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SYNTHESI S OF HYDROGEN PEROXI DE BACKGROUND OF THE

I NVENTI ON [0001] This invention relates to the
wonroewwsdizen of hydrogen peroxi de. Specifical | ypCcrhms2005/034354

producti on of hydrogen peroxide in an acidic solution,

and the subsequent separation and recycle of the acid

fromthe hydrogen peroxide. [0002] Currently the nost

wi dely practiced industrial _ scal e production method

for hydrogen peydMHSIP OLHYDRPCEMPERQXIDEN of

hydr ogen and oxygen enpl oyi ng al kyl ant hr aqui none as

the wor ki ng mat BAGHGROVND Ol BHEJNVAIVFIGN

hydr ogenati on step, the al kyl ant hraqui none, di ssol ved
[0001) a Whisknvegtiswtelaten the produstiangfdiydeogen pswixidentSpecifically, the

e,.qg. gdiisobutyl carbinol and t hyl ht hal , IS,
proqui e ek AR R SR AR e o S gpdzstion and
recyRM GTAHd A4 O i BPdroabh ferogieced conpound is oxi di zed
to regenerate the” al Kyl ant hraqui none and vyi el d

[000R) dr oGarenbt thr inehst wilehs praciésed iedystrieh séabhpivduetinpnapeibod for

extracti . refi,ni nd neentrati on operations are
hydgh Painsiy st pidoPaadiof of Brdiiea fid A0 PR &lnBlov Bl
alkyddifiidaqiifomteasaBO ROMtifA matdrAt Tl KiplsbeHtdlyacIby dtoperapion stef sthe
re%}JIl res | arge scale production of hydrogen peroxide

alkylanthraguipese, dissolyed in oriveg solwicaqeairisie raetie siventy(e.e. di-
so R o A SRR 51} 0003 0mpe. 1o

sepaitd aaygidation stopiehisaedueed coppadidde okidived ge regpnerateithe
W t hout, the costly separation and, purification
alkydanthyanuipere dreldfydegery Pw’fﬁiﬁa%ubf?aﬁ@tﬁﬁ%%w by aqueous
v . i . . ) .
cxs Y oy S SRS FERBRERE AL Uit B s
producy.gBrorier to fbe egarmomikalsthe atlrythntlivequinenesmbedss kéquirepiarge scale

L R TUININE UM Coe e .
purffRatid] 6 thOhPIrBgetESerbide.ogen peroxi de wi thout the

conpl ex processes associated with large scale )
[009%] odudhe dingct prodwstion ophyskegenastaxida fremdiyidrages ond prygsuds one

T NE T T

withVihelatk ybdiith §ui 868 1t &5s P Hotlig0dr, theretdre Pyubl@gemsspeinted iwdeh this, such
on a small scal e and the periodic cgroducti on of

as pyking guth qeanbystible nituses of hydegee andaxygendp the gas phase, and the low

solubility of hydrogen and oxygen at relatively low pressures in watet.

[0004] It would be convenient and a savings to be able to produce hydrogen peroxide
without the complex processes associated with large scale production, or using processes that
require continuous addition of chemicals which would require storage and careful handling.
In addition, a simpler process that would enable economic production of hydrogen peroxide
on a small scale and the periodic production of hydrogen peroxide on an as needed basis can
provide for usage of hydrogen peroxide in areas where it would otherwise be inconvenient,

such as home usage, foregoing the need to buy and store hydrogen peroxide.
SUMMARY OF THE INVENTION

[0005]  The present invention provides a method and apparatus for the production of

hydrogen peroxide. The production can be in small or large quantities, but the invention is
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provi de for usage of hydrogen peroxide in areas where

it would otherw se be inconvenient, such as hone
wogem®39her egoi ng the need to buy and store hyBCDES05/034354

peroxi de. SUMVARY OF THE | NVENTI ON [0005] The present

i nvention provides a nethod and apparatus for the

production of hydrogen peroxide. The production can be

in small or large quantities, but the inyention

aimeil gtthaperiedic prrslugéen ekiirogesdseasidsfopmtgrmiftegnase. The invention
eroxide fqr intermfrt. i X

B

com@aat The exidatngoadetlt Baabsed tcoahpdrotyzeiTkere Xhealdwdlmigagenttoxidizes

e B s LR o b Sk B, R Mormeci
streafﬁgﬂgéeﬂa?été‘c?aelgifgéﬁlg&%& éé[rﬁ{)@ﬁdt d@eand B@mbﬁﬁg% Apdtogdpsibkiganmd a

par a generates a product ream conpri sing
recydly stregecomising the axitizable enypiued s {n @ prefatdnmbndigenthée
..oxidi zabl e conpound. .IL.n a preferred enbodi nent, the
oxidigblgicomprund s #5HAR¥251¢- a strong acid. [0006] Anot her
[OOOQE PecinoRfiertaffect HVEBIARALER %}h{:ﬁ&é} theRos¥s96£68dRing a sulfate
oxidizing a sulfate conpound to generate a persulfate
compoundrio gbrerate e|ppruifatege ar elecirolyzar, gRoeAiing amsrsiliptestream. The

The persul fate.streamis hydr j iy .
pers iy B WO TSI GBS R it s
comgﬁ’éﬂi’gf hdrBgen Pealba8€ Bnd ek Qulfste campoidde Thelihtetrrediatstean is

he Tnternediate streamis separated to generate a
sepapatestio@enerieaaproduttSHEaM FOMAL RS JEHOBYY EF)EP’&EC é?fija gecycle stream

recycl.e sitsea ising the sul fate conpound. [0007]
compijst égft%ﬁeg%%g%'nent, the invention conprises an

[0007) € cltmd spéfiﬁc %ﬁibodm:l@it,zhm tmventidnuonmprizes ah ¢lectydywer foreoxidizing
an el ectrolyzer outlet solution, I Si. Lfur |

sulﬁg.@,q agid tprgengigtq & elgcg;oixqeg) putlet s?,lggélg qﬁér?é&ggygrg%l?tgrkceq%d “The

outl%%@}i@?gﬁéa;%@g’tg 2BRFARE vl 8B hbd Ofteatk® aeunditfRs td6xidize the

_ gen “per oxi de and reduce the persulfuric )
wateeb Hydrogaupdroxide amtieducetihe ipatsalfmiciacid to gfugigreid. An intermediate

B T T R —
wnit248e ﬁiﬂ’sgﬁeﬁ{bnss%mﬁ%ﬁéﬁ @Rt Sdpatat SRR RIreSen! freotiléifrogethe sulfuric acid,

per ox fromthe sulfuric acid, and generates a
and gewmiaies a ptoductrstreammomprisipgthydrogge nergé%s wytieh ixpasgeditg a product

sorG 38 18 e RO FpaPlyGh S oL el ¢ PSRN comprising
SulfGRORAH ShdngHY fHersufuAe héld antheleictiblygert Mthisphotessininanizes the

to the electrolyzer. This process. mnimzes the
need to intermittently add chemicals to fOI’l’FI)I the oxidizing agent in the Qlectrolyzer.

