Chapter IV

Results and Discussion

4.1 Prevention of calcium salt precipitation by polyacrylate.

Calcium hypochlorite is one of the mos only used chlorine compounds. It

contains 25 or 70 percent available chlorine. r, it presents an encoutered

itafe w%nions such as carbonate,

sulfate or phosphate. This rese s problem. Polyacrylate
including its copolymer and.t€rpel for ‘ ¢ .the trapping agents by
chelating with the calcium ion. A y" rade names of sodium salt
of polyacrylic acid while Acusg > ‘tradc Y ; ne of sod ium salt of copolymer of
acrylic acid and maleic acid. The tdrpoly ' is study is Acumer3100 which
is the terpolymer of acrylic acig =_% ionic function. Acusol 445N,
Acusol 479N and Acusol 3100 MILW g ‘ 0 homo-, co- and terpolymer of

polyacrylate, respectively rough out this dissertation. £

Structure of Acusol445N
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This section intends to prove the ability of these polymers to prevent the

c L
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precipitation of calcium carbonate formed from the reaction of calcium hypochlorite

and sodium carbonate. Table 4.1 shows the results of these experiments.
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Table 4.1 Prevention of calcium salt precipitation by polyacrylate.

No.| Weight(g) [No. mole of Weight (g) No. mole of| Weight (g) of |No.moles of| Weight (g] No. mole

of Ca(OCD),| Ca(OCD), | Na,CO,| Na,CO, | Acusol 445N | Na-acrylat¢ of CaCO,| of CaCO,

unit

1 2.86 0.02 0.0030 |<0.0001

2| 2.86 0.02 1.954210.0195

3 286 0.02

1.939210.0194

4 2.86 0.02 1.5424] 0.0154

51 2.86 0.02 1.1236 0.0112

6| 2.86 0.02 0.0036 [<0.0001

71 2.86 0.02 0.0027 [<0.0001

- 0.025 —
S
= 00
Q
[y it S R
5 0.015 ,
o !
S o0 e
1=} !
S 0.005 PN
Z

0

0.0135
70

ﬂﬁﬂ?ﬂ‘ﬁmﬂ‘mﬂ‘i
WA IUHTAN IR,

2.86 g of commercial calcium hypochlorite in solution gave the amount of

insoluble matter of 0.0030 g which is not significant. When calcium hypochlorite was
allowed to react with sodium carbonate, calcium carbonate was formed in 97.5 % yield

and precipitated out of the solution.
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Ca(OCD),+Na,CO, ____,  CaCO,+2NaOCl  (16)

Calcium carbonate(MW=100.09) formed in this reaction was found to be 0.02
mole. Various amounts of Acusol 445N were added to the starting solution of calcium
hypochlorite before it was allowed to react with sodium carbonate. The number of the
repeating unit of sodium acrylate(MW= 94.05) in each amount of Acusol 445N added
' US 1 445N was added in the amount of

p %rylate, calcium carbonate was
resﬂectl

# ” <
wole of calcium ion reacts

supposed to form in 0.02 .0 e of acrylate moiety to

was calculated. It was found that when

0.0135, 0.027, 0.040, 0.054 orO

formed in 0.194, 0.154, 0.112

stoichiometrically with 2 mo

ate. Unfortunately the

orted that polyacrylic

the degree oftactxcltﬂrwzl] %Wﬂmﬁﬂfmﬂﬁ“ unit, 2
Whe"anm] ﬂ\?‘ﬁﬁfﬂaﬂﬂ‘ﬁ YY) Y Bfon

produce calciuin carbonate which precipitated out of the solution. Acusol 445N was
subsequently added to the resulting solution. It was found that the amount of calcium
carbonate was reduced however still present in the solution. These results demonstrate
that polyacrylate has to be present in the starting calcium hypochlorite before calcium

ions can react with carbonate in order to prevent the precipitation of calcium carbonate.



40
Once calcium carbonate is formed the ability of polyacrylate to trap calcium ions will
decrease since the solubility of calcium carbonate is low.

4.2 Determination of weight ratios of mixed solution.

Tables 4.2 , 4.3 and 4.4 shows the comparison of the percent of the insoluble matter at

various mixing ratios between calci r calc1um hypochlorite with each

polyacrylate polymer.

