;’e3eF\ >6t Tvd DESCRI PTI ON METHOD FOR PURI FYI NG A QUATERNARY ALKYL AMVONI UM
SALT, AND A QUATERNARY ALKYL AMMONI UM SALT 5 Technical Field The present
invention relates to a nmethod for purifying a quaternary al kyl anmoni um
salt, and to a purified quaternary al kyl amonium salt, nﬁmMWNWWMMNMMEIIy
to a method for purifying a quaternary al kyl annnniun1sa

suitably used as an electrolyte in an organic electrol ytic sokusi®n
incorporated in a dielectric capagkbprp@ioRattery, particularly to a nethod
for purifying triethyl methyl ammoniumtetrafluoroborate. Background Art 15
Convent i onalgpiop Nt dRIR 1O PN i Gy BT SRvat ey narry 12l Ashorerna@ngamr sal t,  for
exanpl e, to produce quaternary al kyl ammoni umtetrafl uoroborate, quaternary
al kyl ammoni um chl orand®, A byuwrT ckNARY yckooxi KevoNsT @M [ s to react with
fluoroboric acid. Such nethods have been proposed in US 20 Patent No.
3,965,178 (1976), and published Japanese Patent Applications, Publication
No. S63(1988)-30454, 2000-226361, and 2001-247522. A published Japanese

Pat end AppkheackédnFiPdBlication No. H5(1993)-286981 proposes a net hod

i nvol ving the use of 25 anhydrous hydrofluoric acid. An published Japanese
Patent Appl i caPFoRISPEBIi AUFSIT R, rﬁif@f@Q@P §1@§§§°Hr5865es yet anot her

nmet hod in mhlch ah dro enfl uori al ernary .al kyl ammoni um
fl uori dePHnd t¥dPEn2 ¥HPFI35PF§¥ S&iﬁﬁ a@@ﬁﬁﬁ@? %?ggalﬁ 4 tgyreact A

pUb|'She%yé? %gtﬁgg% Pﬁo?p%hk %t' bnlﬂR'%%%E'OQOQ% ?%%ﬁ%%% 1 7179

pr oposes tertlar akine i’s Iome o react

i th 2l kyl, BahEggoqule L5 s | %hséﬁe%'a%gwa%f S5

nqlgh
quoroborlc aci anese Pat ent [iFcation Ilcatlon No.

HL1( 1@9914%%%95@sprsca@%%ayy%tse@n%tsh% %%@quwtwl@lh a%u%tr%ra@ﬁrcy al kyl
amoni um bi carbonate and fl uoroboric acid are allowed 10 to react. A

quat er nay 1akkyb 1gmenisemugaloh (@codpor@taberinaky ddlek e tammoni um

tetrafl uoroborate) obtained by one of the conventional nethods descri bed
above corbpakrs tart paceaareunyt, @k rchlcoliaré yoit obromenéoderfiored from a
starting 15 material, or of fluoroboric acid which is introduced during the
synt het i pupridyess. tirfieshoime tdyilemmenion pespetllyporodstredeso as to be
deprived of those contam nants, the salt could hardly be used with profit
as an el deckglrpuadi Argn organic el ectrolytic solution of a dielectric
capacitor 20 or battery. The nethod for treating such a salt to i rove its
puri &9 i ncl udésnyenitiicdatilon BasOF ST e PFOCHTS 2aGVGt saiiady, can
hardly achi eve the conplete el im nation of contam nants. A |.i shed

b
JapaneseaﬁgpéﬁPmAﬁﬁﬁlcaﬁcﬁheﬁﬁmﬂ%%muqor??ﬁ?qﬁ§ BEGEIIAY §closes a
nmet hod |n mhlch ater@qh rdgg%f %H @5¥ggygf d%l 1_aII W%QJEQ react with
in

f1 uor obori ¢ Aci Y €action pro ried. This - 2

met hod enaflgs dhe beildn{l'd%atdrorl‘w r SRl iiRe aquoWlent'?Je rvéygtamlr@m derived
fromthe starting material, t hus the obtainnent of a quaternary al kyl

amoni umSaldy dgd rwii %ﬁpnt @G’bﬁaﬂte%hdaél wedel heBNt peopbaeti Ag weterials are

20 Patent No. 3,965,178 (1976), and published Japanese Patent
Applications, Publication No. S63(1988)-30454, 2000-226361,
and 2001-247522.
A published Japanese Patent Application, Publication
No. H5(1993)-286981 proposes a method involving the use of
25 anhydrous hydrofluoric acid. An published Japanese Patent
Application, Publication No. H11(1999)-310555 proposes yet

another method in which a hydrogenfluoride salt of
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5 significantly inhibited. A quaternary al kyl amoni um salt obtai ned by
this nethod, however, tends to conglonerate as do quaternary al kyl ammoni um
salts obtained by the conventional nethods descri bed above. Because of this
tendency, the salt in 10 question poses follow ng problens. Quaternary

al kyl ammonium salts are generally highly hygroscopic. Because of this
property, quaternary al kyl anmonium salts obtai ned by the conventi onal

methods 4 Qée}ggafgngm rg—ﬁnﬁomg’ﬂ{ncmggyassaapebggxmg gkilekeaeyoof the 1-

salts. suc uaternary a anmoni um sa s used as an e ectrolyte

in an e'@EErQbMéléxsngtb@@oQEdanekégéE'C.&'ﬁ&%ﬂisﬁ%&”@&&anéée“‘|| react
wth water to produce an acid in the electrolytic solution which wll

result ipatbetangpentedibnt epaplicesishanee Hiltheog)reuntoel enent is a 20
battery, or corrode the nmetal parts, if the circuit element is a dielectric
capaci t opropnsebj get ahotherpmeshntl invehtchntesttiarsobmeénthesprobl ens

i nherent to the conventional nethods. To put it nore specifically, the

obj eci oflinheepreseneachventhonlkygl2bal odpy ovhdehaimetihoddfietepyoduci ng

hi ghly pure quaternary al kyl ammoni um salts which can be profitably used in
t he prodetlienedfoni spectire vaphcfivpsobordc acpisc|dsweitlel b3hedhe | nvention
The present inventors studied hard to_achieve the above ob%ect and found

that it P@pﬁﬁgg?bF@t?8t99981é0§5F8PvoﬁuPélFﬁElBPoHPen515§1 PV di ng a

t | t d d t |t which
B?gubﬁg 2%5055g§£59§%§Fi§ gﬁa g?nﬁ%gg ¥k§P éhﬁﬁﬁng g%ﬁ% T&nd hfspgfsing
It 1n an,ef ?néﬁmég#ﬁﬁnklEgrggﬁgtEt ﬁdsﬂﬁﬂggébgglcTQE§dfhgg'leo%gdto the

pr esent Fnv ntlon resent Invention provides a nmethod for purifying 10
a qugs er par yeakkyl annnnlun1salt, t he nethod conprising the step of
di spersing a quaternary al kyl ammoniumsalt to be purified in an organic

sol vent to makeqghhtaraH§PENELONamhBEiRMESENE uev Nti gla@ks@aRkOVi des
particul ate quaternary al kyl amoni um sal ts. ?Cperatlon)
alkyl ammonium tetrafluoroborate) obtalned by one of the
conventional methods described above contains a trace
amount of chlorine or bromine derived from a starting
15 material, or of fluoroboric acid which is introduced during
the synthetic process. If such a salt is not properly
treated so as to be deprived of those contaminants, the
salt could hardly be used with profit as an electrolyte in
an organic electrolytic solution of a dielectric capacitor
20 or battery. The method for treating such a salt to improve
its purity includes purification based on recrystallization
which, however, can hardly achieve the complete elimination
of contaminants.
A published Japanese Patent Application, Publication
25 No. 2001-348388 discloses a method in which quaternary
alkyl ammonium halide is allowed to react with fluoroboric

acid in alcohol, and the reaction product is dried. This



Wien a quaternary al kyl ammoniumsalt to be purified is transferred to an
organic solvent, it will disperse into the organic solvent to becone a
suspension, even if it exists as a solid mass before the transference. The
20 suspension is filtered to provide a highly pure quaternary al kyl
amoniumin the formof particles. Best Mdde for Carrying out the Invention

The present invention wll be described in detail below 25 (Quaternary

al kyl anmppekug saubledhengl kylindhatPsnCeRSEhiULLAG 8-auAbRIGArY alkyl
amonium salt to be puritied by the inventive nethod are - 4 not limted

to any spghtbh€n@ReSdeH@VRMEE rofif @Rkt BeaYkeWRONAL <f a0ht ahbi RGu@ quaternary

al kyl ammonium salt with i nproved el ectrochem cal properties, particularly

of obtai BhBgoBtaahiewtt Bfan enbaegedroxbdayiloammediuoh ealt pot entical , al kyl

groups with 1 to 5 carbon atons are preferred. Thus, suitable exenplary

al kyl groopsammnohuote detrhyked étrbyl the- ptepylingsmetprapyls, amebut yl ,

sec-butyl, tert-butyl, n-pentyl, sec-pentyl, tert-pentyl, etc. The al kyl

groups mayobéfipensaweinhibkiégdh other. 10 However, fromthe vi ewpoint of

ensuring an inproved effect of the inventive nethod, or of obtaining a

quat ernary al RyRuafrfenpam daky LwPPRORA PR te@PEREA&E BH- téddct i on
potential , at Igﬁst t wo of tgg al kyl groups are pr%ferably different from

each ot hBPINP8, CREBWEY Sfor &€8F St 78 SPQ§POGF665§ fay 9Be WAHSEPEGYed by ot her

substituen ). . unless the substitution interferes w.th_the fect of the
Tvent i on <6l paliPRT i sersents i Herude. Sre CERIRRle gendsrots

subst it UBRLES) pRHCRLBS DENBYLL 0L PRENYA1 s S RYEALY NI UL £0DRTfhem
pyridiniumis particularly preferred. Suitable exenplary quaternary

a'kYHoa”@ﬁ@%%@b%abb§e%9f@@lB%&h%'%@o%ieh@@ inventive nethod include

guat ernary al kyl ammoni um tetrafl uoroborates, quaternary al kyl

ammoni um hexabhueeephesyphakes, agudheimaky 1akkylrcagaBRirdm1Z5highly

hexaf | uor oanti nonat es, quaternary al kyl amoni umhexaf| uor oar senates, etc.
However , hiynamstbeivi.ewpoetatisof ocfleshiabpeoptecyy ogheneecabrpr apkyli es such as
1) high - 5

(H J ammonium salts obtained by the conventional methods tend to

conglomerate, which reduces the drying efficiency of the

15 salts. If such a quaternary alkyl ammonium salt is used as
an electrolyte in an electrolytic solution of an electric
circuit element, it will react with water to produce an
acid in the electrolytic solution which will result in the
augmented internal resistance if the circuit element is a

20 battery, or corrode the metal parts, if the circuit element
is a dielectric capacitor.

An object of the present invention is to solve the
problems inherent tc the conventional methods. To put it
more specifically, the object of the present invention is

256 to provide a method for producing highly pure quaternary
alkyl ammonium salts which can be profitably used in the

production of dielectric capacitors.



el ectric conductivity, (2) high oxidation-reduction potential, and (3) w de
range of tolerable tenperatures, quaternary al kyl

anmoni umtetrafl uoroborates and quaternary al kyl

amoni um hexaf | uor ophosphates are nore preferable, 5 and quaternary al kyl
amoni umtetrafl uoroborates are nost preferable. Anong quaternary al kyl
ammoni umtetrafl uoroborates, the followi ngs are preferred because of their
ensuringpt be1gkhieet oef chBerhpugpibye method. They are 10 _

triethyl methyl anmoni um tetrafl uoroborate, ethyltrinmethylanmoni um

tetrafl uoroborateprtkbpt opNBREBYaBIRAL A hethatbugraberat éhe

tributyl met hyl ammoni um tetrafl uoroborate, N ethyl-Nrethylpyrrolidinium

t etraf | uabober ab¢ecandahdNtdbndi erbbylienepypoekibiai ue teteakl uor obor at e.
Anmong them triethyl met hyl ammoni um tetrafl uoroborate is particularly

pref erredoluQuatetnaticapkypblamsohiyuprsalitiing bepputiftiuédreThe quaternary
al kyl ammonium salt to be purified 20 refers herein to a quaternary al kyl
amont unN8aFture-Berpuvefi edabgrrpsyi avkrti eamapt HedsaAtquatehnasy al kyl
ammonium salt _to be purified is not limted to anx sRecific‘one, but may

i ncl ude 2RYUGLAt 8PREFYPHI RYPPaRABAI Anf¥aFEEN8BY aPn&d Lo ERY LkRowA Livet hods.

