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(57) Abstract: Hydrogen is produced from waste aluminium by its reaction with water in the presence of sodium hydroxide as a
catalyst. In addition to hydrogen, products of the reaction are also aluminium hydroxide, sodium chloride, heat and potentially
electric energy. The reaction occurs in the reactor (1), and hydrogen is collected in a low-pressure hydrogen tank (3). The sub-
stance of hydrogen production, according to the invention, is that gas is successively removed from the reactor (1) and/or other ac-
cessory devices with the use of a vacuum pump (4) at a minimum pressure of 0.5 kPa before the reaction, then the reactor is filled
with hydrogen of a minimum purity of 99.5%, the gas is pumped away again with a subsequent filling with hydrogen of a mini-
mum purity of 99.5% again to a positive pressure of at least 0.1 MPa. Gas removed from the reactor and/or accessory equipment
with the use of the vacuum pump (4) is exhausted to a chimney (5) and dispersed into the atmosphere. The subject of the inven-
tion is a method and device for 'the sate production of hydrogen at an industrial level and' other products as well as their purifica-
tion for suitable industrial application as raw materials for other industrial production.
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Method for the production: of hydrogen and other products and device for
carrying out this method

Field of the invention

This invention relates to a method of industrial production of hydrogen and other products

from waste aluminium and devices for the method.

Backeround and summary of the invention

The environmentally sustainable use of waste material, in this case aluminium,
(aluminium packaging, lids, tubes, closures, heverage cans etc.) is a global issue. Hydrogen
productlon from. the reaction of, alurrumum w1th water using sodium hydroxide as a catalyst is
generally known The products of the reaction are Al,O; or Al(OH3) and heat. Waste
alum1n1um can be used favourably for production. The patent file CN 183 6773 introduces a
catalyst - applied to: aluminium waste to remove the protective layer on the surface of
alumlrnum for an improved reactron of alumrnlum w1th water. The catalyst is a compound
contarmng PVA ethanol acetone mercury chlorldes and water Accordmg to patent “file
JP 2003 226502 aluminium is melted together with lithium and magnesium in order to
produce alloy, then water is added. This method has a high-energy demand. A similar
procedure is .described in patent ﬁleRU 2356 830 in which bismuth or lead is added to the
alloy in order to increase the yield, as ‘well as in document WO 2008/17088, where aluminium

and lithium alloy are used, and the genetator works without electric heating'.‘

' As concems_the raw'mat:eria.ls,; used for the pro,‘duc_ti“op:of hydrogen, alu_r_nin_ium is us_ed
in part;icular'as well as alloys of, alkali.metals, aluminjum alloys, magnesium-alloys, lithium
alloys, etc. The raw material (fuel).is in the form of dust, powder, compressed boards. or cell

cartridges.

| As concerns the aluminium productron devices; there are many of them described.
Patent file US 6506 360 descrlbes a small compact device for hydrogen productlon by Wthh
the fuel (ground waste alummlum) i§'fed to a reactor in a fuel cell where it reacts with water
in the presence of NaOH as a c-atalyst‘yyith hydrogen and heat production. The intensity of the
reaction is controlled by 1mmer51on ‘of the fuel cell to av01d overheating of the reactor. The
generated heat is not used in any way, and the hydrogen 1s combusted ina burner The devrce

may be used e.g. as a cooker, 1t is. not surtable for hydrogen productlon at an 1ndustr1al level.
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For hydrogen production at*an 1ndustr1a1 level, the devrce described in patent file
DE 340 1194 is used. Productlon takes place in a reactor 1n the form of a reaction of
aluminium in the presence of Na_QH_ as a catalyst with heat__, _hydrogen and DC current being
generated while natrium-aluminate is generated as a by-prdducft Aluminium raw material is
placed on a mesh in the reactor NaOH and water are fed to the reactor through a central
funnel then rises above the mesh where 1t reacts with alum1n1um The hydrogen is removed
and a DC electric current is taken’ frorn the electrode arranged inside the reactor. A method for
the use of heat is not described in detarl, but the reacto,r:shell is fitted with a water heat
exchanger used for the heating of water and cooling of thel reao-tor at the same time. Natrium-
aluminiate is described here as a. raw ‘material for use. 1n chemrcal industry but it poses

problems with the use, bemg hard® to prepare ittoa temper for application in the chemical

industry. The main’ drsadvantage' of the’ reactor, however 1s “that at the’ beginning of - the

reaction the inner space of the reactor“rs full -of air and may fonn an explosrve mixture of air

with hydrogen, which is dangerous and absolutely undes1r ble for industrial productlon A

similar dlsadvantage 18 attrlbutable to other known devrces for “hydrogen productlon

- The drsadvantages of the hrtherto known methods and devrces for the productlon of

hydrogen from aluminium are that the.,f,actors important for 1ndustr1al production, especrally

safety, are not taken into account., The 1ssue of hydrogen punty is not taken into account and
because air is always present in the productlon device, an, exploswe mixture of hydrogen and
oxygen may be formed with each new ﬁlhng of the reactor, with input raw materials, which i is
the most explosive at concentratlons of L % vol. Hp and 99 % vol. Oy, or 1 % vol 02 and 99
%. vol. Hy. Because the purity of hydrogen produced in the descrlbed devices ranges from, 94
to 98%, the formation. of-the explosrve mrxture is very llkely1 Another disadvantage. of the
known methods and devices is that the 1ssue of hydrogen punty as well as other potential by-
products; such as aluminium hydrox1de or sodium chlorlde, are ‘ot taken into_account, no
issues related to the removal of 1mpur1t1es and waste from' productlon are discussed, nor are
recycling and regenerating of the reactlon liquid, which i is) a matter of cardinal importérice
with respect to the environment. Known methods and devxces also lack a sufficient solution of
the use 'of generated heat in order to use -heat optimally both: for the production process 1tself

and keeping the device at an operatmg temperature and the. product for further use."

NI

L The task of the. 1nvent10n therefore is to estabhsh a method and dev1ce for the
productlon of hydrogen and other products from waste alum1n1um which would remove all

the. 1ssues described above, whrch would be safe as well as surtable for the productron of
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hydrogen at industrial levels;-f eﬁvironmentally-friendiy;' .‘(Waste-free), and economically

effective_.

The objective as spemﬁed above is achieved by the method of the production of
hydrogen and other products m a reactor by the reactloﬂ of aluminium with water in the
presence of sodium hydrox1de or potassmm hydrox1de as a catalyst, according to the
presented invention, the basis of whlch is that the reactor and/or other accessory devices are
depressurized to a negative pressure at least 0.5 kPa with a vacuum pumbp before the reaction,
the reactor is then filled with hyvc_lr_ogen, of a minimum purity of 99.8%, the gas is pumped
away again with a subsequent ﬁlljng with hydrogen of a minimum purity of 99.5% again to
positive pressure at least 0.1 MPa, whereas the gas removed from the reactor and/or accessory
equipment using the vacuum’ pumpls exhausted to.a ;"o‘.himney and dispersed into the

atmosphere.

