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Abstract For a North-German oil reservoir with a salinity of the reservoir brine of 22o gll TDS a

."t.*ing of däferent commercially available xanthans was canied out. While developing this

screening procedure the experience gained in'the xanthan pilot proiect Eddesse-Nord was

considered. For the screening a mixing process to ootain a good iniectable polymer solution was

developed for the different products that is also applicable in the oil field. Other screening criteria

were the viscosity yield, the injecability and the retention/adsorption. lt was found that ihe

xanthans tesred behäve very different with respect to viscosity yield and iniectability. The molecular

weights and molecular weights distributions were determined using SEC/L-ALLS. The solution

properties were characterizä by measuring intrinsic viscosities- The adsorption characteristics of

the different xanthans on quara-sand and ieservoir-sand were compared by measuring heats of

adsorption using a micro-fl ow-caiorimeter.
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1. lntroduction

A polymer pitot flood project was planned for a North4erman oil field with a high salinity

reservoir-brine. This brine was also to be used as mixing water for the polymer. As the viscosity of

the oil is relatively low and the reservoir rather homogeneous, the recovery possible by water

flooding is already 40 %. The reservoir data are given in Table 1.1.
A simulation study showed that an incremental oil recovery of 6 - 8 % of the original oil in place is

possible by polYmer flooding.
The screening of a suitable polymer for this proiect is subiect of this paper. As fresh water was

not available fÄr flooding, and so ffooding with polyacrylamides was not possible, ditferent

commercially available xanthans were tested. The obiective was to find a xanthan wtth a good

viscosity yieia at acceptable price and costs for mixing and storage and with a good iniectability

and low adsorption.

Table 1.1: Reservoir data

Reservoir type:
Depth:
Temperature:
Salinity of brine:
Calcium:
Oil viscosity u.r.c.:
Average permeability:
Average porosity:

Sandstone
1300

5c,

210
< 1

1 (

1
27

m
oc

*g/^2
kglm'
mPa's

pm2
Yo

Table 1.2: Commercial polymer samples used for screening

Product Type cs ca Mw "py

olo Yo 106 g/mole o,to

A1 Ferm.broth 2.78 2.12
A2 Conc.broth 9.76 9.02
81 Conc.broth 9.62 7.38
82 Conc.broth 12.53 10.83
C Powder 96.38 95.65
D Conc.broth 9.56 7.92
E1 Conc.broth 8.78 8.30
E2 Conabroth 8.19 7.8

8.54 2.76
8.97 2-76
9.85 1.77

11-47 2.89
10.58 3.74
10.68 4.13
11.61  5 .69
12.14 6.08

c, is the total solid content, c" is the content of active matter, "pyit the pyrwate contenl

Samples of däferent commercial Xanthan products were test# for their applicability in this

project The samples and their properties are listed in Table 12 The narnes of the suppliers are

coded.
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2. Screenino Methods and Criteria

2.'l Mixino orocedure

2.1.1 Xanthan broth

Xanthan broths were received in diiferent concentrations. lt was found thät mixing of

unconcentEted fermentation bfoths with a content of active rnaner of 1.5 - 2 % was easier than

mixing concentrared broths with an active material of I - 10 %. lt was necessary to dilue the

concentrated broths first in fresh water before dih.rting to the final concentration with brine. So all

broth-samples were first diluted with fresh water to a concentration of 5000 ppm. These stock solu-

tions were sheared through shear plates and then mixed with the brine. The polymer solutions

were then stirred in a beäker and aftenvards sheared again. These solution were degasseC by

applying vacuum. The solutions could then be used for iniectability testing and for measuring flow

curves. The mixing procedure is schematically shown in Fig' 21'

2-1.2 Xanthan oowder

poryder mixing was done similarly to the mixing of the broths. A concentrated solution_was made

in fresh water and then the same sreps as in mixing broths were performed as shown in Fig. 2'1'
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Fig.2.1: Diluting and mixing procedure for xanthan broths