The 25 foll.ow terr | kyl i | bt ai ned by the nethod
descr i bet"Ber 6APRBY BE par 11 88 By SCHEC! AYSHEN Ve RePABA. - 6  Needl ess to

say, anysggggﬁgﬁaay ajkyl @fﬁ@p@ggig@'Eéngaggéfég@Wktf&égnggéﬁribed above

whi ch happen to contain 1 npuri or u reasons may be purified by

the i nvent | verfTe! hodsoRYeangeREEKhOUShY BUL! L1 AL AMA! epnaby, 5 sabk

anmoni um salt nay be puri Inventive nmethod to furt nhance

its pyuribyqudbergdaleanany ahkyhiammenivm sakt setAohe BRbkikedgbynthe
i nventive nethod include those obtai ned by the foll ow ng known "net hods. 10

(1) Syntbespsoretihegeirpingi ehqouatennayyaakky! aamsBRuMMsehkotibdge bromi de
or hydroxide is allowed to react with fluoroboric acid (US Patent No.

3, 965, 178urptbedshedadapanesecPabéntnAppbi makeohs, aPabhkpeation . No.

S63(1988) 30454, 2000-226361 and 2001-247522). 15 (2) Synthesis nethod using
hydr of | uori ¢ dbedranhgdii daveatpabl eshedrIapadeseprPaténtilAppl i cati on,

Publ i cati on No. .
quaternary alkyl ammonium salts.

15 (Cperation)

When a quaternary alkyl ammonium salt to be purified
is transferred to an organic solvent, it will disperse into
the organic solvent to become a suspension, even if it
exists as a solid mass before the transference. The

20 suspension is filtered to provide a highly pure quaternary
alkyl ammonium in the form of particles.
Best Mode for Carrying out the Invention

The present invention will be described in detail

below.
25 (Quaternary alkyl ammonium salt)
The alkyl groups constituting a gquaternary alkyl

ammonium salt to be purified by the inventive method are



H5(1993) - 286981) (3) Synthesis nethod in which a hydrofluoric acid salt of
quaternary al kyl ammoniumfluoride is allowed to react 20 with boron
trifluoride or its conplex (A published Japanese Patent Application,
Publ i cati on No. H11(1999)-310555). (4) Synthesis nethod in which tertiary
amine is allowed to react with al kyl halide and the reaction product is

i medi ately allowed to react with fluoroboric acid (A 25 published Japanese

Pat ent Appli ¢ahi 084PHB gﬁ9tggec%@icfgﬁé;99 3 J{}D-fééﬁ Syathesi s method

I
in which quaternary al ky _ ammoni um bi carbonate is all owed to react
with fluorebpsistaskdobPapbhshedudapangse Eakont aARBhiGat kaAy Publication
No. H11(1999)-315055). (6) Synthesis nethod disclosed in an exam ned
JapanesewbtRaieptodppl etattonchPubbhtapropeNoiebl/($998)chlBtly. of7)
Synt hesis nmethod in which quaternary al kyl anmmonium halide is allowed to
react wi phtéinorobersglacwdthnanl eohakgedndxitfietienetredncpioduct is dried
(A published Japanese Patent Application, Publication No. 2001-348388). 10
(I nputi t Pesenhial quatl by hagyoupPRywidhmbntanbsahtbon beopar ateed) Inpurities
acconpanyi ng a quaternary al kyl amoniumsalt to be purified are roughly
di vi ded PARE eFﬁ%dcaf%Ekﬁde%UItable exemplary alkyl groups include

methyl, ethyl, n-propyl, sec-propyl, n-butyl, sec-butyl,
tert-butyl, n-pentyl, sec-pentyl, tert-pentyl, etc.

The alkyl groups may be the same with each other.

10 However, from the viewpoint of ensuring an improved effect
of the inventive method, or of obtaining a quaternary alkyl
ammonium salt with an improved oxidation-reduction
potential, at least two of the alkyl groups are preferably
different from each other.

15 One or more of the alkyl groups may be substituted by
other substituent(s), unless the substitution interferes
with the effect of the invention. Suitable substituents
include, for example, benzoic substituent(s) such as benzyl
or phenyl, or pyridinium. Among them, pyridinium is

20 particularly preferred.

Suitable exemplary quaternary alkyl ammonium salts to
be purified by the inventive method include quaternary
alkyl ammonium-tetrafluoroborates, quaternary alkyl
ammonium-hexafluorophosphates, quaternary alkyl ammonium-

25 hexafluoroantimonates, quaternary alkyl ammonium-
hexafluoroarsenates, etc. However, from the viewpoint of

desirable electrochemical properties such as (1) high



according to their sources: (1) those fromstarting 15 materials, and (2)
those introduced during the purification process represented by noisture.
(Impurities fromstarting materials) If an inadequately purified quaternary
al kyl ammonium salt is used as an electrolyte in an electrolytic solution
20 of a dielectric capacitor, the capacitor will have an augnented internal
resi stance which will case an energy loss as a result of voltage drop each

time el egiobebty bspahargedeynt Qo0r \dbAchar agd; bpopLhiie gaRact tor. Then, it

wi |l becone inpossible to maxinmally exploit t el'ectrochem cal property

of the qpatendary, abkyl (apmnbuem-sabt. oMEEO¥CEL18UE BB eRRArY al Kyl
ammonium salt will react with water to produce an acid in the electrolytic

_ g _ sohtéiparwhatRyl bimeatundeetbefebabbpantssohnthqudicelraatki c
capacitor. Inpurities derived fromstarting materials and brought into as a
result oflsyht AesdsimmyherelflideropbpspRahpbeard hmokkopirrgerabhe,synt hesi s
nmet hod di scl osed in a published Japanese Patent Application, Publication
No. HL1(3999§uatesnsrijsaskilapamnaatynarfbrpthprobpraécasagn massr nedi ate.
Thus, a gua%ernaig al kyl ammoni um salt produced by this nmethod is 10
abundant PySEBRt AT nat ed with hydrofluoric acid. The nost inportant

contam nant h i s _hydrofluori In, the sgnthesis nmet hod di sclosed in

re aci d.
an exam ned Jgﬁgﬂ%sgu B?EH?rXpBﬁFEQtFﬂﬂ?nﬁﬁETFE FROMURBOPRTEESS5) 116113,

turn-over, of iary_amnes remaing gfiten | ow Thus, tertiary alkyl
annnniun%g k§%f£évg%%3t%r?sp58% ant a?%ﬁaﬁf?hoFegg?éFyegﬁPﬁénan%XSiaIkyI

car bonat greL-£0gpOLALS ; HEMA: 85 ShathbQy MLl igls. In this nmethod, the

i nportant contam nants are tertiary am ne and di al kyl carbonate. 20 In

addiHiOntr%@?ﬁy@mgﬂﬁ?ﬁéﬂﬁéﬁiﬁhkyét@HﬁPGBHHb@EEYE,C?rbon?te containing
secondary amine is allowed to react with fluoroboric acid, tertiary am ne

tetrafl uetnhotaimetsypanduaedmasevehbklasrguatetsary al kyl ammoni um
tetrafl uoroborate. In this case, the nost inportant 25 contam nant is
tertiarytanpnepyéenedhylanoboianetef bbtstioreboAstapnti oned above, according
to the nmethod disclosed - 9
tributylmethylammonium tetrafluoroborate, N-ethyl-N-
methylpyrrolidinium tetrafluoroborate, and N,N-

15 dimethylenepyrrolidinium tetrafluoroborate. Among them,
triethylmethylammonium tetrafluoroborate is particularly
preferred.

(Quaternary alkyl ammonium salt to be purified)

The quaternary alkyl ammonium salt to be purified

20 refers herein to a quaternary alkyl ammonium salt to be
purified by the inventive method.

A quaternary alkyl ammonium salt to be purified is not
limited to any specific one, but may include any quaternary
alkyl ammonium salts obtained by any known methods. The

26 following quaternary alkyl ammonium salts obtained by the

methods described below may be purified by the inventive

method.



i'n a published Japanese Patent Application, Publication No. 2001-348388,
quaternary al kyl ammonium halide is allowed to react with fluoroboric acid
in alcohol, and the reaction product is dried. This nmethod enabl es the
elimnation of 5 chlorine or brom ne contam nant derived fromthe starting
material, and thus the obtai nment of a quaternary al kyl ammoniumsalt in
whi ch contam nants derived fromstarting materials are significantly

| nhi bi ted. VheBoa18Yat ebnaky, ably! (aARRRLUNY S kyebLakaaduRY J19 Leacting

guat ernary al kyl amoni um e w't I'S use
startingofRber tAhnt @nBgePHELELEHAY abRGe! AMERKI K8 F@Bhgg cbhtWihl be
possible to obtain a quaternary al kyl amoni um sa having a far higher
purity thapurstpessibkeunkhbBwhhecusage abyquat puparyeal kyl t£8 amoni um
salts obtained by other conventional methods. Simlarly, when quaternary

al kyl amomeomitigdmexhdd.i sEadh oavedréeviveaty puthf fédoqodboercangi d, it is
possible to obtain a quaternary al kyl amoni um salt conparatively free from
i npurd ti esky¥hamapnesm pslhomall be apdifhedpbiynthpalingenteéaet e hios!
preferably al l omwed to occur in alcohol. This nethod is based on the
reaction Befﬁééﬁeéuﬁﬂéﬁﬁgﬁylﬁﬁk?PréﬁﬁBnlun1haI|de and fluoroboric acid. A

quat ernary alﬁﬁ annnnlun1salﬁ ggoduced bé & nethod described in a
publ i shed Jap Esguﬁﬁﬁﬁﬁﬁrxpﬁ F¢at PBRCBEUBL BRI ES 8nbﬁopufééie§4§§88 is

conpar at ly fr from r|t| de ved f n1st naterials.
However %ﬁgq%3¥8§§éry aFEHBH ﬁ g PFeOB aﬁgﬁ ? met hod - 10

t ends to 89@%u9§grthwnmﬁbgHOBEQUces the drying eff|C|ency of the salt.

Ther ef or e ter content of the salt increases. Then, it will becone

| MPOgS! bl e {0 (IRX5URLhY APk holiNenelAeLhoaRbeah i aBRYLY of the salt.

To avoid 5 thi IS necessary to mnimze the water content of the

quat er naeMmahkyuh anMBREHB), SBkbmibk bt h§dpegshBl €st 919BLaLNta guakernary
al kyl ammonium salt in the form of particles instead of a solid nass, it

wi || be paski blaotobsrxicmakhy expl obtehhenel el peshensgabupnepeeti es of the
10 salt because the particulate salt will dry faster and have a nore
reduced vapenesenbPehenthappilheasdbnd,cdublierpaibvn Whe SBBReABBBe-net hod ai ns
to obtain a quaternary al kyl anmonium salt as a particulate crystal, the
met hod céﬁé5ﬂ5|ﬁ@oéb?8ﬁﬁ5ﬁgaadq@§@érﬁéﬁ92§lkyI armoni um sal t, and 15

di spersing it into an organic solvent to nake it a suspension. It is
possthl e by thPs A¥RRBESLS BBLEPA asanatéwﬁapﬁlapmyp aﬁﬁénﬁaﬁwgapﬁewh.ch
ensures the i rove eff|C|enc of dr and has_a_ conparatively | ow

wat er coﬁ?eﬁ? 2518 fGPBaBS?ﬁg 8&FBF Hp ﬁFétbQPtl@P@%lcétdﬁ§t§Pnary al kyl

anmoni u _ to disperse into an organic solvent. Thus, even if
|npur|trg§?5%852 géégpﬁ n the surface of crystals of the salt, such

U1 o5 by S O EBRT SR LYt Do SRR g bigydl sver i on
particul gel yugtberbi-yeah Rye! LAkBALLAI L OBYAHE! €8 hAi9BWERE tBalkact 11
20 with boron trifluoride or its complex (A published Japanese
Patent Application, Publication No. H11(1999)-310555).
(4) Synthesis method in which tertiary amine is
allowed to react with alkyl halide and the reaction product
is immediately allowed to react with fluoroboric acid (A
25 published Japanese Patent Application Publication No.
H11(1999)-27179).