[0008]  In another embodiment, the invention is as above, except for the separation unit.
The hydrolyzer passes the intermediate solution comprising hydrogen peroxide and sulfuric
acid to an air stripping unit. The air stripping unit separates the hydrogen peroxide from the
intermediate solution by passing air through the solution and creating a vapor comprising
hydrogen peroxide, steam and air. The vapor is condensed and a product stream comprising
hydrogen peroxide is passed to a product storage unit. The air stripping unit also generates a
recycle stream comprising sulfuric acid which is returned to the electrolyzer.

[0009] Other objects, advantages and applications of the present invention will become

apparent to those skilled in the art from the following drawings and detailed description.
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need to intermttently add chemcals to formthe

oxi di zing agent in the electrolyzer. [0008] In another
wenbwdsest , the invention is as above, except PEDUSLIVE/034354

separation unit. The hydrol yzer passes the

i nternmedi ate sol ution conprising hydrogen peroxi de and

sulfuric acid to an air stripping unit. The air

stripping unit separates the hydrogen peroxide from
t he i nt er medi BREEEBESCRIRTIN % %KWIM}%ugh t he

sol ution and creating a vapor conpr|3|ng hydr ogen
[0019¢r oxXFidere Blseaahagmdoérthepﬂrmswapor I s condensed and a

odugt ea ri.si ng hydr oge assed
T
[OOIV\E ner ﬁ%,ﬁl% Fis ra%ﬁ(Yt(‘df Ry8idgem Perorite fyhédmdqwlrs‘uufatemomemon asa
I's returned to the electrolyzer. [0009] O her
fun@bp@étlme ladﬁladtoéxfégateﬁﬁcappl i cati ons of the present

b
[00]?:]1;/6? 1'gﬁ;? éw is afpéci)t]e g%(j'ﬁrgoigﬁ gémt%gfgclsetyger%%éj%@fpé%ﬂl%{ee&n'v&sfoheas a
funcﬁ@ﬁ‘bﬂlﬁifllﬁﬁlﬁﬁgoﬁﬁe%&m??n] ON OF THE DRAW NGS [0010]
ure 1 is ia
100145 Bigaep Sinmiat oy aroees RepEIde soRRs R Br ithgs & Hinktion of
eﬂhgg?gg- eng lagsigure 3 is a plot of hydrogen

€ yrerds shd persul fate conversion as a
[00f5] nct Figoreod istd pret ¢frhydrdg¢d meioyxskrcoaterﬁ@m)n pgbadfuriciagigr e

is.a plot of hy XJde and persulfate
COHW@E?%P%%%U%P 95#@% ‘ﬂnr‘?es ‘?1“ teﬁfﬁ? ol 5ser at
[0017630C’ F{gr‘ﬁpé“ﬂls aﬁ'o tﬁm'éc ot 91?1% h?amgyrﬂffs&gﬁae ped OMEER acid, with a
ncentT ati on a as a function o ffluent vol une

ploti of the pldof tlreaafﬂueqt @@a_ 5}ncﬁpg of theafilupng veluse in therspaensiest case.
per oxi de concentration and sulfuric acid concentration
as a functi @ETAIIED DESCRIPTION®E THE RGMMBIQNe st
case; [0016] Figure 7 is a logarithmc plot of the

[0015dr 088 sRAREKI Sihyaitshes peiosidedn af hgueovs tsds‘luﬁorpﬂmt isaélatively free
the pH of the effluent as a function, of t efflu
from ofhsirehmicelTeadante Hmpe RNt L BN RPPRS RIS S DE LRI rleaching

i
andpsgxing izing us eu'\l\ﬂgl}@d%g gg%% dg-OE Ger ﬁ&iﬂ T tﬁﬁrgﬁl}efe}?bge{dlg% BI;/emlcals in the
hydié g ﬁefd?diﬂeﬁﬁol[l&fon&hﬁmee«a‘spebm&i bamiting to d1spoq@cuft Aherefaye it would be

|
verg gﬁﬁf@l,atg ﬁ)ﬁ écl?;gt;) %gr?rhpyﬂ?rg S n&f gg(yvbtge ?rge ﬂg]é)fv[ﬁ for yelatively
eas¥ P&RGerdof af cRESHEAS ﬁgh%nfhocﬁé Srolifictidn®f the hydro gen peroxide, or for the

synthesis of an additive free aqueous hydrogen peroxide solution. Examples of uses of
hydrogen peroxide include bleaching in washing machines, sanitizing in spas, dishwashers,
pools, hot tubs, faucets, garbage disposals, air conditioners, refrigerators, freezers,
humidifiers, dehumidifiers, toilets, urinals, bidets, agricultural equipment, and food
processing equipment. Hydrogen peroxide in a gas phase can also be used in dryers and for
air sanitation. Positioning of the hydrogen peroxide generation unit in the appliance and the
outlet for admitting hydrogen peroxide to the appliance is subject to determinations for
optimal hydrogen peroxide effectiveness.

