Processes for Purifying Phosphoric Acid and for Preparing Phosphoric Acid
Field of the Invention The present invention relates to processes for
purifying phosphoric 5 acid and for producing phosphoric acid, and
particularly to processes for purifying phosphoric acid and for producing
phosphoric acid by hydrating gaseous phosphoric anhydride. Background of
the Invention 10 Traditionally, the methods for purifying phosphoric acid
include an extraction nethod, e.g. the nethod disclosed in USP 6, 251, 351

extracting phosphoric acid produced by the wet process with
NN- di al kyl -a-am noacid in order to increase the purity of phosphoric acid,;

a precipitati net ho ... the thod djclsged in USP 4,986, 970 using
di t hi o carboni Oa%ﬁaﬁgﬁéﬁFﬂ?K@Jﬂ¥§g§%%%2@#%%#@ﬁv;Wﬁ@ﬂ&@@Nyypba@@wgndation;
and an ion-exchange nethod, e.g. the nethod disclosed in USP 5, 006, 319
using a strong al kali ne ani onic exchange resin to renove netal ions from

phosphori ¢ aciRildddwey Biventibg qual ity of phosphoric acid produced by these
nmet hods is far - inferior than the quality of phosphoric acid produced by

the dry process. Thispreseriseversidiogdates © Rocesseefor pusivingphiosphomelust ri es.

USP 4, 495, 165 discloses a, purificatiqon nethod for_ phosphoric acid produced
by the wet %raﬁlgﬁldi | Epfﬁ‘ﬂ‘-ﬁb‘_lg EW&"BFH@C%QH Resisalarlydtogupeespeoticed by t he

wet process- W f’ﬁqlf ting t.-he phosphoric,acid.absorbed in
the sawdust" }A'B{ﬂrl‘??%9%@?%*’???%pﬁ%?‘?@?%céfag%%‘é%ﬁ" §’ﬁﬁ8?46yg‘¥#’&‘ W&t ers, and
using water t gasthubyHogiterichaihgatiyehosphoric acid and/ or phosphoric esters
in the porous sawdust into phosphoric acid. According to this process,

about 90%to
Background of the Invention

10 Traditionally, the methods for purifying phosphoric acid include an
~exfraction method, e.g. the method disclosed in USP 6,25 1,351 extracting
phosphoric acid produced by the wet process Wlth N,N-dialkyl-o-aminoacid

in order to increase the purity of phosphoric acid; a precipitation method, e. g.

the method diclsoed in USP 4,986,970 using dithio carbonic acid-O-estér to

15 separate heavy metals by precipitation; and an ion-exchange method, e.g. the
* method disclosed in USP 5,006,319 using a strong alkaline anionic exchanée '
-resin to remove metal ions from phosphoric acid. However, the quality of
phosphoric acid produced by these methods is far inferior than the quality of
phosphoric. acid produced by the dry process. Thus, these methods are

20 rarely used in the industries. USP 4,495,165 disclosés a puriﬁcatibn
method for phosphoric acid produced by the wet process including
absorbing the phosphoric acid produced by the wet process with porous
sawdust, heating the phosphoric acid absorbed in the sawdust to form
polyphosphoric acid and/or phosphoric acid esters, and using water to

25 hydrate the polyphosphoric acid and/or phosphoﬁc esters in the porous
sawdust into phosphoric acid. According to this process, about 90% to

95% of the impurities in the phosphoric acid produced by the wet process



95% of the inmpurities in the phosphoric acid produced by the wet process 1
remain in the porous sawdust. Thus, a partial purification effect can be
achi eved. However, said purification nmethod is a batch process and has an
extrenely high cost. Furthernore, the purity of phosphoric acid produced
by said method is still far inferior than that of the dry process. For
exanple, the iron content in the phosphoric acid produced by the dry
process is less than 10 ppm and the iron content in phosphoric acid
purified by said nethod is higher than 100 ppm Sunmary of the Invention
10 One objective of the present invention is to provide a process for
purifying phosphoti ¢ agcid. .Anot her objective of, the present jnvention is to
provi de a prode®eun 4 tﬁ%tﬂolr?'iﬁ ﬁ@"’éﬂ%sp P @ BW@EWUE%EB% R CAmdphori ¢
aci d contai ni : JJTRUT it | ' ' hydr i de nd

hydrati ng sai 3.% ;})’héosphoﬁdg? e?nghgﬁ dyg‘r%? @gaﬁ?)ﬁlﬁg&%ﬁgg%h%ra %(ﬁ:]l ﬁéglcé('f% aﬂf@m@n

obj ective of texgrepictf Aih bowteNFuftfernfork OthRr S tH ©FPHHRE adi@"pro@4dd vi ng
phosphoric acid by using the conbustion heat of phosphor to econpose
phosphori ¢ acity ssohneitediy stifipfar irtferer thay thaj af doudrygirosgisor For ezarhplds i de,
and hydrating sai.d phosphori¢c anhydride i.nto phosphoric_acid. 20 Still
anot her obj &ctt &g cqQud tdpégl@rﬁhoﬁ Ht a6 preducsd divothieddy Progessds dessnsi ve

br oduci ng. photior 0o PRk e B TiA P ERTR MRkl YoiobRFARE A e
process. . method is higher than 100 ppm.

Summary of the Invention

10 One objective of the present invention is to provide a process for

purifying phosphoric acid. | |

Another objective of the present invention is to provide a process for
purifying phosphoric acid by decomposing phosphoric acid containing
impurities into gaseous phosphoric anhydride, and hydrating said phosphoric

15 anhydride into phosphoric acid.