(5) Synthesis method in which quaternary alkyl



(‘'Synthesis of a quaternary al kyl ammoniumsalt to be purified) An exenplary
synthesis of a quaternary al kyl ammonium salt to be purified by the

i nventive nmethod involves the 5 use of quaternary al kyl amoni um hal i de or
guat ernary al kyl ammoni um hydroxi de as a starting material. The al kyl
groups of the starting material are transferred as they are to the
quaternary al kyl amonium salt prepared therefrom Therefore, the al kyl

groups ofnkBRighabt ERYLRRLEE! 8k ahqehedlgobgesBQS@etﬁsfqae QB%&EEG
depending on the desired structure and properties of the resulting

quat er nanyial kxl papmeBhed Saphnete PHteht ABpEisReELh CalibY4chiheoal kyl
groups constituting the quaternary al kyl anmoni um hal i de or 15 quat ernary

al kyl anNoni iy e86R2) dd81lehbéh.are transferred as they are to the al kyl
groups of a resulting quaternary al kyl ammonium salt are not limted to any
speci fi ¢ ones.(6Hofgnehesfisomethedvidéapodpredofinobhakrngnadquapeneary al kyl
ammoniumsalt with inproved el ectrochem cal properties, 20 particularly of
obt ai‘hi n§aheshl RPRL £ FakACERI RHgeédcakiaat Nen- Hedu8Pbonlp6ianti al, al kyl
groups with 1 to 5 carbon atons are preferred. Thus, suitable exenplary

al kyl groups i éléaatﬁﬁﬁﬁﬁlme§PHQ|lnnWbﬂSByHuaEéénﬁF5p9ﬂkya but yl ,

Ce Y R e B o oRPE UL L1 sPERL .28 LT, The ol
ensuring; ifNa th§8YedaﬁEf Eg re%%tlonnL pﬁcknv glvgdn?khoablgghgg

obtalnlng a quaterhary a anmoni u an-rmprov

OXIdatlOﬂabgﬁeQEI@Qt@ggeﬂbp@hca%&oheaﬁhb&weae&ohhﬁoa'?bpﬁgﬁqgﬁ% gl €

preferably different fromeach other. 5 One or nore o e al kyl "groups may

be substitupedibyest har asghstietHapy (sl kyUnbemsnt iR sHbSt kbubieon interferes
with the effect of the invention. Suitable substituents include, for

exanpl e, phehfded) substituent (s) such as benzyl or phenyl, or pyridinium
Anmong them pyridiniumis
Impurities accompanying a quaternary alkyl ammonium
salt to be purified are roughly divided into two categories
according to their sources: (1) those from starting
15 materials, and (2) those introduced during the purification
process represented by moisture.
(Impurities from starting materials)
If an inadequately purified quaternary alkyl ammonium
salt is used as an electrolyte in an electrolytic solution
20 of a dielectric capacitor, the capacitor will have an
augmented internal resistance which will case an energy
loss as a result of voltage drop each time electricity is
charged into or discharged from the capacitor. Then, it
will become impossible to maximally exploit the
25 electrochemical property of the quaternary alkyl ammonium

salt. Moreover, such a quaternary alkyl ammonium salt will

react with water to produce an acid in the electrolytic



10 particularly preferred. According to the conventional techniques

descri bed above, fluoroboric acid, hydrofluoric acid and boron trifluoride,
hydr of l uori ¢ acid and phosphorous pentafluoride are allowed to react with
qguaternary al kyl 15 ammoni um hal i de and/or quaternary al kyl ammoni um

hydr oxi de. Then, it is possible to obtain a quaternary al kyl ammoni um salt
to be purified by the inventive nethod. Fluoroboric acid, hydrofluoric acid
and borogot pifbyoyhden andihydreblothe Aetdiapd phogphergus pentafl uori de
preferably 20 have a | ow water content, because then the effect of the
inventionibeeefescnebphketokf the synthesis involves a system based on an
aqueous solution, the precipitation of a quaternary al kyl amoni um salt

wi Il not procerdusatisbadeetiivky Beeauseatrbengahbtesigadssahdbbeotighthe 25
aqueous solution that the yield will be reduced. However, it is stil

possi bl eingoobsadnrashiighby puneéhpsodumtyushngudachfarsysaemleTo reduce the
wat er_content of the product, - 13 it is preferable to use a system
based® onfahlaréBast solvent. It is preferable to obtain a quaternary al kyl

t
ammonium salt_to be purified by the inventive nethod by the nmethod 5
di scl osed in ghﬁuBVPgﬂﬁal§aﬁﬁﬁé§Q PafehPSABpLNcat PBR1PEBPAC d8PERERS.

2001- 34838 h hod. I SLI ' | kyl [

nal i do wE EhCPFUBPBROF e+ 67 0P PR AL eBRN, MandiBLAGo) ha 1PeRet FBRpr oduct

t hereb LD ' 1.sk-0f th o] duct [ 10 t am nat ed
R R o e e S R T

quaternaﬁMa@EK%ér?”H@ﬂyﬁ”bﬁﬁbk%ﬁﬁt§EE€dP9¥d§E58WE99tHE$}@%@g&ﬁtﬁgkyl

anmoni umhalide t0 react wth uoroboric acid is puri e inventive

net hog, kbudBanthl benpesshBkedt @ieht ayAraryuaternacyqal kyhe agyopi um sal t
far freer frominpurities than is possible with the usage of a quaternary

al kyl ammpbutesal tonbtainedtbyieaecasmhndsynthetric aethod. Simlarly, when
guat ernary al kyl ammoni um hydroxide is allowed to react with fluoroboric 20
acid, it is pdsstheesyotbbsasnmatfuodt dinalysabkyh anmerendneadl t
conparatively free f notable, and the cardinal occur in alcohol.
(SuspensPeryngseTRatpneArPrYecheinod uhaléercaaignaNkRyl HAd8ABUmM quat er nary
al kyl ammoniumrominpurities. The effect is reaction is preferably allowed
to for théOplfif FBARTBHESf 04 §8IFELlasHpArMEBESdrSpaiaPngiaesalowpr epared by
one of the - 14 .various conventional methods into an organic solvent to
makel?t ANUEspBRIFOATYt ALEYdi epEPBRLIBR 8LEBleRaBPPREtENESel i mi nation of
;g?g;h{'?ghFggﬁnggée&Q%ﬁyték§X£r$”§89h8”523'&iéikgks grpgd,iat g, an organic

compounds used as starting materials. In this method, the
important contaminants are tertiary amine and dialkyl
carbonate.

20 In addition, when a quaternary alkyl ammonium alkyl
carbonate containing secondary amine is allowed to react
with fluoroboric acid, tertiary amine tetrafluoroborate is
produced as well as quaternary alkyl ammonium
tetrafluoroborate. 1In this case, the most important

25 contaminant is tertiary amine tetrafluorocborate.

[Moisture]

As mentioned above, according to the method disclosed



5 suspensi on or an inhonbogeneous system the insol uble suspended particles
are recovered by filtration to be separated frominpurities which largely
di ssolve in the solvent, and the particles are dried. Thus, a quaternary
al kyl ammonium salt having inpurities largely renoved is 10 obtai ned.
(Organic solvent) It is possible to obtain a suspension of a quaternary

al kyl ammonium salt by transferring the salt to an organic solvent, and

stirringihhg 5hxaygﬁeerJgs§Mb§g @Q%erXAHFﬁﬁéétEBQOU§B891C§E i babkg organi ¢

solvents to receive the suspension are no imted to any specific ones.

The wei ghboof3tB8ser ggobeesabyont 1wyl hanfsneaih ha1h88 par ks 1Byeweight of
the quaternary al kyl ammoniumsalt I1s 10 to | 0,000 parts by wei ght,
pref er abkyat® wotb0Olparbbobyc2@ciai ght alkbhbbe webghhei Reguesbhon of the
organi c solvent is below 10 parts by weight, the purification effect of the
met hod mprpdbétsﬂbgdrﬂydaff%mi@dnetmpdrmnablmﬂ thamdelifiindeioright in
question of the organic solvent is over 500 parts by weight, although the
puri f? cafPoRTéREeE RFPMiBe 25nfApanRabl éerivPHofk Al bhebs&Astinkl ari se:
inmpurities due to the iptroduction of the organic solvent will contam nate
t he coexW@F%ﬁfa%ua?BSnEPVSaFE§I°5nﬁ6HW8ﬁF58fta gHatgrrazy alkydrtial or

entire fractlonmofaip ﬁ % g gnaﬁlun158I% will dissolve in the
organi ¢ S0l vent ab rg n| oBAPESWHEF&VE qaaPBr R&FY “aPRyI
annnnlunhggg}lé§sd5§ﬁe%§§ E EQP@%§“§HETBEQQd'”C|“de 5 car bonyl conpounds
such as acetone tyl'-kKetone, etc. "Anong them acetone is

parti cul arly w&sﬁegrsQaPQEﬁafg tic9h! aifohbeneLLie! sBtadhsnepsi on of a

guat ernary al kyl anmoni um sa a suspensi on uaternary al kyl

amopg unrsaktihg ghhowedato gﬁkyﬁlgﬂﬁbﬁldm898i§se'w&ehafigo§H%B§E§'0“ it
is possible for the inpurities adhered to the surface of crystals or

ent r appedciwit hsnuseystal 8 teabeihgongberiat oreopkagtirvrt Bdt B sakvent to be
di ssolved thereto. This makes it possible to provide quaternary alkyl

amoni unmisaehsivet hedhhdgher pulilt peapdsthuselbodbbtedhr ac capacitors with

hi gher reliability than is possible with conventional nethods including no

such disﬁéﬁE?éﬂaerﬁ%kmétﬁ@mahiumeSéitahaaﬂogh@Ifsuchiasemephamow et hanol ,

1- propanol, 2-propanol, etc. %an conmpound such 20 as acetonitrile, etc.,
ether suEReBsiBtRyFetALe, Wikhr ARGIRERERAAL GHRLSrBaLEr adkivh as et hyl
bon such as hexane, _cycl ohexane, etc., may

| h d
be- el ogBHSALuR) %%3@%'53?? a{rigéahéﬂtOFHFErF@PEeW%ﬁ“F‘HemSFPQE‘? of 't he
i ti Was hi ft (] t al ti cl
soparat ed Do LY arSH FhaherRet apkvli AbRSBt ol f’d%Pénggah(léy,estﬁree
partlcleglgg e&a§8egeac%6w1ﬁh“% Go?8P8£98n58680|anESSBO§Q§ 1Lmpyrities

adhered to the surface of articles can Bl & organi c

SOlventSo%QaPﬁ Hséga£85n599 &@ﬁ?hngmhaﬁhﬁﬂggékE098%§a§HEbvé§ye%?éQ°'

1- propanol , 2-propanol, etc. hers suc
from 1mpur1t1es The effect is notable, and the principal

20 reaction is preferably allowed to occur in alcohol.
This method is based on the reaction between
quaternary alkyl ammonium halide and fluoroboric acid.
A quaternary alkyl ammonium salt produced by the
method described in a published Japanese Patent Application
25 Publication No. 2001-348388 is comparatively free from
impurities derived from starting materials. However, a

quaternary alkyl ammonium salt obtained by this method

- 10 -



5 ethylether, tetrahydrofuran, etc., aliphatic hydrocarbons such as hexane,
cyl cohexane, etc., carbonyl conpounds such as acetone,

nmet hyl -i sobut yl - ket one, etc., and cyan conmpounds such as acetonitrile, etc.
Anmong them one or nore chosen fromthe group conprising ethanol,

1- propanol 10 and 2-propanol are nore preferred because solubility of a
quaternary al kyl ammonium salt to such a solvent is conparatively |ow, and

'”purlt'%%n@@ntéekgﬁﬁﬁ$ﬁb¥a@bssQ%!%h'QeEHE@satﬁglﬁ?Qﬁn Q%faeh%%% sel ected
as above may be conbined with nethanol ox water. g ol vent 15

conbi nedowi themehhanol Ties r¥eb €5, eheuaéeéflaéaneéﬂwloﬁnvpel slgnféalt becones
hi ghly sol uble. Therefore, ethanol, 1-propanol or 2-propanol alone is

pref er abliyicusedetor Thenwashi nglllbesond smpyesibie tsedak imgdIPi nation

wi th another solvent, its content in the solvent systemis 20 preferably 20
W % or heghépit(bhyi rgpchAcooheimigatioptrbeeirnyenti veemebiad fDo &heid
purification of quaternary alkyl amoniumsalts, the water content of the
quat e? nafFpLiar kik AfmbRCEESSaNt tios Miadnéae E?euWﬁWﬁZ|ﬁQHZEH&nOézé@Eroplc

sol vent s stem For ﬁh&i pur pose, to_the sol vent systen1|s greferably added
one or 8t€ﬁ8§EH PLéwlt RETGROUR ééﬁﬁrlsiﬁglﬁc%§lp%ﬁ§6% etfyl acrylate, -

