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ABSTRACT

Antiscalants are used to prevent scaling in the membrane filtration processes NF and reverse
osmosis (RO). Current generation antiscalants are stable in the process equipment and slowly
biodegradable in the receiving surface water. These types of antiscalants are optimized with
respect to biological inertness in process equipment and biodegradable in a limited time
frame in the receiving surface water. However, the phosphorus from these antiscalants can
cause undesirable eutrophication in the receiving surface water and this will result in restric-
tions for concentrate disposal. A solution to this problem is the use of stable antiscalants
without phosphorus groups. 4 Aqua BD25 is a phosphorous free carboxy methyl inulin
based antiscalant that is first applied at a drinking water RO in Dinxperlo, the Netherlands.
Before the application in practice, biofouling tests with membrane fouling simulator’s had
shown that biofouling was not aggravated by BD25. After those preliminary tests BD25 was
dosed to one of the four stacks of the RO treatment and meanwhile the mass transfer coeffi-
cient (MTC) in the stack was checked with a Scale Guard on the concentrate. Beside that the
MTC and normalized pressure difference of each stage of the stack was monitored and
checked. The stable MTC shows that no scaling has occurred. After a half year of tests is
decided to apply 4 Aqua BD25 at all stacks of the RO plant. 4 Aqua BD 25 is drinking water
approved by Kiwa assessment on toxicological aspects and NSF standard 60. Right now a
phosphorus and assimilable organic carbon free antiscalant is available for application.
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1. Introduction

Antiscalants are used in drinking water production
and the process industry to prevent scaling, usually in

membrane processes such as reverse osmosis (RO)
and nanofiltration. Occurring when the solubility limit
of sparingly soluble salts is reached, scaling causes
precipitation to settle on the membrane surface.
Antiscalants delay this process and allow higher
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concentrations of salts, resulting in greater water
recovery. However, the underlying mechanism of
scale control is poorly understood [1].

Antiscalants are stable in process equipment and
slowly biodegradable in the receiving surface water
[2]. On one hand, these antiscalants are optimized to
biological inertness in process equipment, so they do
not contribute to biofouling [3]. On the other hand,
antiscalants are optimized to be biodegradable for a
limited time in the receiving surface water. However,
when broken down, the phosphorus component of
most of these antiscalants can cause eutrophication in
the receiving surface water. Increased awareness of
this environmental impact is prompting more strin-
gent concentrate disposal restrictions for phosphorus
and nitrogen, resulting in Dutch and European legisla-
tion [4]. In some cases, phosphorus by-products in
these antiscalants can contribute to biofouling, an
effect known as P-limitation [5].

2. Carboxy methyl inulin (CMI) specifics

A possible solution to these problems is to develop
stable and inherently biodegradable antiscalants with-
out phosphorus groups. This article describes devel-
oping and testing a new phosphorus-free antiscalant
based on CMI, which is shown in Fig. 1.

The properties of CMI as a threshold antiscalant
for calcium (Ca), magnesium (Mg), barium (Ba), and
strontium (Sr) have been known for more than a
decade [6]. Aquacare Europe and Royal Dutch Cosun

joined forces in 2005 to develop the new antiscalant 4
Aqua BD25. Using CMI’s known antiscalant proper-
ties as a starting point, experiments investigated the
effects of different molecular weights, degrees of sub-
stitution, cross-linking, and incorporation of different
active groups. Subsequently, the properties of result-
ing products were investigated.

Biodegradability tests in freshwater and seawater,
Organisation for Economic Cooperation and Develop-
ment (OECD) 302A and 306, indicated that the new
product was inherently biodegradable for both envi-
ronments. Testing also revealed that the product was
not mutagenic. In addition, the OECD 117 test showed
no bioaccumulation, and aquatic toxicity tests in fresh-
water and seawater indicated low toxicity as follows:

Freshwater

• Bacteria EC10> 10,000mg/L
• Daphnia EC 0: 2,000mg/L
• Daphnia EC50: 5,500mg/L
• Fish LC 0> 10,000mg/L

Seawater

• ISO 14669: Bacteria NOEC>1,000mg/L
• ISO 10253: Algae NOEC: 1,084mg/L
• OECD 203: Fish NOEC>1,000mg/L

Also, because inuline is derived from the chicory
root, the product’s main source is renewable.

This green profile provided a good starting point for
investigating the effects and possible side effects of the
product as an antiscalant for membrane installations.