[6018] The production of hydrogen peroxide requires a strong oxidizing agent, and strong
oxidizing agents can be produced electrochemically. Inorganic persulfate compounds are

very strong oxidants, and the preferred oxidants of the present invention. Other strong
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hydr ogen peroxi de sol ution that need special handling
to dispose of. Therefore it would be very useful to be
wahbm@/Be28 or m hydr ogen peroxi de with a nethod POaUS2005/034354

allows for relatively easy recovery of any chemnicals

used in the production of the hydrogen peroxide, or

for the synthesis of an additive free aqueous hydrogen

per oxi de sol ution. Exanples of uses of hydr.ogen dizi
oxidpingmgenis ingledapreclpatecommngunds. apd ReTRBOHE @fidn g’g,ﬁﬂe other oxidizing

anitizlng | .  anR@hDlari 8karhB8nd not intended
agents i 8?@?‘“%%‘#‘?@315%?@@3‘%0% S%nglfa:s aélondi iacg_%er s,}lyl )
to lithfilid @pictdokidifing agents , Clnmitlgj the epsymedehlumettipd obproducing

toilets, urinals, bidets, ricultural uj nt ...an
perstlGselcpmaees: Swgh sypr gl ardehP S BHBRD s s gh an
elec@&%ﬁli@gr&l&%g Ikﬁt%. sfint BofHil s f el édtfocBethical reactor for the

ation. Positi

sanl ning of the hydrogen peroxide L
prodgetiar @ftpessul furic ticidrare Hidfeaamp Fonrihe condifiensdonutingtheragid to oxidize

St g vdr _ | _ .
et P ETPIRO e i hteio o e tsr PR AR B So hfnsterred to o
secoﬁg 3.?% Sl 8lifngGhé XG0 €5 Senet D8 hydivgeR peduitei Mhe 6écond unit

ogen peroxi de requires a strong oxidizi ng1 agePt,
genaaates s solution withdhe desyedprodue, bydiogrn prrede dyt also includes an

el ectrochem ca . _l.no '
45 RSt ) ST SR
desi%e??rﬁ’%t%‘ﬁﬁlg? Ié ' ?}ggé;{ Ibe@dg:bgdé%vﬁgﬁ)gﬁme zaggmén?g I;:filél??rcl:emg,éﬁué glso to recover
the anibfurie agi[dftg LeusR !agql bmtgthgg@qqlt fgr gqgcgtiw ﬁ@ gﬁ?ﬂrgp é]a: hycfrogen peroxide.

r sul.furi ion of
1007 Yyl ofic Bt el 10 pRAETRL Ao HERLE g@¥ution of
s s Arposemp e o oo, 1 i
of hydiogprePaaKinG Y ¥ WOPTISE IIFPSIHS SHmRFE: [T production of
hydgqrggfé ??%)é(hd-gh T HRREEAhddide EARPFbINdeBR Qo §H8izing compounds that may be

em cal reactor for the production of
preseer inwl Hydrégenaetakider lutionf dhese infermedisleconpatnds igelyde, byt are not

RS iy A S e v
Whid 3R8{s8E SE1utiBnPeaRGMh WtirdgehPerd:@ds it if thtédded ag indlide solutions

generate 't he hydrogen peroxide. The second upit .
congeisingany of ans of worontepnediateirempesndsdhatip@ybrtormed during the

hydr ogen. peroxi de. but al so includes an undesired
hydg%gq.a(p%@m e @8@‘%\9% acid. The generated sol ution nust
[0088] SemiR @Ot dRygesl perexiledepiotiectdumaliarge, scalkavith a complex
hydrogen peroxide, w thout the undesi reeg1 ﬁ%o on ]]% 11 scal
chefigal pfosess; bydreganparorideisior FRvCRICARY dlof BEVIgg), small scale
ligm t ~t he n . | 14 . .
L
fortltBe Peretide drectbnincdicenbchidnecaecatat Thn resctor comprises an

electrolyzer for oxidizing sulfuric acid to persulfuric acid. Persulfate production in an

electrolytic cell is demonstrated in US 4,144,144. The reaction proceeds according to the

equation:
2 HySO4 = HpSpO0g +Hjp (D).

[0021] The reaction is driven by the electrical current running through the electrolyzer,
and is operated at a potential of 4.5 volts. The persulfuric acid formed in the electrolyzer is

hydrolyzed with water in a hydrolyzer. The reaction in the hydrolyzer is:
A
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hydr ogen peroxi de the process is intended to include
ot her oxi di zi ng conpounds. A sol ution of hydrogen
woeomsges may al so conprise intermedi ate conpoRAUAIS2005/034354
related to the production of hydrogen peroxide. The
i nt ermedi ate conpounds are al so oxi di zi ng conpounds
that nmay be present in a hydrogen peroxide sol ution.
These internedi ate conmpounds include, but are noé
linited to, HoSpOgdrbHgD Pend2SQery2Paxyl radi c&bs,
hydroxyl radicals, and peroxide ions. Wen discussing
[0022P! UtTIRNSro@sTRIréfh BEmPMSh® G furekiindehydrdgeh petoxiderid evhter is
to include solutions conprising any of one or re .
thenisepazatndcindtthe sulfypisaeidss reeacledhgclole the elegliolyzsti ﬁg\e glggtrolyzer is
hydr ogen r.OX| ' o odthi | e nost
Pfef‘?%@‘?’é’%&?’i“%ﬁ"ﬁ %ﬁgﬁéer%@%?ééﬁh@ﬂch E)%ngl 0aarcé\ge scale with a
[0023P P | Eixe 15068k ¢adhopmda Fsgure hywhagiamoper eaugpli¢dstorptelectrolyzer 10.
conveniently stored for individual small scale.usef ter and
Watqrie pédesi e théelegfralyrer and the clreialyzer 1G eAmRTHGS AyAFIGRRAT water an
sulfl%‘fg 290)1(4, IhePlin %é@a{e iS 6&4dtzell %o f)l%d{l&r ARG PEI iy a persulfate.
ITectl'y 1n an electrochem cal reactor. The reactor
The Goluonh 8@apAsing bestlfat yzdrawh off foom diezdlegrodyret &P prd passed to a

bS5 € s a8 2 SRR3R o i e
Wat{}ﬁ?%}%ig%@c}_ B&'z%%%ﬁlli?a@&&fn%dﬁﬁd (e SR DRipridindthy3edhen

[ 0021]" The reaction is driven by the
peraxidecindisabfiric acid e he solntiomepmprishagyhy drogenaiesaidoispatsed to a

d ] .at tenti al 4. 5. t )
sepips o UAFn 0 oA o By P i opubliR. The slfuri
acic%hﬁ?écﬁb%&@&tﬁ@e‘lé&iwﬂlzgﬂo,n a hydrol yzer. The reaction in

e

ydrolyzer is:H2 S208 + 2 H2O - 2 H2 SO4 + EZ(I
[00241) . PAO0zZine Bmbodingent of theetestiplyeerses syligicagid gitprgate

embgﬁh‘g?rﬁgg hl%/s?e &&%e %é@?%%lf%c%?n .oﬂn%f%g&% dsSol Q&]}@@aﬁ{)ﬁke&mpounds,

cyc ack to
inor@huEi6 khlGAtY Z4ts, o dmithRcifsaliyz edlts andpuktivge adidy Aopmgahepreferred

e i et 20 e 0] e i
sulf?ﬁi‘é pﬁ{d Bl‘ﬁuﬁpsugfa'a C tétﬂ}aﬁ’ iﬁ@flga.‘:l'lg ch¥iBls that vsligde Ligeriinge
el'ectroly [ he oly