The underlying idea of tﬁorioyontion is the incré,a;se‘d safety of hydrogen production in
which a safe level must be achlevedby exhausting all alrfrom the production device before

production, when the oxygen cohtéﬁt'iri the finished hydrbgén- does not exceed 10 ppm.
A ) ;,-"“L L

] In the favourable execution of the hydrogen prod{izczfion according to the invention, the

‘produced hydrogen is further puriﬁé‘:("i‘"szo that the hydroéén pfoduced in the reactor is washed
in washing tank in treated service dederated water and saturated with hydrogen. The hydrogen

is fed to the washing tank throuéﬁ small holes to aerate in the water column.

Furthermore it is favourgaolei’[whén the hydrogenﬁlis,.fod from the washing tank for the
separation of residual water in the soparation tank fitted w1th Raschig rings where the water is
precipitated and run down on the _ri'ng_s; then relatively dry hydrogen is collected in low-
pressure hydrogen tank where tlzie"lrva'st' Tesidual water is ffozen‘ using the freezing lamellas

connected to the cooler.

Following the rinsing (pumpi'ng“in and out) of the feaotor and other accessory devices
with hydrogen, it is favourable to perform the operatlon from the hydrogen produced by the
device itself. According to favourable execution of the method according to the invention,
hydrogen is compressed from th;e’_l_ow-pressure hydrogen tank to medium-pressure container
of service hydrogen used for ri:ri's_ihgft»hv‘e reactor and other occessory devices and for saturation

of the treated service water with hydrogen.
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In another favourable executron of the method accordmg to the invention, the reaction
liquid is treated and reprocessed together with the first phase of aluminium hydroxide
Al(OH); production. Ferromagnetic. admixtures are separated from the reaction liquid, being
the mixture of water, NaOH, and alumlnlum particles, with: the use of a solenoid in the tank,
the liquid is then fed to the input of v:a_;rnechamcal filter where the mechanical admixtures are
separated, then the liquid is fed 0. the; input of the first precipitator of AIOH); where
aluminium hydroxide is precipitated .wi‘t_h.the use of hydrochloric acid and the suspension thus
generated is filtered for the removal=of Al(OH); and pure reaetiOn liquid is collected and the

reprocessed reaction liquid is reused‘for-hydrogen production in the reactor.

It is favourable for the next:reprocessing of the “réaction liquid and the next

puriﬁcatlon of aluminium hydrox-ide that 2 part of the reactiOn'liquid favou;rably} Q% vol

then--f;ltared 'a,t the Ss¢9nd AKQ% ﬁ!.t@.;r, : wher¢as the -ﬁltﬁrad lye, s f,ed ta the ft'-.fltl;ls f@r
deaeration and saturation with hydrogen and fed to the inter-tank of the reaction liquid where

the used reaction liquid from the reactor is collected.

In, another favourable execut1on of the method accordmg to the 1nventron the‘steps

towards the ﬁnal purrﬁcatron of sodlum ,,hydroxrde and separatron of salt solutl-_ n, are

performed and the salt solutron w1ll be used for the next ap' hcable product sodlum chlorlde

S0 that alummlum hydroxlde from the second ﬁlter Al(OHj; m1>tes with water in the washmg
tank Al(OH)3 and NaCl contalned 1n the suspens1on is d1ssolved the suspens1on 1s then
deposrted the salt solut1on is fed to the thrrd Al(OH)3 ﬁlter, the tank 1s ﬁlled w1th water agaln
and the sedrment is mrxed after analysrs 1n the presence: of NaCl the washlng process then

either repeats or the suspensron 1s fed to the thrrd Al(OH); ﬁlter

Itis favourable for the ﬁnal:t‘re‘atﬁient and sale of ‘altr'rr'i'inium hydroxide as the ﬁnal
product when the alumrnlum hydroxrde ﬁltered out on the thrrd Al(OH); filter, is drled Ina
dryer and transferred to the packmg and d15tr1but1on Al(OH)3 pomt from where it 1s sold to

customers accordmg to their requ1rements _
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In another favourable executionv of the method, the final sodium chloride product is
ready for sale, whereas the salt'_aqneou's solution from the third filter AI(OH); is fed to the
crystallizing device where sodiurrr chlorrde is let to crystallize at temperature of 85 °C, dried

in the dryer for NaCl drying and;transferred to the NaCl store for dispatching.

Finally, it is favourable”frorrr-éthe production point of view that hot water be used for
operation of the device from the water heat exchanger of the reactor, which is fed to the hot
service water tank, from whichshotservice water is fed to the hot service water tank, from
which hot service water is distributed to the second Al(OH); precipitator, NaCl crystallizing
device and NaCl dryer. ' -

The subJect of the 1nventron 1s also a device for hydrogen productron from waste

alummlum by its reaction w1th water in the presenc ‘_of sodrum hydroxrde or potassrum

hydroxrde as a catalyst when AI(OH)3 and heat are generated mcludmg a reactor w1th a

water heat exchanger and at least one low-pressure hydrogen tank, the basis of Wthh hes in

the faet it contains at least’ one servrce fank for treatment of reaction hquld or reaction
products; whereas the inner space,of the reactor, low-pressure hydrogen tank and service tank
1s connected to a vacuum pump and its output is fed to a'ehimney while at the same time, the
Ireactor the hydrogen tank and, serv1ce tank are independently connected to. the chimney via
safety valves. Connection with the. vacuum pump is used for rinsing the tanks and pumping
gas away, a direct connection with the chimney via the safety valves is a safety measure for

the case of unexpected and dangerous overpressure in the reactor or another accessory device.

In favourable execution of t ;e"-""‘device according 'ta invention hydrogen output from
reactoris connected to the washmg tank input for separation ‘of water steams and captured lye
drops and the output from the washmg tank is fed to the; separatron tank with Raschig rinks
for separatlon of residual water, ’from ‘where hydrogen is fed to the low—pressure hydrogen

tank and the precipitated water is.fed to. the reservoir of emergency and operation water.

y

-1t is favourable after free‘z'i‘hgi'o‘f the residual watef'fri'ihydrogen when the low-pressure
hydrogen tank is connected with the cooler for hydroge'ri-eooling in low-pressure hydrogen
tank. -

Dedvy T

Another favourable execution of the device according to the invention, the issue of
service hydrogen requlred for- rmsmg of the device 1s addressed so that the low-pressure

hydrogen tank is connected to the medrum -pressure servrce hydrogen tank V1a the medium-
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pressure compressor for washing of the’ reactor and operation tanks for production and

treatment of hydrogen and other proiducts for treatment of the reaction liquid.

