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[57] ABSTRACT

A process for producing crystals of neutral calcium hy-
pochlorite of good filterability from a lime containing
about 600 or more parts per million by weight of iron
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as Fe comprising reacting a slurry of lime with a chlori-
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(58] Field ofSearch """""" 423/ 47’ 4. 158. 164: strontium, cadmium, silver or mercury salt to the slurry
"""""""""" TN /8 6 o precipitate the ferrate and/or ferrite ions as an insol-
uble or substantially insoluble salt, allowing the basic
[56] References Cited crystals to settle out of the slurry, removing the super-
natant suspension containing the salt from the crystals,
UNITED STATES PATENTS and converting the basic crystals into crystals of neutral
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PROCESS FOR THE PRODUCTION OF NEUTRAL
CALCIUM HYPOCHLORITE CRYSTALS

This invention relates to the production of crystals
of neutral calcium hypochlorite.

Neutral calcium hypochlorite may be produced on a
commercial scale by chlorinating a slurry of lime. How-
ever, the crystals so formed are generally small and trap
large quantities of mother liquor. The cakes of the hy-
pochlorite on filtration therefore, contain a large quan-
tity of impurities and, when dried, are too low in cal-
cium hypochlorite to be commercially competitive. In
short, the hypochlorite has poor filterability.

The present inventor has discovered that one of the
major factors causing poor filterability of neutral cal-
cium hypochlorite crystals is due to the presence of
iron in the lime. In the oxidising atmosphere of the
slurry during chlorination, the iron is oxidised to the
ferrate (FeO,?") and/or the ferrite (FeO32") ions.

If these ions are present in sufficient quantity to ex-
ceed the solubility of their calcium salts, small particles
of ferrate and/or ferrite salts will be present in the
slurry. The ferrate/ferrite particles act as nuclei on
which the neutral calcium hypochlorite tends to grow,
producing small and not easily filterable crystals. Fur-
thermore, even if good crystals are produced, the filter-
ability of these crystals remains poor due to the fact
that the small ferrate and/or ferrite particles (in the
form of calcium salts) blind the filtration medium, i.c.
filter cloth or screen, precoat layer etc.

The inventor has noticed that if the iron concentra-
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tion in the lime exceeds approximately 600 ppm by

weight as Fe the above is true.

The problem of poor filterability manifests itself par-
ticularly with lime of high iron content, as is found in
South Africa for example.

It is an object of the present invention to provide a
method of producing neutral calcium  hypochlorite
crystals of good filterability from a lime containing a
relatively high iron content.

According to the invention, there is provided a pro-
cess for producing crystals of neutral calcium hypo-
chlorite of good filterability from a lime containing
about 600 or more parts per million by weight of iron
as Fe comprising reacting a slurry of the lime with a
chlorinating agent to form crystals of a basic calcium
hypochlorite and converting the basic crystals into
crystals of neutral calcium hypochlorite, characterised
in that the conversion takes plase in a medium substan-
tially free of undissolved iron compounds. ’

It is crucial to the process that the conversion from
basic crystals to neutral crystals be carried out in a me-
dium which is substantially free of undissolved iron
compounds. This may be achieved in a number of ways,
but preferably by substantially reducing the iron con-
tent of the system at an intermediate stage. For exam-
ple, and preferably, an additive may be introduced into
the slurry to form an insoluble or substantially insoluble
salt with the iron-containing ions and the salt then sepa-
rated from the basic crystals. The separation may be
achieved by allowing the basic crystals to settle out of
the slurry and removing the supernatant suspension
containing the salt from the basic crystals. Preferably,
the salt is formed by adding to the slurry ions selected
from barium, strontium, cadmium, zinc, mercury and
silver ions, preferably in the form of the chloride salt.
The ions are advantageously introduced into the slurry
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during reaction with the chlorinating agent. Alterna-
tively, the ions may be added to the slurry after the
chiorination to a basic stage is complete.

When the step of settling the basic crystals out of the
slurry occurs, it is advantageous to remove residual
mother liquor from the crystals, e.g. by filtration, and
then use at least a part of this mother liquor as a part
of the slurry medium and as a part of the medium in
which the conversion of the basic crystals to the neutral
crystals takes place. The iron content of the mother li-
quor is, of course, negligible because of the prior re-
moval of the insoluble or substantially insoluble ferrate
and/or ferrite salt.

The amount of precipitating salt, when used, will de-
pend on the particular type of salt, the quantity of iron
in the lime and quantity and type of other impurities
present in the lime.

