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of combustion furnaces (conmbustion devices) using petroleumfuels such as
heavy oils and

\;BACKGROUND OF THE INVENTION

| The present invention relates to a wet-processing

method for combustion ashes of petroleum fuels, containing
g;monium sulfate ana a method of utilizing ammonia components
recovered by the wet-processing method. More in particular,
the present invention relates to a wet-processing method
which.compfises at least a preparing-step of a slurry of
combustion ashes of mixing combustion ashes and water, a
double decomposition step for ammonium sulfate, a recovering-

_ step of free ammonia from a gypsum slurry containing free
ammonia_produced in the double decomposition step, and a
gypsum separation step successively, which is excellent in an
ammonia stripping efficiency from the gypsum slurry in the
ammonia recovery step and in which the clogging in a
stripping device is suppressed, as well as a method of
utiiizing ammonia components with an industrial advantage.

In various kinds of combustion furnaces (combustion

devices) using pétroleum fuels such as heavy oils and

orimulsions, etc., for example, boilers of oil fires power

stations and dust incinerators, ammonia is added in the



orinmulsions, etc., for exanple, boilers of oil fires power stations and
dust incinerators, amonia is added in the

2 conbustion gases for preventing the corrosion of the conbustion
furnaces, caused by sulfate gases (SJerr]) contained in conbustion gases.
Accordlngly, t he conmbusti on ashes collected and recovered by an

el ectrostatic precipitator disposed to 2he downstreamof a fire flue end
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As a method of treating the conbustion ashes, a |ot of nethods referred
to as a wateqeveress byf an EéGGVE‘Pﬁh@tlQéP{%Fﬂl@qmreﬁléﬁ%eéuEﬁ EBeyanadi um

whi ch take a counterneasure for public pollution by a closed system have
downstream of a fire flue end thereof contains ammonium

sulfate in addition to ashes mainly composed of unburnt
carbon.and heavy metals (Ni, V, Mg, etc.). For example, the
folloﬁing ingredients are contained in the combustion ashes
recovered from a boiler using high sulfur-content heavy oils.

C: 10 to 80 % by weight

NH,: 0.5 to 20 % by weight

SO,: 20 to 60 % by weight

V: 1 to 5 % by weight

Ni: 0.3 to 2 % by weight

Fe: 0.3 to 2 % by weight

Mg: 0.1 to 8 % by weight

Si0,: about 0.1 % by weight

As a method of treating the combustion ashes, a lot of

methods, referred to as a wet-process, for recovering
valuable ingredients such as vanadium,.which take a
countermeasure for public pollution by a closed system, have
been proposed. Specifically, there can be mentioned wet-
processes, for example, as disclosed in Japanese Patent

Application Laid-Open (KOKAI) Nos. 60-19086 and 60-46930, and



been proposed. Specifically, there can be nentioned wet- processes, for
éxanpl e, as disclosed in Japanese Patent Application Laid-COpen (KCKAI)
Nos. 60-19086 and 60-46930, and

Japanese Patent Publication (KOKOKU) Nos. 4-61709 and 5-13718 already
pr oposed. For exanpl e, the process described in Japanese Patent
Publ i cati on (KOKAlI) No. 5-13718 conprls%s (i) a first step of mxing
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sulfuric acid to control the pH value to not nore than 3, (ii) a second

step of sgﬂgkg%§n% QEFIqUI(unburnt carbon, etc.), (iii) a third step of

heating the d portion to a tenperature of not |ess than
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| (unburnt carbon, etc.), (iii) a third step of heating the
obtained liquid portion to a temperature of not less than
70°C and oxidizing metals while supplying ammonia and an
oxidant to adjust the pH value to 7 to 8, (iv) a fourth step
of separating deposits (iron sludges), (v) a fifth step of
cooling the obtained liquid portion to a temperature of 40°C
thereby depositing vanadium compounds (ammonium metavanadate),
(vi) a sixth step of separating the deposited vanadium
compounds, (vii) a seventh a step of adding calcium hydroxide
or calcium oxide to the obtained liquid portion to deposit
gypsum and metal (nickel and magnesium) hydroxides, and
liberating ammonia simultaneously, (viii) an eighth step of
recovering ammonia by stripping from free ammonia, and (ix) a
ninth step of separating the obtained gypsum.
However, there are drawbacks in the ammonia recovery
methoas described in the above-mentioned publications, .
respectively.
Namely, the method disclosed in Japanese Patent

Application Laid-Open (KOKAI) No. 60-19086 is a method:



However, there are drawbacks in the anmonia recovery mnethods described in

the above-nenti oned publications, respectively. Nanel y, the nethod
di scl osed in Japanese Patent Application Laid-Open (KOKAI) No. 60-19086 is
a net hod 4 conprising conplicate

Steps of precipitating gypsumfroma slurry before stripping, and passing
the resultant supernatant through a di%tillation colum to strip an
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long time.
Further, the method described in Japanese Patent
Application Laid-Open (KOKAI) No. 60-45030 is a method
comprising supplying steams from the lower portion of an
aerating tank so as to heat to a temperature of not less than
80°C and supplying air from the lower portion thereof so as
to strip ammonia. In this method, the stripping efficiency
is poor since the contact between the slurry and air is
insufficient, and continuous operation is difficult.
Further, the methods describea in Japanese Patent
Publication (KOKOKU) Nos. 4-61709 and 5-13718 are a method
comprising supplying a slurry containing a large amount of
gypsum to a separation column from the upper portion thereof
but no concrete example for the separation column is
described.
Referring to the recovered ammonia, it is supplied to a
fire flue of a boiler or a metal oxidation step for re-

utilization. However, since ammonia separated from each of

the processes described above is a gasous mixture containing



gypsumto a separation colum fromthe upper portion thereof but no
concrete exanple for the separation colum is described. Referring
to the recovered amonia, it is supplied to a fire flue of a boiler or a
nmetal oxidation step for re- wutilization. However, since anmoni a separated
from each of the processes described above is a gasous m xture contai ni ng
5 a water content (noisture) evaporated fromthe slurry and a |arge
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and the clogging in the packed
maintenance.

As a result of the present inventors’ earnest studies,
it has been found that in a recovering-ammonia step of a wet-
processing method for combustion ashes of petroleum fuels, by
flowing down a gypsum slurry from the upper portion of a
packed column andlblowing air or stream from the lower
portion thereof so as to bring air or stream into counter-
current contact with the gypsum slurry, ammoina is stripped
from the gypsum slurry, an ammonia stripping efficiency from .
the gypsum slurry in the ammonia recovery step of the wet-
ﬁrocessing method is excellent and the clogging in the packed
column is suppressed, that is, though it has been considered
that the packed column can not be used for a slurry
containing a large amount of solids because of a clogging
problem since the packed column contains a large amount of
packings and has a narrowed channel, the packed column in the
wet-processing method can be used with no practical problem.
On the basis of the above-mentioned finding, the present

invention has been attained.



columm is suppressed, that is, though it has been considered that the
packed colum can not be used for a slurry containing a |arge anount of
sol i ds because of a clogging problemsince the packed colum contains a

| arge anmount of packings and has a narrowed channel, the packed colum in
the wet-processing nethod can be used with no practical problem On the
basis of the above-mentioned finding, the present invention has been

att ai ned. 6 SUMMVARY COF THE

| NVENTI ON An object of the present invention is to provide a wet-

processinqnﬂﬁb&&dq?o&H%oggﬂéﬁ&QQEashes of petroleumfuels, containing at

| east a um which conprises a preparing-step of a

slurry of conbustion_.ashes bt ai ned_by. m x| c ti e _wat er;
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a double deconp | nrum s a recovering-step of

free ammonia froma u lurry containing free a nha.. pEQ ed in the
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device (for exanple, packed,columm) is suppresse .Anot her obj ect of
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amont a nggggﬁﬂkfhgtm%thghcombustion ashes and water; a double
decomposition step for ammonium sulfate; a recovering-step of
free ammonia from a gypsum slurry containing free ammonia
produced in the double.decomposition step; and a gypsum
separation step successively, which is excellent in an
ammonié stripping efficiency from the gypsum slurry in the
ammonia recovery step and in which clogging in a stripping
device (for example, packed colﬁmn) is suppressed.

Another object of the present invention is to provide

an improved method of utilizing ammonia components at a high
efficiency, which“comprises efficiently transporting the thus

obtained ammonia and supplying ammonia into an exhaust gas

channel of a combustion furnace, etc.

To accomplish the aims, in a firsﬁ aspect of the
present inventiqn, there is provided a wetfprocessing method
for combustion ashes of petroleum fuels, collected by a dust
collector disposed in a fire flue of an exhaust gas for a
boiler or the like using petroleum fuels and containing at

least ammonium sulfate and vanadium, which method comprises:



efficiency, which conprises efficiently transporting the thus obtained
ammoni a and supplying ammoni a i nto an exhaust gas channel of a conbustion
furnace, etc. To acconplish the ainms, in a first aspect of the
present invention, there is provided a wet-processing nethod for
conbustion ashes of petroleumfuels, collected by a dust «collector

di sposed in a fire flue of an exhaust gés for a boiler or the |ike using

petrol eum_fugls and containing at |east annonlun1sulfate and vanadi um
whi ch met hod conpri ses: 7 at |east
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ashes with water econposition step for ammoni um sul fate,
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step,

the gypsum slurry being flowed down from an upper
portion of a packed column and air or steams being blown from
a lower bortion of the packed column to bring air or steams
into counter-current contact with the gypsum slurry, thereby
conducting stripping for ammonia; and

a gypsum separation step.

In a second aspect of the present invention, there is
provided a method of utilizing an ammonia component recovered
by the wet-processing method as defined in the first aspect,
which method comprises:

transporting a mixture of ammonia stripped in the
ammonia recovery step and steams in the form of an aqueous
solution to an ammonia separation device disposed in a
battery limit of an ammonia supply device in an exhaust gas
channel of a combustion furnace;

mixing a gaseous ammonia separated and recovered by the
ammonia separation device with air;

heating the mixture; and



by the wet-processing nmethod as defined in the first aspect, which nethod
conpri ses: transporting a m xture of ammonia stripped in the

anmoni a recovery step and steanms in the formof an aqueous solution to an
anmoni a separation device disposed in a battery linmt of an anmonia supply
device in an exhaust gas channel of a conbustion furnace; m xi ng a
gaseous ammoni a separated and recovered3by the ammoni a separati on device

with air; aliing the PL¥Gi S Wikture into the exhaust gas
8 suppl yi nsé‘g%hglrgsufltant mﬂf’(ture intuoret hlen eoxha*tcjeste gaé1 c%annel of

t he conmbustion furna ' aspect of the present invention,
there is %%%%ﬂe e&ga%§8tﬁggb%?t%??ﬁ?%ﬂkgg%he anmoni a conponent recovered

by the wet-processing.,nmethod as, defi ' £ .aspe OFf -t he
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which method comprises:

a solid-liquid separation step of removing solids from
the slurry of the.combustion ashes,

a metal oxidation step of supplying ammonia and an
oxidative gas to an aqueous solution formed by removing the
solids from the slurry of the combustion ashes to oxidize
vanadium, thereby obtaining an agueous solution containing
ammonium metavaﬁadate, and

a crystallization step for the obtained ammonium
metavanadate,

the above-mentioned thrée steps being incorporated
between the preparing-step of the slurry of the combustion
ashes énd the dbuble decomposition step of ammonium sulfate
as defined in the first aspect, and

a mixture of ammonia stripped in the ammonia recovery
step and steams being transported in the form of an aqueous
solution to the metal oxidation step.

