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.+ The, ‘crystal ‘of: sodium; hypochlorite pentahydrate and its- anhydrous salt were: prepared and-.

thelr thermal propertiesiwere studied, .. 5:°7 -

(16

rate of sodium anhydrous hypochlorlte was about 12 times larger than that of eepmhydrate The

decomposmon rate of anhyc}rous crystals sealed agatnst atmosphere was smaller tban that in
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+ 1n:closed system, the decomposition rates of NaQCl and NaOCl SHzO‘are expressed by zeroth .
order rate equatwn a= kt Water of crystalhzatnon mhnb}ted decomqosmon The decomposntlon,

open state Carbon leXIde contamed in the ali' accelerated the decomposmon Iargely.
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1. Introduction™""

Aqueous sodium hypochlorite has been recently:""

used as a hausehold bleaching agent. Therefore. it is
very important to know its stability. There have
been a number of reports'~® on its stability.
Meanwhile, efforts have been made to develop a
similar bleaching agent in the form of powder. For
example, one is a solid solution of NaOCl in sodium
phosphate’='”, and the others are synthetic organic
compounds such as 1, 3-dichloro-5, 5-dimethyl
hydantoin and potassium dichloroisocyanurate!?='¥
which generate hypochlorous acid through hydroly-
sis. These are, however, still not popular because of
their high cost.

Sodium hypochlorite crystals were found first in
1898 by Muspratt and Smith**'® and were studied
further by Appleby'”. Its properties have been
reported in the literatures’®!®, but have been
detailed unknown except that it is unstable. From
the view point mentioned the above, the author
studied the decomposition rate of the NaOCl crys-
tals.

2. Experimental
2.1 Preparation of sodium hypochlorite pen-
tahydrate
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-Auithor's métHod™, The ott'lthe 6F the method is as

follows. While maintaining the reaction temperature
under 10T, an aqueous solution of 6M sodium
hydroxide was allowed to react with chlorine gas.
This reaction produced NaOCl), sodium chloride
(hereafter, described as NaCl) and water according
to the following equation.

2NaOH + Clz— NaOCl + NaCl+H =0 1

After a short time, NaCl precipitated. Separating of
the precipitated NaCl by filtration, the filtrate was
subjected to further reaction with chlorine gas.

Confirming that NaOCl present in the solution is
higher than about 28wt9%. the solution was cooled to
-10T until NaOCI - 5H20 crystallized out of the
solution. NaQCl - 5H.0 was obtained in the form of
needle like crystals with a light yellow color.

The sample of NaOCl - 5Hz0 thus prepared was
kept in a refrigeration chamber for further experi-
mental use.

2.2 Preparation of anhydrous sodium hypochlorite

The anhydrous NaOC] crystals were prepared by
dehydration of NaOCl - 5SHz0 at 60T for 3 hours
under a reduced pressure of 260 Pa.

2.3 Analysis of NaOCI, NaCl and NaClOs;

Determination of hypochlorite ion was carried out
by iodometry in acetic acid.
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Table.1 Composition -of anhydrous sodium-hypochlo-
© 14, /1ite and its pentahydrate

[Naoci [ Nac1 [NaciO | H:0 | Purit

Sample - | (yi3g) | (with) | wik) | (widh) | (wn%
NaOCI-5H;0| 423" 257 | 0 | 851 935
NaOCl' | 852 | 580 | 900 | 0| 852

Determination of chloride ion coexistent with
hypochlonte ion was carned out by the method as
follows: al'ter addition of lcm3 of 30% aqueous solu-
tion of hydrogen peroxlde to thtlz samp‘le'to convert
all of the hypochlor;te ion, to ;:_hlornde don, -the total
chloride ion in the solution was-determined by titra-
tion with silver nitrate solution. Chloride ion coexis-
tent with iypochlorite ion was calculated as the
total'cliloride-ion minus hypochlorite ion. - -

Determination of: chlorate: ion®” was carried out
by thefollowing method; an-aqueous solution ‘of fer-
rous ammonium (II) - sulfate wasadded to sample-in
excess to reduce chlorate ion and hypochlorite ion
to chloride ion. After reduction, the excess ferrous
ammonium{(II) sulfate was back titrated with?potas-
sium permanganate. solution. .