Treatment of the slurry with precipitating salt is an
effective way of reducing the iron content. After addi-
tion of the salt, the ferrate and/or ferrite ions are pres-
ent in the form of an insoluble or substantially insoluble
salt, the crystals of which are smaller in size (almost
colloidal) than the basic calcium hypochlorite crystals.
Thus, the basic calcium hypochlorite crystals settle
faster than the crystals of the salt which tends to remain
suspended in the mother liquor. The desired separation
of salt from crystal may be achieved by employing the
differential rate of settling. Subsequent. removal of the
supernatant suspension from the crystals of basic cal-
cium hypochlorite results in the crystals being substan-
tially free of ferrate and/or ferrite ions or undissolved
iron. The settling can be achieved using any settling ap-
paratus known in the art. For example, a known tank
type settler, hydrocyclone or solid bowl centrifuge may
be used.

Any chlorinating agent well-known in the art may be
used in the reaction with the lime. For example suitable
agents are chlorine gas, chlorine monoxide, a soluble or
dissolved hypochlorite and hypochlorous acid. The
chlorination is preferably controlled to produce crys-
tals of dibasic calcium hypochlorite - Ca(OCl),.
2Ca(OH),, which is the least soluble of the basic forms
and produces the largest crystals. These are flat hexag-
onal crystals which are easily produced despite the
presence of dissolved or undissolved iron in the system.
Alternatively, the chlorination may be controlled to
produce the hemibasic crystals 3Ca(0C1),.2Ca(OH),
or a mixture of diabasic and hemibasic crystals. The
hemibasic crystals take the form of needles.

Conversion of the basic crystals to neutral crystals
may be advantageously achieved by making a slurry of
the basic crystals and then chlorinating this slurry with
any one or more of the reagents mentioned above.
Neutral crystals of good purity and filterability are pro-
duced and can readily be recovered from the slurry by
filtration. ‘ ’

The process of the invention may be batch or cyclic,
but is preferably cyclic.

An ‘embodiment of the invention will now be de-

scribed with reference to the accompanying drawing

which is a flow diagram of a cyclic process for produc-
ing neutral crystals of calcium hypochlorite of good fil-
terability.

Referring to the drawing, in a cyclic process a slurry
of lime is introduced into a reaction vessel 1 along line
2 to start the process. The slurry is chlorinated with
chlorine gas at a temperature of about 20° C to 35°C
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to produce crystals of neutral calcium hypochlorite
which are of poor filterability and which are discarded
after filtration. The slurry is delivered along line 3 to
filter 4 from which the filtrate saturated in calcium hy-
pochlorite is delivered along line 5 to reaction vessel 6.
In this reaction vessel the filtrate is reacted with a
major quantity of a mixture of lime introduced along
line 7 and reagent for forming an insoluble or substan-
tially insoluble salt with ferrate and ferrite ions, as well
as some filtrate from filter 8 introduced along line 9.
The purpose of the filtrate introduced along line 9 is to
thin the slurry and, since it is saturated with dissolved
calcium hypochlorite, this dilution does not increase
the dissolution of the neutral or basic calcium hypo-
chlorites in the medium. In reaction vessel 6 dibasic
calcium hypochlorite crystals (the hypochlorite from
line 5§ acting as chlorinating agent) are formed as well
as ferrate and/or ferrite salts. The resultant slurry is
then delivered along line 10 to settling tank 11 where
due to differential settling rates the mother liquor sus-
pension containing most of the ferrates and/or ferrites
as salts are removed along line 12 to filter 13 while the
basic crystals are moved along line 14 to filter 8 where
- residual mother liquor is removed. The filtrate is deliv-
ered along line 9 to reaction vessel 6 after removing ex-
cess along line 15. The crystals are removed from the
filter and introduced into reaction vessel 1 along line
16 where they are slurried with water and a small quan-
tity of lime along line 2. The slurry in reactor 1 is chlo-
rinated as described above. The formed crystals of neu-
tral calcium hypochlorite, which have excellent filter-
ability are delivered from this vessel to a filter 4 along
line 3 for subsequent drying and recovery.

In filter 13 one discards to waste along 17 the solids
recovered, and the filtrate is blended with filtrate from
filter 8 along line 18.