I I I h |,
1 oct aﬁéﬁ%t‘é”éi%;ﬁﬁﬁt%%E%éaeaﬁﬁaﬁne@mﬁﬁhi% SRS JBeiDeng Sxhbdr of arm et hyl
acet at e, H?EQXH gcehg%gadcg%bgnsgegda%glgrlg ot 1& |o§age ﬁﬁ¥plohexanol 5
r hyl'a ol

cyclohexgnone exane, di decane e m née ﬁﬁbhthalene

nltroethﬁaelmaznydbagloeaeeﬂb e&eekéaehem%cgﬁtgeggerﬁe Uyl cglcohol

1- propanol , 2propano hexanol , hexane, hexyla heptano

3hept@nogre] t4pBephiaBoRBe BarRzeRalat=pentangh))24pentanekyr 10 TRk
met hacryl ate, 2-nethyl pyridine, 3-nethyl pyridine, 4-nmethyl pyridine,

met hyl bat ypateredticedAwangrt bercehpr @panokhe2spropganeuntkeyane .and

cycl ohexane are particularly preferred because of their enabling the

ef ficient redlibei onvehttive wmatéodcentmentoi nbthénqaatesnarynaty allkyll
ammonium salt to be purified. (Drying tenperature) Wien a quaternary al kyl
ammoni umesabPnipy ebilai redaapaxtsgupensi omyshrdughhehmedhsoper si on step, a
drying step nust be introduced. The tenperature required for the drying 20
step i s RBEPKLALNEdOPEaAR}NIpacAtRE craAgy, abliv 1t BMGRYUAg Sied tperher ned

betnggn 30 and 200C, preferably between 60 and 150C, because then noisture
e QFF@EF?%EHylEIFﬁFﬁaﬁ@doFﬁéﬁFFhéoéﬁﬁpér58r9a3?k9F &nmoni um salt. The

drying ma erfor d under duced_pressure der . 25 the nor nal
atrmspherl}ﬁSpen 38lre. %@%%r%?ﬁ%l?g t Fﬁ%%ﬁ??%%éﬂeY%o 5348elcri bed above

in whicha plUahetpaLy 1kghmeﬁqea'ggh%auhlcﬁ QhEB? gedpin 738y eq an

organi c so vent t a suspension there, I'S pOSSIb|e 0 obtain a
quaternaeyff@hkghc9m@naygmal t ahl Wakch the seafte%l?f 193t Ghtles kept |ow

Needl ess to say, if the Sameé process is repeated it7is pOSSIb|e to obtain
a content.
20 Before being deformed into particles, a quaternary
alkyl ammonium salt is allowed to disperse into an organic
solvent. Thus, even if impurities are present on the
surface of crystals of the salt, such impurities will
dissolve or disperse into the solvent during the dispersion
25 of the salt into the solvent. The inventive method is,

therefore, particularly effective in eliminating impurities

from the salt.

- 11 -



5 quaternary al kyl ammoniumsalt in which the elimnation of noisture is
further enhanced, and thus to obtain a nore highly purified quaternary
al kyl ammonium salt. (Particulate salt) According to the inventive nethod,
it is possible to 10 obtain a quaternary al kyl ammoniumsalt in the form of
particles. The particles preferably have a diameter of 700 umor less. If
the particles have a dianmeter of 700 umor less, their water content wll
exhi bit i dyct [ t en n . The ticl with a
dianeterqgﬁhggggiﬁlég grQFgggk&Fﬁ? gggggeéﬁﬁgpﬁgg g?ggwkge%%eduction in the
content gfirirpURlties such as netals. The particles preferably have a
di aneter of 500 umor less. The lower limt of the particle dianmeter is
preferably 50Annekenplseyt BeAthbeipabti a6l gaabeeanr yeaskylio ahanakem 20
(Concentration of inmpurities after purification) A quaternary al kyl
ammoni unssatkt tobbeai pedilfyed bgnvert ionahtiethodtnodt annslieissttikee at about
70 ppm It is possible according to the inventive nethod to reduce the
wat erd cortenpfofiuatquassvnatytyal Rynoasnonhaiidel brt quaGepparsadkylloner. A
study was undertaken as to the effect of water content on the performance
of the qBAFEPAEPYRYPKGKIdRNBAI dmSsartingnateraas -f obird 2hkyl when the
wat er content is duced %% 50 psn1or | 0

e

-.19 , th
oxidatiOHFPgaﬁCPFoﬁ%ﬁo?éﬁggépgoﬁa glat FFOF§?Pg%é6F%9?8ﬁ £HeXhPER t he
It is | i | h t am I b | t i
oreferanty Br¥eduelat s tL Rl Srba AT RE o Bl Raf G RER R o,
A, Fe ange d . . vely.
A e T R D A

Feprﬂ§enbétEM§s§%aHB|gﬁprEB?%@t@Xa@BEﬁéineogﬁy@ﬁe_aégigghegt§hgﬂb¥eas
illustrative exanples, and the present invention is not limted in any way

by thoseagyappbpertibe b6l Law Rgsaxampheguatera¥al,uat @g1basednonmt he
features reveal ed by the nethods nentioned in the foll ow ng 15 paragraphs

(1) to (5plt¢l) Purity: the purity of a test quaternary al kyl amroni um salt
was eval uated based on the content of fluorine determned by titration. (2)
Mbi sture cont éatputhetnopseuspecofitentlygf ahetesik@D quatipsnary al kyl
ammoni um salt was eval uated by the Karl Fi scher method. (3) Concentration of
chl ori deCPBAt bFEubEBE Beei anateneasynadkytaemoandimchkdiddeoiron or broni de
ion of a test quaternary al kyl ammonium salt was eval uated by 25
neph®l onBYRYSITAYY CBRKEAt 2BROREHEI hyApEifei Bichhareokransfetradt ab
inpuritieg of a test quathnary al kyl ammoni um salt was
they are to the alkyl groups of a resulting quaternary
alkyl ammonium salt are not limited to any specific ones.
However, from the viewpoint of obtaining a quaternary alkyl
ammonium salt with improved electrochemical properties,
20 particularly of obtaining a salt with an enlarged
oxidation-reduction potential, alkyl groups with 1 to 5
carbon atoms are preferred. Thus, suitable exemplary alkyl
groups include methyl, ethyl, n-propyl, sec-propyl, n-butyl,
sec-butyl, tert-butyl, n-pentyl, sec-pentyl, tert-pentyl,
25 etc.
The alkyl groups may be the same with each other.

However, from the viewpoint of ensuring an improved effect

- 12 -



- 20 . evaluated by atom c |um nescence analysis. (5) Oxygen-reduction
potential: the oxygen-reduction potential of a test quaternary al kyl
anmoni um salt was eval uated by cyclic voltamretry. The test electrolytic 5
solution was obtained by dissolving triethyl nmethyl anmoni um

tetrafl uorobot at e/ propyl enecarbonate (PC) to give a concentration of 1.8
nol / kg. The eval uations of the noisture content of a test quaternary al kyl

ammoni umgakhealftlyghelle AXkAaL] 0B, 10er 8uChon pgtgﬂg'%&n € R hormed at

25C in a nitrogen atnosphere he ot her tesis ormed i A tﬁé nor ma

at mosphepemoh EXAVBEEL 1)1 An2287 1 Bpdobtd BRENa@h ohLi-ekiwkaethy! amoni um
chloride 15 was m xed with 4611 g (corresponding to 15.75 nol of

ful orobopbeeaciid),obhtalsaktt itap of 3Be thugrobevupsaerd preFetlang , and
the m xture was stirred at 60C for one hour. The resulting solution was
cool ed t did&bbeutn@Cftromakkbow atdeff.i ci ent anmount of the target conmpound to
be precipitated. 20 The precipitate was recovered by filtration, and dried
by bed ng expoSeé ts @momet pdg&heatibyphgreugs 185Cbkosubzthicutsd Ay2295 g
(75.30 yield) of triethylnethylamoiumtetrafluoroborate was obtained. The
purity oPtPR&E ﬁPééﬁéFUQBtﬁéé ogngesien ther sebsft ithE ipnudriteas fegmsent . The

noi sture cont of. _the pro was 300 ppmafter_dryin and t he product
exi sts aglgg EP dSMasst ¢ tESn&ENFPﬁPPBn ofuitable dB8e s BEnt s

include, for example, benzoic substituent(s) such as benzyl
or phenyl, or pyridinium. Among them, pyridinium is
10 particularly preferred.

According to the conventional techniques described
above, fluoroboric acid, hydrofluocric acid and boron
trifluoride, hydrofluoric acid and phosphorous
pentafluoride are allowed to react with quaternary alkyl

15 ammonium halide and/or quaternary alkyl ammonium hydroxide.
Then, it is possible to obtain a quaternary alkyl ammonium
salt to be purified by the inventive method. Fluoroboric
acid, hydrofluoric acid and boron trifluoride, and
hydrofluoric acid and phosphorous pentafluoride preferably

20 have a low water content, because then the effect of the
invention becomes notable. If the synthesis involves a
system based on an aqueous solution, the precipitation of a
quaternary alkyl ammonium salt will not proceed
satisfactorily because the salt is so soluble to the

25 aqueous solution that the yield will be reduced. However,
it is still possible to obtain a highly pure product using

such a system. To reduce the water content of the product,

- 13 -



--21 . chloride ion of the product was 5 ppmor |ower, and the
concentration of each nmetal inpurity such as Na, Ca, My, Al, Fe, C, etc.,
was 1 ppmor |ower. (EXAMPLE 2) 5 A 501 g of triethyl nethylamoni um
tetrafl uoroborate in the formof a solid nass obtained in Exanple 1 was
all owed to disperse at 20C for five hours into 1010 g of acetone to nake a
suspensi on. The suspended crystals were recovered by filtration, washed

Wi th 2-preparol,, hi.ed 1 bei ni_tyr at nosphere at
105C f or l(%zaﬁogf Sf%@%ﬁglter ?é)t %}?I@/rrgt %%@ gr??r%%%%%@t té’?l o et e T hus

obt ai ned sexivehed as crystals (particles) having a dianmeter of about 300
Vim A 360 g (72.00 yield) of 15 triethyl net hyl amoi um tetrafl uoroborate
was obt ai ned. IThe sppirietfy rebltthe cpoptudh wWasud2eIairy LaKE afmnddha Jd uori ne
content. The noisture content of the product was 20 ppmor |ower. The
concent r &8 lén tof behporiide eicobvyoft hiehe nyeadice washbdppy ahd ewahoar t he
detection limt by nephelonetry, 20 and the concentration of each netal

i mpur?tyddgchcasadNAn eapulky ishled Fapageseetfatenfadpplgmmtdron ower. The
oxidationééﬁductlon Botential of the product is shown in Table 1. (EXAVMPLE
3) 25 A 5081§°8F 1P 8fnhy FROthPAEmRSni (et BELEPPUSOIPEHALEY Feaed e m of a
solid mass _obt ained_i,n the _sanme nmanner, as i.n nple. 1 was allowed to

di sperse & %56&afgraﬁﬁyg ﬁBﬂF?anbfaﬁ1anW&tQEﬁﬁ%P&RQQ£ﬁﬁM%%ﬁqujn

acetone/%1gggg§nogng7gzy%@60Qh%)r%gcqg% gﬁégﬁg_ns%%ggﬁ he suspended

crystals were récover fiTtration, wa Wit h Bhnol, and dried by
bei ng eXBQ%ﬁ@nﬁ@iﬁgﬂEh%ogggkaF@D%ﬂQe&%a%Ei%QSSr%aﬁc%zg%i rs. The

triethyl nmet hyl ammoni um t etraf |l uoroborate thus obtalned exi'sted as crystals

(partpcl eshthavhBgea dianetan coofindbest H30R1HE 4Br3%eqd b8 QHeyi el d) of
triethyl met hyl anmoi um tetraf| uoroborate was obtained. The 10 purity of the

product waarf99ngombmnet-eans of the fluorine content. The noi sture content of
t he product was 20 ppmor |lower. The concentration of chloride ion of the
product was 1Ifpm guaktewerrgr aflkgyldetmeohiom kimit oby anephkelgmretry, and the
concentration of each netal inpurity such as Na, Ca, 15 My, Al, Fe, Cr,
etc., waglioppnoopubsrenaryheléyildammoninedbeilioe pot erbical waftht he product
is shown in Table 1. (EXAVPLE 4) A 763.1 g (5 nol) of .
tri et hyl fetRYPRRUBAI 8Mid0 isePruafificfobyr 4he Wwagemtige wethotisity (5. 25 nol
of fl orobg&ig acid) ,of a 4096agueous sol ution of fluoroboric acid, and the
m xt i? e WadlsPPrPRESAP180ECF 8PT8A nPnGles ST PREN, adky s paremings salt
concentrated _by being exposed, to nitrogen curr at . 105C for three hours,
and Coolga tgrger ePEn=% purqtles t%ang?s poss?gae with the usage

of a quaternary alkyl ammonium salt obtained by a common

synthetic method. Similarly, when quaternary alkyl

ammonium hydroxide is allowed to react with fluoroboric

20 acid, it is possible to obtain a quaternary alkyl ammonium

salt comparatively free from impurities. The effect is

notable, and the cardinal reaction is preferably allowed to

occur in alcohol.