In a fourth aspect of the present invention, there is

provided a method of utilizing the ammonia component

recovered by the wet-processing method as defined in the



a crystallization step for the obtained amoni um netavanadat e, - t he
above-nentioned three steps being incorporated between the preparing-step
of the slurry of the conbustion ashes and the doubl e deconposition step of
-ammonium sul fate as defined in the first aspect, and a mxture of
ammoni a stripped in the ammoni a recoverg' step and steans being transported
in the formof an aqueous solution tohe netal oxidation step. I n
a fourth gspect ogbolberpr coRllnluanldian: JhehfiohSunPheVkdeshdate! hod of
utilizingthe a nra conponeﬁf recovered by the wet-processing nethod as

defined in,t . . 9 first aspect for
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of the slurry of the conbustion ashes and the doubl e deconposition step as
defined i Metfyanadate,

a solid/liquid separation step of removing solids from:-

the slurry containing ammonium metavanadate, and

a crystallization step of the obtained ammonium
metavanadate,

the above-mentioned three steps being incorporated
between the preparing-step of the slurry of the combustion
ashes and the double decomposition step as defined in the
first aspect,

a mixture of ammonia stripped in the ammonia recovery
step and steams being transported in the form of an aqueous
solution and supplied to the metal oxidation step.

In a fifth aspect of the present invention, there is
provided a method wherein in the method as defined in the
third or fourth aspect, an oxidation vessel in which a gas
supply pipe is disposed so as to be protruded in a reaction
material is used, and heated steams are introduced together
with the oxidizing gas from the gas supply pipe.

In a sixth aspect of the present invention, there is
provided a method wherein in the method as defined in the

third or fourth aspect, the reaction in the metal oxidation



first aspect, a mxture of ammonia stripped in the amoni a recovery
step and steans being transported in the formof an aqueous solution and
supplied to the netal oxidation step. In a fifth aspect of the
present invention, there is provided a nethod wherein in the nethod as
defined in the th|rd or fourth aspect an oxi dation vessel in which a gas
supply pipe is disposed so as to be pr fruded in a reaction material is

used, and cheat ed rﬁ&ﬁéﬂﬁpféc?e'atﬁré)%fgq{j Ee%g:%&a%re%taﬁdthﬁo@xwlrzdmg gas

from the gas supply I'na sixth aspect of the present
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from 5 to 30 % by weight, and

the obtained aqueous solution is transported under
pressure and a temperature retaining condition through the
supply pipe and supplied to a crystallization vessel in the
crystallization step.

In a seventh aspect of the present invention, there is
provided a method wherein in the method as defined in the
fourth or fifth aspect, a continuous crystallization method
of cooling and crystallization an aqueous solution containing
ammonium metavanadate supplied at a constant rate
continuously to the crystallization vessel is used in the
crystallization step,

a crystallization device comprising the crystallization
vessel and a cooler disposed to the outside thereof which are
connected by means of a circulation channel is used,

a slurry in the crystallization vessel in an amount
more than that of the raw material solution supplied is
circulated to the cooler, and

a slurry substantially identical in the amount with

that of the raw material solution supplied is withdrawn from



In a seventh aspect of the present invention, there is provided a nmethod
wherein in the nethod as defined in the fourth or fifth aspect, a
continuous crystallization nethod of cooling and crystallization an
aqueous sol ution containing ammoni um netavanadate supplied at a constant
rate continuously to the crystallization vessel is used in the

crystallization step, a crystal Mlzati on device conprising the
crystalli§§%ggg_s%giigkagggnadgggé r di sposed to the outside thereof which
are connecte Hy means of “a crrculati on channel is used, a slurry
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or a filtration type solid/liquid separator, and D
solid/1liquid separator and the final solid/liquid separator

being a centrifugal precipitation-type solid/liquid separator
or a filtration type solid/liquid separator, and

which method comprises:

processing a gypsum-containing slurry (A) by the first
solid/liquid separator,

separating into gypsum (C) and a supernatant (B)
containing nickel and/or magnesium hydroxide mixed from the
gypsum-containing slurry (A) and containing 1 to 20 % by
weight of gypsum, calculated as solids, based on the
hydroxides, and

processing the supernatant (B) by the final
solid/liquid separator to separate into a solid (D) and a

waste water (E) not substantially containing the solid.

DETAILED DESCRIPTION OF THE TNVENTION
The present invention is to explained specifically.
Description is to be made at first for a wet-processing
method for combustion ashes of petroleum fuels, containing

ammonium sulfate, that is, a method of recovering ammonium



whi ch nethod conpri ses: processing a gypsumcontaining slurry (A by
the first solid/liquid separator, separating into gypsum (C) and a
supernatant (B) containing nickel and/or magnesi um hydroxi de m xed from
the gypsumcontaining slurry (A) and containing 1 to 20 % by weight of
gypsum cal cul ated as solids, based on_the hydroxides, and

processing the supernatant (B) by the fenal solid/liquid separator to

Separat e ihp AcseLl droR) cBECk aunyisicy Wakls o) paekosebat sbisl |y
containing t DETAI LED DESCRI PTI ON OF THE 1 NVENTI ON The

present 'nvent'Qﬂm&ﬁhéﬁqoﬁxggﬂégegsS£§C66jééﬂﬂ¢é to be pro@eskkat iANthé to be
made at first for a wet-processing nethod for conbustion ashes of

pet 1 ol eUM el GA0LALTbATar 8 EBRLLE U (it WoRicalihing HE! DOASOI

recoverin conponent s

f h
O[)JO(TC: | Secﬁrc’%\baﬁéfl%f%@@?sﬁa ?Lﬂd ﬁéﬁé’éﬁﬂm kaf?i&i are couQ%BarST% Y08 agbes as an

t I t Ifpresend i nvention are conbustion ashes
cont ai ni ng eas anmoni.um.su t I db
S uet | o DR BBeBHa T BT A L AL A SAR oF 3 SxfafSr ST
bei g col | BEISPY F HodPEProETapFEro Lt B OBk bl B 2 0 o

ashes are obtained by being collected in an electrostatic

precipitator of wvarious kinds of combustion furnaces
(combustion devices) operated with addition of ammonia to
combustion gases.

The wet-process in the present invention comprises at
least a preparing-step of.a slurry of combustion ashes by
mixing combustion ashes with water, a double decomposition
step for ammonium sulfate, and a recovery recovering-step of
free ammonia from a gypsum slurry containing free ammonia
(free ammonia-containing gypsum slurry) obtained in the
double decomposition step and a gypsum separation step
successively, to which optional steps may be added so long as
the above-mentioned steps are included.

In a preferred embodimgnt of the present invention,
that is, in a method of utilizing ammonia components for
producing ammonium metavanadate, steps of the following
process (1) or (2) are conducted between the preparing-step
of the slurry of the combustion ashes and the double

decomposing step for ammonium sulfate.
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an aqueous sol ution containi ng anmoni um net avanadate; and a
crystallization step of the thus obtained ammonium

metavanadate are disposed, successively.

(2) A metal oxidation step of supplying ammonia and an
oxidative gas to the slurry of combustion ashes to oxidize
vanadium, thereby obtaining a slurry containing ammonium
metavanadate; a solid/liquid separation step of removing
solids from a slurry containing ammonium metavanadate; and a
crystallization step of the thus obtained ammonium
metavanadate, successively.

The preparing-step of the slurry of combustion ashes is,
for example, a method of mixing combustion ashes of petroleum
fuels and water, adding sulfuric acid to the mixture to
adjust the pH value to 1.5 to 3, heating the resultant
mixture to a temperature of 40 to 70°C, thereby converting
metals such as vanadium into ions, and dissolving ammonia as
ammonium sulfate.

In the solid/liquid separation step of the above-
mentioned processes (1) and (2), known methods using, for
example, a centrifugal separator or filter press is adopted.

The metal oxidation step and crystallization step in these.-

t her eby



crystallization step of the thus obtained ammoni um netavanadate are

di sposed, successively. (2) A netal oxidation step of supplying
anmonia and an oxidative gas to the slurry of conbustion ashes to oxidize
vanadi um thereby obtaining a slurry containing amoni um netavanadate; a
solid/liquid separation step of renoving solids froma slurry containing
anmoni um net avanadat e; and a crystallﬂ%ation step of the thus obtained
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(2), known 0 a cen ugal separator or filter
press is adppted. The netal oxidation_.step and stallizatiaon s%ep in
sf%%hé&y excess amount go squaEe rﬁéﬁ?ﬁ Céggg.gmgypsgg
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base is used usually in a stqichionetrical _or

containing gypsum slurry is formed. Due to the presence of
free ammonia and unreacted calcium hydroxide or the like, the
pH value of the gypsum slurry is usually from 9 to 12,
'preferably from 10 to 11.

In the ammonia recovery step, a counter-current type
packed column which is most excellent in the stripping
efficiency is used. Then; free ammonia contained in the
gypsum slurry is stripped. When a plate column is used for
striping free aﬁmonia, since the slurry is deposited to each
of trays, continuous operation for the stripping of the |
gypsum slurry is difficult. Further, since a wetted wall
column has_no trays as in the plate column and contains no
packings, it suffers less clogging even in a case of a gypsum
slurry containing a large amount of solids, but the area of
contact between the gypsum slurry and the counter-current gas
is small, so that the stripping efficiency for free ammonia
is low.