Having returned the basic crystals, now substantially
free from ferrates and/or ferrites, recovered on filter 8
to reaction vessel 1 for chlorination as previously de-
scribed, the cycle is.complete and all steps are again re-
peated. It can be seen that all hydrated lime is added
to the process along lines 2 and 7, and hence all iron
impurities are added at these stages. By controlling the
relative amounts added through the two lines it can be
assured that the small quantity of iron introduced
through line 2 remains in solution while the much
larger quantity introduced through line 7 is reacted
with the additive added to vessel 6 and the major por-
tion of the formed salt removed from the process in set-
tler 3.

In the above embodiment the reagent is added to the
slurry in reaction vessel 6. The same results can also be
achieved if the reagent is added elsewhere but prior to
final chlorination. The important point is that the fer-
rate and/or ferrite salts are separated from the dibasic
crystals before the final chlorination is effected.

The process as illustrated by the flow diagram is cy-
clic and only the solids separated on filter 13 contain-
ing the undesirable ferrate and/or ferrite ions in the

" form of salts are discharged to waste.

The following examples further illustrate the process
of the invention.

In all the examples the hydrated lime used contained
97.5 percent calcium hydroxide, 0.3 percent unreacted
calcium oxide, 0.2 percent iron and 0.3 percent manga-
nese.
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EXAMPLE 1

1,303 g of hydrated lime was slurried in a reaction
vessel with 2,180 water, 30 g barium chloride and
4,900 g of a solution containing 2.8 percent calcium
hypochlorite, 18.3 percent calcium chloride and 0.13
percent calcium hydroxide, with balance being water
(solution A). The slurry was chlorinated to yield diba-
sic calcium hypochlorite crystals and divided into two
parts I and IL

Part I was allowed to settle in a settling tank. The
sludge/supernatant mother liquor, containing barium
ferrate and/or ferrite, was withdrawn and discharged to
waste and the dibasic crystals after filtration gave the
following chemical analysis:

Ca(0Cli),
16.7%

CaCl,
14.9%

Ca(OH),
22.6%

The crystals ranged in size from 60 u to 400 wu.

1000 g of this basic crystal cake were slurried with
575 g of water and 115 g of the solution A. After chlori-
nation with chlorine gas, crystals of neutral calcium hy-
pochlorite having the following composition were ob-
tained:

Ca(0Cl),
15.6%

CaCl,
14.2%

Ca(OH),
0.3%

The filterability of the slurry was extremely good and
when examined under a microscope the neutral crystals
were found to be tetragonal, well-shaped with a clear
background and averaged in size from 80 u to 120 pu.

1,325 g of the filtrate from the neutral crystal filtra-
tion was used to form further crystals of the dibasic
crystal in a reaction vessel. 130 g of hydrated lime was
added to this vessel together with 250 g of the solution
A. Chlorination was achieved solely by use of hypo-
chlorite in the system. The resultant slurry was again
divided into two parts [A and IIA. Part IA was allowed
to settle and when treated similarly to the treatment
given to part I gave the same good results. It is to be
noted that the solution A consists of filtrate from filter-
ing the basic crystals. This filtrate is substantially free
of dissolved or undissolved iron.

EXAMPLE 2

Parts Il and IIA from Example 1 were filtered without
prior settling in a tank. The resulting dibasic crystals
were slurried and chlorinated as described in Example
1. Similar analytical results were obtained, but the fil-
tering of the neutral crystals was difficult. The crystals
were generally highly twinned and much smaller, and
the background was not clear. This example serves to
illustrate the significance of removing the ferrate and-
Jor ferrite salt from the basic crystals by settling.

EXAMPLE 3

The same procedure as for Example 1 was followed
except that the barium chloride was replaced by 30 g
of zinc chloride.

After settling and discarding the mother liquor sus-
pension the composition of the dibasic crystals was:

Ca(OCl),
14.7%

CaCl,
14.0%

Ca(OH);
15.2%
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Chlorination of the dibasic crystals in slurry medium
produced neutral crystals having the following compo-
sition:

Ca(OCl)
15.9%

CaCl,
14.8%

Ca(OH),
0.7%

Filtration of this slurry was good, the neutral crystals
were tetragonal, well shaped with a clear background
and averaged in size from 80 u to 120 u.

EXAMPLE 4

The procedure of Example 2 was followed, except
that the parts Il and IIA were replaced by similar parts
obtained from Example 3.

The analytical composition of the neutral crystals
was similar to the crystals of Example 3, but the filter-
ability was poor, the crystals were broken and highly
twinned with a fair to poor background. The size of the
crystals averaged less than 60 u.

