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Introductlon

Bitumens are recovered from tar sands bv
different methods depending on the access-
ibi l i ty of [he tar sand deposita. A rela-
t ively high temperature steam stim¡Iat ion
procesr¡ ( in the 300'C range) ie being ueed
for lhe j.n situ recovery of bitumen at a
dapbh below i00 m. One of the major compon-
ente in bitumen is aaphaltene and the import-
ance of characterizing aephaltenee in the
proceasirq of haavy feadstocks hae been
widely recognized.

fn particular, thc tendency of asphal-
tenaa to produce carbonaceoug reaiduee during
proceasing has been investigated in some de-
ta i l  (1 ,  2 ) .  The method o f  recovery  o f  a
feedstock prior to proceseing, and mst im-
portant, i ts thermal hietory playe a great
role in determining the type of aaphaltenes
that may be present in a givan feedetock.

This paper exa¡nines the asphaltenee frorn
senples of Cold Lake bitumen that have been
recovered by both stean st imulat ion (around
,00'C) and cold-bei led techniquae. Both of
these bitumens were subjected to hydro-
cracking in a batch a¡toclavc and thc
reeulting aephaltenos separated and compared.
The object of this rork waa to exanine, from
thc l imited perspective of asphaltcnee, the
differenc¿s between cold-bailcd and
steam-atimulated bitumens undcr hydropro-
ceesing condit ione.

Exparimental

Samplee of cold-baiLed and stearFstim-
ulabed CoId Lake bitumbn were.provi.ded by
Dr. 0.5. ibntgomery, Progran Diíector, Hydro-
carbon Research Centre, Chemistry Depertment,
University of Alberta, Ednonton.

Asphaltenes ¡vere obtained frm as
received and hydro treated bitumen samples by
erha¡st ive extraction with pentane fol lowed
by extraction with toluene and renoval of
solvent.

a) Hvdroqenstion of Bitunen

A 0.1 L stainless steel batc.h reactor
*irltrd m a shaking rechanisn at, 45" angle
to th,c axis of the motion waa uaed. The re-

actor wae charged r i th approximately 20 gof
feed. I t  wae pressurized with hydrogen to
11.8 l fa (2000 psi) then heated at a rate of
t"C/nLn to the desired temperature and held
for 2 h. The reactor was al lowed to cool to
room temperature prior to workup.

b) FTIR Spectra

- Thc FTIR spectra werc obtained using a
Bruckar IF5110 Infra red Fourier spectrometer
interfaced with an EG&G princeton Apptied
Regearch |4odel 6OO3/6005 photoacoustic sanple
cel l  and ampli f ier system. The samples
(250 pn pert icle sÍze) were dried at 100oC
under vacuum imnediately prior to measure-
ment .

c) 1Jc nmr Spectra
1lC nmr spectra were obtained for the

soli.d asphaltenes using a Bruke¡ CXp 1gO/90
spectrometer with cross-polarization and
magic angle spinning. The cross polarization
time was 1 ns. In the dipolar dephasing ex-
periments a delay of 40 us was used.

d) l , l icroecopic Studies

The nicroscopic examination oF the
aaphaltcne coke wse car¡ied out by maane of a
Lsitz ref lected l ight microscope at a magnif-
icat ion of X600.

Reeults and Discuesion

An clemental analysis of the four aspha-
Itenes conaidered here are shown in Table I.
It is evident that the eephaltenea fron the
original steam-gtimulated and cold-bai led

Ieble I

Elemenbal Analysis of Asphaltenes (wt %)

C H O N
cL-sS 80.12 7.64 ' t .66 1.10
cL-ss-H 82. t4 5.7t  1.69 1.79
cL-cB 80.05 8.n 1.48 0.9 '
cL-cB-H 81.24 5.82 1.68 1.76

HlC
1  . 1 '
0 . 8 1  .
1 . 2 4
0 . 8 5

CL=Cold Lake¡ SS=Steam Stimulated;
H=Hydrotreated¡ C8:Cold Bailed. Asphaltene
content of al l  bi tumen samples 11f .5%.
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bituÍcns are quite dif ferent: the latter
contain more hydrogen and have a higher H/C
atomic ratio. The analytical results for the
asphal.tenea from the hydrotreated bitunqns
are re¡¡arkably sinilar.

