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Fig. 1B

for operating the same, including a plurality of vertically aligned columns of
packed bed ion exchange resin including: an upstream column including a
packed bed of cation exchange resin, and a downstream column including a
packed bed of anion exchange resin that is in fluid communication with the
upstream column, wherein both columns comprises an upper and lower port
for ingress and egress of fluid. The subject method of operation includes the
steps of: i) introducing a feed liquid into the upper port of the upstream
column such that feed liquid flows downward through the column and exits
through the lower port, and subsequently flows into the lower port of the
downstream column and upward to exit from the upper port, ii) discontinuing
the introduction of feed liquid, iii) introducing a first regenerate into the into
the upper port of the downstream column such that regenerate tlows down-
ward through the column and exits through the lower port and introducing a
second regenerate into the into the lower port of the upstream column such
that regenerate flows upward through the column and exits through the upper
port, and iv) repeating steps i) through iii).
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METHOD FOR OPERATING A COUNTER-FLOW ION EXCHANGE SYSTEM

FIELD
The present invention is directed toward ion exchange systems including multiple packed bed

columns operating in counter-flow mode.

INTRODUCTION

Ion exchange systems including multiple packed bed columns are used in a variety of
demineralizing and softening applications. For example, hundreds of AMBERPACK™ and
DOWEX™ UPCORE™ packed bed systems are in service world-wide. AMBERPACK™ packed
bed systems operate in an upflow production and downflow regeneration mode. DOWEX™
UPCORE™ packed bed systems operate in a downflow production and upflow regeneration mode.
Both AMBERPACK™ and UPCORE™ systems can be designed as a single or multiple compartment
lay-out. For example, two and three compartment columns (so called *“layered beds”) can

accommodate weak and strong electrolyte resin combinations resulting in highly efficient systems.

SUMMARY

The invention includes an improved counter-flow ion exchange system and method for
operating the same. In one embodiment, the system includes a plurality of vertically aligned columns
of packed bed ion exchange resin including: an upstream column including a packed bed of cation
exchange resin, and a downstream column including a packed bed of anion exchange resin that is in
fluid communication with the upstream column, wherein both columns include an upper and lower port
for ingress and egress of fluid. In another embodiment, a method of operating the system includes the
steps of:

i) introducing a feed liquid into the upper port of the upstream column such that feed liquid
flows downward through the column and exits through the lower port, and subsequently flows into the
lower port of the downstream column and upward to exit from the upper port,

ii) discontinuing the introduction of feed liquid,

iii) introducing a first regenerate into the upper port of the downstream column such that
regenerate flows downward through the column and exits through the lower port and introducing a
second regenerate into the into the lower port of the upstream column such that regenerate flows

upward through the column and exits through the upper port, and iv) repeating steps i) through iii).

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A is schematic view of a dual compartment embodiment of the invention operating in
production mode.

Figure 1B is schematic view of the embodiment of Fig 1A operating in regeneration mode.
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DETAILED DESCRIPTION

In one embodiment, the invention includes a counter-flow ion exchange system generally
shown at 10 in Figures 1A and B. The illustrated system includes two vertically aligned columns
including an upstream column (12) include a packed bed of cation exchange resin, and a downstream
column (14) including a packed bed of anion exchange resin. The downstream column (14) is in fluid
communication with the upstream column (12) such that liquid is able to pass from the upstream
column (12) to the downstream column (14). Both columns (12, 14) include at least one upper (16, 16°)
and lower (18, 18") port for ingress and egress of fluid. Both columns (12, 14) are shown including an
upper (20, 20’) and lower (22, 22°) chamber separated by a plate fitted with nozzles (24, 24°). The
upper chamber (20) of the upstream column (12) is filled with a weak acid cation exchange resin while
the lower chamber (22) is filled with a strong acid cation exchange resin. The upper chamber (20’) of
the downstream column (14) is filled with a strong base anion exchange resin while the lower chamber
(22’) is filled with a weak base anion resin. The columns are connected by way of piping with the fluid
flow direction during production mode represented by heavy lines with arrows in Figure 1A and in
regeneration mode in Figure 1B. The upstream column (12) includes an optional freeboard (26) and
floating inert resin (28). An optional degasification tower (30) may be located along the fluid path
between the upstream and downstream columns (12, 14).