Another 6bjective of the present invention is to provide a process for

- purifying phosphoric acid by using the combustion heat of phosphor to

decompose phosphoric acid containing impurities into gaseous phosphoric
anhydride, and hydrating said phosphoric anhydride into phosphbric acid,

20 Still another objective of the present invention is to provide a
comprehensive phosphoric acid production process by combining a dry
process for producing phosphoric acid and a waste phosphoric acid
purification process.

A further objéctive of the present invention is to provide a

25 comprehensive phosphoric acid production process by combining a dry
process for producing phosphoric acid and a purification process for

phosphoric acid produced by a wet process.

2.



~ A further objective of the present invention is to provide a 25

conpr ehensi ve phosphoric "aci d production process by conbining a dry
process for produci ng phosphoric acid and a purification process for
phosphoric acid produced by a wet process. 2 The inventors of the present
i nvention. heat the inpurities-rich phosphoric acid after the renoved of
vol ati |l e conponents contained therein to deconpose phosphoric acid and
gener at e gaseous phosphoric anhydride; and introduce said gaseous
phosphoric anhydride into water or a dilute 5 phosphoric acid aqueous
solution to hydrate said gaseous phosphoric anhydride to form phosphoric
acid. The first shﬁl qQf the present inventjon _renoves the volatile
conmponents from t WS ABYRIPISe . rﬂb’-h Iﬁﬁ%bh’é‘ﬁ?%tl%lléﬁaéo et HapuEities-tigh

Ppri 11 ce. s POttt A RREES Rl el S nonfel OB s 0" ©
anhydride is g G@Qoﬁﬁoé@ﬁhd’&@ﬁoﬁ@'a@fd hifd gét A %aa%ﬁ ﬂsnﬂ‘{&?ﬁbﬁc al&ﬁg 11' .1 es

remain in a viscous tresidue solution, igh purity oric
anhydri de subshdrintratiige fsaﬂegaéeou@llﬂtdsphorwldnhjﬂdhﬁdﬁﬂnﬂhl Wwateprgaali diluter

i norganic i ITDU{]I ties, can, be hydrated o phosphoric acid. 15 Brief

Descri pti o oPhe OHCa\RPWgﬁqpﬁ‘QJS poluion &e Haydigtec S@dagﬁmf phosphaphki t e

heat . 2 h t
i agr am of o FORSBR L RREPhGrbORaRrEh P BSE St e Fiesedt vAH08 the
present inve nl‘érﬁ@ves%ﬁe %E.ttﬂé” chip8ndftd §0RE tHe iAGHRI R shoBRRILLH S0

combusti on chanbe
that a crude phosphoric acid liquid substantially free of volatile organic or -

inorganic impurities is obtained. @ The step of generating gaseous
10 phosphoric anhydride is aimed to let non-volatile organic or inorganic
impurities remain in a viscous residue solution, so that a high purity
phosphoric anhydride substantially free of {folatile and non-volatile organic

or inorganic impuﬁties can be hydrated to phosphoric acid.

15 Brief Description of the Drawings
Fig. 1 is a schematic diagram ofa graphite heating apparatus
according to the present invention;
Fig. 2 is a schematic diagram of a rotary heating evaporation furnace
device according to the present inventidn;
20 Fig. 3 is a schematic diagram of a phosphorus combustion chamber
according to the present invention.

Description of the numerals of the key elements

10  Graphite heating chamber 20 Cover
30  Ventilation tube 40 Electric furnace

25 50  Rotary furnace body 60 : 90 » 130 » 140 » 160 Conduits
70 Combustion device 80 Ventilation tube |

110  Phosphorus combustion chamber furnace body

-3-



according to the present invention. Description of the nunerals of the key
el emrents 10 Graphite heating chanber 20 Cover 30 Ventil ation-tube 40

El ectric furnace 25 50 Rotary furnace body 60 , 90 ' 130 , 140 , 160
Conduits 70 Combustion device 80 Ventilation tube 110 Phosphorus
conmbusti on chanber furnace body -3 120 Cover of furnace body 150 Nozzle
Detail ed Description of the Invention A nethod for purifying phosphoric
acid according to the present 5 invention conprises: renoving volatile
conponents from phosphoric acid rich in inpurities to forma crude _
phosphoric acid liquid substantially free of volatilg conggngggsa heatlgg
sai d crude phqsphoric acid liquid to a tenperature above I n order
to deconpose ﬂ%@spﬁ@V@H’éﬁﬁ@- 08%i d crud®bhd¥BRric acid 1iquid and
gener at e gaseous phosphoric anhydride; and introducing said gaseous
phosphoric anhydride into water or a dilute phosphoric acid aqueous

solution in omgllmgy@[ﬁm%glmﬁgﬁs phosphoric anhydride to form
phosphoric acid. 15 Sai d phosphoric acid rich in inpurities can be a

phosphoric acid phAonetiods famparif¥ing pplasphsric waikt acphdipes ithe agregentor
waste m scel | aneous aci d, contai ning phosphoric acid, wherein the
conponent s andERHRRCOMYIIISes:

removing volatile components from phosphoric acid rich in impurities
to form a crude phosphoric acid liquid substantially free of volatile
compoﬁents;

heating said crude phosphoric acid liquid to a temperature above

10 250°C in order to decompose phosphoric acid in said crude phosphoric acid

liquid and generate gaseous phosphorie anhydride; and
introducing said gaseous phosphoric anhydride into water or a dilute
~ phosphoric acid aqueous solution in order to hydrate said gaseous
phosphoric anhydride to form phosphoric acid. |

15 Said phosphoric acid rich in impurities can be a phosphoric acid
product from a wet process, waste phosphoric acid, or waste miscellaneous
acid containing phosphoric acid, wherein the components and amounts bf
the impurities varj depending on the source thereof and may include volatile
components, organic impurities, and metal ions, etc.