(Suspension)

25 The inventive method for the purification of a

quaternary alkyl ammonium salt comprises dispersing a

quaternary alkyl ammonium salt prepared by one of the
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25 0C. to allow a sufficient ampunt of crystals to precipitate. The
suspended crystals were recovered by filtration, and dried by bei ng exposed
to nitrogen current at 105C for 12 - 23 hours. A 580 g (57.10 yield) of
triethyl met hyl anmoi um t etraf | uoroborate was obtained. The purity of the
product was 99.80. The noi sture content of the product after 5 drying was
500 ppm The product existed as crystals (particles) having a dianeter of

about 50@a?§6hsAc5QQe&tQBn%ﬂi%bﬁ%b@%tEﬁE%UanBQGEEQEr%gl%%ﬁﬁka@te thus

obt ai ned existing as particles having a dianeter of about 500 ~zm was

al | oned makdi speaseuispens2 80, tofi saceispre s1Onak t2@Cehabitiiee Haours to nake
a suspension. The crystals were separated by filtration fromthe sol vent,
washed wetthm2nptopanolf, iapdrditiied .byThei agaexposed &dknlt amgeniourrent at
105C for 12 hours. The triethyl net hyl amoni umtetrafl uoroborate thus 15
obt ai ned sexitsteddasperpstalistpant iocles) chavilngna dicarfetrer a2of about 300 um
A 470 g (94.0%yield) of triethylmethyl amoiumtetrafl uoroborate was
obt ai hed SUPRENFELPIt P roRNt KEhPHOFEEECHEs SIFLea. i hheedmsodfubiliee fl uori ne
content. 20 Theﬁgnistune content of the product was 30 ppmor |ower. The

(o

P . : P
concent r SLFBRNGECRREF 1 Gd SS0R 16F TEREVEEEGUEY kad tTaspRNod &fer or the

detection_Lim y -nephel onet.ry, and.the concentration of .each netal
inpurityggﬁgﬁaéggNgfo }mﬁﬁflﬁﬁst %lég,léfgeingésfogﬁﬁl&P “Ofer. 25 The

oxi dat i 0R-F ti ntial .af the.qor i s.shown.in Table 1. (EXAMPLE
oy 48, oI REL ! GRAPRLENLES 10T NG ARGk | SrRION. Bl RRL ety T e

W th 19121¢+02a8meek uef S f i f: Al f %%ﬁg% | solution
of phosphorgus hexafluoﬁ?gg,Bgﬁéggﬁéggpgghggswggkg%ﬁyfg at %gggfor 30

m nutl@s. obaanethe 5 system was concentrated by bei ng exposed to nitrogen
current at 105C for three hours, and was cooled to OCto allow a sufficient
anount of(oenyatal solocpréci pitate. The suspended crystals were recovered by
filtration, and dried by being exposed to nitrogen current at 105C for 12
hours. 10 A 324 ¢s(68s3%yieeltd) obtatiheat angeenpioduot waguaternary

alkyl ammonium salt by transferring the salt to an organic
solvent, and stirring the mixture or leaving the mixture

15 untouched. Suitable organic solvents to receive the
suspension are not limited to any specific ones. The
weight of the organic solvent with respect to 100 parts by
weight of the quaternary alkyl ammonium salt is 10 to
10,000 parts by weight, preferably 10 to 500 parts by

20 weight. If the weight in question of the organic solvent
is below 10 parts by weight, the purification effect of the
method will be slightly affected. On the other hand, if
the weight in question of the organic solvent is over 500
parts by weight, although the purification effect will be

26 invariable, following problems will arise: impurities due
to the introduction of the organic solvent will contaminate

the coexistent quaternary alkyl ammonium salt, and a
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obtained. The purity of the product was 99.8% The noisture content of the
product after drying was 200 ppm The product existed as crystals
(particles) having a diameter of about 500 dam 15 A 250 g of

triethyl met hyl anmoni um tetrafl uoroborate thus obtained existing as crystals
(particles) having a dianmeter of about 500 umwas allowed to disperse into
200 g of acetone at 20C for three hours to nake a suspension. The crystals
wer e sepat by f Lt-ratl o t RY i - pr opanol
and drie%ag§ggéiéé E&Eéggdgggcﬁggpoggn%gﬁrﬁgﬁFegga 5%ﬁ$ﬁ&ﬂ% 3&#%? The

triethyl gathylanmoaigeoletr ahl ¥erobegahe ct Rus vahkai ned existed as crystals
(particles) having a dianeter of about 300 Vim A 227 g (90.8%yield) of 25

tri et hyl met hybatmmabum begrafilcueoabenaise whascoht auaedrnEie pundtly of the
product was 99.90 in terns of the fluorine content. - 25 The noi sture
cont ent efurphéeupr sddtt iwasis@emsmdod nitower sulpencsdonedtcdtiden of bromi de
ion of the product was 1 ppmor |lower or the detection |imt by
nephe$onﬁ?ﬁgpnaﬁd69mé0@@ﬁ@eﬁpp@t@@na@ﬁt@a@h metaly L-dpobiuty lskett cas,Na, Ca,
My, 5 Al, Fe, O, etc., was 1 ppmor |ower. The oxidation-reduction

pot enti aft6f tHBORY oblRT #SCERBANLF nPTEb gL iar L CORPRRATTSE EXAMPEE 1) A 498

g of trieth t hyl ammoni_um. tetraf |l uorohorate in 10 the form_of _.a solid
Mmass obté&néhgggsiﬁgﬁxﬁ F&lfn%agl§8ﬁﬁﬁépél9fd?5989@§6nﬁﬁy3§éfyé of

acet one. ut.i cool ed_to about to_allow a suffjcient anpunt
of a tar8§RSB?§ U%F??O%EEOD%EEPSPFQFéSP'Thgg;?yg?%#%rQ%F% ?Lk% ered by
filtrati 0 A i XRPAS ol it rr. t 105C for
15 hour s TRoRRAnOSREE BY 01RO RO BE 8 tHe Ty FIPBR S HFRG 3

tetraf! uenebenat enyastobkabaed pike rRy khy ohplihe tpeaduch MR 99 8% in
terns of the fluorine content. The noisture content of the product was 70

ppm Thetpeoduetawasodbtaiysed1as oa sakirdppass withen2@ reereanrt rat ivan of
chloride ion was 3 ppmor |less. The concentration of each netal inpurity
such as Napu@hf MgtoAtpnEectCwitét ¢he wadvinpproobel aweisolikel

oxi dation-reduction potential of the product is shown in Table 1. 25 (TABLE
1) Oxi dathemeteducthoh pakentinl sossibhe pooductsddrgeshgbmetiyl anmoni um

Tri butyl nethyl - 26 tetrafl uor obor at earmoni um hexa- f | uor ophosphat eEx.
2EX. 3Ex?lﬁEinﬁmE?Plum salts with a higher purity and thus

5Sha PartiEIeParticIePanticIeSoIidRarticIenasswatercontent2020307010(ppn)0
x-ReE"gotQﬁEe BFEF¥C092B8C#6°66. ¥ibyr higher reliability than is

possible with conventional methods including no such
dispersion.
Combinational use of an alcohol such as methanol,
ethanol, l-propanol, 2-propanol, etc., cyan compound such
20 as acetonitrile, etc., ether such as ethylether,
tetrahydrofuran, etc., ester such as ethyl acetate, etc.,
aliphatic hydrocarbon such as hexane, cyclohexane, etc.,
may be employed, as long as it does not interfere with the
effect of the inventive method.
25 (Washing after filtration)
Crystal particles are separated by filtration from the

dispersing solvent. Preferably, the particles are washed
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The follow ng conclusion was obtained fromthe results. Wth regard to
Conparative Exanple 1 in which triethyl nmethylanmoni umtetrafl uoroborate was
conpletely 5 dissolved in acetone to be recrystallized, the product was
obtained as a solid mass, and thus it was difficult to keep the water
content of the product at a low |l evel. As a consequence, the

oxi dati on-reduction potential of the product renmai ned considerably | ow

whi ch af%@ﬁhegntB§g$919e5395€ﬁ@C§00EhE@e bggﬁeéeslgdﬁg Lhagh tﬁ%th regard

to Exanples in which the starting materia |sperse Into t organi c

sol vent tarmBke arsuapepsir@fclbRecRhOBHCE WaGaDt asneda8se PaFhsYLat e
crystals, and thus it was possible to keep the water 15 content of the

product ablachew kLevek. uAsdarfeensaguenstinyhenexiudat horoheduciiuem potenti al
of the product was enlarged. As is obvious fromthe results of Exanples 1
to 4, when erhethyl méthybaanodi udrpebtpahblor ebor at ethas sdissper sed 20 in an
organi ¢ solvent to nmake a suspension there, it becane - 27 possible to
obtaih t PEBYRGEREERY EaRwBRYARCEBTRR) | 65E0borAlRhAS igahydebesarbonst hi s
process, fo|llowing features were confirned. 1. In the synthesis of
trlethylﬁﬁFHyﬁﬁ ﬁ?ﬂﬁvt@ﬁ#&PPSGPBSorﬁFg 'tﬁér§P§W9| RETREUEAISalSECar e
preferably 5 aklomed tgaxﬁact Ln. an ohaol g §ur|f|cat|on of a

quat er naf'y aFRyPSmBA-aérsare Bagéa OP?S 8 §per§P fifo an organic

sol vent, reic | ble.to b sed as such an_organic
sol vent . c%&S%ﬁHSs ﬁ 5 bgalne lgg c?ys ar's |§h%r %%1y°ﬂ%sﬂﬁd with an

al cohol $Qr§OEMSFEnSE?BgaEQ%HEFBHgnehm&g1EEaglb%ﬁangqnpﬁrk Eaﬂ bt he

results of Exanple 2 an the partficu

tetrﬁi'UQh@bgtﬁkétheﬂUSEehﬁﬁkﬁgpéeE@%&E@tSécSQBEeQElﬁéth%k of hLarger
oxi dation-reduction potential than does the hexafl uorophosphate product

quaternary alkyl ammonium salt to such a solvent is
comparatively low, and impurities can selectively dissolve
in such a solvent. The solvent selected as above may be
combined with methanol or water. However, to the solvent
15 combined with methanol or water, a quaternary alkyl
ammonium salt becomes highly soluble. Therefore, ethanol,
l-propanol or 2-propanol alone is preferably used for the
washing. If said solvent is used in combination with
another solvent, its content in the solvent system is
20 preferably 20 wt% or higher.
(Drying)

According to the inventive method for the purification
of quaternary alkyl ammonium salts, the water content of
the quaternary alkyl ammonium salt is reduced by utilizing

25 an azeotropic solvent system. For this purpose,-to the
solvent system is preferably added one or more chosen from

the group comprising acryl amide, ethyl acrylate,

- 17 -



15 I ndustrial Applicability According to the nethod of the present
invention, it is possible to obtain a particulate quaternary al kyl amoni um
salt having a |ow water content at a high yield which is suitably used as
an electrolyte in an electrolytic 20 solution, the nmethod conprising

di spersing the salt in an organic solvent to cause it to forma suspension
there. - 28 CLAIMS 1. Method for purifying a quaternary al kyl ammoni um

salt, thechgthadeconnyiabag,di spekshBy 2nduaher Nakkyal Kthzo.amoni um salt

to be purified into an organic solvent to al om1|t orm a sudspension

there. 2ethehBog aceerdhsg,t o-Ckabmbl,f eEtBRUE, frb@m@ deatgernary al kyl
anmoni um salt wherein the aIkyI groups constrtutrng t he quaternary al kyl

ammoni unciabtobhaueehet, 0chlbR@otarhonedhgus aeachted. mbhiyad aaetardi,ng to
Claim1 or 2 for purifying a quaternary al kyl ammoni um salt wherein the

al kyl groepkovonstireahilngithe dudtdinamyeal kyklahemanom,salt is one or nore
chosen fromthe group conprising nethyl, ethyl, n 15 propyl, sec-propyl,
n-but§l , cyeéobargnoneer cybdoyexanepedigecasee- Eénm?thyéﬁmlm@nt pentyl. 4.
Met hod accordrng to any one of Clains 1 to 3 for purifying a uaternary

al kyl anﬁﬁﬁPﬁﬁ?sapﬁpﬁﬁéﬁéFﬁethéléFQ?FhQPGUp§Yééﬁ§P?vu ﬁ@oﬂhe quat er nary

oLVl STIRRLUT 20,581 {88 U8 JATE A pagh GUNGL oL jconprise at least

for propanol, l-hexanol, hexane, hexylamine, l-heptanol, 3-
heptanone, 4-heptanone, benzene, l-pentanol, 2-pentanol,

10 methyl methacrylate, 2-methyl pyridine, 3-methyl pyridine,
4-methyl pyridine, methyl butyrate, etc. Among them, 1-
propanol, 2-propanol, hexane and cyclohexane are
particularly preferred because of their enabling the
efficient reduction of the water content in the quaternary

16 alkyl ammonium salt toc be purified.

