, e3e<|d6RTcw2 5 F E B 20~~ METHOD OF FI XI NG AND ELI M NATI NG FLUDRINEB 200
RHOSPHORUS | N WASTE WATER | NCLUNZNG FLUOROPHOSPHATE COVPOUND Fi el d of the
Art 5 The present invention relates to a nethod of fixing and elimnating
fluorine and phosphorus in waste water incIudﬂ@ﬂ“ﬂ"”%"mmmﬁhosphate
conpound. Background of the Art 10 In recent r ophosphat e
conpound has been taken into confidence in every dissi@eti on, and has been
increased in quantity vonounod.|~nong others, |ithium hexafl uorophosphate

has bee”yﬁ?ﬁ((ﬂl? Yoi 'EILAICIANS BISBRENADTIEE AR NGS 1D PrHORPHORYSe ThOr 2

secondar umion battery. 15 Waste water which arises when a
hexaf | uor ophosphalse s %AQW%@J%@UDQNGWFGOOROP%EPHXTESc@ﬁ?@'lﬁlﬁﬁt ured) or a

waste battery is withdrawn, xe neceeEarily contam nated wt

fl uorophosphoric acid. Since fluorophosphate conpounds including PF6' are
stable, it is difficult to elimnate fluorine therefromby nerely adding 20
a cal ciunrsald dheréonfor treatnent. In particular, when it is desired to
decrease fluorine to an anount of 50 gprn or |less in remaining

concel ration, The ipraebidiii dmventd oleeetatestio suakethodonfefiixtig and As a
met hod of fixing fluorine fromwaste water including 25 fluorine so as to
el i m nat eelhmigahing af rneeiione winid phosphordiss Laduaate avatexiinnlswing her et o
so as to produce calciumfluoride to elimnate the sanme has been conmonly
used. HowevEtuoiephpephbate-cempound.5 Fps 2D~ case of waste water including
a fluorophosphate conpound, it is d~.tficul~t lu f~. x Lluor:ines and/oi
phosphorus according to this conventional nethod wherein a calciumsalt is
added thereto for a;e t pent . On the other hand, as a nethod of fixing
fluorine PRCHETPEN ?grgﬁﬁcbﬁ ing a fluorophosphato conpound, a technique

ori ne PACHE f1 uor opt t echni qu
Thi & Wochni que T ERESRe YARLPriohd MAFGRIINE e teo CEMRRCIE Ao es

uner el n'syLLUCT ¢y ac) d s Addel ! oy gasi tpt gL oel ul nguld ugzgohasgpa e

ions so t e concentration of uritc avi an be 1'n the range of

about 25%;fa.-80QWb 357 bygwﬁeg%oa@,@nishmga.mé\agd Yerd e Ef Al i Of 20

to 80C for a period of O. urs, and thereafter, a cal ci um conpound

15 is addgdxhieugrephbepRYet, hasC YedinGaradiy SiicEutedSin Qﬁfeﬁ&‘@.&_ﬁf usi ng
a 7.arge anount of sulfuric acid, a |arge anount of cal ci um hydroxide is
requi red Hemandutirad anl éedctOol godifol a skeofdary 1ithium 1on battery.
15 Wastewater which arises when a hexafluorophosphate is produced.
or when a battery is manufactured, or a waste battery is
withdrawn, ie neceegarily contaminated with fluorophosphoric
acid. Since fluorophosphate compounds including PF, are stable,
it is difficult to eliminate £luorine therefrom by merely adding
20 a calclum salt thereto for treatment. In particular, when it
is desired to decrease fluorine to an amount of 50 ppm or less
in remaining concentration, it is difficult to decrease to such
a concentration.
As a methed of fixing fluorine from waste water including
25 fluorine so as to eliminate the same, a method which comprises
adding a calcium salt thereto so as To produce calclum fluoride

to eliminate the same has been commonly used. However, in the

A
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Furthernore, as result of neutralization, a |arge amunt of 20 cal &i um
sulfate is produced as a by-product, and thus it is necessary to t af CB A
sanme as industrial wastes. Besides, the ~mnt tharpnf tn hP trPat PC7 a~

| ndnmsl :,r.~l.al wastes is i Mmense. For exanple, when waste water including
about 70000 ppmof F is treated in an anmount of 1000 kg, a cake thereof 25
is caused as industrial wastes in an anmount of 1000 to 1100 kg. It is an ob
j ect of the prasen L liiveu Liuu Lu Sri uv isle a nethod of fi.xing and
elimnati | yar, SN, ki 4 E 0 te.water

i ncl udi ngegs I ggr%gﬁggpr\ﬂ%?ge@conpoﬁldwvaﬁif&#%ﬁé ggsggaégsé;?ﬁﬁéuﬂﬁ, 12%~1 ucd
the conceRtr@idons,of | Fne.amngd._ al I er,.4 ncludi ng
the fl uorg%hcgisfphat eﬂcéﬁpfé%{l Et&t)’iiég'\'?%@%&%lﬁs{}%ﬁ%éﬁ?%ﬁé}%géﬁg&t%?fi cul t
accor di Ngcanband 16ARY G tROR WA Nl il 14 92 JEELR Eneldetloegh O] ect
of the present invention to provide a nethod o I xing and elimnating
fluorine apdaphedphox~us in waste water including a fluorophosphate
conmpound, according to which a small anmount of an acid is sufficient for

use) &d the lDoacehe behed Wand sk MethoMst EikANgPL1 iEFBi& Akl ¥aste
suppressed. DI NCLO-URE OF THE | NVENTTON According to the present invention,

a net hod whtkirxiimgladd ng ian flaiorgptdaphatee compqimb,phor tiechiiq@st £s wat er

15 including a fluorophosphate conpound is characterized in that

hydr ochl odescadbgdi &n Jggadhetse Phtcnbdickadat baidr@penl) My .tUTe lovortopdo~phat e

conpound so that the concentration of hydrochloric acid in the waste water

can be i nkPB¥Nrange of 2% to 10~ by weight; and than the Waste water to

Whi ch hydrochloric 2D acid has been added is heated to a tenperature of 80C

to the boiling PBiAt teFhhkduaaks dhmose 96 Hikring FdueFidscashealcium

f | uor pphosphat e .compound jnto RQydrqogen f, 1 ~ri ~lr~ anc3 phc~phcri r. acid,
Hiyad yLEuriga aois

whi | ey b‘&ﬁléﬁl'or‘ft&%r%%. i at3Fef va§s@ddas whPciraste iater wat er
treating doctenel HINEeDncheRal S AanForpLRhat Pa, PPRCRARERLIGRGOE
e oot Lepusaaidiriinyoalh 0 SOAEH LErb SRR e b ona e o
Ef f ect weight, and it is heated at a temperature of 20° to 80°C for
a period of 0.5 to 2 hours, and thereafter, a calcium compound
15 is added thereto.
However, according to this technique, because ot using
a large amount of sulfuric acid, a large amount of calcium
hydroxide is required for neutralizing iron content therein.
Furthermore, as result of neutralization, a large amount of
20 calcium sulfate is produced as a by-product, and thus it is
necessary to treat the same as industrial wastes.
Besides. the amount tharanf tn be treated as industrial
wastes 1s immense. For example, when waste watexr including about
70000 ppm of F is treated in an amount of 1000 kg, a cake thereof
25 is caused as industrial wastes in an amount of 1000 to 1100 kg.

IT 1s an obJect of the presenl Lluveulion Lo pPLovide a

method of fixing and eliminating fluorine and phosphorus in



(Hydrochloric Acid) 5 According to the present invention, first of ﬁ
hydrochloric acid is added to waste water including a tluorophospha FEB 2003
conpound so that the concentration of hydrochloric acid in the waste water
can be in the range of 2~ to 10~ by weight ( so as to acidify the waste
water. Incidentally, 10 when hydrochloric acid is added thereto so as to
heat and hydrol yze the waste water, it is preferred to agitate the sane by
using a stirring apparatus. Fluorophosphate ions are stably in an aqueous

sol ution,,andeifsise g]qékcq]lféﬁtg E@Yu@f@p%qm%ﬁlﬁgﬁpﬁYeﬂgig?%%é ed 15

state in an aqueous al 1 ne “sol ut1 on, e are s y hydr In an
aqueous agt d H3aldysjien. | JhecRLEYEHnd NSO S RN fevaled she Siddlyi ng

t he deconposition of fluorophosphate 1ons. Consequently, it has been found
that hydr QE?thuécﬁ.H theafid88et PEEEEOInANEAI NG P M KisFSphSspndect ed to
heat treatnment, and thereby fluorophosphoric acid is deconposed into
hydrogen EbmpbiAa 16 vedry DeRNQSANOr Whi8Rinhd Peén AalEFilcuatyasdb@rdimeri od of
time.. Wth respect to using hydrochloric acid, Japanese Patent Kokali

(Lai d-8pedp Aocdn®afifibdalli calesen bhdt aadotdern methydr ol yze 25

fl uorophosphate ions) even hydrochloric acid can be used; however, wien
hydrochl ori ¢ acit is asedbjeht efCtheopreéseatLinvemt hemt tgeproaidshwdr ogen
chl oride gas,and furthernore,the 4 2 s FEB z~, follow ng step of

t r eat nent methhdaofalfdixdngc engoeddnipatingufFiveyindeosicphofpheras |+ C1' 1L
wi th cal ci um hydroxi de, can not fix chlorine, so that hydrochloric acid is
drai ned ayas&ietwatex dincladdncha fdunrephospha teorompiénd c Accoxiddagt ¥ s
official 5 gazette contradicts the practical use, of hydrochloric acid.

