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Ms. Christina RUIZ-CORTES (CLT 89/600); Backstopping Officer: Mr. Kerce, IPc:r/TP/INF 

r:,i: infor=:".ti0!1 ;i-.~k:'.-;e :-.-.!" ':ieen prep:-.red to rerpond to the 0on

!" ider~ble interert in tydroJen peroxide production rho~ by INTIB 

u:-err in developing ::ount rier-. 

The oo::t ioport "'..'lt :-.re::itt t:i~t :"!.re r~i:-ing the demui.d for thi:! P1'2 

duct :'.re t'.-.e ne:-1 -:nd :iider ::.ppli~:l.tion~ in w~:'!te tre:..tment ::ind in 

t:-.e pulp md p.-,.per indu try.It ir :il~o import.mt to note·th!'.t hy·· 

drogen peroxide i~ one of t~e mort non-polluting oxidizin; 3-gentr 

~ r~~tor t:.::-.t fr be~ocing in'.!re~ingly import:mt • 

. !orld:-:ide de~:-.nd i:- in~re:-:in.~ by :?.lmort 5';~ per ye:J.r -md by :!.bout 

10',; per ye::..r in ~fort:: .:\aerie'.".. 

Tr.e rr:inirrm .. -:: rize for :-~ydrogen µeroxide :>l::i.."lt i~ ~bout 2000t/ye:-.r; 

t:.e 1:-.r~rt pl ~t (O::co:-ynLe: i:-) i:- ')OOOOt/ye-:.r • 

. U t '..o·.i ;:. t::e ".llt :·.r:-:.quinone ::..utoxi::l'"'.t ion pro"'e:- :- for :·.ydrogen per

o:cide ::t""'.llu!°"'.::ture i:- tie nort :ridely ,1:-eC. ~oc.':lCr~i::..l pro·::er!",t!".i:

~!'lfo:r::t'.".tion !):.·1{-.gc ir d.e•1oted to t.:e electr'lcLenic:::-1 9ro~e:-~ 

(;_leroxyd.irulph::-.te ?ro~e~d :-in~e tnere :-.re r.i:ny pl-..nt:- ·.i::icr. are 

•.i:-·1-.lly rr.:•11,~:~in!! t·:i~ :>ro·~err t :ro·1;;i.out 1;:1e ":lorld.lle•1ert.-.e -

le~~ ,t:.ere :-.re ot .er factorr to be ~on~ idered by in.ii,1idu-.:.l:- in

·.rolved in t:.e -!evclo!):-:ent of t!:ir proiu~ -:.."ld. therie 3.re d .:-cu~=-

c:d in t:-,i~ p-.--:ka;e. 

~"1 infor m~tion T-~k:·:.;e if! intended :-.r ..._ tioe-r-aving tool for 

;>eople iJlvol-red in ~.,emi~al indu!trie:- :- in·;e it supplie~ t.:er.: 

w:t:. ri:::~ry info~tion : elected from s wicl~ r.riety of exid

i:-i-; · 0'. 1 rces ,wt.i~. '.l:·l ·.lly i~ aot rea.dil71 :·.:~-::e~ ible to developi?l.-; 

~ountrie:.:. 



}\ydrogen peroxide (H2o2) is the most widely used peroxide compound. 

It is of considerable importance in connection with its numerous 

applications. 

7h.e technology of both manufacture and utilization of }\ydrogen per

oxide is comparatively new. n.s scale of manufacture and use incre! 

ed markedly since about 1925 when electrolytic processes were intr~ 

duced to the U.S. and industrial bleach applications were developed. 

Three conmerr.ial processes have been employed to manufacture }\ydro

gen peroxide : 

- Elect~osynthesis 

- Oxidation or isopro;iyl alcohol 

- Anthra.quinone process 

~he third process,o~ten comnonly referred to aR the quincne process 

i~ t~e mo~t r~edomir.ant conmercial process in use in the 1~0s. Ne

vertheless worldwide, a r.umber of plants (usually small plants) pr~ 

produce hydrogen peroxide by electrclytic methods. 

In the first rrocesR,hy1rogen peroY-ide can be produced electroche911! 

cally by the anoe~r: ox:ir!at1.on of sulphuric acid or its salts (8111Do

niwr. O!" rotasFiwn sulphate) t" produce persulphuric acid Ol' persul

phates as anode prixluct~,waich are sub~ected to }\ydrolysis and Bl.lb

sequently ·Hr.tilled to produce a 30 - 4t$ 1'-3drogen peroxide solu -

ti or •• 

3ulphuric ~id electrolyte ha.a a low current efficiency (70-75~) 

but the use of amnonium Aulphate causes crystallization problenm, 

so a mixture is used to obtain a current efficiency of 8~ or high 

., 



.. . -. 

er and crystallizaticin troubles are elimir.ated..( ) 

At lea.c;;t during the ~O's decade,althoue:h equi:·:":"·,~ ... ,~. ,.._, :·_ r 

'wdrogen gas are coprod.uced,recovecy is not practiced in the U.S. 

The cr.ide product from any hydrogen peroxide process can be llBed 

as such,but coamercial grades are further purified,concentrated 

and stabilizeC.. Especially concentrated l\ydrogen peroxide requires 

great Cal'e in hMdling and storing. , . 

According to literature,some disadvantages are the following : 

- extensive and oontir.uous purification of the electrolyte is re-

quired 

- high carital 

maintenance cf sophistificate-:J appara.tu5 is rP.quired,together 

w:th high!y t:{Ualif:ed nersonnel 

:Because of these facts,electrolytical processe$ cannot compete e-

cor..)!Dically with a."lthra.quinonf! rr~cll!ss. r:evertheless ,electrolyt•-

ca: rlants ~ hrlv-e bene!'i ts such as protective tariffs or serve 

a lor.a1 mar~et,thus saving .:m trlU'lsporta~ion costs,which allows 

t~em to compP.te with the lower-~ost anthraquinone process ( ). 

A1ditionally there are two relevants facts that could promote in-

terest in an electrolytic process : increasing an!OW'lts are used 

in wastewater treatment and i.n th'9 pulp and paper industry. These 

uses require dilute peroxide solutions and about 4~ of the ener-

eY requirement (peroJcyd ifm!~hate procP.ss) is used to concentrate 

the per~xi~e product to 5~ hydrogen peroxide. D!spite this sa -

ving more innovati?n for this P.rocese is raquired in order to ma

ke it more energy competitive ( ). 



Tl:e m;-.in fields of ::_nnlic=-t!ons ror hydrogen perox!de ere in che-

mic~ls,te~iles,~ul~ =-nd p=-~er industry.pollution control,aaet~l -

lur~ re-.d miscellP.neous uses.Ge..~er=-lly.most =-9plic=-tions m,.lce u~e 

or its riro'!'erties :>s .- strong oxidi2ing or blePchi.ng ,.gent. 

In the Unitee St=-tes of Americ:> the tvo m-jor m::rkets for hydro 

:;e!l '"leroxine h"'ve hi stor: c:-lly been te::rtlle ble=-ching =-nd chemi_ -

c:>l m::nuf::ct1.1ri n~.At "resent ; !lcre-si.r.g .-mou."l.ts :-re uEed in the 

~-:lv=:id.ti:>,~ of its milder ::ct1 on on fibres :>nd it le-ves no envi -

ronment::.11~· 11.."'ldesir=-ble residue cotnn"-r'!d to chlorine =-n".J its corn-

' 
ro~rvls • !i'l:.rth"" -:; ~-~ ; -"'rO"'e..."1. oeroYide l"roduces ~ll iDl'Oroves the "fU! 

1 it:.• of r~per ( }. 

ture nerbor~teR :>nd others pers:-lts for household :ond detergent 

ble=-cn '!''.'lic::>tions. This m::rket i!" ::llrone i:.cno'\D'lts for 4~ of h;[ 

drogen ~erm6de utili:ts>tion. 

Co"1c>:!ntr=-ted (90-1CX1,'0 h:,"lro~~n '"'erov.i de is used !>S =- source of e 

Besities i.ts 1.lsei:; in bles>chin~ ~nd deodor·zin.o; te:rtiles.m=-inl;v co-

tton ~-nd other fibres. r. :- tur:- 1 or s:;n thet i c. l·ood T'Ul'> -nd ; n the 

'.'Ul"'.l :--nrl "'1£\ner inrlustrJ.it is -lso :"'source of orrr-onic "r.d inor~ 

nine' met.,,ls, ble:ochin~ ~nd oxi dizinP: ~r.ent in foods. 