Table 4.2 Determination of ’ i Ei\\"‘-\-\ak usol 445N

Polymer Il?ﬂ, “ﬂ\\ uA 0% 0% 80% 90%

Amount of polymer (g.) 4.66  8.00 18.00

Amount of calcium oxide (g) 2.00 2.00 2.00

Amount of calcium hypochlorite (g) 200 2.00 2.00

Appearance of mixed polymer - + +
with calcium oxide
Appearance of mixed polymg: - + +

with calcium hypochlorite

0.82 061 047 025 0.15 <0.01 <0.01

massinoie G110 ANYNTNYN

% insoluble matter of miixed polymer 0. 73 052 0. 36 012 0. 06 <0.01 <0.01

with calcium r '“.3‘ NI 98U ']'] 1/]};]']& EI

Remark : - - = The solution was hazy.

% insoluble matter of mixed polyxger

= The solution was slightly hazy.

+ = The solution was clear.
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Figure 4.2 %Insoluble amount 0f pelymer for mixed Acusol 445N

with calcium oxide or calci

Acusol 445N, was mi in T ide icium hypochlorite at various
(e T}

ratios by weight of polyme -*‘ 60%, 7 ‘\ 80%, 90%. The mixed

sample was dissolved with 50ml di ilﬁ:;gg :-. rand tr [efred to a 500 ml volumetric

flask and then the distilled wat ‘ ed “t mark. The percent of insoluble

matter for each concentration was det resting to note that the percent

of insoluble matter decreased-while-the-concentiation-ornol "':' i€ increased. The same

results were obtained wherl the v 1thmither calcium oxide or
calcium hypochlorite. The perge%of insoluble mixed polymer was ranged from 0.82-

0.15 or 0.73-0.06 Wﬂlu Hm'a)% %gnw %}hqaf::]ug oxide or calcium

hypochlorite, respecti%ly. At the concentration of pelymer of 80%;sthere was no

overuion AR G bbbl V111 VI EI TR E)
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Table 4.3 Determination of weight ratio of mixed solution;Acusol 479N,

Polymer 30% 40% 50% 60% 70% 80% 90%
Amount of polymer (g.) 0.86 1.33 200 3.00 4.66 800 18.00
Amount of calcium oxide (g) 200 200 2.00 200 200 200 2.00

Amount of calcium hypochlorite (g) 200 200 200 200 200 200 2.00

Appearance of mixed polymer - - + +
with calcium oxide
Appearance of mixed polymer = + s

with calcium hypochlorite
% insoluble matter of mixed polyx 0.33 <0.01 <0.01
with calcium oxide
% insoluble matter of mixed poly 0.06 <0.01 <0.01

with calcium hypochlorite
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Figure 4.3 %Insoluble matter versus amount of polymer for mixed Acusol

479N with calcium oxide or calcium hypochlorite.



43

The similar results were also obtained when the reaction was carried out using a
copolymer, Acusol 479N. Thus the percent of insoluble mixed polymer decreased
while the concentration of copolymer increased. When the concentration of polymer

was 80% or more, the insoluble matter cannot be reported.

Table 4.4 Determination of weight ratio of mixed solution;Acumer 3100

\
Polymer }ﬁ“ fn“'/‘_g 60% 70% 80% 90%
~ - -
Amount of polymer (g.) -0.86 .3@ 300 4.66 8.00 18.00

Amount of calcium oxide (g) 2.00 2.00 2.00

Amount of calcium hypochlorite (g 20 2.00 : 2.00 2.00 2.00
Appearance of mixed polyme e 7 | \ + + +
with calcium oxide ! - -
Appearance of mixed polymer
with calcium hypochlorite

% insoluble matter of mixed polyrhe 5> <0.01 <0.01 <0.01 <0.01
with calcium oxide

% insoluble matter of mixed P 0 | <0.01 <0.01 <0.01

o : T,
with calcium hypochlorite V;‘L 1‘

Remark : - - = The solutio 1[ as hazy. - {ﬂ
- = The solution was/li htly g
BTN ININT

PRI TUAMINYAE
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In the case of terpol Its were also observed.

