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ABSTRACT

A kind of polyether-based copolymer, AA-TPEO, was synthesized using isoamyl alcohol polyoxyeth-
ylene ether, oxalic acid and acrylic acid. In this article, AA-TPEO was prepared at different mole
ratios. After that, the synthesized polymer was characterized by Fourier-transform infrared (FI-
IR) firstly. And further verification was done through 'H NMR. Then, the molecular weight and
its distributed situation were investigated by GPC. All of above consequences demonstrated that
the synthetic experiment was successful. This work mainly aimed at investigating the impact of
AA-TPEO’s mole ratios and the agent concentration on scale inhibition efficiency of the copolymer
for CaSO,-2H,0 and CaCO, scales. From the results of the static scale inhibition experiments, it was
known that AA-TPEO was a kind of efficient scale inhibitor. At the same time, its performance was
compared with different inhibitors which were common on the market under the same conditions.
The morphology and structure of deposits was confirmed by SEM, XRD and FT-IR. From the SEM
photos, it could be seen that the surface appearance of CaSO,-2H,0 and CaCO, scales changed. The
lattice of CaCO, scales changed as the addition of AA-TPEO. The proposed inhibition mechanism of
the copolymer was also described and analyzed briefly in this work.
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1. Introduction

As the need of providing economical heat removal and
cost reductions, open recirculating cooling water systems are
frequently used. One of the protruding problems of water
cooling systems is scaling phenomenon, which has a great
impact on economy and technology. Formation of deposit
may cause deteriorated conditions of low heat exchange
efficiency, and increase frequency of chemical cleaning
[1-4]. What's more, massive precipitation of insoluble
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salts accumulated to some extent facilitates the corrosion
processes, and even causes catastrophic operational failures
in some cases, resulting in that production has to be stopped
occasionally [5,6]. Commonly, the deposits are calcium
carbonate (CaCO,), calcium sulfate dihydrate (CaSO,-2H,0),
barium sulfate (BaSO,), calcium phosphate (Ca,(PO,),),
calcium oxalate, magnesium silicate [2,7-9], among which
calcium sulfate dihydrate and calcium carbonate are
considered most frequent in cooling water systems [2,9]. To
mitigate or eliminate these problems, water used in cooling
systems is treated with inhibitors which are water-soluble
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salts or polymers containing functional groups, affecting the
nucleation rate, crystal growth, precipitated type, and crystal
habit. The most effective groups are phosphonyl, carboxyl
and sulfonyl [10-12]. Several studies about scales formation
with and without inhibitors have been carried out [1,13].

In general terms, inhibitors are classified as inorganic
salts and organic polymer compounds. Inorganic scale
inhibitors, such as sodium hexametaphosphate, are used
initially. Polyphosphates, organophosphonate (such as
HEDP, 1-hydroxyethylidine 1,1-diphosphonic acid), and
NTMP (nitrilo trimethylene phosphonate) [14-18], which
are remarkable to chelate calcium ions, are major organic
inhibitors in current recycling water systems. But these
sorts of scale inhibitors are likely to accelerate water
eutrophication [19,20], destroy the balance of ecological
environment and cause water pollution. As a result, the
popularity of inhibitor containing phosphorus is restricted.
Consequently, searching for friendly “green” inhibitors is
current trend.

As a kind of non-phosphorus inhibitor, polyether-
based polymer was reported as polycarboxylate antiscalant
for deposits, such as allylpolyethoxy carboxylate (APEC)
reported by Du [21] and ammonium allylpolyethoxy sulfate
(APES) reported by Steckler [22]. Both APEC and APES
have carboxylic acid groups (<COOH), which can chelate
Ca?, inhibiting the form of scales. However, chloracetic
acid and sulfamic acid, used during the synthesis of APEC
and APES, are harmful to water.