In the ne=-r future one ci:1n e~ect nev .-polics>tior.f.I for t.his oro -



-.. 

soil regener,,tion,e".'lo:r:id:>t;_on of !'l"'tur"'l r:1bber.s:nd =-~ "' substitute 

ft>r c1".lor!.ne in ,,.~t~r =-~d sev.:ige tr~"'tment ( ). 

The use of ~nrogen :JeroYide in "~-ste"~~ter tre,.tment could reoresent 

:::. si~ific,.,nt nev. m='rket sinC'e ane 1'.'0und of hydrogen oerox~de C"'n be 
{; . '. 

substituted "!or ~ or 4 ':"IO\L"lds of chlor' r..e .nevertheless, its use de~end 

on econollic consider~t;ons ,..s hydrogen ryerorde is more e:roensive -.. · 

h:,rrochlori tes. 
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··)iJ: 9915lr Bydrotten pero:ir.ide. ~avost~anoff. D. ffr )_ Inf. 
c;IUllL 1989. ~· 117-.IR (fr). A fPVIPW with 2 rers. or the manur. 
aod ~ a_os~ant._ or HA. 

!•·-"': :?"s;>le An elel'trode. '.'l:akan:ura. Kenichi; :\ankai, 5hiM; 
lij:r.1a. Tak~~i 1\l..t~u•h!ta EIKtric lnchs:rial Co .. [.rd.I Jpn. 
To~~kyo Koh! J!' ~!? ~11.~~; Jr1-; ~0~3i) '' ·•. C'.!~811, <>tl, 28 >ur 
1!1, •• Arpl. .9, .s .. "8. ::. t:n 19.9: 3 P~- A durable electrode 
ha,-;,,11: a lone ~r,·i...e lifetime i• cc.mprised of a !Mtal oxide, redo:& 
<<-:r.pd. immobilized on the metal oxide. and conductor. Optionall~·. 
t!it ?:ltlol aide 1nay be rompri;ed of 5n0:. WO•. RuO:. ~fnO:. Ti<h. 
~l .. 1).. N lrO:. The ~!tcm-de i~ u~~d a~ a H.O: n:anufg. electrode 
iir..:i tr.zymf' Hn~'-'r. 

104: 159158• Er.ect or impurities in pero:&y:aonosoalfaric Kiel 
oa tbe yield or hyclrocea perosidc. Smimov, G. I.; Chemyalt, A. 
S.; Chemyshe•·a, 0. :'I:.; Shepot·ko, M. L. !Irkutsk. Univ., ~rkutsk. 
l:s:3R1. Zh. Prilrl Khim. (Leninircd) 1906. 59131. 662-o& (Russi. 
The effttt oC the con..:r •. of impuritil!S in H!S<>s was studied on the 
H.:O? );eld in the electrol~-tic hydrol)-.is of H.:SOs. Ttie H:!Ot yield 
decreaw.I from 70.7 to 54.8 and 72.2 to ~5.8~ with the increase .,r 
the concn. of Fe and Cu from 15.5 '" 99.Q and 0.0-l to 2.i~ mc.'L. 
resp. The effe."t of t~e ,;multaneous preunre of Fe. Ti, Al. and Si; 
or :-.la. Pt. Mg. and Ca; and or Pb. Cu. and Pt on the ),eld was 
studied wifh a math. model. The results can be •1sed for tM 
impro•·ement or H.:O: prepn. 

103: ltSH:Zli Bydr'Ol•ea ~ros.t4e tas a reaceat). Pandiarajan, 
K. (~;>- Chem., Annamalai l:n1v., An11.1malai~ar. 608002 India). 
§;nth. Ret11tn!1 1185, !• 60-155 _(E."lf): ::dited by Piuy, James S. 
Ho"'·ood: Ch1r~ster, UK. A rn,e..- •,th 426 ref1. on the uses of 
H:iO in ors. chem. 

IOI: ll31illm ComJ.ari1io11 or nperimeatal aacl calculated 
data oa byclroce• pero1dde con•enio• ror a commercial 
reactor. 8rc>un1htein, 8. I; Zharikov. Yu. N.; Krkhenkava, 0. P. 
1l"SSR). /ufr.;. po Apporoturrao-ulthnol. Oformltniyu i At•romatiz. 
l\'iim. Prors.-'1ol-, L. 1983, 41-7 (Rua). From Rt/. Zh., Khim. 
19~.t. Abttr. !l:o. !Oll'!I. Title only translated. 

97: 13037r Electroc:lwmical prodactio• or byclncea peruide" 
by tlw Lowe.1teia m.tllod in a bipolar electrolyaer. Spiral, 
Jiri; Mu1il, Jowf; Balej, Jan; Thiele, \\'olf1anc; Mauchiner, 
Hermann !Chem. Zavcdy, N. P., Sokolov, Cuch.). Chem. Prum. 
1182, 32(6), 287-91 (Cur.h). The Ions term electrolytic prodn. 
of coned. 10lna. or (NH.l:iS:rO. u 1 b)-product of electrolytic 
prodn. of H:i02 by the IM•enatein-Riedel method in bipolar 
electrolytic celll type EZ II conau- 1/3 1- elec. enerr. .u 
comparrd•ith the old plant with the orisinal monolNlar-type 
ce-111. The rOll of enerl)' con1umrd for mech. coolin1 of tb """ 
link i1 practically cancelled out by the 11vi111 of cl)Oli~ water. 
From che hnienic vieTIJ>Oir.t the operation of 3 nptl. EZ II ($) 
cell• without eshau1llnJ pollutanta into the atm. may be 
rqarded u 1 remarkable advance in ct>mpr .iaon to the Ofl· 
uncovered celll. E. R. Holman 

* . .,;0r.iplete do ·•1::lent; :~.n be olit:'.ineu from: Britic:h Libi:-a.ry Lending Div. 
Bodon Spa,'.letherby ,:·Sect Yorke!1ire, 

United Kingdom,LS23 7BQ 
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90: 11213.."y Hydropn Peroside and Its Derivatives: Cite:: 
mistry aad Uses. (Wassers•off~rozid and ~ine ~ri\Cat~: 
Chemie and Anwenduncl Weigert, Wolfcanc M.: Edit•ir 
IHuethic: Hei~elherc. Ger.I. 1978. 205 pp. 

90: USUt Electrosynthesis or hydroren perodde and 
perosydisalrates. Part Ill. Mechanism or aaodic ronnatioa 
or perosydisalrates. Balej. Jan; Matschiner, Hermann· 
Thiele, Wolfgang UMt. lnorg. Chem., Czech. Acad. Sci.: 
Prague. Czech.). Cht!m. Ttth. (bipzif) 1978, 30(11), 5i8-81 
(Gerl. A re\;ew with 55 refJ. 

88: lf2"2j The electmyathesis or •1drorea perosides 
ad perosodisulfates. Part II. Opliaizatioa or electrolysb 
cells usiq .. electrolyar ror perosodisalraric acid .... 
esample. Schleiff, Martin; Thiele. Wolf'pnc; Mabc:biner, 
Hermann (VEB Eilenbwpr Chem..-Werk. Eilenburg, E. Ger.). 
Chem. Tuh. (Leipzif) 1977, 29(12), 679-83 (Ger). A 
combination statistical and phys. model is developed and 
evaluated for the title electrol)-rer. An anal of all or the costs 
affecting the electrolysis process is presented and tech. and 
economic optimization performed. A math. anal or the model 
yields generally valid conclusions concerning the shifting of the 
optimum in relation to the different target functions in\-estipted 
when certain design and economic parameters are varied. 

L Rajkay 

AA: IW2'k Oe•elopment of tlw productio• of hyd"'!tea 
~roside outside or the Nov~ Union. Pllf'Vn. F.. Ya. ll~SSRJ. 
l'miw<ld. 1•,rr/ri$i Vndflr<lda 7.h1dlmfnm. ()lmfrn"'" lzopmpilnt.'Oltn 
Spirta 1975, 2, 4-12 (Ru!'.~). A review with !ii ref~ . 

• J .• JanPhowilka 

87: 126~2'm Hydroren pernide: prepantioa aatl properties. 
Osteroth, D. (Witten, Ger.). Chem. Labor &tr. 1975, 26(8), 
311>-ll (Ger). A revi<!w on the prepn. and propertir.s of Hi<>i 
since 1818 with 2 refs. 