(Drying temperature)

When a quaternary alkyl ammonium salt is obtained as a
suspension through the dispersion step, a drying step must
be introduced. The temperature required for the drying

20 step is not limited to any specific range, but the drying
is performed between 30 and 200°C, preferably between 60
and 150°C, because then moisture is more effectively
eliminated from the quaternary alkyl ammonium salt. The
drying may be performed under a reduced pressure, or under

25 the normal atmospheric pressure.

According to the inventive method as described above

in which a quaternary alkyl ammonium salt is dispersed in

- 18 -



purifying a g
ammoni um sal t
ammoni umtetr
amoni um hexa
ammoni um hexa
ammoni um hexa
5 for pughf¥i
al kyl ammoni u
triethyl pethy
tetrafl uorobo
tributyl wat by
tetrafl uorobo

uaternary al kyl amonium salt wherein the quaternary al kyl
is one chosen fromthe group 25 conprising quaternary al kyl

af | uor obor ates, quaternary al kyl

fl uorophosphat es, quaternary al kyl

fl uoroanti nonates, and quaternary al kyl - 29

fluoroarsenates. 6. Method according to any one of Clains 1 to

BEn@ca4al GERRN ¥ oAl a”guehgggﬁehttwgﬁaei&ttE% quat ernary

msalt is one or nore chose om 5 the group conprising
baanesi uprhehr af hUQE:@QQE%B/_ealﬁ?ﬁylaﬁfnbm‘thmls%mﬁhum

rate, tripropyl nethyl amoni um tetrafl uoroborate,

| ansoebumehet baf haeeebasakeptNiewhy| NdNe®L &yk pysokhd] ni um

rate and N, N 10 di net hyl enepyrolidiniumtetrafluoroborate, and

t et r aet hyfarhrensanet prratksoishoeaceted, bkt hedpassabdiengot obanynone of

Clains 1 to 6
quat e? nafiya&F
ammoni um hal
Claims 1MP&S¥
organi c soly
one of Cﬁé?ﬂz
wher ei n Q@Sr
guaternary a

10 obtai
parti
um or
less,
in wa

15 or le
conte
prefe
limit
then

20 (Conc

conve

for purifying a quaternary al kyl anmonium salt wherein the
R?Prénﬁéﬁwinﬁ@@Pﬂlpg 6BL&i AedWbyChesbei AG1INIngGarer pdry al kyl
de with _fluoroboric acid. 8. Method according to any one of
UESr LBufPEYPRY §NGEREEAnarPdalRYF ARnBRTEANSEl MOKRer ein t he

nt conprises a, carbonyl coopound. .9. Method according to any
Y1Pgt l?%rqﬁétﬁ6PPFy¥ﬁé%XEEG§W8PﬁHWySé kyl amoni um sal t
a

. Lc_sglvent is 10 to 10,000 parts by wei ght when the
Eg?ﬂgﬁﬁngléﬁgsalt to be purified is 100 parts

According to the inventive method, it is possible to
n a quaternary alkyl ammonium salt in the form of
cles. The particles preferably have a diameter of 700
less. If the particles have a diameter of 700 um or
their water content will exhibit a stepwise reduction
ter content. The particles with a diameter of 700 um
ss will also exhibit a stepwise reduction in the
nt of impurities such as metals. The particles
rably have a diameter of 500 um or less. The lower
of the particle diameter is preferably 50 um because
the particles become easy to handle.
entration of impurities after purification)
A gquaternary alkyl ammonium salt obtained by a

ntional method contains moisture at about 70 ppm. It

25

is possible according to the inventive method to reduce the
water content of a quaternary alkyl ammonium salt to 20 ppm
or lower. A study was undertaken as to the effect of water
content on the performance of the quaternary alkyl ammonium

salt, and it was found that, when the water content is
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by weight. 10. Method according to any one of Clainms 1 to 9 for 25
purifying a quaternary al kyl amoni um salt wherein the organic solvent is
10 to 500 parts by wei ght when the quaternary al kyl amonium salt to be
purified is 100 parts - 30 by weight. 11. Method according to any one of
Clains 1 to 10 for purifying a quaternary al kyl amoni um salt, the nethod
conprising dispersing a quaternary alkyl ammoniumsalt to 5 be purified

|nto an eeaaBka 86l ¥8NbohOod! hoWek! tAe! BLaNAcsUARERTLERLRCere, and washing
the particles with an aFcohoI sol vént according to Caim1l for

purifyi ngogefuaber oar yhal kykcampopium sahhtwhar ebnwhhenakgehaljgokyent 10
used for washing is at |east one chosen from 1-propanol, 2propanol and

et hanol . i28ol¥ketihod antatrdedg to any one of Clains 1 to 12 for purifying a
qguaternary al kyl anmoni um salt wherein the quaternary al kyl amoni um sal t
is triethyl meThgl ammbaindnetsohebyatl belogenateomlds Bueifkirethlguat er nary

al kyl ammoni um salt obtained by purifying a quaternary al kyl ammoni um salt
accorﬁlnéeﬂécadnEPhédpa@ gésépibed | Phanyonminbiadanasby Ya, 182, 15.
Cpaternarg ammoni um salt according to Claim20 14 in the form of
particl ed9r Cﬁﬁt@PHaF§ éFﬁyPrﬁﬁﬁﬁﬁpéﬁ1§§ﬁPC§@CEPan§PPo°€IéPWﬁf5 in the
form of Qartlcg ihose dianeter is 500 umor less. 17. Quaternary alkyl
ammoni um S3Pt “atés Hlng to any 25 one of Clains 14 to 16 in which the
concentrqhggﬂ o) ynlsture is 50 ppmor less. 18. Quaternary al kyl ammonium
salt acco B to any - 31 one of Clains 14 to 17 in which the

trat h trat
concent  at 'RBTHE Bﬁéggggdaavéneeghoalhgfﬁ 2odegae tggyggggggac e ons

amopg Umngaht 86CPEHrBYch@a@¥e examples. These examples, however,
are cited simply as illustrative examples, and the present
invention is not limited in any way by those examples. The
following examples are evaluated based on the features
revealed by the methods mentioned in the following
15 paragraphs (1) to (5).

(1) Purity: the purity of a test quaternary alkyl
ammonium salt was evaluated based on the content of
fluorine determined by titration.

(2) Moisture content: the moisture content of a test

20 quaternary alkyl ammonium salt was evaluated by the Karl-
Fischer method.

(3) Concentration of chloride ion or bromide ion: the
concentration of chloride ion or bromide ion of a test
quaternary alkyl ammonium salt was evaluated by

25 nephelometry.
(4) Content of metal impurities: the content of metal

impurities of a test quaternary alkyl ammonium salt was
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5 one of Clains 19 to 18 which serves as an electrolyte in an organic
electrolytic solution of a dielectric capacitor or battery. 20. A
di el ectric capacitor or battery incorporating an organic electrolytic
solution containing as an 10 electrolyte a quaternary al kyl amroni um salt
as described in any one of Clains 14 to 19. - 32 .AFn. A
Y. A3l . AF. AY. AY. AY. A3. AF. A3. A .
)YL/GZ' AY. B¥a D2 bYdAFy ARt OXi AF1A8: AEsAENA]. AYaAyEidan. AF. A AUY. AF.A Y i $q

| (gl wr mhc"Y] cabsapeghealeabaakeahcpbeaheahta] calsadeaysal eadicat calcal caj cal
cal ca]c: a] ca]ca] ca] ca]ca] ca] ca]caU]c: a! *9nS| 3l u]

 HTH ##45QBpBEPhksnifdaZt pea] gahtafaakgaktalytahempaahmakaalcakea] ca] ca] cal ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!$$$@@@@&&k&|&&&,'c'"(A(S(
((O))N) pypiuated+ky+iyshid Zpltapmarcy) cdllca] tadtadtatcadtat ta] cal ca] cal ca
] ca] ca] ca] ca ca]ca]ca]ca]ca]caLca]ca]ca]ca]ca]ca]ca cal +++ A z, T---.

01, 373f 5969gion was obtained by dissolving triethy methylammonlum

k<R= ?8? ca] cal ca] ca] ca]

3] cal oaf CLF o4f CAFGRPLAT EATERPaPEaPaaPOAFEa] dLFeaf CaPRRARA BLBB]BC]C]OO]D o

BG H I JL id Z ca] ca]ca]ca]ca]c

a]ca]ca]%“?géﬁggfcafcaf ?xa]éé?ngCL}gg}gg}gg}gg}gg}gg}gg}ca%YaakZV[[\] &

SaNoHdeeghkkl Kl | goggp%ﬂ% E? %c % %8@]8%]%ak%%kca]ca]ca]ca]c
ca

a]J calca] caJ ca ca]ca caJ ca] ca cal ca] ca]cal ca] ca! wppgEq

aqqr : rvrana&@%ﬁaeytsiu§m HHM&%%éﬁzsyh%Sahe_ék]9%LC@ sahesbaal oal ca] oal cal ca
] ca] ca] ca] ca] ca] ca] ca] Ca] ca] ca] ca] ca] ca] ca] ca] ca] cal caJ ca] ca] ca] ca] cal MV b!

Y2DPZW _kealigbl Xhe b@@h@ah@.ak@abci@b@%akﬁamaal ogbealgahcal eéabeahcal cal caj ca
] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca! >t O MAD

G %=} xsatdoZphea¢ca| Tieg cat icad Cog sog 0ad oa ] ised Lagited ca cehe ah6ahan] cal cal ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =bD\ ?zHz=t |1} +6} xsni d_Z] ] ca] ca] ca] ca]
cal] ca] captmapepheagca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] ca! 6k

=8t WI } +6EXBMPHEZ]) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca]ca]ca]ca]ca&cakca]ca]ca]ca{ca]ca]ca]ca i {TcDF"10%J& ()- !'1F"109%&' () -
F'109% & () 15 mo of trlethylmethylammonlum chloride

L: 10 | 10%& 109&. () - 7qCzX6! pESHSHL0% * & () - ! FSHSHLOYR () - ! NFSHSH
10%&& )(LﬁgF@,#’éﬁ o%th &6 %§) Té%g(’)mfiﬂn?sﬁ?oa/ - (P- FOLPPEFSHSH10% *1 S

y#109ﬁ(&fglo 8%§b(gc9 Y#lg@%( &Ltgo %0 69 ¥luorobor1c acid in

methancl, and the mixture was stirred at 60°C for one hour.
The resulting solution was cooled to about 0°C to allow a
sufficient amount of the target compound to be precipitated.
20 The precipitate was recovered by filtration, and dried by
being exposed to a nitrogen atmosphere at 105°C for 12
hours.
A 2295 g (75.3% yield) of triethylmethylammoium
tetrafluoroborate was obtained. The purity of the product
25 was 99.8% in terms of the fluorine content. The moisture
content of the product was 300 ppm after drying, and the

product exists as a solid mass. The concentration of
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109 () - zX9. 10( =10% & ()-! SHy#10%& ()- !l SH#y#10% () (& ()-"!S
SHY#10983& ()-" Y#10% & ()-!1 y#10%)& ()-  gE 10( ! N3l y#109& ()- 3| y#10%g
& ()-163 y#10%N& () - 31 y#10%& ()-! @l y#10% & ()- 10( 10(LRSzX9. 10

=100 ()-!a3S#y#10% . & ()-s! S3SHY#10% e

e& ()-s! f3S#y#109838& () - s! X3SHy#10008& () - s3| y#10%&' () - STUg | m\V/

T1109%& () -! 10%& ()-S10%& ()-" 10%& () - &&10%& ()- F&LO%& ()- 10

10( gdE ] T 10%x& 10%Us&uE)-
(#1008 (83100 |) ~SSIB0R () rs Bk PP BRARPT and che

110%:s’ MBAMERE Lht $3KELEOYUSEh( W& SIRKES: €)- 3ubhOYE&NG), - cLO%E, (h18210%&
g?ig&gggyglowf&'élcQ}O&@%ﬁ&'bbmSoﬂﬁm%ﬁ&k()-s,Slo%K&'()-*"10%K&'()-‘(10%K&'(
)-3lrstuxnb@ " ! 10!; Y"1098B0BO& ()- 10< 10<

(EXAMPLE 2)

5 A 501 g of triethylmethylammonium tetrafluoroborate in
the form of a solid mass obtained in Example 1 was allowed
to disperse at 20°C for five hours into 1010 g of acetone
to make a suspension. The suspended crystals were
recovered by filtration, washed with 2-propanocl, and dried

10 by being exposed to a nitrogen atmosphere at 105°C for 12
hours.