Thus the amount of insolub \ n the concentration of the
terpolymer in the mixture i cent of insoluble matter is
significantly less than in the g opolymer and copolymer.
Thus at 30% of Acumer3100, th ns0
polymer was mixed with_ calcium oxide or f“"- _

was no observation of ingolul X terpolymer

v : "7?”]

than 60 percent. B m
Lo L ot g LT e a—

hypochlorite gave noqlbrempltatlon were further used the studylng various effect

on the chefaf w”[@ B pege myu%&%%ﬂ@'ka\@omw o

Acumer3100 ﬂ) the mixed solution is 80, 80, or 60 respectively. Ho-Shing Wu studied

ter was 0.53 or 0.32 when the
pochlorite, respectively. There

\centration was higher

the reaction of polyacrylic acid (PAA) and Ca0." They reported that the mole ratio of
CaO to acrylic acid unit in the polymer is 1:2 and the chelation is formed through the

partial cross-linking.
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The reaction of polyacrylic acid with calcium (II) ion can occur as the following
equations17 and 18. Calcium ions can form strong bonds with the carboxylate groups
in the polymer and therefore will not be available to precipitate with carbonate anions

in the solution.

2R-COO0°  + Ca¥¥ — (RCOO0),Ca (17)
or
2R-COOH  + (RCOO),Ca+2H  (18)
Harry P. Gregor , Lionel B studied the metal-
polyelectrolyte complexes [thefpo / / 1d)-coppe mplex] . They explain that
the reaction of poly(acrylic gicid) # ‘ 1 can oOccur in the form of free

carboxylate ion or carboxylic a€idas §! Sk -r'l equations 19.and 20.

R-COO + M’ (19)

or

R-COOH+ M’ (20)

4.3 Characterization of tﬂ chelatlon by FTIR

— WHEI’WIHWWMﬂ‘i

nd acrylic acid copolymers are soluble 1n any solvents.

it TR QAR AP

the polyacryli€¢ acid — metal oxide composites.

The polymer solution was transfered to a barium fluoride liquid cell with
diameter 32 mm. and thickness 3 mm. (Perkin-Elmer 1760X). The IR spectra of the
polymer solutions were recorded and the according solvent was used as a background.

Figure 4.1 shows the IR spectra of the homopolymer Acusol445N, the resulting mixture
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of Acusol445N with CaO and the resulting mixture of Acusol445N with Ca(OCl),. The
spectra display band at 3200-3500 cm” due to OH stretching, 2990 cm™ (aliphatic C-H
stretching), 1720 cm’ (characteristic stretching, COOH group), 1560 cm’' (asymmetry
coo streching), 1450 and 1400 cm’ (scissors and bending vibration of CH, and

CHCO).
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o-00-o-  polyacrylate with Ca(OCl),

Ho-Shing Wu' reported that the chelation between polyacrylic acid with metal
oxide was confirmed by IR spectroscopy by showing that the absorption band at 1717

cm’' due to the carbonyl absorption in carboxylic acid functionality in polyacrylic acid
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disappeared while a new absorption band at 1560 cm’ due to the carboxylate
absorption appeared. Unfortunately, acusold445N used in this study is in the form of
sodium salt of polyacrylic acid. The IR spectrum of Acusol445N exhibits a weak
absorption at 1720 cm’ due to the carbonyl absorption of COOH and a strong
absorption at 1560 cm’ due to the carbonyl absorption of COO". It is therefore

demonstrated that Acusol445N is in equilibrium in aqueous solution between its acid

WVT\I\M/V\A/WW\/I\NV\, l + Na
™ = c

07 TO-Na+ o) o/ \OH

Figure 4.5 demonstrates ty of the absorption band at 1720 em’' in
the reacted Acusol445N with “CaOCH): “decrease ven though the change in
absorption is very small it is pos ’-': sium ions can form chelation with
the carboxylate in Acusol445N .

Y
The pH of the resultifig so aQ 1s 11. This is due to the

| Iﬂ
formation of Ca(OH), after aO is dissolved in water The reaction of Ca(OH), with

Acusol445N generaﬁ TJOEJ é'gNﬂPEJ Y j NEINJ
e AN RO 26

Ca0 + H,0 T Ca(OH), (21)

2RCOONa+CaO+H,0 —> (RCOO),Ca+2NaOH (22)
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On the other hand, in the case of calcium hypochlorite , the pH of the mixture is
7. The hydrolysis of Ca(OCl), produces HOCI and Ca(OH),. Ca(OH), subsequently
reacts with sodium acrylate polymer and results in ‘the formation of calcium acrylate
chelate and one mole of NaOH. NaOH is then neutralized with hypochlorous acid

generated from the hydrolysis of Ca(OCl),.