20 Said volatile components can be arbitrary volatile components, e.g.
nitric acid, acetic acic_i, etc. A certain amount of water may also be
removed when removing the volatile components.

Said step of removing the volatile components can be any conventional
process in removing volatile components, so that substantially all the

25 volatile components in the phosphoric acid rich in impurities are evaporated

| into gas, while a certain amount of water is still retained so that an

un-evaporated portion is still in a liquid form (the crude phosphoric acid




the inmpurities vary dependi ng on the source thereof and may incl ude

vol atile conponents, organic inpurities, and nmetal ions, etc. 20 Said

vol ati |l e.-conponents can be arbitrary volatile conponents, e.g. . nitric
acid, acetic acid, etc. A certain anount of water may al so be renoved when
renoving the volatile conponents. Said step of renoving the volatile
conponents can be any conventional process in renoving volatile
conponents, so that substantially all the 25 volatile conponents in the
phosphoric acid rich in inpurities are evaporated into gas, while a

certain-anmount of water is still retained so that an un-evaporated portion
Is still ina]Jiquid form (the crude, phosphoric acid liquid). For exanple,
‘a heating pro&@é‘é‘ﬁcarf%ee’@é@ﬂei @ Bealigr praceshean i ased goc@fﬁ@@mtﬁt‘@lei n the

phosphoric acid;Lii¢h in inpuritjes Jnt as to . escape therefrom and
preferably saivgla%jtlé608}popgﬁy5\f?lng’ev}3)l?%i°ﬁ?'gc@Sﬁgﬁlﬁgﬂflgiom i 108 888 dPing to
a tenperature %$&h&RFor e RERTSI an
aerated heati r?g&%r ocess can belﬁused ?ghﬁe%?p? g %ﬁ%ggﬁg@{l%%ggﬁhgﬁngh in

i mpurities whicbmpeises heafinglte gasmperagire aibiovei 80MRi Mmore ippéfertble atbove
entrain the volatile conponents fromthe phosphoric acid rich in

i npuri ties.5 FAPOekambior examples (amneratedi hegtipg quessss can treusedetd hent the

10T oh i i mBUPRREE 453 peh R iR Rl e MeOIIGE (hel A Robtingi as | n
vacuo (the VagHiHRck@YS bnkfin e %ﬁﬁ{lﬁ‘g@@%oﬁ&ﬁ? rﬁqin?@het Bhé%@gﬁgtaléﬁi righ |

requirement). Generally speaking, cuum heati ng* pr ss and
aerat ed heati g impogiciess Far expmhplegrabheundnkedting peicaisedahart ubed RHocess

is particularly _preferable. Wien necessary, a nmulti-stage process can be
used to renpvaccelerate the evacuation of volatile components from the phosphoric acid
10 rich in impurities by heating the phosphoric acid rich in impurities in vacuo
(the vacuum level being determined according to the actual requirement).
Generally speaking, the vacuum heating process and the aerated heating
process -are preferable, and the aerated heating process is particularly
preferable. When necessary, a multi-stage process can be vised to remove
15 the volatile components; For example, nitric acid and a portion of water
are removed at about 80°C, and acetic .acid and a portion of water are
removed at about 100°cC. | |
Said step of heating said crude phosphoric acid liquid to generate
gaseous phosphoric anhydride by  decomposition can be any conventional
20 heating process, e.g. an electric heating, a combustion heating including an
indirect combustion heating, and a direct combustion heating, wherein the
direct combustion heating process is preferable. A phosphorus combustion
direct heating process is more preferable, which includes introducing said
crude phosphoric acid liquid into a phosphorus combustion chamber where
25 phosphorus is combusted so that a combustion heat of phosphorus is used to
heat and decompose said crude phosphoric acid liquid into gaseous

phosphoric anhydride. Preferably, said crude phosphoric acid liquid is



15 the vol atile conponents. For exanple, nitric acid and a portion of water
are renoved at about 80C, and acetic acid and a portion of water are
renoved at about 100 C. Said step of heating said crude phosphoric acid
liquid to generate gaseous phosphoric anhydride by deconposition can be
any conventional 20 heating process, e.g. an electric heating, a _
combusti on heating including an indirect combustion heating, and a direct
combustion heating, wherein the direct conbustion heating process is
preferable. A phosphorus conbustion direct heating process is nore
preferabl e, which includes introducing saleSCrﬁde Ehosphprlc ﬁgldtlhqggd
I nto a phospherus, conbusti on chanber ere phosphorus is conbysted ¢
that a Eonbﬁsf?%ﬂmﬁﬁ i $%£89ﬁﬁ8ﬁﬂ§lF RerdnspmapRet sothat addshpbsaidsai d

pr ot or bl y. oo iR i OR M U isHRRRRN B AR BE R Crlioh Phebesa o

conbusti on chandéy héatedanbdeimsetet e bererhid gRsbusSHBPhSHL S6h phor i ¢
acid liquid is formed on a wal Ipdogf thg conbugsgtsi onss%iha er, nd 1s heated