The triethylmethylammonium tetrafluoroborate thus
obtained existed as crystals (particles) having a diameter
of about 300 pum. A 360 g (72.0% yield) of

15 triethylmethylammoium tetrafluoroborate was obtained. The
purity of the product was 99.9% in terms of the fluorine
content. The moisture content of the product was 20 ppm or
lower. The concentration of chloride ion of the product
was 1 ppm or lower or the detection limit by nephelometry,

20 and the concentration of each metal impurity such as Na, Ca,
Mg, Al, Fe, Cr, etc., was 1 ppm or lower.

The oxidation-reduction potential of the product is
shown in Table 1.

(EXAMPLE 3)
25 A 500 g of triethylmethylammonium tetrafluoroborate in

the form of a sclid mass obtained in the same manner as in

Example 1 was allowed to disperse at 20°C for five hours
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10< =109%<& ()-S710%& ()-95109%& ()- 410%& ()-Q c}z[Inb@

| XSH#Hz#10% O O& ()-sz#109%&' ()-y! | z#10%POPOL' ()-y Y"10%& ()-! Y"10%

& ()-113 Y'109%88& ()-}s}rg\: !l @ Yy#10%30C0&' ()- 100 100 100

=10%08 () -! SSHz#10%ZZ&' () - S! NSHz#10%JU&' () - sSHz#10%&' ()-sl F!v!zX6g\:

| #10% " & ()-! X#10% _ & ()-!SH109%ZMZME () - Yy#109%&' ()-1@ Yy#10%GG&' ()-!;
Yy#109BB& () -v! "". #4#5#6#7#| #zodY: ! &Y@0%& ()- 100 100 100

=109 0 AN :
(as10% () STt () 710068 ) SEIONEE () SLOORE'(). L10wed () Bssosaakad

EdY: | &Std0fa&e( k- 3akbehaYed. () Thé! &Qg/ﬁén&léd cBtOUESs (ke 8EF 10%& () -
109%<& ()-k& &&& "¢’ ' dEAY: 1& . @O%& ()-5, 810%<& ()-*z#10%<& ()-")
109%<&' () re&o&tded&bfy) £iFYHa¥i&n() wa' hé@S@@tb(dEpkophﬂél and dried
10<F=10%& ()- " 710%& ()- 6 10%& () -

410%<& ( PYsSR10Ux&xPPsssl0&L1BUMETEPIEO( RENPEPX¥XE at 105°C for 12
10< 10%<&' ()-10%<& () - &L0%& () - 910%& ()-' 10%& ()- 3 10%& () -
10<) )d * dheurgE: /

The triethylmethylammonium tetrafluoroborate thus
obtained existed as crystals (particles) having a diameter
cf about 300 pm. A 395 g (79.0% yield) of
triethylmethylammoium tetrafluoroborate was obtained. The

10 purity of the product was 99.9% in terms of the fluorine
content. The moisture content of the product was 20 ppm or
lower. The concentration of chloride ion of the product
was 1 ppm or lower or the detection limit by nephelometry,
and the concentration of each metal impurity such as Na, Ca,

15 Mg, Al, Fe, Cr, etc., was 1 ppm or lower.

The oxidation-reduction potential of the product is
shown in Table 1.

(EXAMPLE 4)

A 763.1 g (5 mol) of triethylmethylammonium

20 tetrafluoroborate was mixed with 1152 g (5.25 mol of
fluoroboric acid) of a 40% aqueous solution of fluoroboric
acid, and the mixture was stirred at 20°C for 30 minutes.
Then, the system was concentrated by being exposed to
nitrogen current at 105°C for three hours, and cooled to

26 0°C to allow a sufficient amount of crystals to precipitate.
The suspended crystals were recovered by filtration, and

dried by being exposed to nitrogen current at 105°C for 12
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10<” 9109%& ()- 10%<& ()- 10%& ()-s f 10%& ()-s@10%& ()- "~
10%<& () - *+K++++, dE:/ 10< 9&10%& ()-$109%& ()- , #109%& () - .
LI f#109%& ()- 10%& ()- & 10%& ()-,A z, T---.dE:/ 10< "710%& ()- 5
10%<& ()-3m'10%& ()-Ly, 10%& ()-* 10%& ()- ( 10%& ()-. ... .V...[{\:
10<!' N Fy#109B<B<& ()- Fy#10%& ()-!S Fy#1l0%x<G& ()-!1 Fy#10%_= & ()- 10<
10< 10<=10%& ()-/$000112z[ 9{\:
10<! Sy, "#8UEsC<& () -' @" 10%& ()-S'\ @" 10%P<P<& ()-S Fy#10%& ()-!N
Fy#109B$B$& () -!S Fy#10%G&&' () - 22. 343536373!44{Y7 10!;3 3y#109B}B}& ()-!D
Sy#10UKOKOE' ( p- 580<glQ87.1% yield) of triethylmethylammoium
10<=10%<& ()-'y,"10%<& ()-"'|y,"10% | & ()-"'4(5f5@z6 77}[9{Y7
10! | an#109hh&T porakpiedh&ag) ob¥aldeds (Thd! pui 1P UKOKERE (PrIdBy#10%& () -!
3y#10% 2 2& g) -78999999; : {Y: 10'1Y"10% & §) -@Y'10% (& ()- @100 100
was 99.8%. The moisture content of the product after
5 drying was 500 ppm. The product existed as crystals
(particles) having a diameter of about 500 um.
A 500 g of triethylmethylammonium tetrafluoroborate
thus obtained existing as particles having a diameter of
about 500 um was allowed to disperse into 270 g of acetone
10 at 20°C for three hours to make a suspension. The crystals
were separated by filtration from the solvent, washed with
2-propanol, and dried by being exposed to nitrogen current
at 105°C for 12 hours.
The triethylmethylammonium tetrafluoroborate thus
15 obtained existed as crystals (particles) having a diameter
of about 300 pm. A 470 g (94.0% yield) of
triethylmethylammoium tetrafluoroborate was obtained. The
purity of the product was 99.9% in terms of the fluorine
content.
20 The moisture content of the product was 30 ppm or
lower. The concentration of chloride ion of the product
was 1 ppm or lower or the detection limit by nephelometry,
and the concentration of each metal impurity such as Na, Ca,
Mg, Al, Fe, Cr, etc., was 1 ppm or lower.
25 The oxidation-reduction potential of the product is

shown in Table 1.

(EXAMPLE 5)
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L y#109B83& ()- @ "10% & ()-y'S

@H "109B(3(& ()-y! D3f #109& ()-! D3f #1096$& () - ! 63f #10%HHE () - 4>>>>>>>787~_ @
10! S&10%& () - &10%& ()- YL0%& ()- 10( 10( 10( 3=910% & ()-!S

L y#109B(3(& () -879??@AAJE~_ @ 10! Ssy10%<& ()-° 10%<& () -

y#10%<&' () - 9! 10%& () -"10%& ()-sml0%& ()- ACAXAAA( BIBIE~ @

10! S " & 10%<&n( yo23% %EQZ@)mb§#\$Q%$§iﬁht lmethylammonium bromide
sIT#10%& () - @OU& )-&FlO%K&'()-dBBBCCCBDaB~ éi 101 SL7

lO%K&f()wﬁslﬁ?&&h(Witﬂcﬂ©%@&b(X2L6!%B%K&E(bhﬁég%Sébﬁb'hg&afluoride)
10%<& ()-0D7D8DAD: DD7EF3F~\ = 10! S3f #109%&" () -';

3f #10% <b£&20%- ME1B8:1&1( podLiYEDOYs€&phpsphdRsutOtexafluoride, and

10<L3=: 10%& ()-3FGBGSH H8I1}[9~\= 10!!k, #10% & ()-& a, #10%k<U<& ()-&
S#"lO@&&ﬁbF-@ﬁgts#é1@@@KSk&réﬁd@Et#20%€&f©)-BQSm#mO%ébLl&EhénllthéBJJJK{\i
101 1IN y#109B<B<&' () - YA109D& () - S! YHLO0U<& () -S!' Y#109%WWE' ()-S 10< 10< 10<
:910%¥&'éYSREELMWRNEPQFﬁﬂtrated by being exposed to nitrogen

current at 105°C for three hours, and was cooled to 0°C to
allow a sufficient amount of crystals to precipitate. The
suspended crystals were recovered by filtration, and dried
by being exposed to nitrogen current at 105°C for 12 hours.

10 A 324 g (63.3% yileld) of the target product was
obtained. The purity of the product was 99.8%. The
moisture content of the product after drying was 200 ppm.
The product existed as crystals (particles) having a
diameter of about 500 um.

15 A 250 g of triethylmethylammonium tetrafluoroborate
thus obtained existing as crystals (particles) having a
diameter of about 500 pm was allowed to disperse into 200 g
of acetone at 20°C for three hours to make a suspension.
The crystals were separated by filtration from the solvent,

20 washed with 2-propanol, and dried by being exposed to
nitrogen current at 105°C for 12 hours.

The triethylmethylammonium tetrafluoroborate thus
obtained existed as crystals (particles) having a diameter
of about 300 pum. A 227 g (90.8% yield) of

25 triethylmethylammoium tetrafluoroborate was obtained. The
purity of the product was 99.9% in terms of the fluorine

content.
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=MLOYO&' ()-!\, #10%CcO& ()-'! N, #10%JOUCE ()-' @#10%& () - f MUUUVWWEX] [ 99\ :

10! 1\ #10% 7¢78h6) mbli#l00 N oome (LSl ]
T0UPOPO () - SV FIONER () S IO () BeXVVoRi B R8P 1011 100 100

1009 =MLOY&r() -TXe concentration of bromide ion of the product was
, Z#10% O _O& ()-&,Z#lO@G&f()-&!S,Z#lO%ZZ&f()-&!,#10%&f()-EZR[[n\\]]}[<PE
1011 " 109%&m( prSLEWET0UB<GhE etSctioWk1(ijriy! By nephelometry, and
"109B<8<& ()-yFF"10%& ()-f! FF'10%<& ()-f]"u_"# $ % & xYNC8 10!
the concentration of each metal impurity such as Na, Ca, Mg,
5 Al, Fe, Cr, etc., was 1 ppm or lower.
The oxidation-reduction potential of the product is
shown in Table 1.
(COMPARATIVE EXAMPLE 1)
A 498 g of triethylmethylammonium tetrafluoroborate in
10 the form of a solid mass obtained as in Example 1 was
completely dissolved in 3502 g of acetone. The solution
was cooled to about 0°C to allow a sufficient amount of a
target product to be precipitated. The crystals were
recovered by filtration, and dried by being exposed to
15 nitrogen current at 105°C for 12 hours. A 323.7 g (65.0%
yield) of triethylmethylammoium tetrafluoroborate was
obtained. The purity of the product was 99.8% in terms of
the fluorine content. The moisture content of the product
was 70 ppm. The product was obtained as a solid mass. The
20 concentration of chloride ion was 3 ppm or less.
The concentration of each metal impurity such as Na, Ca, Mg,
Al, Fe, Cr, etc., was 1 ppm or lower.
The oxidation-reduction potential of the product is
shown in Table 1.
25
(TABLE 1)

Oxidation-reduction potentials of the products
| | Triethylmethylammonium |Tributylmethyl—]
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The following conclusion was obtained from the results.
With regard to Comparative Example 1 in which
triethylmethylammonium tetrafluoroborate was completely
dissolved in acetone to be recrystallized, the product was
obtained as a solid mass, and thus it was difficult to keep
As

the water content of the product at a low level. a

consequence, the oxidation-reduction potential of the
product remained considerably low which affected the
performance of the product.