Zzér an el ect zer 10 conprises a

chefidals tharforh swehgoxidirhgsagehts tenasidizedvih @n elegtricabenvironment such
sulfate is oxidized to produce a solution conprising a

as ipap glerrly&er- The sol ution conprising persulfate is

(0096121 TREfe i€ & QB us kA oF Qlatet & thé RleRBdlyRasHD efake@pFor water

consumed in the process. During the operation of the electrolyzer, hydrogen in the form ofa

gas is generated. This hydrogen can be used to recover some of the energy that is used
during the operation of the electrolyzer. One embodiment for using the hydrogen generated
is to combust the hydrogen and form steam. The steam can be used as heat that is used in the
process of separating the sulfate compound from the hydrogen peroxide. This embodiment is
illustrated in Figure 2, where an electrolyzer 10 oxidizes sulfuric acid to generate persulfuric
acid. The persulfuric acid is drawn off and passed to a hydrolyzing reactor 20, where the
persulfuric acid reacts with water to form a solution having hydrogen peroxide and sulfuric
acid. The solution with hydrogen peroxide and sulfuric acid is passed to a separation unit 30,
where a product stream comprising hydrogen peroxide is generated and a recycle stream

comprising sulfuric acid is generated. The recycle stream is passed to the electrolyzer 10 to
5=
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hydrol yzer 20. Water is added to the hydrolyzer 20

wWth the persulfate solution, wherein the water is
woximioaexis by t he persul fate conpound to form arPeoiUsi0s/34354

conpri sing hydrogen peroxide and sulfuric acid. The

sol ution conprising hydrogen peroxide is passed to a

separator 30, wherein the hydrogen peroxide and

sul furic acid are separated. The sulfuric acid

replqnésthfbe lfalcammpowaKEatri| o ko (hq By drphtsng reqgip 2. o clectrolyzer is
opergqs{? ad] {Effg;%eagr%r gﬁﬁv&h%@&raﬂhxséecf, R pl%%&é&%reeﬁh%emm 10°C

efrna odi ment's can use oxl1 di z
and 4@ ounds, such as for exanple chlorate conpounds

002gha SRprecirtotiBs fxSRinr SHalprun i bEatiudlionl BdSecin the
formsériJ 4 & %10 of I'I‘El?n Ihgépo F@ﬂ( APakRa th B ‘éblﬂgﬁstloﬁliﬁntalro%lﬂ@ﬁ génafdtbERkat and

ate,” potassium sul fate, and anmoni um
steamu Hﬂlabnergﬂot‘@ucedlby tharcombustiom unat 49 qahde useditochagbthe hydrolyzing

el S B o TR o Bl PR B PR L R Rrveen
20°@HnPIPEL Wﬂh)%ﬁéferﬂe@@ ShtidhBsFebiB4@ A asqaomd 4 Bk Bitferred
water to th | ectrolyzer to make up for wat e

operethorshrtweer 60°Qm1dp%086e 48 anqther qn@»odn@er@ﬁéﬁ hﬁ@t@ﬁ S‘@ﬁmtqii doth can be

C en r f
s L Sy YRR AR Rl g oo
sepa@iﬁoh%@hﬁ@@'geﬁ/péxbﬂidelaﬁd ssgl@dicctietd. ng t he operation of the

el ectrolyzer. One enbodi nent for u3|ng t he hydroge
[0025b o Hicehy cragonpoes B SHBLCIRgBPBEHATS FEPATHERIL? SegAtation unit

geneﬁ’tﬁlg 4 ﬁﬁ%r%ﬁﬂctké@re%ﬁ%gn@ai g%&?ﬁgggﬁ gérﬁxfdé ezg‘ld' dseb %roduct stream

esS of separa onpound from't
combi_sising) gﬁkuli‘afemn@und' hTBe swtmbprodundt strearh lid alsd a &Icedleistream

re 2, an el ectrol yzer 10 .oxi dj zes, sul furi.
whetgih etrecods#érsa faie gomeanad i s iorigat I?H"éfmﬂé‘rsgl@s’f‘%?‘flé is refurned to

the%%dth)v% s raphidfihe Badri@ssed to a hydrol yzing reactor
ere the persulfurlc acid reacts with water to

[0028)r m Ia eleuttiodiméraythe sepayatioo geit ipe dxsml@ts)nanut sthefdistillation unit

cn S ore B P, GRS S B ML funie

TheRh&EL 61 diSENARM WL RbBeH WpoArdRsigH aRe E&Sﬁoﬁﬁc ténsiderations. In the
generated and a recycle streamconprising sulfuric

embadinaent gf yetaam alisidlation @mt,éhq/l@ydéom@mhustsorwyg@@ nrovideat least a
portbogr&t tlé st aé{? {1§ecc)10 Pﬁ@ ﬁgad{? al sf’}[zl?tﬁlognesreééija{ i e]i)%ﬂf[%tﬁé‘ﬂ"l‘iixethods and
opeRlifg torditicR ard el kaowh @tlthetartparidearp avedisdussdddioreen 5C
[00%348%5 currvgntt an%np (gn? éo%}gr?sgs t%%%(r)r?rtle{u%g okf)‘(leltydvﬁzgn %grgmde with the use
of an acidic additive to drive the reaction. One of the problems to be solved is the separation
of the additive for recycle. Acids are used as food acidulants in the pharmaceutical industry,
and in industrial and detergent formulations. Currently, technology for the separation of
organic acids involves salt precipitation by forming a calcium salt. The precipitated calcium
salt is filtered and washed, and then reacidified with a strong acid, such as sulfuric acid, to
regenerate the organic acid. Examples of organic acid separations are found in European
Patent No. 135,728; United Kingdom Patent No. 868,926; and US 4,323,702. These patents
while presenting organic acid separation require the addition of additives, other than water, or

