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5 EOR

encompasses a  wide raznge of methods for
& recovering additional oil in place, of which poiymer flooding is
5 one special example™, It is applicable to oil fields with an oif
3 viscosity of up to 150 mPas at a piven oi field temperarure,
“¥ Atthough this seems to be a lmitation, there are lots of
"E,{' rmportant o fields which meet these properties. Two examples
% are the ol fields in Libya which represent the largest
%4 resources i the Near East and the off-shore projects in the
: ?_ . north sea. The oil of these feids is valuable because of is
%

o

low suifur content and its low viscosity which enables it o be
% easily processed into fuel
In the past synthetic polymers, stictly speaking
W ooivelectrolytes suck as ionic polyacrylamide-denvatives, were
o used exclusively wuth success. The ‘disadvantage of such
e polyelectrolytes however is an enacrmous viscosity loss in the
&3 presence of salts such as NaCl CaCly, MgCl, etc.. Moreaver,
Y precipitation  may occur in me__presence of  multivaient
;. counterions ke Ca* or Mg?*, which may lead to reserver
o plugging. An  addutional disadvantage is that these paiymers
2 are not biologicaily degradable.

In the last few years varipus field trals have been
- carmied out with fermentation polymers instead of syathetic
p . poivelectrolyres since these biopelymers do not possess the
'~ abovementioned negative properties. They stand out because of
<= their  physiclogical compatibility and  ther  bigjogical
© degradability.  The  enrire producton process leaves no
environmentally harmful residues. Apart from this, fermentation
poiymers  also possess extracrdinary  soiution  properties
; tompared with synthetic polymers. For mstance, xanthan
¥ exhibits 2 high. water bonding capacity and a high VISCOSITY
i yeld, Meanwhile, the preduction costs for xanthan have heen
o a price level comparable wath
I polyacrylamude-co-acrylates,
. Degending on the fermentation cenditions employegt2?
) Beomettic ranos of reactor and strrer, fermontaton tims,
1 Jgen and nutrient supply, erc.} and the processuig conditions
(prccipitauon, ourification, lemperature Ueatment presnearmg,
. &), very iarge diffsrences in product properties may arise,
- the causes of which are not fuily understood.
It was shown in contrast to previous works®3], that the

Xanthan melecule consists of four different monomer units and
- c]a.n therefare be descrived as a quarternary polymer®®? (fig,
1.
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The secondary structure of native xanthan is known to be
hetical, but this ‘ordered conformation is dasiroyed by lowering

the salt content or raising the temperatere of the solutan,
This conformational change can be detectad by polarimetry
and viscometry, for example i 0.01 M NaCl solution a1 a’
transition temperature of 53 °C.

To get a general idea of the nfluence of the chemical
and steric microstructure of single moiecules on the viscous
and elastic solution properties, their exact determinarion is
necessary. Although very comprehensive studies have heen
carried ¢ut on various xanthans by several ressarch groups, it
has not yet been possible to draw general valid concluzions
about the relation betwesn moiecular parameters and solution
Properties, since comparability of the results is compiicated by
the differences n praduction and processing techniques.

In order to investigate the influence of the chemical
stucrure, the acetyl and pwruvate content of more than 350
laboratory and cormercially available xanthan samples from
different manufacturers were detarmined by enzymatic analysis,
Nine samples were chosen for Purther investigations, including
more exact chemucal analysis by 'H NMR speciroscopy. In
addition to the molar mass M. information on the soiution
structires of the xanthans was obtaired with the aid of
viscomety, low angle (LALLS) and multi-angle laser light
scanering (MALLS) invesugations. The results are summarized
i tab, L

Tab. I Resulrs of the acetyl (Ac) and pyruvare (Py) conrent
determination by 'H NMR Spectroseopy and of viscomedvic and
light scarering ‘nvestuganons.

Sample Ao M

Baar (7] M, LalLs ar MALLS

(mei%}  (molx) (mlrg) (10° g/mol) (10° g/mel) am
A 12 27 a8 8.3 - -
B1 25 57 9047 §7 23 240
B2 95 57 7651 5.3 50 1283
B3 59 73 8380 5.5 4 223
Ea 10 53 g154 6.9 5.1 157
ct B4 51 4923 £.4 - -
c2 53 44 3803 T4 - -
C3 95 42 907 5.3 - -
c4 48 as 5142 55 - -

All the angle dependent scattering curves, obtzined by a
Zimm evaluation of the MALLS mezsurements, show a
prominent curvature. A comparison of these curvatures with
theoreucal scattering functions for differsnt  molecular
strucrurzs (fig. 2) and a quantitative evaluation for semiflexibie
chaing according to Peterlin®®?) yvieids further informanon about
the solution swuettre and the feximiy of the xanthan
moleculets?.
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Fig. 20 Comparison of the measured scagering curve wigh
aﬁ.goreﬁcaf scaupring funcigns for di?’erenr molecular
souctires. PR} is the scamering function g={4r/d) 5in(0/2).
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The viscoelastic properties were examined under varigus
conditions. One important paint of wterest is the behaviour of
the polymer solution under injection and feld conditions.
Whereas the solution has to be njectaple without high
pressure loss at the injection well, it should keep its high
viscosity level under field flow conditions. Thage properties can
oniy be investigated regarding two different matenal Functians.
Under high shear rates the elastic properties, represented by
the first normal stress difference, dominate the flow behaviour.
Under these conditions PAAM shows very high normal stress
differences. In contrast xanthan selutions show rnearly no
shear-induced elasticity under the same conditions (fig. 3).
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Under field flow concitions the mobility, which depends an
the wiscosity, is the important property of the polymer soiction.
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4: Shear flow expertmenrs of PAAmM/AAc (a) and xarthan
in different salr concentranions.
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Rotational shear experiments
stability of xanthan (fg. 4 apb).
viscosicy yleld xanthan also exhibirs 4 becter
compared with polyacrylamidest™ (fig. 5).
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However porous media flow camnor he quantizatively
deseribed by simpie shear flow beeause the solution viscosity
inside a porous media & the sum of the shear viscosity and
the elongational viscosity, It is mmpassible to  distinguish
betwesn wiscous and elastic properties in elongational flow
experiments, in which the pressure drop, being proporuonal to
the solution viscosity, is detecred over a given langth of
porous medium. Therefore an atrempt shouid be made 0
correlate the results of the elongational flow measurements
with the viscous and elastic matenal functigns thar can he
obtaned from oscillatory expeniments.

in conclusion, this contrmbution shows that the siuctuze
of xanthan is meore complex than has been cescribed in the
Lterature to date. Based on this knowledgz it should be
possible  ta  establish  strucrure property  relationships o
understznd the macroscome flow behaviour under flield flow
conditions in more quantitative terms.
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