However, WR&CHresEMl} AROWSr 8fhan AFihdsnERERLFYeRE S AP e-ha0E ERR cal
use o{: hydr ochl ori c a%i d. Copsgg cntI%/ i t has_bean fg nd that if

par t | Kl APCEURTEREEnSE o AOUS FELFL RS (RAN BenForrekabld URPEeSERAy, and
furthernore it is nore 10 practical than sulfuric acid, and besides it is
equi val ent or superior to sulfuric acid in the ability to deconpose

fluor opho%&%@i._';o% | b g Eggﬁg«ti%tohhe efficiency of fixing and elimnating

fl uori ne and phosphorus can nhanced. According to tha present

i nvention, hydrachloglingatbdehe pLESLRESIARall1dE Rletnda érl P1kPNybY

wei ght; nanely, there IS a feature in 1ts |oadings) wherein this

concentr akin@n e3iflifia®iagi NEV@SEHEndAlRNG - pRBYEnasns |Gadiagte Nwhberpresent
~.nventi.on shall be smaller than the ones in the above official gazette.
Even $&ich iacinmings aafDudi obiies siod t € ajonpouindd s slentdc otk 2@ fihethat. A
concentration of less than 2~ by weight is insufficient therefor) wherein
it ta3tes hydardaioritco acdn W sn@ddeddtol rhes waBtie wriepl éncéudinghthewast e
water is treated therewith at a tenperature of 95C for a period of eight
hours, a Hdm@inepip2hateyodomposmdcemer atthart | $hiei ntcpedengxrsOico | 66 ppm A
concentration of about | 0% by wei ght provides a maxi num ef fect thereof

Ther ef or e hydlraehioniyiacd Al dhi thedastieswaggeocan be in the range of 2%

to 10% by weight; and then the waste water to which hydrochloric

20 acid has been added is heated to a temperatuxe of 80°C to the
boiling point of the waste water so as to decompose the
fluorophosphate compound into hydrogen fluorida and phosphoric
acid, while hydrogen chloride gas in a treating vessel in which
the waste water is contained is introduced into a condenser

25 which is provided out of the treating vessel so as to condense
and rerflux a volatile vapoxr: and thereafter, a calclum sdall ls

added to the waste water after decomposition so as to £ix and



2 5 F E B 2D03 thereto so that the concentration thereof can be nore than
10~ by weight , not only the cost of hydrochloric acid is increased?Sbuﬂgzmm
al so an excessive anount of cal ciumhydroxide is required to neutralize an
excess of hydrochloric acid, which causes an 5 increase in cost.

Furt hernore, when the concentration thereof is nore than 10~ by wei ght, an
anount of hydrogen chloride gas which is evaporated during heating is
dramatically increased) and thus such a concentration is not preferred.

I nci dent ad1 Hmifa €ONERGF Aid Mn@fpRosphébady wei ght within 10 the range of 2
to 10% by weight is nore preferg%Ie. (Heating Tenperature) | ~caording to
the present invention. after adding hydrochloric acid thereto, waste grater
is heated. A heating tenperature is in the range of 80C to the boiling
poi nt of pwsder 15 water, nore preferably 90C to the boiling point thereof.

I ncidental ly, the boiling point of an aqueous sol ution including 8F6- and
hydr ochl ofagdapretWloBi€natbg) order of 10 5C . Another feature of the present
invention lies in this heating tenperature; nanely) a techni que descri bed
in thé above 2(actérdimg dazethe ipredumcth doWeotionacifiirst ue€d pkkscri bes
that the upper limt of the heating tenperature is 80C, and describes i: hat
"whr - ., n hydrochlogicPradidi -Lsnr pdded nteP vaskie | water . InehndiBgutdon is
excessi vely condensed during treatnent , so that it is difficult to_carry
out the f%i?@ﬁ?ﬁ@°§Pbﬁth EaPEPURE 2550 eBRfAENt the | CRRBF2FLRR ochf ori ¢
acid, tha above official_ gazette enunerates the %ener tion of hégrggen

chl ori de B¥drashiopicpieis i@ the wapte wabep £a@,benth jdg Fa595HEN

Phat. the' Feds hy Wahh-urams Chamdisy Yimarshosaeer « thefispedfoy ) o
i f | ori de, Ho i i i d
Ooon The Taen BYERERlREtoAdiY, 12nmdien, HhCRES 500 ae i chohs ciadan <o
t | the d it hpr i i j t
the or eochPAFRVEREI 0 Py aeter o o 1 SRCTRIERRS dq e cHECRAAETD | D
range of ggf %Qnéhg 99&E*?8S§%§55ﬁ3@35¢°f (on the order of 105C) so as to

accel erate”the reaction, ereby fluorine and phosphorus can be
fixed and elim pahegobflo8pha¥Rr 1685 G sab2}) ih GfPeGhievRlsy salludishor t er

pert od Ofand it is saild that they are not decomposed even in a boiled
15 state in an aqueous alkaline solution, while are slowly
hydrolyzed in an aqueous acid solution.

The preceent inventor has been devoted to studying the
decomposition of fluorophosphate ions. Consequently, it has
been found that hydrochloric acid is added thereto, and the

20 mixture is subjected to heat treatment, and thereby
fluorophosphoric acid is decomposed into hydrogen tluoride and
orthophosphoric acid in a relatively short perind of time.
With respect to using hydrochloric acid, Japanese Patent Kokai
(Laid-Open) No.170380/94 discloses that in order to hydrolyze

25 fluorophosphate ions, even hydrochloric acid can be used;

however, when hydrochloric acld 1s used, the sltep of heal

treatment generates hydrogen chloride gas, and furthermore, the



time. Furthornoro, the deconposition of fluorophesphate conpound caa5b,eEB 2
nore efficiently deconposed. Incidentally, the above treatnent can be 003
carried out even 15 under atnospheric pressure. (Condensation) Ccnorally,
when a tenperature is elevated, a liquid is only too ready to becone a gas,
and when water, hydrogen chloride or hydrogen fluoride is gasified, so that
a volatile anmount 20 thereof is increased. According to the invention,

during heating, gases which generate in a treating vessel are introdaaed
into a copgenseing VBespanogxhadsatment |@ifovi deshdidrne dcymssursd de of

the treating vessel, and the exhaust vent is connected with the condenser,

25 the hepaetigasesigrehdailepadbt Widdliducedthdal dien hoadersee, byan

cool i ng- condensi ng ac2l on. AaQ 2lonally, the outlet of the condenser nay be
provi ded bt ian chilbausesr ssahast hpdtochlbtyc Aci®ib drdind@al-waste oduce
generated gases into the condenser. The gases as iiiliuduced into the
condenserwaterc¢oah@dtlidmrfore arid hecoot prdguical; Thascthpsneffbcidlt hi s

| i quid conprise hydrogen chloride, hydrogen fluoride and the |ike which

have Beengdzebtat contwddibgtiethenpragtigel| use ebtkydraghloriquaeids
recirculated into the treating vessel, and thereby physical matters as