The inside of the counter-current type packed column is
structured such that packings with large surface area such as

Raschig rings, Lessing rings and saddle-type packings are



slightly excess amount to sulfate radicals in the gypsumto be forned. By
t'he doubl e deconposition, the free anmoni a- containing..gypsumslurry is
fornmed. Due to the presence of free ammonia and unreacted cal ci um
hydroxide or the like, the pH value of the gypsumslurry is usually from9
to 12, preferably from10 to 11. In the anmoni a recovery step, a
counter-current type packed col umm whiléh is nost excellent in the
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Raschig rings, Lessing rings and saddle-ty acki ngs. ar
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surface of the packings., Accaqrdin IX, the_counter- curren tyqﬁ packed
col unn hasPacked e largy it a@éﬁﬁéeg o preferably not less than 11,"

more preferably not less than 12. If the pH value is less
than 11, the amount of magnesium hydroxide dissolved in the
slurry may be increased, and as a result, insolubilized
magnesium hydroxide may be deposited, for example, on the
surface of the packings in the packed column, resulting in a
worry of clogging a slurry channel in a case of long time
operation. |

Further, the concentration of gypsum in the gypsum
‘slurry is adjusted to preferably from 7 to 40 % by weight,
more preferably from 10 to 30 % by weight. If the gypsum
concentration is less than 7 % by weight, gypsum may tend to
be deposited 6n the inner wall surface of the packed column
and the surface of the packings, so that particularly, during
long time operation, there is a worry that the gypsum slurry
channel may be clogged by the deposition of gypsum. On the
other hand, if the gypsum concentration exceeds 40% by weight,
since the wviscosity of the gypsum slurry may be large, there
is a worry that the narrow flow channel upon flowing down in

the packed column may be clogged.



bet ween the gypsum slurry and the counter-current gas, and is excellent in
the efficiency of stripping free amoni a. The pH val ue of the gypsum
slurry supplied to the packed colum is adjusted to preferably not |ess
than 11, nore preferably not less than 12. If the pH value is less than
11, the anount of magnesi um hydroxi de di ssolved in the slurry nmay be

i ncreased, and as a result, insolubiliz28d magnesi um hydr oxi de may be

deposited, for expgpl8seOBet BEppPHARCE Ripd Ak dRatkiopeaihaat B¢ packed
colum, resulting in a worry d? clogging a slurry channel in a case of

ong 1 e oo ARGEALeRng of ovpBhthEn (P SAREENENALEON @bugyRsum (N the

gypsum slurryis a ste pretfera to 40" % by weight, nore

f bl y. f % b i I t i is |
R L e e

than 7 % By wei ght, ed e 1nner wal |

par 1 cul PPN G Y PORILLFRS Dtr &t 1 SRELE P& SIBFFRCRRRL the gypsum
pand. i 1 CHEGTpEam BandeREr ot FBLE ool POy R, hiFfice the
P ow 1] GO YPF B AGEHRRRE T ohEBadesaoE51 Hinchey be cl ogged.

16 In_a case of .supplyin super nat.ant obtai ned b .
soluéion, this ggs&&tg gh é55051t10n of gypsum o% the inner

wall surface of the packed column and the surface of the
packings.

There is no particular restriction for the temperature
of the gypsum slurry supplied to the packed column, but it is
preferably heated for promoting stripping of ammonia. Such a
heating tempefature is usually from 70 to 110°C, preferably
from 90 to 105°C.

As a counter-current gas supplied to the packed column,
air and steams may be used. The steams is preferred and
further, the heated steams is more preferred. The
temperature of the steams is usually from 110 to 190°C,
preferably from 130 to 160°C. In a case of using the steams
as a counter-current gas, since ammonia is separated in the
form of a mixture with steams and dissolved into the water
content of the steams, it is in the form of an acueous
solution after cooling.

Accordingly, when recovered ammonia is stored or
transported to other steps or the devices, the diametef of

transportation pipelines can be decreased efficiently, and



precipitating of gypsumfromthe gypsumslurry (aqueous saturated sol ution
of gypsunm) to the packed colum, when the gypsumis crystallized due to
the effect of tenperature change or the |like, since the solid (gypsun) to
which crystallized gypsumis deposited is not present in the solution,
this results in deposition of gypsumon the inner wall surface of the

packed colum and the surface of the péckings. There is no
parti cul ar i cijo tde LAMSALY & 5 OfhbheaguBsuns St ressuippl i ed
to the pagﬁégﬁ%%ru%%,g%%gg?tgﬁé presﬁfébli heated for pronoting stripping
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pi pel i nes can be decreased efficiently, and
by a method of bubbling into water.

Then, a method of utilizing the ammonia components
recovered by the wet—processiﬁg method described above is to
be described.

In the first utilizing method of the present invention,
ammonia recovered by the wet-process is used as a
neutralizing agent for a sulfate gas (SO3) contained in
exhaust gases of a combustion furnace. Specifically,'a
mixture of ammonia and steams stripped in the ammonia
recovery step is transported in a state of an aqueous
solution to an ammonia separation device disposed in a
battery limit of an ammonia supply device in an exhaust gas
channel of a combustion furnace, and then gaseous ammonia
separated and recovered by the ammonia separation device is
mixed with air, heated and then supplied to ﬁhe exhaust gas
channel of the combustion furnace. In this case, since
ammonia is in the state of an aqueous solution, no draining
device is necessary to a transportation pipeline which is

required for transporting in a gaseous state, as well as the



17 further, it can be sprayéd as it is, when added to the fire flue
described later, which is suitable also in view of use. In a case of
using air as the counter-current gas, it 1is separated as a gaseous mxture
of air, amonia and steans evaporated fromthe gypsumslurry. In this
case, the gaseous mxture is converted into an aqueous solution, for
exanple, by a method of bubbling intol&ater. Then, a nethod of
utilizing.t aguon| ogponent F%c‘c f by, 11R€ i WBL - PLRCES Skl ¢t hod
descri bed & %5e 'S %gegbgPdQ§€r¢%%{. Q¥%tqgnl%lF%elfirst utilizing nmethod
of the present invention ol _a; over t - ess,d s used as
a neutralsilﬂcﬁgtgfe\r{{ﬂ&g? %Fsu T(lé eg ;&%s\é%gaggw])ﬂ%%%%}ﬁ in exhaust
gases of .conbustion_furnace., Specificall ' f.ammoni a and

st eans st?ﬁ’ﬁﬁéd‘ﬁ%ﬁ fLﬁ@Lé?ﬁ’mlﬂ?Bhocfe éovtéﬁ/ ps]%/égﬁ%lts 5’%#%%8%% in a state of
an aqueous _sol.utiopn to an ammonj a separ at.i on devi ce_di [ battery
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combustion furnace, and then gaseous anmonia separated and recovered by
the ammoniBSdF&ratt¥n device is mixed with air, heated and then supplied
to the exhaust agf channel of the copbustion furnace. In this case, since
anmonia is in tHS &% SBPRAR SERREASII WYHE: BTN niNESSd8%i ce i s

necessary to a transportation pipeline which . is reguired for transportin
in a gasgdggngéﬁ§@rg§iﬂ§|poéggpgecan be used. In t gs case, there P 9

can be mentioned a method of supplying aqueous ammonia to the
separation column and bringing air or steams as a separation
medium into counter-current contact therewith. For the
counter-current gas, steams are preferred in view of the
separation efficiency.

There is no particular restriction for the ammonia
content in the gaseous mixture of ammonia and air, and it is
usually from 0.1 to 10 % by weight, preferably from 0.5 to
5 % by weight. The temperature for heating the gaseous
mixture of ammonia and air is usually from 100 to 200°C,
preferably from 120 to 180°C. The gaseous mixture of ammonia
and air may also contain water. In this case, the water
content is preferably not more than 10 % by weight based on
the weight of the entire gaseous mixture.

As a method of supplying the gaseous mixture of ammonia
and air in the exhaust gas channel of the combustion furnace,
there can be mentioned, for example, a method of arranging a
number of spray nozzles on the wall surface in the channel or

in a cross section of the channel, and jetting the gaseous



i nner dianeter of the transportation pipelines can be reduced since the
vol ume of anmonia is reduced. Accordingly, the first utilization nmethod of
the present invention is efficient both in the size reduction of and
managenent for the facility. As the anmoni a separation device,
various types of known separation colums can be used. In this case, there
can be mentioned a nethod of supplyingl8queous ammonia to the separation
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contain water. .In _this,case, ,the wate content is preferably not nore than
10 % by WY 1BagEE 8HT fﬁed?&ﬁiﬂﬁn?é QQR§99%Fﬂf@ng§g$06§oﬁ¥gt%$e.

As a method_ of supplying the gaseous m xture of ammonia and air in the
exhaust g&XPeNSiEPSEE gﬁ@ ARG TN iEc OF thRepBlEGRepBAFEHR | B}Rd, for
exanpl e, a nethod of arrangi ng a _ nunber, of spra{ nozzl es on the wall
surface i FPRYSENIRTES ofNC| YR Ehbs s s ddt icomtaPrlirg snghnEhatand jetting

t he gaseous . , L. Lo )
ammonia in the gaseous mixture is in a stoichiometrical or

slightly excessive amount relative to the sulfate gas.in the
exhaust gases.

By the way, there has been known a method of processing
an exhaust gas of a combustion chamber by supplying ammonia
into the exhaust gas of a combustion fufnace at a temperature,
for example, of usually not iess than 700°C, thereby reducing
nitrogen oxides in the exhaust gas of the combustion chamber
in a non-toxic state (refer, for example, to Japanese Patent
Publication (KOKOKU) No. 56-40628).

In the method of the present invention, recovered
ammonia can also be used as a reducing agent for the nitrogen
oxides as described above. Known conditions can be applied
as they are to processing conditions such as the amount of
ammonia supplied to the exhaust gases of the combustion
furnace. In a case of using ammonia as the reducing agent
for nitrogen oxides, since ammonia is consumed, ammonia has

to be added separately as a neutralizing agent for sulfate



19 m xture fromthe nozzle since the gaseous mxture is sprayed as

ani formy as possible over the cross section in the exhaust gas channel.
The amount of supplying the gaseous m xture containing ammonia and air is
determ ned depending on the amobunt of exhaust gases and the concentration
of the sulfate gas in the exhaust gases, and usually, it is controlled
such that ammnia in the gaseous m xtdPe is in a stoichionetrical or
slightly %é%eﬁgbvf anount relative to the sulfate gas in the exhaust
gases. v3the way, there has been known a nethod of processing an

exhaust gas of a cogbustion_chamber by supplyi ni into the exhaust
gas of a conbusﬁpbﬁgguﬁﬁﬁeﬁdaPté t# ‘be%ﬁ%%xpggfqg%aﬁ% S?H%f usual Iy not

| ess than 700[err]C, thereby reducin ni trogen oxides in_the exhaust gas
of the corfY&OtdRNehafperia; ﬁeﬁo'ﬁ"o’ﬁe-‘%&éfct g@é'??@f’?ﬁs fﬁruﬁﬁgng ®, to
Japanese Patent _Publication (KOKOKU) No. 56-40628%. . In.t@e met hod
of the preédEnProfiehirenot, eEBeRI YR MefANIIELe SN aFSdt bEsS us2 - H S educi ng
agent for the nitrogen _oxides as descriped above. Known conditions can be
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ammoni a supplied to the exhaust gases of the conbustion furnace. In a case
of using amoneasportied dadtben§oryerf an FIURAUSOFOIUSEPEe8dsi nce ammoni a
i s consunmed, ammonia has to be added separately as a neutralizingeggent

for sul fatsipplied to the metal oxidation step of (1) or (2) descri
above.

In this process (1), a solid/liquid separation step -
metal oxidation step - crystallization step for ammonium
metavanadate are conducted between the preparing-step of the
slurry of combustion ashes and the double decomposition step
of ammonium sulfate.