In another favourable executron of the device accordrng to the invention, the low-
pressure hydrogen tank is connected to high-pressure hydrogen tank via high-pressure
compressor from which the compressedhydrogen is fed to, thefilling and distributing point of
hydrogen. Hydrogen can be distributed e.g. in pressure cylind'er's or otherwise as requested by
customer. Another of potentially possible method of use of hydrogen produced and treated in
this way is re-compressing and use fo;r"z'conrbustion engine in mixture with oxygen, whereas
the combustion engine may drive ant"alternator‘_or a generator for production of electricity sold
to the distribution grid. o | ‘

Another favourable executlons of the dévice' acco‘rdmg to the 1nvent10n are 1ntended
for - reprocessmg 'of the reactlon f1qu1d used (mlxture "o’ water alumlnlum hydroxide and
aluminium particles). In one favourable execution of the. dev1ce the output of used, reactron

liquid from the reactor is fed to anut of the contalnerlr,yvlth solenoid for separatron of

ferromagnetlc admlxtures output of Wthh is fed to input of rnechamcal [ilter. for separatlon

of mechamcal admlxtures output.of whrch i fed to input:of. the first AI(OH); prec1p1tator for
precrprtatron of alummlum hydroxrde connected with the ﬁrst contamer of hydrochloric acid,
output of which 1s connected -to, ﬁlter 1nput for removalof Al(OH); and outputtlng clean
reaction liquid is, fed to. the 1nter-tank of the reaction hqurd and the output of the ﬁltered out

aluminjum hydroxide is transferred for further processing.

In aiiother favourable execution’ of the device accordmg to 1nvent10n the clean reactron

connected from the 1nter-tank of the reactlon hquld to the 1nput of reprocessed reactnon 11qurd

tank, whereas the tank is connected wrth the ﬁrst tank of SOdli m hydroxrde and the utput of

the reprocessed reaetlon llqu1d 1s fed back to the reactor 1nput from the tank ' -

* Furthermore it ‘is fa\‘/ourahle‘" when the- reservoir- of erﬁergeney' and 'serVi‘ce' : watefls
connected with the reactor, the washxng tank the deaeratlon ‘and'saturation tank for deaeratlon

"',‘.z‘.“\ .’-_.

of the service water and its saturation with hydrogen

- It is also favourable when ‘.the-device according to the: invention includes a reservoir
for cooling water, which is connected wrth hot water heat exchanger with washmg tank and

deaeration and saturatron tank
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In another favourable executlon of the invention the device is modified for the final
purification and sale of pure alum1n1um hydroxide so that output of the reaction 11qu1d from
the inter-tank of the reaction hqurd;and reprocessed reéaction 11qu1d from the tank of the
reprocessed reaction liquid is'. fed'to the neutralizing umt connected with the second
hydrochloric acid tank and output-of the neutralized suSpension from the neutralizing unit is
fed to input of the first A](OH)g ﬁlter output of which. is connected to input of the second
Al(OH); precipitator, output of wh1ch is connected to 1nput of the second Al(OH); filter,
output of which is fed to the mput of the washing tank Al(OH)3 output of which is fed to the
input of the third filter Al(OH); ¢ and the output of the separated aluminium hydroxide is fed
from the third filter Al(OH)3 via_the dryer to packing and d1str1but1ng point for sale of
Al(OH)3

... It is favourable from;v‘_t:hxe‘g .teéhnological point;of view when the second Al(OH);
precipitator is connected to ,thci;téﬂkzbéfi hot service wate\r;,:tg éyvhich hot water from. hot water

exchanger of the reactor is fed: . ., ;», .

It is also favourable when the second reservoir of hydrochlonc acrd is connected to the

\ [y

,’second AI(OH)3 precipitator.

AR 1( " . ,uz;,j:,:_!
- Furthermore, it is favourable when the second reservon of sodium: hydroxrde s
connected to the second Al(OH)3 pre01p1tator z?;ai

‘1)

In another favourable executlon of the dev1cew accordlng to the 1nvent10n sodlum
chlorlde as the final product for sale is prepared. Solutlon of sodium chloride from the first
Al(OH); filter is fed to the NaCl crystalhzmg unit from. Wthh the crystallized sod1um chloride
transferred to NaCl store for dlspatch v1a the NaCl dryer

' In'technologically favourable execution of the ini}ention the NaCl crystallizing unit is
formed at least.from one bath with hot Service water feed from hot service water tank fitted

with skrmrner of salt steams termlnated in a condenser.

For use of all waste salt solutlons it is favourable when aqueous phase. from:the. third
Al(OH); filter is fed to the NaCl crystalhzmg unit.

It is favourable for power,'engineering use of hot water from operation when. the. N?Q;CL

dryer is fed by hot service water from hot service water tank. ;
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It is favourable for power e'ng_ineering use of cooling water when the device includes
the cooling water reservoir to wh1ch the feed from water' treatment plant, from NaCl
crystallizing device and condenser 1s terrninated and the cooling water from the reservoir is
fed to the reactor, washing tank, to the deéaeration and saturatlo'n tank, to the neutralizing unit
and to the Al(OH); washing tankltlsﬁnally favourable’_fwherl the reactor is fitted with an

agitating device.

The benefits of the method and device for hydrogen productron and for production of
other products according to the 1nvent10n can be seen especlally in guarantee of safe operation
suitable for hydrogen productron underﬁ 1ndustr1a1 condrtlons because all air, which could
cause formation of the explosive mrxture 1S removed from the device before the react1on

Another, beneﬁts llel in, achlevmg of lugh purlty level for both produced hydrogen and

minimum xlmpa\ct on sn.vlromncnt-:

Briefaeé‘eﬁﬁtiéﬁ of the drawings =

The 1nvent10n w1ll be descnbed in detall w1th the use of drawmgs whereas ﬁg No 1

‘‘‘‘‘

~\'-.tt.'!'-‘ . o B TR PR

2 schematrc v1ew of the reactor "

Detailedrdescription of the preferred. embodiments

St
n‘c. P

lt is understood that spec1ﬁc examples of the 1nvent10n executton descnbed and

deprcted below are shown for 1nd1cat1ve purposes only and not:“as llmltatlon of e)ramp o
the invention executron to sard examples The' éxperts in the art w1ll ﬁnd or shall ‘be’ able to_
derlve while: using a’ routme expenmentmg, either hrgher or 16wer number of equlvalents to
specific executions of the: inveérition: spec1ally described hereln ‘Thesé eduivalents will be

covered in ‘the scope of the followmg patent claims as well. .

The example’ of execution of the method for hydrogen prodUctlon and device: for thé

method is shown on ﬁgure 1.

The main input raw material for hydrogen: production is waste aluminium, e.g. bottle caps,
lids from: yoghurts pastes and srmllar products, tubes from condensed milk, packaglng from

chocolates butter etc beverage cans cream jars, packagmg of cheeses and much more Th1s
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4
I

Waste material is collected in collection‘and gathering place 43 of aluminium located outside
so-called hydrogen zone, i.e. theizone' of the main production equipment where aluminium is
produced. From there, aluminitimis transported to sorting.and crushing line 40 also located
outside the hydrogen zone. Here alumrnlum is manually checked to remove plastic materials,
paper etc This sorted waste is transported to an 1nc1nerator Aluminium is then crushed into
4-6 mm particles and stored i m crushed alumlnrum storage 41 that may be located outside the

hydrogen zone as well.