Iii: 87103d Preparation aad puritlcatioa or hydl'O(eD perolicle 
t.y the hydroly1i1 of persulrate. Part 7. Choe, II Dons; Kim, 
Man Su; Sim, Myflnl Gil CS. Korea). Hu.ahalt Ku.a Huahalt 
KoritoP. 1977 20131, 130-3 !Korean). The erf~ta of factors 
that affect the prepn. of HiOJ from (:-tH.bSiOe and H.rSO. were 
tlttd. and the hydrolysi1 condition• for obtaining a mH. yield of 
H!Oi were eata&lished. The concn. of HiSO. was 22 M and that 
of INH.)Si(), was 3.2 M; the reaction temp. for the first 30 min. 
•• 70- and that for the second 60 min. was so•. The Hi<>i 
yitld was 803 and 993 of the INH.1s:i0, was h}'drol)ud. 
When the C~ and Fe•• concns. were > 10 13, the Hi01 yield 
tltcreasetl 
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87: 7.C039n On the formation reaction ... elocity or bydrocen 
peroxide from ammonium penulfate. Part 6. Choe, II Dooi; 
Kin:, Man Su: Pak, H .. a Suk; Sim. M~'lln& Gil \N. Korea). 
HlllChali Ku·o Hu-oholr Ko"fop 1977, 20(2), i5-80 (Korean). 
The effttt or H;SC>c arid runcn. on the rate ol Hz{), formation 
from <NH.hS~ was ~tuditd along with the rates of side 
reactions •ith impuritits such as Cu:+ and Fe3+. The rate of 
H~ formation is limitN by the reaction S0.Z- + H20 • H!Oi + 
SO~. with product (H:<h] at time t and io •c of IHtO::J, • 
l~Jo(l - up -(kl'' + o.01ou .. ')rJ 1rith initial (H&Jt >l.2 
naol/L. where .le 1tands for change in (Ha&>c) dunq the 
designated reaction period and Irr." represents the rate coastant 
when initial (HtSOcl is l.2 mol/L. The secondary side l'ftCtiom 
by impuritiH can be reduced 1f the hydrolysis rate ol S:!Olt- is 
incrnsed by incn~int the catal)-tic arid c:oncn. Impurities 
affect the dK"Ompn. ~alts o! bot!'~~ Hi<h. J. S. Yoo 

r.: 412"41 Dimtillatiaelll,dnaea .-nWe r..- .-nlrarie 
n ..awtiella. Markcw. S. S.; Smimcwa, M. A.; Trnkhova, I~ 
~: Tymi1111kii. V. N. (tlS.-.RI. Khim. Prnm-!lt. CMMrorrl 1977. 
111. 204·5 CR11M). ~ di!otn. nf H~ rrom Pl'f'!IUlrnric arid 
onlm. - studied at JOO- and 1111 mm Hi, for which the vapor 
~,. of 70.·2'l. HtSOc i!o -o. Thf' dependf'ntt nf the 
~..trihution mftr. lratin nf HJ<>: cnncn. in !lnln. tn HJ(): roncn . 
. , condensalf') on thf' H!-~c cnncn. in t:~ Min. ill drmc>m1trated. 
Thf H:iOz yield incrNHS .nth incffil.~ini lfz.'\Oc final amen. 

A. F1IC!I 

36: 925l9j Techaical~coaomical evaluation of hydrOl«'a 
peroxide preparation procf'HH. Rubinl'hik, A. '.\I.; Pn~q F 
Ya.. 1l:ssR1. I/ .<h., _Proi:.·l'" _P .. rkisi \"1>d11rrxlt1 Zh1dll:·•i•;:~ 
llkull'mt'm Iz::pmprl .• >;p1rta 1~1_5. 1;11. -I ll 1Russ). From ff,/ 
Zh .. Khim. 1916, .\hstr. No. :?IL"-~- T11le only translated. 

85· 199028y Studies of preparation aad purifieatiea of. 
hydroSeD peroxide by h)"drvli1i1 of ammonium penulfate. 
C.om. 4. Mutual Mlubility or ammonium penutra ......... lam 
1ulfate-1ulfuric acid-•ater ty1tem1. Choe, JI Doq; Kim, 
Man Su; Sim. !'>fyoni Gil CS. Kcrea). Hu·ohalr Ku'O H1t·oholr 
Kunfop 1976, 1911), 46-52 1Koreanl. Mutual 110lubilitia "re 
detd. in the (~HchS-A>rlXHchSO.-H2SOc-H,O 5)-stem at 5, 20, 
and 35•. Optimum H~so, and 1XHchSOc concn. ranges were 
detd. for continuous eltttrolyril and for (!llH.l~ Cl')"ltn. 

MIMy H:rdrocn pernide .. aatacmn "1 ...W.IMa ti aq-• aolutioD• ofpensoOilulfaric aeW .... , • ........,.. 
atet. Thiele, Wolf1an1 Ger. (Eat&) 92,432 (Cl. C: Olb), 12 Sep 
1972, Appl. WP C Olb/155 249, 21 May 1~1; 1.2 pp. 
Py injectin1 the hot condensate lfrom the evaparatGr) 1mmldiaW1° 
y at the bottom c( the lut cliltn. ltaP., the ~ ~ 
acid i1 recycled at nduced preuure Without pncll' eoolmc. TM 
amt. ol 1team formed durin1 the diln. i• conduCted countercmn• 
ntly to the coned. circulatin1 acid for 1trippin1 the rllidual H,O,. 

M.K-'t 
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66M2T Determiiatioa of. iO- ia platiaain 1llecl as a; 
IDOde material ia the prepua.ticm etf Pall}dnll. Alebandron. 
L. G.; ZbitaRv. G. A. (USSR.). Tr. Irut. Fis. Jldal .• UNI. 
Natd. Tsnt., .AW. Nasl SSSR 1971, No. 28. 3*-50(Ron). 
From Rttf. z• .. Kn.. 1972. Abstr. No. l&I.211. The detn. ol 
tnce anrts. of Pt in solns. by inftne voltammeby with • c pule 
electrode is descn"W. Pt is coacd. at a controlled patelltia1 
( -1.0 V) Oil the dectrode surf- as a metaDic film ad UllOdica1ly 
oxidized with linearly cbaqiag poteDtial (sam rate 1 V /flliC); 
the dissobt. c:urvu att JllGllitond ClllCilloc- The uodic pe9lt 
height for- Pt dissoln. a.t 1.5 Vis diftctJy propartianal to the Pt 
CODCD. Cat+, Mut+, AJll+• so.a-, Uld a- do not iD1afere witb 
the detn. of Pt. The sensitivity ol the method is 5 x 10~; 
tlle 'trror is i .93. 

6lt64Y Hydrogen perOJ:ide. Thiele, \\"olff1'ang Ger. tEast) 
78,229 (CL C Olb), 12 Dtt 1970, Appl. 31 Jul 1969; 19 pp. 
H,.O. is produced by the hydrol}·sis of H,SO:. or its salts followed 
by distn. in an e\·apn. app. contg. a heating surface of graphitic 
carbon impregnated with a phenol-HCHO resin The app. for 
the preJ>n. is described. 