use anion exchange resins that are not especially suited to this separation process.
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[0026] A product of the oxidation of sulfuric acid is
the production of hydrogen in the formof a gas. The
woydrongensi s passed to a conbustion unit 40 whPCl/US2005/034354
generates heat and steam The energy produced by the
conbustion unit 40 can be used to heat the hydrol yzing
reactor 20 for use with other units. In one
enbodi ment, the hydrolyzer is operated, betwe 00
[0030hd owroothar embediment, dhe wnatgpen WHf EAMPIETRAER Adsngeta The adsorber
NP c2Bithn
nmﬁ%%é%dﬁﬁgg%g &%05# Shﬁgﬁ%gggﬁgggea§ o#ﬁggean1gf§bot ©
colug@l) oben peié sechahged drdors erhamge coturumi This ﬁnveptlow cah bﬂgpracticed as a
ner [

el by e ol Bl 0T eSS B PSERHRD e
It is YA RAERaPRE ?i‘éc‘é% W hepdttd ﬁ@c&ﬁﬂﬁ&i&rﬁo@sﬁ ah8Rak Bt Bferated as a

i'n a separation unit generating a first product stream
contimrops ceunterclnyeht sipewlaied mowiingehedasten. swrewangle efiers such system is

ng the sul fate conmpound. The second
des%’ﬁ’sgﬁbnbg?t%aﬁ% s also a recycle stream wherein the
[00316}0 OVeheskid bkdahge SR exMngd ddlirhh Prodsésaiitadseipeioh s@stem that
furic acid, is returned to the electrolyzer for

pre%mntlalbuadtigrblsme idc Erereioroeeiutipn comprishs ab prigrempeped and
hydaqg%? FP?I]tOg{ € 6%8&'15%64 Své? aglaagdrtén?t I?héjﬂisgrbe:g{]lfrleferen’ually adsorbs the

uni't can be an o’r I nar at
acidddintpoudd.VBCApATichIaE érhbadimenn, theiakid dmmp@uﬁdi esasnlfuric acid, and the

dlstlllatlon unlt The ch0|ce of distillatian uni
aniqgj gxch amsémn iFroRplaasigy adsafh?nbwﬁlfﬁﬁe@%r@fea%méﬁ %Pf?grbent

nknrx] éshaewg %ﬁmfﬁﬁ: eﬂclfatn apsti I?atv!irlg,] t@ftia?}naﬂ'iﬁie or pyR8ine functional

drogen c on unit an provi de at 'l east
grofs; i txha ads‘orltdmle cahprsas laSBHdnglly batie asivemmaxdiasige Irem having quaternary

TR T ——
cohﬂxﬁ‘ fs%%%ﬁa@em la&em QQ%% betAeS 2HACEM 1'00‘7@ NAHdOR aGRERIe HREveen 100

mat 1 on of hy rogen peroxide with the use of an
kPaa(M pie) @i 00i kPa (1 06 dsik) dt ismeefiersbba thatrthe pHeofdle schetion is lower than

the ! oil?({q? o}a gpn 3;'2}{ edo ‘é@oenagf ag:?cg ’@BI g%u?vesgug% selectivity of the
ads?rﬁ)agt%lf)? H‘ltgl‘i’ldécﬂ 1@ Q&{‘lﬁ@ﬁ‘l or w@&gl?tgg g&ia%%rrorne ??dlﬁr for the anion
exclhﬁ%/gg {d:\@/lé?mgg If8;5 rg/IEiEEreSIﬁnfrg[lTygl;]dggn p?romdg,aemdcl 763@’11’(&:5 resin ofI sulfuric acid.
(00%FHe o NG being oue I 18re. 1 1§ Deltel Bl Lot Rl flapound i
ads@l%?? bRaR M&Péﬂhgﬁgédrn%Bﬁn@ﬂﬁﬁ) dRged boRdinB, @ereby slowing the

uric acrd ener at e t rganl c aci
pas&gamﬁﬂﬁﬂsuﬁﬁte@:bg@bund ﬁrroutghsthp adsatbeo,lwdaiﬂewir[gjthd hiydrogen peroxide to

pass I?g% more quickly, and generating a sulfate free hydrogen peroxide solution. Using

water as the carrier of the solution facilitates desorption of the sulfate compound from the
adsorbent during a backflush of the adsorber, or for use in a continuous process, such as with
a simulated moving bed.

[0033] After the sulfate free hydrogen peroxide solution emerges through the outlet from
the adsorption unit, the solution is passed to a collection vessel, or holding tank. The solution
continues to be passed to the collection vessel until the sulfate compound begins to appear at
the outlet of the adsorption unit. When the sulfate compound begins to appear from the

adsorption unit, the solution is no longer passed to the collection vessel. The subsequent

-



10

15

20

25

30

Patent No. 135, 728; United Kingdom Patent No. 868, 926;

and US 4, 323, 702. These patents while presenting
wongsse28ci d separation require the addition BET/US2005/034354

addi tives, other than water, or use ani on exchange

resins that are not especially suited to this

separati on process.[0030] In another enbodi nent, the

soluity o Mg g R BB 6 CTE611 i S1e HoUAEF g he method

can g%?’ﬁ ?ev‘é&g}%‘%)w gf dés‘aﬁbaeﬁf(mech@ Q&#Eﬂ’ﬁon%ﬁt?‘ M 8pkdterred opeeration, it

ange on exc ge col umm. I's invention can b
is desirad thatthe hydrogef paresidesolution hg sisthntiddy fibe nf thepulfatecompound,