In the solid/liquid separation step, the solids (mainly,
unburnt carbon and undissolved other components) are removed
from the slurry of the combusﬁion ashes to obtain an aqgueous
solution.

In the metal oxidation step, ammonia and an oxidative
gas are supplied to the aqueous solution obtained by removing
solids from a slurry of combustion ashes, thereby oxidizing
vanadium, and an aqueous solution containing ammonium
metavanadate is prepared.

The pH value of the aqueous solution is adjusted to
usually not less than 7, preferably 7 to 9. As method of

adjusting the pH value of the agueous solution to not less



20 gas (SOerr]) . In the second utilization nethod of the present
I"nvention, anmonia recovered by the wet-process is used for the production
of anmoni um net avanadate. That is, a mxture of anmonia and steans
stripped in the ammoni a recovery step is transported in the formof an
aqueous solution and supplied to the netal oxidation step of (1) or (2)
descri bed above. In this procedd (1), a solid/liquid separation

step - n%%gh 9XigﬁE£8n?%% e’méH@@ﬁ#?dj %%Ei%&aﬁb@@,fgrméﬂﬁﬁﬁiéﬁn

net avanadat'e ‘aré conduc etween the preparing-step of the slurry of
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t her eby oxi di,zin vanadi um and an aqueous .sql.ution containin ni um
netavanadéﬁé”F?l%PSﬁﬁﬁEGi amount, q?ﬂékﬂ?\é; loﬁufﬁeaSqﬁggﬁglgogu fonis
adjusted to wusually not less than_ 7, preferably 7 to0.9. As_nerhod of
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value, it is preferred to adjust the pH value only by ammonia
or ammonia compound iﬁ order to avoid introduction of
additional chemical species into the reaction system.

As the ammonia component, ammonia recovered in the
ammonia separation step of the wet-process as described above
is used in the form of an agueous solution. If necessary,
pure ammonia produced separately may be used additionally in
the form of an agueous solution. As the oxidative gas, there
can be mentioned, for example, air, oxygen and ozone. Among
them, air is preferred in view of practicality.

By the way, for the oxidizing reaction described above,
an oxidation vessel in which a gas supply pipe is disposed so
as to be protrudéd into an aqueous solution in which vanadium

- and ammonium are dissolved, but ammonium metavanadate is
deposited as scales on the surface of openings of the
oxidative gas supply pipe, and in an extreme case,. there is
caused a tfouble such as clogging in the opening of the
oxidative gas supply pipe.

Accordingly, in order to solve the foregoing problem,

it is preferred to use an oxidization vessel in which the gas-



21 than 7, there can be nentioned, for exanple, a nethod of supplying
ammoni um or ammoni um conpound which serves also as a reactant. For
adjusting the pH value, in the case where the amopnia conponent is present
in a sufficiently stoichionetrical anount, caustic alkali such as caustic
soda may be jointly used only for thezgﬁrpose of adjusting the pH val ue,
it is preferred to adjust the pH val ue |y by amonia or amoni a conpound
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troubl e such as clogging in the opening of the oxidative gas supply pipe.
concentration of ammonium metavanadate at the opening of the
gas supply pipe is diluted, and the temperature lowering on
the surface of the opening is suppressed. As a result, the
deposition of scales of ammonium metavanadate to the surface
.0of the opening of the gas supply pipe can be prevented.
Further, the scaling to a stirring blade disposed near a
position above the opening of the gas supply pipe can also be
suppressed.

The temperature of the heated steams is usually not
less than 100°C (1 atm), and in a case of reaction in an
increased inner pressure, it is preferably not less than
120°C (about 2 atm), more preferably not less than 135°C
(about 3 atm), even more preferably not less than 155°C
(about 5 atm). The amount of the heated steam to be
introduced is usually controlled to such an extent as
compensating the calorie corresponding to the loweriﬁg of the
liquid temperature by the introduction of air.

Preferably, the oxidizing'feaction is conducted under a

- pressure at a high temperature condition of not less than

100°C so as to obtain an aqueous solution in which the



Accordingly, in order to solve the foregoing problem it is preferred to

ose an oxi di zation vessel in which the gas

22 supply pipe is disposed so as to be protruded into a reaction nateri al

(aqueous solution in which vanadi um and ammoni um are dissolved) and to

i ntroduce the heated steans together with the oxidative gas fromthe gas
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steam toget her .with | i on: of 6 dPd ativendagsatliPgregoncentration

of annnniﬁﬁwﬁ%?gWagghg%éeg%E% % %%éﬁ%%g of g%% gas sapply pi pe is diluted,

and the tenperature.l oneri 0 f NEBGuE Sos URRG essed.
PR TaGiple ki blecromdlfadity A ehle HHRBRSTER LR

As a resul%® amoni um net avanadate to the

The scal | M9 Jor L ERPR o oPane M ighee b e, SRR R RYBE BE | (" Cnen ng
the hoat o BB FeTdeba 15 REPR T eR8 than oo e (T e and ina
han 1200HAGT-BY SBSUEO RIS £ roF MR RL TEPCBe Rhat OBFERTC

(about 3 atm), even nore preferably not |ess than 155 err]C bout 5 atn).
The annunfuréﬁXR9ﬁ¥et§3«éLaé{’t@&°§HeHhFPol%%re?sfﬁr%ﬁitﬁﬁﬁjqi%qq&bug’lej eE%EPFSIIed to
such an extent as conpensating the calorie corresponding.to the |owering
of the and the miniaturization of the device can be attained

markedly. A more preferred lower limit for the reaction
temperature is 120°C. The upper limit of the temperature is
usually 150°C, preferably 135°C.

In the crystallization step, ammonium metavanadate is
crystallized and recovered from an agueous solution.
containing ammonium metavanadate obtained in the metal
oxidation step. Specifically, ammonium metavanadate is
crystallized by éooling a raw material solution supplied
continuously at a constant rate to the crystallization vessel.

By the way, in a case of using a crystallization vessel
having cooling coils at the inside, there may cause a trouble
that crystals of precipitated ammonium metavanadate are
deposited on the surface of the cooling coils to lower the
cooling performance. Accordingly, in order to solve the
foregoing problem, it is preferred to use a crystallization
device comprising a crystallization vessel and a coolef
disposed to the outside thereof, which are connected by a

circulation channel.



liquid tenperature by the introduction of air. Preferably, the
oxi di zing reaction is conducted under a pressure at a high tenperature
condition of not less than 100[err]C so as to obtain an aqueous sol ution
in which the 23 anmoni um
concentration is not nore than the saturated concentration at the

t enperature of the aqueous solution an@4 not less than 1.2 % by wei ght, and
t he concentrati af anmo niu ulfate roms g 0 t: This
is, because thgﬂ:sd'lsul?r E] gﬂnﬁf‘ﬂ:ﬁ ar‘r%% at\?(;;na a%e()%ﬁs?él) %c/rs\:eﬁgksrgg m
unexpect edl alon

ncrease in the 1iquid.tenper dokh

i ni at uri 24§ STYST aﬁnﬁézﬁé\‘/PEevéﬁﬁegel%ﬁ%lag‘é % %h% Atkr%%?e %r eferred
lower Iimt for the reaction err]C Th cupper limt of
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crystallization step, annDnlun1netavanadate s stalll eg g i cover ed
from an adtetiflddization SEYAESi RRAgS AMHEN] éﬁﬁd&? BE&MAedin the
metal oxidation step. Specifically, anwonlunlnetavanadati a crystallized
by cool i nge@adawir éhiedl oforkhei 6ﬂWs’E}‘Bb?¥%‘%il const ant
rate to the crystallization vessel. the may, in g case of using a
crystallization Messhs slhmnmgncébﬁ ﬁg‘Yé‘éiil%l%Qt%% Ve§ede 1% here may cause

a trouble that crystals of precipitated anmoni um netavanadate are
deposi t ed oircwkatag fracdbef conderodhi Ag WPURE tkesovigian fdat of the

raw material solution supplied, it is necessary to take a
large difference of the cooling temperature for the slurry in
the cooler, and as a result, crystals of ammonium
metavanadate are deposited to the cooler and the circulation
channel. On the contrary, when the slurry in the
crystallization vessel is circulated to the cooler in an
amount more than that of the raw material solution supplied,
the difference of the cooling temperature for the slurry in
the cooler can be reduced.

The amount of the slurry circulated to the cooler
and/or the amount of the raw material solution supplied to
the crystallization vessel is preferably controlled such that
the temperature lowering for the slurry by the cooler is not
more than 5°C, and the temperature difference between the raw
material solution supplied to the crystallization vessel and
the slurry in the crystallization vessel is not less than-
30°C. The temperature in the crystallization vessel is set

to ﬁsually not more than 40°C, preferably from 20 to 30°C



cooling performance. Accordingly, in order to solve the foregoing problem
it is preferred to use a crystallization device conprising a
crystallization vessel and a cooler disposed to the outside thereof, which
are connected by a «circulation channel.

24 It is preferred to circulate to the cooler a slurry in the
crystallization vessel in an anmount nmoP& than that of the raw materi al
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supplied to the crystallization vessel is preferably controlled such that
contained 1in the aqueous solution of raw material before

crystallization, the solids are preferably removed before the
crystallization step. By such procedures, ammonium
metavanadate at high purity can be isoclated.

Tﬁen, the process (2) is to be explained. In this
process, metal oxidation step - solid/liquid separation step
- ammonium metavanadate crystallization step are conducted
between the preparing-step of the slurry of the combustion
ashes and the double decomposition step for ammonium sulfate.

The process (2) is identical with the process (1)
except that the solid/liquid separation step is not conducted
at first, but ammonia and oxidative gas are supplied to the
slurry of the combustion ashes, thereby converting vanadium
into ammonium metavanadate (metal oxidation step), and solids
are separated and removed from the resultant slurry of the
combustion ashes containing ammonium metavanadate
(solid/liquid separation step).

In the solid/liquid separation step, unburnt carbon and
iron sludge, etc. by-produced in the metal oxidation step

are separated and removed together. In this case, since the



the tenperature lowering for the slurry by the cooler is not nore than
5Terr]C, and the tenperature difference between the raw material solution
supplied to the crystallization vessel and the slurry in the
crystallization vessel is not less than 30[err]C. The tenperature in the
crystallization vessel is set to usuallg not nore than 40[err]C,
preferably from20 to 30[err]C 2 25
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identical with the process (1), except that the solid/liquid separation
step i s nofcpahgbtPeoster 9y siromsludarsni a and oxi dative gas are supplied

to the slurry of the conbustion ashes, thereby converting vanadi um
The gypsum slurry remained after stripping of free

ammonia in the ammonia recovery step is.supplied to the
gypsum separation step.

