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el ement25 scale processes described above, but the consumption of chemicals is usually higher per

unit of chlorine dioxide produced.

In the processes described above the chlorine dioxide is generated in a reactor without

any packing or the like.

US Patent 2676089 discloses a process for the preparation of chlorine dioxide in which a

30 solution of chlorate and a reducing agent is prepared and after addition of a foaming



ahead or behind, and formng thereby a plug fl ow process stream fl ow ng
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process fwo 20fopr3educti on of chlorine dioxide that is ecwmpeoiandi2zépes not
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According to the invention, these objects can be met with a continuous process for the
production of chlorine dioxide comprising:
- feeding chlorate ions, hydrogen peroxide and an acid into a reactor comprising packing
25 elements inside;
- reacting said chlorate ions, hydrogen peroxide and acid in said reactor to form a product
stream comprising chlorine dioxide; and,

- withdrawing said product stream from said reactor.

The feed chemicals, i.e. the chlorate ions, the hydrogen peroxide and the acid, may be
30 fed into the reactor separately, partly premixed or fully premixed. Preferably they are fed

as one or more agueous solutions.
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The acid may be fed into the reactor separately or be mixed with the chlorate and the
30 hydrogen peroxide shortly before entering the reactor. In an embodiment an agqueous

solution comprising alkali metal chlorate and hydrogen peroxide is fed through a nozzle
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Exanpl es 15 Exanpl e 1 In order to denonstrate the |rrproverrent t hat can be
achi eved b the i nvention_an experjnental set- npri si ng%{a | abor at ory
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| abor at ory .ﬁ@agbmﬁeﬂéad a tubular shape with an internal dianeter of 75 nmm
a length of 600 nmand was arranged vertically. Inside the reactor a 20
titani um hol der containing PVDF (pol yvinylidene fluoride) Pall rings with a
nom nal si ze of .. , , . : :
e reaction between chlorate ions, hydrogen peroxide and acid results in the formation
25 of a product stream comprising chlorine dioxide, oxygen, water and, in most cases, some
remaining unreacted feed chemicals. If alkali metal chlorate is used as a feed chemical,
the product stream comprises alkali metal salt of the acid, such as alkali metal sulfate if
sulfuric acid is used as acid. In most cases the product stream comprises both liquid and
gas and may at least partly be in the form of foam. Chlorine dioxide and oxygen may be
30 present both as dissolved in the liquid and as gas bubbles, while any alkali metal salt of

the acid usually is dissolved in the liquid.



15 mm was pl aced. Below the titanium holder 78 wt% sul furic acid was fed
through a first set of nozzles and a pre-m xed aqueous sol ution conpri sing
40 wt % sonoem2abksat e and 8 w % hydrogen peroxi de was fed/HPboowgizéa second
set of nozzles directed against the firsg set of nozzles. The feed
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etuer ot e fehEttafie MBS LAIRTE K Byoafs of B Shelte Mol A5 o R e
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concentr at igan likdeireof in the product stream As a conparison, trials under
identical conditions were made in the same reactor but w thout the hol der
with Pall rings, i. an WO 2012/ 004233PCT/ EP2011/ 061262 7 "enpty"

e.
reactor. T r r ' : é@ﬁfﬁ&ﬂ ] ach. f1ow
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acid feed (ithinhhe NeeCl@Ian beddZeassidutuedn leseéehn( of lelky compact foam than
otherwise. It has further been found that with increased back-mixing the feed chemicals

10 are used more efficiently.

Such improved efficiency is especially noted for processes running at non-optimized
conditions, for example when one or more parameters like temperature of feed chemical
or in the reactor, pressure in the reactor, acid concentration, acid feed rate, production

rate, reactor diameter, reactor height and reactor design, etc, are not fully optimized.

15 The packing elements may be random-dumped packing elements like Raschig rings, Pall
rings, Berl saddles, Intalox saddles etc, as well as a structured packing like dividing walls,
grids, corrugated plates, or the like. Random-dumped packings are preferred and the size
of the individual elements is preferably from about 5 to about 50 mm or from about 10 to
about 30 mm. The entire reactor or only a part thereof, for example from about 30 to

20 about 100 vol%, or from about 50 to about 100 vol%, may comprise packing elements.
The fraction void space in the part of the reactor comprising packing elements may, for

example, be from about 40 to about 95 vol% or from about 60 to about 95 vol%.

In an embodiment the product stream comprising chlorine dioxide withdrawn from the
reactor, including any liquid and gas therein, is brought to an eductor, preferably by a

25 suction force created by the eductor. The eductor is fed with a motive stream that may be
a liquid, preferably water, or a gas, preferably an inert gas like air. The product stream is
then mixed in the eductor with the motive stream fed thereto to form a diluted product
stream, usually also comprising both liquid and gas. Any kind of eductor may be used,
such as those described in US Patent 6790427 as well as other commercially available

30 eductors. The diluted product stream my be recirculated as described in US Patent
7682592 or be brought to a gas-liquid separator as described in US Patent Applications
Publ. No. 2007-0116637 and Publ. No. 2007-0237708.



