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ABSTRACT
Ion exchange (IX) softening of feed seawater in a pretreatment unit prior to desalination by reverse
osmosis (RO) can decrease membrane scaling, consequently reducing maintenance costs and increasing
efficiency. This research determined whether the brine produced in desalination systems could be used to
regenerate IX resins for feed water softening. If this is possible, then, instead of being a waste product, the
brine could be used beneficially.
This hypothesis was tested by comparing the water hardness levels of the softened seawater to
untreated seawater. Further experiments were carried out to determine whether softened seawater increased
the efficiency of RO desalination systems after the first five uses of the system. The experiments were
limited to the study of the first five uses because of the quality of the RO membranes readily available for
this work. Longer testing periods with higher quality membranes would likely yield more meaningful results.
It was demonstrated that RO brine can effectively regenerate IX resins used for desalination
pretreatment, suggesting that this softening method can be used for RO desalination systems in industrial
settings. The experimental results showed that softening of IX feedwater with desalination brine did not
decrease the efficiency of RO desalination systems during the first five uses of the desalination system,
demonstrating that membrane systems are effective for emergency purification applications.
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1. INTRODUCTION
Water hardness is the sum of the divalent cation concentrations (largely calcium and magnesium in
natural waters). Hard water can cause scaling, for example, the rings in bathtubs and the clogging of pipes
and valves [1]. In industrial plants, water hardness levels must be closely monitored to ensure that equipment
exposed to water does not break down due to clogging or scaling.
Water hardness causes scaling of reverse osmosis (RO) and forward osmosis (FO) membranes used for
desalination. These membranes reject ionic species, or salts, from a saline feedwater (e.g. seawater) to
produce freshwater product and reject brine. In this brine some of the salts can become concentrated beyond
their solubility limits and form precipitates, which scale the membrane surfaces [2]. Membrane scaling
becomes more problematic as the level of water hardness in the feed saltwater increases [3]. To reduce
clogging of these membranes due to scaling and to maintain the effectiveness of membrane desalination
systems, feedwater pretreatment is needed to remove water hardness.
One common method of softening water is by IX resins. These resins can exchange the “hardness
ions” in water (mainly calcium and magnesium) with sodium ions [4]. The hardness ions on the IX resin can
then be exchanged with sodium ions by regenerating the resin with a solution containing a high
concentration of sodium ions. This regeneration method fits well with the use of membrane desalination
systems because a byproduct of membrane desalination is brine with high sodium content.
Desalination systems offer a promising solution to water-scarce areas where saline water is present,
such as coastal areas and regions with saline ground- or surface-waters.

2. RESEARCH OUTLINE
This research evaluated the effectiveness of using brine from a forward osmosis (FO) desalination
process to regenerate IX resins. These resins are used for the softening of the FO feedwater, a useful
treatment for reducing scaling. The initial and final (after IX treatment) sea water total hardness values were
measured and compared to determine whether the brine was effective in regenerating the IX resin. In a
related study the condition of the membrane following the brine-regenerated IX pretreatment resin was
examined to determine whether scaling occurred during the first five uses of the membrane unit. The scope
of this project was limited to the first five membrane uses because the membrane units used were only
guaranteed for the first ten uses and after the fifth use the salt rejection decreased. In these experiments
seawater was desalinated through a membrane desalination unit using both untreated and softened sea water.
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The water recovery of each membrane unit was determined and compared to analyze whether membrane
scaling had been reduced because of the IX softening process.

3. MATERIALS AND METHODS
A. Materials
 SeaPack membrane unit prototypes, 12oz. (Hydration Technologies, Inc.)
 Feed seawater, obtained from Sea Bright Public Beach, Sea Bright, NJ
 Commercial HTI sugar draw solutions, 4fl.oz. (HydroWell Expedition Grape Nutrient Charge)
 Standard laboratory glassware and equipment
 Distilled water
 Cation exchange resin, uniform particle size, high capacity. (DOWEX™ MARATHON C)
 Carbonate and total hardness test kit for fresh water and saltwater (Hagen)
 Balance, 1000g capacity

B. Experimental Setup
Figure 1 depicts the forward osmosis process. On one side of the membrane is salt water and on the other
side is the draw solution. The draw solution consists of a solute with a high osmotic pressure, such as a sugar
solution. When both solutions are in place, the higher osmotic pressure of the draw solution causes the water
from the salt water to move across the membrane and dilute the draw solution. The salt water loses water while
the draw solution gains water.

Figure 1. Simple Forward Osmosis Illustration. There is a net transfer of
solvent (water) molecules into the sugar solution until the hydrostatic osmotic
pressure equalizes the solvent (water) flow in both directions.
Copyright © 2008 Water Environment Federation. All rights reserved.
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Figure 2. Setup with Ion Exchange Resin Columns and
Membrane Units in Pans

Figure 2 shows the experimental setup for the testing of the softened and non-softened seawater feed
solutions. Funnels were attached to the top of the ion exchange resin columns so that the feedwater and brine
solutions could easily be added. Pieces of nylon fabric were taped to the bottom of the columns to retain the
ion exchange resin beads in the column while allowing the feedwater and brine to pass.