By the way, Japanese Patent Publication (KOKOKU) No. 5-
13718, for example, describes that a centrifugal
precipitating solid/liquid separation device is suitable to
the separation of gypsum, and the centrifugal precipitation-
type solid/liquid separation device is suitable to the
separation of nickel sludge (for example, nickel hydroxide),
since a filtration—ﬁype solid/liquid separation device Eends
to suffer from clogging.

On the other hand, since gypsum described above can be.
recovered in a relatively large amount, it can be used in
various application uses by separating nickel and/or
magnesium hydroxides to refine to a high-purity. The purity
and the reco&ery amount of gypsum can be controlled to a
desired range by properly selecting the operation conditions
of the centrifugal precipitating solid/liquid separation

device. For example, in the solid/liquid separation device,



I nt o ammoni um net avanadate (nmetal oxidation step), and solids are
separated and renoved fromthe resultant slurry of the conbustion ashes
cont ai ni ng anmoni um et avanadate (solid/liquid separation step). In
the solid/liquid separation step, unburnt carbon and iron sludge, etc.
by-produced in the netal oxidation step are separated and renoved
together. In this case, since the 26
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i sol ated wi t hout disposing the solid/liquid separation step for iron
sl udges. SUPSr™ ypsum sl urry remai ned after stripping of free ammonia

in the ammoni a recovery step i s pplied to.the S separ,ati on step.

By the way, Japatd&y$%at &% lﬁumei éf‘f‘BWn( Imbb‘%g ‘%tmmf%% f or
exanpl e, describes that a centrifugal precipitating solid/liquid

separ at | onNIRAELS S0 MeIRES 1P hYAEOEEPRr3E RF ISy FSuh™nd t he
centrifugal precipitation- type solid/liquid separation device is suitable
to the scpRFEIGIRF oM @ dkeis) ughe clegodianytnds M IICWydfok8e), since

a filtration-type solid/liquid separation device tends |
filtration-type solid/liquid separation device in a case of

separating such hydroxides from the supernatant as described
in the above-mentioned publication. Further, also in the
centrifugal precipitation—type solid/liquid separation device,
the separation of nickel and/or magnesium hydroxides is not
always easy. As a result, there is a worry in the existent
wet-processes that solids are contained inh the drains and
there is a drawback not capable of completely attaining a
countermeasure for public pollution by a closed system.

Then, for efficiently conducting the solid/liquid
separation of nickel and/or magnesium hydroxides which are
difficult to be separated, it is preferred to adapt a system
of using two units of the solid/liquid separators in series,
as the first solid/liquid separator, a centrifugal
precipitation-type solid/liquid separator is used and as the
1ast.(final) solid/liquid separator, a centrifugal
precipitation-type solid/liquid separator or a filtration-
type solid/liquid separator is used. The gypsum-containing
slurry (A) is treated by the first solid/liquid separator to

separate the gypsum-containing slurry (A) into gypsum (C} and



to suffer from cl ogging. On the other hand, since gypsum descri bed
above can be recovered in a relatively large amount, it can be used in

various application uses by separating nickel and/or nmagnesium hydroxides
torefine to a high purity. The purity and the recovery anount of gypsum
can be controlled to a desired range by properly selecting the operation
conditions of the centrifugal precipi?éting solid/liquid separation
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counternmeasure for public pollutign by a_closed system Then, for
efficiently Ccnuﬂhﬁj@hﬁvﬁﬁ@e§6PPB?ﬁiﬁ%gﬁOd has a mfklng—step of a

predetermined amount of gypsum in the supernatant (B)
obtained from the first solid/liquid separator.

As a result, when the centrifugal precipitation-type
solid/liquid separator (horizontal continuous decanter or the
like) is used for the last sélid/liquid separator, the
precipitation of nickel and/or magnesium hydroxides is
promoted by the entraining precipitating effect of gypsum
having more excellent precipitating property than that of
nickel and/or magnesium hydroxide. Further, when the
filtration-type solid/liquid separator (filter press) is used
for the last solid/liquid separator, the clogging on the
press surface can be suppressed effectively by the coating on
the press surface of gypsum having excellent filtration
property than that of nickel and/or magnesium hydroxide.

The adjustment for the amount of gypsum contained in
the sﬁpernatant fB), in a case of using a horizontal-type
continuous decanter as the centrifugal precipitétion—type
solid/liquid separator, is conducted by changing, for example,

the feed rate of the slurry (A) to the decanter and the



separation of nickel and/or magnesi um hydroxi des which are difficult to be
Separated, it is preferred to adapt a system of using two units of the
solid/liquid separators in series, as the first solid/liquid separator, a
centrifugal precipitation-type solid/liquid separator is used and as the
last (final) solid/liquid separator, a centrifugal precipitation-type
solid/liquid separator or a filtration29 type solid/liquid separator is

used. The _gypsum cont gi ni slurry ( is . t b I LBt h,
solid/li qﬁ}%égi‘g'pz? af"oa 089%%%?%%% & éisfpssctﬁ}%}%tggﬁga#ﬁ%ﬁgoél {)Jr ry e(A) into
gypsum (C) and . - : SURRI nat ant (B)
cont ai ni nGMSHRGEaRNq/ f PRGRRETh™ Ry a0 M 3léltm°>f<egy$$1§rﬁ1a?ﬁe
gypsunmt cont ai ni ng slurr A) _and opt.ai ni n 0 %_b i based on
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the last solid/liquid separator _to separate the sanme_jnt solid (D and
a wast e weihe QH§PHGGHP&iﬁ?ﬁﬁrhgeguﬁgqgﬁti5P1§%Ffd.as the f%%%
above-nentioned nethod has a m xing-step of a _ predetern ned anount of
gypsum i n 3N HdFernist S6PALBFOT ob¥sF el T i ¥ eI BFi d/ 1 i qui d
separator. . As aresult, when the centrifugal preci itatLon-type
sol i d/ | i quealistJdiarict separpiEent AF L EeR iIPHRAR détc fRedrerdrtt Weth fke) is
used for the last solid/liquid separator, the precipitation of nickel
and/ or nagnieast wnimiditdritdsbei s0lpAoppreentratinn dft rtdien "Rgthr WBFBTt ati ng
effect of gypsum '

(E) is low.

According to the present invention described above, the

stripping effect for ammonia from the gypsum slurry is

excellent and the clogging of the stripping device can be

suppressed in the recovering-step of ammonia in the wet-

process described above for combustion ashes, and the method

of the present invention is of a significant industrial worth.

EXAMPLES

The present inveﬁtion will be .explained more
specifically by way of examples but the invention is not
restricted only to the following examples, unless it does not

exceed the gist thereof.

Example 1

As the combustion ashes of petroleum fuels, combustion
ashes containing components as described before were used,
which were collected by an electrostatic precipitator

disposed in a fire flue of a boiler taking place combustion



havi ng nore excellent precipitating property than that of nickel and/or
magnesi um hydroxi de. Further, when the filtration-type solid/liquid
separator (filter press) is used for the last solid/liquid separator, the
cl ogging on the press surface can be suppressed effectively by the coating
on the press surface of gypsum having excellent filtration property than

that of nickel and/or nagne5|un1hydrox3 e. The adj ustnent for the
amount of n1conta S t t g1gase of using a
horlzontaF%¥§§ eavgoﬁ% lie ecdﬂf F%gg% %e%%eﬁ 65% preci pitation-type
solid/liquid separator, |s conducted by changi ng, for exanpl e, the feed

rate of the slurry (A) to the decanter and the
29 height qf a dan1d|sposed to the dIS harf
super nat arttl-AEE HE AT e 5+ E supernatant (B) is
3 to 10 % by wei ght by the sa easop of the d i ti_on described above.
Further, as the 'q%é‘stcon?&ls‘:&f’ﬁ aﬁf‘ﬁss% a?%"(%‘?le‘ﬂhgguﬁ&st ﬁé‘%f Ia?%t 6h<t ype
solldllqu|d separator (filter press) is preferred w.th vi e 0|nt t hat
the sol i d Mgt & lod FRLORE HAStR &R enqﬁeﬁqquH&£urlC BCICAERBrding to
the present invention described above, t he strlpplng ef f ect for anmoni a

fromthe @dsasnts @ﬂﬂVStsthéxﬁglVéﬁ%eaﬁﬂ hernd h@frFﬁelgFPFpplng

devi ce can be suppressed in the recoverlng step of amonia in the wet-
mixture were heated to 50°C to continuously prepare a slurry

gf t he

of combustion ashes.

(2) Metal oxidation step

A closed-type oxidation vessel of 10 m®> volume having a
gas supply pipe is disposed so as to be protruded in a
reaction material (combustion ash slurry), equipped with a
heating/temperature retaining device, an inner pressure
control device, a cooling condenser device, a liquid supply
port and a liquid discharge port, and having a stirring blade
disposed near a location above the opening of the gas supply
pipe was used as an oxidation vessel. The opening at the top.
end of the gas supply pipe has such a structure as having a
doughnut shape with a tube outer diameter of 80 mm and heving
a number of vent holes with 4 mm inner diameter, to a
circular portion situated above.

The slurry of combustion ashes was supplied from the

supply port at a ratio of 10 m3/hr by a pressurizing pump

under pressure, and the oxidizing reaction was continued



process described above for conbust}on ashes, and the nethod of the

present invention is of a significant industrial worth. EXAVPLES
The present invention will be explained nore specifically by way of
exanpl es but the invention is not restricted only to the follow ng
exanples, unless it does not exceed the gist thereof. Exanple 1

As the conbustion ashes of petroleumfdéls, conbustion ashes containing
conponents as described before wer e used, which were collected by an
el ect r ost ahiidepintipdtaing 200 Shosed paraati actemprraiure KF 1% G &Png

pl ace combustion 30 of C heavy oi
whi | e adding apmonkatdn/hheof ihentddiesteans( BE 3pp&pafrog- She PRI rry of
conmbusti on ashes The conbustion ashes of petroleum fuels and water

were m xedt aheaghs4supbiptpipe i mta drieerstlvatryd ofukher combestioms added to
adj ust the pH value to 3, and then the resultant mxture were heated to
50[ err] C tazhe@t badovshydpuepad etlte séluryy off thenbosbuehiashashes wad)

Met al oxidation step
converted into ammonium metavanadate.
During the oxidizing reaction, in the oxidation vessel,
the temperature of the slurry of combustion ashes was

maintained by the heating/temperature retaining device at

125°C, and the internal pressure was maintained to 2.0

kg/anG by the internal.pressure control device. Further, the
slurry of the combustion ashes gontaining ammonium
metavanadate was discharged from the discharge port at the
substantially identical rate with the supplied amount, and
supply the discharged slurry to the succeeding step while
maintaining the liquid surface to a substantially identical
level. Further,_the steams and the ammonia gas discharged
from the valve of the inner pressure control device were
cooled by the cooling condenser and refluxed into the
oxidation vessel. When the concentration of ammonium
metavanadate in the oxidation vessel was actually ﬁeasured,
it was about 1.5% by weight, and the concentration of

ammonium sulfate was about 15% by weight.