From here, crushed alummrum is transported to ﬁllmg and dosing device 7, which is
already located in the hydrogen zone and its bin and other components are alr-dlsplaced

before each operation as any other evrce in the hydrogen zone. The bin of the filling and

dosrng.devrce.z is filled with he_l conyeyor, filling of .crushed aluminium to the reactor 1 is

automatic using a screw-dosing con yor.

Another raw material for"‘ﬁ'hydrkogen production';"is‘vi;ater Water is pnrnped from the

water pipeline, goes through the water treatment plant 44 and collects in the reservoir 23 of

the coohng water located outsrd‘gzt; hydrogen zone, from where it is fed primarily to the

reactor 1 as well as other parts of_.th _‘ev1ce as descrlbed later

p

" The next raw material t;dr:"hydrogen production: is sodium hydroxide purchased and
stored in the first bin 20 of sodlum hydrOXide in hydr'ogienéone from which it is fed to the

tank 19 for reprocessing of the reactron liquid (mlxture of sodrum hydroxide and water) and

then to the reactor 1. Sodrum hydroxrde is stored also in the second bin 37 of sodium

hydroxide outside the hydrogen Zone.’ "

The last raw material requlred for hydrogen productron according to the invention is
hydrochlorlc acid collected in the ﬁrst reservoir 15 of hydrochlorlc acid in the hydrogen zone
and in the second reservoir 36 of _hydrochlorlc acid outsrde the hydrogen zone and it is used

for AI(OH); precipitation and neutrahzatron of the reacti'o'n liquid.

The hydrogen productlon occurs in the hydrogen zone depicted on figure 1 as the area
dehmlted with dashed line and 1ncludes all 1mportant devices used for production of
hydrogen, particularly the reactor 1, The reactor 1 1s a closed container in which known

chemical reaction for hydrogen productron occurs:

2Al + 6H,0 + NaOH — 2AI(OH); + 6H + HEAT
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Aluminium is charged to the r_eactor 1 from the filling and dosing device 7 fitted with
the screw-dosing conveyor. The reactor 1' is filled up to 50% of its volume by 50% aqueous
solution of sodium hydroxide. Another execution may use potassium hydroxide. The reaction
in the reactor 1 occurs under contmuous stirring and because this is strong exothermic
react1on excessrve heat must be remOVed with the use of’ actlve water coolmg through water
heat exchanger 2 in the doubled shell of the reactor 1. Hot water is fed further to operation or
for other use (for sale). In the reactor 1 operatlon temperature at max. 85 °C is maintained.
Hydrogen generated in the reactor l 1s removed for washlng in the washing tank 6 and the
reaction liquid (mixture of H,O and ‘NaOH with alumlmum residues) is removed for
separation. of metal particles to the: tank wrth solenoid 11. In case of any failure, e. g in case of
power supply failure with potential spontaneous increase. of pressure or temperature, the
reaction ‘must beé mterrupted 1mmed1ately by feedmg of cold ’watér from the reservoit 13L fthe
emer'gency'and-servree “ater and' charge of more alufinium from the filling and- dosmg Tine: 7
is stOpped “THe' redétor 1+ is desrgned 1o negatlve preSsure at least 0.5 kPa and pos1t1ve

| ’ - A SONTICRL ONOWR T,

pressure’]'MPa, +7 RO

Watey Looity throdel woaier

For execution accordlng ta; ﬁgure 2 the reacfor., 1 s a lockable tank ﬁtted w1th

P SN L O U
PSRV Ll

59r¢Wng'HRP¢¥‘v flange 47 with yarious recesses for control, with aluminium input 48 from the
ﬁlling and dosing ling 7; safety valve;49’with output to collection pipeline K of, chrmney S
hydrogen output 20 fed to washing tank 6 _rinsing output 51 fed to the vacuum pump 4. There
is side mput of the reagtion llqurd 1n51de the. reactor 1, reactlon llqu1d output and ,emergency
and operatlon water supply. In the, lower part of the reactor 1 there is agltatlng device . 52

driven by electric motor... .. .- 1 .o o ;;,;:"f_-;.-(;'_,, :

The reactor 1 as well as ﬁlhng and dosmg 11ne 7 as well as all other dev1ces'.1n so:
called hydrogen zone are 1nterconnected w1th the vacuum pump 4 S0 that 1nputs from each
dev1ce are fed to the collectlon plpelme VP Wlth the use of the vacuum pump 4 the
productlon lme must be successrvely (tank by tank) a1r dlsplaced to negatrve pressure about
1.3 kPa and subsequently ﬁlled w1th pure hydrogen of at least 99 5% punty before each tlme
the productron lme 1s started or after opemng of a tank durlng operatlon ThlS 1s hydrogen
1dent1ﬁed as "Hz rinse' taken from medlum pressure reservorr 24 of the service hydrogen and
drstnbuted to each reserv01r in the hydrogen zone. Then each reservmr in the hydrogen zone
is air- d1splaced agam and filled w1th "H2 rmse hydrogen to posrtlve pressure of 0, l MPa All

exhausted a1r as well as rrnse hydrogen is taken to the chrmney 5 to Wthh the output from the
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vacuum pump 4 terminates. This process is necessary for safety reasons; exhausting of all air

must provide oxygen contents in finished produced hydrogen under 10 ppm.

The chimney 5 consist_:s'.o‘f ‘tube of inner diameter of 150 mm and height over the
highest point of the technologic:a'zl.' devrce of the producti‘on line including roof. The chimney
5 is not and must not be ﬁtte,d-'-_,\yith.ﬁ terminal burner. -Fed mixture of hydrogen and air is
exhausted to atmosphere, whereas released hydrogen rises upright and therefore may not
accumulate to a phase of explosive nﬁ_Xture, ie. 1 — 99 % H/O,. Exhausted hydrogen is not a
substance causing greenhouse effect, is neither poisonous nor toxic and not explosive if

diluted to high proportion. Environrnent is not exposed to smell, airborne particles etc.

Direct output from the reactor l is fed to the chxmney S through the safety valve (used
for rehevmg of dangerous overpressure) and the collectlon plpehne K of the chimney 5 has
terminated outputs from each dev1ce and tank in the hydrogen zone fitted with safety valves

and they are used for exhaust of dangerous positive pressure.

‘An important feature of 1 emproductron process l accordmg to the invention is
_punﬁcatlon of the generated hydrogen Hydrogen from the reactor 1 is fed to the washing
;tank 6, which is 70% filled with treated oxygen-free from the reservoir 13 of the emergency
and service water. The remammg 30% of the volume of the washing tank 6 consists of
washed hydrogen. Hydrogen 1slfed: to the washing tank _6_ _through small holes to bubble across
the water column. In this way, water steam as well as lye drops are removed. Water is added
to the washing tank 6 from the .:res_eryoir 13 of emergency and service water. Certain part of
the water used goes to the ﬁ‘r,st‘ipreeipitator 16 Al(OH);. The washed hydrogen goes to

separation of water to the separatijon,f tank§ .