Ziplock Seal To Outer Pouch

Sealed Edges

Outer Pouch
Inner Pouch
(Membrane)

Ziplock Seal To Inner Pouch

Open Edge

Figure 3. Close-Up of Membrane Unit.

Figure 4. Simplified Graphic of Membrane Unit
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The membrane units had a double-lined bag at the top. The inner pouch was the membrane and the outer
pouch was an external bag that surrounded the inner pouch. A bottom seal opened up into the inner pouch, and
a top seal opened up into the outer pouch. The seawater was placed in the outer pouch and the draw solution
was placed in the inner pouch.
C. Experimental Procedure
Sea water for all experiments was obtained from the same source (5.5L/experiment from Sea Bright
Public Beach, Sea Bright, NJ)
Sea water feed:
1. The glycerin in a SeaPack membrane unit was removed by filling its outer pouch with distilled
water, allowing it to sit for 15 minutes and then pouring out the water.
2. The mass of the membrane unit was determined after the water has been poured out.
3. The outer pouch of the membrane unit was filled with seawater.
4. The inner pouch of the membrane unit was filled with 25g draw solution.
5. The membrane unit was placed in a pan or bucket to capture leaks.
6. The membrane units were checked every 30 minutes for leaks. When a leak was seen, the leaking
pouch was identified and then opened so that the leaked solution could be returned to the pouch.
The pouch was then re-sealed.
7. After 3hr the seawater was poured out of the membrane unit then the mass of the unit was
measured.
8.

The mass of the water absorbed (desalinated) by the draw solution was determined from the
initial and final mass measurements.

9.

Steps 3 through 8 were repeated four times, each time using a fresh sea water sample with the
same pouch.

10. Steps 1 through 9 were repeated twice using different pouches.
Softened seawater feed:
1. Steps 1 and 2 of the seawater experiments were followed.
2. The total hardness of the seawater feed was determined.
3. The seawater was passed through an IX resin column in the sodium form to soften the seawater.
4. The total hardness of IX column effluent was determined.
5. The outer pouch of the membrane unit was filled with the softened seawater.
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6. The inner pouch of the membrane unit was filled with 25 g draw solution.
7. The membrane units were checked every 30 minutes for 3 hours for leaks. When a leak was detected,
the leaking pouch was identified and opened so that the leaked solution could be returned to the
pouch. The pouch was then re-sealed.
8. After 3 hours the seawater was poured out of the membrane unit then the mass of the unit was measured.
9. The mass of the water absorbed (desalinated) by the draw solution was determined from the initial
and final mass measurements.
10. The IX resin was regenerated with the membrane reject brine from Step 8.
11. Steps 3 through 10 were repeated four times with fresh samples of seawater and the same pouch.
12. Steps 3 through 11 were repeated twice with different pouches

4. RESULTS
A. Data Tables
Table 1: Initial and Final (IX Effluent) Total Hardness
Using a Softened Sea Water Regenerant (g/L)
Trial 1
Runs
1
2
3
4
5

Initial
4.8
6.0
5.2
5.2
4.4

Trial 2
Final
0.8
2.4
2.8
2.8
3.6

Initial
5.6
5.2
5.2
4.8
5.2

Trial 3
Final
0.8
2.0
2.8
3.2
3.6

Initial
5.2
4.8
5.6
4.4
4.8

Final
0.4
2.0
3.2
3.2
3.6

Table 2: Mean, Range, Standard Deviation and Variance of the Initial (Softened SeaWater)
and Final (IX Effluent) Total Hardness using a Softened Seawater Regenerant.
Run 1
Initial
Final
Mean
(g/L)
Range
(g/L)
Standard
Deviation
(g/L)
Variance
(g/L)
n

Run 2
Initial
Final

Run 3
Initial
Final

Run 4
Initial
Final

Run 5
Initial
Final

5.2

0.7

5.3

2.1

5.3

2.9

4.8

3.1

4.8

3.6

0.4

0.4

1.2

0.4

0.4

0.4

0.8

0.4

1.2

0

0.4

0.23

0.61

0.23

0.23

0.23

0.40

0.23

0.40

0

0.16

0.053

0.37

0.053

0.053

0.053

0.16

0.053

0.16

0

3

3

3

3

3

3

3

3

3

3
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Table 3: Mass of Water Passing the FO Membrane in Experiments
Using Seawater and IX Softened Seawater Feeds (g)

1

NonSoftened
Trial 1
54.3

NonSoftened
Trial 2
44.1

NonSoftened
Trial 3
43.6

2

50.8

55.2

3

43.8

4
5

Runs

Softened
Trial 1

Softened
Trial 2

Softened
Trial 3

49.8

48.6

50.7

39.6

58.5

49.8

55.4

57.3

47.1

50.1

49.5

53.1

56.6

52.6

51.3

60.9

60.2

58.0

57.8

57.1

53.5

55.7

59.7

59.3

Table 4: Mean, Range, Standard Deviation, and Variance of the Water Mass
Passing the FO Membrane Using Seawater and a Softened Seawater IX Regenerant
Run 1

