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G:rrahochmoieku!are Polymere in niedrig konzentrierter Loésung
gewinnen in der tertidgren Erdéiférderung zunehmend an Bedeu-
tung. Wahrend Polyacrylamid-co-acrylate in Lagerstdtten mit
geringem Salzgehalt Verwendung finden, kann Xanthan auch bei
hdheren Salzgehalten eingesetzt werden. In dieser Studie wur-
den die folgenden Eigenschaften des Xanthans detailfiert unter-
sucht; intrinsische Viskositat, Moimasse, Fliefiverhalten, Viskosi-
tatsergiebigkeit und der Gehalt an Acetat- und Pyruvatgruppen
{NMR und enzymatische Analyse). Die Ergebnisse zeigen, dal
sich die verschiedenen Xanthan-Proben in Bezug auf ihre Visko-
sitat und Infizierharkedt unterscheiden. Dies erklért die oft von-
einander abweichenden publizierten Daten dber Xanthan, wie
z.8. {n}-M-Beziehungen. Es konnte gezeigt werden, dafl diese
Unterschiede mit der unterschiedlichen Acetat- und Pyruvatge-
haften korrespondieren. Dies bedeutet, daf Xanthan als ein
kompliziertes Quartd~-Polymer betrachtet werden muf. Die L&-
sungsstruktur (Konformation) muf als aufgeweitetes Knduef und

nicht als starres Stdbchen betrachtet werden.

NG J/

(/_

Ultra-high molecular weight palymers in low concentrated sofu- |
tion have been attracting an increasing degree of signiticance

for use in enhanced oif recavery. Polyacrylamide-co-acrylates

are used in reservoirs with a fow salt content, whereas xanthan

can be employed in reservoirs with a high salt content. In this

sludy the following characteristics of xanthan were investigated

in detafl; intrinsic viscosity, molecufar weight, flow behaviour,

viscosity yfeld, and degree of acetate and pyruvate substitution

{NMR and enzymatic analysis). The resuits show that the various

xanthan samples differ from one another with respect to their

viscosity and injectability. This therefore explains the Of‘-_-
contradictory data on xanthan, such as the [nj-M-refationship,

which is found in publications. it was possible to show that these

differences may well be connected with the varying pyruvate

and acetate contents, which mean that xanthan may be re-

garded as a complicated quaternaty polymer. The solution

structure (conformation) must be regarded as an extended coil

and not as a rigid rod.

o

1. Introduction
Because of their spectal solution structure, xanthans -~ polysac-
charides produced by fermentation - are favourably suited for use
in the further exploitation of paetroteum reservoirs (polymer flood-
ing}. Field trials have already shown good resuits [23, 44]. The
flocding with pure water ceases to be economically efficient once
the cil content of the water-oil mixture has dropped to 2%. In
polymer flooding a quantity of polymer solution equal to about
half the pore volume of the reservoir is injected which is been
followed by twice this quantity of water. The benefits of EOR are
heaped 1 to 2 years after the polymer programme has been
commenced. S0 far only polyacrylamide-co-acrylates have been
used {27], which, however, necessitate special requirements being
made of the petroieum reservoirs. At high sait concentrations, of
bivalent saits especially, polyacrylamide-co-acrylates are precipi-
tated, so that the reservoir has to be preconditioned with fresh
water. Non-ionic polyacrylamides are unable to fulfil the minimum
viscosity requirement {n, = 10mPa - s at ¢, = 01%), even if
extremely high molecular weights are employed [17). In contrast
to this, the exopalysaccharide xanthan, preduced by the bacte-
rium Xanthomonas campestris and first isolated and characterized
by JEANES 1961, exhibits the following advantages [21, 38, 18, 31,
33]
- high stability in the nresence of monovalent and bivalent ions
- high temperature resistance
- high shear stability i1 porous media
- high viscosity level &t low polymer concentrations
These are the principal arguments which are repeatedly. quoted
for the application of xanthan in enhanced oil recovery, and which
should enable & favourable mobility ratio to be achieved.
Laboratory experiments have recently been carried out for a field
trial at a reservoir in North Germany with a high salt content
{220 g/1 TDS) and a temperature of 56°C, where it was found that
xanthans from various sroducers differ markedly from each other
with respect to their suitability for enhanced oil recovery [14]. For
this field trial, fermentation broths were employed in concentra-
_ tions of 210 3%. The solutions were then diluted and injected into
the reservoir in quantities of approximately 100 m?/d with a xan-
than content of 500 pem. The results obtained for viscosity levei
and injectabiiity from the investigations exhibited distinct differ-