2.2Iniectabi l iN

A solution of the polymer in the mixing water sirould ;ujfil the following requirements of an

injectivity rest The potyr'"r solution is injecied into a sand pack,the pressure drop across the sand

päck is recorded Ourinq the iniectivity test which lasts about 18 h, the ideal case is that the

pressure drop remains cänstant.ciuring the whole test. The ri':aximum increase of the pressure p

drop measured t h after the start of the polymer flood should not exceed 30 9" during the next 15 h'

Higher values were not tolerated. The testi were penorme<j at room lemper.lture. The data of the

sand pack are listed in Table 2.1.
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Table 2-1: Data of the sand pack

Sand:
Grain size:
Length:
Diameter:
Porosity:
Permeability:

broken quarE sand
63 - 90 ,u,m

4 c m
1.9 cm

50 - 55 9'o
2-  3  p .m2

After the inlectivity test the residual resistance factor R6 was measured by flooding with the
mixing water. The pressure drop expected theoretically was caiculated using the relation
suggested by UfiMANN (1988). The residual resistance factor should be 1 '3.

2-3 ViscosiN Yield

Flow curves were measured in a Haake rotational viscometer using a double cylinder system.
The solutions were made up in a way that they all had a viscosity of 16 mPa's at a shear rate of 7.3
s-'. This was done to make all poiymer prcducts comparabie,'especiaily, for the injectivity test. The
concentration needed for this viscosity was used to compare the viscosity yield of the däferent
products.

To characterize the different xanthans,. molecular weight was measured by Size Exclusion
Chromatography (SEC) and Low Angle l-aser Light Scaltering (LALLS). Polydispersity was used as
a measure for the molecular weight distribution (HERBST 198s).

Intrinsic viscosity was measured to characterize the solution orooerties.
The pyrware content was measured using the enzymatic test procedure as described by

SANDFOFD et al  (1977).
A high-pyrwate, high-molecular weight xanthan was treated by uitra sonication to reduce the

molecular weight. So it was posssible to examine the dependence of the properties of one product
on molecular weight at a constant pyrwate content.

l l l  Inhl lo. l iouid oc A:: nirltr:
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lhrldirro.s
(91 t't:rsuring rnd ntlfrtrc!

lh.rt ittott codn.ction fo
rltordingl(onoufinE tyrt.n

l10t mler or dlrnorrnt
{1ll oultl l  rnd connrction fo

rtcuun andlor !rt lulnf
anatYsr3 SYttan3

Frg. 2-3: Micro-f ow-calorimeter
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2.4 Adsorotion

Adsorption of the different xanthans was characterized by measuring the heat of adsorption in a

micro-flow-calorimeter. The xanthan solution was'flooded through a pack of the prepared rock

sample in the calorimeter. The setup of the apparcttus is shown in Fig. 2-3. The mass of the

samoles was appr. 230 mg, the resolution of the calorimeter was 0.1 mJ, so that the small heats of

acisorption of xanthan on the rock surface could be measured'
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Fig. 3.1: Typical results of an injectability test for well and pooriy iniectable polymer solution

Table 3.1: Results of injectivity testing

Product "p

Lgl*3

Mw "py

mPa'sn tO6g/mole Yo96

Pr':ciuci:  i  1

Prociuci: A 'l

A 1
r^-2.

B1
82

D
E 1
tr)
E 1 a
E 1 b
E l c

0.780
0.415
0.m0
0.535
0.435
0.300
0.370
0.370
0.620
0.8oe5
t -Joc

< ^

\)
458
670

t . t

1 4
ö\t

ozo

485
2143
2237

1 . 4
1 . 6
' t o

c4  ^

2-1
1 A

4.2
JU.U

l Q  <

JZ. I

88.0

0.685 32-5
0.684 31.0
0.685 33.s
0.659 32.1
0.602 38.5
0.528 49.0
0.607 35.0
0.655 27.0