Inresponsetotheneed of times, new inhibitor (AA-TPEO)
was synthesized, using acrylic acid (AA), oxalic acid, and
Methyl alkenyl polyoxyethylene ether (TPEG), which was
a kind of double-hydrophilic block copolymer. Molecules
of the copolymer contain many functional groups such as
carbonyl, allyloxy, and ester, which bring the new inhibitor
a number of advantages, for example, low material costs,
simple experimental methods, high reaction ability, friendly
to environment and high inhibition efficiency. Especially, no
antiscalant for cooling water system that based on TPEG is
reported in the literatures. The principal aim of this work
is to investigate the performance of a structurally well-
defined scale inhibitor which is phosphorus-free and has a
superior calcium tolerance.

2. Experimental
2.1. Materials and instruments

TPEO and AA-TPEO were synthesized from Methyl
alkenyl polyoxyethylene ether (TPEG), AA and Oxalic

OH
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Fig. 1. Preparation of TPEO.

in our laboratory according to K. Du’s procedure [21].
Calcium chloride, sodium bicarbonate, AA, sodium sulfate,
and ammonium persulfate used during the experiment
processes were obtained from Zhongdong Chemical
Reagent Co., Ltd (Nanjing, Jiangsu, People’s Republic of
China). All the chemicals mentioned were in analytically
pure grade need no further purification, unless otherwise
specified. Commercial inhibitor, for instance, HPMA
(Hydrolytic polymaleic anhydride MW = 600), PESA
(polyepoxysuccinic acid MW = 1,500), PAA (Polyacrylic
Acid, MW = 1800) and HEDP (Hydroxyethylidense-1,
1-diphosphonic acid MW = 206) were in technical pure
grade and supplied by Jiangsu Jianghai Chemical Co., Ltd.
Distilled water was used throughout this work.

The FT-IR spectra was recorded to verify the functional
groups of the synthesized polymer that were responsible
for the anti scaling property using a Bruker FI-IR analyzer
(VECTOR-22, Bruker Co., Germany) in the pressed KBr
slice. "H NMR spectra were given by a Mercury VX-500
spectrometer (Bruker AMX500) with a tetramethylsilane
internal reference and deuterated dimethyl sulfoxide as the
solvent. The MWs and MW polydispersities were measured
using Gel permeation chromatography (GPC; Waters-2410,
calibrated with PEG standards). Water was eluent flowing
at a rate of 1.0 mL/min. The morphology of CaSO, 2H,0
and CaCO, were observed via scanning electron microscopy
(SEM; S-3400 N, HITECH, Japan). The X-ray diffraction
(XRD) studies were carried out to determine the crystal
lattice of CaSO, 2H,O and CaCO, using a Rigaku D/max
2400 X-ray powder diffractometer with Cu Ko radiation (A
= 1.5406, 40 kV, 120 mA). The transform of the crystal form
of CaSO, 2H,0 and CaCO, was also validated by FT-IR.

2.2. Preparation of TPEO and AA-TPEO

The terminal hydroxyl groups are carboxylic acid
functionalized, realized with oxalic acid. The preparation
procedure of TPEO is shown in Fig. 1.

AA-TPEO was synthesized in a five-neck round-bottom
flask, equipped with a thermometer, a mechanical stirrer
and reflux condenser, Firstly, the flask was charged with 80
mL distilled water and 0.1 mol TPEO which was heated to
60°C with stirring under nitrogen atmosphere. Secondly,
1.5 mol AA was added in 25 mL distilled water (the mole
ratio of TPEO and AA was 1:15). Thirdly, the AA solution
and the initiator solution (3.5 g ammonium persulfate in 25
mlL distilled water) were added separately at constant flow
rates over a period of 1.0 h. Finally, the reaction was heated
to 90°C and maintained at this temperature for an additional
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2 h. After above processes, an aqueous polymer solution
containing approximately 24.3% effective component was
obtained that was the product of AA-TPEO. The preparation
procedure of AA-TPEO is shown in Fig. 2.

