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Recovery



We support our customers to be more successful

The elaboration and implementation of cEOR Technologies is a highly sophisticated 
process. Selecting the right chemicals and components for developing a successful 
formulation is our key expertise. Each oilfield is different in its specific characteristics. 
In order to develop an effective and efficient solution many parameters have to be 
considered in the evaluation, such as reservoir temperature, brine composition  
(salinity, hardness), crude oil characteristics (total acid number (TAN), viscosity) as  
well as rock properties (permeability, rock type).

Using these practical considerations, BASF EOR Technology & Development teams 
evaluate and demonstrate feasibility of a cEOR flooding plan utilizing our Aspiro™ 
Surfactants formulations.

We develop successful formulations, even going back to the design of novel structures, 
perform fluid-fluid evaluations as well as flood-test the surfactant-oil-brine systems to 
identify the most successful solution for your well.

The Aspiro™ Surfactants product range

BASF offers a variety of different Aspiro™ Surfactants which can be formulated to 
match diverse crude oils and particularly diverse field conditions. In order to identify 
the right formulation for your optimal salinity target, the following Aspiro™ Surfactants 
are offered.

Make your EOR operations 
more econonomic with  
Aspiro™ Surfactants

Surfactants Co-surfactants

AspiroTM S 8310 AspiroTM S 1310

AspiroTM S 8710 AspiroTM S 1425 01

AspiroTM S 2420 X AspiroTM S 1221 X

AspiroTM S 2410 AspiroTM S 1415 X

AspiroTM S 2465 X AspiroTM S 2425 X

AspiroTM S 2455 X AspiroTM S 2430 X

AspiroTM S 2850 X



BASF surfactant starting formulation guide

The technical development teams within BASF focus on further extending the range of 
our Aspiro™ Surfactants to match an even wider range of reservoir conditions, espe-
cially in the area of very low salinity as well as at high salinities combined with high 
temperatures. A formulation starting guide of BASF’s EOR surfactants for the applicable 
salinity and temperature window is displayed below.

Please note that the displayed  
table and the starting formulation 
guide are not exhaustive; other 
grades are available upon request. 
The formulation guide does not 
include BASF’s cosolvents  
being  offered under the name  
of Aspiro™ CS, which are  often 
required for the viscosity reduc-
tion of microemulsions in ASP 
and SP formulations.

* Still under development

Te
m

p
er

at
ur

e 
[°

C
] S 8710 

+ S 2850 X

S 8710 

+ S 2430 X

S 8710 
alone

S 8310 
alone

S 8710 

+ S 2430 X

S 8710 

+ S 3410 X*

S 8310 

+ S 3115 X*

S 8310 

+ S 1425 01

S 8310 

+ S 2430 X  

+ S 2420 X

S 8310 

+ S 1221 X

S 8710 

+ S 5415 X*

Salinity [ppm total dissolved solids]

50,0000 150,000100,000 200,000

100

60

20



Be more successful –  
with BASF Formulation and 
Testing capabilities

Our team of experts within BASF supports the whole 
oilfield value chain from lab evaluation to full field 
 implementation through a thorough understanding of 
the crude oil-brine interaction.

BASF has developed and implemented laboratory evaluation capabilities to support your 
operations and make them more economic. Our testing capabilities cover a wide range 
from multiple core-flood set-ups for low and high temperature evalu ations to phase be-
havior studies, interfacial tension measurement devices and long term stability testing in 
order to minimize the risk and maximize the yield for your operations. In our laboratory 
studies many factors are evaluated that can affect the surfactant flooding process as  
described in the following flow chart which shows the possible steps involved.

Formulation

 � Surfactant

 � Polymer

 � Cosolvents

 � Alkali

Aqueous stability

 � Variation of  
electrolyte  
concentration

 � Assessment  
of  solubility

Coreflooding

 � Additional oil  
 recovery

 � Adsorption

Phase behavior

 � Salinity scan

 � Water/Oil (W/O) scan

 � Windsor phase 
 behavior

Interfacial tension

 � Spinning drop 
 tensiometer



1. Solubility assessment and aqueous stability

This test is used to check if the identified surfactant formulation 
is compatible with the formation water and other production 
chemicals at injection temperature and reservoir temperature 
observing the solubility of the formulation in formation water or 
synthetic brine. The example given below shows the solubility 
assessment of formulation in synthetic brine and at increased 
salinity for an ASP flooding project.In addition, long term thermal 
stability can be assessed for high temperatures and low pH 
conditions in order to identify if hydrolysis is taking place.

2.  Windsor phase behavior study, salinity scan, w/o 
scan, activity map and interfacial tension

To guide the surfactant formulation design the developed  system 
should have ultra low interfacial tension in order to increase the 
capillary number. The interfacial tension can either be deter-
mined directly by a spinning drop tensiometer and monitored 
over time or can be determined through the evaluation of the oil 
solubilization ratio, which needs to be higher than 10. While the 
tensiometer can give a specific value for the reduction in inter-
facial tension, the assessment is performed only on very small 
volume of oil and at a water-oil ratio (w/o ratio) that might be 
very different from the actual w/o ratio in the field.

The solubilization ratio however cannot give a specific number 
for the interfacial tension, but this method takes changes in w/o 
ratio into account and can better simulate the w/o interaction. 
So in the ideal case both methods should be assessed to have 
a specific interfacial tension and describe the w/o interaction 
via a phase behavior study as described in the following.