After the contents of NaCl, NaOCl and NaClOa in
the crystals of. NaOCl were determined, the residual
was calculated as the water content..

.~ These .analytical iresults, are shown in Table, 1,
from which .jt is clearly,seenithat the crystals; of
NaQCl. contained some .impurities both in . pentahy-
drate and ‘anhydride. Available chlorine was 40.2wt
% and 75.9wt% in_the pentahydrate and anhydride,
and. the purity was.93.5 and 85.2wt%. for the pen-
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"Table 2 Analytical results for-the composition of

tahydrate-and anhydride-- .- - -~
2 4 Isothermal decomposition
£ NaOCl - 5H20 and NaOCI anhydrlde prepa{ed in
the form of crystals as mentioned. the above%were

R e S

.}‘.‘

suffered to decompose at IO'C under three dn’ferent
condmons namely (l) a reduced pressure. 'Qf 260
Pa.. (2)an atmosphenc pressure of air in anr Ught‘
container and (3) an_atmosphieric. pressure open toi‘-‘
the air. Each sample kept in bottles was sampled
and analyzed several tlmes

[

* T order to examine the “effect of ‘carbon ledee
on the decomposition, anhydrous hypochlorlte was
exposed. to. three, dtfferent atmospheres, namely (l)
decarbonated air which was produced by bubbling
the air to NaOH solut:on (2) oxygen which  was
supphed ‘by oxgen vessel and (3) carbon dnoxnde
whlch was supplned from carbon dloxnde tank
These gases.were.. filled.up:to the samples for three
minutes in the bottle. Isothermal decomposition of

* the sample corked tightly were carried out at 25T

for 24 hrs and analyzed for hypochlonte
3. Resuits and Discussion o
3.1 Reaction formula for the decomposition.
Table 2 shows. the analytical results for the
NaOQCl crystals before and after standing in the air
for 70 minutes at 60°C. From Table 2, it is cléar'that
the total chlorine remainéd constant during' the
reactlon Thls means that chlorme was not hberated
from the reaction system at all Coe
Sodium hypochlorite solution decomposes accord-
ing to the following parallel equations®.

NaOCl-» NaCl+1/20: 2

) IEITE

before and after the-isothermal decomposition: + -, «:

“w o . o of NaOCl crystal. ... . . r
- -Analytical term Reactants Products . Differe g
~ (mol/g NaOCl) molx10'/g NaOCl molxlo‘/g NaOCl molxlo‘/g NaOCl .
NaOCI 9740, s | s
:Na€l . 803 | 67.00 5897
“iNaClOs "+ - 0" 27.30 .1 :21.30
' Total chlérine 10543 106.80 137 -, .
Ayailahlet:hldrine wtd% 69.05 8.86 60,19
Welght (g), of sample ‘0.40, 039" ST 0,01

Sample ; NaOCl anhydnde prepared by dehydratlon of NaOCl 5HzO at GO‘C for =

70min: (purity of NaOCl=72.5wt%)
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Fig. 1 “The decomposition of anhydrous hypochlornte
rand its pentahydrate at 10T

O} Solution in air.using closed reaction .vessel

@ ; NaOCl - 5H0 in air using closed reaction vessel

o Anhydrous salt in air usmg closed reaction vessel

A'; NaOCl under reduced pressure of 260Pa

A ; Anhydrous salt in air using open reaction vessel

and- SER I

NaOCI—2/3NaCl+1/3NaClI0y ., . .(3)

Thé duantity 'of hypochlotite consunied actording
to Eq 2 can be calculated from Table 2 as follows.