2.3. Inhibition test

The efficiency of the AA-TPEO inhibiting calcium
sulfate dihydrate scale was compared with the ones which
had no inhibitor in flask tests [23]. The inhibitor dosages
given were according to dry basis. Precipitating process of
calcium sulfate dihydrate and the inhibition performance
of AA-TPEO were studied in artificial cooling water which
was prepared by dissolving a certain quantity of CaCl,
and Na SO, in distilled water. CaCl, solution (6,800 mg/L
Ca*) and Na,SO, solution (7,100 mg/L SO,*) were used
according to the national standard of China concerning the
code for the design of industrial oilfield-water treatment
(SY/T 5673-93). The supersaturated solutions containing
different concentration of the copolymer was thermostated
at 60°C for 10 h, whose pH was 7. The copolymer which was
phosphorous free and non nitrogen had been synthesized
in the laboratory before the test.

Solution was naturally cooled when the experiment
was over and analyzed with respect to soluble calcium
ions, titrated by a standard solution of EDTA according
to standard methods (Water Treatment Reagent Unit of
Standardization Research Institute of Chemical Industry
of China 2003). We can calculate the inhibition efficiency
follow the nether equation [24]:

~ pl(Ca“)—pZ(Cu“)
- pO(Ca2+)—p2(Ca2*)

x100% 1)

where p0(Ca?) is the total concentrations of Ca** (mg/L),
pl (Ca®) is the concentrations of Ca* (mg/L) in the
presence of the AA-TPEO copolymer, and p2(Ca*) is
the concentrations of Ca**(mg/L) in the absence of the
AA-TPEO copolymer.

Calcium carbonate inhibition test was alike to calcium
sulfate dihydrate precipitation experiments according to
the national standard of China concerning the code for the

design of industrial circulating cooling-water treatment
(GB/T 16632-2008). The supersaturated solutions used
in tests were different, which was prepared by dissolving
a certain concentration of CaCl, and NaHCQO, in distilled
water, not Na,SO,. And the concentrations of Ca* and
HCO,” were 240 mg/L and 732 mg/L, respectively. The
supersaturated solutions containing different quantities of
the copolymer was thermostated at 80°C for 10 h, whose
pH was 9. Calcium chloride and sodium bicarbonate used
to prepare the scaling test solutions were of analytical
reagent grade. The inhibition efficiency of AA-TPEO against
calcium sulfate dihydrate scale was calculated as Eq. (1).

3. Results and discussion
3.1. Analysis of the copolymer

Fig. 3 exhibits the FT-IR spectra of TPEG (a), TPEO (b),
and AA-TPEO (c). Compared with curve (a), the emerging
1,731 c¢m™ strong intensity absorption peak (—C=0) in
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Fig. 3. The FT-IR spectra of (a) TPEG (b) TPEO and (c) AA-TPEO.
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Fig. 4. The 1H NMR spectra of (a) TPEG, (b) TPEO, and (c) AA-TPEO.

curve (b) reveals clearly that TPEO has been synthesized
successfully. The peak at 1,648 cm™ are from the stretching of
—C=C- groups, which appears in (a) and (b) but disappears
in c. On the basis of FT-IR studies, the phenomenon reveals
that the free radical polymerization between TPEO and AA
has happened.

THNMR spectra for (a) TPEG, (b) TPEO and (c) AA-TPEO
are shown in Fig. 4. TPEG (Fig. 4(a))((CD,),SO, & ppm): 2.50
(solvent residual peak of (CD,),SO); 3.30-3.80 (-OCH,CH,-,
ether groups); 1.69-1.70, 4.70-4.80 (CH, C(CH,)-, methyl
alkenyl); 4.40-4.60 (-OH, active hydrogen in TPEG).

TPEO (Fig. 4b) ((CD,),SO, & ppm): 2.50 (solvent
residual peak of (CD,),SO), 3.10-3.70 (-OCH,CH,-, ether
groups). As the reaction between oxalic acid and TPEG
is successful, -COCOOH affects the four hydrogen in
—-OCH,CH,- group which is near -COCOOH group; and
1.69-1.70, 4.20-4.80 (CH,=C(CH,)-, methyl alkenyl). As
seen, the § 4.40-4.60 ppm (—OH) active hydrogen in (a)

disappears completely, proving that -OH in TPEG has
been entirely replaced by -COCOOH.