" Thee separation tank 8 is the tank 90% filled with'Raschig rings where water from the
washing tank 6 is precipitated ﬁahdi\grnn down on the rrngs yvith subsequent draining to the
reservoir 13 of the emergency ;z;nd:;sferfyice water. Relatively dry hydrogen continues to low-

pressure hydrogen tank 3.

- ‘:The low-pressure hydroge_n tank 3 serves as teniporary store for generated hydrogen
and for separation of residual.,‘lwaterfiWith the use otj 2freezing lamellas cooled down to
temperature of -20 °C. Freezingtakes place with the usé of the cooler 22. The lamellas must
be defrosted regularly with the servrce water from the reservon' 35 of hot sérvice water.

i

Defrosted water is drained to the reservorr 13 of emergency and service water. Dried
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hydrogen is pumped from the low-p_re_ssure hydrogen tanki wrth the use of medium-pressure
compressor 21° to the medium—pressure x_reservoir 24 of 'seryrce hydrogen from where it is
used as H, rinse for rinsing (filling and air-displacing) of the reservoirs in the hydrogen zone.
Pressure in low-pressure hydrogen tank :3 must be lower than operating pressure. Water

contents fin the finished hydrogen should not exceed 5 ppm.« I

i

Excessive hydrogen from the low—pressure hydrogen tank 3 is fed via high-pressure

compressor 21 to high-pressure hydrogen tank 9 where 1t 1s stored under pressure of 230 at.
Hydrogen is distributed from the hrgh-—pressure hydrogen tank 9'in the filling and distributing
point 10 of hydrogen. The high- pressure hydrogen tank 9 is also fitted with draining of

residual condensed water drained- to the reserv01r 13 of the emergency and service water.

e

The ﬁlhng and drstrrbutrng pornt 10 of the hydrogen may pose ‘yarious methods of use

and sale of purified product (depends on agreement W1th customers) For example hydrogen
may be ﬁlled in pressure cyhnders of after repeated pressure reductron it may “be used for

electricity productron when hydrogen is fed to the engrne 45 ‘that drives the alterhator 46

producmg electric energy

Another 1mportant feature of the;method and devrce accordrng to the ifivention’ is
treatment of the reaction liquid and productlon of alumlmum hydroxrde From the reactor
1 the reacting liquid is drained to the tank 11 with solenord that traps all particles that can be
captured by magnet. It may partlcularly 1nc1ude iron with admrxture of trace elements of other
metals. Reaction liquid flows to the mechanlcal filter 12, Wthh is the tank fitted with filters
arranged in descending order from 1000 micrometres to 4 ‘micrometres. This “filtration
removes all mechanical pamcles larger than 4 micrometres.. Purrﬁed reactlon liquid flows for

processing in the first 16'Al(OH)3 _precrpr_tator.

For the device to operate 1n the hydrogen zone, accessory reservoirs are 1mportant
partrcularly the reservoir 13 of emergency and service water mamly used as reservoir of the
for collection of all service treated, -and‘. oxygen-free wat,er_;‘as- well as for preparation of the

reprocessed reaction liquid.

The reservoir 13 of the emergency and operation water is connected to the deaeration
and saturation reservoir 14 used for deaeratlon of newly feedmg treated water from the

reservoir 23 of the coolrng water and to subsequent saturatlon wrth service hydrogen (Hz
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rinse): Water treated in this way. 1s pumped to the reservoir 13 of emergency and service water
with the use of the medium- pressure service hydrogen (Hz rinse). Another accessory tank is
the first reservoir 15 of hydrochlonc acrd which is the. tank for deaerated HCI used partially
for neutralization of the reaction 11qu1d inthe first 16 Al(OH)3 precipitator.

The first precipitator 16 AI(OH)3 is the reservorr where pH is partially reduced for the
reactron liquid coming from the mechamcal filter 12 wrth the use of HCI from the mentioned
first reservoir 15 of hydrochloric acid to value pH = 12.95, whereas vast majority of dissolved
aluminium hydroxide Al(OH)3 ‘is'pre'eipitated from the “r'ezt’ctiOn liquid. The suspension is then
fed to the filter 17 for removal of Al(OH)3 from the reactron liquid. The filter 17 is the tank
ﬁtted with filters of size from 80 mlcrometres down to- 20 mrcrometres in descending order.
Frltered aluminium hydrox1de is manually transferred. to, the second precipitator 29 Al(OH);

in the zone without hydrogen clg ,_\reactron liquid 1s fed to the inter-reservoir 18 of the

reactron liquid. Here, the reactron lquId 1s divided so. that 80% of the liquid drains to the
reservoir 19 for reprocessing of ‘t:hekirgas_:tron liquid and 20% of the reaction liquid feds to the

neutralizing unit 25 where full n_en_tratljzation is performed. o

‘The reservoir 19 for reprocessmg of the reactlon hqurd is used for preparation of the
reprocessed reaction liquid for further use in the reactor. 1. Here, 80% of partially neutralized
reactlon liquid from the 1nter-reserv01r 18 of the reaction liquid is combined with 20% of new
lye from the first reservoir 20 of sodium hydroxide. The reaction liquid treated in this way
flows back to the reactor 1 remgining.ZO% of the reactiﬁon% liquid flows to the neutralizing unit
25. The first reservoir 20 of sodinm' hydroxide is the reservoir for clean new 50% sodium
hydroxide added to the reactron hquld with 20% vol. share The lye is deacrated, saturated

with hydrogen and it is added to the reserv01r 19 for regeneratron of the reaction liquid.

In addition to the hydrogen zone so-called zone wrthout hydrogen is important for
operation of the device accordlng to the invention (deplcted on figure 1 outside the hydrogen
zone with dashed line). The ﬁrst devrce in the zone, wrthout hydrogen is the reservoir of
cooling water 23, which is a tank.nsed as reservoir of coo_lmg water for reactor 1 as well as
reservoir of treated service wat_er. ‘Water for the reseryoir-gi is obtained from the water
treatment plant 44 from water pipel_ine:or from other source, then also from the recrystallizing
unit 27 for NaCl or condensate is :fed from the condenser 2_8 . Water from the reservoir 23 of
cooling water is fed to the reactor L”yvashing tank 6, deaeration and saturation reservoir 14, to

the neutralizing unit 25 and to the;reservoir 31 for washing of AI(OH); as mentioned below.
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Vast majority of the devices arranged in the zone without hydrogen is used for
purification of aluminium hydroXide and for refining of its properties for subsequent sale; in
addition: this device is used for production of sodium chioride and distribution of hot service

water.

