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Abstract
Aluminum citrate is used as a conformance control agent to improve oil production and excess water production. This paper 
discusses the formation of mono and polynuclear aluminum species from the synthesis of aluminum citrate and evaluates 
these compounds as crosslinkers in hydrogels for conformance control. The products obtained from the synthesis were 
characterized by Fourier-transform infrared spectrometry (FTIR), elemental analysis (CHN), scanning electron microscopy 
(SEM), and inductively coupled plasma–optical emission spectrometry (ICP-OES). The FTIR analyses indicated the presence 
of mononuclear aluminum citrate complexes at pH 3 and polynuclear species starting at pH 4. These results were corrobo-
rated by CHN and ICP-OES techniques, which revealed the variation of carbon, oxygen, hydrogen, and alumina precipitate 
levels as functions of pH variation. The focus of the study was to assess how these crosslinking agents perform in hydrogel 
formation under reservoir conditions. Rheological analysis showed that the values of tan (delta) of the hydrogel synthesized 
with aluminum citrate at pH 6 were lower than 0.1, indicating strong gels, while at pH 9, the values were above 0.1, indicat-
ing weak gels. These results are in agreement with those obtained by FTIR, which showed that at pH 6, the structures of the 
aluminum citrate complex were probably in the form  [Al3(C6H5O7)3(OH)4(H2O)]4−. This structure appears to allow easier 
access to the aluminum orbital for the crosslinking process compared to the gel composed of aluminum citrate synthesized 
at pH 9  [Al3(C6H6O7)3(OH)4(H2O)5]4−.
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Introduction

Aluminum is a chemical element present in various systems 
in nature [1–3]. The involvement of citric acid in the pro-
cesses of absorption and accumulation of  Al3+ ions, forming 
aluminum citrate complexes, has been described by several 
authors [4, 5]. The citrate ion  (C5H5O7)3− has four potential 
donor sites, two located in the terminal carboxyl groups, 
one in the central carboxyl group, and the last in the alkoxy 
group in the central carbon atom [6]. This last site can coor-
dinate with ionic [7] and non-ionic groups [8–10].

Nevertheless, the structure of the citrate ion allows at 
most three donor sites for the formation of the coordination 
sphere with a metal [11]. Besides aluminum, citrate ions 
form complexes with various other metal ions, such as iron, 
chromium, and zirconium [12, 13].

Feng and colleagues [11] observed that the use of one 
terminal carboxyl group and the carboxy and alkoxy groups 
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