AA-TPEO (Fig. 4c) ((CD,),SO, & ppm): 2.50 (solvent
residual peak of (CD,),SO), The phenomenon, that
81.69-1.70, 4.20-4.80 ppm in (b) double bond absorption
peaks completely disappear in (c), reveals that free radical
polymerization between TPEO and AA has happened.
From the analysis of FT-IR and 'HNMR, it can be concluded
that synthesized AA-TPEO has anticipated structure.

The molecular weight was an important parameter of
inhibitor, which was investigated through GPC (calibrated
with PEG standards) with the 1.0 mL/min run flow rate
and the results are listed in Table 1.

3.2. Effect of inhibitor on scales

Monomer’s mole ratio and dosage of scale inhibitor
greatly influence performances of AA-TPEO. Table 2 and
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Table 1

Molecular weight averages of the polymer
Mp 12,770
Mn 7,796
Mw 10,897
Mz 14,288
Mz+1 17,373
Mv 10,410
PDI 1.3977

Table 3 show the relationship between the inhibitor dosage
and the inhibition efficiency towards CaSO,-2H,0 and
CaCO, scales for different mole ratios. It is observed that the
scale inhibition efficiency improves as the concentration of
the copolymer increases. Fig. 5 exhibits that, when the dosage
is only 5 ppm, the maximum inhibition efficiency reach
100%, better than the majority of no-phosphorus inhibitors
on the market for CaSO,-2H,O [25]. But the increasing trend
of the inhibition efficiency dies down with the gradually
increasing concentration. Obviously, from Fig. 6, when the
dosage is 10 ppm (= 10 mg/L), AA-TPEO has a goodish
calcium tolerance, with 86% CaCO, inhibition efficiency. The
efficiency improves to89% as the concentrationincreases to 12
ppm. However, the performance declines more or less as the

Table 2
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concentration further increases as the concentration further
increases. The copolymer has ability of positive dispersion,
excellent chelation, superior compatibilization with calcium
ions and lattice distortion. The molecules’ chains contain
carboxylate (-COOH) and ethylnenoxy (-OCH,CH,-)
groups. It is those active functional groups that possess great
properties inhibiting scales. As mentioned above, for the
same scale inhibitor, the scale inhibitive performance of the
polymer improves as the concentration gradually increases,
as interaction between the scale inhibitor and Calcium ions
becomes stronger. When copolymer AA-TPEO is at the
dosage of 4 ppm and 10 ppm, the inhibition efficiency is 99%
and 86% for CaSO,-2H,0 and CaCO,, respectively. However,
when the amount of polymer is excessive, the flocculation
phenomenon appears, due to strong polar interaction of
active groups on the molecular chain, which leads to decline
of the performance of inhibitor AA-TPEO slightly for CaSO,
2H,0 and CaCO,. It's found that at the same concentration
level of AA-TPEQ, inhibition efficiency towards CaSO,
2H,0 and CaCO, scales are all the highest when the mole
ratio is 2:1(AA: TPEO) among the different ratios.

3.3. Comparisons of inhibition efficiency

Fig. 5 illustrates the ability of different inhibitors
controlling calcium sulfate dihydrate precipitation, that is
AA-TPEO, HEDP (1-hydroxyethylidine 1, 1-diphos-phonic

Influence of the dosage and monomer’s mole ratio of AA-TPEO on the inhibition efficiency of CaSO,