ences not only between sampies from different producers, but
also between different batches from the same producers. It is
therefare the aim of this work to characterize xanthans, partic-
ularly at low concentrations, and to work out an explanation for
the differing macroscopic properties.

2. Experimental

The investigations included both commercially available xanthans
as well as those synthesized in the laboratory. The commercial
xanthans were kindly pfaced at our disposal by the manufacturers,
and the laboratory xanthans by the QGesellschaft fir Bio-
technologische Forschung GmbH, GBF, in Braunschweig,

"

Fig. 1: Structural formuia of the biopolymer xanthan according to Jansson

The acetate and pyruvate contents of the xanthans were mea-
sured according to an enzymatic standard test from the
Boehringer company in Mannheim, The NMR spectrascopic deter-
mination of the acetate and pyruvate contents was carried out at
80°C in 0,0 on a Bruker MSL 300 spectrometer. The spectra w

recorded at a transmission ifrequency of 300.13MHz with %
scans in each case, with a relaxation delay of 10s and 16K data
points. The molecular masses were determined by SEC [14]. The
viscometric measurements for determining the intrinsic viscosity
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Fig. 2: Pholamicrographs of xanthan A 10 {a), D 13

were performed using Ubbelchde viscometers and a Zimm-
Crothers viscometer, thermostatically regulated at 25°C. Flow
vas were carried out on rotary viscometers. The xanthan

‘Errnentation broths were obtained in various cancentrations. The

solutions for the injection tests were first diluted to appfox.
5000 ppm, then subjected to shear. added to the reservaoir water
(220g/l TDS). and then subjected to shear ance more. The
injection tests were carried out on 2 sandpack of the following
specifications:

sand: quartz sand diameter: 19cm
grain size: 63-80um porosity: 50-55%
length: 4cm permeability.  2-3 um=

value (residual resistance factor}
was recorded by fiooding with water. The R, value should lie
between 1 ana 3 for a good polymer [22]. Xanthan solutions both
with and without bacteria were used far carrying out the injection
measurements. 1n fig. 2 photomicrographs of three different
xanthan sampies are shown. The photomicrographs of a xanthan
fermentation broth show that the bacteria can constitute a large
proporticn of the broth. Furthermore, the shape of the dead
bacteria can vary significantly.

After the injection test the Ry

3. Results and discussion

In preliminary trials, conducted on a laboratory scale, the viscosity

level, which is a decisive factor in the mobility behaviour within the
\servoir, was examined for the varipus xanthan samples from

wmmitterent manufacturers. The viscous properties were investigated

-

while paying particular attention to M,, or P, and it was found that
a significant factor is whether the measurements have been
carried out in the Newtonian or non-Newtonian region. Apart from
the viscosity level, a very important role is also played by the
injectability of the xanthan solutions during pelymer flooding. As
already mentioned by Lund [26] among others. poor injectability is
brought about by a high aggregate content of the solution, which
is reflected in high Huggins constants. A high aggregate content is
not desirable as. apart from biockage of the reservoir, loss of
polymer also occurs. Loss of polymer results in a deterioration of
the mobility ratio and, therefore, 2 lower degree of oil extraction. In
the light of these differing properties of xanthan it was deemed
necessary to conduct a detailed compatrative investigation into
the fiow behaviour, with particular emphasis on the structural
parameters.