and deconposed to Ypidqhaspheus eombustios pliwect heatitipy pirdcdss isSaiddy prosgsbor us
phosphor 1 o Sactd, PHHBRUG EBBRkATIR aFh Ciheils DRTPRNIS:S ceBtbeted o Ghanber
{or m gaseous. oRORRAl KHENERCKST Fotf Refls “BRBBRREP oty Vel ©©
Condi T oms. and it DT Bisc g AR drid RhiReS IhBSARAR.S o °"
t he convent i opadspipyusy At ews oxygenseadainingy gph dstohtirei combustion chamber,

wherein the combustion conditions and combustion devices thereof are all

10 similar to those of the conventional dry process for producing phosphoric

~acid. However, since the introduction of the crude phosphoric acid liquid
according to the process of the present invention will consume a portion or

even a major portion of the phosphorus combustion heat, the temperature of

the combustion chamber will decrease dramatically. - Generally speaking,

15 the temperature in the combustion chamber of the conventional dry process

for producing phosphoric acid is 1200°C to 1800°C. However, the

average temperature of the combustion chamber according to the present
invention is 250° C to 1000° C, preferably 300° C to 800° C, more preferably

350° Cto 600°C. Since the temperature of the combustion chamber can be

20 dramatically reduced, the design of a combustion chamber according to the

present invention is easier. In particular, the advantages of the present

inventidn include lower criteria on the selection of material for the

combustion chamber, without the need of a heat dissipation design, and a

lower equipment cost, etc. That is an average temperature of said gaseous

25 phosphoric anhydride is kept at 300 to 800° C, preferably 350°C to 600° C,

during said step of heating said crude phosphoric acid liquid to generate

gaseous phosphoric anhydride by decomposition.
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acid. However, since the introduction of the crude phosphoric acid liquid
according to the process of the present invention will consune a portion or
even a mmj or portion of the phosphorus conbustion heat, the tenperature of
t he conmbustion chanber wi || decrease dramatically. CGenerally speaking, 15
the tenperature in the conbustion chanber of the conventional dry process
for produci ng phosphoric acid is 1200C to 1800C. However, the average
tenperature of the conbustion chanber according to the present invention
is 250 Cto 1000 C, preferably 300 Cto 800 C, nore preferably 350 Cto
600 C. Since the tenperature of the conbustion -chanber can be 20

dramatically redu'csd, t he desi %3 Qf %éeﬁonbusti on chanpber according to the
present invention PabsEp &t injr £ ithe gaseous prhydridenini setefon adilptesent

i nvention incl r I I I he l.ection.pf material ,f.qr .the
combust i on cha[%‘riﬂ)gp h&?\n@taﬁgqj? &t‘f?%dég n%og‘&ttl%l} t(iefﬁrg}:&te cﬁaécgigﬁ%uéﬁmhgﬂ % 0t a
| ower equi prenghosphéric 8tid-cafltRtcarSed B RIS - i il gaseous
25 phosphori crpanhgdr_ il%e 1i sC keptc atesogﬁ?(% 8008&1%%P?}63L(%y%gg%?% 00C,
during sai d stespventirsdtdryigpreedsd for predystins phosphoriacacid.! i Préfetably, @giier at e

gaseous phogphoric_.anhydride_ by deconpgsition. 6 Said step of introducing
t he gas eous§ arﬁ?i% pf nggq%%‘gvﬁlﬁéas%‘?usaa@m Intehwateh or iad‘llgtﬁb thaspherics

carried out byihadneRCPERGT IS ARREC ST satespe, SRR ath Phnenmcarey
ht T oduci ng e gaeeous anhodr g i en bl Phaphrio SMRICLIRESR by oci g
aqueous sol ut idseomposifidnaarel sk gagmmsoptsosphbnicl rEntediidd QediitRsE To6rh Cthe
' combustion of phosphorus into water or said dilute phosphoric acid aqueous
10  solution to hydrate said gaseous phosphoric anhydride and form phosphoric
acid. Generally speaking, the use of a dilute phosphoric acid aqueous
solution to hydrate said gaseous anhydride is préferable. o
The present invention also discloses a process for producing
phosphoric acid, which comprises the purification process of the present
15  invention. '
The present invention will be better understood through the following

examples which are illustrative only and not for limiting the‘scopé of the

present invention.

20 Example 1:

1000 g of a waste acid from the photoelectric industry was used, and

its main components are shown in Table 1.



acid conprises introducing said gaseous phosphoric anhydri de generated by
deconposition and the. gaseous phosphoric anhydride resulting fromthe
conbustion of phosphorus into water or said dilute phosphoric acid aqueous
10 solution to hydrate said gaseous phosphoric anhydride and form
phosphoric acid. Generally speaking, the use of a dilute phosphoric acid
aqueous solution to hydrate said gaseous anhydride is preferable. " The
present invention also discloses a process for produci ng phosphoric acid,
whi ch conprises the purification process of the present 15 invention. The
present invention will be better understood through the follomdng exanpl es

which are ill e, onI and no for pe of present

i nventi on. HSE&LS@:JIM&@C eg of %W%@ﬁé% S%’t ric

i ndustry vvas usef,—amd IT CUNPOTTETItST-are sto Fabte—% 7 Table
1: Main conponenis of a %g?pél rTlromthe phot oel &%?1}"0 I ndust rfy
Phosphori c aci d6. 7% Acet '&c@tﬁ aﬂﬁ Z% NI TT T C[ aci d37 4%y Alekm nunD."048% Pour ed
the waste acid ip_a pyriform ﬁof a rotjary evaporator. The dyriform
flask was slantly nount ed Nitriz aved er bath at 90C, and gogt ated at {5 about 60

rpm whi |l e being Jracuuned to r emoyve the acetic acid and nitrjc
~Aluminum 0.048%

Poured the waste acid in a pyriform flask of a rotary evaporator. The

pyriform flask was slantly mounted in a water bath at 90° C, and rotated at

5. about 60 rpm while being vacuumed to remove the acetic acid and nitric

acid from the waste acid. After 60 minutes, 745 g of a crude phosphoric
acid liquid was obtained, the composition of which was analyzed and is

shown in Table 2.