Dosage of inhibitor (ppm)  1:3 1:2 1:1 2:1 3:1 4:1 5:1
1 942 23.79 1691 51.06 34.38 3.99 18.00
2 2391 29.11 2293 7717 49.13 22.10 22.10
3 50.99 49.49 50.84 96.30 60.51 53.33 40.82
4 71.20 6744 68.72 99.85 80.33 75.65 64.51
5 84.44 81.06 82.66 100 94.30 83.90 76.79
7 96.52 92.17 95.56 100 94.29 93.33 92.34
w 93.43 91.38 92.50 100 100 100 97.83
Table 3
Influence of the dosage and monomer’s mole ratio of AA-TPEO on the inhibition efficiency of CaCO,
Dosage of 1:3 1:2 1:1 2:1 3:1 4:1 5:1
inhibitor
(ppm)
4 4.76 14.29 29.05 53.35 45.00 24.76 43.81
5 9.52 28.57 47.62 55.15 50.03 28.57 52.67
6 9.52 28.57 50.95 58.65 52.63 38.10 56.57
7 14.29 3714 55.00 62.34 55.26 39.29 5714
8 19.05 39.14 64.29 66.29 59.53 47.39 57.62
9 19.05 42.86 64.29 76.90 61.89 58.57 64.29
10 19.05 44.35 65.34 86.58 61.98 60.79 67.27
12 19.05 47.62 66.90 89.43 63.16 64.76 70.06
15 19.05 52.38 7143 87.05 63.16 66.67 69.52
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acid), PESA (poly(epoxysuccinic acid)), PAA(Polyacrylic
Acid) and HPMA (hydrolytic poly(maleic anhydride)),
low-phosphorus or non-phosphorus polymers. All the
curves in Fig. 5 show that the ability to inhibit calcium
sulfate dihydrate precipitation follows the order AA-TPEO
> PAA > HPMA > PESA (at low dosage) > HEDP. From Fig.
5 we can see that inhibition on calcium sulfate dihydrate
precipitation by the presence of PESA is little (4 mg/L
only 82% calcium sulfate dihydrate inhibition). However,

$3400 20.0kV 9 3mm x3.00k SE 12/16/2015 10:26

S3400 20.0kV 10.2mm x1.00k SE

o 90| | —™ AA-TPEO .
g —e— HEDP —
S 4~ PESA /
£ 80| —v-HPMA
8 —o— PAA [ .
S 70 - / /
L o .
3 o o o 000 —¢
5 60 e A
"~ A A —A
E [ A A—: /x A
& 50F a /
. v .
% . /’ v/'/
g 40 ¥ v/'/
= ,,.4'/7/
% 30 1 L 1 : L X | . : ) ; . '
£ 4 6 8 10 12 14 16

Dosage of inhibitors(mg/L)
Fig. 6. Comparison of inhibition efficiency for CaCO,.

AA-TPEO shows high inhibition efficiency. Particularly,
HPMA (56%) seems more effective than AA-TPEO (51%)
for the calcium sulfate dihydrate inhibition at the level of
1 mg/L. But, when exceeding 3 mg/L, AA-TPEO (96%)
shows much higher inhibition efficiency than HPMA (79%).
Consequently, among inhibitors investigated, inhibitor
AA-TPEO displays the best performance to control calcium
sulfate dihydrate scale, namely, better than HEDP, HPMA,
PAA and PESA.

12/30/2015 14" 54

Fig. 7. SEM images for the calcium sulfate (a) without AA-TPEO (b) with 1 mg/L AA-TPEO (c) with 3 mg/L AA-TPEO.
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From Fig. 6 we can see that the performance of AA-TPEO
preventing the precipitation of CaCO, is the best. It must be
mentioned that HEDP has an advantage in the threshold
dosage as CaCO, antiscalant, which is only 4 mg/L less
than 10 mg/L for AA-TPEQ, although HEDP has only 65%
calcium carbonate inhibition efficiency while the inhibition
efficiency of AA-TPEO could reach 89% at the threshold
dosage.

3.4. Scale surface morphology characterization

SEM, one of the popular nondestructive surface
examination techniques was used to examine the change
of crystal size and modifications, brought about by the
addition of AA-TPEO copolymer.