(3) Solid/liquid separation step

While continuously supplying the slurry of the



A cl osed-type oxidation vessel of 10 nferr] volume having a gas supply
pipe is disposed so as to be protruded in a reaction material (conbustion
ash slurry), equipped with a heating/tenperature retaining device, an
inner pressure control device, a cooling condenser device, a liquid supply
port and a liquid discharge port, and having a stirring blade disposed
near a | ocation above the opening of th& gas supply pipe was used as an
oxi dation _vessel., The .o i .t he end y pi-pe has
SBirkiot Tuifng Atdnipnailnid nitn R e 8

such a stfQ A5 Having a - -dougtin outer dianeter of
80 nm and_havi.n a_number of_.vwent hol.e iLt:h i | et to a
circul ar BEFFFB%eS?f%% ed = é?é%er and %? SksFé?ﬁg}%€&§% UStI&%k%SheS was

supplied fromthe uppl ort at .a ratio of,10.mery]/ ressurizing
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31 while introducing, 200, Nn8 of air at a te rajure of 50[err].Gc and 0.1
to 0.2 tohPRr "GFaheXEPSITRMA R TG ﬁl@?ﬁﬁ%ﬁewgbiﬁijﬁ%ta% lr%%et%geas suppl y
pipe into the slurry of the conbustion ashes, and yapadiumin the slurry
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During the oxidizing reaction, in the oxidation vessel, the tenperature of
the sl urr PrEPNABRHTUSERVRNEHR: was nai ntai ned by the heating/tenperature

retaining device at 125[err]C, and the internal pressure was naintained to
2.0

4 Crvstallization step for ammonium metavanadate

Into a crystallization vessel of 50 m3 of an inner
volume for containing 40 m3 of crystallized slurry at a
temperature of 35°C, a raw material solution at a temperature
of 95°C containing ammonia sulfate at 15 wt% concentration
and 4500 ppm of ammonium metavanadate was supplied
continuously at a rate of iO m3/hr and mixed under stirring.
At the same time, the crystallized slurry was withdrawn from

a discharging port of the crystallization vessel at a rate of
10 nﬁ/hr. Concurrently, a mixed crystallized slurry was

continuously supplied at a rate of 120 m3/hr to a counter
current cooling column, cooled to 30°C and fed back to the
crystallization vessel. The temperature lowering for the
slurry in the counter-current cooling column was 5°C.

The concentration of crystals and the dissolving
concentration of ammonium metavanadate in the crystallized
slurry in the_crystellization vessel were 4410 ppm and 90 ppm

respectively, and ammonium metavanadate of 98 % by weight in



kg/cnferr]G by the internal pressure control device. Further, the slurry
6f the conbustion ashes contai ni ng ammoni um netavanadate was di scharged
fromthe discharge port at the substantially identical rate with the
supplied anount, and supply the discharged slurry to the succeedi ng step
while maintaining the liquid surface to a substantially identical |evel.
Further, the steans and the ammoni a gas$3di scharged fromthe valve of the
inner pressure control deyjce r gﬁﬁie &% ‘| condenser and
refluxed i %)%ﬁ%?tl8?i8 t¥%ﬁ 5%§§§ te éhqﬁﬁgcb %5%%??%??@n of anmmoni um
nmet avanadate in the oxidation vessel was actually nmeasured, it was about
1.5% by weight, and the concentration of ammonium sulfate was about 15% by

O ng 450 Begevrtadptes PR AN €8 arnoniun MebE RN WO Y
conbusti on ashes_contai ning.a ni um nmet avanadat e. t o ressure proof-type
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the |like by-produced in the netal oxidation step were separated ile
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amoni um net avanadate. | (4) Crystallization step for ammoni um
met avanadafiltration device and ammonium metavanadate was separated by

filtration in a cake filtration system, and the obtained
filtrate was supplies to a gypsum reactor in the succeeding

double decomposition step.

(6) Double decomposition step for ammonium sulfate

Calcium hydroxide was added to the liquid filtrate
supplied in the gypsum reactor to conduct double
decomposition of ammonium sulfate, thereby obtaining a slurry
containing gypsum, ammonia, nickel hydroxide and magnesium
hydroxide. The gypsum concentration in the slurry was 12 %
by weight and the total amount of nickel hydroxide and
magnesium hydroxide was 3 % by weight. Calcium hydroxide Was
further added to the gypsum slurry to adjust the pH value to
12.5. The gypsum concentration was 15 % by weight and the
concentration of magnesium hydroxide was 3 $ by weight in the_

gypsum slurry.

(7) Ammonia recovery step

The gypsum slurry described above was supplied to a

counter-current packed column, and ammonia was separated and



Into a crystallization vessel of 50 n8 of an inner volune for containing
40 nB of crystallized slurry at a tenperature of 35[err]C, a raw materi al
solution at a tenperature of 95C containing amonia sulfate at 15 wt%
concentration and 4500 ppm of anmmoni um net avanadate was supplied
continuously at a rate of 10 nB/ hr and m xed under stirring. At the sane
time, the crystallized slurry was w thdfawn from a discharging port of the

crystal ! 2l aseelothod AL Sloadd MALOC sCONGUCI LI Sumapd

crystallizZed slurr cont1 Auous ed at ara

to a count rr £g col um er LG a bagk to
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t he counter-current cooling columm was 5[err] C. The concentration

of crystaltheamhdkiedl dbdsmhvanga raveeof rkid iorihof  afernimrentdtay stedase i n
the crystallized slurry in the crystallization vessel were 4410 ppm and 90
ppm respedt iVE°Y, wasdsapphhednt reh avias aldkater @ford8 oth ihemwepfhtsi a

33 the solution of the raw material was crystallized. (5)

Recover i ngsedzafa tdhgC mgdiams aef aapaoai ofn i @Yadat eThe volurdeof a
crystallized slurry withdrawn fromthe «crystallization vessel was

separ at ed gyekisiGoategnmeht UgBhmbét | 6 athed tdigiticze caittteatNpatkEd
net avanadate was separated by filtration in a cake filtration system and

the Obtalrggaumn was 1.5 nﬁ, and the packings were SUS 303 bell saddles
(200 kg). The ammonia component obtained by the separation
described above was absorbed in the steams used as the

separating medium, and cooled into agqueous ammonia.

(8) Utilization of ammonia (1)

Aqueous ammonia was transported to an ammonia
separation column through the transportation pipelines of
small inner diameter of 20 mm and ammonia was separated. The
ammonia separation column was disposed in a battery limit of.
an ammonia supply device in the downstream of an exhaust
channel of a combustion furnace collecting. the combustion
ashes of petroleum fuels used in the present example, énd was
present at a place spaced by 900 m from the position of the
packed column. For the separating procedure, the aqueous
ammonia described abéve was supplied from the upper portion
'of the separating column and steams at a température of 150°C
was supplied as the separating medium from the lower portion

of the packed column.



filtrate was supplies to a gypsumreactor in the succeeding double
deconposi ti on step. (6) Doubl e deconposition step for ammonium sul fate
Cal ci um hydr oxi de was added to the liquid filtrate supplied in the gypsum
reactor to conduct double deconposition of amroni um sul fate, thereby
obtaining a slurry containing gypsum ammonia, nickel hydroxi de and
magnesi um hydroxi de. The gypsum concedbration in the slurry was 12 % by

i ght dth I j i i [
wei ght an e %\%%&%\%E%hg oMh&kelq hygdr %ﬁg?%édggﬁggghu&gydr oxi de

wiels 3 %by weig ) roxirde was fur to the gypsum
slurry to ust .t he value to 12 .5 . .The m n Lon. 15 %
by V\ﬁi ght Qj%d‘?ﬁ? l&oﬁE&n?’i’“&?%% %?panéagtnlegs}f um Q’?/‘glr O(XI ggg\/\géﬁgélﬁ’q/oebmi ght0
inthe gypsumslurry. 7) Ammpni a recovery. ste .

slurry deé’g:rqi%bé:t? gﬁ%‘e%ﬂ@%ébﬁl?e’&“ﬁea angs aerc-ogl&re%‘n%'%a%Eg)dgg%lﬁ&u?n,

and anmoni.a was separ at 34

ed an .
[ecg\éfred]}tg?dé'ﬂgert%]}sﬁ gtﬁﬁﬂﬁ.r?]ﬂ’é}t?r& RREWHIHR SPGA ?d F2PPer heat ed
0 err]C, was supplie romthe upper portion of,, the packed _colum at a
I‘ﬁtel of 1XMQAZ%ES H#P.theoﬁE‘H‘PFéﬁt F‘g}l?pﬁi' ceydessFRES éb\%é(? g’ﬂlf)%l {:lg%l from
the I ower portion thereof as a s ti [
The volunﬁéaﬁzkﬁ ports being dispogggr€b|£%Lr?%ﬁégnéglfigﬁ%%gcgfo%4ggekg/hr'

channel downstream to the exhaust gas channel of the
combustion furnaces. In this way, ammonia was utilized as-a
neutralizing agent for a sulfate gas contained in the

exhaustion gases of the combustion furnace.

(9) Utilization of ammonia (2)

Aqueous ammonia was transported through a fine pipeline
of small inner diameter of 20 mm to an agueous ammonia
storage vessel for the metal oxidation step and supplied from
the aqueous ammonia storing vessel to the metal oxidation .
vessel.

(10) Gvpsum recoverv step

A gypsum slurry was supplied continuously at a rate of -

14 ﬁ?/hr to a conical horizontal-type continuous decanter and
separated into gypsum of 10 wt% of water content and a
supernatant. The height of the dam dispoéed to a discharging
portion for the supernatant was controlled so as to contain
0.84 wt% of whole hydroxide concentration and 0.06 wt% of

gypsum concentration (corresponding to 7 wt% to the hydroxide



packi ng contai nment chanber of the counter-current packed colum was 1.5
nerr], and the packings were SUS 303 bell saddles (200 kg). The amoni a
conponent obtai ned by the separation described above was absorbed in the
steans used as the separating medium and cool ed into aqueous amoni a.

(8) Uilization of ammonia (1) ueous anmonia was transported to an
anmoni a separatlon col um t hrough the3gransportation pi pel i nes of snal

i nner di aneter n n The anmoni a separation
col um was Gi's %?éid é g??[ergtj) Jfr?rr%/}éfeso g%l%;t%?rlom a supply device in the
downstream of a xhaust channel|, of _a co ustl n furnace ing the
conbustion ash 5@FP¥F5ﬁﬂng% SSYE%EP gzpreseq%:eﬁgngﬁg& and was
present at a Iace aced,by 900 m t i.tion .t he acked col um.
For the s 85edﬂlFewa?h%u%Q]L‘e rjﬁ re3k& crmbgd a% ve was

supplied fron1the upp p I on t he s col um and .st.eans

t enper at urkt %Fé g%é§esupﬂ? 8 sgﬁgF3§?hﬁgn%QﬁLﬁﬁ§$hn%

| ower - portlon, of t he packed colu

35 s Was H§tt ke ﬁéa?%dkﬁfra%@tqp%iﬁﬁ§u9£ﬁﬂHMQ§ R obtained in

t he ammoni a_ separation colum_(water_content: 30 wt% tq form a gaseous

m xt ure (akdiiatisheate r01am>% 143 dvash s HIGIRS 135 OEsiPec, W%‘gresul t ant

m xture was sprayed from
the foregoing processing was conducted till the clogging

occurred, the flash plate press was clogged at the number of
batches of 50 times.