Water Oil Microemulsion

[ I ] [ III ] [ II ]

Increasing temperature (non-ionic surfactants)
Increasing salinity (ionic surfactants)

Phase beavior tests  
(Windsor type emulsion evaluation)

Evaluation conditions ASP Formulation 1 ASP Formulation 1  
+ 0.5% Na2CO3

ASP Formulation 1  
+ 1% Na2CO3

Solution at reservoir  
temperature

Assessment Soluble & Stable Soluble & Stable Soluble & Stable



3. Studying water/oil interaction

As a first part of the phase behavior evaluation the formulations 
are tested for the ability to form a Windsor type III microemul-
sion. When the right formulation is identified a salinity scan 
(shown above) is performed at a w/o ratio of 1 to evaluate the 
changes from Windsor type I to Windsor type III to Windsor type 
II (see Windsor evaluation plot). The solubilization ratio can be 
obtained by the volume fraction diagram which can be deter-
mined from the salinity scan information. It has been shown that 
a large number of anionic surfactants exhibit a good correlation 
between solubilisation parameter and interfacial tension. De-
pending on the oil type it is easier to assess the IFT by direct 
measurement or via the solubilization determination. 

The ideal identified solution should also perform well when the 
w/o ratio changes. In order to evaluate if this is the case a w/o 
ratio scan is performed. Another important factor to achieve 
good flooding results is the microemulsion viscosity, which can 
be qualitatively assessed during the phase behavior experi-
ments. Surfactants are prone to form viscous microemulsions, 
liquid crystal phases or even gels under varying conditions 
which can be difficult to pump through a perforation and may 
cause propagation issues. Additionally, high interfacial viscosi-
ties might prevent the coalescence of oil droplets to form an oil 
bank. Thus, developed formulations should always be checked 
for microemulsion fluidity. Once a system with an ultra-low IFT, 
a wide microemulsion type III window, and a low microemulsion 
viscosity is identified the solution will be further studied in a 
core-flooding experiment in which the surfactant adsorption 
and the potential for additional oil recovery will be studied.

Interfacial tension measurement for formulation screening

4. Core-flooding of formulations 

Core-flood experiments are one important tool to identify the 
most economic formulation for your field. In our dedicated 
core-flooding laboratories we investigate the level of additional 
oil recovery that can be achieved with a developed formulation 
and also study the crude oil/brine/rock interaction that deter-
mines the displacement efficiency. In our dedicated core-flood-
ing laboratories we can analyze retention and adsorption of sur-
factant formulations via HPLC and TOC analysis and also 
identify chromatographic separation phenomena. Furthermore, 
also the additional oil recovery and the shape of the oil bank 
can be determined.
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ASP AP1 AP2

Analysis of oil production (1st y-axis), and surfactant 
concentration in effluent by HPLC (2nd y-axis) of  
coreflood experiment above

Coreflooding experiment performed in Bentheimer  
12” core in presence of oil at 63 °C; brine composition: 
6,100 ppm TDS 

Slug sequence: 

1. Water flood

2.  ASP with 2% alkali, 0.3% surfactant  
and 0.25% polymer

3. AP with 2% alkali and 0.25% polymer

Formulations, Logistics and HSE (Health, Safety and Environment)

We provide solutions to our customer on a global scale while fully complying with all 
HSE regulations. BASF is committed to ensure that all products are produced, stored 
and applied with responsible care. We also support our Aspiro™ Surfactant  customers 
in meeting their HSE requirements. We produce our products to the highest industry 
standards and have full quality control (QA/QC) processes in place.

We are also constantly working on simplifying your operations, by supplying concen-
trated products or surfactant formulation which do not require handling of individual 
components. When desired BASF can develop customer specific, concentrated 
blends. This development takes local conditions such as local climate, local logistics 
and storage capabilities as well as special handling into account. Given the different 
influencing factors those developments can only be done in a close collaboration with 
our customer.
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The descriptions, designs, data and information contained herein are presented in good faith, and are based on 
BASF’s current knowledge and experience. They are provided for guidance only, and do not constitute the agreed 
contractual quality of the product or a part of BASF’s terms and conditions of sale. Because many factors may affect 
processing or application /use of the product, BASF recommends that the reader carry out its own investigations and 
tests to determine the suitability of a product for its particular purpose prior to use. It is the responsibility of the 
recipient of product to ensure that any proprietary rights and existing laws and legislation are observed. No warranties 
of any kind, either express or implied, including, but not limited to, warranties of merchantability or fitness for a 
particular purpose, are made regarding products described or designs, data or information set forth herein, or that the 
products, descriptions, designs, data or information may be used without infringing the intellectual property rights of 
others. Any descriptions, designs, data and information given in this publication may change without prior information. 
The descriptions, designs, data, and information furnished by BASF hereunder are given gratis and BASF assumes 
no obligation or liability for the descriptions, designs, data or information given or results obtained, all such being 
given and accepted at the reader’s risk. ( 03/ 2018)

TM = Trademark of BASF SE

® = registered trademark of BASF SE

North America
BASF Corporation
Oilfield Solutions
3120 Hayes Road
Suite 200
Houston, TX 77082
US
Phone: +1 800 7941019
Fax: +1 877 2451806

Europe
BASF SE
Oilfield Solutions
G-EVG/EO – D 105
67056 Ludwigshafen
Germany
Phone: +49 621 60-0

Asia
BASF South East Asia Pte. Ltd.
Oilfield Solutions
33 Tuas Avenue 11,
Singapore 639090
Singapore
Phone: +65 6860 7053

South America
BASF S.A.
Oilfield Solutions
Avenida das Nações Unidas,
14.171 Morumbi
04794-000 São Paulo
Brazil
Phone: +55 11 2039-3482
Fax: +55 11 2039-2786

Middle East / North Africa
BASF Middle East LLC
Oilfield Solutions
P. O. Box 2996
Dubai
United Arab Emirates
Phone: +971 4 8072222
Fax: +971 4 8072149

For further information:
oilfieldsolutions@basf.com
www.oilfiels-solutions.basf.com