.and can be r ei.t.her .a.batch. or continuouys
whilf s a8tredrired Baibe AUFAE oiRct e M SRALS M Sirabgerte fee of
hyd®gefp&BKkide NTRLSIRE, ARE SFtoffHT theCidlv BEtheREN IO tafk i8 determined
cont I nuous countercurrent sinmulated noving bed system

basedriper arqykatiaf ofdnss afibhsulfase camposingd e pptyuthe gmggot of hydrogen
2,985,589, [0031] The agi ch .on exchange
peroX e FRf rBdticE §ygak?1 Stéeé’gbﬁ?fgi t§ )ﬁles{i/\%%z)}ﬁaé #1 at
[003%] ef eTRNidsaitel] salgige chmpblit] @aibd rectvered fbyroentigucslyuihting the
conprising an acid _conpound and hydrogen peroxide is
adsqspiéerneeplemn withyp dagedente fitch as/for exqaipigiyaten @F the column can be
re [ j I
oo BHEL G et AR e e (bR KB fom e
coluﬁ&gi. & otl)l@ﬁdng fepamtionthe xdfiangenp@sidrs tesyadedtl theeltectrolyzer.
adsorbent 1n sulfate form wherein the adsorbent .
100330 r 1 eanpdiReTy e @PRATEF BiISCE) EARY YRR PR fe
)| I i
loc ekl AL 4 Y ST, LORELIS U o 0 B proid
This weuld beamieggteduritiethe @nijreanvintrel systeut foo ambppjianopssing an oxidizing
t he adsorbent conprises m xtures thereof. The ion
CompRffange colum is operated at a tenperature between
[00369C BvholdP Cmbelichedt, Re RipBRELH An & WBRBipkAtbraRat, Whirein the
psia) and 800 kPa ( 116 pSia). It is preferable that .
sulfatecomplowid is eactad| ta formna peecipitaterandhemovddefrém sglution. One specific

ioni zati on,.const ant Kaj th I ' j .
exalgepﬁ oé“\a?g é)xmliﬂ%pesc&ng)&upg 1§ %/s%%@e% oo s%%ﬁeﬁgﬁ‘%"g‘?" %iﬂféa?e compound is
sul {8 KB eHdAE hetRUPRDWIH a bAsCRhedinahe deefiasdadid forms a solid salt

capam_l:‘)g for the anion exchange colum is 85 g/l iter

preqipigate Blie prpeipisefe s opugiaddeom sirdiqurd phaspiand theBydyoggn peroxide is

sul furd Cl ' ej .
e 58 1 0 N, R 1 88 e i o
the aldst@slpad. on the ani on exchange menbrane through

hydr ogen bondi ng, . thereby sl ow ng.the passage t he .
[00%% f affeanoshes sobadinsng (i S%m@tlaaélgﬂ pegn ﬁgﬁap&m ﬁf}aeﬁg stripper

corel OGS0 96 U DRI 58 0 o
congeisitigi hydroge ipawxide and sulfuric acid is aerated by passing air through a sparger,
or other means to distribute the air in small bubbles in the solution. The hydrogen peroxide is
preferentially carried out in the air with water vapor in a gas phase. The gas phase is then
condensed to recover an aqueous solution comprising hydrogen peroxide.

[0038]  Other embodiments include using a membrane separation unit wherein the
membrane preferentially allows passage of one of the compounds in the process. Membrane

separators are known in the art and an example is described in US 6,288,178.
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water as the carrier of the solution facilitates
desorption of the sulfate conpound fromthe adsorbent
wduaoierngoas backf |l ush of the adsorber, or for useCTUS2005/034354
conti nuous process, such as with a sinulated noving
bed. [0033] After the sulfate free hydrogen peroxide
sol ution energes through the outlet fromthe
adsorption unit, the solution js passed to a
col | ection vessel, or hol E?‘ﬁaplllealnk. The sol ution
nti : [ % '
O e Ry g o B PR E\pefiiehis ere
perforineedatd sest e wsa ofi hydrolydingreadiars $or fradwingmysivogen feegpiides The glass

reac%ogrxf%g g%rﬁg gégdppg&]ﬁg gti\gﬁ{t %é]?? it Qﬁ,ﬂ@gérﬂ&r%e%téﬁﬂzéd? 100 grams of
persaHRIEAHE SEIBRbM Wa®Rd el b BleM0DGNT ABa&it readifr £ANEHRYAd The system
recycl ed back to the el ectrolyzer, or the nethod can

was lslngechandethe rerctign Was wlloiwedioquedser: The sysigyh incheded an inverted glass

e e AR e B L BEAE e BBSLBL SRopidgf o sotuion vere
takef WRGHI) taha bt Mtdiri4ae oP50 Minautsshof ap & ZhoReUTHe saipleeweie then

s not required that the sulfate solutjion that is
analygsshfor bidrogen pasoxide cencentjation e for pessubfurieypgidsgagentration.
oo ekl PR ok BByt nd L DEpk MRl o procucion

of hkdk@gelof)erbhiae,sfdf faatereapepncthst 0Nd and 70 hrespretiaetyu The persulfuric
_hydroogen peroxide carried int hﬁ recycle stream Ptack .
acidqyidiged wrigetor oy Aurrogpmpgaxiden d he arspltndhevs thepgrsyliate rapidly
react Wity H{%q’vgtéln wih rﬁg)ﬁﬁﬁ(‘frﬁﬁt@gf Roos RHRUSH tMe HSNRBE dclfto sulfuric
adsorption éolu w th a“desorbent, such as for
acidenenleecoust ef apmroxinketely Glhonrs. G perehtagk webhefhydregenperoxide is

desorbent _after the h ogen, per oxj,de has, b
e S R e o P RS B B IR e
resud® TRAEHI tHab tHe SEMELE PrdcCedsPEmB4t 86 L&MpESA and @ﬁﬁ@(}e dafl expect

one enpodi nent, the apparatus includes a control
greagraham$ 3% of theraxipaged amowited hydiogereperaxide Siopnthatreaction. From the

and off f per i odi as-needed, s I f h e
expiiipep et e BRbafte BonRidgs o tRE el S B eteravty
betwaRt40ot s g6&m for an appliance using an oxidizing

conpound. [0036] In another enbodi nent, the separation

unit is a precipitation uggmppherein the sulfate

compound is reacted to forma precipitate and renoved

om —
00 ) ot s FoddiPn SEREL R SRR 2 BLu B pR B P roeen
per&xddepmduhlfusic acidfisipéreraed. dThesobirtion needs todleiszpatated tid a product

base wherein the neutralized acjd forns a solid salt
stream comprising hydrogen perox1rde ané a recycie stream comprissmg tge acid are needed.

An anion exchange resin was used for separation of the sulfuric acid and hydrogen peroxide.
A commercially available anion exchange resin was used, AMBERLITE™ JRA-400 from
Rohm & Haas, Philadelphia, PA. The resin was acid saturated with sulfuric acid and loaded
into an ion exchange column, forming a bed volume of 20cc. The column was washed to a
pH neutral condition, and then solutions of sulfuric acid and hydrogen peroxide were
injected. The column was operated at room temperature and atmospheric pressure. The

solutions comprised 5% HyO9 and 1% HpSO4, and were injected in amounts of

approximately 34cc. In one run, as shown in Figure 5, the hydrogen peroxide concentration

peaks and declines, followed by the pH beginning to decline, indicating the hydrogen
9.
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precipitate.

i quid phase,

wohespBexg pi t at e can be reconstituted,

The precipitate is separated fromthe

and the hydrogen peroxide is recovered.

the acid and recycle the acid to the el ectrolyzer.