By the way, when the solid/liquid separation was
conducted in the same manner as described above except for
mixing hydroxides into gypsum to be separated in the decanter
and changing the whole hydroxide concentration in the
supernatant to 0.4 % by weight and the gypsum concentration
to 0.01 % by weight (corresponding to the amount of 0.5 wt%
relative to the hydroxides converted as the solid) by
elevating the height of dam disposed to the discharging
portion of the supernatant, the flash plate press was clogged
at the number of batches of 5 times.

Further, as a result of conducting the solid/liquid
separation in the same manner as described above except for
decreasing the amount of gypsum separated in the decanter and
changing the whole hydroxide concentration to 1.0 % by weight
and the gypsum concentration to 0.2 % by weight in the
supernatant (corresponding to 20 wt% to the hydroxides

converted as the solid) by lowering the height of the dam



nozzl es of the ammoni a supply device descri bed above with the nozzle ports
bei ng di sposed to the inner wall surface of the channel downstreamto the
exhaust gas channel of the conbustion furnaces. In this way, ammonia was
utilized as a neutralizing agent for a sulfate gas contained in the
exhaustion gases of the conbustion furnace. (9) Uilization of ammoni a
(2) Aqueous ammoni a was transpoBt/ed through a fine pipeline of

smal | inney, di anet er 2Q. aqL RN shacgge vessel for the
nmetal oxi %p&?g?t S’S gfﬁﬁ gﬁgg%‘%g%g;}? om EE{?ﬁ?f:llqueo&gpeelmmni a storing vessel
to the netal oxidation vessel. (10) Gypsumrecovery step A gypsum

slurry was supplied continuously at a rate of 14 nferr]/hr to a conical

hori zontal -type_continuous decanter and separated into gypsum of 10 w % of
wat er conH@é@—aﬁHﬁgﬂQE%%%rnatant. The hei ght of the dam di sposed to a

di scharging portion for the suypernatant was controlled _so (o] ntain
0.84 w % of whol B*h\RRSFEIE S0 éﬁfﬁ?go#%‘ﬁ% B Y ol(flfuedg)%ﬁtsru%ge
concentration (corresponding to 7 w%to the hydroxide _

36 conver t@¥afnhdhes SFPPPRIt he super nat ant . After recovering the

supernatant to a tank equipped wth a stirrer, it was su g‘l i.ed to and
treated in a fl at® @P&ﬂ@gpFégspﬁgf%%ﬁ&%QLfﬁ%é”%%ﬁﬁﬁts&Pa% 5¢88si h3Sone

batch of clogging'for the packed columns did not occur at all. After
the end of the operation, the packings at the inside thereof.
were taken out and observed for the surface. As a result,
the deposition of gypsum and magnésium hydroxide on the
surface of packings could scarcely be confirmed.

(b) The entire amount of the slurry of the combustion
ashes in the oxidation vessel was discharged and the surface
of the opéning of the gas supply pipe and the surface of the
stirring blade were obéerved. As a result, the scaling
formed by ammonium metavanadate was scarcely found on both of
the surfaces and there was no worry for the clogging‘of the
opening of the gas supply pipe.

(c) The'periphery of the cooling surface of the
counter-current cooling column in the crystallization step
was obsérved. As a result, there was no scaling of the
crystals of ammonium metavanadate and the cooling performance

was nét substantially lowered.

Reference Example 1



solids was set to as 60 kg, and the reduction of the filtration rate to
about 1/2 was judged as cl ogging. Wien the foregoing processing was -
conducted till the clogging occurred, the flash plate press was cl ogged at
the nunber of batches of 50 tines. By the way, when the

solid/liquid separation was conducted in the sane manner as descri bed
above except for m xing hydroxi des i nB8 gypsumto be separated in the

decanter and C%&%&é@g;@\t‘\g%ﬂﬂ%%&;ﬂg@%&&’E%%%rc%teidonni Bhihg

supernatant to psum concentrafion t50; 01 % by

wei ght (cqQrr ondi o h unt of 0.5 wt% .relative.to the hydroxides
converted%%gS%%éggoﬁgd%g%@pf%ﬁgs%f??é}tééfI$ Eﬁ?ngf%égnPHigﬁ%%%do o the

di schargi portion Ef t he su frn tant, the flash Plate ress was cl ogged
at the numbér ISPSER EnBETHf s%p‘? h%@.w the ammonig. FeqQvery iR &
conducting t he oligéli uid , separation in the sane ner_as_ described
above excg‘&' f 872 d ?e%%‘i‘?fblat LRRRE §PSqFRREATYEYat AF 2 i MShe decant er
and changi.ng th mhgle hydr oxi de concentration to 1.0 %by weight and the
gypsun1co%%éﬁ¥? of 1HETY. Begg By EARYRVe flvwedsGper hat Rt €99 EPondi ng
to 20 wt% to the hydroxides converted as the solid) by |lowering the height
of the dam® the packed column, the processing was 3¢tegr§55§@d tIhearhe

di scharge portion of the supernatant.
the slurry stagnated in the inside of the packed column was

removed and the inside thereof was observed. As a result, a
large amount of magnesium hydroxide was deposited on the

surface of the packings.

Reference Example 2

Stripping for free ammonia was conducted in the same
manner as in Example 1 except for changing the gypsum
concentration in the gypsum slﬁrry supplied to the ammonia.
recovery step to 5 % by weight. When the ammonia stripping
was continued for 50 days, since the slurry began to be over
flowed due to the clogging in the packed column. Then, the
processing was interrupted and the slurry stagnated in the
inside of the packed column was removed and the inside |
thereof was observed. As a result, a large amount of gypsum

was deposited on the surface of the packings.



(11) Eval uation The operations described above were continued for
330 days and then stopped. (a) During the processing for anmoni a
separation, the clogging for the packed colums did not occur at all.
After the end of the operation, the packings at the inside thereof were
t aken out and observed for the surface. As a result, the deposition of
gypsum and nmagnesi um hydroxi de on the 3urface of packings could scarcely

be Confirnﬁg§§h§§J¥#¥¥§§ié§ige entire anount of the slurry of the
conbusti on f *dati on vessel was discharged and the surface
of the opening of the gas supply pipe and the surface of the stirring
bl ade were obser¥ed

.. As lt. th [ f b [
met avanadat e was®5cat c?’eﬂtgpf&%%% S&Hgbﬁ?ﬁﬁg‘%lpﬁlec%m%cle%’ %r?mgl%tglhg)re was nho
f th [ f th [ f_th | y..pi pe. .
The. per i phEF5= o1 BN 1 (15 G Be BB ot AUSE Ot & EoL BHOSB5bhg ool U
inth tallizati t b d. As, lt, th
scaling of FERE ELRS<RIan GPORRnSam (EFadaRaiies Shdihe TGoMTHS

performance was not substantially | owered. Ref erence Exanple 1
38 SPRFFPLAG™ f Bie ks enchfptrdniag ebndaRe kR TReR HE s%lgf]ate and

vanadium, which method comprises: at least

a preparing-~step of a slurry of combustion ashes by
mixing the combustion ashes with water,

a double decomposition step for ammonium sulfate,

a recovering-step of free ammonia from a gypsum slurry
containihg free ammonia obtained in the double d5¢omposition
step,

the gypsum slurry being flowed down from an upper
portion of a packed column and air or steams being bldwn from

a lower portion of the packed column to bring air or steams
into counter-current contact with the gypsum slurry, thereby
conducting stripping for ammonia, and

a gypsum separation step.

2. A method according to claim 1, wherein the solid
concentration of gypsum in the gypsum slurry is 7 to 40 % by

weight.

3. A method éécording to claim 1 wherein the pH value

of the gypsum slurry is not less than 11.

* c L M S *



manner as in Exanple 1 except for changing the pH value of the gypsum
Slurry supplied to the ammonia recovery step to 10. Wen the ammoni a
stripping was continued for 60 days, since the slurry began to be over

fl owed due to the clogging in the packed colum, the processing was
interrupted. Then, the slurry stagnated in the inside of the packed col um
was renoved and the inside thereof wa40observed. As a result, a large
anount of magnesi um hydr oxi de was deposited on the surface of the

packi ngs. Ref erence Exanple 2 Stripping for free anmoni a was

conducted in the sape nner_. as .i.n Exanple_1 except f ngi ng the
gypsum concent fat i%rf“?ﬁ%i’%éafg ZngpB{) gﬂﬂﬁ?f%dé?rﬁé%%&gmmni a
recovery step to 5 % by weight. Wien the a ia_stri.pping. cont i nued
for 50 day§coyPree Pﬁezg?u‘f’ E/‘Fb‘”e‘b%ﬁ?sclﬁlgo@eggga ag) éﬁé@gaﬁel?ggf% m::]#'oggi ng
in the packed colum. Then, the processing was interrupted and the slurry

stagnatedwmﬁcbh@ethﬁéi9€m6¥i§ﬁ%:packed col um was renoved and the inside

t hereof was observed. As a result, a |arge amunt of gypsum yas deposi ted
on the surface éamEPopaérgngshixture of ammonia stripped in the 39

WHAT IS CLAI MED | S: 1. A wet-processing nethod for conbustion ashes

of petroleameniigelrecovekyesten A Strans dal (t8e STl §hodBdaRequS '

solution to an ammonia separation device disposed in a
battery limit of an ammonia supply device in an exhaust gas
channel of a combustion furnace;

mixing a gaseous ammonia separated and recovered by the
ammonia separation device with air; |

heating the mixture; and

supplying the resultant mixture into the exhaust gas

channel of the combustion furnace.

5. A method of utilizing the ammonia component
recovered by the wet-processing method as defined in claim 1
for the preparation of ammonium metavanadate, which method
comprises:

a solid-liquid separation step of removing solids from
the slurry of the combustion ashes,

a metal oxidation step of supﬁlying ammonia and an
oxidative gas ﬁo an aqueous solution formed by removing the
solids from the slurry of the combustion ashes to oxidize
vanadium, thereby obtaining an aqueous solution containing

ammonium metavanadate, and

L



fire flue of an exhaust gas for a boiler or the like using petroleumfuels
and containing at |east ammoni um sul fate and vanadi um which nethod

conprises: at |east _ a preparing-step of a slurry of conbustion ashes
by mxing the combustion ashes with water, a doubl e deconposition
step for ammoni um sul fate, a recovering-step of free ammonia from a

gypsum slurry containing free ammoni a4dbt ai ned in the doubl e deconposition

st ep, t he ) L. ur bej f f.r ti f
a packed col um aa%%g:ég]li Z?Fégﬁssg%? n%g%f%v\%%grﬁn%? omgggg%rtpga I01(‘)nt ﬁe

packed columm to hring air or steans into counter-current contact with the
gypsum sl MFSAVEREPESy  conducting stripping for ammonia, and a
gypsum separati on step.