1.1. Viscosity yleld

when an oil reservoir is flooded, it is generally assumed that the
flow rates are equivalent to shear rates of approximately 1-10s7",
depending on the porosity and permeability [22]. For this reason,
the viscosity lavel in Fig 3a s indicated by the xanthan concentra-
tion which is necessary to generate a viscosity of 16mPa*s at a
shear rate of 7.3s 1 Aswell as distilled water, a reservoir brine and
a 210 g/! solution of NaCl were used as sclvents.

SANDFORD [33] found that xanthans with & high pyruvate content
have higher viscosities. This can obviously be expiained by the fact
that the ultra-high molecular weight commercially-available xan-
thans often have higher pyruvate contents (Fig. 3b). The same
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relationships result when the degree of polymerization is plotted
as a function of the pyruvate content,

To ensure the comparability of the results in Fig. 3, the measure-
ments at a shear rate of 7.3s™ should be examined to examine
whether they were all taken in the Newtonian range. Sample 51,
with the highest intrinsic viscosity was therefore chosen for this
exarnination {Tahle /). As can be seen from Fig. 4. the determina-
tian of the zera-shear-viscosity in the cancentration range chosen
was only possible at 68 ppm. Here, the Newtonian flow range isto
pe found at a shear rate of ¥+ <50 s-1. However, it can be clearly
obseryved that xanthan readily fulfils the requirement for a shear
rate of 10s-1 at 1000 ppm. The 1, values can pe calculated {3, 18],
provided only that the [n]-M relationship is known and that at least
one measurement is taken in the Newtonian region. One result of
this molecular model, among others, is that a structure-property
reiationship can be firmly established between the zero-shear-
viscosity, the molecular weight and the concentration {ng-M,,€
relationship). In 1985, an the basis of this moiecular mode!, Milas et
al. [28] propounded this relationship. Using Milas’ data, the resul-
tamt zerg-shear-viscosity for xanthan S1can be calculated. Unfor-
tunately, as ane can See, there is no agreement between the
thearetical and measured values. On the contrary, it would seem
to indicate that the xanthan sample S1 exhibits substantially
higher 7, values with respect to the concentration. Reasons which
may be put forward for these differences are a variation in the
molecular weight distribution and in the structure of the xanthan.
These deviations illustrate that the solution properties of one
xanthan cannot be applied to another xanthan.

3.2. Injectability

The polymers used in enhanced oil recovery must be resistant to
the salt contained in the reservoir. Precipitation of the polymer
due to the salt cantent must be avoided at all costs as this would
lead to blockage of the rock pores. Another extremely important
factor in this context is the proportion of aggregates in the
xanthan solution, as these can also cause blockage of the rock
pores. The occurrence of aggregates in native xanthan resuits in
unusually high maolecular weights in light scattering determina-
tions. Holzwarth [12] thus states that the aggregates consist of up
1o 40 sub-umts. The Huggins constants, obtained while determin-
ing the intrinsic viscosity {see Equation in Section 3.3), are a
measure of the intermolecular interactions and thus of the propor-
tion of aggregates in the solution. For nen-aggregative, rod-like
maolecules the theoretical value of k, is 0.4. Huggins constants
above 0.4 indicate a higher ievel of intermolecular interactions,
which are believed to result in aggregate formation. The extent 10
which aggregates are present in xanthan solutions can be deter-
mined by the pressure drop in filtration tests [26]. Alternatively,
however, the Huggins constants of filtered and unfiltered solu-
tions may also be determined.

Figure 5 clearly shows that the determination of the Staudinger
index is barely dependent upon the aggregate content. Native
xanthan molecuies, which occur as double helices, have a length
of approx. 2 pm, whereas aggregates may be as long as 10 pm {12].
These dimensions tally with the result. An 8pum filter thus causes a
change in the k,, value from 3.34 (unfiltered) to 1.8, which may
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by approx. 15%. This can be ex
results of Lund [25],

filtration. The loss of

resistance during filtrati
measurements showed
ne influence on the in

Table I: Compilation

Staudinger index {T = 25°C;

8p cellusosa nitrate filter from Sartorius and 1.