The reaction liquid flowing from the inter-reservoir 18 in‘ the hydrogen zone:is fed to
the neutralrzmg unit 25 in the zone without hydrogen. The neutralizing unit 25 1s the tank
used for complete neutralization of the reaction liquid by dilution with coolmg water ﬁom the
reservoir 23 of the cooling water in proportion 2 : 1, and then with 37% HCI from the second
reservoir 36 of hydrochloric acidt Acidity of the reaction liquid is treated to value pH = 7.0
and all aluminium hydroxide contained in the reaction liquid is precipitated. Then, the
suspension drains 10, ﬁltration in the ﬁrs,t ﬁlter 26 Al(OH)3 The ﬁrst ﬁlter 26 Al(OH}3 is t,he
tank fitted with ﬁlters in. descendmg mesh size from 80 mlcrometres 1o 20 mrero;netres where
‘the pre01p1tated alumlmum hydrox1de 1s captured After saturatron, 1t ls transpolrt(e’d\to the
second precipitator 29 AI(OH);. The solution of sodium chlorlde flows from the first filter
26 to the crystallizing unit 27 for NaCl crystalhzatron The crystalhzrng unit 27 consrsts of
three tubs’ 6f Volimé' 10 M3 1o ' which' aqueous ‘Solution! is' drained ‘from the' ﬁr‘st “iiter
&-’Al(OH)j"'an'd the third ’ﬁlte‘r'3‘2’A-1(OH)‘3'.‘—Here,' salt solation’is ‘evaporated Using Hot ﬁé’ervrée
Water' fiotii the reservoir' 35 of ot service water: At temperitirs of 85 °C dalt crystallizédidfid
antally {ransported (6" the N4C1 diyier 34, Water steanis Foi Salt- solutions dte fed to  the
é‘ond'eﬁser?332_8;f‘eoolEEd“ﬁ’sieryicé“ Water7fi:s}:’drained to the FeServoir of “cooling ‘watért23. The
coridehset 28 Serves to condensation ofwater steams coming from the NaCl crystallizifig unit
27, Condénseéd wafer i§ drained from the condenser 28 10 the feservoir of cooling Watér 23. 117

P B

- In NaCl dryer :3

; ,the crystallrzed sodlum chlonde : he
dr1ed in the tubs also, w1th the use of hot servrce water from the reservorr 35,of_, that serv1ce

water and subsequently it is manually . transferred to NaCl store 38 NaCl for dlspatch Salt

steams from drying are- dramed to atmosphere v
CoTel L A b
Regardmg purlf atlon of alum1n1um hydroxrde the 20ne w1thout hydr

1s ﬁtted

with the second prec1prtator 29 Al(OH)3, wh1ch is a tank wh reAalumlmum hydrox1de 1s from
the ﬁlter 17 for removal of Al(OH)3 1n the hydrogen zone and from the first ﬁlter 26 Al(OH)3
in the - zone w1th0ut hydrogen is combmed after addrng of new clean Iye from the second
reservorr 37 of sod1um hydroxrde and after heatmg up to temperature of 85 °C hydrox1de 1s

drssolved again and after addmg of relevant dose of 37% HCl ffom the second reservorr 36 of

Daesl
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hydrochloric acid, pH of the solﬁtion is modified to pH = 7.0 and drained for filtration to the
second filter 30 AI(OH)s. The second filter 30 is also fitted with the filters of descending mesh
size from 80 micrometres to 20,"rr"1'ic'rqvmetres. Here, thé_‘ precipitated hydroxide is separated
and then manually transferred to the'réservoir 31 for waéhing of AI(OH); Liquor is pumped
for hydrogen treatment to the reserv01r 42 for deaeration and saturation and lye saturation
with hydrogen in the hydrogen 261:1)6‘."111 the reservoir 31 for washing of AI(OH); the filtered
hydroxide from the second filter 3_Q ‘is: mixed with clean water from the reservoir of cooling
water 23 and NaCl present in théélispénsion is dissolved under constant stirring. Then the
suspension is let to sediment, ﬂo_\g\{’ off drains the salt solution to the third filter 32 Al(OH)3,
clean water is filled again and 'thé sgdiment is mixed after NaCl presence analysis. If the
analysis result is NG, the suspension is drained to the third filter 32 AI(OH)s. If NaCl is still
préSenf‘éfter second wzishing,‘ washmg fépeats again up. té”qua‘lity 'r‘equeste'd;" 1dehticall‘y to
prev1ous cases, the third filter 32 of alum1n1um hydrox1de cons1sts ‘of the tank: fitted with
filters of 80 ‘micrometres to 20 &mcrometres in descendlng ‘order. In this tank; already cléan
and washed aluminium hydrox1de is ﬁlﬁered and manually transferred to drying in the dryer
39, thé water phase is drained to the NaCl crystalliZi'rfé"uﬁft' 27. The aluminium hydroxide
dryer 39 contains tub heated with }séi'vi;c;e: water from the hot service water reservoir 35. After
drying, aluminium hydroxide ‘continues” to dispatch' to: packing and distribution point
33 AI(OH);, water steams are exhausted to atmosphere Th packing and disttibution point
33 consists of a hall for warehousirig ‘of dried aluminiuin hydroxide intended for sale il the

form requested by customer.

The zone without hydrogen: contains accessor;b/.;‘d,'évices such as hot service water
reservoir. 35. This is the reservqi;::fb'rf.hot water com’ing #rom cooling of the reactor 1. Hot
water 1s distributed to the operaﬁon,. excessive water may-be then used for other purposes
such as drying of wood etc. The second.reservoir 36 of :hydrochloric acid is the tank for 37%
hydrochloric acid used for neutralization of lye in: the first precipitator 16 Al(OH);,
neutralizing .unit 25 and the se\gor‘ld‘ precipitator 29 Al(OH);, and for refilling of the first
reservoir 15 of hydrochloric acid m the hydrogen zone: Thé second reservoir 37 of sodium
hydroxide is the reservoir used for s;pgir;gv of operation lye.(purchased) used for neutralization
in the first precipitator 16 Al(OH);; neutralizing unit: 25 and the second precipitator 29
Al(OH); and for refilling of the first reservoir 20 of sodium hydroxide in the hydrogen zone.
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Industrial applicability

The method and device according to the invention'can be used for the industrial
production of hydrogen and other products from waste aluminium materials in various forms,
whereas the hydrogen and other products are purified to a condition suitable for subsequent

industrial use.
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Overview of relation figures.used in the drawing.

reactor

hot water heat exchanger of the reactor
low-pressure hydrogen tank

vacuum pump

chimney

washing tank "

filling and dosing device .

separation tank _
high-pressure hydrogen tank

filling and distribution pomt ' f ..hydrogen
tank with solenoid- ’

mechanical filter '
reservoir for emergency: ahc_lg:’s‘q.r‘i_'/i’t:e water
deaeration and saturation re_'siervoir

first reservoir of hydrochloric acid

first precipitator of Al(OH)_{ v

filter for removal of AI(OH); - -
inter-reservoir of reaction liquid.

tank for reprocessing of reaction liquid

first reservoir of sodium hydroxide

high-pressure compressor
medium-pressure compr’ess4or{: :

cooler

cooling water reservoir : ** b
medium-pressure reservoir of sétvice hydrogen

o e
ot

neutralizing unit

- first filter of AI(OH);

crystallizing unit of NaCl "
condenser
second precipitator of Al(OH)3

second filter of AI(OH); ™ "

reservoir for washing

PCT/CZ2011/000030
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32 third filter of AI(OH)3 _
33 packing and distribution point of Al(OH);
34 NaCl dryer e
35 hot service water reservorr _
36 second reservoir of hydrochlorlc a01d
37 second reservoir of sodium hydrox1de
38 NaCl store for dispatch: "w:_‘ l_v
39 dryer of AI(OH)3
40  aluminium sorting and crushlrlg line
41  crushed aluminium storage ‘
42 reservoir for deaeration and saturatron and lye saturatlon with hydrogen

43 ‘e6MHection and gath&:nng place of alummmm

4 Twater ireathreﬂt‘plant frorn water plpellne

45 It engme

6 lalterriator vt

A7 ﬂange Pty

[
[FNE AT

48 “dhiinium Supply

4o sifetyvalve !