In contrast, with regard to Examples in which the
starting material was dispersed into the organic solvent to
make a suspension, the product was obtained as particulate
crystals, and thus it was possible to keep the water
content of the product at a low level. As a consequence,
the oxidation-reduction potential of the product was
enlarged.

As is obvious from the results of Examples 1 to 4,
when triethylmethylammonium tetrafluoroborate was dispersed

in an organic solvent to make a suspension there, it became
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10< '\ *Z"10%P<P<& ()-!"'f 109%<& ()-"'f 10% & ()-'@ ! 10%<4<& ()- ! .
10%&' ()- = 10%& ()- Qoooonpt pupvpwp}*SH= 10< ! 10< 10< 10<L3=:10%& ()-!"6
10%<<& () -!'S@10%<<& ()- LOL10%& ()-"|.109%& ()-wpppqEqqqdESH= 10< !
100 10%<& ()-"109%& ()- 10%& ()-

T109& () - Yy1l0%<& ()- 3yl0%& ()-qqr:rvrrrdESH= 10< !

100 10%<& () - 109%<& ()- '109%& ()--

@O0%& (po&@BY¥s&tb) obtROU<&r(iethi1osthal bemSHzum t@€rafluoroborate

10L, 109%<& ()-*nm 109%& ()-L, # 10%&' () -

T1109K& BF- 8at0%s&eh) - 108N S - prdo&asubdEBHswing features were
confirmed. 1. In the synthesis of triethylmethylammonium
tetrafluoroborate, the starting materials are preferably

5 allowed to react in an alcohol. 2. 1In the purification of
a quaternary alkyl ammonium salt based on its dispersion
into an organic solvent, acetone is particularly suitable
to be used as such an organic solvent. 3. The product
obtained as crystals is preferably washed with an alcohol

10 solvent such as 2-propanol or the like.

Comparison of the results of Example 2 and Example 5
shows that the particulate tetrafluoroborate product having
a low water content exhibits a larger oxidation-reduction
potential than does the hexafluorophosphate product.

15 Industrial Applicability

According to the method of the present invention, it
is possible to obtain a particulate quaternary alkyl
ammonium salt having a low water content at a high yield
which is suitably used as an electrolyte in an electrolytic

20 solution, the method comprising dispersing the salt in an

organic solvent to cause it to form a suspension there.
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10< ! 10L7109%<& ()- 510%& ()-34"109%& ()- 2f
10%& ()-L010%& ()- "|.10%& ()-uuuuuTv vv{w ]; 10< !
"109%P0OPQ& () - Fy#109%08& () -S Fy#10% & ()-S! Fy#10%00& ()-S 10< 10<
10<L=MLOY%& () - { WwWW*kx{yy+zzX6|];
10/ k@$10% r & () -s!'\ @$10%CcO& () -s! a@$10%h& ()-s "109%0& ()-! @
"109630C0& () -!'D "10UKK&' ()-+z7zzzzzz{|}[9
10! ' f F#109%20Z0&' () - $! F#10% " & () - 100 10QL
=: 10908 () -! a@$10%hOChC& () -s @$10 -S| }PE-Q-}~~{Y:}[9
10!V F#109& () - $! F#109& ()-" $
F#10%&' () - $0 aF#10%JdUd& () - SF#10%&' () - $!'\ F#10%PP& () - $~MTUVWM\ :
100 st 10%<<&. ()MsADN %St (Purildyfing a quaternary alkyl ammonium
salt, the method comprising dispersing a quaternary alkyl
5 ammonium salt to be purified into an organic solvent to
allow it to form a suspension there.

2, Method according to Claim 1 for purifying a
quaternary alkyl ammonium salt wherein the alkyl groups
constituting the quaternary alkyl ammonium salt have 1 to 5

10 carbon atoms each,

3. Method according to Claim 1 or 2 for purifying a
quaternary alkyl ammonium salt wherein the alkyl groups
constituting the quaternary alkyl ammonium salt is one or
more chosen from the group comprising methyl, ethyl, n-

156 propyl, sec-propyl, n-butyl, sec-butyl, tert-butyl, n-
pentyl, sec-pentyl, and tert-pentyl.

4. Method according to any one of Claims 1 to 3 for
purifying a quaternary alkyl ammonium salt wherein the
alkyl groups constituting the quaternary alkyl ammonium

20 salt are the same with each other, or comprise at least two
different alkyl groups.

5. Method according to any one of Claims 1 to 4 for
purifying a quaternary alkyl ammonium salt wherein the
quaternary alkyl ammonium salt is one chosen from the group

256 comprising quaternary alkyl ammonium-tetrafluoroborates,

quaternary alkyl ammonium-hexafluorophosphates, quaternary

alkyl ammonium-hexafluoroantimonates, and quaternary alkyl
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10! NSH#1QURBE ()= 9L SS## 10 (heg 3" 10%& () -f1 @3" 109%<4<&
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T0<L3%: 10KE ) hhSemaa et fa: 8 NSHAOYEERS (3 £ HLKNTEVs e s o

10

15

20

25

purifying a quaternary alkyl ammonium salt wherein the
gquaternary alkyl ammonium salt is one or more chosen from

the group comprising triethylmethylammonium

tetrafluoroborate, ethyltrimethylammonium tetrafluoroborate,

tripropylmethylammonium tetrafluoroborate,
tributylmethylammonium tetrafluoroborate, N-ethyl-N-
methylpyrolidinium tetrafluoroborate and N,N-
dimethylenepyrolidinium tetrafluoroborate, and
tetraethylammonium tetrafluoroborate.

7. Method according to any one of Claims 1 to 6 for
purifying a quaternary alkyl ammonium salt wherein the
quaternary alkyl ammonium salt is obtained by reacting
quaternary alkyl ammonium halide with fluoroboric acid.

8. Method according to any one of Claims 1 to 7 for
purifying a quaternary alkyl ammonium salt wherein the
organic solvent comprises a carbonyl compound.

9. Method according to any one of Claims 1 to 8 for
purifying a quaternary alkyl ammonium salt wherein the
organic solvent is 10 to 10,000 parts by weight when the
quaternary alkyl ammonium salt to be purified is 100 parts
by weight.

10. Method according to any one of Claims 1 to 9 for
purifying a quaternary alkyl ammonium salt wherein the
organic solvent is 10 to 500 parts by weight when the

quaternary alkyl ammonium salt to be purified is 100 parts
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-"n/ " 10908&r( fyynwx9hCGaternary alkyl ammonium salt, the method
n/"1n/"10%0& ()-n/"10%& ()-' n/"10%0& ()-n/" 109 ()-/KA
-"n/ " 10Y©8MPYigAYNAL E0UOE1 - B/ 'GLEYORNEYyNALKQYOSMMpnaLinl GUDE' () / KA
"n/"10%0& ()-n/" 10908 ()-x"D*n/"1090& ()-n/"10%0& ()-n/"10%0& ()-n/" 109
()-/Kﬁ be purified into an organic solvent to allow it to form a
-"n/ " 10908 () -n/"109%0& ()-|]>*n/"10%0& n/ " 10%& 8«a§n/"110961§ ()-n/"10%& () -
| KA -"n/ SE6DERSEPRnfRepooeapy- ¥¥shANY1 obesraLtio Fith/ anosdRohpl/ KA
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) 10908 () 1hr - 16T ?Q’i%%i& 9 - % Thodok: T3 gRI R EX DI () - n/ 1090 (

)l 100 (5T FLOBEEY () S P Toe () ol PERRR () e -EOBEE £ P ko o3/ Ka

"n/fdowﬁgeﬁ)fﬂé"ﬁgggﬁné)i@/ %Ogggs@)oﬂé"ég?ggn(frgﬁ"1Qé§%pg%oﬂln%0%0& ()-&
© >bA3/KA Ol 10%& () - " 10%

10%+& () pRbpAAYDSahY- 2tAhhb13/ ~) & 10%#& ()- & 10%t& ()- &@O%& ()-
L&$T10%#&'() Y'10%#t& ()- "y 910%t& () -1 MA[: 3/ 510%#& ()- L&310%t& () -
LF1@O0%& () - 181! 10980 d )acto DU E & ) anPodd%E €laims 1 to 12 for
purifying a quaternary alkyl ammonium salt wherein the
quaternary alkyl ammonium salt is triethylmethylammonium
15 tetrafluoroborate.
14. Purified quaternary alkyl ammonium salt obtained
by purifying a quaternary alkyl ammonium salt according to
a method as described in any one of Claims 1 to 13.
15. Quaternary alkyl ammonium salt according to Claim
20 14 in the form of particles.
16. Quaternary alkyl ammonium salt according to Claim
15 in the form of particles whose diameter is 500 um or
less.
17. Quaternary alkyl ammonium salt according to any
26 one of Claims 14 to 16 in which the concentration of

moisture is 50 ppm or less.

18. Quaternary alkyl ammonium salt according to any

- 31 -



OvU4/. FH#L0%& ()-T FH#L0%& ()-f10#10#10# OF=: 10%& ()- 8z#10%t& () -
96: 1 109%#& ()- 0> |[:vU4 QHL0%E"E& ()- Q#10%E"E& ()- #10%&' ()-

U#109% #1 & ()- #1090& ()- d#1096C'X& ()- OvU4/ 109%*& ()- s 10%& () -
910%#&' ()- LMLO%& ()- 10#10#10# L=: 10%& ()-G % [:vU4/ 910%& ()-
8&L0%& ()- “F9I 1098& ()- y10%& ()- 9@L0%& ()- " 10%& ()-Y=b| [:vU4/

OFYA0%& ()~ " f#1004& ()- | 109#& ()- L109%& ()- ° 10%& ()-
~10%#&' ( phnb Hf M%ﬁms $Q 108%& ()- ngggwﬁe( Long e?i@f%‘%l(a}n 109%+& ()
“(10%t& ()- ' 10%& () -2z| [ NA4/ L0#10#104 —3=01004& 0%& ()- "6

10%t& ()halébéa%#& 6) ppmS3&! 10%E&' GhaHEhENNAE/ 18 LLOUES (bt 1 BOYWH&£( ) -

10%#& ()- " s10%t& ()- L910%#& ()- sY 10%#& ()-z=t|[: NA4/ 10 s!!10%t& ()

“S10%& Wp, CslOME& B), 920%4H& (k- is1Q%B8m(br 1ed8%1& ()-1}|[: NA4/ 10

© 1098 ()- * 10%t& ()- 9(10%#& ()- ' 10%t& ()- 3% 10%t&' () -

OSH10%1& () - +BR} [ : ot ona 7y 18DEARL (ImmOBLON4EA 1Y) -acdo AOME' € - aB@10%& () -

L' 0g109%#& ()- . 109%#& ()- +SuT3 NF#L10%& ()-) w F#10%#~& ()-)

|F#loi/@#a&e(?f)Cﬂﬁ#m@%?aé&te) lﬁl@#}@#l@#ryss 2098 ¢lestirplyT8 in an

1@G 10%& ( F#109% #f & () F#109%6& ()-)  Z_ F#10%7#a& ()-) F#10%& ()-)
F#1096 Bf & %}C) 8%982r01&§ﬂ$0%&%)10n V5109682 ( FCLOACOFRDACIZ N O%HL! () -

@G 100%#%‘ ggé G@G T09MNN& () -t M/ [:vU4  9S10%:& ()- " F10%t& ()- °

109%#& () Bodte ()- 910%t& () 109%& ()-||[:vU4  9S10%#& ()- ~F10%t& () -

93 c 1096t & lO(V (V 109%6t&' " 13
"Headi ng Zg’jc2 ‘He‘ﬂ:j:izlj (31%%11 %é%%%ltor ) Y njgn%%fl%oragﬂe%%?ng %Sg]c

"Headi ng543 a 3 u ragraph Font Tt6
%606 9A%§L]é9%€4? Eﬁvfgﬁggtg% \l/ﬁ/pkgwgg\lf\?\gﬁg ané\aé%%g éékgﬁ()* .1 247;

4>817(AdB@mE’cKRWt§|\/!aieéﬁﬁgl:&rh§@§}k5@¥>@%hhl{>wiéln 2WrEMy&>HAGYZY GTiymes New
ROITB.I’]AI’I al Courier New'h Root EntryWrdDocunent

I"#$9R (jh+any/ 6A23456C8Qims 14 to 19.

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

- 32 -