Ioc1 )= [cn-l 2lc103 l== (5897-2>< 27.3) 1o~1

-=4,37 %X 10~ mol/ 0400g sample 4
The péféentaée of }iypoéhlorife consumed according
to Eq. (2) is, therefore, o ' i
as follows; ' o

100%4.37/84.90=5.15%

From this result, it is clearly concluded that the
decomposition of crystal occurred mainly according
to disprroportionation reaction of Eq.3 just like the

decomposition in aqueous solutlon in the hterature” i
Lot F [ S .
the above, which indicates that the effect of air was

3.2 Reaction kinet:cs of the decomposntlon
Fig.1 shows the results of the decomposition
behavior of hypochlorite crystals at 10T in air. As
approximately linear relation exists between the
fractional decomposition and the reaction: time in
Fig. 1, so zeroth reaction order can be supposed.
Generally, a solid-.state reaction is highly compli-

cated, depending on 'experi‘rpental‘ conditions of the

sample such as its history, particle size, number of

Table 3 Reaction order and rate constant forithe
isothermal ‘decomposition of NaOCl -

5HzO and NaOCl at lO'C ‘
E_xperiment No| Reaction order Ra;elag%sgm.
Nol . 0 1 o0 .
No.2 0 152
'No3' ‘ 0 090
‘Nod | o0 | 3=

No.1 ; NaOCl - 5H20 in sealed contamer

No.2 ; NaOCl in sealed contamer '

No.3 ; NaOCl under vacuum (260Pa.)
..-No.4 ; NaOCl in open container, :.

lattice defects, strain in the surface structure, quan-
tity used and so on. As a.result, various equations
have been proposed to explain it. In- this experi-
ment, however, the following empirical equation® of
zeroth order (5)-can- explain the results:of isother-
mal decomposition;:

'q=kt Lo &

where « is the fraction of decomposition, and k is
the rate constant of zeroth order.

Table 3 shows the rate constant obtained-from
Fig.1. It can be seen from Table 3 that the-rate
constant of NaOCl decomposition became larger
with a decrease ‘in the ‘content ‘of water’ of crystal-
lization mentioned above. From' Fig.1, the value of
the decomposition rate of NaOCl -anhydride was cal-
culated at 10C under three different atmospheric
conditions; namely, under a reduced pressure of
260Pa, atmospheric pressure in an air-tight contain-
er and atmospheric pressure open to the.air. The
rate constants were found to be a ratio of 0.90 :
1,52 : 3.21 in the order of the:conditions mentioned

gréat.

Table 4 shows the results of NaOCl decomposition
under various conditions. The results shown in
Table 4 indicate that the effect of carbon dioxide is
the greatest. The effect of carbon ledee can proba-
bly explamed by a mechamsm accordmg to the fol-

lowing equation (5) and (6)

2NaOCl+H,0+CO3~ NazCOs+ 2HOC 5)

- KIEFERRE
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" Table-4" The effect of CO. gas'on* the deécomposition’ of NaOCIH +-

ASS

Air without Carbon
Atmosphere carbonsdioxide | OXVEM | dioxide
o o o before | o | 7198 | 7198
3 ' Amount of NaOCI after 1 don o | =
(wt%) reaction 7134 5950 [ "0
»+. Fraction of decomposition | .- 0009, | . 0174| 1000, ~, -, . -
-+ -Temperture ; 25C, reaction time ; 25hrs - . B RE :

PO T Y S o
i P SRR IR Jh AR AR

NazCOs4 2HOCI+NaOCl— _ - .4 <t p6 0
NaClOs+NaCl+CO:+H.0  (6)

T

The mechanism involves the ‘catalytic ‘action ‘of °

carbon dioxide. It has l;een reported that, in the
form of an aqueous solutidn. HOCI showed a larger
decomposition rate than NaOCl1?. The-idea that this
is also the case in the form of crystals has led to the
mechanism above mentioned.
Conclusions.

In the thermal decomposition of NaOCl crystal,
" the total chlorine remained constant during the
reaction and a very small loss was observed. The
latter concludes that the NaOCI crystal cause a dis-
proportionation reaction represented by Eq.3.

The crystals of anhydrous NaOCl and NaOCl-
5H20 decompose according to the zeroth order reac-
tion rate. But the decomposition rate of anhydrous

- salt is about 12 times larger than that of pentahy-

drate. It was also found out that the decomposition

is inhibited by the presence of water of crystalliza-
tion and greatly accelerated by carbon dioxide in
the air. -
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