The FTIR spectra of both original
asphaltenee (CL-CB and CL-SS) are given in
Figure 1 along with the different spectrum.
The cold-bai led material exhibits stronqer
al iphatic C-H (ca. 1000 cn-l) absorptioñ ard
weaket a¡omatic C-H ebsorption than the cor-
reeponding aephaltene fronr tha stean-etim-
ulated bitumen. This is presumably a reault
of proccseing conditions. The FTIR spectra
of the asphaltence from thc two hydrotreated
bitumene ara essentially ldentical¡ the dif-
ference spectra show no varietion.

important structural dif ferences. After
hydrotreatnent the asphaltenes from both bit-
unena were considerably rrpre aromatic than
the asphaltenes from the original bitumens,
aa waa anticipated úre [o loes of alkyl
groups. llcwever, the dipolar dephasing re-
sulte show no detectable differences between
the asphal.tenes fron the hydrotreated bi.t-
umenf¡.

Microscopic Evaluation

Coke sanples were prepared for microsco-
pic examination by heating the asphaltenes in
the RUHR di latometer up to 550"C with a con-
etent heating rate of ,oc,/min. The samplee
were mounted in epoxy resin, polished and ex-
anincd undor a reflected light Leitz micro-
9COpA.

Cold-bai led esphaltene: Coke from cold
@ fine moEaic structure
(Figure 2) indicating low arornatici ty and
high al iphatic side chaine eoneistent with
rmr results. 0n hydrogenation, the structure
in Figure I shows coalse mosaic to coal-
escence of small spheres probably owing lo
the removal of al.kyl groups.

Fig.2 Fine mosaic structure
of cold bai led
rsphal,tene (CL-CB).

Fig.) Coarse mosaic to coalesced
spheres of hydrogenated
cold lake asphaltene (CL-CB-H).
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Fig.1 FT-IR s.pectra of
original aaphaltenes.

Solid state 1lC nmr spectra with crosE
polarization and magic-angle spinning were
obtained for al l  four asphaltenes (1" values,
CL-SS = 41.62i; CL-SS-H = 61.OÁi CL-CB :
19.2%i CL-CB-H = 61.7Á). 0n the basie of the
aromaticity values alone the c¡ld-bailed and
steam-atimulated asphaltenea are quite
similar, the cold-bai led asphaltenes being
sl ightly legs aromatic (2). The dipolar de-
phaaing results, however, shor that the
ratio of non-protonated to protonated aroma-
t ic carbons-is higher (1.2) for the cold-
ballcd. aphalteñes than for the steam-stim-
u la [ed  aspha l tenes ,  (1 .6 )  ind ica t ing
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Steam sti,nulated aspheltenee: Asphaltenes
f f i d f r o m s t e a m
stimulation proccaa are chenically different
lrrñ cq\(-\c\\e( ts$r\\erret. \\c cs{rsc
mosaic structure of eerni-coke ln Figure 4 In-

.dl-cates that thc asphaltenes poeeibly may
have lost alkyl grorps due to heat
tieatnent. 0n hydrogenation, the coalesced
mosaie sphere in Figure 5 confirms the higher
aronatici ty and further loss of al iphatic
side chaine.

Fig.4 Coarse nroaaic structu¡c
of aephaltcrc fron
staao-atiÍu¡lated
bltumon (cL-ss).

(bservationa and Conclueions

The chemical and microgcopie coke
st¡uctures of the asphaltenee from cold-
bailed and steam-stirnr¡lation bitumene
are quite dlfferent due to different
processlng conditiong.
The aaphaltenee from thc hydrotreated
cold-balled arú ataa¡r-stimulated
bitumcne sppear to be qulte similar on

Fig.5 Coalesced mosaic spheres
of asphaltene from
hydrogenated stesm-
etinulated bitumen (CL-SS-H).

the basis of chemical and spectroscoplc
evidence. However, microscopic examin-
ation of the corresponding cokes reveals
unexpected and important differences
( r ) .
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