^ ^ a
u.o90 JJ. ,
'0.677 35.3
u720 31.2

8.5 2-7
8.9 2.76
9.8 1.77

11.4 2.89
10.5 3.74
1 0 . 6  4 . 1 3
1'r .6 5.69
12.1 6.08
10.0 5.69

ö.5 0.0Y

7.0 5.69
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3. Results

3.1 Iniectabiliw

The injectability of different polymer solutions was tested as described above. Typical results are

shown in Fig.3.1 for a well (A1) and a poody (E1) iniectable polymer solution. The pressure drop
for the well injectable polymer solution was '150 mbar, the pressure drop remained neariy constant
during the whole experiment and the pressure drop measured was the same as calculated and the

residual resistance factorwas'1.4. For the poody injecuble solution the pressure drop was lower

due to the diiferent flow curve, but 
'rt was also higher than calculated and it was steadyly increas-

ing, the increase in pressure drop was 83 9/o and the residual resistance factor was 4.2. This means

tnät tnis polymer solution did not satisry the criteria described above. The results of all iniectivity

tesrs are listed in table 3.1 together with the data of the ffow curves, molecular weights and
pyrwate contents.

3.2 Polvme!' Prooerties

Solutions of difierent xanthans were testsd as described above. The results are summarized in

Table 3.2.
The potydispersity index P61 is defined as the ratio of Mw/Mn. The specific viscosity,l.{tp= (f.

u^)/tt^where p^ is the visäösr$ of the solvent, which is' i . t0'mPa's for the brine at 20'C 'and 1

.Fajs Yor tne poiassium-phosphate solution. k, is the second ccerficient in the virial equation for

the specific viscosity P"^ = k,., + k., c + krcj + ...; this means k, is the slope of the straight
ponion in the plot of tiE redöed vlscosiry'i7e4=tt3a/c versus tFe polymer concentration c,
whereas the intrinsic viscosity it [p]=knf c + k.,.füe siöpe k, is orten expressed according to the
Huggins formula as k, = k"lttlz.k, is a- measuie for the quaiiry oi the solvent. An ideal solution in
which the molecules o-i the polymei cjo not interact has a k, of zero, a k, of infinity

Table 3.2: Motecular weights and solution properties of ditferent xanthans

*
Product Mw o rr

. - A  
' D l  ' s P

1 0 "
g/mole

cr6 tpl kz .py k'

kglr3 n3lug (^3 /ug)2 o/o

M
3 1
82

D
E 1
e2
E 1 a
E 1 b
F 1 t

e a

1 1  A

r n  (

10.6
1 1 . 6
t z - l

I  v . v

a <

I . U

I ' r A

1.52
l . . ] 5

1 .n
1.25
1 i (

1 . 1 6
l  a A
t .  t l

1 1 4

I  t . ö

26.0
J  / . O

3 1 . 3
4 1 . 8
45.3
21.5
10.0

0.780
0.645
0.600
U.DOC

0.435
0.300
0.370
U . J / U

0.620
0.895

+,u

.t -/

1 a 2.76 4.94
2.76 0.€
1  1 a  ^  ^ A
t . t  I  v . . . F

2.89
3.74 4.44
4 . 1 3  0 . 1 9

6.08
5.69 0.28

5.69 3.60

A A

8.2

J . J

1 . 9

t ö

7-2
I J

') measured in a 0.1 m potassium-phosphate solution at a ccncsntration of 1 kg/mr

means thar the product is not soluble. crR is the concenteion needed to obtain a viscosity in the

brine of aoproximately 16 mPa's at a sheä"r rate of 7.3 s-l; c-u is ihe Pyrwate content.
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Specific viscosity conelates v^e.ry well for all products according to the equation lrsp = 
[Y*"

with the constants k = 7.44'1Q-at and a = 3.073. lntrinSiC viSCOSitieS Were measured'ln a zlmm-

Crothers viscometer
It is obvious that the high molecular weights conespond with high pyrwate contents as shown in

Fig. 3.2, which is the reason that usually high pyrwate xanthans show a good viscosity yield.

a l

Pyruvaie conienf  ,  (Yto/"1

Fig. 3.2: Correlation betweeen molecular weight and pyrwate content of diiferent xanthans

Fig. 3.3: SEM-micrographs of reservoir rock and clean quara sand

3.3 Adsorotion

Adsorotion of the products A1, E1 and C was measureci as described above in a micro-flow-
calorimeter. As adsOrbents two types of rock were used: a cieaned oil saturated reservoir rcck and
a pure quarz sand. For the measurements the same grain siza ciistribution of the sands were used
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as in the injectivity tests. SEM-micrographs are shown in Fi9.3.3. The adsorption tests were
performed in a 50 g/ITDS reservoir brine.