.

50 ‘-hyd'ro\geh;ohfﬁﬁ't

51 “fifising output!"

““““

52 'agltatrng' devide -

TR collectron plpelme for each dev1ce output in hydrogen zone, fed via the

SR safety vaI"ves to° chlmne}’ 5

collecuon prpelme for inputs from each device in hydrogen zone to

* vacuum pump4 _
‘:'rlnsmg dlstrlbutlon of rinsing. hydrogen from medium-pressure

- ieservoir ¢ of service hydrogen 24 to each tank in hydrogen zone.
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- PATENT CLAIMS

A method for the production of hydrogen and other products from waste aluminium by
a reaction of aluminiurn’wrt:h"'yvater in reactor (1) in the presence of sodium hydroxide
or potassium hydroxiide:'". asz”a"catalyst and in the formation of Al(OH); and heat
characterized by that thegas is successively removed with the use of a vacuum
pump (4)to a minimum iiressure of 0.5 kPa from the reactor (1) and/or other accessory
devices before the reaction rtself, the reactor and devices are then filled with hydrogen
of a minimum purity of A‘99>5%, the gas is pumped away again followed by a repeated
filling with hydrogen of a mrmmum purity of 99.5% to a positive pressure at least 0.1
MPa, whereas gas removed from the reactor (1) and/or accessory equipment with the
use of the vacuum pump (4) is exhausted .»,tﬂo.\, chimney (5) and dispersed into the

atmosphere.

The method for the productron of hydrogen accordrng to claim 1 characterlzed by
that the hydrogen produced in the reactor (1) is washed in washing tank (6) in treated

service deaerated water and saturated with hydrogen

The method for the productron of hydrogen accordmg to claim 2 characterlzed by
that hydrogen is fed from the washing tank (6) for separation of residual water in the
separation tank (8) ﬁtted wrth Raschig rings and is subsequently collected i in a low-
pressure hydrogen tank (3) where the last resrdual water is frozen using the freezing

lamellas connected to the cooler (22). ,_ T

The method for the productron of hydrogen accordlng to claim 3 characterized by
that hydrogen taken from ‘the low—pressure hydrogen tank (3) is compressed to a
medium-pressure reservorr (24) of service hydrogen (H2 RINSE) used to rinse the
reactor (1) and other accessory devices and for saturating the service water with

hydrogen.

The method for the productlon of hydrogen accordrng to claim 1 characterrzed by
that the reaction quurd used from the reactor (1), containing H20, NaOH, and Al

particles, is fed to the 1nput of a tank wrth a solenoid (11), where ferromagnetic
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admixtures are separated then it is fed to the lnp’ut* of a mechanical filter (12) Wwhere
mechanical admixtures are.separated, from where it is fed to the mput of the first
precipitate (16) Al(OH)3, where aluminium hydroxrde is precipitated with the use of
hydrochloric acid, then the suspens1on formed is ﬁltered in ﬁlter an for Al(OH)3
removal, and the purrﬁed react1on liquid is collected and reprocessed by the addition
of new sodium hydroxrde and the reprocessed reactlon liquid is reused for hydrogen

production in the reactor. (1)

The method for the productron of hydrogen accordmg to claim 5 characterized by
that part of the clean reactlon liquid, favourably 20% vol., and part of the reprocessed
reaction liquid, favourably 20% vol are fed to'a neutrallslng unit (25) where the
11qu1d 1s dlluted vlnth water 1n proportlon of 2 l and the pH is hrought to 7 0 usmg
the' ﬁrst Al(OH)3 (26) ﬁlter “fed” to the second Al(OH)3(29) precrpltator where the\
prevrously obtamed alumrnlum hydroxrde is fed from the’ ﬁlter for Al(Ol~l)3 removal
(17) new lye is added the mlxture is heated’ to 85 bC HCl 1s added to° brmg the pH

"""" and the suspensmn i$"ther ﬁltered 1n the second Al(OI—ll)3 (dO) ﬁlter
whereas the filtered lye 1s “fed to the tank (42) for deaeratron and saturation with
hydrogen and fed to the 1nter-tank (18) of the reaction liquid where the used reaction

liquid is'collected.

The method for the productlon of hydrogen accordmg to cla1s 6 characterlzed by

that the alumlmum hydroxrde from the second ﬁlter AI(OH)3 (30) mrxes w1th water 1n

the washrng tank Al(OH)3 (31) and NaCl contarned 1n the suspensmn!.ls dlssolved
under constant stlrrmg, the suspensron is then let to sedrment the salt so]utron is fed to
the thlrd AI(OH)3 (32) ﬁlter the tank (3 1)1 is agam ﬁlled wrth water and the Sedlment
1s mlxed after an analysrs for the presence of NaCl the washmg process 1s then elther

repeated or the suspensron 1s fed to the third Al(OH)3 ﬁlter (32)

The method for the productron of hydrogen accordmg to clalm 7 characterlzed by that
alumlmum hydrox1de ﬁltered from the thlrd filter, (32) is dr1ed in the dryer (39) and
transferred to the Al(OH)3 packrng and dlstrrbutlon pomt (33)
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The method for the production of hydrogen ac_cording to claim 7 or 8 characterized
by that the salt aqueous. solution from the third filter Al(OH)3(32) is fed to the
crystallizing unit (27) where sodium chloride is let to crystallize at a temperature of 85
°C, dried in the dryer for NaCl drying (34) and transferred to the NaCl store (38) for
dispatching.

The method for the produCtion of hydrogen according to at least one of the claims 1 to
9 characterized by that the second precipitator (29) AI(OH); NaCl crystallizing unit
(27) and NaCl drying device (34) are connected to hot water distribution from the hot

service water reservoir (35) to which hot ‘water is fed from the hot water heat

The dev1ce for product1on of hydrogen from waste aluminium by 1ts reactlon w1th

water under the presence of sodrum hydroxrde or potassrum hydroxrde as a catalyst
during the formation; of Al(OH)3 and heat, 1nclud1ng a reactor (l) w1th water heat

exchanger (2) and at least one low-pressure hydrogen tank (3), characterlzed by that

it contains at least one serv1ce tank for the treatment of reaction llqu1d or reactron

"products, whereas the mner space of the reactor ( 1) the low-pressure hydrogen tank

(3) and service tank’ 1s connected to a vacuum pump (4) and its output is fed to a
chimney (5) while at the same time the reactor (1) 'the low-pressure hydrogen tank 3)

and the service tank are 1ndependently connected to the chimney (5) via safety valves.

