
Colloids and Surfaces A: Physicochem. Eng. Aspects 414 (2012) 180– 189

Contents lists available at SciVerse ScienceDirect

Colloids  and  Surfaces  A:  Physicochemical  and
Engineering  Aspects

jo ur n al hom ep age: www.elsev ier .com/ locate /co lsur fa

Individual  and  mixed  adsorption  of  alkylcarboxylbetaines  and  fatty  amide
ethoxylates  at  Daqing  sandstone/water  interface

Z.-G.  Cui ∗,  W.  Li,  J.-J.  Qi,  H.-J.  Wang
The Key Laboratory of Food Colloids and Biotechnology, Ministry of Education, School of Chemical and Material Engineering, Jiangnan University, 1800 Lihu Road, 214122 Wuxi,
Jiangsu, PR China

h  i g  h  l  i  g  h  t  s

� We  studied  adsorption  of alkylbe-
taines  and  fatty  amide  ethoxylates  on
sandstone.

� The saturated  adsorption  is  charac-
terized  using  number  of  adsorption
layers,  n.

� The  n is found  to depend  strongly  on
type  of surfactants.

� The  n  of  alkylbetaines  is larger  than
that  of  fatty  amide  ethoxylates.

� Adsorption  increases  when  alkyl-
betaines  are  mixed  with  anionic
surfactant.
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a  b  s  t  r  a  c  t

The  individual  adsorption  of a series  of  alkylcarboxylbetaines,  including  single  long-alkyl  dimethylcar-
boxylbetaine  (C12B, C14B, C16B, and  C18B) and  didodecylmethyl-carboxylbetaine  (diC12B),  as  well  as  fatty
amide  ethoxylates  (C12MEA-EO1 and  CMEA-EO2), at  negatively  charged  Daqing  sandstone/water  inter-
face  at  45 ◦C  were  studied  and  compared  with  that of  typical  anionic  and  cationic  surfactants.  The  results
show  that the  saturated  adsorption  of  surfactants  at  solid/water  interface  can  be well  characterized
by  a layer  number,  n, defined  as  the  ratio  of  the  saturated  adsorption  at solid/water  interface  to that
at air/water  interface,  and  in  general  the  saturated  adsorption  of  different  species  follows  an  order  of
anionic  (n <  0.5)  < nonionic  (0.5 <  n  <  1)  <  zwitterionic  (n > 1) < cationic  surfactants  (n  >  2).  The  adsorption  of
the alkylcarboxylbetaines  is  initially  driven  by  the  electrostatic  interaction  between  the  positive  charges
in surfactant  molecules  and  negative  charges  on  surface  followed  by the chain–chain  interaction  which
inducing  admicelle  formation  on  the  solid  surface.  The  single  long-alkyl  carboxylbetaines  have similar
saturated  adsorption,  i.e.  with  n between  1.49  and  1.71,  but  the  double  long-alkyl  carboxylbetaine,  diC12B,
gives  a relatively  lower  n  value  (1.07)  although  it has  a comparative  saturated  adsorption  at  solid/water
interface  due  to its  high  adsorption  at air/water  interface.  Lacking  of  the  electrostatic  interaction,  the
saturated  adsorption  of  the  fatty  amide  ethoxylates  is  in  general  low,  as indicated  by  their low  n values
(0.595  and  0.526).

For  mixed  adsorption  systems  nearly  ideal  mixing  and  middle  synergism  are  observed  for  diC12B/C12B
(homologous  mixture),  and  diC12B/C12MEA-EO1/(zwitterionic/nonionic)  mixtures,  but  strong  synergisms
are  observed  for SDS/C12B and  SDS/C16B (anionic/zwitterionic)  mixtures.  Thus  for  surfactant–polymer
flooding  the  achievement  of  low  adsorption  retention  depends  strongly  on the  species selected  if mixed
surfactants  are  necessary.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Enhanced oil recovery (EOR) has been a hot subject since 1970s
and currently is revived due to rapid increase of oil prices [1,2].
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