regenerated cellulose flter from Schleicher & Schuefl)

partial separation of very large aggre-
attering. When a fpm filter is used Ky,
Sic viscosity simultaneously decreases
plained, in agreement with the
Yy a significant loss of polymer during
polymer bacame noticeable because of
on and a residue on the fiiter, The injection
that the content of bacterial residues has
ectability of the polymer solutions. The

the

of xanthans with differing microstructures

same was found for the influen
resuits infer that the reason

polymer solutions, and therefor
recovery, shouid be sought in th

to be the configuration of the
groups and their location within the m
on aggregate formation, as afready s

ce of molecular weight {14]. Th

for poer or good injectability v
e their suitability for enhanced oii
e different structural properties of
I factors for the injectability seem
molecule, the proportion of anionic
olecule, as this has an effact
een in Section 3.1, '

xanthan molecule. Essentia

*} reservoir water 220 g/l TDS

| P Cae solvent T [n] Ky kyinl2 M,
sample % wrw % wiw °C cm3fg (cm3ig)/1ge 108 g/mol i
A0 313 5.34 salt water* 25 4034 0.85 15.37 85
B 11 3.13 534 salt water™ 25 5661 0.32 10.37 a9
ci12 2.07 .90 salt water * 25 3653 045 6.03 28
D13 3.55 4,88 salt water* 25 7375 0.44 2418 105
E14 8.00 2.08 salt water * 25 8157 0.35 23.21 11.6 |
F1s 4.65 3.66 salt water* 25 9824 018 18.15 106
G 16 salt water * 25 5252 0.28 7.28 10.0
HA17 salt water* 25 3318 0.66 7.23 85
118 salt water * 25 1967 323 12.50 7.0
P1 812 454
51 4.42 390 0,1 M NaCl 25 10750 072 83.21 -

R 1 3.18 418 0.1 M NaCl 25 7075 3.34 1672 -
K1 3.30 433 01 M NaCt 25 5330 034 11.98 -
G1 369 3.28 0,1 M NaCl 25 4951 0.65 1593 -

it)

measurements from KLEINITZ et. 4, 1989



3.3. Determination of the intrinsic viscosity

In determining the intrinsic viscosity, the reduced viscosity is
normally plotted against the polymer concentration. The intercept
of the ordinates then gives the Staudinger index.

Mrea = (N] + Ky - ()2 - C

The above equation is an exponential series which has been
truncated after the second term. The intercept of the ordinates for
infinitely small concentrations then presents an indirect measure
of the molecular weight, whearas the slope of the reduced
viscosity as a function of the concentration is a direct measure of
the thermodynamic quality of the solvent. Capillary viscometers
are often used to determine these two values as they permit the
viscosity to be measured with a very high degree of accuracy. it
can be seen, however, that the Staudinger index of xanthan
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reduced vIscosity 1,4 in m3/kg

concentratian of xanthan ¢ in I-<g/rn3

~annat be determined in a capillary viscometer as the shear rates

weccurring are too high. There is a discrepancy factor of 4 or §
between intrinsic viscosities measured with a.capillary viscometer
and those measured with a Zimm-Crothers viscometer (see Fig.
8). The gradient of the straight lines K,[n]2 increases sharply with
decreasing shear rate.
In addition, the reduced viscosity 1,4 8l50 has to be extrapolated
to 7 against 0. To determine the intrinsic viscosity of the xanthan
51 in the capillary viscometer, concentrations of 50 to 200 ppm
were necessary. Fig. 4, however, shows that the shear rates
occurring in the capillary viscometer are located in the non-
Newtonian region. If the recorded values of the intrinsic viscosities
are plotted against the shear rate in the measuring head with a
logarithmic scale on both axes, then a curve is abtained with the
same shape as the fiow curve.
The xanthan (S1) with the highest intrinsic viscosity exhibits a
region independent of shear rate up to approx. 551 If higher
shear rates are Used in determining the Staudinger index, an
erroneous result is to be expected. if an [n]-M relationship were
then employed, too low a molecular weight would then result from
the calcutation. It would therefore seem necessary to conduct
viscosity measurements on dilute xanthans in the region of the
zaro-shear-viscosity in measuring apparatus which only use very
small shear rates.
The intrinsic viscosities of commercially-available xanthans for

wyse in petroleum reservoirs were determined with a Zimm-

- Crothers viscometer.