3. Tests and results

Because the relation of assimilable organic carbon
(AOC) to biofouling in membrane installations is well-
known [3], the first concern was the product’s behavior.
The first AOC tests KWR Watercycle Research Institute
ranked the product low in contributing to biofouling.

Next, the product was ready for longer term bio-
fouling testing by Westus Center of Excellence on a
membrane fouling simulator (MFS), as shown in
Fig. 2 [7]. The product passed the test, confirming the
testing and certification facility’s results. Next, the
product was tested at the Netherlands drinking water
company Vitens NV.

4. Bench-scale test

The first test on groundwater was carried out with
one 4-in. bench-scale element at Vitens drinking water
treatment plant Dinxperlo. This pilot was equipped
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Fig. 1. Molecule of CMI.
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with a recirculation mode and operated at 80% recov-
ery. The dosage of the new antiscalant was 5.0 ppm.
During the tests, the operation of pilot was stable and
no scaling occurred. The threshold capacity was
promising. This pre-commercial version of BD25
showed some biofouling, more recent versions of
BD25 did not show this problem anymore, as
explained in this paper.

5. MFS test

After the bench-scale test four MFSs were
installed, before and after the cartridge filters, after
dosing 2.5mg/L of the new antiscalant BD25, and
after dosing the reference P-free antiscalant, that was
is use in Dinxperlo at that moment. The MFSs con-
firmed the efficiency of the cartridge filters and the
results of the normalized pressure difference (NPD)
readings before cartridge filter, indicating general
fouling.

The graph of water without antiscalant and the
BD25 line are to satisfaction flat. The pressure drop in
the reference graph raised because of biofouling.

Work then began to procure assessment on toxico-
logical aspects (ATA) approval of the new antiscalant
for use in drinking water installations. The product
subsequently received ATA and National Science
Foundation ANSI standard 60 approval.

6. Full-scale test

During the last experiments at Vitens NV, one of
four RO stacks (Fig. 3) at DWTP Dinxperlo was

Fig. 2. MFS in operation.

Fig. 3. Scale Guard with RO stack 3 at Dinxperlo.
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treated with the new antiscalant; the remaining three
stacks were treated with 2.5 ppm of another phospho-
rus-free antiscalant that is also in the development
stage, here called reference. Each stack has a
87.5m3/h feed flow of pretreated aerobic groundwater
and operates at 80% recovery. The rough concentrate
composition is: 590mg/L Ca, 560mg/L SO4, 0.5mg/L
Ba, 0.4mg/L Fl, 65mg/L SiO2.

Besides, monitoring the NPD and mass transfer
coefficient (MTC) at each stage of all stacks, the stack
treated with the new antiscalant was equipped with
the scale signal device Scale Guard [8] to check on
scaling tendencies of the concentrate (Fig. 4). This unit
generates a sensitive, early signal if scaling occurs in
the element of the device.

During the next 6months, the test showed a small
increase in NPD, indicating a CIP frequency require-
ment of two to three times less than the alternative
product (8months instead of 3months), as shown in
Figs. 5 and 6.

In the last phase the dose rate was gradually
decreased, to find the minimum effective dosage.
MTC and NPD in Scale Guard and stack were
observed closely. The MTC of the scale signal device
showed no effect after 2months of operation at lower
dose rates (Fig. 7). The MTC remained stable after the
dosage was finally set at 0.1mg/L. Because the dis-
charge line has a retention time of about 3 h and the
relation between dosage and induction time proves a
safe discharge, a practical dose rate of 1.25mg/L is
selected for the RO [9].

Fig. 4. Principle of Scale Guard.

Fig. 5. Pressure drop in stage 1 of BD25 stack and in
reference stack.

Fig. 6. Pressure drop in stage 3 of BD25 stack and in
reference stack.

Fig. 7. Scale Guard results during reduction of dose of
BD25.
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During the research recovery was not increased for
environmental discharge reasons.

7. Conclusions

After operating for 6months with the RO stack,
the results were satisfying. In October 2009, it was
decided to apply the new antiscalant at all four stacks
of the RO plant at a dosing rate of 1.25mg/L. CIP
procedures decreased from 4 times/year to once every
15months.

With the introduction of BD25 Vitens safes annual
e 40,000 on CIP and antiscalant costs for the produc-
tion of 1.6Mm3/year permeate.

The new anti scalant’s induction time increases
when the dose level is increased. The new antiscalant
was far more effective than expected. Now a phospho-
rus and AOC-free antiscalant is available for applica-
tion with a green profile. The effect of the new
antiscalant in a seawater plant needs to be confirmed.
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