10 Table 2: Main ingredients of the crude phosphoric acid liquid
Phosphoric acid _ 92%
Acetic acid | | - N/D¥*
Nitric acid ' ND _
Aluminum 0.064% .

* N/D — non-detected, hereinafter abbreviated as N/D

500 g of the crude phosphoric acid liquid was placed in the apparatus

shown in Fig. 1, wherein 10 represents a graphite heating chamber, 20

15 represents a cover, and 30 represents a ventilation tube. Said graphite
‘heating chamber 10 was heated in an electric furnace 40 in order to
decompose the crude phosphoric acid liquid into phosphoric anhydride.
The phosphoric anhydride was introduced into 100 ml of water through the
ventilation tube 30 on the cover 20, thereby obtaining 530 g of phosphoric

-8-



acid fromthe waste acid. After 60 m nutes, 745 g of a crude phosphoric
acid liquid was obtained, the conposition of which was anal yzed and is
shown i-n Table 2. 10 Table 2: Miin ingredients of the crude phosphoric acid
l'i qui d Phosphoric aci d92% Acetic acidNID* Nitric aci dN D Al um nunD. 064% *
N D - non-detected, hereinafter abbreviated as NND 500 g of the crude
phosphoric acid liquid was placed in the apparatus shown in Fig. 1,
whereiin 10 represents a graphite heating chanber, 20 15 represents a cover,
and 30 represents a ventilation tube. Said graphite heating chanber 10 was
heated in an electric furnace 40 in order to deconpose the crude
phosphoric acid.]jquid into phpsphoric, anhydride. The phosphoric anhydride
was introduceéwFLﬁ% £6 OMposttign showiinokagie 3he  ventil ation tube 30 on the
cover 20, thereby obtaining 530 g of phosphoric -8 acid having a
conmposition shown in Table 3. Table 3: Miin conposition of the phosphoric

aci d Phosphoric aci d81. T36]8GeMdin 6ipdkiobl dffth€ pREIpHULR aflduni nuntl. 2ppm 5

Exanpl e 2:
Phosphoric acid 81.7%
Acetic acid | N/D
Nitric acid N/D
Aluminum | 1.2ppm

5 Example 2:

As shown in Fig. 2, 50 represents a rotary. furnace. A waste
phosphoric acid was introduced into the furnace through a conduit 60. 70
represents a combustion device using an ordinary fuel. The combustion
flame from the combustion device 70 was introduced into the furnace so that

10  the waste phosphoric acid solution in the form of a ﬁlm on the wall of the
rotary furnace was heated directly. " The volatile gas resulting from
evaporation was evacuated through a ventilation tube 80. The crude
phosphoric acid depleted of the volatile components flew out through a

“conduit 90. In the present example, the fuel to the combustion device was

15 controlled to adjust the temperaturé of the crude phosphoric acid flowing out
from the conduit 90. The analysis results in this example are shown in
Table 4.




As shown in Fig. 2, 50 represents a rotary furnace. A waste phosphoric
acid was introduced into the furnace through a conduit 60. 70 represents a
conmbusti on device using an ordinary fuel. The conbustion flame fromthe
combusti on device 70 was introduced into the furnace so that 10 the waste
phosphoric acid solution in the formof a filmon the wall of the rotary
furnace was heated directly. - The volatile gas resulting from evaporation
was evacuated through a ventilation tube 80. The crude phosphoric acid
depleted of the volatile conponents flew out through a conduit 90. In the
present exanple, the fuel to the conbustion device was 15 controlled to

adj ust the tenperature hosp ri¢ acid flowing out fromthe
conduit 90. The anal yS| at?lgls}' YS’f? F’HIES%fQ BheFPROER in Table 4.

Tabl e 4: Anal Y§LSEER Wi Of uge pjo Sanple
vari ousWast e80 %0 C120 C150W tFerrp p s ho[L @bagl t?geér ude]éDuGe
before enteripgph phoﬁﬂinnlphhmlﬂtwmaaﬁhomm@rl cpoagphar i eridk es @fude
anal ysi sthe f Jr naceaci daci %%}ede%% PE}gs%horl c acid [68.782, 386. 589. 896. 8
(% Acetic ac é% . 5(0. 307 975 | Phespheriog phosphoric. | phosphoric | -
Al uni num 4805 i@@i 2y the furnace acid . acid acid acid
| [ Phosphoric acid
68.7 82.3 86.5 89.8 96.8
(%)
Acetic acid (%) 72 4.5 03 | - —
Nitric acid (%) 3.4 1/ I S R —
Aluminum
480 570 615 631 686
(ppm)
Examples 3-7:

As shown in Fig. 3, 110 represents the furnace body of a phosphorus

5 combustion chamber and 120 represents an upper cover of the firnace body.