i ntroduced i nt oHpWevVeFeat thy Rregant déW@tﬂt@é”éapgaBEt Bendzmentalbm Al |

of toxic materials such as hydrogen chl oride. and hydrogen fluoride are

r ecovlor gdr Sﬂgegl@rﬂrﬁlh%ltpfé’?,‘:tfﬁaﬁu‘f‘??&%Y@f?g?h?ﬁb‘éﬁcé'l‘?l‘ﬁ??%"‘?‘é"‘éﬂ%ct ively
Pat ent :Koiﬁih{%. %383‘3}?%%55 iEpartige ﬁsﬁn&ﬁgﬁaﬁsﬁrﬁ%ﬁ%ﬁﬂmﬁ%& oS
200 OIFTIT: . . !
That 1t 1 BYarpPrAgFA, Sl i BECRSRHE Pofif SRETIRERELAT TGRS *°
treatygnt ra% WRLS! +nafCon gL gaéir}ﬁ I%%SBQE'{SQ¥ ey 'i%”equ‘i‘.@raihg‘faé’:?r as

evaporated a transpired 1s condensed and rafluxed, "so tthat there occurs

no probl exygk Beingteonsentisi£d 49 &r YReSenhe ( HanlLiiveakibndadtompod® A heat
treating period of tinme is in the range of 0.5 to 5 hours . Wien it is |ess

than U . z1hewopnde@horiabyd;08hioriKedby thk BERScABLEY beNpildAga
heating tenperature are proper, it is not sufficient for treatnent, and the

r emai Ni NQ ag@N @@ ividlatdmgof lidotdhien@nid phokphairad tafubé éshaficédie range of
50 to 100 25 ppm Wen a heat treating period of tinme is nore than two
hours, the renaiadcicorditgl €el thed preldehtUfinréhtionl | hgdted¢htbric- saida
liquid is gradually decreased with the passage of tinme; however, the 8 %
5 FE B2t Jogghica@st siaildn beaktikennad antegi? ity wehabitat aamely.r fhgeeof

a, ~~r~~uxin~ately 20 to 30 ppm_ Under Rr oper conditions for treatnent ) a
treat ment ifoR fe3airednotty oadingsyrgheseiniils eancentratden 5 th8l ci um
Hydr oxi de)

one in waste water. Thus acid loadings in the present invention
shall be smaller than the ones in the above official gazette.
Even such a smaller amount thereof can provide specified
20 effects.
A concentration of less than 2% by weight is insufticient
therefor, wherein it takes too long to carry out hvdrolysis.
For example, even when waste water is treated therewith at a
temperature of 95°C for a period of eight hours, a remaining
25 fluorine concentration is limited to 50 to 100 ppm.
A concentration of about 10% by welght provlides a maxlmum

effect thereof. Therefore, even if hydrochloric acid is added



According to the present invention, after hydrolysis through a 25 FEB 2003
heat-treatnent, oal oi um hydroxido ie added to waete water so as to convert
fluorine and phosphorus into an insoluble salt, respectively, while they
are fixed and elimnated. 10 According to this nethod, hydrogen fluoride
and orthophosphoric acid which have been deconposed from fl uorophosphate
ions are roaatod with cal cium hydroxi de added so as to generate insol uble
calciumfluoride and trical cium phosphate; andJor insol uble hydroxyapatite

and Tl uorogeabtbedo Heitethe VEbncen L dH %hla?eb?%&ﬁfﬁeehol%eﬁh&’htlebt%ed A

deconposed and treated liquid is quant.itat~vely f into a

nautral i 2, aq;d{ AR | AL a:P:Pffacth‘éScif.:QE Jf.' K&ﬁQthﬂQEiH%ﬁ'@lQhﬂﬁl@Hé@i

wherein the alKalinity of pH=1l to IS once made with cal cium hyd'rOX| de.

Hydr ogen fhtog] e ac'md:x@ets&qmoaﬂbeﬁtcoﬁthﬁCdideﬁwMaae bearsglecaswosed

and generated thereby are fixed as insoluble salts as follows: UHF + Ca (

OH ) ~ ~ Cahredt240i 259R08xte38a0f Wrhirodnteor@ adidOrhick dabb¥d &H3PO4 +
| OCa(OH)= -' ~ Caio(PGCa)6(0H) 2 + 18H20 25 For the fixation and elim nation

of phdsphohdseabecin icostin Forehermprehewipee g coneentrahiohhicharg et can
not be attained by using salt which can generate an acid as a by-product
such 9 2s5Snér & tha@i00B2abycetighim @nl ampdet ovf dxidriogennchiaréde d¥=n

cal cium carbonate i5 used, a p.~ecipitate as produced by reacting cal cium
car bonat ewhi-th phosyrrriatet dyripgah€aHhed is AHapatipoldly. igirersedi s sal t
i s considerabl k/x wat er - sol ubl e, the remai ni ng concentration of 5 phosphorus
in the trapfelhugt suchs ﬁopﬁenf:aﬁgéoaf 15000t oPZeHePERY - whi ch is not
sufficient therefor. \Wen_cal ciumhydroxide i3 u3cd) the treated ljquid i~
al kal i ne) and t RBSigRBtALA¥ivFORCERtERTIONQH BHE? Géovﬁff@éﬁhtsﬁl't:%‘f-

i nsol ybl e, salts such _a rder ca | ci,um phosphate hydr oxyapatite

and/ oﬂPf I EBFO&B&PPt 8fa %e t@e:}fgfiaggdwﬁﬁg 5ré5| ‘Bgfﬁt Eﬁ?%ﬁ?%f%m hydr oxi de aE

exceeEi vel ded |y neutralized into pH6 to 8 according to the
usual rgéeaqﬁinlgr lersgfné&\é%%q%%l obtained in this way is subjected to

Aocording to the present invention, after adding
hydrochloric acid thereto, waste water 1s heated. A heating
temperature is in the range of 80°C to the boiling polnt of waste

15 water, more preferably 90°C to the boiling point thereof.
Incidentally, the boiling point of an aqueous solution
including PF,” and hydrochloric acid is on the order of 105°C,

Another feature of the present invention lies in this
heating temperature; namely, a technique described in the above

20 official gazette in which sulfuric acid is used prescribes that
the upper limit of the heating temperature is 80°C, and describes
that "when the heating fremperatnre is more than 80°C, tha
solution is excessively condensed during treatment, so that it
is difficult to carry out the £following step of calcium

25 treatment”

In case of hydrochloric acld, the above official gazette

enumerates the generation of hydrogen chloride gas as a problem.



15 solid-liquid separation by using a thickener, a separator or thg“_—lﬁg B
as to separate it into an effluent and a solid matter. On the basis of "an
of ficial method, the concentrations of fluorine and phosphorus remaining in
the treated water are anal yzed and the quantity of each of themis

determ ned, wherein 20 waste water is treated under proper treating
conditions. fluorine and phosphorus are fixed and elimnated. to |low |l evels
of 30 ppmor less and .S ppmnr |PSe, rASnAG -ivAly On the other hand,

t t st d with | ci hyd i de, d i i d i ni
Uher o i Ghy PR cPBF hE 0B 1o PIBHIATR, G0 PEdEPRCEREAIRY T e 47| owi no
f la: zHC1.+ C Uri -~ C: |~ + LtizU Si | ci hl id
poner at ediPSta pEpauby iputefy it dse ghats e neREfas RS AARAL T
ar ai _ L omiui ; S ) | CuiitLal ille.
Oy el nage. Rk Ga b A ddH £oTef b HbREUSA lqchSldlo bou gt || e

e e e Ly

aratioo I'mnating rine can be properly

set oy . Eg\ﬁthtﬁsSHestihg &A@gérmldé)shm&iuadrafmae atédarblnsyhich a

fl uorvphosphat e conpound™can be treated was di scussed. 10 A nethod of

deconposi boRckegaraRal thel Aek8MBBERELENA6E dF 1 GoREEINé SFh@Sid® Lorwentional
met hod for a pretreatnment for analyzing a sanple including fluorophoephorie
aoi d and det er nagicbgatg € ankigyeint haveatEon hewarar yatet ilesharetassary to
handl e this conpound with care, and furthernore this conmpound 15 is

expensi veataachidtusenfperdativre hnuthe iranige of &D°Ct berttheebbs i ipgah .

Sul furic acid, which is used in Japanese Patent Kokai No.170380/94, is al so
sui t abl e &begeefofon tiesorder ofhtM€dl 80 apdeaccelonake dlef veactiond is
used in a large anount, in order 20 to neutralize the_acid content, the
consuhPt i erdotherehy Jduniinm aBd RhaspharusygapbegElxedjand el iminated
Consequently, a | arge anobunt of Glc' ~ P is_r~Pperated, which,ri ves rise

to larr. ~é:°eﬁv}-?8ﬁﬁe‘f'ﬂ%‘l’e’b‘?%ﬁe9&t resip%tctlvely at a shorter period

timc. Furthermore, the decomposition of £fluorophosphate
compound can be more efficiently decomposed.