Production (g C102/h) Production (g C102/h) Inprovenent (yo) Packed
reactor Enpty reactor Packed vs Enpty Feed rate 1 5820 5732 1680 1445 16%
Feed r at ewd 200%02334331 PCT/EP2011/061262
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In another embodiment the product stream comprising chlorine dioxide withdrawn from

the reactor is brought to an absorption tower as described in US Patent Application Publ.
No. 2005-0186131.

In still another embodiment the product stream comprising chlorine dioxide withdrawn
5 from the reactor is brought to a gas-liquid separator to obtain a gas comprising chlorine
dioxide that may be used as such or be brought to an eductor or an absorption tower for

dissolving it into water.

The process of the invention may be used for the production of chlorine dioxide in small
or medium scale, for example from about 0.5 to about 300 kg CIOy/hr or from about 10 to
10 about 200 kg CIO,/hr. The process may also be used for production in larger scale, for

example up to about 600 kg CIOy/hr or up to about 700 kg CIO,/hr or more.

The invention is further illustrated in the following Examples. Parts and % relate to parts

by weight and % by weight, respectively, unless otherwise stated.

Examples

15 Example 1

In order to demonstrate the improvement that can be achieved by the invention an
experimental set-up comprising a laboratory non commercial reactor was used for
generating chlorine dioxide. The laboratory reactor had a tubular shape with an internal
diameter of 75 mm, a length of 600 mm and was arranged vertically. Inside the reactor a
20 titanium holder containing PVDF (polyvinylidene fluoride) Pall rings with a nominal size of
15 mm was placed. Below the titanium holder 78 wt% sulfuric acid was fed through a first
set of nozzles and a pre-mixed aqueous solution comprising 40 wt% sodium chlorate and
8 wt% hydrogen peroxide was fed through a second set of nozzles directed against the
first set of nozzles. The feed chemicals were fed at room temperature, i.e. approximately
25 20 °C. The product stream comprising chlorine dioxide formed was withdrawn from the
reactor to an eductor that was fed with motive water to create a suction force that was
maintained constant throughout all the experiments. As a result of the suction force the
pressure in the reactor was 10-35 kPa while the temperature was 40-50 °C. Trials were
made with three different flow rates of the feed chemicals. Several trials were made with
30 each flow rate and the production of chlorine dioxide was measured based on the
concentration thereof in the product stream. As a comparison, trials under identical
conditions were made in the same reactor but without the holder with Pall rings, i.e. an
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all the tested feed rates the production of chlorine dioxide was
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were perforned as in Exanple 1, with the exception that the tenperature of
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reaction, trm@onaeﬂupatee@qvwn@pﬂﬁahiezt@bw;ondit|ons for the process. The
tenperature in the reactor was 25-50 C. The feed rates and results are
shown in Table 2 below. Table 2 Production rate Cl102 Sulfuric acid feed
(m /h) Nacl@®ed 1po2 sol ution

NaClO; +
Sulfuric acid | H;O; solution | Production |Production |Improvement
feed (mi/h) feed (mli/h) (g ClO2/h) (g ClO2/h) (%)
Packed Empty Packed vs
reactor reactor Empty
Feed rate 1 5820 5732 1680 1445 16%
Feed rate 2 14550 14331 4376 3807 15%
Feed rate 3 23280 22930 6834 5964 15%

5 It appears that with all the tested feed rates the production of chlorine dioxide was
significantly increased by using a packed reactor.

Example 2

Experiments were performed as in Example 1, with the exception that the temperature of
the feed chemicals was 0 °C in the storage tanks and approximately 5°C when entering

10 the reactor. As the temperature has an impact on the rate of reaction, this indicates non
optimized conditions for the process. The temperature in the reactor was 25-50 °C. The
feed rates and results are shown in Table 2 below.

Table 2
NaCIO; +
H.0,
Sulfuric | solution
Production rate |acid feed| feed [Production| Production | Improvement
ClO2 (ml/h) (ml/h) |(g ClO2/h) | (g ClO2/h) (%)
Packed Empty Packed vs
reactor reactor Empty
Feed rate 4 7280 7170 2114 1965 8 %
Feed rate 2 14550 14330 4258 3746 14 %
Feed rate 3 23280 22930 6649 5842 14 %

15



feed (mM/h) Production (g Cl102/h) Production (g C102/h) Inprovenent (yo)
Packed reactor Enpty reactor Packed vs Enpty Feed rate 4 7280 7170 2114
1965 8% Fwedorate23d 14550 14330 PCT/EP2011/061262

8
It appears that also in these experiments the production of chlorine dioxide for all feed

rates was significantly increased by using a packed reactor.
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CLAIM5 1. A continuous process for the E%I ction of chlorine dioxide
conprising: feeding chlorate ions, 9 3&# peroxi de and an acid into a
react or conprising packing el enent s |n5|de 5 - reacting said chlorate

i ons, hydrogen peroxide and acid in said reactor to forma product stream
conpri si ng Tchh gontingods proceizs foring, productionl pbetileripeshdddepeantrisingst r eam f rom

sai d react g, é’?”rﬂ }h&ai%a&? pard erg})gr?eil@ gi_nH fﬁla%!d%’ P%Stro?b&nﬁ&‘"i’ncq Saac%gr

conpri ses ran rocess as
claim 1, wmmmmmﬁtm@ereactor conprises a structured packlng

5 -reacting said chlorate ions, hydrogen peroxide and acid in said reactor to form a product
stream comprising chlorine dioxide; and,

- withdrawing said product stream from said reactor.