Figure 8 shows that the Staudinger index, and with it the viscosity
ievel too, of different xanthans can vary by a factor of 3. The
different injectability is also reflected in the differing slopes Kylnl2,

Flg. 6: Dependence of the shear viscosity on the
measuring apparatus for dilute solutions of an ultra-
high molecular weight xanthan 51 at 25°C (Zimm- | — —
! Crothers viscometer v = (.7 37, caplllary viscometer v

Fig, 8: Intluence of concentration on the zero-shear-
viscosity of xanthan solutions in reservoir water at !
25°C (according to Hugging equation| ke
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and thus in the k, value (Section 3.2.). k,, can assume unusuaily
high values. Launay [19] reported a k, value of 6.0 for a commer-
cially-available xanthan in a 2% NaCl soiution. Such great differ-
ences make it difficult to choose a xanthan for a particular field of
application. These results are summarized in Table [, from which it
can be clearly seen how greatly the xanthans deviate from one
another in their properties.

One of the most impertant methods of characterization is the
determination of the intrinsic viscosity, which allows a mean value
of the molecular weight of the polymer to be obtained from
viscometric measurements which are relatively easy to carry out
via a calibration relationship from Mark-Houwink-5Sakurada.
m=K,-Ma

c - Oﬁnnd % -0

If the Staudinger index [n] of the polymer sample is plotted against
the molecutar weight with a lagarithmic scale on both axes, the
intercept of the ordinates gives K and the gradient the exponent
a. These calibration relationships are, in each case, only valid for
any ane solvent at a given temperature for samples with équal
molecular weight distribution. In the case of xanthan, a study has
been made of the published material relating to this calibration
relationship, the results of which are presented in Table /i,

The list of published Mark-Houwink relationships from 1978 to the
present shows how great an interest there is in xanthan, From
Table 2 it can be clearly seen how sharply the K, values and the
exponents a both fluctuate. Values of 0.9 to 1.4 are found for the
exponent a, which can be regarded as a measure of the thermo-
dynamic quality of the solvent and thus provides a descripticn of
the soluticn configuration. Exponent a can assume values be-
tween O and 2. A value of 0.5 describes a pseudo-ideal state, in



Tabie II: Published [n]-M retationships for xanthans as a function of the degree of substitution of acetate and pyruvate, salt content of

the solution and temparature covering the period of time 1975—1990

K, .oa | M. | Ac Py T solvent |
' i ! °C NaCl !
. 321-105 . 125 | 2-105-4.106 0.4 25 | 01M | Sho 1986
L 464-10-6 141 | =D25-105 25 | 01 M | sato 1984
L 441-10% {107 | Z=1.105-75-106 25 | 01M | sato 1984 .
21103 £ 0,90 15- 108 - 107 0,05 M Na,SO, | Miller 1988
- 63-103 L 093 108 - 6. 108 1 30 | 5g/ | Muller 1984
135105 ' 1244 | 42.10*-33. 108 1 0.6-1 25 |01 M | Milas 1986
1 152-105 1132 |33-105-33-106 1 1 25 | 01M | Milas 1986
1 9.3 1075 120 [ 65-105-7 108 048 036 25 | 01M | Callet 1987
172104 114 | 3-105- 107 25 | 01 M | Tinland 1989
1,7 1074 114 | 3.105-7.106 075 0.4 25 |01 M | Milas 1985
2410 110 | 3-105~1-108 25 | 0.1 M NaNGQ, ' Tinland 1988
941 - 10-4 0858 | 15-108 - 107 |02 048 25 | 0.1 MNaCl \ Ach 1987
! :
5,66+ 10-¢ 10 3.105- 107 j 25 |03M : Tinland 1989 :
1,72+ 1074 1,14 1 3.105-107 | P25 |0 M ! Tinland 1989 :
4.10°5 1123 !3.108-107 : 25 1 003 M ' Tinland 1989 ;
314-10°5 1126 ' 3-105-107 25 {001 M Tinland 1989 _—
283-10 5 127 =2-108 25 {001 M Liu 1987 i
571-10-5 121 2-105 - 108 25 | 001 M  Liu 1987 |
257 -107¢ 1,09  =2.105 80 001 M | Liu 1987
1 1,82-1072 {093 | 2-105- 106 ; : .80 001M ' Liu 1987 |
| 164 -1075 | 1,29 1-105-1.10¢ ! 034 | 25 001 M | Zhang 1987 i
i 135 | =<1.108 | 20  075M | Holzwarth 1978 '
096 |=1.108 | 20 075M | Holzwarth 1978