Incidentally. the above treatment can be carried out even

15 under atmospheric pressure.
(Condensation)

Ccnerally, when a temperature is elevated, a liguid is
only too ready to become a gas, and when water, hydrogen chloride
or hydrogen fluoride is gasified, so that a volatile amount

20 thereof is increased.

According to the invention, during heating, gases which
generate in a treating vessel are introduced inte a condenser.
When an exhaust vent is provided on the upper side of the treating
vessel, and the exhaust vent is connected with the condenser,

25 the heated gases are naturally introduced into the condenser
by cooling-condensing action. Additionally, the outlet of Tthe

condenser may be provided with an exhauster so as to forcibly



Nitric acid also may seemto be effective; however, it 25 shoul d n@t5 BEB 2003
used fromthe viewoint of the eutrophication of water quality) Hydrogen
fluoride and phosphoric acid also coincide with 11 2 5 BBB 2t103 nerely

t he object of acidifying waste water; however, each of the acids is wlak as
an acid, and thus satisfactory effects can not be expected. Hydrochloric
acid is a strong acid having a | arge degree 5 of disassociation, and thus
it is expected that hydrochloric acid will have a | arge effect on

aci di fyi ng waste water nd furthernmp~ce,since.a.t is e of

Gener al - perHeseSeRausheFal SinaRres Shp, thE SURCRRSEE adhe SASES A y
noderate cost. .The.apove Japanese Patent Kokaj 0 i oses that
10 hydroc‘h‘l‘g’r‘l’cclz"u(i%‘li ASEY Egtc’l'D Inlﬁféiae%sg 3&%"3%% c %(Z):%%%eégésg%‘gﬁ%aa

heat-trea angd th I .sadvant us; % ik .lﬁﬁﬂgﬁgﬁpr IS
provi ded %??ﬁig'trea i%émbéggg?? a tﬁgggaﬁ%“??ﬁg %&3?%%3% chloride gas is
condensed r gﬁﬁ#k er e apay: e r ens. 15
As a trea?lltljr?lgf%ggho 0 %eatiﬁig%%@%yg?gl %ezlgﬂml/%tgﬂag{ie%a?%c%%g

fluor gphogpigeigsaehd vindesa el t 5ONRedl TNLLLPEH. abAYS, 10efhiga pat ch
met hod as can treat fl udorophosphoric acid in batch operation and a

conti nuougeBEEBATaBEdCahtbedheUtrBitiflgSess €61 ¢ oM@ Cthaeby estysitarssel s
20 with each other can be used. According to the continuous nethod, the

oper at i onmaftde&onhs0inbto@uoc@sHeso Cidit i ceiinignvedsky darnsedeosdpe and
thus this nethod is remarkably advantageous in efficiency. Z5 BRI EF
DESCRI PTI ot Ce£DRAW NS tdnguralll of5 tooxsich aisttéxci s grwsh idd Usydedgery a
treati ng nmethod of Enbodi ments of the present invention; 12 25FEB2~

Fi gure Z chlargdepandhbydnggen efluomizid tangf rEciovéirednasdwhbirimated.
hydrucYilut~iu auid i5 uL 2~ in concentration; Figure 3 is a graph show ng
at est1@ esEurtbermepsdi frdmeasfer @romldr odfl Gfifecidvelys mcwlad, to

concentrat.ion; and5Eigure 4 is_a graph, showi ng atest resul.t of Enbodi nent5
wherei n h{GFGERCSE: £1erarhosBhPTE ARG okl S OEDET RABRe| ARPERSRS dl

LWCZCA I G’ =S a3: ~:.1 k. 2hyd | orJ i 103No, | [
vessel , 4 ?Eeﬁieéiﬁ%éfy@gg@??%k@%°ﬁ“§§{ ?“%g‘ \C/);éfg;%ﬁﬁmg Shge eer‘???r%f’é%irﬁgtl "
, 158d dt d K, 9 . exh ' 1 b,

IV agi t oS E s It aiaee: B, B0t Pon G PR v
BEST NODE 508 (lec RRUNGOVT Tl IVENT QO T G, 115B9wRiR tehemmiyce
dlagran1of a cont1 nuous 9 heati ng ahd deconposi ng treatnent, whererh 1" is

a rawgat @h+25+hanke Wi GhiSg 0dteph bt Wasi &1 Rt erea}?fe)nﬁ:a"y VWRbRevEank (1)

is connecte~ witty treating vessels through a punp u). The treating
vessel s Crordifly LBr £Re 9SS Bt Anviiathioh! eaht 88 vahor AsSelEPo2R08d

and transpired is condensed and refluxed, so that there occurs
no problem of being concentrated to dryness.
(Heat Treating Time)

20 A heat treating period of time is in the range of 0.5 to
5 hours. When it is less than U.b hour, even if a hydrochloric
aciAd concantrationn and a heating temperature are proper, it is
not sufficient for treatment, and the remaining concentration
of fluorine in a treated liquid is in the range of 50 to 100

25 ppm. When a heat treating period of time 1s more than two hours,
the remaining concentration of fluorine in a Lredaled ligquid is

gradually decreased with the passage of time: however, the



vessel. ( 3 ), No. 2 treating vessel ( 4 ) and Ho. 3 treating ve .
(5), which are in series connected with each other. Each of the tziﬁEﬁgm}
vessels is provided with each of agitators (lla, Ilb and 11c) as operated
by each of nmotors (M 5 and each of heat sources ( 12a, 12b and 12c ) which
heats the inside of each of the treating vessels . Furthernore, a
thernmonmeter ( T ) .Cur n~dasuring the tenperature in each of the treating
vessels is also provided therein so that the driving of each of the heat
sources (12a, 12b and 12c£ can be controlled (by an on-off 10 action)

accor di ngcencanteapéeat frélreintipecanbgavbiibriun hetatrrabiet@ndqg OE and t he
tenperature in each of the treating vssels (3, 4 and 5) can be controlled
to a predereFpchRateddpdht Pe;3hakePy, Unden cPPHePer ucondAtaqBl ofo% he
treating vessels gB, 4 and 5) is detected by each of the thernpneters 15
(T), and tReAtB&RR.# trREtREAL LHuRrRAFIEDHAr 115 heuasdy suthifheted
nmerely by ,an on-oft action so that the tenperature in cach of the treating
vec~ccl ~ (§§e£egﬂ5.5) can accord with an objective. Incidentally) the heat
sourc f he treat.ing.vwessels 20 (3, 4 and 5) may be any one of

el ectrici ?933938 rﬁxﬁaf’%&ﬁsﬁ heating mediuns . |If there is no probl em about
t he amount of A LS [V e t c Wt er
vapor is used.vgﬁtcg%-&%éét i’tr?gftﬂv?htgelfrees\e/éaﬂ;;co?“?‘gerg% e%mt%fﬁlgftgi% € &éés/\awater,

and thus thecGaNCaNLat i an StndRs! Sat¥iith £3HrDR: BENEURa 25 Jhbide ot her

hand) a hydrochloric acid tank (2) 1s connetted to the downstream siclLe of

No . 1 t4RRkiNdh ¥eSESlconverk #1USHe AnARIKId bR Pnto kA insoldbide
exanple as shown In Figure 14 25 FE872003 1, thetank ( Z) is

connect edsh@tNo redpddepfdNg, VAESEE (thdy ardowewed )ard &UdmYfatéd®o
ciuiii'iected to No. 2 treating vessel 8'4 ) and/or No. 3 treating vessel
(5) 110 pangkbeldinwg to ehadk ndfissd, Padibgen Fnaoriiddaamnd oeghbphbsphericeat i ng
vessels ( 3, 4 5 and 5 ) , each of exhaust pipes ( 9 a, 9b and 9¢c ) is
provi ded skidughiwhi béivedudenidecomposed: fngmvEbsataphaspmtreedond avea
condenser. Cooling water is flown into the condcnacr ( 6 ) , and thez~eby
gates in Tieecteddehte calGivarky dxasticte atdediser apte) IR 31 dreptebhaner al
"14" represents a reflux pisagg which is the one for 10 _refl uxi ng aliquid
as | i quef ic@dciym Fd uogiden (@iced ciygm phesRhpkg:yaadépr(insplublg the
exanple as shown in Figure 1, the reflux pipe (14) .is yonnoyted to No_ 1
Creati ng. FEOEORYERAt Rt ELOREORBREREBpr FESPEEL e BT nBEPeT o
each ﬁ% t tre%li n \4__oscselj_st.a1 I r&sparti cul ar, when a hydrochloric acid 15
concentratiom i tt e B5°Sa ngt\?e >sels) at tha following stage ( s ) is