For reaction of calcium hypochlorite

Ca(OCD, + 2H,0 — (23)
HOCl — (24)

x aOCl +NaOH + H ,0(25)

=—-~n--- ed spectra of the copolymer
Fir s

Figure 4.6 shows the E

Acusol 479N, the copolymer with calcium o and the copolymer with calcium

hypochlorite. The spec _ -
cm' (aliphatic C-H stre ‘:F‘ o COOH group),

1560 cm (asymmetrlc €00 stretchlng) 1450 and 1400 cm (scissors and bending
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ARANTUININYAY



1
’

e

-
o N

1
‘l
2o o=

e .-

LS 44

2 ments
SR

-

.
.
»
)

Py

st >
T~

-
G
i
-ttt
3
”

PR Sl
e
£
»

1200

er, Acusold479N;
500 salt

ith CaO

Analogous ﬁdﬁ Ejrf}ﬁwrﬁ ﬂtﬁj w'ﬁq ﬂ %ctra exhibit strong

absorption bands at 1560 cm ' (COO gr‘gup) and weak absorptlon bands at 1720 cm’'

e s 6] ) R ) BB R o

polyacrylate decreases due to the chelation with Ca(II) ion

Analogously, the pH of the solution of Acusol479N and CaO was 11 while the
pH of the calcium hypochlorite mixture was 7

It is due to the hydrolysis of each
calcium salt.

Hydrolysis of CaO produces Ca(OH), and Ca(OH)

, react with
Acusol479N generates 2 moles of NaOH. While Ca(OH), and HOCI are generated

49
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upon hydrolysis of Ca(OCl),. Ca(OH), subsequently reacts with Acusol479N and
results in the formation of calcium acrylate chelate and one mole of NaOH. NaOH is

then neutralized with hypochlorous acid.

Figure 4.7 shows the Fourier transform infrared spectrum of the terpolymer

Acumer 3100 with calcium oxide and the terpolymer with calcium hypochlorite. The

4000 360§ 3200 2800 2400 1800 1600 1400 1200 1000

2000‘

ARIANITRIINYA Y

Figure 4.7 IR Spectra of terpolymer, Acumer3100;

polyacrylate, sodium salt
--------------- polyacrylate with CaO

o-00-o-  polyacrylate with Ca(OCl),



51

IR spectra of the terpolymer Acumer 3100 are quite different from the homo-
and copolymer of polyacrylate. The structure of Acumer3100 contains acrylic acid,
sulfonate and nonionic moieties. The pH of the Acumer3100 solution is 2.5 which is
quite acidic. It is interesting to note that the intensity of the absorption band at 1720
cm’ is much stronger than the absorption band at 1650 cm’. This suggests that the

acid-base equilibrium in Acumer3100 lies towards the carboxylic acid functionality.

C C
2N
o©  TOH o“ o
When Acumer3100 Lor Ca(OCl), the IR spectra
demonstrate that the intensit cm-1 increasses. It is due

e 5
solution of Acumer3100 and CaO 05 CatOC1), 18 7 or 4, respectively. This is due to the
hydrolysis of each calcium salt. Hy: : cés Ca(OH), and Ca(OH),

react with Acumer3100 and : ciumacrylate chelate. While

Ca(OH), and HOCI are ge ,- Ca(OH), subsequently

reacts with Acumeﬁquaﬁ rﬁ;ﬂﬁwuﬁ’wﬁ ﬂﬂﬁcrylate chelate and

two moles of HOC qJ

Ca0 + H,0 —> Ca(OH), (26)

2RCOOH + CaO+ H,0 —> (RCOO),Ca+2H,0 27)
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For reaction of calcium hypochlorite and the polymer as equation;

Ca(OCl), + 2H,0 T— 2HOCI + Ca(OH), (28)
HOCl — H' +0cCI (29)
2RCOOH + Ca(OCl), + H,0 —> (RCO0),Ca+2HOCI + H,0 (30)

Ho-Shing Wu" and team;studie , acid-metal oxide composites

QRIS

| | |
3000 2000 ., 1600 1000
cm

Figure 4.8 FT IR spectrum of pure polyacrylic acid and PAA-ZnO."
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4.4 The effect of solvent on reactivity of the reaction.