The SEM images of calcium sulfate dihydrate precipitate
form in simulative cooling water are shown in Fig. 7. We
can see that the application of the copolymer in the system
(Fig. 7b,c) is an effective way to transform the morphology
of the calcium sulfate dihydrate. Without inhibitor, regular
rod-shaped calcium sulfate dihydrate scale is obtained
(Fig. 7a), which look like thin tubular cells and needles
exhibiting monoclinic symmetry [9]. In the presence of 1
mg/L AA-TPEO, the morphology of the scale changes and
the loose calcium sulfate dihydrate particles appear (Fig.
6b). When the AA-TPEO concentration soars to 3 mg/L,
the loose particles become the major part of the calcium
sulfate dihydrate scale. And when 4 mg/L is used, the scale

5{400 20.0kV 9.2mm x3.00k SE42116/2015 09:50

$3400 20.0kV 10.2mm x3.00k SE 12/30/2015 15:07 ;
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is hard to be observed, in accordance to the inhibition of
99% mentioned above. After the inhibition period, the
morphology of CaSO, 2H,0 changes drastically.

The morphology images of the CaCO, deposits obtained
withno and 4,7, 10 mg/L (ppm) antiscalant are exhibited in
Fig. 8. As we can see from Fig. 8a, calcium carbonate scales
are mainly calcite scales, which are symmetrical and block
like particles of cubic shape or rhombohedral. Changes of
the calcite crystal morphology and the crystal size could
be observed from Fig. 8b-d, in the presence of the non-
phosphorus copolymer AA-TPEO. Fig. 8b, obtained at the
dosage of 4 ppm, exhibits that the well-regulated structure
is modified. The deposition transform into smaller crystals
and the shape edges disappeared. As shown in Fig. 8c, when
7 ppm inhibitor is used, the crystal turn into slices, which
are loose and porous. With 10 ppm inhibitor addition,
the scales are damaged absolutely, which nearly become
fragments.

All variations above manifest that the copolymer affects
the nucleation and morphology of CaCO, precipitate, and
the influence intensify as the concentration of the AA-TPEO
increase.

3.5. XRD analysis of CaSO, 2H O and CaCO, crystals

To verify the structural changes of calcium sulfate
dihydrate and calcium carbonate deposits in the absence
and presence of the inhibitor, XRD analysis was carried out.

$53400.20.0kV 10.2mm x300°SE " 12/30/2015 15:01

$3400 20.0kV:10:2mm x300 SE" 12/30/2015:15:14

Fig. 8. SEM images for the calcium carbonate (a) with no inhibitor (b) with 4 mg/L AA-TPEO (c) with 7 mg/L AA-TPEO (d) with 10

mg/L AA-TPEO.
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Figs. 9 and 10 show the XRD spectra of calcium sulfate
dihydrate crystals without and with the addition of the
AA-TPEO copolymer. In the spectrogram, the 6 values
conform to the structure of CaSO,-2H,0 (calcium sulfate
dihydrate) [26,27]. During the tests, the copolymer added
does not alter the crystal structure, which confirmed by
no variations in its 8 values. Only the crystal morphology
is modified, as shown in the SEM photographs.

11.62
20.71 a
23.38
29.42
. A h
c
A
10 20 30 40 50
26 (degree)

Fig. 9. XRD spectrum for CaSO,-2H,0O: (a) with no AA-TPEO (c)
the reference pattern for CaSO,-2H,0.

11.62 20.71
b
29.42
23.38
N Ju
c
R R
10 20 30 40 50
20 (degree)

Fig. 10. XRD spectrum for CaSO,-2H,0: (b) with AA-TPEO (c)
the reference pattern for CaSO,-2H,0.

In nature, CaCO, crystal has three types of forms:
calcite, aragonite, and vaterite, in which calcite is the most
thermodynamically stable and vaterite is the least stable
form. In untreated supersaturated solutions, as exhibited in
Fig. 11a, CaCQ, deposits crystallize as prismatic calcite. And
its diffraction peaks appear at 012, 104, 006, 110, 113, 202, 018,
and 116.As antiscalant is used, in Fig. 11b, peaks appear at 110,
112,114, and 300 corresponding to vaterite in addition to the
calcite peaks [3]. The results manifest that calcium carbonate
would first nucleate and deposit as calcite and then convert
to an unstable form (vaterite) after adding AA-TPEO [3].