| ower, if the | inquefd juid J I t i e ,

hydr ochl ori c acﬁd%%zfﬁﬁg’géggg glrdab%lr;?%fstggéﬁ'g%gﬁeggt hgrhkéle‘ﬁﬁﬂca%ﬁkgg g%\%nstream

side of Nog3d Q%J%ﬂﬁﬁ%-mmﬂgaﬁﬁakgﬁukaﬂr %Eﬁﬂggtfﬁﬂfjﬂfb yggsel, a

deconposed and treated water tank ( 'S connected, and to the downstream
si de of 1t hJARRITRAS ednand 15 £Ré & WASY thABE $HB11 to Qﬁl ?@Rﬁ{c@ madggor

treating with cal cium hydroxi de (not shown diagrammatically) is connected
through awimreehlginuRydroxid®. EyEdoyedusl 66288 artp erdhiophdspheric
schematically carried out as follows: Waste water including a

f 1 uvr 8phosgrtial ehiishdhaxek deenndédempidsed AnAEfenerateddherebgrird £ixkdhavi ng
a proper volunme , and is fed to No .1 treating vessel ( 3 ) by a netering
punp ( tods dnglebldedalls tdd Ldadsws: for exanple , if three treating
vessels ( 3 ( 4 and 5 ) each of which has a volune of 1 m are used, and

t he anount of 5 3kHt er -GalSH ). T35 CRFyi #hddO, t he whol e residence tine is 3
hours; nanely, when waste water is fed fromthe raw water tank (1) to N~. 1
treati ng vessel JWBPOat+ B3Fat@hf A Ga.AROuY;, +w&H@ water overflows No . 1
treating vessel 3 after gne hour_ ) and is fed into No.2 treating

)

vessel .. After t&bFReut stOGRRR) mat &Ga1aFP W) et PRt N8HDOt r eat i ng vessel

(4), dt ovmerflLo t LS d into . treati essel_ (5) .
Afteréfa’hreﬂ;o%o%r%%,k%v%%}:é\@ﬁvagggeggégﬁ % nN8%3pP‘|?’§8PIOE&SV E‘gEY‘ (1§),anand t he
overflows(y@jsé [ i eq?[g) nd. treated water tank
(8). 15 Corres(g%n i%et%m{ﬁ“a%gﬁwg?gm er-ggﬁgﬁl%y‘?drh? %o%ﬁld\ﬁdgnfcc?d i's
quanti tat ipeehsiadriedat @ WIRidn Wa8abbREr €03 ab3d 29 &l BelplbguP NG ati on
of hydrovht?/%ri 8‘ aci dai n waste v?/a'?%r a]é {T’;eﬁ ﬁto N%é.)aﬁﬁ?r%%t?‘rll(\éeimsse ( 3)
can be in the range of 2 to 10~ by weight. 20 Each of the treating vessels
(3, 4 and 5) is heated by the on-action of each of heat sources ( 12a, 12b
and 12c) so that a tenperature of 75 t}llOC can be nmai ntained therein.
From each of the treating vessels (3, and 5), a plenty of water vapor and
hydrogen fl uoride which has been generated with 25 hydrochloric acid added
and by deconposition are volatilized. It these gases are introduced Into a

o o - - o ' .. .



16 25 FEB2003 4 and 5) ( aloss in acid conponents and a fl igig hg
the outside dl~e ~.L CV Cl1 LCC~ IL U111l UCClllrling , and thus th 3
occurs no problem. The tenperature in each of the treating vessels is
detected, and then the heating is operated nerely by an on5 off action so
that the tenperature in each of the treating vessels can accord with an
objective. Incidentally. it is not necessary that the tenperatures in all
of the treating vessels aro identical with each other. For exanple, if the
tenperature is set up so that it can be lower 10 at the foll ow ng stage,

all of evapmakeiimghdoride hydtadinehisrate . Afhen cadednndcarhonate
condensation) and thus the solution i~ not concentrated at all ) and

t her Aby t he ustesht apnedinif-ats af prodpseddiviceacting dadidisw srreerpteones to
be easy, and thus it is preferable. For exanple, No.1 treating vessel 15 is
set up atwithepipesphoeric ¢cigh isoa TERHE0, N0t et aly. oidwd thisssalp at a
tenperature of 85 to 95C, and Nq.3 treating VoOEEQ 3.e eet u% at a

t enper at ut-8 HINBAeFRBEC Wae-®alddle.hfhe enlning fonsentratjpeset

| T he acPORFPBBTRRCLRnERE. Lo (4 MAtaronat f ta RS GORI 67 208, a
C

acts as a_cata t.in_chem cal..r.Pact i . pne ydrenhl eri ar.i r7 1 tsAl
fis netpﬁgncyﬁiﬁa il Pﬁglfggg Fgﬁgt.t erggﬁgbe taken froma nethod of the

A R R L

transpired i s condense adde rochlToric acid can be

bal anced gﬁgﬁéﬁﬂg,oahgi?ghsagﬂgnfeaéki&ﬁ“ﬁ#ﬁﬁM@aPHshfﬁrQﬁ@E £&€&§§ég{ the

deconpose treate FEB ~ overflows a treating vess

final stage fn&©HnhesNABdieNgalPs Nach & higRkkN8r¥8EEd1divm phbSphagele Z )
arid i5 5 Lucked iti a deconposed and treated liquid tank (8). A deconposed

and tt@at agdrosyapatst@uardnd dr Vet Mudiishfatite aareut generatedtrgadi ng
apparatus for fixing fluorine and phosphorus , wherein the alkalinity of
pH=11 to pZecdpdratedade wi | .|~ cal cium hydroxide . Hydrogen f |uoride and
ort hophosphoric acid which have been deconposed and generated thereby are
fi xed as insol ubhdcdaimt shydrdxgidowss BEcREEively (adddd) ik - geaFReXxy2H20
2H3PO, + 3Ca ( OH) ~ --~ Ca3 ( P04 ) Z + 6HZO 6H3P0O4 + |OCa (OH) ~ ~ Caio
( PO, ) o6neutmalized N0 Dlsfa toalsciagrozdingwiiocfhesugyad wanhexing and
elimnating fluorine and phosphorus, it is indispensable to use calcium 15
hydr oxi de. When?cirertmdc iigide obtadred dm Ahdsarayi dsysekieriBaotAl oric

s a1 o040 R, FRETHPR R BB1RB S CHII KSR it SPRRPNRE 5
[1uorine 3 EIRERIOLYS 8000t 2L LR ole g melyrt el RULERLLZ! 10
concent rat i on o ther ag ¥nafehn SEE ol b St e BBnkdRerkions
of fluorine and phosphorus remaining in the treated water are
analyzed and the quantity of each of them is determined, wherein
20 waste water is treated under proper treating conditions.
fluorine and phosphorus are tfixed and eliminated to low levels
of 30 ppm or less and 5 ppm oT lass, Taspectivaly.
On the other hand, waste water is treated with calcium
hydroxide, hydrochloric acid remaining therein is transformed
25 into calcium chloride according to the following formula:
2HCL + Ca(ULH), — cacl, + 2H,V

Since calcium chloride generated is water-soluble, it remains

10



25 To this liquid including PF6' ( hydrochloric acid was added amﬂ;FEB2NB
solutions were prepared so that H :|l concenrativn thereof could be 2. 5, 10
and 20% respectively. Each of the solutions was 18 2 5 FE E3 2003
thermal | y deconposed and treated at a tenperature of 95C for a period of O