A crude phosphoric acid at 150° C from Example 2 was directly introduced

through a conduit 130 into the upper end of theé furnace body, from which it
overflew to form a uniform liquid film of the crude phosphoric acid on the

furnace wall. Phosphorus was sprayed into the furnace for combusﬁon

10 through a nozzle 150, and the required air was introduced through a conduit

160. The liquid film of the crude phosphoric acid liquid was directly

heated by the combustion heat from the combustion of phosphorus, and was

decomposed into gaseous phosphoric anhydride, which was introduced
through a conduit 140 to a hydration absorption process in the dry process

15 for producing phosphoric acid to be hydrated with pure water into clean

phosphoric acid. The residual crude phosphoric acid liquid was discharged

from a conduit 170 at the bottom of the furnace. The results of these

examples are shown in Table 5.

-10-




(ppm Exanples 3-7: As shown in Fig. 3, 110 represents the furnace body of
5 conbusti on chanber and 120 represents an upper cover of the
A crude phosphoric acid at 150C from Exanple 2 was directly

a phosphorus
furnace body.
i ntroduced
fromwhich it

overflewto forma uniformliquid filmof the crude

phosphoric acid on the

furnace wal |

through a conduit 130 into the upper end of the furnace body,

Phosphorus was sprayed into the

furnace for conmbustion 10 through a nozzle 150, and the required air was

i ntroduced through a conduit -

acid liquid

of phosphor us,
was i ntroduced

was directly
and was

the dry process 15 for produ

wat er

hydr at ed

5

into cl ean
l'iquid was di
results of th
Exanpl es 3-7

of hydr at edal u

phosphoriccgggﬁspgﬁgh&%gﬁ%§§hﬁgégﬂg

schar geAmdunosf] a2 condullt 170 Jtahdet &t T oM Of [T A oldloRa
ese  exfanpl es are shown in Tahkle 5. -10Cdabbe |5: Result
Amount  (of nt AHPH’F[?@ 1tT°‘BP' ofqnbydrgged ¢ rﬂ%ﬁ{?)uﬁlu%#%ﬁp.
i num | iyl ishstoRs phasdosP SRR ffé e}f S PhRsRAREIO
acid introduced |phosphoric acid P osp.donc phosphoric

introduced (kg) anhydride | produced ?;1) acid

k) (ke) - Yl opm)

3 1732 142 365°C 1945 83.0 1.32

4 1590 145 421°C 1890 85.2 0.84

5 1390 146 | 502°C 1825 86.0 0.52

6 1246 148 571°C 1736 86.3 0.96

7 1143 150 626°C 1650 86.5 1.06

| Examples 8-12:

The procedures in Examples 3-7 were repeated, except that natural gas

was used as fuel to replace phosphorus.

shown in Table 6.

-11-

The results of these examples are

160. The liquid filmof the crude phosphoric
heated by the conbustion heat fromthe conbustion
deconposed i nto gaseous phosphoric anhydri de,
t hrough a conduit 140 to a hydration absorption process in
e hydrated with pure
phosphoric-acid

whi ch

ce.
s of

t he

The




Exanpl ephosphori ¢ aci di nt roducedphosphori caci dphosphori c acid

I ntroduced( kg) anhydri deproducedacid (% (kg)(kg) (ppm

31732142365" C194583. 01. 32 415901454210C189085. 20. 84 51390146502
C182586. 00. 52 612461485710C173686. 30. 96 71143150626 C165086.51. 06 Exanpl es
8-12: 5 The procedures in Exanples 3-7 were repeated, except that natural
gas was used as fuel to replace phosphorus. The results of these exanples
are shown in Table 6. Table 6: Results of Exanples 8-12 Anobunt of Anount
of Anvount of Conc. of crudeAnount of Tenp. of hydrated. al umi numin hydr at ed
phosphori cnat ural gasgaseousphosphorict he hydrated Exanpl ephosphoric

acl.di ntroducedphosphori caci dpﬂ%slggp iesculiz:iscci)dexamplezs 8-12

Amount of Amount of c ¢ Amount of
onc. o
crude  [Amount of| Temp. of | hydrated aluminum in
- ‘ hydrated
phosphoric {natural gas| gaseous | phosphoric _ | the hydrated
Example phosphoric
: acid introduced | phosphoric acid y phosphoric
aci
introduced (kg) anhydride | produced o) acid
(1]
(kg) (kg) (ppm)
8 1802 89 | 381°cC 1617 85.2 1.35
9 1795 102 468°C 1660 86.1 1.36
10 1790 115 512°¢C 1742 86.0 2.45
11 1800 128 590°C 1769 86.2 3.1
12 1785 141 645°C 1763 86.3 3.2

Although the present invention has been described with reference to

specific details of certain embodiments thereof, it is not intended that such

-5 details should be regarded as limitations upon the scope of the invention
except as and to the extent that they are included in the accompanying
claims. Many modifications and variations are possible in light of the

above disclosure.
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I nt roduced(kg) anhydri deproducedacid (YO (kg)(kg)(ppm 8180289381
C161785. 21. 35 917951024680 C166086. 11. 36 101790115512 C174286. 02. 45
111800128590 C176986.23.1 121785141645 C176386. 33.2 Al though the present

i nventi-on has been described with reference to specific details of certain
enbodi nents thereof, it is not intended that such .5 details should be
regarded as limtations-upon the scope of the invention except as and to
the extent that they are included in the acconpanying clains. Many -

nodi fications and variations are possible in light of the above o

di scl osure. C ains: - A process for purifying phosphoric acid conprising
t he follomﬁng(ﬁ%uﬁs reaning vol atil e conponents from phosphoric acid rich
in inpurities Y forma crude phosphoric acid |iquid suastantlaliy free
of volatile conmponen 0 a

t enper at ure above gS%i) r%:e?%?%rr @mﬁﬁg%ggagﬁgg{ ﬁ%ﬁ%{hapf:ogg%g%

crude phosphowtepsacid |iquid and gener ate gaseous phosphoric anhydrlde

and 16 |ntrodu0|ng sai d gaseous phosphoric anhydride into water or a dilute
removing volatile components from phosphoric acid rich in impurities

5 to form a crude phosphoric acid liquid substantially free of volatile
componentsj |
heating said crude phosphoric acid liquid to a temperature above
250° C in order to decompose phosphoric acid in said crude phosphoric acid
liquid and generate gaseous phosphoric anhydride; and
10 introducing said gaseous phosphoric anhydride into water or a dilute
phosphoric acid aqueous solution in order to hydrate said gaseous

phosphoric anhydride to form phosphoric acid.