While shown as including two columns, additional columns may also be used. Similarly, while
each column is shown including two chambers, single chambered or multi-chambered arrangements
may be used. Each column may include options vents, inlets, jet breakers, reinforcing plates, etc., as is
known in the art.

During operation, the system cycles through production and regeneration modes. During the
production mode, feed liquid is introducing into the upper port (16) of the upstream column (12) such
that feed liquid flows downward through the column (12) and exits through the lower port (18), and
subsequently flows into the lower port (18”) of the downstream column (14) and upward to exit from
the upper port (16). The production mode and corresponding fluid flow direction is illustrated in Figure
1A with reference to schematic arrows. During the regeneration mode, the introduction of feed liquid
into the system (10) is discontinued and a first regenerate is introduced into the into the upper port (16”)
of the downstream column (14) such that regenerate flows downward through the column (14) and exits
through the lower port (18”) where it is recaptured. Simultaneously, a second regenerate may be
introduced into the lower port (18) of the upstream column (12) such that regenerate flows upward
through the column (12) and exits through the upper port (16) where it may be recaptured. The
regeneration mode and corresponding fluid flow direction is illustrated in Figure 1B with reference to
schematic arrows. The operation may additionally include optional backwashing steps.

The subject system and method of operation represents a hybrid of an AMBERPACK™ and
UPCORE™ packed bed system where the upstream column (12) operates as an UPCORE™ system
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and the downstream column (14) operates as an AMBERPACK™ system. This hybrid system offers
unexpected advantages over both AMBERPACK™ and UPCORE™ packed bed systems.

EXAMPLES

The performance of an AMBERPACK™ and DOWEX™ UPCORE™ packed bed system was
modeled and compared with a corresponding “hybrid” system using CADIX (Computer Assisted
Design for Ion eXchange version 6.2) design software available from The Dow Chemical Company. In
each case, flow rates, column configurations, resins and regenerants were the identical. The results of
the modeling are summarized in Table 1. A dual compartment hybrid system represented by the
Figures is also included. As shown by the data, the hybrid system had greater operational availability
and required less service water than a comparable UPCORE™ and AMBERPACK™ packed bed

system when operating under increasing TSS loadings.

Table 1:
TSS load kg/m” 0 0.5 1
UPCORE™
(single compartment)
HCl/m® 0.204 0.2040 0.2041
NaOH/m’ 0.1475 0.1475 0.1476
service water/m’ 0.265 | 0.0266 0.0269
operational availability (%) 89.9 89.8 89.7
AMBERPACK™
(single compartment)
HCl/m® 0.203 0.2130 0.2327
NaOH/m’ 0.147 | 0.1542 0.1685
service water/m’ 0.23 0.0252 0.0296
operational availability (%) 91.1 90.2 88.6
Hybrid System
(single compartment)
HCl/m® 0.2035 0.2035 0.2036
NaOH/m’ 0.147 0.1470 0.1471
service water/m’ 0.25 0.0251 0.0256
operational availability (%) 90.7 90.7 90.4
Hybrid System
(dual compartment)
HCl/m® 0.2035 0.2035 0.2035
NaOH/m’ 0.147 0.1470 0.1470
service water/m’ 0.25 0.0251 0.0250
operational availability (%) 90.7 90.7 90.7
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CLAIMS

1. A method for operating a counter-flow ion exchange system comprising a plurality of vertically
aligned columns of packed bed ion exchange resin including:

an upstream column comprising a packed bed of cation exchange resin, and

a downstream column comprising a packed bed of anion exchange resin that is in fluid
communication with the upstream column, wherein both columns comprises an upper and lower port
for ingress and egress of fluid,

wherein the method comprises the steps of:

i) introducing a feed liquid into the upper port of the upstream column such that feed
liquid flows downward through the column and exits through the lower port, and subsequently flows
into the lower port of the downstream column and upward to exit from the upper port,

ii) discontinuing the introduction of feed liquid,

iii) introducing a first regenerate into the into the upper port of the downstream column
such that regenerate flows downward through the column and exits through the lower port and
introducing a second regenerate into the into the lower port of the upstream column such that regenerate
flows upward through the column and exits through the upper port, and

iv) repeating steps i) through iii).

2. The method of claim 1 wherein the upstream column comprises an upper chamber including

weak acid cation exchange resin and a lower chamber including strong acid cation exchange resin.

3. The method of claim 1 wherein the downstream column comprises an upper chamber including

strong base anion exchange resin and a lower chamber including weak base anion exchange resin.
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