EXAMPLE §

The procedure in Example 1 was followed, but no
barium chloride, zinc chloride or other additive was
used. On settling of the dibasic crystals no sludge layer
was discernable, only a clear supernatant mother li-
quor. The dibasic crystals prepared gave thc following
chemical composition:

. Ca(OCl),
15.9%

CaCl,
9.6%

Ca(OH),
18.4%

The crystal size was of the order of 60 u to 350 p.
These crystals, when slurried and chlorinated as de-
scribed in Example 1 yielded a slurry of the following
composition:

Ca(0oCl),
18.0%

CaCl,
14.6%

Ca(OH),

1.0%
Microscopical examination of the neutral crystals fil-
tered from this slurry showed that they were broken
and highly twinned with a fair to poor background. The
size was smaller and ranged up to 60 pu. Filterability was
poor.

Further preparation of dibasic crystals by precipita-
tion from the filtrate and chlorination as described in
Example 1 did not improve the size or the shape of the
crystals, nor the ﬁlterablhty

In this example, as in Example 1, the solution A was
derived from the filtrate after ﬁltenng the basic crys-
tals. Since there was no precipitating additive, this fil-
trate contained a substantial quantity of dissolved and
undissolved iron and it was this iron which interfered
with the production of good neutral crystals, Of course,
the basic crystals also contained interfering iron.

I claim:

1. A process for producing crystals of neutral calcium
hypochlorite of good filterability from a lime contain-
ing at least about 600 parts per million by weight of
iron as Fe comprising reacting a slurry of lime with a
chlorinating agent to form crystals of a basic calcium
hypochlorite, forming a substantially insoluble salt with
the iron-containing ions in the slurry, separating the
salt from the basic crystals, and converting the basic
crystals so obtained into crystals of neutral calcium hy-
pochlorite.
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2. A process according to claim 1 characterised in
that the separation is achieved by. allowing the basic
crystals to settle out of the slurry and removing the su-
pernatant suspension containing the salt from the basic
crystals.

3. A process according to claim 1 characterised in
that the salt is formed by adding to the slurry ions se-
lected from barium, strontium, cadmium, zinc, mer-
cury and silver ions.

4. A process according to claim 2 characterised in
that the salt is'formed by adding to the slurry ions se-
lected from barium, strontium, cadmium, zinc, mer-
cury and silver ions.

5. A process according to claim 2 characterised in
that residual mother liquor is removed from the basic
crystals and at least a part of this mother liquor is uti-
lised as a part of the slurry medium.

6. A process according to claim 1 characterised in
that the reaction of the slurry of lime with the chlori-
nating agent is controlled to produce crystals of dibasic
calcium hypochlorite.

7. A process according to claim 5 characterised in

that the reaction of the slurry of the lime with the chlo-

rinating agent is controlled to produce crystals of diba-
sic calcium hypochlorite.

8. A process according to claim 1 characterised in
that the chlorinating agent is selected from the group
consisting of chlorine gas, a hypochlorite, hypochlo-
rous acid and chlorine monoxide.

9. A process according to claim 1 characterised in
that the basic crystals are converted to the neutral crys-
tals by making a slurry of the basic crystals and reacting
the slurry with a chlorinating agent selected from the
group of chlorine gas, a hypochlorite, chlorine monox-
ide, and hypochlorous acid. :

10. A process according to claim 7 characterised in
that the basic crystals are converted to the neutral crys-
tals by making a slurry of the basic crystals and reacting
the slurry with a chlorinating agent selected from the
group of chlorine gas, a hypochlorite, chlorine monox-
ide and hypochlorous acid.

11. A process for producing crystals of neutral cal-
cium hypochlorite of good filterability from a lime con-
taining about 600 or more parts per million by weight
of iron as Fe comprising reacting a slurry of the lime -
with a chlorinating agent to form crystals of a basic cal-
cium hypochlorite, introducing to the slurry ions se-
lected from the group consisting of barium, zinc, cad-
mium, strontium, mercury and silver ions, allowing the
basic crystals to settle out of the slurry, removing the
supernatant suspension from the crystals, making a
slurry of the basic crystals and reacting the slurry of
basic crystals with a chlorinating agent to form crystals
of neutral calcium hypochlorite, and recovering the
neutral crystals.

12. A process according to claim 11 characterised in
that residual mother liquor is removed from the basic
crystals and at least a part of this mother liquor is used
as a part of the medium for the slurry of lime.

13. A process according to claim 12 characterised in
that the chlorinating agent is selected from the group
consisting of chlorine gas, chlorine monoxide, hypo-
chlorous acid and a hypochlorite.

* * * *
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