458liy Byitrocn peruide from a~ acidic Hl1dioa 
ub&ained by hydrolysis. Harper. William Shai'.lan; Dlilltr. 
David Wavne {FMC Corp.) U.S. 3,6N,l.i4 CCI. 423-585; C 
Olb B Oldl. 26 Sep 1972, Appl. 699,958, 23 Jan 1968; 5 pp. 
In the ma.nuf. of H~z from a IOln. obtained by electrolJlis ol an 
aq. (~H.J:SO.-H:SO, min. pater yields are obtained by carelul 
control of temp. •nd concn. to assure mu. hydrolysis of SiQ.2-

to S05!· and finally to HA. Thus, an electrolyzed IOln. bad its 
water content reduced from 45 to 30'Ko by remcwinc put of the 
-ter by evapn. without l!JSS of H:rO:. The raultiq IOln. bad a 
compn. oC: H:SO, 30-45; (NH,hSO, 2G-35; active 0 tied up u 
si0.2- a.nd S0i2• o.~2.5'Jt. This IOln. WU heat tr•ted at COlllt 
water content l>y refluxinc the IOln. at ll>f>-130" at atm. pname. 
The length or heating depended on the CODCD. and tamp. al the 
solo. Residence time or 5 to 15 min pve p>Od results. The 
partial pre11ure or H20: Conned in the IOln. is considerably below 
the pm·ailinr pressure. The HP: is then 1team ltripped from 
the soln. to give a product cont1. 4-lO'Jt H:02. The uncondemed 
vapon are returned to the 1trippinc column at a point ~IOI' the 

i point or introduction of heat treated 10ln. to assun mm. loll or 
, product. R. A. Coed 

240«h Removal of a finely divided coating from a porcelain· 
'111'f1ce in Perhydrol production. ~hramnv, A. \".; Mikhailnv, 
\". :\.; l'lanina, I.. S. <t"SSN ). -'""'·· Orhi<lltn ..i,,nf. r.·r,.rt . 
. lfnrrr., Tr. ,..,.,,f. ·· S1111kn-l'r,.,:;·,,J:· 1065 !l'uh. 1!171 l, ~::!',·!I 
'Rn<<). E1lited hy :'l:iknlaev, A. \". "Xauka," Sih. Otd.: 
\"n\•n<ihir~k. ttSSR. Thr rlark l"ll:llinv. rlepoo;ill'•I nn JlOfl"tlain 
R~<fhii: rini:~ in the pr()(l11rtin1111I 11,0, from 11,SO, hy l'lr1·trnly~i• 
cnntainerl graphite ::i., !'iO, :ir., and J\1:01 :m~; (where M was 
~1111inlli•lk mttal•l. II• rli""'"· in ::r.r; XH,OH, cnm:d. 
Trilnne JI lpH !I) !OOln., anrl in XaOll <l·-411'; ~nln.) at the b.p. 
nf the ~nln. wa~ <I udiefl. The I <t I""" ai:t'nl ~were indftttive and 
cnmplrte rrmoval ol the watimc w:i< readied only alter bnilini: 
•n '.\"aOll <nh1•. at all ··nnn1<., varyim: only the time nl hnilimc. 
Cnnrn~. ~ 10•·; nl XaOll were <nitahll'; at hi11:hl'r conc-n~ .• the 
;lutd ~urla(e ol the rin~< was attarkt'rl. For indu•trial pur
~. I':~ !Otlln. of !l:aOll and -I hr hniling w:i< rrcommended. 

Hann~ I.and•per.iky 



-:.UBJECTS 

2 .1 Electro~>.erfr::::'..l :::yntheei~ of inor_:;:-nic compcmndC' 

ed. 3oltan Nagy _;.~. ;;>. 1)~5 

.~ biblio&'l'pi.:y 

2.2 Electro-::-"enical ~roce~;:-c!"" ,induatrial:A. c-ocprenheneive revie-.-r of 

put and :.irc:-c:.t indul!ltri-'.'.11:• :-cu.led proce::-::-e!"" 

cc! .• Kuhn. El::::cvi€".' 

2.3 Final reriort on marftJ' of cler;trocheaical productim of inorgr-nic 

CCJllPOUlld.:-

G :-.::-tle Technolo;'.:1" ·~o. 1980, u.s Dpot.or Energ:r 

2 .c· : ceeratoffpcro:-:ide und l!leine d.erivade.Citemie und .Amlenduagen 

:i:Ir~g. v. Weigert, ·.-rolfgmg, 1978, 205P• 

2.5 Complements an nouveau traite de ~ni.mi.e •illerale 

P.Pa~c3l, 1375 1 P.~.Giguere, Masson et Gie. 

2.6 H~dro5.m pero:d<i.e 

2 
,, 
.~ 

";i.C. Schuab et a1.,..;."':leric~ c:-.emical Societ7 

Monogr.:i.ph eerier .:- 128 

H7drogen peroxide ~~~~racture 

R. Powell, Noye~,c:1e1.1i--;:-.l ProceH Review 

E~<::-o-;en peroxide handbook 

Te~hni~ ~1 repcrt ."L..·'.U'L...Jl'R-67-1441 1967 

.:c1-t · . .".ncric:.n Aviation, Inc. Cal. 

:: • ; :~oncl':Jook of inorpnic chemir:t r~· 

'};:ielin, 1)66, 430p. 



-- ··--~-----------

71 , . ,o fj l . 

"ANL/OEPM-80·3 

Qr.~""2.tlO 

ANL/OEPM-80-3 

I • 

f 1ct;'63 

Final Report on 

SURVEY OF ELECTROCHEMICAL PRODUCTION 
OF INORGANIC COMPOUNDS 
Contract No. 31-109-38-5054 

by 

Castle Technology Corporation 

~G~ 
"AtJONAL 
~A80AAmAY 

r : L.,._) ------------------
ARGONNi! NATIONAL LABORATORY, ARGONNI, ILLINOll 

Prepared for the U. S. DEPARTMINT OP INIRGY 
under Contract W·31 ·101·1n1•ll • UIUtAl!(t I 



4.4 

4.5 

4.6 

Page 
Elec tro!y tic Manganese Dioxide ••.•••••••..••••••••••••••••••••• 52 
4.4.1 
4.4.2 

Introduction ...••••••••.••••••••••••••••••••••••••.••••• 
11e.chanism • ••..•••••••••.••••••.••.•••.•••••••••••••••••• 
4.4.2.1 Basic '4eactions •••••••••••••••••••••••••••••••• 
4.4.2.2 Effect of Cell Variables •••••••.•••••.••••••••• 

52 
52 
52 
53 

4.4.3 Industrial Processes •••.•••••••••••••••..••••••••••••••• 54 
4.4.3.1 
4.4.3.2 

Flowsheet and Material Balance················· 54 
Electrolytic Cell Operation···················· 57 

4.4.4 
4.4.5 

Energy Require111e:nts.. • • . • • . . • . • • • . • • . . . • • • • • • • • • • . • • . . • • 59 
Conclusions .... ...................... · .. · · · ·. · · · · · · · · · · · 61 

Hydrogen reroxide ••••••••••••••••••••••••••••••••••••••••••.••• 
4.5.l Introduction ...•....•••....••.....••..•••••••..••.•••••• 
4. 5. 2 Mechanism .. .........••...•.••..•...•..••....•..•..•..•.. 

4.5.Z.1 
4.5.2.2 
4.5.2.3 

Standard Potentials •••••••••••••••••••••••••••• 
Anodic Oxidation of Sulfate ................... . 
Cathodic Reduction of Oxygen ••••••••••••.•••••• 

4.5.3 Industrial Processes •••••••••••••••••••••••••••••.•••••• 
4.5.3.l Peroxydisulfate Process •••••••••••••••••••••••• 
4.5.3.2 Peroxydisulfate Process - Energistics •••••••••• 

f, • 5.:. New Electrochemical Process Development. . • . • ••••••••••• 
4.5.4.l Alkaline Electrol}sis •••••••••••••..•••••••••.• 
4.5.4.2 Particle Bed Alkaline Electrolysis ••••••••••••• 
4.5.4.3 Electrochemical Redox System ••••••••••.•••••••• 
4.5.4.4 Miscellaneous Electrochemical Systems ••.••••••• 

4. 5. 5 Non-Electrochemical Alternate Processes ••.•••••••••••••• 
4.5.5.1 Anthraquinone Process •••••••••••.•••••••••••••• 
4.5.5.2 Oxidation of Isopropanol ••••••••.•••••••••••••. 

4.5.6 Conclusion~ •.•.••.••••••••••••••••••••..••.••••.••••••. 

Ozone .••••••..•.••••..•••••••••• - • • • • • • • • • • • • • • · · • • • • • • • • • • • • • • 
4.6.1 
4.6.2 
4.6.3 
4.6.4 

4.6.5 
4.6.6 

Introduction .•••••••••••••••••••.•••••.•••••••••.•.••.•• 
Uses .................................................... . 
Meehan ism ••••••••••••••••••••••••••••••••••••••••••••••• 
lndustrlal Processes ••••••••••••••••••••••••••••••.••••• 
4.6.4.1 Silent Discharge Processes ••••••.•••••••••••••. 
4.6.4.2 Ozone Dalivery Systems ••••••••••.•••••••••••••. 
4 .6 .4. 3 Future Jevelopments in Ozonat•· ·s ••••••••••••••. 
Electro~hemical Generation of Ozone •••••••••.••••••••••• 
Conclusions ............................................ . 