R T
PRE

The device according to'vclaim 11 characterized. by that the hydrogen output from the

reactor (1) is connected to the washing tank (6) input for separatron of steam and

' 'captured lye drops, and the output from the washrng tank (6) is fed to the separatlon
‘tank (8) with Raschig rmgs for the separatron of residual water, from where hydrogen
‘is fed to the low—pressure hydrogen tank (3) and the precipitated water is fed to the

reservoir (13) of emergency and operatron water

, The device accordlng to cla1m 12 characterlzed in that the low-pressure hydrogen tank

(3) is connected w1th the cooler (22) for coolrng hydrogen ina low-pressure hydrogen

tank (3).
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The device according to claim 12 or 13 characterized by that the low-pressure
hydrogen tank (3) is connected to the medium- -pressure service hydrogen tank (24) via
the medium-pressure compressor (21) of service hydrogen (H2 RINSE), intended for
washing the reactor and opera_t_ro,rg tanks for the productlon and treatment of hydrogen

and other products and for treatment of the reaction liquid.

The device according to at leaét one of the claims 12 to 14 characterized by that the
low-pressure hydrogen tank (3j§‘i“s connected via high-pressure compressor (21) to the
high-pressure hydrogen tank (9) from which the compressed hydrogen is fed to the
hydrogen filling and d1str1but10n pomt (10).

The dev1ce accordlng to clalm ll characterlzed by that the output of the used:
reactron lquId from the reactor (l) 1s fed to the 1nput of the contamerm(ll) w1th'
solenord for the separat1on of ferromagnetlc admlxtures the output of Wh1ch is fed to
the 1nput of the mechamcal ﬁlter (12) for separatron of mechamcal admlxtures the
output of whrch is fed to the 1nput of the first Al(OH)3 precipitator (16) for the
pre01p1tat1on of alumlnlum hydrox1de which is connected with the ﬁrst contamer of
hydrochlorlc amd ( 15) the output of which is connected t0 the Tilter (17) 1nput for the
removal of Al(OH)3 and the clean reaction hquxd output is fed to the reaction hqu1d‘

inter-tank (18), and the output of the filtered out alummlum hydroxrde is transferred
for further processmg e R ,

The device accordmg to cla1m 16 characterlzed by that the -output of the clean_

reaction liquid is connected to the 1nput of the tank’ for reprocessmg the reaction l1qu1d

(19) from the reaction l1qu1d 1nter tank . (18), whereas the tank (19) is connected with
the first reservoir (20) of sodlum hydroxide and output of the reprocessed reaction

liquid is fed back to the reactor (l) from the tank (19)

The device according to at least one of the claims 12 tohl"l characterized by that the
reservoir for emergency and serv1ce water (13) i is connected with the reactor (1), the
washing tank (6) and the deaeratron and saturat1on Treservoir (14) for deaeration of

service water and saturation wrth hydrogen.



19.

20.

2L

22.

23.

24.

WO 2011/124189 PCT/CZ2011/000030

23

The device according to at: leaS't- one of the clair‘r'l'_‘VS"l"'lméto 18 characterized by that it-
includes the reservoir of :coo'ling water (23) which is connected to the hot water heat
exchanger (2) of the réactOr“‘(ll), washing tank ."(6)_ ‘and deaeration and saturation

L ;
Ay
3 e

reservoir (14).

The device according to: clarm 17 characterlzed by that the output of the reactron

“liquid from the inter-tank: ( 18) of the reaction 11qu1d and reprocessed reaction hquld

from the tank (19) of the reprocessed reaction llquld is fed to the neutralizing unit (25)
connected with the second hydrochlonc acid tank (36) and the output of the
neutralized suspension from the neutrahzlng unlt (25) is fed to the input of the first
AI(OH); (26) filter, the output of which is connected to the input of the second
Al(OH); (29) prec1p1tator the output of which is- connected to the input of the second
Al(OH); (30) filter, the output of Wthh is fed to the mput of the washing tank Al(OH)3
(31), the output of which 1s fed to the input of the thlrd filter AI(OH); (32) and the
output of the separated alummrum hydroxide is fed from the third filter AI(OH); (32)
via the dryer (39) to the packmg and drstrtbutmg pomt (33) for the sale of AI(OH)s.

The device accordrng to clalm 20‘ characterlzed by that the second precipitator (29)
of Al(OH); is connected to the hot serv1ce water reserv01r (35) to which the hot water

output from the hot water heat exchanger (2) of the reactor (1) is fed.

The device according to clatm 20 or 21 characterlzed by that the second precrprtator

(29) AI(OH); is connected to the second reservoir of hydrochlorrc acid (36).

The device according to c1a1m20, 21 or 22 chazracterized by that the second
precipitator (29) Al(OH); is connected to the second reservoir of sodium hydroxide
37). B

the device according to claim 20 characterized by that the solution of sodium
chloride from the first ﬁlter‘ ‘(26)' Al(OH); is fed to the input of the NaCl crystallizing
unit (27), from where the'output of crystallized sodtum chloride is fed via the NaCl
dryer (34) to the NaCl store (38) for dispatch. L



25.

26.

27.

28.

29,

WO 2011/124189 . ) PCT/CZ2011/000030

24

The device according to:' el'aim 24 characteri_zed;by that the NaCl cryétallizing unit
(27) is formed by at least from one tub with a hot service water feed from the hot
service water tank (35), fitted with a skimmer of salt steams terminating in a condenser

(28).

The device according to claim 25 characterized by that the liquid phase from the

third filter (32) AI(OH); inputs to the NaCl crystallizing unit (27).

The device according to at least one of the clailns 24 10 26 characteriZed by that the
NaCl dryer (34) is connected‘ td the output of the‘hqt service water from the hot service
water reservoir} (35):1 1 - B

The dev1ce aceerldmé to at least one of the clalms 11 to 27 characterlzed by that 1t: 1
contalns a reservoir of coohng water (23) to Wthh the input from the water treatment. "
plant (44) is terminated while the water output from the NaCl crystallizing unit (27)
and condensate (28) and the coolmg Water from the reseryo1r (23) is fed to the reactor

(1) to the washmg tank (6) to the deaeratnon and saturatlon reserv01r (14) to thel‘"

.....

v neutrahzlng unit (25) and to the reservoir for washmg (3 1) of AI(OH)3

\
; b ' Tl el ; .
The dev1ce accordmg to at least one of the clalms 11 to 28 characterlzed by that the

o [ i ,!-‘:5‘:351-.. TR

reactor (1) is ﬁtted Wlth an agltatlng dev1ce (52)
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