Table 3.3: Results of adsorption measurements. Heats of adsor.otion measured in a micro-flow-
calorimeter

Adsorbent Spec. Surf. Adsorptive Heat of Ads.

,spm- /g
"ads

mJ/g

Res. Sand 2.620 Xanth. Al

63-90 pm
Xanth. C
Xanth. E1
Glucose

1 6
31

< 1
Na-pyrwate 5

Ouara 0.195 Xanth. A1 150

63-90 pcm
Giucose < 1

Na-pyrwate < 1

This brine was choosen to make the results comparable to other adsorption measurements from
flood tests in this water; in addition to the polymers also the adsorption of the monomers glucose
and pyrwate was measured. The data and the results are listed in Table 3.3.

o 200 100 600 E00 I ooo

Xanihan conc ,  (PPml

fig 3.3: Adsorption isotherm measured at reservoir rock for xanthen A1

The adsorptives were dissolved in the reservoir brine at the concentr?ttion of 1000 ppm. The cali-
bration of the heats of adsorption to an absolute arnount of aCsor:ed material was done using the
results of a flood experiment with the same material. An adsorccicn of 32 trg/g was found on clean
quara sand. ln Fig. 3.3 an adsorption isotherm for the hearb of acsorpüon is shown. The specific
surfaces were measured in the micro-flow calorimeter using n€uenol in n-Heptan fFEMPISR).
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4.Discussion

Eight commercially available xanthans from fve different producers were tested for their

apptica-Oitity for polymer flooding unoder the above described reservoir conditions. The products

had molecular weignts uetween ä't o6 ana 1 1 '1 06 g/mole and showed therefore different visccsity

yields. A clear correlation between molecular weight and viscosity yield was found-

Only four products from three different producers satisfied the iniectability test at the above

described conditions. lt should be mentioned that some of the products that failed in the tesrs

herein showed a better iniectability in fresh and distilled water.
A conelation was found between pyrwate content and molecular weighl Higher molecular

weights were found at higher pyrwate contents. The reason for this may be that at higher pyruvate

"oni.nt, higher intermoläcular forces lead to an increased aggregation, especially in high salinity

brines.
So the main reasons for a poor injectability were found in a high molecular weight, which usually

corresponds with high pyrwate contenrs and thus the tendency to form aggregates. One sample

with a low pyrwate content and an medium molecular weight (81) also showed bad iniectivities,

but the reason here is that the sample was spoild with solid particles.

The measurements of the intrinsic viscosities cannot easily be interpreted. The problems in

measuring intrinsic viscosities of xanthan solutions will be discussed elsewhere (KUUCKE 1989)

It was found that adsorption of xanthan is not automatically high on sunaces with higher area

Here it is important that the adsoption sites are accessible to the macromolecule. which is

obviously not the case lor all sites of the reservoir rock (see Fig.3.3). The reservoir rock has a

specific surtace of Z.A m2/g, but only a small part of this suriace seems to be accessible to the big

pbtyr"1, molecules- The mäjor part of the specific surface measured with the very much smaller n-

il"pt"norolecules is contnbuted by a fine structure on the grain surfaces. Furthermore the

adsorption sites of the reservoir rock, that was originally oil saturated and then cleaned with

solvents. seem to be less active than the adsorprion sites on the clean quartz sand. Adsorption of

xanthan was even higher on the quartz sand than on the reservoir roCk sample.
The results from eiperiments performed with glucose and pyrwate clearly show that adsorption

is influenced by the pyrwate content of the molecule, which means that higher pyrwate xanthans

have higher adsorption, which in turn may also be an additional reason for the poor iniect-ability

that was found with these products. Unfortunately these products could not be tested in the micro-

flow-calorimeter, as this iequires a good iniectability to avoid heat effects due to uncontrolled
pressure increases-
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