61 
61 
63 
63 
63 
65 
65 
65 
71 
71 
71 
75 
78 
78 
78 
78 
83 
85 

86 
86 
86 
89 
92 
92 
95 
95 
96 
98 

4.7 Caustic From Sodium Sulfate •••••••••••.••••••••••••.••.•••••••• 99 
4.7.l Introduction •..•..••••.••..•••..•••••••••.••••••••..•••• 99 
4.7.2 
4.7.3 

4.7.4 
4.7.5 

~chanism ..............................•................ 100 
Industrial Processes •••••••••••••••••.•••••••••••.••••• 101 
4. 7. 3.1 Amalgam Cells •••••••••••••••••••••••••••••• , ••• 101 
4.7.3.2 f>lembrane Cells •.•••••••••••••••••••••••••••••.• 103 
Energy Requirements ....................•........•....•.. 107 
Conclusions ...........•..•.................•.........•.. 107 

iv 



~---------------------------- - -

. • 

...... ...... . • oo ..... 
• 
'°'° 00 

.-.. ~_ 

~ .. 
5 

' 
~ 

A 

lll .. 
"i N 
:c 
I N a • 

r.,, ".:.• • .., 
fJ\ .... ~ 1.;, 

U\Ot""~ 
..... t'1 
'Z z !. 
a> 

Otol'I ... l'I,, 
... I Cla CD" 
Ut as "i • unoo 

0 

.... ~ 
UIH - ........ ~-'--~:__-~ ... ·--

Herausgeber 
Wolfgang Weigert 

Chemie und Anwendung 

.• 

._, 
.- .. -





TABLE DES MATIERES 

PafFACE •• • . •. •• • • •• • ••• •• •• •• •••••• •• •• ••••••••••••• •• .• • . •• ••• • • • •• V 

PEROXYDE D'HYDROG£NE 

lntr .. ction .......................•.•..........••...............•.... 

1 • Historiquc. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
2• Progres techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3• Noincnclaturc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
4• Bibliographie.................................................. S 

Propriitis pltJl#!ua . . . . . . . . . • . • . . . . . . . . . • • . . • . . . . . . . . . . . • . . . . . . . . . . . • 6 

Titre des solutions aqucuses . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 6 

:. - Propri;r;sthermodynamiqrus. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . 7 
Dcnsite du solide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Volumes molaircs panicls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 9 
Dcnsite de la vapcur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II 
Viscosite du liquide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Viscosite de la vapcur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Tension supcrficicllc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Coefficient de diffusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Comprcssibilite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Equilibrc de phases: solide-\-apcur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 
Equilibre solide-liquide. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 14 
Son existence de solutions solides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IS 
Surfusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Chaleur de fusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Equilibre liquide-vapcur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Chaleur de vaporisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
Constantes critiques . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 23 
Point triple . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . 23 
Chaleur specifique du solide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Chalcur specifiquc du liquide . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 23 
Chaleur specifiquc de la vapeur . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 2S 
Chaleur de melanp: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 2S 
Chaleur de dkomposition . . . • . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

,. 

· .. •.' 

,, .. 
·1.: . ·• 

,, .•. . .... 



lllllml ..................... ------------------------------~~~~~~--

T.-4BLE DES MATIER.ES 

2• Decomposition du liquide .•................................. , .... 
Catalyse hCtcrogene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Catal}'Se homogCnc: .............•......................... , .. . 
Photolysc ................................................... . 
Radiol~'Se ...........•.......•......•......................... 

3• Decomposition du solide ....................................... . 

II. - Riactions a oxydo-riduction .................................... . 

Ill. - Propriitis dfr"ses .........................................•... 

l • Transfcrt du groupc peroxyde ................................... . 
2• Reaction d 'addition ............................................ . 
3• Proprictes ioniqucs ........•.................................... 

forntGtf- ci portir de l'eou et des llinwnts ................•............... 

I. - Synthise thermique .............................................. . 

1 • Reaction lcnte ......................•.......................... 
2• Reaction explosive ........................................ : ... . 
3• Aammcs .............................................. ,.·. : . . . 
4• Mecanismc ................................................... . 

II. - Synthise p/;otochimique . .................•....................... 

1 • Etat i;azeu:it .................................................. . 
Dissociation non scnsibilisCe ................................... . 
Dissociation sensibilisCe ...................................... . 

2• Etat liquide .................................................. . 

Ill. - Rayonnement ionisant .......................................... . 

JV. - Dicharge ilectrique ........................................... . 

l • SynthCse a pression atmosphCrique ........•....................... 
Dechargc a haute frequence ................................... . 
Decharge a basse frequence .................................... . 

2• Synthesc a bassc pression ....................................... . 
Ruction dans la vapeur d'eau cfasoci~ ......................... . 
Hydrogcne atomiquc-oxygCnc: ou ozone .......................... . 
Autrcs S)'StCmC$ ............................................. . 
Mecanisme ................................................. . 

V. - MithoJes .·· ·erses ............................................. . 

Ultrasons ................................................... . 
Reduction cathodique de l'oxygene ............................. . 
Oxydation des hydrocarbures . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Oxydation des metaux ........................................ . 
Agents atmospheriques ...................•..................... 

rroductlon lndumieli. ...•............•.........••.......•........•.... 

/. - Procidi au peroxyde de baryum .............•..................... 

II. -· Procidis ilectrofytiqutS .....•................................... 

JQ· 

IX 

86 
86 
87 
89 
90 
91 

91 

94 

94 
96 
97 

99 

99 

100 
100 
101 
101 

103 
103 
10.3 
104 
105 

105 

106 

107 
107 
107 
108 
108 
JlO 
lll 
112 

l 13 

l 13 
114 
114 
115 
116 

• :•:r: 

: ' 

117 :\~., 
. ·:.ft:: 

l 17 

118 



. """\ -· . 

. ..... 
--

i. 



~. soa: .-:ORLDiI1E HYDlO<EN Pi rroxu:r: PUCiIJCERS 

tt.,dnllen perc .:de {Pen11tide) 
AUSTRIA 

......... Ges9lsdllft mbH 
AlpiEe Chemisdie ~ 

Osmnlichische ~ Werb 
GambH-OCW 

~;,; .. 
°'9ISU Antwerpen nv 
lftleRlll SI 

ANlNtD °' fir.tisll '-Ollides Ab 
FRANCE 

L'Air~SA 
Clllmicll~ 

lnterQll Chinlie SA 
OaysylllNse SA 

GERMANY 

~SedOf 
lndusVill and Fine ChlmGls 

o.v-
PeroDd-Chemie GmbH 

ITAlY 
lllUWOll Chimia SpA 

Montelluos SpA 
THE NETHERlNtDS 

Inc- Olemi9 IW 
PORTUGAL 

Inc- Porcugues1 - Produlos 
Quimocos. l.da 

SPAIN 
Foree. SA 
Inc- Ouimic:1. SA 

SWEDEN 
EU Alby ICemi AB 
Eb Notlll AB 

UNITED KINGDOM 
lnc1t011 Chemials Ud. 

ICUFSTBN-SCHAFTENAll. 
(1"~ 

WBSSENSTBN OB DER 
DRAU, (IClrntenl 

AN1WERPEN. ~ 
.JEMEPPE SUR SAMllRE. 
(Nllnur) 

VOllCICM, (ICytnol 

CHAlON SUR SAl>NE. CSIOne 
• l.oirlt 

TAVAUX. Uurt1 
JARRIE.Pslret 

RHEINFEl.DEN. (Baden-
Wiimembllgl 

BAD HONNINGEN. 
~TH, 
(8lyeml 

ROSIGNANO-SOLVAY, 
cu-no! 

BUSSI SUL TIRINO, ~ 

HERTEN,(limburgl 

P<NoA DE SANTA IRIA, 
(lisboe) 

LA ZAIDA. !Z¥lgoDI 
TORRELAVEGA. tSan"'*1 

ALBY, (VlstamonfallCI 
SURTE. (GOceborg-8otlusl 

WARRINGTON, (Chdliral 

Soutc:a: SRI lncamalional aslllllal8S IS of .lanullY 1, 198 7: 
Al)OTr'Al 

2 

25 

41 

20 

15 

na 
25 
90 

25 

20 

12 

25 
30 

9 

4 

30 
14 

25 
25 

50 
414 



Mlir•OIU.._._,_._ __ .......... T: ... 

