34
the solid paraffins, light, medium and heavy oils, respectively. %’S?
Their sum equals 41.2%, which is close to the gravimetric value £ %3
42.0%.

The value for the distillate paraffins—19.5%ifH, = 500 J/g
is a rough approximation good only for comparison purposes as
no exactA Hy value for them can be found based on gravimetric
calibration.

Let us now consider the case of the lighter Viethamese and
Kalmik crude oils. Their deconvoluted peaks are showRign4
and the weightloss method has given 37% (distillate) y = 6%
(resins), =57% (paraffinonaphthenes) for the first crude and § _ o
o =56,y =6 andp =38% for the second. g‘w 286,0295,0 3032 31,4 319,5 327,7 35, 34,0 352.2 360,4 368,5 376,7 384,8 303,0 401,2 4093 417.57

Applying to the peaks oFigs. 4 and deconvolution rules  (B) Temperature Thase, C
formulated earlier, results given ifabl'e 3were Obtameq' Fig. 4. Oxidation peaks of Viethamese and Kalmik crude oils. (A) Paraffi-

In Table 3 columns 2-7 contain temperature intervals nonaphthenic oxidation peak of Vietnamese crude oil. (B) Paraffinonaphthenic
assigned to each HC fraction, as well as their heats of oxiexidation peak of Kalmik crude oil.

Differential temperatu
D
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(A) Temperature Tbhase, C (B) Temperature Tbase, C

Differential temperature, C

0
4948 499,8 504,8 508,7 514,7 519,7 524,7 529,7 534,7 539,7 5447 548,6 5546 559.6 564,6 569,6 574,6 579,6 584 6

(C) Temperature Tbase, C

Fig. 5. Resin/asphaltene oxidation peaks of young Mordovian and old Vietnamese and Kalmik crude oils. (A) Resin/asphaltene oxidation peak of Mordovian crude
oil. (B) Resin/asphaltene oxidation peak of Viethamese crude oil. (C) Resin/asphaltene oxidation peak of Kalmik crude oil.

1. Oxidation intervals of all the four HC fractions are shifted to possibility of formulating an objective criterion for estimating
lower temperatures. paraffinic and base oil potentials of a given crude oil (see below).
2. Oxidation heats of all the HC fractions become progressively Regularity 3 can be explained on the assumption that distil-
higher. late heavy paraffins in old crude oils have had sufficient time
3. Old light crudes do not practically contain heavy paraffins into disintegrate to low-molecular compounds evaporating in the
their distillate fractions. interval 200—300C without oxidative cracking.
Data of Table 3can also be used to mark out three general
Regularity 1 can be explained if we assume that as the crudgasses of crude oils.
ages its paraffins and oils disintegrate to give fractions of lower The firstclass comprises young heavy crudes with the follow-
molecular weight and of lower boiling point. ing distinctive features: (i) small distillate fraction (35—42%); (ii)
Regularity 2 can be explained on the assumption that paraffiarge asphaltene/carbine content (12—-15%); (iii) high-proportion
have much greater oxidation heats than base oils, so the great#rheavy high-boiling oils; (iv) low-oxidation heats pointing to
their content in the sample, the greater is its heat of oxidatiora low-content of high-energy paraffins in the oil fractions. This
As the crude ages, more and more oils disintegrate to give moiie the case for the Mordovian crude which may be considered
and more long-chain normal and isoparaffins with great oxidato be its typical member, its thermogram serving as a thermal
tion heats. This is a rather important finding as it points to thepassport (fingerprint) of this class of crudes.
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Table 3
Temperatures and heats of oxidation of HC fractions of heavy, medium and light crude oils
Distillate Solid Light oil Medium Oil Heavy Oil Resin Asphal-tene Distillate + A/R
heavy paraffins gravimetrically
paraffins (x+y)B
Mordovian heavy crude oil
Oxidation intervals
T1-T2 (¢C) 240-320 320-346 346-380 380-403 403-440 530-542 542-616 44+ 14
T2-T1=AT(°C) 80 26 34 23 37 12 74 42
Oxidation heat (J/g) 500 6000 3000 2600 2400 14000 16000
Fraction content (mass%) 19.5 4.96 16.0 10.3 10.9 1.0 12.1 42.2
Viethamese medium crude oll
Oxidation intervals
T1-12 (¢C) 252-296 296-342 342-368 368-389 389-440 500-538 538-614 37+6
T2-T1=AT(°C) 46 26 21 51 38 76 57
Oxidation heat (J/g) 500 4600 4300 4200 4000 14000 17000
Fraction content (mass%) 2.8 22.8 14.4 8.6 10.9 2.46 3.8 56.7
Kalmik light crude oil
Oxidation intervals
T1-T2 (¢C) 302-333 333-356 356-377 377-437 497-537 537-575 56+6
T2-T1=AT(°C) 31 23 21 60 40 38 38
Oxidation heat (J/g) 6800 6600 6400 6200 16000 18000
Fraction content (mass%) 16.1 115 4.1 5.9 3.74 2.2 37.6
On the other extreme is the class of old light crudes havX +Y =1 (10)