5( 1 or 2 hours . Thereafter ) fluorine in each of the treated sol utions
was fixed with cal cium hydroxi de. The concentration of fluorine in each of
the solutions was 5 determ ned. Consequently, results as shown in Table 1
were ontai.ned. ;Tall e 1. Renmining Fluorine (ppn) HClTreating Tine
(Hour s) COHE:.56?5%6851?3%1%6%8568?0000920074004200| 80035011800120030015060402
8— ~ % D) H . % < - e . . . [ .
260030D904033262535089157046315 45853018 08858253 05 BB S0 5058 v 1015uU U
U4~: 25222 0] 0 1 raf i e ter

pE PRt 40 ALEIRA1Se 1O L HIRANRY £}£§8§{ﬁgpi§ 1hegkd PRIRS N

havi ng a total uort1ne-“concentra ppm an ofi he

concentragi.aqn 3 . [ ogr: To¥ e 8 :
concent r aPPSnuSFe REETLBR Ty SO A | El S HERCRACRE S1oldh Sforide e
wat er s 315 JQTR | YardW dnnky280-ati8 bemearat Wigi0ly 80 AdhASQn asel then
fluorine therein was fixed wth cal cium hydroxi de. The concentration of the
remai ni ngefilim@natenign faackiak tha beepregerlgusds sas. det erm ned.
Consequently, results as shown in r~~gure z were obtained. ? ~ 19 2 5 FEB
2003 Tabl ¢wa th~ReHp80tTreabithgrTARRdS )
(Hour s) Conc. 0. 512. 5450500150108252654820 | 2252535 Sul furic acid is lower in
deconposi ti on aBhei kind lefhahyadrigcwi bhiwhiah d,fland-aphesphatar gempowudt  of
sulfuric o.cid is 5 required. (Enbodiment 2) An aqueous sol ution having a
Li PFb concant bgt itaeadled3os giscuskFed~ and HC~. =2~ was thermal |y deconposed
and treated at a tcnpcraturc of 95 to 98C. Sanpl eE were gathered every 10
definl@e peri odAorethed ofadacempasitieniireatmesdcwibh nerehdoxiiceacids fi xed
wi th cal ci.um hydroxj de, and thereafter the concentrati on of each of the
Frmi i ng 5 GORHRELRE FoSHROTHEL TRAL JBT ERGA etk CORESHERRTNY r £EI (5 as
shown in 'Ié%te)llle 3 Were obtai Eed. 15 Tg}_)l e 3 . .

¥zing a sample ‘including fluorophosphoric acid and

determining the quantity of the same; however, it is necessary
to handle this compound with care, and furthermore this compound

15 is expensive, and thus if it is industrially used, there exist
problens.

Sulfuriec acid, which is used in Japanese Patent Kokai
No.170380/94, is also suitable as one of industrial chemicals.
However, when sulfuric acid is used in a large amount, in order

20 to neutralize the acid content, the consumption of a large
amount of calcium hydroxide is inevitable. Consequently, a
large amount nf waste is generated, which gives rise to large
environmental problems.

Nitric acid also may seem to be effective; however, it

25 should not be used from the viewpoint of the eutrophication of

water quallty.

Hydrogen fluoride and phosphoric acid also coincide with

11



Treating Tine (Hours)0.512 ~4816Remai ni ng F5605119171614kenmaZni ng rlgu%%$§2mm
* . 1 or less Fromthese results, it is found that the deconposition 20

bal anced dy neat-treatnment for a period of nerely two hours. (Rmhndi nsnt 3)
To waste vaater having a total fluorine concentration of 20 25FEB20~

8Z,000 ppm a PF6--F concentration of 2000 ppm and a phosphorus
concentration of 560 ppm hydrochloric acid was added so ~l:hdl the
concentration of HCl therein can come to be 3% and then the waste water

was ther rméfalﬁe&w%sféb@@@ hE€al £¢i Ry Wastd WHIRA! HoRePbrd SadR KOOC for

a period of 4 hours , and then the waste water was treated with cal ci um

hydr oxi dexh WiRM d:he st W62k &k WAL LE i QB arANehi S ht i RISeaEEaLEONSadf the
rema3. ning fluorine and phosphorus were 15 ppmand 1 ppm or |ess,

respecti vgs¥.ndOekpeBBanati ve Exanple 2} Using the same waste water as the
one in Enbodinent 1, the wastes grater was treated under simlar thernal

dcconpo3i ti on cepdrétRD6ridhseid eat 8 btRaie avatchiavieg ta 2akgd dédre€al ci um
carbonate, and was anal yzed. Consequently, the concentrations 15 of the
remai 8 ngof | dbsasneoandt pbas phmd ushid drteiins wepect8dpphaaritydffcipporic
respectively. Fromthe results, the produced phosphate is considered as

Cal | f Ca ~a@ifizwillEnbvedi achargs afifsat ot ecilddfiyiggavastel wateor i amd
concentration of 20 44,800 ppm a PF6--F concentration of 4000 ppm and a
HO concefinrdbpohost FingR viek fal Per i9ft o9treralTRMBIRE vy Erdal shown
in Figure 1, in which each of three treating vessels is provided with an
agi tat or SREMACRAHLi A éévﬁEé}laHaeithénHQEQEHVGBYtM%d%¥%E$SCQ%tseries, so
that the residence tine per vessel 25 can_be_gne and_the tot al

o cncefFFrdEEaR SeCeoice KL KadliycrudbeulTihetiiotta Bl
Pf)ﬂ(r)fl ngaﬁﬁéf?f% orig 5af‘ﬁéB g%i :’ﬂé?glé%ﬁ_g-r?& &Y ’iﬂgﬁ”vaﬂéfz’fl heIADur, and
remai ni ng%‘Prﬁ'ggr P%%‘?arﬁae%ﬁ%‘aﬁ'oyﬁ‘lé&i?? L?Elh(e\ist rCI g‘?talé&q\%\lgéggg\%gl" eﬂgﬁ%}glﬁéd. _
fi Ee?ﬁggﬁ‘gﬁz%%ﬁ%%%eﬁ:ﬁ?%?’Q&'f%&g‘%‘gz%%%%i&?ﬁg’ffﬂ?%b' By Hsoednd %' 07
angaiie e, pasRsiosandsesir it

according to a ‘continuous system g o~

dissolvedwhmegovhﬁbgnstgbr@u@@duggehosgrbbgbmg,PFs F concentration can be
5) 000 ppm and thus a test liquid raas prepared. 15 2 liters of this test

i quitbwas takepsoat ta®aa inigquiethsdnplfe heatdngS&nbylydebligringanadteas
added to three liquid sanples so that HCL concentrations of the liquid
sanpl es caatles 2inéladihg UElupeepbosphoely. acid under conditions as
mentioned above, both a batch method as can treat
fluorophosphoric acid in batch operation and a continuous
method as carried out by in series connecting treating vessels
20 with each other can be used.
According to the continuous method, the operation and control

of processaes can be continuously carried out. and thus this

method is remarkably advantageous in efficiency.
25 BRIEF DESCRIPTION OF DRAWINGS

Figure 1 1s a schematic dlagram 1llustrating a treating

method of Embodiments of the present invention;

12



The lir~~iid csnpJ_PS to which hydrochloric acid was added 20 “erﬁgsFEB?mﬁ
introduced into a thermally deconposi ng vessel, and were heated a
controlled by a breathing tube fvr steam so that a predeterm ned
deconposi ng tenperature can be provided. After a thermal deconposition for
a preBeterm ned period of tinme ) 100 ml of the |liquid sanples were taken
out , an excessive 25 anount of slaked |linme was added thereto so as to nake
it alkaline, 22 2 5 F E B 2003 and thereafter the sanples were reversely

neutralized with sulfuric: aui~l nd tiltardd, and us_tr anspar ent

li qui ds weLe obFaPHER. 2Nex® 9ZPPby g@?‘é‘h’i‘ﬁoﬁ &S EFFBﬁl? Af I'—é“‘%c%iri‘é'berﬂr{r ation
was 5 determ ned, and thu the_reqa'nlng_%l orjne was determ ned. The
resul ts aPewgﬁﬁﬁﬁ“iHY?§BFngLf“F6?fhe+hDY ¥%eb%hcfﬁ°?ﬁEﬁRE§?QZ to 4 shoes

the same as o gaph, Japle, 5,040 G TLeRLl JATISALLAGLTI IF e Y © Aci ¢

("C)0.250,.5124810260288027202720200Q920008024809f i Q44 16Q06001 84161
665oassoa808ﬁ558§§0§§§f555§86§§26T5g4£ﬁ3§g5é%2 1o %T%%%gé%gﬁgg Qﬂuﬁ

- 1925630801 5248 038 1 . Sho. ' 5 i 2to 4
, the%gecorrposi %lzéﬁ}gf?é?ﬁ?&%@’ gpéﬁlﬁgr%\gléy&dg%%kgg ﬁggﬁ“‘{;&%ﬁ‘ﬁ ng

t enper at UByhdPe PRHYIIHLora d §8DEHaL F 8 0af 1h dntRntdaas off, Wrdin t he
boiling point of tréated water is preferable, a tenperature of 15 in the
range of 9Q@felr@1l RefQidnidag palent of treated water is nore preferable

I ncidental ly, the boiling point of an aqueous solution as contam nated with
PF6' and hydr ocllagr watael dank.about 105C. Resides ( when a hydrochloric

acid concentration is nore 20 than 2~, deconposition efficiency conmes to be
hi gher. Evan i nh¥drochloric acid tank,

10 3 No.l treating vessel,
4 No.2 treating vessel,
S No.3 treating vcascl,
6 condenser,
7 metering pump,
15 8 decomposed and treated water tank,
%a, 9b, 9c » exhaust pipe,
lla, 11b, llo agitator,
12a, 12b, l2c heat source,
13 metering pump, and

20 14 reflux pipe.