[ 0037]

I n anot her enbodi nent,
an air stripper.

the separation unit
The air stripper conprises a vessel

wherein the solution fraoamthe hydrolyzer is pas

d.
1p aighbegan iixitahs olpmg. The

perofie pawed;threnehcbapplusings.
ot ORI B BRI

100%he sol uti on.

ca
(0043},

oro R4z
o ERE R85

rried

out

fcpfy

HE abdRPLe Bat

S

e alr 1n sna

t 0 r egeReETAIS2005/034354

is

profiately
es I n

The hydrogen peroxide is preferentially

in the ajr with
aseh serrad frstepmple s SROVR M S
Lk ahg SRR

I ments I nc eusmgarrerrb

ound

ter

Sy 4

in a

TOEE:

rocess

%@Zgrths Is1epa]ra’cion
FcLa}icﬂ AndMHE DORR REFAYE I&sin FRAZS]

rane separation -
AMBBRLI T ER £i400 tphevidesnfor ageodsepanatiom of thielhydwigenperoxide and sulfuric

one. of the co

ichieh IBPInS 2P EECRUGRO
sul iR, Gnd thafl@RGhIRREadid cAiPbPsB8BnilalB; dnki

%ﬁ% ﬁﬁ‘t&gfgfcggeg I1?8ro§i,]de with almost no
hk€cydlel0039]

Experinments were run for the hydrolysis of persulfate.

The experinents were perfpg
hydr ol yzing reactors for pro

0043hs e

iRl qu@

grans o

cB0 test the use of
ci ng hydrogen peroxi de.

RpAEEL bR FRE R Ay

ﬁoeﬁroduce an

acidBRE Sylifogeh peraridd ssltivhi Dnthisesamptbesh dlerdiemedOdnif separating the
capacity reactor and stirred.

Th
compeiends s festrd: i BOIWHRN SIRHERS ? m%@%g

sulﬁ&r&celcmgs a g@§‘e [6¢

gas dgenerate )
cc veluhigt iThe vessebwhskented, and aiaway pasaeditheoughthe solatien afd Bmerated a

m nutes for, up to 2

VapQy FHEYD SAMPHFINR JHHIG J8

a COR
S

stredrh evap thed passed throfigh ydteo frem cquainss af ésmipesy

urin

S MER Ga8EbSled ?ﬂ%

ow the results o

. oper at ed
dlSS%lg

P &8y 5

R T

t

AP5iRe
filde

BT theSoItRA’E

e reaction.

Kt BEO

The s

np

t em was
gD PHOX
asflgﬁqeﬁ @htb
Sa

€S O

c] os o

3panp we. %
QG RPhARNg a 500
f the

anmples were, then .
{BoR ARG ARE VA GHah e gpndensed in
0 BetwBR40C afill 0@ STRe éttedvapor
ydrolysis of persulfuric acid in
tupedzeswenns0°C and 20°C to
The
hydr ogen

[0043" OXTHEresIRErof BRUEhEBAPNN HydeogeR pervxidelmd salfindd ycid by air

reacts wth

t he water,

w th

. _ approxi mately 100%
stripping/ase shawm ¥ Tathel.per sul furic acid to sulfuric acid

over the course of approximately 2 hours. The

percentage yi el d of hydrogdablsdr oxi de is the amount of

hvdr ooan
T J A |

Ao nrn

=

peL-oxi fretati-vetotdh t-
Ruig o ol DATOAe Lo Thd0h o 05 T 50 T MilliaP | Decom-
# | erature | Flow | (hours) | conc., | Recovery | Conc.In | Balance posed
(literS/ prm ’ Adsorber fOI' H202
min) wppm | H202
1 60 20.8 4 9848 | 70.24% 5.15 0.87 13.37%
2 80 15 3 21,010 | 81.36% 923 0.81 18.62%
3 80 24.5 3 17,766 | 80.85% 251 0.81 18.95%
[0045] All of the runs passed through glass wool in the gas phase. It was found that air

separation generates a relatively high recovery of hydrogen peroxide with a greater than 99%
removal of the sulfuric acid from the hydrogen peroxide.
-10-



results indicate that the reaction proceeds al nost to

conpl etion and that one can expect greater than 80% of
woOheromsgeet ed anount of hydrogen peroxi de fronmPCiaIS2005/034354

reaction. Fromthe experinental results, the operating

tenperatures for the hydrolyzing reactors is

preferably between 40C and 85C. Exanple 2 [0041] After

t he production of hgdrogen peroxi de, .a sol ution

[004e)pr (Whileghe nventiemhasdiesn dersribediwith what ate paesently gonsidered the
preﬁﬁ@% Ab6GmeARCit 3Ol e ﬁﬂe&ﬁﬁ)‘agh&t ‘i’hé%vérﬁ%&é‘h&#ﬁrgﬁgd f the disclosed
product stream conprising hydrogen peroxide and a
embogiyedte bet it ésimtardagtd civegvirivms acidificationnaelephivafent arrangements
. @nion_exchange resin was, ysed for separation of the
inclyged Within %?%Psﬂgﬁwwpmsﬁ cg‘é‘?%xi de. A conmercially
avai | abl e ani on exchange resin was used, AMBERLI TE(tm)
| RA- 400 from Rohm & Haas, Phil adel phia, PA The resin
was acid saturated with sulfuric acid and | oaded into
an ion exchange colum, form ng a bed volunme of 20cc.
The col umm was washed to a pH neutral condition, and
then solutions of sulfuric acid and hydrogen peroxide
were injected. The colum was operated at room
tenperature and at nospheric pressure. The sol utions
conprised 5% H2O2 and 1% H2SO4, and were injected in
anounts of approxinmately 34cc. In one run, as shown in
Figure 5, the hydrogen peroxi de concentration peaks
and declines, followed by the pH beginning to decline,
i ndi cating the hydrogenperoxi de passed through the
colum before the sulfuric acid began to exit the
colum. The recovery for both hydrogen peroxide and
sul furic acid were cal cul ated at approxi mately 100%
[0042] A second test exanple is shown in Figures 6 and
7 denonstrating the separation of the hydrogen
peroxi de and sulfuric acid, and that an ion exchange
resin such as AMBERLI TE | RA-400 provides for a good
separation of the hydrogen peroxide and sul furic acid.
The data indicates that one can recover nost of the
hydr ogen peroxide with al nost no sulfuric acid, and
that the sulfuric acid can be substantially entirely
recycled. Exanple 3 [0043] The separation of hydrogen
peroxi de and sulfuric acid is needed to produce an

-11-
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acid free hydrogen peroxide solution. In this exanple
an alternate nethod of separating the conpounds was

woesto@do228\. sol uti on conprising 5 w. % hydr ogeRCT/US2005/034354

1.

