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Abstract

Weak acid cation (WAC) resins are normally
utilized for softening high TDS produced water. The main
disadvantage of the WAC process is that the resins require
regeneration with hydrochloric acid followed by sodium
hydroxide. This is expensive and necessitates the
utilization of exotic, corrosion resistant alloys for
construction.

Strong acid cation (SAC) ion exchange processes
employing only brine regeneration (i.e. no acid or caustic)
are much simpler and less expensive, however the SAC
process is normally restricted to low TDS (<3000 mg/L)
waters.  A new ion exchange softening flow-sheet that
uses brine regeneration has been developed based upon the
Recoflo short-bed ion exchange process. Recoflo makes it
possible to use extremely high service flow rates through
very short (15 cm) resin beds, while achieving low
hardness leakages.  The key to applying this to high TDS
produced water is the use of high purity brine regenerant.
A novel ion exchange process which employs only water
for regeneration (i.e. no chemicals) has been developed for
purifying the brine. This paper explains the rationale for
the process using ion exchange equilibrium calculations
and then shows pilot plant and field data.

Introduction

Heavy oil deposits require enhanced recovery
techniques to improve their yield. Typically, wells are
flooded with high pressure steam to loosen and lift the oil.

This method typically produces 2-3 gallons of water for
every gallon of heavy oil. A typical site can generate
8,000-16,000 m3/day (1,500-3,000 USgpm) of so-called
‘produced’ water mixed with oil.  This produced water is
separated form the oil and can be discarded in abandoned
wells.   This is seldom practical however, due to the large
quantities of make-up water required for steam generation.
Produced water can be used as make-up for the steam
generators if a series of treatment steps are employed to
purify the brine in order to avoid scaling in the boilers.
These include:
• oil removal (skimming, induced gas flotation,

filtration)
• softening (hot or warm lime)
• silica removal (magnesium oxide treatment)
• softening (ion exchange)

Ion exchange softening is a key step in the recycle
process.  It is generally considered necessary to reduce
hardness levels to less than 1 mg/L (as CaCO3) and
preferably less than 0.2 mg/L.  In an effort to avoid boiler
fouling, the trend is to specifying even lower hardness
limits - sometimes as low as 0.1 mg/L.

Ion Exchange Softening

Conventional water softeners such as those used in
most domestic and industrial applications are normally
strong acid cation (SAC) exchangers (designated as ‘R’
below) operated in the sodium cycle as per equation (1).

CaCl2   +  2RNa       2NaCl  +  R2Ca (1)

Regeneration is accomplished with sodium chloride
brine according to equation (2).

2NaCl  +  R2Ca       CaCl2   +  2RNa (2)

A chemical equilibrium is established between the ion
exchange resin and solutions in contact with the resin.
This is expressed by the standard equilibrium mass action
expression:

 KCa++ =   [Na   +  ]    2   [Ca   ++  ]          R       /2   (3)
    [Na+]R

 2 [Ca++]/2

A New Ion Exchange Process For Softening High TDS Produced Water

SPE/Petroleum Society of CIM/CHOA Paper Number 78941
Calgary, Alberta - November, 2002
Craig J. Brown, P.Eng., Michael Sheedy, P.Eng., Eco-Tec Inc.

Na+

TECHNICAL PAPER 161



TECHNICAL PAPER 161                                                                                                                                             2

High levels of sodium in the feedwater compete
with ion exchange sites on the resin so that the efficiency
of the softening process is seriously impaired at high
feedwater total dissolved solids levels.  This has been
discussed in detail by Anderson in 19811  and by Chen in
19842 in the context of produced water softening.  Chen
re-arranged and simplified the equilibrium expression
showing that the hardness leakage level is directly
proportional to the square of the total dissolved solids
concentration of the raw water [TDS]f and directly
proportional to the hardness concentration in the brine
regenerant [TH]B.

TH α [TDS]f
2
 [TH]B (4)

It is apparent that in order to achieve low hardness
leakage levels on high TDS feeds it is necessary to employ
a high purity brine regenerant. More recently,
Mommaerts3 pointed out again that it is theoretically
possible to yield low hardness produced water with a TDS
higher than 5000 mg/L using SAC resin, however to date
there have been no takers.

Figure 1 shows the theoretical hardness leakage
through a SAC softener as a function of TDS.  It can be
seen that if rock salt is used producing a brine regenerant
containing 2500 mg/L hardness, it is not possible to soften
produced waters below 1 mg/L at TDS levels beyond
about 2500 mg/L.  Even if brine from pan-evaporated salt
containing about 250 mg/L hardness is used, it is unlikely
that the required hardness leakages can be obtained. On
the other hand, if purified brine containing 10 mg/L
hardness is used, hardness leakages of less than 0.1 mg/L
are readily achievable, at least theoretically, at TDS levels
in excess of 15,000 mg/L.

Notwithstanding the theoretical calculations,
conventional wisdom persists that for SAC resins, the
practical upper for TDS is 3000 mg/L, when low hardness
leakage (<1 mg/L) is required. There are several reasons
for this:
•  Large quantities of high purity brine regenerant are

required.
•  Salt of adequate purity for regenerant brine is not

commercially available at a reasonable price.
•  Lime softening, the standard technique for softening

brine is a very messy process that is prone to upset
and does not scale down economically for the

quantities involved.  Moreover, lime softening is not
capable of achievable a brine hardness of less than
about 10 mg/L.

•  In the chlor-alkali industry, chelating ion exchanger
resins are used to achieve sub-ppm hardness levels in
saturated brine.  This is not an attractive option since
chelating resins need to be regenerated with both HCl
and NaOH and undergo large volumetric change
during regeneration.  In addition, chelating resins are
very expensive.

•  SAC ion exchange resin capacities are low at high
feed TDS levels.

At TDS levels above about 3000 mg/L, standard
procedure is to employ weak acid cation (WAC) resins.
WAC resins have a much higher affinity for hardness ions
than SAC resins.  Normally, WAC resins cannot be
regenerated with brine, however.  They must be
regenerated using a rather complex two-step procedure
that involves treatment of the resin with hydrochloric acid
followed by sodium hydroxide. The use of WAC resin in
the Na-form is extremely stressful on the resin beads due
to the 60% change in volume as the resin is converted
from H-form to Na-form.  Use of hydrochloric acid
mandates the use of exotic corrosion resistant alloys such
as Hastelloy in the construction of the ion exchange
equipment.  This appreciably increases the cost of the
system.  WAC resins have a number of other
disadvantages relative to SAC resins and generally
speaking, SAC resins are preferred where it is feasible to
use them.

Although WAC resins are always regenerated with
acid and usually thereafter converted to the sodium form
with caustic, it was suggested in 1970 that WAC resins
could be regenerated with only NaCl brine, providing a
large excess of regenerant were employed4.  Mommaerts
recently re-evaluated this concept5.  It was reported that
the results were rather ‘disappointing’, however.  Leakages
with a brine regenerated WAC resin were actually higher
than that achieved with a SAC resin.  In either case,
hardness leakages were in excess of 0.1 mg/L at TDS
levels above 1000 mg/L, even at feed hardness levels of
only 2-5 mg/L.