2. The process as claimed in Claim 1, wherein said phosphoric acid
15 rich in impurities is a waste miscellaneous acid containing phosphoric acid

or a phosphoric acid product produced by a wet process.

3. The process as claimed in Claim 2, wherein said step of removing
volatile components comprises heating to a temperature above 80°C
20 |
4. The process as claimed in Claim 3, wherein said step of removing

volatile components comprises heating to a temperature above 100° C

5. The process as claimed in Claim 4, wherein said step of removing
25 volatile components comprises heating the phosphonc acid rich in impurities
in vacuo or heating the phosphoric acid rich in impurities while air is being

introduced to entrain the volatile components from the phosphoric acid rich

-13-



phosphoric acid aqueous solution in order to hydrate said gaseous
phosphori.c anhydride to form phosphoric acid. 2. The process as clained in
Claim 1, wherein said phosphoric acid 15 rich in inpurities is a waste

m scel | aneous aci d cont ai ni ng phosphoric acid or. a phosphoric acid
product produced by a wet process. | The process as clainmed in Caim 2,
wherein said step of renoving volatile conponents conprises heating to a
t enperature above 800 C. 20 4. The process as clained in Uaim3, wherein
said step of renoving volatile conponents conprises heating to.a
tenperature above 100.0 C. 5. The process as clainmed in Caim4, wherein
said step of r.enoving 25 volatile conponents conprises heating the
phosphori ¢ acﬂﬂlgﬂwﬁ%ﬁﬁ inpurities in vacuo or heating the phosphoric acid
richin inpurities while air is being introduced to entrain the volatile
conponents fromthe phosphoric acid rich - 13 in inpurities. 6. The process
as clained in O ai 6 The phiresd & daintedineDlagh 1NedHekdifl saidiaiteh 6f hslgirghosphori c
acid liquid to generate gaseous phosphoric anhydride 5 by deconposition
conpri ses a coatsbiemide phhephorieacid liqiddogenemts gassous phospioric aGhadrids,

wher ei n sai onbustion,, heating conprises introducing said crude

phosphori c gcﬁa@qcamﬂ?mwoglprg%@ﬁﬁm%ﬂ%ﬁsmlig-on chanber where
phosphorus is conbusted, so that a 10 conbusti on heat of phosphorus is used
to heat and deconpose said crude phosphoric acid liquid into gaseous .

phosphori c anhydri deThépfbeesy 4k dhiiedoh Claim 6, wherein said combustion

 heating comprises intfoducing said crude phosphoric acid liquid into a
phosphorus combustion chamber where phosphorus is combusted, so that a

10 combustion heat of phosphorus is used to heat and decompose said crude
phosphoric acid liquid into gaseous phosphoric anhydride; and said step of
introducing the gaseous anhydride into water or a dilute phosphoric acid
aqueous solution to hydrate said gaseous anhydride into phosphoric acid
comprises introducing said gaseous phosphoric anhydride generated by

15 decomposition and a gaseous phosphoric anhydride resulting from the
combustion of phosphorus into water or said dilute phosphoric acid aqueous
solution to hydrate said gaseous phosphoric anhydride and form phosphoric

acid.

20 8. The process as claimed in Claim 7, wherein said crude phosphoric
acid liquid is introduced into said phosphorus combustion chamber in a
manner so that a film of said crude phosphoric acid liquid is formed on a
wall of the combustion chamber, and is heated and decomposed to generate
gaseous phosphoric anhydride.

25

9. The process as claimed in Claim 8, wherein an average temperature

of said gaseous phosphoric anhydride is kept at 300 to 800° C during said
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i ntroduci ng the gaseous anhydride into water or a dilute phosphoric acid
aqueous solution to hydrate said gaseous anhydride into phosphoric acid
conprises introducing said gaseous phosphoric anhydride generated by 15
deconposition and a gaseous phosphoric anhydride resulting fromthe
conbusti on of phosphorus into water or said dilute phosphoric acid agueous
solution to hydrate said gaseous phosphoric anhydride and form phosphoric
acid. 20 8. The process as clainmed in Claim?7, wherein said crude
phosphoric acid liquid is introduced into said phosphorus comnbustion
chanmber in a manner so that a filmof said crude phosphoric acid liquid is

formed on a \ ustion chanbek, .and ,is heated and deconposed
to generate \é%éﬂe?)ﬁée%ﬁl s%ﬁcg%u ° ﬁﬂﬁ}orn&eqcu%gqgl% t?@nﬁqai)%%@gogg claimed in
G ai m 8, wher gilbspRord SAIRERIde Y c%h{ﬁo@itio‘ﬂf sai d gaseous phosphoric
anhydride is Kept at 300 to 800 C during said -14 step of heating said
crude phosphoric acid liquid to generate gaseous phosphoric anhydride by

deconposition. 10. _The process as claimed in Caim9, wherein the average 5
tenperature of sai d0gblepissessiassinisradindinigd; wherein thepvesage3s0 t o 600C.

compri ses.teingoRmrR el Mol AR B0 kB A B B0 R o at o

said gaseous phosphoric anhydride into phosphoric acid. 10

11. The process as claimed in Claim 10, wherein said hydration step
comprises using said dilute phosphoric acid aqueous solution to hydrate said:

gaseous phosphoric anhydride into phosphoric acid.