2. A et hod accordi to aim1l, wh [
the solid concéifichttFfSor tEPFsifTs %%%Olaf’p’%atﬁﬁigiﬁ%%%ns% Sto 40 %g;el "

wei ght . . 3. A method according to claim1 wherein the pH value of
t he gypSLnﬁ¥ﬁHﬁﬁﬁPq_§tﬁBtOﬁeggetﬁ HrﬁXE%E the combustiodon ashes aﬁd tﬁe
40 4. A nethod of utilizing_an anmpni a conponent

double decomposition step of ammonium sulfate as defined in
claim 1, and

a mixture of ammonia stripped in the ammonia.recovefy
step and steams being transported in the form of an aqueous

solution to the metal oxidation step.

6. A method of utilizing the ammonia component
recovered by the wet-processing method as defined in claim 1
for the preparation of ammonium metavanadate, which method
comprises:

a metal oxidation step of supplying ammonia and an
oxidétive gas to the slurry of combustion ashes to oxidize
vanadium, thereby obtaining a slurry containing ammonium
metavanadate,

a solid/liquid separation step of removing solids from
the slurry containing ammonium metavanadéte, and

.a crystallization step of the obtained ammonium
metavanadaté,

said three steps being incorporated between the
preparing-step of the slurry of the combustion ashes and the

double decomposition step as defined in claim 1, and

L]



recovered by the wet-processing nethod as defined in claiml1, which nethod
conpri ses: transporting a m xture of ammonia stripped in the

anmoni a recovery step and steans in the formof an aqueous solution to an
amoni a separation device disposed in a battery limt of an anmmoni a supply
device in an exhaust gas channel of a conbustion furnace; m xi ng a
gaseous anmoni a separated and recovereéi2by the ammonia separation device

with air; heating the m xture; and ; u ' | t ant
mxture into thé g‘iﬁéﬂ§g %gsam%%%lnaneﬁtrolfppteﬁle lgo%és%ﬁh%r%%%%‘?w

5. A nmethod of utiljzing the a nia c onen recovered_by
met-proce§§?ﬁgaﬂétﬁ53a%§ RR¥I% ﬁq§99€% 12 %8? ?ﬁémp?gp%ﬁaﬁéég?%ﬁ
anmoni um et avanadat e, whi ch t ho conpr.ises:.. .. a solid-liquid

separ at i 0F3EAOBf 2R NSRRI DI LTS FiRtah & AFFAERoF Y BRe conbusti on
ashes, a netal oxidation step of supplying amonia and an

oxi dative gas to an aqueous solution fornmed by renoving the solids from
the slurry of the conmbustion ashes to oxidize _vanadium ther%gy obt ai ni ng

an aqueous sol ut’i-on?cBREREN FRFOTHTGH temCHBLEY 8n8lab e, WRRELLD

41 a crystallization step for the obtained ammoni um
oxidation vessel in which a gas supply pipe is disposed so as

to be protruded in a reaction material is used, and heated
steams are introduced together with the oxidizing gas from

the gas supply pipe.

8. A method as described in claim 5 or 6, wherein the
reaction in the metal oxidation step is taken place at a high
© temperature condition of not less than lOQ°C under a pressure _

to obtain an aqueous solution in which the concentration of
ammonium metavanadate is not more than the saturation
concentration aﬁ the temperaﬁure of the aqueous solution, and
not less than 1.2 % by weight and the concentration of an
ammonium sulfate is fiom S to 30 % by weight,. and

the obtained agqueous solution is transported under
pressure and a temperature retaining condition through the
supply pipe and supplied to a crystallization vessel in the

crystallization step.

9. A method according to claim 6 or 7, wherein a
continuous'crystallization method of cooling and

crystallization an aqueous solution containing ammonium

s



met avanadat e, said three steps being incorporated between the

pr eparing-step of the slurry of the conbustion ashes and the double
deconposition step of anmonium sul fate as defined in claiml1, and a
m xture of amonia stripped in the amobnia recovery step and steans being
transported in the formof an aqueous solution to the netal oxidation

st ep. 6. A nethod of utilizingXhe amoni a conponent recovered by

t he wet - processin thod as defined in claim for t.he preparation of
ammoni um n@?%‘ﬁf?ﬂjﬁ , ngﬁe%ef‘hoa c%%%?&e%‘%:e contmé‘ldri@ﬁ I tSX?CgSt i on
step of supplyi ammoni a and an, oxidative_gas to t sl yrory of conbustion
ashes to og%ﬁ%ﬂ%mesﬁﬁ r &é6y18B a?%i?%eacgﬁﬁarmaltz@:#tl Fh§Pammoni um
net avanadat e, a solid/liquid separation step of renovi sol,ids from
the slurry cont ad rFRG Ehinofaihore CEVAR]ISPEPT dfEng the C%f%frév@géﬂtilfauon-
step of the obtained ammoni um_ net avanadat e, ) said three steps being
i ncor por at ées$rRt vilikh & IfeolsrefaspRgedt Bp Bhe t petside rhegteathahdeRhagei on

ashes and the doubl e deconposition step as defined in claim1, and
42 connected by means of a circulation channel is used,

a élurry in the crystallization vessel in an amount
more than that of the raw material solution supplied is
circulated to the cooler, and

a slurry substantially identical in the amount with
that of the raw material solution supplied is withdrawn from

the crystallization device.

10. A method according to in claim 1, wherein two
units of solid/liquid separatofs are used in series in the
gypsum separation step, with the first solid/liquid separator
being a centrifugal precipitation-type solid/liquid separator
and the final sdlid/liquid separator being a centrifugal
precipitation-type solid/liquid separator or a filtration
type solid/liquid separator, and

which method comprises:

processing a gypsum-containing slurry (A) by the first
solid/liquid separator,

separating into gypsum (C) and a supernatant (B)
containing nickel and/or magnesium hydroxide mixed from the
gypsum-containing slurry (A) and containing 1 to 20 % by

weight of gypsum, calculated as solids, based on the

T



a mxture of ammonia stripped in the anmmoni a recovery step and steans
being transported in the formof an aqueous solution and supplied to the
et al oxi dation step. 7. A nethod according to claim5 or 6,
wherein an oxidation vessel in which a gas supply pipe is disposed so as
to be protruded in a reaction material is used, and heated steans are

i ntroduced together with the oxidizing4d4as from the gas supply pipe.

8. A nethqod .as described in claim5 or 6, wherein the reaction in the

net al oxi%§PF8ﬁI§F§p #8%t aken place at a high tenperature condition of not
| ess than 100[ err] C under ressure tq oftain agueous solution in

whi ch the conce SF?Sﬁngfgh%nﬁ%ﬂﬁ{ﬁﬁﬁﬂyhvgﬂa&gtggﬁs?ﬁB?Ennre than the
saturation _caoncentration at the tenperature of the gqgezus solution, and
not |ess tRIAM 129948y SRRPERECAMNP tHRPEH TSt PofOotdah®) aforf um sul fat e
is from5 to 30 % by weight, and . ..the obtained agueous,solution is
transporté@sﬁﬁdyﬁteﬁrégéuﬂ%taﬁEP%F§¥ﬁﬁﬁ%%ﬂlﬁQQtPéF&PHiﬁBecﬁﬂii i on through
the supply pipe and supplied to a crystallization vessel in the
crystallization step. 9. A nethod according to claim®6 or 7,
wherein a continuous crystallization nethod of cooling and
crystallization an aqueous sol ution containi ng anmoni um

A



43 netavanadate supplied at a constant rate continuously to the
erystallization vessel is used in the crystallization step, - a
crystallization device conprising the crystallization vessel and a cool er
~di sposed to the outside thereof which are connected by neans of a
circulation channel is used, aslurry mz;}:&}gr%&gg)y@tpﬂm@ tion vessel

in an anobunt nore than that of the ra#Smateri a f(gtA_‘Ig‘p}\;ﬁuppl ied is

circul at eg%q.F%E@ QQO&'%%ﬁé&]O%EIH aslurry s +& ntical in
t he anmoun ' erial solution supplied is w thdrawn

f th tallizati devi ce. . 10. A nethod r di to i
claim 1, uhet oi APWBECHANE o BT <S5/ TTYARSF Spdr HEbr 8 aRESREEH I n Sor| es

inthe g m.separation step, with the first solid/liquid separator
bei ng a cé%t% °f3u25§ﬂ°§r‘é%%ﬂ%% o‘%tt};??é;%(ﬂ ip&/elpiaﬁﬁpg"§538r%go‘?‘ g]:‘f"m he

final solid/liquid separator being a centrifugal precipitation-type
sol i d/ | i q@td CORRHFEEEY 3FNes 1¢F (hfinh campvstdon; ashegupBdsEpe®at &, and
whi ch net hod_ conpri ses: processing a gypsumcontaining slurry (A) by

the first 9¥GlpdPrrauPasieher sttevp for ammopdyar stilfigtent® HSPRYRFIT- and a
supernatant (B) _containing, nickel and/or magnesium hydroxide m xed from
the gyps@rePoRtafrrAgaEIeRIy frgm anvRsvmistuFgY1cPptadniagyfreei ght of

gypsum cal cul ated as solids, based on the
ammonia produced in the double decomposition step and a

gypsum separation step successively, which is excellent in an
ammonia stripping efficiency from the gypsum slurry in the
ammonia recovery step and in which the clogging in a
stripping device is suppressed, as well as a method of

utilizing ammonia components with an industrial advantage.
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44 hydr oxi des, and processi ng the supernatant (B) by the ;€€¥%0 ;rs
dolid/liquid separator to separate into a solid (D) and a was %8
not supstantlally cont'ai ni ng-the solid.
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A WET-PROCESSING METHOD FOR COMBUSTION ASHES OF PETROLEUM
FUELS, CONTAINING AMMONIUM SULFATE AND A METHOD OF UTILIZING
AMMONIA COMPONENTS RECOVERED BY THE WET-PROCESSING METHOD

ABSTRACT OF THE DISCLOSURE:

The present invention relates to a wet-pfocessing
method which comprises at least a preparing-step of a slurry
of combustion ashes of mixing combustion ashes and water, a
double decomposition step for ammonium sulfate, a recovering-
steﬁ of free ammonia from a gypsum slurrxy containing free
ammonia produced in the double decomposition step and a
gypsum separation step successively, which is excellent in an
‘ammonia stripping efficiency from the gypsﬁm slurry in the
ammonia recovery step and in which the clogging in a
stripping device is suppressed, as well as a method of

utilizing ammonia components with an industrial advantage.
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