ing the following distinctive features: (i) large distillate fraction
(50-60%); (ii) low-resin/asphaltene content (about 6%); (iii
low-proportion of high-boiling oils; (iv) large oxidation heats
pointing to the presence of high-energy (normal) paraffins. This (AHexp— AHoi)

)Solving this system of two equations with two unknowhand
Y we get:

is the case for the Kalmik crude—a typical representative of thisX = (AHpar— AHop) (11)
class of crudes. Its thermogram may serve as a thermal passport P
(fingerprint) of the class of old light crudes. Yyr=1-X (12)

A great variety of crude oils fill the second class intermediate | . . )
between the above two and sharing in different proportions thei‘(\’hICh are the formulas for cglc_ulatlng the unknoMrm_dY, the
typical features. The Vietnamese crude evidently belongs in thikatter may be termed paraffinic and base oil potentials, respec-
class as it has distinctive features of the both extreme caseté\,'ely‘ of a crude oil. .
viz.: a large paraffinic content (22.8%), high-oxidation heats Let us apply Eqs(11) and(12) to the three crude oils of

L ble 3.
(4600 J/g) and a small asphaltene content (6%) place it evidentl N
in the third class of light crude oils; a large content of heavy FromTable 3the average oxidation healsle,pof the heavy,

oils (10.9%); a small distillate fraction (37%) place it in the medium and light crude_oils are 3500, 4400 and 6500, respec-
vely (all the four fractions are summed up). Thus for the

first class of heavy crude oils. It may be said that the crude h & . )
retarded cycles of transformation of heavy oils to middle ani\/lordowan crude we have:
light ones and of long-chain paraffins to low-molecular distillate , _ (3500—1800) (35—-18) 17 0.27
species. This explains the accumulation of oils in the crude and = (8000— 1800) (80—18) 62
the reduced content of the distillate fraction.

Regularity 2 noted above can be put to good use in the folY =1 —-0.27=0.73
lowing way. Let us assume that naphthenoparaffins forming th
bulk of heavy crude oils practically devoid of paraffins have
the lowest oxidation heakHoj of say 1800 J/g—a value close , (44—-18)
to oxidation heats of some base oils, Sedle 1. Let us fur- - 62
ther assume that the maximum oxidation h&ak,,, of a purely
paraffinic fraction equals say 8000 J/g—a typical oxidation heat = 1 — 0.42 = 0.58
of ceresin (Table 1). Let us denote the relative paraffinic frac- . )
tion in the crude by and the relative oil fraction by. Then we and for the Kalmik crude:
can write the following equations for the oxidation heédffexy  y _ (65-18) _ 0.76
found experimentally: 62

Eor the Vietnamese crude we get:

0.42

AHexp = AHparX + AHoilY ) Y=1-076=0.24
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Table 4
Percent contents of the light and heavy resins, asphaltene and carbine in Mordovian, Viethamese and Kalmik crude oils
Light resin Heavy resin Asphal-tene Carbine

Oxidation intervals

T1-T2 (¢C) 520-545 545-620 620-660

T2-T1=AT(°C) 25 75 40
Oxidation heats (J/g) 14000 16000 18000
Fraction content (mass%) 1.02 12.11 1.2
Oxidation intervals

T1-T2 (¢C) 495-543 543-583

T2-T1=AT(°C) 48 40
Oxidation heats (J/g) 14000 17000
Fraction content (mass%) 2.46 3.82
Oxidation intervals