2.

3.

4.

e

peroxi de and 20 wt. %sulfuric acid was obtained. 100
granms of the solution was | oaded into a vessel having
a 500 cc volunme. The vessel was heated, and air was
passed through the solution and generated a vapor

am conpri si ng water and hydrogen peroxide. The

va I condenser whi ch was
Co&gﬁg@%&g&@g@%gg@%@g%@ﬂ%ﬁﬁg. 0C and 20C. The cool ed
vapain eidctrobem@®) fdrapnpatseeh oidiaingagestt sreamrhaxing an inlet and an
contaj per. at tenperature between 0C and 200C to

di @lst toe thegenp do‘li‘éﬁthz’llilﬁdﬁgﬁt&é “Per oxi de in the cool ed
vapohydk9A4k2hher ﬁﬁﬁHiytzﬁlfgftHé oﬁibﬁ_ir%%g@ﬁta&_lliﬂ@ Qrafd to generate a
hydr ogen peroxi‘de and sul furic aci b(%@al r stripping
arhydsdipzen sirearT apinpriding Tisidrogen progide ndgyn oxiflizable compeund, and

dth h, gl | .in. t N
P aueapeh o 8P PR 28R RIZAS ) DB gghon outes for
I GO UPArlyRbr Medimoasm peroxide with a greater than 99%
renoval of the sulfuric acid fromthe hydrogen

per cxdetierajon (B fonysppeating the hydeagen parorids anddhe eredizabls sgmpound,

i t h ., what . t i.
ortd R B P i SANBLOE AR A6 OGRS OB Foutler and an outlet
I sSfoR@btrédnitdrprisifg hihdrogdérspdroside avhirosutive fdrs, stivtin dotnprising the

i ntended to cover various nodifications and equi val ent
ar?’ﬁ‘ﬂi@@?ﬁﬁ?@m‘ﬁ@uded within the scope of the appended

cl AR, h¥Rroxdde %&Yﬁé@@&?@%’c@?iaﬂﬁ 196ReERURE oxidizing agent is

conpri’si ny. “an el ettrolyzer or generating an
oxselbcmdrfgpm gengrosp cemiting vif persalfuricrdcat, imorgardo persolifa¢ salts,

for the generated oxidizing, agent stream a hydrol yzer
( 205reRBic PRIRHGR SOROIRG: 8% BRSRG SRR wi th watel Lo
9ePR! BidRodent PGS E&leratdrT RBERIRRTH Clafh N BrDWAGERIhe oxidizable
per oxi'de and an oxi di zabl e conpound, and havi ng an '

i néamtpoiund 4 seledtacoiom thegroip nonsisting ofi sulBiriscacid ligorganic sulfate salts,
(10) outl nd an outlet. for the hydrolyzer stream
an’é‘z’ga@@ﬁﬁoﬁ% rcof’:?ﬁ)m‘%so?ndslgﬁg?rgf ﬁ‘ﬁﬁ%’?‘he hydr ogen
pﬂ%ﬁﬂﬁo@%emﬁd@gé&m@t&ceo@m@q@ of (B @]dHRAY 1176 38therein the
inlet in Tluid communication with the hydrol ¥zer (20)
ousepetatog iarmgrsether ghat preferentially adsorbs the oxidizable compound.

The hydrogen peroxide generator according to claim 4 wherein the adsorber includes a

polymeric adsorbent in sulfate form.

The hydrogen peroxide generator according to any of the claims 1 to 5 further
comprising a hydrogen combustion unit.

The hydrogen peroxide generator according to any of the claims 1 to 6 wherein the
separator comprises an air stripping unit.

The hydrogen peroxide generator according to claim 7 further comprising a unit for
dissolving the hydrogen peroxide in water and having an inlet in fluid communication
with the air stripping outlet.

The hydrogen peroxide generator according to any of the claims 1 to 8 wherein the

separator comprises a distillation unit.

-12-



for a stream conprising hydrogen peroxi de and an
outlet for a stream conprising the oxidizable

woaopoasxds 2. The hydrogen peroxi de generat or RCTMISL0ORG34354
to claim1 wherein the oxidizing agent is sel ected
fromthe group consisting of persulfuric acid,
inorganic persul fate salts, inorganic perchlorate

ounds, and ni xtures ther dro X
fﬁexliyciiéowr%% gea@aas?rcﬂcra te@ar i reglitns IHie Parhprein the
t h&g%io?h@é‘i%ie&b?ﬁ&’s@ﬂﬁgtwr?uﬁ?' ected fromthe group
consisting of sulfuric acid, inorganic sulfate salts,

i norgani ¢ chl orate conmpounds, and m xtures thereof. 4.
The hydrogen peroxi de generator according to any of
the clains 1 to 3 wherein the separator is an adsorber
that preferentially adsorbs the oxidi zabl e conpound.

5. The hydrogen peroxi de generator according to claim
4 wherein the adsorber includes a polyneric adsorbent
in sulfate form 6. The hydrogen peroxi de generat or
according to any of the clains 1 to 5 further
conprising a hydrogen conmbustion unit. 7. The hydrogen
per oxi de generator according to any of the clains 1 to
6 wherein the separator conprises an air stripping
unit. 8. The hydrogen peroxi de generator according to
claim7 further conprising a unit for dissolving the
hydrogen peroxide in water and having an inlet in
fluid conmuni cation with the air stripping outlet. 9.
The hydrogen peroxi de generator according to any of
the clains 1to 8 wherein the separator conprises a
distillation unit.0. The hydrogen peroxi de generator
according to any of the clains 1 to 9 wherein the
separator is a nenbrane separation unit.

-13-