~·Detiisia:~ 

.l•terox S.A.. 
nie • Primce Alllert 33. llll50 lnmlles 

Te: (Z) 5164111 
b: 21337 

. ftlllad 
r,;,gr.PAii._.._ 

.... 'I'; .......... .... 

fiftnosh Peroxide: Vot11ba 

rnmce 
...... OISA.1.-PF 5 s..' 
.._ l'Wia-OW..W.. T: CD» .,_. 

A'IOCllm, .._A'IQ.w ....._II, a...-....- ..... 01 1 

T:Plll~'l'lclllm 

lnterox: TaWlux 

Gmnan,. Federal 
.Rqublic of

rmmaPW. co. fGmWI • CaL It. 
D ........ Um1.~- ....... 
-11. T: fMll ..... Tic 2IDlll 

£. llerck 
PostfKll 4119. 6100 DinisUdt I 

Te; (61SI) 720 
h: 4193280 
Ci: &ierck 

Grmt BrUai1t ad N.L 
'-r. ........ ~ .... --r-.. 
..... .. T: -~-'=......... PA.--~a. 
'Ill:~-· T: ..... 21211. 
~ ........... PA. .. 1.4a-
iiiiil:i .. M-T:flllll 

I .... -
'1 MJ I Ider l~. 

...,...... Essu 11110 ns. "'8t lritat• 
' Te: (l) 5tz-:mo · 

Ts: 21Hl 
ca: 1t-t11 

ITALY 
EuralNse S,p.A. • 
4 wl1 lalllr11. 20098 Su 'tuli- ftil111He 

Te: (2) -.0395 
r-: 112• 

Fanlttali• tarlo £rtla S.p.A.. 
tasell• postale 10519. 20100 1111- . 

Te: (2) 69951 
b: 330314 
ca: £rt1aur 

h1dustrh ltaliaN Petrolt S,iill,A-
1 Ptun •11• Ytt·.orta. 16121 lienon 

Te: (10) 5994 · 
. Ts: 270107 

.. troncllmlie I, Y. 
P .0. lox 1321 • 3000 Ill llotUrdlll 

Te: (10) 360122 
b: 2ZCCC 

NonD01J 
........ NllP.O.._ ..... 

..-o.e.-1."1':11111--. 
~-

I .Spcml 
lllrtl• f. Ytllar• S.A. 
Cntro Dtr1Ctho lltratlarM. loM frlllCI. Sector -c• 
"""'- 4. Spit• Te: (3) Di-5511 

Ts: 97456 

Solw., I tie, S.A, 
2'9 11111orca, "reel- a. s,.111 

Te: (3) 215-3251 
b: 54165 
ca: So1Y11 

8wdn 
................ T: ..... -·-
~ 

lllAAQ. ........ -.a....-. 
T: ... -. .. .. 

............... 5 l&A. 

i!r.&a:.lr:=:e..., 
Nltaco S.A. 
34 A¥ewue dv Trtllullll. IDOS l-

Te: ( ZI) 209301 
Ta: 25541 
ca: 111t1CO 



CZE:::HOSLOVAKIA 
~m1cb Zawody Soltolow: Soltolow 

6 E RflA II Y (6.D.R. > 

a..te-Uport-1....-i 
IJJS~trnse 
1055 llerlf•. lienla• 0-Crattc .,..lie 

Te: (Z) 4JZ20 

..,. J 

Ta: 112111 
C.: Allllclleaie 

HUNGARY 
Buct.pes1; V~m.-lt: 8..cMpesi 

Manufact•)rtr 

DuPont 
t"MC 

lnteros 
Shell 
PPG 

• J<X>" Buis. 

3. 3 .1 Supplement ~~r·· li~·t: 

::· ::': "-::t•1rer: 
Al lhd ai.ic11 

J .'l' .ilclcer 

Chemeerve Corp., 

lilllllnckrodt Inc. 

PPG Industries Inc. 

Siw 

Memphis, Tenn. 
S. Charleston, W. Va. 
Bayport, Texas 
Vancouver, Wash. 
DHr Park, Texas 
Norco, La. 
Barberton, Ohio 

add.:reae 

anthraquinor,. 
anthraquinone 
anthraquinone 
eledrolytic 
anthraquinone 
2-propanol 
anthraquinone 

P. 0. 8a11 Z0641t. llorrhtown, llJ 07960, U.S.A. 
Te: (201) 455-2000 
Tx: 136410 
T\IX: 710-CJ86-7482 

22 3 Red School L·:.nc, Dpr:rt .LA-JI'R 

P. 0. lo• 5439, St. louts. ICI 63147, U.S. A: 
T1: (314) MS-2000 

One GaUway Cent1r, Ptttsburgll. PA 15222, U.S.A. 
Te: (412) 434·3131 
h: (llUT) 866570; (llUI) 684800S; 6848008 
TWX: 710-664·2043 

Capacity•. 
thousand 

metric tom 

56.7 
36.2 
27.2 
8.1, 

39.!J 
16.3 
4.5 

,. 
' I. 
l 

l 



The following table lists the producers of hydrogen peroxide in Japan, as of year-end 1979. 

Company and Plant Location 

Mitsub~hi-Gas Chemical Co., Ltd. 
Kashima, Chiba Prefecture 
Yokkaichi, l\.iie Prefecture 

Nippon Peroxide Co., Ltd. 
Kohriyama, Fukushima Prefecture 

Tokai Electro Chemical Co., Ltd. 
Fuji, Shizuoka Prefecture 

Total 

Annual Capacity 
(tboasaDds of 
metric toms, 
100% 0.,.0.J Pl'Ocess Remarks 

Z3 Z-Amyl anthraquinone 
36 Z-Amyl anthraquinone 

31 Z-Ethyl anthraquinone 

18 Z-Ethyl anthraquinone 

108 

SOURCE: 
l 

Communic'ltion with industry. 

Source : ~ii. Produ,;t Revie:1 1')30 
SRI Illl'E.ffilA:"fIO!L'.L 

CH\;GAI BOYEKI CO .• LTD. 

O•oruppun lnlo. 6o Ch•m1~1,/0ay1yn1huc. 
Tomakom•• 

fui• Hyd•Ollt'" Pcro.,dc. Ii.mi 

OSAKA GODO CO .• LTD 

S1ntoku Cheeical Industries Co. Ltd. 
10-2 Aza Otakcshill':lcn, lmzaw1, lliyagi-,.,.chi 
lliy1gi-gun, Miyagi Pref. 989·32, Japan 

Tc: (2239) 42171 

r:;JL 
INOIA 
At11 Elec1rochemic:al: Ahmed1bld. Gui 
ll1tton1l Peroxide Ltd. 
llevtlle Ho11se, J.11. Heredtl "41rg, Billard Estate 
llcMlbly 400. 038, I ndi I 

Te: 268071 
h; 112572 
Ca; ll•perol 

- S1r1bll1t II. C"-1 ca ls 
P. O. lo• 80, 81rod1 l90.00I, lndil 

Te: 82821 
h: 175473 
Ca; S•e..._ 

Chi111 National Ch•tcals l111POrt f Export Corporation 
Erh-ll-Kou, Hsi ChtlO 
Peking, People's Republic of Chln1 

Tx: 2220 
:a: Stnoch• 

I.S:-L'CL: 
Oxidon Israel Oatdatton Co. Ltd. 
P. O. Boa 175, Holon 58101, Israel 

Te: (3) 803257; 801504 
Ca; Corbut 

KOaI:A: 

• OrteiiUl Qlelltcal Industry Co. Ltd. 
c. P. O. Boa 781, Seoul, Korea 

Te: (2) 781-7211 
Ta: 24114 
Cl: Ortencha 

....... 
o.wood Cotton Mill• 

PHILIPPINES 
Pero••dt Pt11hPIJine1: M1nil• 

SINGAPORE 
B~t ionc.l Oxygen Pte .L 

irational 0Jcygen Pte.Ltd. 
21,T,j Kling Road 

TAIWAN : 
0

Chlfl9 Cllun PetrocMlltcal co. ltd. 
301 Songlltang Road, 7tll floor, Tai pet, T1tw1n 

Te: (2) 561-8131 
Tx: 22535 
Cl: l.Oflglt t9 



lnttroa Cll9icats Pty. ltd. 
P. O. Boa 18, Botany, 11.S.ll. 2019, Austr1li• 

Te: (2) 666-8000 
Ta: 20628 
C.: Peroxide 

ARGENTINA 
Atanor: Rio Teraro, Cordoba 

BRAZIL 
[lectroquimoai Rio Cotia: Cotia. SP 
Peroa1do\ do Brasol: Elclor. SP 

:?:-.n:ioct.i.ini~:.:. del P.:--cifico 

COLO!-IDIA: 
Electroquf•ica ColClllbf- S.A. 
AjNrUdo arm 4721, Mldellt11, ColClllbta 

Te: ( 4) 810599; 778752 
h: 6550 
«:&: Electroqui•tca 

!·!:XICO: 
RIC de llext co S. A. 
Apartldo postal 7-1446. 06700 llufco. D.F., -•ico 

Te: (5) Sll--2405 
h: 1761095 

* so:.E ~:'.:'UIP::nrr SUPPL:Ltl:.5 /J1D COUSULTAlfCY ~RVICSS:A TEDTATIV!-: LIST 

/ .2 C::: RK\l!Y: 

-B ::'lr.loDg Ik:. vy 

-Kreb:ko:- no Ger. fur 
. .;:1er.tie In~nie,.ir 
Te~:mil'! :~.b.H. 