T1-12 (C) 494-510 510-537 537-575

T2-T1=AT(°C) 16 27 38
Oxidation heats (J/g) 12000 16000 17000
Fraction content (mass%) 0.32 3.42 2.17

As was to be expected, the base oil potential of the heavy cruddppears for the first time. All this.shows that the high-molecular

is the greatest—0.73 or 73% and the paraffinic potential th(¥"e'ght HC compounds of the oil mothe.r-matter (_kerogen) can

lowest—O0.27 or 27%. The Kalmik oil has the highest paraffinicdeEd transform to lower molecular weight species, analogous
o the naphthenoparaffins and there is a direct proportionality

potential 76% and the lowest oil one—24%. The Vietnames% W the d fd dati f1h w :
crude is somewhere in the middle, its oil potential being 58%. ctween the degrees of degradation of these two major con-
Ftituents of a crude oil.

Finally, let us see what useful information can be extracte : L .
from the oxidation peaks of the resin/asphaltene fraction of the Datg inTable 4can.b e used for estabhshm 9 thg coke-fo'rmmg
otential of a crude oil. The rule for calculating this potential can

three crude oils ofable 3. Their respective deconvoluted peaksE derived on th tion that onl halt d carbines
are shown orfrig. 5and the results of calculations are summed € derived on Ihe assumption that only asphaltenes an

up in Table 4. favor the coke-formation, thus their absolute (mass) and relative

Resin/asphaltene oxidation peaks were deconvoluted accorﬁgrcem contents may serve as a quantitative index of the coke-
ing to rules given earlier. Exponents were drawn from inflec- orming potential. Then grouping together the percent contents

tion points as shown iffig. 5, as a result 2 or 3 sub-peaks pelonglng to the asphaltene/carbine fraction, we get an approx-

were obtained, marking out oxidation intervals of the mainImate ampunt of a high-quality coke that can be obtained from
resin/asphaltene fractions. In the case of the Mordovian crud@ cr_ude oil. It do_es notmean that coke cannot b_e prqduced _from
these proved to be 530542, 542—616 and 6162658 inter- resins, but then it will be, evidently, a coke of an inferior quality.
vals may be assigned to heavy resin, asphaltene and carbine,

respectivelyFig. 5A and data offable 4show that this crude 4. Conclusions

contains some undegraded carbine (1.2%), asphaltene (12.11%)

and some heavy resin (1.02%). These values were obtained usifig The choice of experimental conditions favoring a full (com-
the oxidation heats indicated in the table. plete) sample oxidation has allowed step by step consecutive

The results show at what stage of decomposition each com- oxidation of narrow fractions of a hydrocarbon mixture,
ponent of the resin—asphaltene—carbine mixture finds itself. The beginning with normal and/or isoparaffins and ending with
carbine component has, evidently, decomposed almost entirely, asphaltenes and carbines.
as only 1.2% of a lower molecular weight carbine fraction is2. The use of a scanning calorimeter of the isolated container
left of it. The asphaltene fraction has just begun decomposing type with high-calorimetric-resolution and sensitivity has
giving 1.02% of heavy resin. Relative percents of the fractions, allowed a reasonably accurate determination of the tempera-
starting with hard resin, are: 7.0, 84.5 and 8.5% (rel.). These tures and heats of oxidation of the main constituents of crude
figures show the distribution of the corresponding fractions in  oils, thus enabling their detailed quantitative and qualitative
the HC mixture. fractional analysis.

On passing to older crudes oxidation intervals of all fractions3. In conformity with the theory of organic genesis of crude
shift progressively to lower temperatures as the fraction amounts oils it has been shown that as the oil ages it accumulates
decrease rapidly, the center of their distribution moving to heavy normal paraffins and loses high-boiling base oils, resins and
resins. In the Vietnamese crude the amount of asphaltene has asphaltenes (it becomes more paraffinic in all its fractions).
gone down to 3.8% and the resin content has increased to 2.46%, Evidently, the DSC curve may serve as an indicator of the
which shows that the resin has further transformed to lower genesis and degree of maturation of a crude oil.
weight molecular species. This process of consecutive degradad- The results of the present study demonstrate the great and
tion is also seen in the Kalmik crude, in which some light resin  as yet little realized potential of the thermal methods of
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