2. The process as claimed in claim 1, wherein the reactor comprises random-dumped

packing elements.

10 3. The process as claimed in claim 1, wherein the reactor comprises a structured

packing.

4. The process as claimed in claim 3, wherein the structured packing comprises dividing

walls.

5. The process as claimed in any one of the claims 1-4, wherein the reactor is a through-
15 flow vessel or pipe, the chlorate ions, the hydrogen peroxide and the acid are fed at a first
end of the reactor and the product stream comprising chlorine dioxide is withdrawn at a

second end of said reactor.

6. The process as claimed in claim 5, wherein the reactor is arranged vertically, the
chlorate ions, the hydrogen peroxide and the acid are fed at the lower end of the reactor
20 and the product stream comprising chlorine dioxide is withdrawn at the upper end of said

reactor.

7. The process as claimed in any one of the claims 5-6, wherein the length of the reactor

in the flow direction is from about 150 to about 2000 mm.

8. The process as claimed in any one of the claims 5-7, wherein the reactor has a

25 hydraulic diameter of 25 to about 600 mm.



4. The process as clainmed in claim3, wherein the structured packing
conprises dividing walls. 5. The process as clained in any one of the

clai ns 1-wo 20ipanei3d the reactor is a through- 15 fl ow vessaip2@mn/opi2pe, the
chlorate ions, the hydrogen peroxide andy§he aC|d are fed at a first end of
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wher ei n t hesraiat hwetalichlodaiteanged vertically, the chI orate ions, the hydrogen
peroxi de and the acid are fed at the | ower end of the reactor 20 and the
product stream conprising chlorine dioxide is withdrawn at the upper end of
sai d react r -

aner el n-tha i LA FEAFRLATEF AR i bRy o iy by BofiSircabo. o
to about 2000 mm 8. The process as clained in any one of the clains
5-7, wherein the reactor has a 25 hydraulic dianeter of 25 to about 600 mm
WO 2012/ 00423BrRaTresssEs19l@eed panpondof trp lagng ddds waerel] e marpunhofaghorgge of
the claigrs |c;n38fed“t‘6'9{ee|'e'acljbp% 654 Waﬁta%ohpd?m %cﬁeﬁf @ﬂcrﬁérld%l |Bﬁ4\l\hem;15la$f Girakat e.
10. The process as claimed in any one o ains 1- erein the acid

i s sul furi dongeingluding chtprider Iﬁéﬂsﬁﬁbﬁé@%dd@ratﬁ 3 mmumltya‘fwﬂ deepreduating thdreefns
1-10, wherein the amount of chloride 5 ions fed to the reactor is |less than
about 0.01 noles of chloride ions per nol of chlorate ions, including

chl oride presgil piddedd8s eRiRéRICams o of tHRUEAIMS f-H q)n?/vh@r@lnpﬂh@q&iéédc@@tream
thereof. 12. The process as clained in any one of the clains 1-11, wherein

the pr oductcog‘th'%%ﬁﬁQf'@)H‘ﬂH'ij%%gB%th liquid and gas. 13. The process as
claimed in any one of the clains 1-12, wherein the pressure 10 maintai ned
within the reactor is fromabout 10 to about 100 kPa absolute. 14. The

process as 13['&id‘®€bde@saa”syc@gﬁed3fm tdg Gh%idﬂsthé dl&lmsvmeﬂei\ﬂhérbla meOﬂlltt;@gl_Jre
stream orrprl sin ne dij oxi rea i ncl udi ng
any liq '&taﬁgg V“c'qh tb? ﬁeac% T?(HUWHPU&@ Qﬁb%h@pd{ba abso .' The process as

cl ai med |n any one of the clains 1- 13 wherein the product stream 15
conprising chlorine dioxide withdrawn fromthe reactor, including any
| i qui d and 1¢abhe precessnas clainrdingrty dre of thasidimgui-tB, separcat the grodwaltsadeama

gas compr i 5'091%”&% h'lorplﬁedé 8)2%&9%\hthdrawn from the reactor, including any liquid and gas

therein, is brought to an eductor.

15.The process as claimed in any one of the claims 1-13, wherein the product stream
15 comprising chlorine dioxide withdrawn from the reactor, including any liquid and gas

therein, is brought to a gas-liquid separator to obtain a gas comprising chlorine dioxide.