::~.tr.,_ir·:.it'..'.. Elc~. Ind. 
Co. Ltd. 

A )0CSS 

Div. of Sir.ion :Cng.(Auet)Pty 
POBox !fo 364 Nt!'l Hyde N5•1 213 

:i et zl :.rer~t r .136, D6303, 
:!Jut zbr.::!:i. 

Zeltinscr Pl:ltz 16,D 1000 :aerlin 231 

PO~ox 111231,LurG;Y-Alle 5,D-6000 
?r~furt 

1006, K~.don~,K~do~~, 
o~~"'.-Pref. 571 



.. 
. , 

"'.·•-: 

-Kre'"u~ ;;:. Co.Ltd.. 

.: .• 5 mrrrr.n Knmmr.:: 
-CJ3 De·.relopoentr- Ltd. 

~n;~eU:.~.rc!. Ltd. 

... _._-__ r_· .. : 
- .. i; .. er ., .• . .:..:. ... •. 

·- .::ol::i·-

"7 ~ ·-- :- • 

... ----··" ·• 

'J ... · ... C. ·_:_ ~~l 

- L::.bor-toirc de::- ::-cien·)e::
cl:i -.:je:tie c::ir-icr.ie 

5·} G.:::::.·~~l: 
-:>:: _:-;-:1(~· :"' .. ...... G. 

5.: Tii:'.)L":.: 
-~cntr::.l ::1c--:tro-:;1e:::i---::-.l 

}e:-:c:.rc:: Inrt i tutc (~::car) 

5.5 rr:·.r.y: 
....:: lc~troc!.e :'ro-:e:""rc~ i:~

~c ~re· .. Gc11tcr 
~.rn:.n Polytc-::mi-: 

5.G mrrr·J Knm:oo:r: 
-Uni •rcr: i ty of Sout:~·:.r.&pton 

.:olf:-:on Centre ;,;'jr ~.lee 
tro--:::c::ti":'."..l S::ien::c 

5· 7 U.:-~.A: 
-.\~·: o--:i:".tion of ~onr·11lti:1; 
r;·:cr.i~ tr :-.nd c::cr.1.!~n::;r:. 

C l::.r:'_ den::t r. 20 
cr..3002 Zuric:: 

.\irport Service~ Rd. ,Portcmouth 
~-i.:-.nt~ P03 5PG,U.K. 

c:::Jll.cer: 1:0-.i::e ,sr' llic'.:. ~:::.:; 
~> .. 1tton,'.::·trre:· S:2 E:::il!.:~ • 

.:. J el·_: 7o!. -:oc.~., ::r.r-teni t z:-., 5C 
;: ... o~i.:'""' .. 

Po~ t f.:>.c'.1 11 05 33, D-6000 
?r:-nkfurt Al·! i.;.;.in 11 

?o::t f~c:t 50 05 00 
~1-:.~ct Sc'.:oidt ~:tr. ~r.(i()O 
Dortmmd 50 

Z;-.r~ikuch1 623 006 
T.~~-::il l:~u 

Pi:-.zz:-. Lcon:-.rdo De. Vinci 32 
20 13 3 r :n ::!.n 

50 :· !,.l St. llcw.York 1r.Y. 10017 



-G:::-.rle::- :J::-.vido:: A~::-o~i:.tion 

....:_1ectro~::eni ~::.1 ~o:::iety (:-cs) 

...:..:1e~tro"!:~e::ii".;::.l 'i'e :>nolo~ 
Carll• 

5.! c.:.:.~.: 
-:=le'.!'tro-:::~eai~tr:· In:-tit~1tc 

-I!i:-ti~:rte "'' v_-_e-

5 Se-;::.to~s Ave. 
Port :;:'.::-i.;.in~on,l~.Y. 11050 

10 ::.I•t.-:.in sr ,Pennfagton 
Ii .J e 03)3L:. 

1001 ilerter Ave. ,Uort'.1 
se~.ttle,~la. 93019 

Leni..."l::ky Pro:::pekt 31 
?-!o~co:r 11 70 71 

Lcnim.ky ?ro~pekt }1 
:ro:-co·..: 11 T~ 12 
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HYDROGEN PEROXIDE 

RaOa 

From Ammonium Blaulfale by Elftlrolyele 

........ ...... 

Re-aetion 

Wll9r 

............. 
CH•l .... 

Dlnet • 
2NH.Hso.---+ (NH4)2S:i011 + H:i 

eurNat 

(NH.) 2S201 + 2Hs0 - 2NH.Hso. + H:iO:i 

8G-85cµ. rurl't'nt effici('nt"y 

Mate-rlal and Enel'IY Requlremeonl• 

Ba.-ill-1 ton 30% hy1lrosrn )'1t•roxi1le 

Ammonia 
Sulfuric 11ri1I 
Drminrrnli1NI "'11trr 
Elt'<'tricity 
Stenm 
Plntinum 

'58 

50 lb 
60lh 

215,000 111:111 
5,700 kl\·hr 

16,SOO lb 
\'rry smnll 

W1lll 

"'*""' -(80-15"1 

ProC"f'll 
Jly1lrogl•n 1w1·oxitll• it1 11111nufucturcd by the hydroly11i1 ol a aolution con

i:aining tlw pl'rsulfnte (820"'.::) ion. The particular 1olution uaed (per1ul
furi<• 11rid, ammonium pL•r11ulfote, or potuMsium pereulfatc) i1 prepared in an 
··h-l'lrolytic cell in which the corre11ponding 11ulratc is oxidized anodically. 
1tydroly11is of the pt•rMulfnh• (outside th(' cell I i11 carried out under condition• 
1liat rcgt•nc1·nh• the sulfntc and vaporize a mixture of water and hydro1en 
p1·1·oxicll'. The lnttcr arc ll('paratcd and the peroxide concentrated by vacuum 
di•t :llntion. 

Jn till' t•111hodi11ll'nt of the process as 1d1own in the ftowshect, a regenerated 
.11l11tion of ammonium 11ulfot(' and sulfuric ncid (equivalent to ammonium 
lti~utrutc) i11 ndjuMted to proper concentration and led to a aeries of electro· 
l\'tir cells. In one plunt the porcelain cells are 70 cm wide and 95 cm deep. 
·i·1ll' plntinum anodl'11 nn1I ~rnphitc cathodes are so arranged that water in 
1·1111ling tulit•ti may ket•p tlw t•lt•ctrolyte tcmp<lraturt' hclow 36°C. The po-
11'11tinl drop ur1·01"1s l'nrh cell, 01wrntcd at 5,400 amps, i11 .~.7 vol ta. Ammonium 
1 hi11c·y11nat1• to. J g p<'r Ii tn I i11 1111ul\lly a1lclt•il to the t•lcctrolyte to increase• 
11xyi.:1·n owr\'ultug1•. Anode• L•urrt•nt 1lt•n11ity iH 0.4 to J. J amp<lrl's Jl<lr 11q cm . 
.\ r111Tc•nt of 11ir i11 l'IWt•pt rontinuo111!I)' through tlw rdl to keep the hydrogen 
1·111w1·11trntion lic·low n p1·r rt•nt l'IO 1111 to awoid t•xplm1ion. 