BEST MODE FOR CARRYING OUT THE INVENTION
Figure 1 shows a schematic diagram of a continuously
heating and decomposing treatment, wherein "1" is a raw water
25 tank which stocks with waste water. The raw water tank (1) is
connectred W1lth treatling wvessels through a pump (1L0). The

treating vessels consist of three vessels of No.l1 treating

13



2 5 FEB 200 _ . _case of a |low hydrochloric acid concentration such as 2%
i'f treatment is carried out at a treating tenperature of about | 0®6 FeB 203
tr_Pating period of about 2 hours , the remaining fluorine concentration
can be 20 ppmor less. 5 The availability on the industry Ac:c:uia.iy lu
Lhe piesent invention, with hydrochloric acid and cal ci um hydroxi de as
comonly used as industrial chemcals , by using sinple procedures such as
a heat-treatnent 10 fl uorophosphoric acid is deconposed into hydrogen

fl i d i id _fl i h fi xed d
bl i nat ed Sogia RIS B 2ohReatiP NSt 4R ARG 12 Shrptimscrarad i n

t t t 25 E 2003 WHAT I S
VCVE,SAT(I?/E\[I)\BI 3% )%?@Aﬁ% t%%‘rétql tgléx]{a'rf!gsogr#éﬂe/ﬁ%%tﬁeldzngl trrllg eﬁcgoﬂtﬁgrand phosphor us
i t t i i f i d.i t hat
hydr ochlor ¢ acirors Ufidtfh RO LA Ak peiloe” 112

f 1 uor ophospfiata sxmpauad 0y that 118§ @%%%&Ta:t%hilgg egcnhxﬁﬁﬁf{ﬂzg{] ig&t)aCi din

said waste water can be in the range of y welg Khen sai d

wast e Bat end eashicEhéxytseaklceri 1 2] dobandlesd) afdet Hen e &9nE948

tenperature of 80C to the boiling point of said waste water 10 so as to
deconpose afaedchlapthphtieediod By vexzelrd FikthimisaIca fﬁéhﬁﬁérﬁ@t@f“é&
phosphoric acid, while hydrogen chloride gas in a treating V ~J.".

cont ai ni ndeaing asggiagnwaher tempenatack cad carhood €ios daraaring weksdedsout of
said treating vessel; and then a calciumsalt is added to said waste water
after decdéifpadseinrouied thiereindselthdtnthe ddivdmigief asatlpbesyiwheat 2. A
met hod of fixing and elimnating fluorine and phosphorus in waste water

i ncl udi ng SPUYHGES dphtsphbile a2pdpbaall earobdi ngntvotledm(by ehaoasbefi zed in
t hat iﬁl d @é:dro en chloride gas in said condenser is condensed into

hydr ochl oA 1e8 )d ASHRF SRS 2 oReEPeEAt BRI Beasered bYi €ark o&f theed in
said waste,water in sai&,tre ti vessel. 3 . A mAfi hc~1 of fi xi ng an~3
ol i m natiCHpUSESRs (T) 289 FhSsSARPSFALIrA LhSachdiorthentreatinda

fl h f d di ng to cl ai terized in that
hyelr oot ot bael ML G RO B F¥th, iKe LeShER LA €] L8 Bharedstemined

tratd ] i i dyi ' t be in.th
05" o CoRbeRa Ui O RIS, $hetbllp8FhfubBSLE SBIF or The ErpA RBne and
hosph F 4F B 32508 i nel udi | hosphat
phosphor us;edsel 2 (3 ,F 4£EaBd gﬁﬂl?ng%g;éﬁeﬁﬁr%%&g o@'t@%eipfgﬁgﬁﬁtgﬁg ae

conpound according to any oné o har a t said
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AR Ar. A A r. A Incidentally, the heat sources for the treating vessels

Al (reAnY. A {L. AL 19. Ah. Au . Al r. AYr. Aur. ANL. ANYL. AL. Al . A. AN . Al Nr. Au9. A9. A A
L AD 4|.|( Al 8 ) may be any one of electricity, vapor and other
heating mediums. If there is no problem about the amount of waste
water, it is effective to use water vapor. When water vapor is
used. after heating, water vapor is added to waste water as water,
and thus the concentration of waste water can be prevented.
25 On the other hand, a hydrochloric acid tank (2) is

connected to the downstream side ot No.l Treating vessel (3)

through a metering pump (13). In the example as shown in Figure
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out as follows:

Waste water including a fluorophosphate is stocked in the
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treatlng vessel (3) by a metering pump (10) as provided. In thils
case., for example, if three treating vessels (3, 4 and 5) each
of which has a volume of 1 m' are used, and the amount of
5 water-supply is 1 m’/hour, the whole residence time is 3 hours;
namely. when waste water is fed from the raw water tank (1) to
No.l treating vessel (3) at a rate of 1 m’/hour, waste water
overflows No.1l treating vessel (3) after one hour, and is fed
into No.2 treating vessel. After two hours, waste water

10 overflows No.2 treating vessel (4), and the overflown waste
water is fed into No.3 treating vessel (5). After three hours,
waste water overflows No.3 treating wvessel (5), and the
overflown waste water is fed into the decomposed and treated
water tank (8).

15 Corresponding to the amount of water-supply,
hydrochloric acid is quantitatively added to No.l treatinyg
vcaagcl (3) 30 that the conocentration of hydrochloric acid in
waste water as fed into No.1l treating vessel (3) can be in the
range of 2 to 10% by weight.

20 Each of the treating vessels (3, 4 and 5) is heated by
the on-action of each of heat sources (12a, 12b and 12c) so that
a temperature of 75° to 110°C can be maintained therein. From
each of the treating vessels (3, 4 and 5), a plenty of water
vapor and hydrogen fluoride which has been generated with

25  hydrochloric acid added and by decomposition are volatilized.
it these gases are introduced into a provided condensexr (6),

liquefied, and refluxed into the original treating vessels (3.
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=I110%& (Ynshéh-dP%hd treadfdinP vessels are identical with each other.
10=109& ()-!sF. #109%8& ()-& tF. #10%&' () - &333; 4| 444dE{\ =! | g#109%&’ () -
109%& () -! Fo¥ke%ampld D% & the temperature is set up so that it can be lower
910%&' () - Y10%&' ()-456@666dE{\ =! *! 109%& ()-(!109%& ()-& 10%& ()-F
%10%8&@) AL0vRe( followéng) stage 7Yy sufE{evamared®l Wpter@udoBydyogen
@10%: ()-clhlorlde are recovered through condensation. and thus the
colution is not concentrated at all, and thereby the treatment
with calcium hydroxide at the following step comes to be easy,
and thus it is preferable. For example, No.l treating vessel
15 is set up at a temperature of 95° to 100°C, No.2 treating vessel
is set up at a temperature of 85° to 95°C, and No.3 treating
vescel ie cet up at a temperaturs of 80° to 85°C. Of course,
this is one example, the preset temperatures can be properly
varied according to the degree of hydrolysis in the actual
20 treatment state.

Incidentally, added hydrochloric acid acts as a catalyst
in chemical reactions, hydrachlaric anid 1tself is not consumad
in the reactions. As can be taken from a method of the present
invention, when hydrogen chloride gas which has been once

25 transpired is condensed and recovered, added hydrochloric acid

can be balanced with the orlginal amount.