10
12. The process as claimed in Claim 7, wherein an average
temperature of said gaseous phosphoric anhydride is kept at 300 to 800°C
_ during said step of heating said crude phosphoric acid liquid to generate
gaseous phosphoric anhydride by decomposition.
i5

13. The process as claimed in Claim 12, wherein the average

temperature of said gaseous phosphoric anhydride is kept at 350 to 600° C,

14. The process as claimed in Claim 13, wherein said hydration step
20 comprises using said dilute phosphoric acid aqueous solution to hydrate said

gaseous phosphoric aﬁhydride into phosphoric acid.

15. A process for producing phosphoric acid comprising the
purification process defined in claim 1.
25
16. The process for producing phosphoric acid as claimed in Claim 15,

wherein said step of heating said crude phosphoric acid liquid to generate

-15-



12. The process as clainmed in Caim?7, wherein an average tenperature of
sai d gaseous phosphoric anhydride is kept at 300 to 800C during said step
of heating said crude phosphoric acid liquid to generate gaseous
phosphori c anhydri de by deconposition. 15 13. The process as clainmed in
Claim 12, wherein the average tenperature of said gaseous phosphoric
anhydride is kept at 350 to 600 C. 14. The process as clainmed in Caim13,
wherein said hydration step 20 conprises using said dilute phosphoric acid
aqueous solution to hydrate said gaseous phosphoric anhydride into
phosphoric acid. 15. A process for produci ng phosphoric acid conprising the
purification process.defined inn claiml. 25 16. The process for .producing
phosphori ¢ aci%?sﬁ%usﬁléﬂsﬂhgl? ﬁ%@r‘%%@‘,}ewﬁ%’ﬁg}% csoap}gn%ets@ﬁombq.?gapi ng said
crude phosphoquﬁﬁ%id liquid to generate -15 gaseous phosphoric anhydri de
by deconposition conprises a conbustion heating. 17. The process for ‘
produci ng phosphoric acid as clainmed in Caim16, 5 wherein said
conmbustion heating_conprises introducing said crude phosphoric acid |iquid
into a phosphorus &bnbigprasasscies preducingplkospbhrs pridrasslaimeddntitisirad 6, so

S G o T MW R S T )
step of introgmekiKbridsid IRERH G PMEEM us combustion chamber where

phosphorus is combusted, so that a combustion heat of phosphorus is used to

heat and decompose said crude phosphoric acid liquid into gaseous

‘phosphoric anhydride; and said step of introducing the gaseous anhydride

10 into water or a dilute phosphoric acid aqueous solution to hydrate said

gaseous anhydride into phosphoric acid comprises introducing said gaseous

phosphoric anhydride generated by decomiaosition and a gaseous phosphoric

anhydride resulting from the combustion of phosphorus into water or said

dilute phosphoric acid aqueous solution to hydrate said gaseous phosphoric

15 anhydride and form phosphoric acid.

18. The process for producing phosphoric acid as claimed in Claim 17,
wherein said crude phosphoric acid liquid is introduced into said phosphorus
combustion chamber in a manner so that a film of said crude phosphoric

20  acid liquid is formed on a wall of the combustion chamber, and is heated and

decomposed to generate gaseous phosphoric anhydride.

19. The process for producing phosphoﬁc acid as claimed in Claim 18,
wherein an average temperature of said gaseous phosphoric anhydride is
25  kept at 300 to 800° C during said step of heating said crude phosphoric acid
liquid to generate gaseous phosphoric anhydride by decomposition.
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10 into water or a dilute phosphoric acid agueous solution to hydrate said
gaseous anhydride into phosphoric acid conprises introducing said gaseous
phosphori c anhydri de generated by deconposition and a gaseous phosphoric
anhydride resulting fromthe conbustion of phosphorus into water or said
di l ute phosphoric acid aqueous solution to hydrate said gaseous phosphoric
15 anhydride and form phosphoric acid. .18. The process for producing
phosphoric acid as clained in Claim17, wherein said crude phosphoric acid
liquid is introduced into said phosphorus conbustion chanber in a nmanner
so that a filmof said crude phosphoric 20 acid liquid is forned on a wall
of the conbustion- r...and i s heated and .dec osed t erate
gaseous phosphori Cﬁg%@gp}“o&g_ss _prqﬂécnbg Bhew OFSraG'Sirr%(fa@ir’ﬁéﬁB%gg‘Hﬁ ¢ acid
as clainmed in ' [ h%%ggp At r | J.:gaseous
phosphoric an h‘%??gaegﬁ hﬁgﬁgggts‘&é’f& 3 tegglglo u?@#é ps g?éjhoz?de%lgf heat i ng
sai d crude phasphons solation to hydratecsai dggroas phesphasieeubydhi@sinier i ¢ anhydri de
by deconpositign. -16 2Q. The process for produci ng phosphoric acid as
clained in d & kpric g¢idy ei n sai d hydration step conprises using said
di l ute phosphoric acid aqueous solution to hydrate said gaseous phosphoric
anhydride ihto phosphoric acid. 5
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