Run 3

Run 4

Run 5

Nonsoftened

Softened

Nonsoftened

Softened

Nonsoftened

Softened

Nonsoftened

Softened

Nonsoftened

Softened

47.3
10.7

49.7
2.1

48.5
15.6

54.6
8.7

49.4
13.5

50.9
3.6

53.5
5.3

59.7
2.9

56.1
4.3

58.2
4.0

6.04

1.05

8.04

4.41

4

1.93

2.76

1.51

2.31

2.20

36.5

1.11

64.7

19.4

49.5

3.72

7.63

2.29

5.32

4.85

3

3

3

3

3

3

3

3

3

3

Comparison of Mean Initial and Final
Water Hardness in Softened Trials
6
Mean Water Hardness (g/L)

Mean (g)
Range (g)
Standard
Deviation
(g)
Variance
(g)
n

Run 2

5
4
Initial
Final

3
2
1
0
1

2

3

4

5

Run Number

Figure 5. Comparison of Mean Initial and Final Water Hardness in Softened Trials
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Figure 6. Comparison of Mean Mass Gained by Non-Softened and Softened Trials
B. Statistical Analysis of Data
T-tests were used to analyze the total hardness and final water mass gain. The t-tests were one-tailed,
unequal-variance t-tests, since the experiment was designed to prove that seawater hardness would be lower
after being treated by an ion exchange resin regenerated with FO reject brine. In Table 5 the p values for
each run are presented.

Table 5: T-Tests of Initial and Final Total Hardness for Each Run
Run No.

p-value

1
2
3
4
5

0.00015
0.0031
0.00011
0.0030
0.018

Table 5 shows that there is a highly significant difference between the initial and final water hardness
for all runs. This supports the hypothesis that brine produced in a forward osmosis desalination system can
effectively regenerate a strong acid cation ion exchange resin for the softening of feed water.
One-tailed, unequal-variance t-tests were used for the analysis of total water mass gain during forward
osmosis since the experiment was designed to prove that the use of unsoftened seawater for IX resin
Copyright © 2008 Water Environment Federation. All rights reserved.
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regeneration would reduce the forward osmosis water yield because of membrane scaling. The t-tests
compared the performance of the unsoftened trials to the softened trials during each run.

Table 6: T-Tests of Final Mass Gained for Each Run
Run No.

p-value

1
2
3
4
5

0.28
0.17
0.38
0.49
0.49

At a 0.05 level of significance, this statistical analysis shows that there was not a significant difference between
the total water mass recovered by forward osmosis when using either unsoftened or softened seawater in the
system. This analysis shows that softening feed water with forward osmosis reject brine does not increase the
yield of a batch forward osmosis desalination system during its first five uses.

5. DISCUSSION
This research showed that the brine produced in a forward osmosis desalination system can effectively
regenerate strong acid cation ion exchange resins used for the softening of the forward osmosis feed water.
This suggests that desalination brine, instead of being regarded as a waste product of desalination, can be used
beneficially. There was evidence that the IX resin output hardness increase with the number of cycles of
service and regeneration. It should be recognized, however, that the IX resin system used in these experiments
was far from an ideal design. More-effective and long-lasting performance might be expected from more
sophisticated systems.
The results of the forward osmosis yield experiments showed that there was no significant loss of yield
after 5 cycles of use with either a softened or untreated seawater feed. This shows that softening of feed
seawater is unnecessary for the first few times of use. The fact that the SeaPack membrane units worked just as
effectively in these initial runs no matter what kind of water was used verifies its suitability for survival and
short-term relief applications. These results support the supposition that membrane scaling usually does not
occur until after numerous days of continued use.
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6. CONCLUSION
1. Brine produced in a forward osmosis desalination system can effectively regenerate strong acid cation
ion exchange resins used for the softening of feed water.
2. Softening of feed water does not increase the efficiency of a forward osmosis desalination system
during the first five uses.
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C. Plans for Continued Research
This experiment showed that after the first five uses of the SeaPack membrane units, there did not appear
to be any membrane scaling in the non-softened trials since the amount of water desalinated did not decrease.
However, it would be advantageous to conclusively assess the effectiveness of softening water on reducing
scaling when it did finally begin to occur with the non-softened seawater, since in an industrial setting the
membranes would be used for much longer periods of time. The membrane units used in this experiment
would not be adequate for this kind of testing, since they are more of a survival kit supply only meant to be
used up to ten times within a ten day window. Higher quality industrial membranes would have to be used
for testing. The effectiveness of softening the seawater to prevent membrane scaling could be compared to
other anti-scaling pre-treatments in use now, such as acidification and antiscalant surface materials.
Another area of research that could be expanded upon is the ion exchange resin softening. More
experiments could be performed to see what type of ion exchange resin setup works the best to soften the
feed seawater. Multiple bed depths, or in the case of this experiment, columns, are often used to increase
effectiveness. Also, the recharging of the resin is often done through backwashing, but in the case of this
experiment that could not be easily done, so the brine had to be washed through the same way as the feed
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seawater. By testing these different techniques, a better understanding of how to optimize the softening
process could be achieved.
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