A 1liquid which has been thermally decomposed and treated

17



1010%& ()-1. 10% () -y, #10% ()- 8Y88888888bC! ! 109%& ()-' 10% ()- 10, 1Q¢p onmg

10y=109%& ()- 9! 10%& ()- 7!10%& () -8/ 9p999: K: dEbC!

f109%&' ()-S&L0%&' ()-"10%&' ()-!10%&' ()-!10%& ()- !10%&' ()-K: :::

. C; }; dEbC! 10%& () -F 10% ()-310% ()-y#10% ()-& 10% ()-F 10% ()-};

. 6<MK<<dEDC! *1 109 ()-)!10% ()-Y & 10% ()- F% 10%& () - SHy#10% ()-F

| 109 () - <(=h===>0>dEbC! 6F" 10%& ()- FA4& 10%& ()-1 f210% ()- O10% ()-
11098 () -, f#109& () - Owe>>>>>>>hbC F 10%rE! () &10%& ()- 10 10 10S>

10% () 3921006 (- SIONK ] 30720 QPTG A3 SoH AR O
E{é%ﬁ“ﬁo%@%ﬁﬁﬁﬁﬁﬁﬁ%gﬁ PRk A L3 SLAREAD
5. Iow b BRI b b S o) peeee

310%& () - 3110‘%&?@0 Eé?Ddeﬂ%Xtédlggﬂil%ggﬁé)qumﬁéﬁi@éﬁ/@éa -3

1'10%&' ()-@'! 109 10maEQFFr

10m 109& §hrd&d hQUkrah1 24H0 % etk 1hg dP0dcddud EbZH#0MA ¢ F1ubY&e(dndH I [ 1]
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willl calcium hydroxide. Hydrogen fluoride and orthophosphoric
acid which have been decomposed and generated thereby are fixed
as insoluble salts as Follows:
10 2HF + Ca(OH), — CaF, + 2H,0
2H,PO, + 3Ca(OH), — Ca,(PO,), + 6H,0
6H,PO, + 10Ca{OH), —> Ca,,(PO,),{OH), = 18H,0
As a calcium salt which is used for fixing and eliminating
fluorine and phosphorus, it is indispensable to use calcium
15 hydroxide. When calcium chloride or calcium nitrate is used,
hydrochloric acid or nitric acid is produced as a by-product,
and thcrcby waste water is acidifiod, and thus not only the
object of fixing and eliminating fluorine and phosphorus is not
attained, but also a further neutralizing agent is required,
20 which is not economical.
EMBODIMENTS
(Embodiment 1)
133.5g of LiPF; was dissolved in water into 10 liters so
that the concentration of fluorine therein could be 10000 ppm.
25 To this ligquid including PF,”, hydrochloric acid was added and
solutions were prepared so that HCl concenration thereof could

be 2, 5. 10 and 20% respectively. Each of the solutions was
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concentration of the remaining fluorine in each of the treated
liguids was determined. Consequently, results as shown in

Figure 2 were obtalned.
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able

2
(%) H,S0, |Treating Time (Hours)
Conc. 0.5 1 2
5 450 500 150
10 825 265 48
20 225 25 35

Sulfuric acid is lower in decomposition ability than
hydrochloric acid, and thus a large amount of sulfuric acid is
5 required.
(Embodiment 2)
An aqueous solution having a LiPF; concentration of 3000
ppm, HF=3% and HCl=2% was thermally decomposed and treated at
a tcmpcrature of 95° to 98°C. Samplee were gdathered every
10 definite period of time, and then fluorine in each of the samples
was fixed with calcium hydroxide, and thereafter the
concentration of each of the remaining fluorine and phosphorus

was determined. Consequently, results as shown in Table 3 were

obtained.
15
Table 3
Treating Time (Hours) 0.5 1 2 4 8 16
Remaining F 560 51 19 17 16 14
Kemaining » 150 5 1 1 1 *
* ; 1 or less

From these results, it is found that the decomposition
20 is balanced by heat-Treatment ror a period of merely two hours.

(Fmhbndiment 3)

To waste water having a total fluorine concentration of

20
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the concentration of HCl therein can come to be 3%. and then
the waste water was thermally decomposed and treated at a
5 temperature of 95° to 100°C for a period of 4 hours, and then
the waste water was treated with calcium hydroxide. When the
treated water was analyzed, the concentrations of the remaining
fluorine and phosphorus were 15 ppm and 1 pPpm or less,
respectively.
10 (Comparative Example 2)

Using the same waste water as the one in Embodiment 1,
the waste water was treated under aimilar thermal dccompoaition
conditions. The treated waste water was treated with calcium
carbonate, and was analyzed. Consequently, the concentrations

15 of the remaining fluorine and phosphorus therein were 18 ppm
and 100 ppm, respectively. From the results, the produced
Phosphate is considered as CallPO, - 2II,.

(Embodiment 4)

Waste water having a total fluorine concentration of

20 44,800 ppm, a PF,-F concentration of 4000 ppm, and a HCl
concentration of 3.5% was fallen into heat-treating vessels as
shown in Figure 1, in which each of three treating vessels is
provided with an agitator and a heating device, and is connected
to the others in series, so that the residence time per vessel

25 can be one hour, and the total residence time can be three hours.
and thereafter the waste water was continuously treated at a

temperature of 90° to 100°C for a period of 8 hours. Samples
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(Embodiment 5)
133.2g of LiPF, was dissolved in 20 liters of pure water
so that a PFy F concentration can be 5,000 ppm, and thus a test
liquid was prepared.

15 2 liters of this test liquid was taken out as a liquid
sample, and 35% hydrochloric acid was added to three liquid
samples so that HC1l concentrations of the liquid samples can
be 2, 6 and 10%, respectively.

The liquid samples ta which hydrochleoric acid was added

20 were introduced into a thermally decomposing vessel, and were
heated and controlled by a breathing tube for steam so that a
predetermined decomposing temperature can be provided.

After a thermal decomposition for a predetermined period
of time, 100 ml of the 1iquid samples were taken ocut. an excessive

25 amount of slaked lime was added thereto so as tomake 1t alkaline,
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obtained.
Next, after steam distillation, a F  concentration was
S determined, and thus the remaining fluorine was determined.
The results are shown in Table 5. Furthermore, each of Figures

2 to 4 shows the same as a graph.

Table 5

Hydro- Treating | Treating Time (Hr.)

chloxric Temp. 0.2510.5 |1 2 4 B 10

aAcid (&) | (°C)

2 60 2880 | 2720 2720 | 2000 | 2000
80 2480 | 880 440 168 136
100 1600 | 600 1284 16 16

6 60 2880 [ 2000 [ 1200 | 5600
80 1200 360 38 20
100 44 38 25 30 24

10 60 1600 300 192 56 30
BO 152 48 27 23
100 38 28 22 30 28

10
As shown in Table 5 and Figures 2 to 4, the decomposition
efficiency of PF,” largely depends upon a treating temperature.
In particular, a temperature of in the range of 80°C to the
bollling polnt of treated water i1s preferable, a temperature ot
15 in the range of 90°C to the boiling point of treated water is
more preferable. Incidentally, the boiling point of an agqueous
solution as contaminated with PF,” and hydrochloric acid is about
105°C.
Besides, when a hydrochloric acid concentration is more

20 than 2%, decomposition efficiency comes to be higher. Even in
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Treatment is carried out at a Treatlng temperature of about 100°C
for a treating period of about 2 hours. the remaining £luorine

concentration can be 20 ppm or less.

The availability on the industry
Accordiny Lo Lhe present inventlon, with hydrochloric
acid and calcium hydroxide as commonly used as industrial
chemicals, by using simple procedures such as a heat-treatment,
10 fluorophosphoric acid is decomposed into hydrogen fluoride and
phosphoric acid. fluorine and phosphorus are fixed and
eliminated, and thus the concentrations of fluorine and

phosphorus in waste water can be lowered to a low level.
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1, A methoud of fixing and eliminating fluorine and phosphorus
in waste water including a fluorophosphate compound,
characterized in that hydrochloric acid is added to said waste
5 water including said flucrophosphate compound so that the
concentration of hydrochloric acid in said waste water can be
in the range of 2% to 10% by weight; and then sald waste water
to which hydrochloric acid has been added is heated to a
temperature of 80°C to the boiling point of said waste water
10 so as to decompose said fluorophosphate compound into hydrogen
fluoride and phosphoric acid, while hydrogen chloride gas in
2 trcating vessel containing sald waste water 1e 1lntroduced into
a condenser provided out of said treating vessel; and then a
calcium salt is added to said waste watexr aftexr decomposition
15 to fix and eliminate f£luorine and phosphorus.
2. A method of fixing and eliminating £luorine and phosphorus
in waste water including a fluorophosphate compound according
to c¢claim 1, characterized in that said hydrogen chloride gas
in said condenser is condensed into hydrochloric acid, and said
20 condensed hydrochloric acid is refluxed in said waste water in
said treating vessel.
3. A mathod of fixing and eliminating fluorina and phasphorus
in waste water including a fluorophosphate compound according
to clalm 1, characterized in that hydrochloric acid is added
25 to said waste water so that said concentration of hydrochloric

dcld in sald waste water can be 1n the range of 3% to 6% by welght.

4. A method of fixing and eliminating fluorine and phosphorus
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1s carrilied vul al a heating temperature of 90°C to the boiling

point of said waste water.

6. A method of f£ixing and eliminating fluorine and phosphorus

10 in waste water including a fluorophosphate compound according
to any one of claims 1 to 5, characterized in that said calcium

salt is calcium hydroxide.
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