Ho-Shing Wu'’ and team reported that lipophilic solvents including toluene,
chlorobenzene, hexane, benzene, and dichloromethane, were introduced to the reaction
system. Even though the resulting solution became a two-phase system. The
conversion of carboxylate group was the same as that of the homogeneous system. The

IR spectra of the resulting mixture demonstre same pattern. Thus, the absorption

band at 1720 cm ' shifted to 1560 em " due ¢ ation of polyacrylic acid with

For hydromﬁctnlétﬁ{wlggﬂ%’wﬂqmr of conversion of

the carboxylate groupifor CaO is H,0 = CH,OH > no extra solvent as shown in Figure

v AMIANNTANNINGAE
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Effects of hydrophilic §o mt, o insoluble matter were

determined when each polymer 861445NLBA cu 0l479N, or Acumer3100 was
# ik : .

allowed to react with either calcium’oxide or caleiu hypochlorite. Table 4.5 shows
Lo J_:__‘- = 3‘.-'- .

the experimental results. -Sjnc ilic solvents

T

iscible with water and it is

not practical to use these §0Ive re £ € water and methanol

are chosen for this investigation. The weight ratios of each]ﬂ)lymer to calcium oxide
or calcium hypochlorite m ‘ tﬁ’ g ecipitation. Thus
Acusol445N  or Aﬁoﬁ sﬁﬁdﬁri ﬂ\g'li]n:ixide or calcium
hypochlorite wi wei i .‘ i a‘ mTﬁ{%l to calcium
oxide or calcﬁnmﬁgrﬁ ﬁjmﬂmde I(rg! that water is the best

solvent system and there is no precipitation observed. On the other hand, the polymer

cannot completely quench the precipitation in methanol solvent.
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Table 4.5 Effects of solvents on the amount of insoluble matter.,

Polymer Metal oxide or Hypochlorite Solvent Insoluble matter(%)
Acusol 445 N Calcium hypochlorite H,0 0
Acusol 445 N Calcium oxide H,0 0
Acusol 445 N Calcium hypochlorite CH,OH 0.13
Acusol 445 N Calcium oxide CH,CH U3
Acusol 479 N L 0
Acusol 479 N 0
Acusol 479 N 0.32
Acusol 479 N 0.53
Acumer 3100 0
Acumer 3100 0
Acumer 3100 0.10
Acumer 3100 0.11
The chelation of polyac_gyﬁlm'%r’f%fd {8 ¥on,in methanol solvent was slow
and incomplete. Since —-——— ————————— oup(C. roup) and it can resist

the dissociation of sodi@ 101! gr(ﬁ). Consequently, The

carboxylate anions are less ayailable to bind toycalcium (II) ion under this condition.

Do s off i Blab il O b s e e

of the ionized carboxylate and lead to th€ recoil of thmolyelectrolyteﬁmam which not

oty pinder bt 53 b bbbl b b L ETAEh B e oy

charge calcmm into the coiled chain to reach the carboxylates.

Water is the good solvent for the chelation. The water in the polymer solution
consists of “bulk” water and “hydration” water which surround polymer molecules. It

is also acting as the “interstitial” water in compartmentalized spaces surrounded by the
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polymer network. Moreover Na" ions tend to form NaOH by the hydration water and

allowed polyacrylate anions to chelate with calcium(II) ions.

4.5 The effect of pH on reactivity of the reaction .

Effects of pH on the reactivity of reaction were also investigated. The results

are shown in Table4.6

Polymer oxide f Hypochior \\\-. ble matter (%)

e pH11 | pH14
Acusol 445 N Calcium jiypgehios __ M [N 062 | 081
Acusol 445 N Calciufn Ofidg" -, : s> ¥ : 0 0.70
Acusol 479 N CalciurnflypfehlopitiA 2 At ™ o 070 | 091
Acusol 479 N Calcium O 1de‘*'.3‘?k U8 0.28 0 1.01
Acumer 3100 Calcium hypeeﬁoﬁ‘r@ ;}" 040 | 0.5
Acumer 3100 Alcim Oxide 0.53 | 0.68

e chi 19 PRI TR 8 TN it i

hypochlorite is compléte at pH7, whereas Acusol 445N and Acusol 479N with calcium
e e Y B TR AN i
the reaction i§lcomplete at pH3, whereas Acumer3100 with calcium oxide is complete
at pH7. When the mixture was made acidic by HCI, percent insoluble matter were
increased. It is due to the reaction of polyacrylate anion with H' (from acid) instead of
calcium (II) ion. Interestingly, when the solution was made basic by NaOH, percent
insoluble matter were also increased. Debasish Kuila” and team explain that the coil

expansion of polymer ceases when a critical amount of counterions (Na' from the base)
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screen the charges of the ionized carboxylate and further addition of the base leads to
the recoil of the polyelectrolyte chain that not only hinders available free carboxylate
but also prevents the diffusion of doubly charged calcium into the coiled chain to reach
the carboxylates. When the reaction takes place in solution, calcium may be bound to
both a carboxylate anion and a hydroxide ion. As concentration of hydroxide increase,

it will compete with polymer chain to attach calcium (II) ions and produced Ca(OH),

which precipitate out of the solution.