3.6. FT-IR analysis of CaCO, crystals

FT-IR, as another characterization technique to identify
the form changes of the crystals, was carried out. Fig.
12 exhibits the FI-IR spectra of the calcium carbonate
precipitates obtained in the absence and presence of the
copolymer. We can see from curve (a) that the peaks appear
at 874 and 712 cm™ ,which are assigned to the vibrations of
calcite [28]. From curve (b), we find that peak at 712 cm™
disappears, while a new peak at 745 cm™ emerges, which
symbolises the vaterite form. All the variation of the FT-IR
spectra demonstrate that the copolymer influences the
polymorph of the calcium carbonate crystals.

4. Inhibition mechanism towards CaSO, 2H,0 and
CaCoO,

Generally speaking, it’s the location of the adsorbed
inhibitor at the crystal surface and the extent of chemical

104

113 202
012 110 018
006 A\ ﬁ 116

b
10 112 114 300
T T ‘ T ‘ T 1
20 25 30 35 40 45 50
26 ( degree)

Fig. 11. XRD spectrum for calcium carbonate: (a) in absence of
AA-TPEO (b) in presence of AA-TPEO (b’) the reference pattern
for vaterite.
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()

11040 aulu Haﬂ

Waraamabars:m”T
Fig. 12. FT-IR spectra of CaCO, precipitate (a) In the absence of
AA-TPEO (b) in the presence of AA-TPEO.

bonding with the surface that influence the control of the
formation of scale, and the functional groups of inhibitor
play a significant role in terms of controlling the scale
precipitation [29]. The AA-TPEO copolymer contains a
large number of carboxyl groups, and carboxyl segments
as well as (CH,CH,O)_ groups are main functional parts
of AA-TPEO, Which makes the inhibitor’s surface-
binding capability is strong and inhibition efficiency
is high.

CH,
.Ca2+ + ‘fCHz—%—L—[‘TH—CHr}: —

CH, COOH

CH,

O-K-CHZCHzO]—C—C—OH
n |
O O

Fig.13. Inhibition mechanism (1) towards calcium scale.

From Fig. 13 we can see that the main chains consist
of allyl-terminated AA, PAA for short, and the side
chains are composed of (CH,CH,O) segments. As we
know, (CH,CH,O) segments are hydrophilic blocks.
PAA can discern and chelate with calcium ions on the
surface of inorganic minerals, such as calcium sulfate
dihydrate and calcium carbonate deposits (Fig. 8b),
weakening the activity of free Ca** and reducing the
degree of supersaturation. AA-TPEO-COOCa complexes
form after interaction between calcium ions and part
of carboxyl groups. Meanwhile, (CH,CH,O)_ segments
exert strong hydrophilicity. Thus, solid particles such as
CaCO, scales and CaSO,-2H,O scales could be dispersed
and exist in water stably. In short, mechanism 1 shown
in Fig. 13 is chelating and solubilization. The other
carboxyl groups take part in crystallization process while
chelating with calcium ions on the surface of inorganic
minerals, which makes the deposits’ lattice unnormal, as
shown in Fig. 14. Consequently, the deposits are loose,
less prone to further growth, hard to adhere on walls
and easy to be washed away [30]. All above indicate that
AA-TPEO possesses excellent ability to control CaSO,
2H,0 and CaCQ, scale.

5. Conclusions

Through experiments, the copolymer AA-TPEO has
been synthesized successfully, and characterized by FTIR,
'H-NMR. Its performance is evaluated via static scale
inhibition method. From foregoing contents, we have the
nether conclusions:
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Fig. 14. Inhibition mechanism (2) towards calcium scale.
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