which the polymer is present as a statistical coil in the sotution.
The greater the exponent is, the more stiffly the polymer behaves
in the solution. If a is 2, an ideal rod exists {18]. The different
samples for preparing a [n]-M relationship should represent an
homologous series with respect to their molecular weight distribu-
tion and type and freguency of branching. The published list of
relationships is based on samples obtained by the enzymatic or
mechanical degradation of native xanthan samples. Mechanical
degradation is often brought about by ultrasound, which inevitably
resuits in samples of differing distribution widths. Enzymatic
degradation is associated with a change in the substitution degree
of acetate and pyruvate [28]. In plots with a logarithmic scale on
both axes, curves are often obtained, so that the [n]-M relation-
ships are cniy valid for a limited range of molecular weights. The
gradient is significantly steeper far small molecular weights than
for very high anes. In principle, there are 3 causes for the curved
graph. Changes in the type and frequency of branching, which
cannot in principle be excluded, lower the hydrodynamic volume
and consequently the 3taudinger index of the sample, although
the molecular weight ramains the samef[15]. A curve can also be
caused by differing molecular weight distributions in the samples.
The semi-flexible naturs of the xanthan molecule [45] may possi-
bly be put forward as the third explanation for the varying gradient
in the plot of the Stauoinger index as a function of the molecutar
weight. Small molecular weights exhibit high exponents, up to 1.41,
due to their high stiffness, whereas the xanthan becomes more
flexible with increasing chain length, which is shown in a iowering
of the a vaiue. At very high molecular weights exponent a de-
creases to 0.9. The comparability of the [n]-M refationships is also
made difficult by the frequent absence of data for the degree of
acetate and pyruvate substitution. Table | gives the resuits for the
enzymatic determination of the acetate and pyruvate contents of
some xanthan samples For some samples this determination was
not only carried out enzymatically, but also by means of NMR
spectroscopy. In order to obtain good 'H-NMR spectra from
Xanthan, the samples must be purified and the remaining water
substituted for deuterium oxide. First investigations lead to the
. conclusion that ultrasonic degradation of the xanthan samples
makes the determinaton of the degree of substitution more
precise due to better resolution. In addition, the spectra must be
recorded at 80°C, because at this temperature the xanthan which

is present in the denatured form has a significantly greater signal
intensity than either the native or renatured form. |f attention is
paid to the appropriate measuring conditions. the signals in the
spectrum can be assigned to the acetate and pyruvate groups (fig.
9). The quantitative evaluation makes use of the only e-anomeric
proton in the xanthan molecule, which occurs in the side chain
[32]. Taking the ratio of the areas of these signals then gives the
acetate and pyruvate content of the xanthans. The results re-
corded by this method show good agreement with those from the
enzymatic determination. The results stated go to show that the
contents of individual xanthans differ, and that not all of the side
chaing in a xanthan molecule contain acetate and pyruvets
groups.