4.6 The effect of temperatu

Effects of temperat tion were also studied.

Acusol445N, Acusol479N o ct with CaO or Ca(OCl),
at 25, 50 and 90 °C. Table4. le matter observed at each

reaction temperature.

Polymer aloxide or Hyr : insoluble matter (%)

| 50°C 90°C
Acusol 445 N 6 0.12
Acusol 445 N i) 0.22
Acusol 479 N ci iﬁ 0.19
Acusol 479 l\ﬂ w qﬁﬁ\ﬁ%‘ u q l]) w ’0] a EJ 0.43
Acumer 3100 Calcium hypochlorite 0.01 0.07
Acumer 3100 Calcium oxide 0 0.03 0.09

The chelations of polyacrylate; Acusol 445N, Acusol 479N and Acumer3100

with calcium hypochlorite or calcium oxide were complete at low temperature (25
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degree celcius). Percent insoluble matter increased the temperature was increased to 50
and 90 °C. S.M. Rabie'” and team studied the reaction between MgO and an aqueous
solution of polyacrylic acid at different temperatures, 0, 25, 50, 90 °C. The IR spectra
of the samples show a strong absorption at the frequency of 1565 cm” and medium
absorption at 1400 cm which are due to asymmetric and symmetric stretching

vibration of the COO- structure , respectively. The spectrum of Mg-polycarboxylate

prepared at 25°C shows a very weak sh ; ' ", whose intensity slightly

increases with raising the temperatt € to 50 a 0°C and decreases with lowering the

— .
1S resi gmewdence that the rate of

f toaction, it is enhanced as the temperature is

reaction depends on the tempegati \

lowered.

AUEINEYaNEafs

awwmn‘immqwmaﬂ

Flgure 4.10 IR spectra of polyacrylate cement containing MgO at different

temperatures.
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4.7 Determination of heat stability of the chelation of calcium hypochlorite with

polyacrylate and acrylate copolymers

Table 4.8 Effect of heat stability of the chelation of calcium hypochlorite with

polyacrylate and acrylate copolymers.

Mixture Before heated (ppm. After heated(ppm.) %Reduction

Calcium hypochlorite \
SO /

with acusol 445N e ,___..-_’_,sss 13.94
Calcium hypochlorite 1
with acusol 479N 1543
Calcium hypochlorite
with acumer3100 47.78

fj- , [ =
! J}H ol
The percents of available gngmfl

and Acumer3100 with calciun

cusol445N, Acusol 479N

: he ing are in the range of 841 —

988 ppm which are about the same. xtures were heated the percents of
) e -
available chlorine are rﬁalced in all ¢ aseé H pefpercent of reduction is

significant in the case of ‘Aéun er3~lﬁm Thu: : _ eduction of Acusol445N

and Acusol479N are 14 anBS respectxve y while the perc of available chlorine in

the chelation of Acum ﬁdﬁ‘ﬂyﬁ i’ﬂﬂ bT jts demonstrate that

the chelation of calﬂn cus rA T‘[ ON can tolerate the

ey WW @O ﬂmﬁﬁ?ﬂ "Tﬁpﬁlhk’“te e
1s rmally unstab OEI

Acumer3100 e

The reaction between Acumer3100 with calcium hypochlorite is acid — base
reaction. Hydrolysis of calcium hypochlorite produces hypochlorous acid and calcium
hydroxide. In the presence of strong acid, hypochlorous acid can decompose to free

chlorine. This reaction is activated by heat.
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Ca(OCl), + 2H,0 —=  ZHOCI+ Ca(0H), (31)
HOCI +H" + CI' = LSO (32)

Acumer3100 contains high amount of acidic groups which will increase the
decomposition of hypochlorous acid to free chlorine. As a result the amount of

available chlorine in the case of Acumer3100 is reduced greatly after heating.

AULINENINYINS
PRIAIATUAMINYAE
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