Sandford [33] observed in 1978 that the fractional precipitation™Sf
xanthan with ethanol results in fractions with differing pyruvate
contants. This is contrary to the findings of a recent BMFT
research project which took place at Henkel, and which estab-
tished that aithough a low-molecular weight xanthan is initially
formed in the fermentation, the acetate and pyruvate cantent
remain canstant throughout the entire reaction period. Remaoval
of sampies of the xanthan termentation broth at different intervals
during the reaction represents in principie another method of
obtaining a homologous series. Different fermentation conditions
and processing technigues will of course occur amongst the
selection of xanthans from various companies. For instance, the
choice of nitrogen source as the nutrient for the bacterium has a
decisive influence on the salution properties of the xanthan [25].
The presence of the L-amino acid methionine during the fermen-
tation impedes the production of xanthan from the bacterium,
whereas other amino acids resutt in increased production [8]. It
the flow curves of ditferent xanthans are recorded, overiapping of
the material functions is ohserved, which can only be explained by
different solution structures. Furthermare, the Mark-Houwink ex-
ponent of the xanthan is also influenced by changes in salt
concentration and temperature. Comparability of the calibration
relationship is therefore made difficult.

Canclusions
It is not unusual for polysaccharides to form helical structures.
Thus xanthan forms a double helix whereas other poilysac-
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charides, such as scleroglucan are capable of forming triple
helices [46]. The xanthan helix is a semiflexible and not a com-
pletely rigid polymer as can be shown by electron microscopy
{4Q]. Native xanthan, which has molecular weights significantly in
excess of 108g/mol, is produced by the classic method, in a
fermenter. The high viscosities which arise from this method
cause a restriction of the oxygen supply, which can be strongly
‘~fiuenced by the mixing technigue. This oxygen restriction not
we Ny reduces the productivity of the bacterium, but also causes a
drop in the molecular weight of the xanthan formed. Poor mixing
with locai differences in the axygen distribution may have such an
influence on the polydispersity [41]. To avoid these problems at
high viscosities, emulsion polymerizations have recently become
the subject of investigations concerning the manufacture of
xanthans. Though, even here the choice of the agitation system
plays an impartant role [7]. The differences in the macroscopic
behaviour of xanthans, which occur both between samples and
between manufacturers, cannot be caused by the diversities in
manufacturing and processing technigues alone, but also directly
by the composition of the copolymers, with respect to their
frequency and distribution along the chain. Published material
concerning the influence of the acetate and pyruvate groups con
the material properties is subject to some controversy. Studies
conducted by Callet [4] and Bradshaw [2] have shown that the
degree of substitution has no influence on the viscosity. in con-
trast to this. however, Sforeker [37] has reported that removal of
the acetate groups causes an improvement in the physical prop-
erties, such as higher viscosities in the presence of salts, and in
the manufacture of more flexible fiims. Chestham (8], Smith [38]
and also Lecourtier [21] claim that association with salts takes
place, particularly for xanthans with & high pyruvate content.

‘hich result in a sharp increase in viscosity, or even precipitation

weei the xanthan. However, it is certain that the pyruvate groups

destabilize the helix due to electrostatic repulsion, whereas the
acetate groups stabilize the helix by intramolecutar hydrogen
bonds [6, 10]. The degree of acetate and pyruvate substitution is
therefore able to influence the solution structure. The tempera-
ture of the transition from the ordered to the disordered state is
not only determined by the salt content and nature of the cations
f9] in the solution, but alse by the degree of substitution. The
irraversible splitting of the double heiix into a single helix in
distilled water has thus so far only been observed for a xanthan
with a pyruvate content of 100% (with respect to the side chain}
[20]. It one solution structure is transformed into another, the
solution properties also change. The wide-ranging investigations
carried out on xanthan to date infer that it is a copolymer
consisting of 4 monomeric units which oceur in the molecule in
varying proportions. A structural formula such as that shown in fig.
1 therefore represents a crude simplification. The structural con-
figuration of xanthan is considerably better represented by Fig. 10
although this formula is also unable to specify the sequence of the
side chains. In addition. there is still no procf that the side groups
are regularly bonded to every second giucose unit of the main
chain.
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Flg. 10: Structural formula of the xanthan copolymer
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