Thi• per:<ulfatc• :<olution lt•u\'ing tlw c·e•ll11 gm•l'I to an M'Uporator, where it is 
lll'ah·cl by both li\'C' !<ll'nlll nncl t.y nwnm1 of 11\l'lun r.oil11. Hydrogen p<>roxide 
:111d wuh·r \'11pori1 ~o o\'l'rlwncl. Tlw 1u11111011iu111 hiiml fotc 11olution i11 cooled, 
lilll'rt'1I to 1·1·11111\'c• nny l"t•cli11wnt, 1ulju11tc•cl in concrntrntion, and rt•turncd to 
1111' r1•1l11. Till' r111huclr liquor i11 11i111ila1·ly roolNI, filt<'rc•tl, and r('ll('INI. The 
l1.\'1lrogc•11 1wroxiclc•-wnh•r \'npur mixtun• i11 11t•nt to 11toncwarc 11i11tillation 
t11w1·r11 whid1 nn· up1•rntl'cl 1111cl1•r \'l\<'Ulllll (40 111111 Hi-ti. A 30 to 40 per cent 
li~·drogl'll p1•roxicl1· :<olution iti rc•lllO\'t•d from the hotto111 of the towl'r. This 
·11l111io11 nrny In• c·onrl'ntrnt1•tl to 80 tu 8!i pt•I' r1•11t or 90 to 98 Jwr cent H:iO:i 
111 lwo :-t11~1·11. 

Thi• 30 to 40 1w1· r1•11t 11 ::I>:: 11olution rl'l'O\'c•rl'll from the cell liquors i11 
:id.i11:-ktl with :o.ulfurir 111·icl (uhout O.!i g pn litc-rl un1I fl'1I to a stoncwarl' or 
l'"n·1·lain c\'apor1\tor, wlll'r1• tlw solution b lwntl'tl to 65°C at 40 to M> mm 
I Ii.:. Till' \'apor11 t!\'Ol\'l'd urc• 11rruhht•cl in n p1H·k<•cl tower with di11til1Nl or 
d1·111i11C"r11lizc·cl wntt•r in :<urh rntio to tlw 1wroxicle vnpor11 thnt a 6.~ rwr rrnt 
l1ytl1·ogP11 pe•roxid1• 11ulut ion ll'tl\'t•11 till' hottom of tlll' town. Thi11 product 
111ay he• f1•cl to 11 "''1'01111 c•\'nporntor (nt 7!i"C nnd tlll' 1111111l' pr('flt1ure•J nncl·a 
·1·1·111111 pnrkeil tO\\'l'I' tu proclurc 1111 80 to 85 pt•r rt•nt 1ml11tion of hyclrogt•n 
p1•roxicle•. Till' pruclul't i11 1'uolc·1I, 11tnhilizt•1I with nrid11 or am orgnnir oxida
t i1111 inhihilol', nncl tic•nt to 11turngc•. 

Thi11 ro111·1·11t rntion pt'Ol't'"" may Ill' rnn 1·cmtinuou11ly hy froctionatinK anil 
ro·1·~·1·li11~ tlu· \'apor" from tlll' flr11t. c•\'nporntor. The n•11ulting 70 pn et•nt • 
11 ~O:i 11olutio11 11111y ht• ro111•1•11trntc•ci to a 90 to 98 1wr rt•nt 11olutio11 in a 
•i11tilar 11t•runcl 11t11g1'. Fro111 ti11w to tinw, liquid hottolllH from tl1l' fir11t 
1·\'apnrntoi· 11111~t h<' ilrnwn off to l'l'lllo\'c• i111puriti1·~. 01w mnnufartur(•r hl\11 



460 INDVSTlllAL CHEMICALS 

rcttn\..1y produced 100 per cent hydrogen peroxide (anhydl'ous) hy a ron

tinuous fractional distillation proceu. 
Tht• ammonium peraulfate proceu dl'scribed differs only in details from 

thl' pcrsulfuric acid proceu and the potauium pcrsulfatl' prorcss. All thr1·1· 
are u!le<l commercially. The pure acid proceu has a lower current l•ffici<>nry r 
(70 to 75 per cent) but has the adnntagc that crystallisation troubles within 

the ayst<'m arc efoninated. 
In thl' potassium JX'raulfatl' proceN, an ammonium bisulfatc solution i~ 

rh•ctrolya<'tl all l>l'forc. After <'lcctrolysis potassium acid 11\11 iatl• is added tu 

tht• dt•ctrolyte: 

(NH .. )2S10 1 + 2KHSO, - K1S101 + 2(NH, )USO• 

Th<' potl\ssium salt is crystalHaed al'd scparatl'd by filtration. The solid 
pot1u~ium iialt is then added to a sulfuric acid solution to produce a slurry. 
On hrnting with live steam, the pcrsulfatc hydrolyae11 to produce H:i< l~ 
\'l\porii. A11 in till' othl'r proct'sses, the potasaium salt may be rcrov<.'rcd an•I 

reryrl('(l. 

By O:dchitlon ol A.lkylhydroanthraqulnon•• 

S- • ,,. M,tallllw141U<- 11141 IOhtlll 
I 

..,..... ~ OQlln 
Ctoi411•811111) 

Typ~al Rewtlon 

<> II 

..,.....,......C2591) 
(IO -•nt11ton) 

" () a;o-Calla Noa cx:o---(':1Jls + H2--+ 
""°' () 

t> II 
•:1hylaathra"111i-

II 
() 

•:1b)·lh)·d-nthra11uinon~ 

cx:o-Calh + o2 ____. 

() 

$1·,11, + 11,0, 
0 
H () 

00<,'{, yic-ld (hn~'ll on hydroK<'ll) 

11\'UROGl-.:N 1'1-.:KO:\IOt~ 

'.\lat•rlal Rf'qnlrt"m•nt1 

Procell 

B1111i11-I 11111 h~·1lrog1•t1 Jll'roxi1h• (:.?5%) 

Oxy"rn 
Jlytlrog1•n 
Jo:chyl1111thrr11111inom• 
~oh·rnt 
Pnllndimn ( 1•11111l~·11t l 
Wntrr 

5,2XO cu ft I STP) 
5,F170 cu rt (STI') 
Mrrhnnirnl 11111111•11 only 
Ml'rhnnirnl I011111'~ onlr 
Mrchnnirnl lo""''" only 
JXO gnllon11 

44J1 

Thi• mod1~rn clll'micnl nll'thod for mRnufncturing hy1lrogen p<.'roxidc is an 
or1.t11nic 1111toxidntion prorNtS in which u 1111itnhlr orgnnic compound (usunlly 
:
1 

hydroq11i11011c ty1w l in 11olution i11 oxi1liz('(\ to till' qui none form with the 
1·11n1•111·n•nt fonnntion of hydroit<'ll 1wroxi1lt•. Tiii' lll'roxide i11 t•xtrncu•d Rncl 
1·11111·1•11trnlt•f!; tlll' oxidiu•cl organic rompound i11 l't•dur<'d c11tnlytir111ly nnrl 

l'l'll>'l'tl. 
ln one• nd11pt11ti1111 of thi" p1·ort•1111, tlll' rnw mnfrrinl i" IL JO pt•1· l'C•nt 11olution 

11f 111ixl'll nlkylnh••I 1111thrnq11inon1•11 nnd tlll'ir h•trnhydro 11l•ri\'llti\'c11. The 
, .. ln·nt i11 11 111ixt11r1• of pri11111ry nnd 1<1·1·0111l11ry nonyl 11lrohol11 with methyl 
,,,. di11ll'thyl1111phth11l1•1w. Thi11 mixturl' i11 r1•d111•p1I with hydro1t1•n in the 
pn·>'l'lll'I' of IL rnt11ly"t of nrti\'11tl•1l nh1111i1111 rnnh•cl with 0.7 p1•r C1'11t pnl
ladi11111. Tiii' r1·1hll'tio11 11111y Ill' 1·111Ti1•d out nt 40"(' nllfl unil1·r hydrOK<'n 
)'i'l'>'14lll'l'!i of 1 to 3 11t111. 

1\ft1·r n•11111,·11l of tin· 1•11t11ly,;t i.crnn11l1·H ),~· fillrntion, till' rP11111lin1t hy1lro-
:111thrnq11inorw i<till in l"11l11ti1111 i>' lilo•\"O with oxyi.t<•ll or nn 0Xy1t1•n-nitroi.t1•n 
111istun• nt :JO to tlO (' to prn1hw1• h~·droi.t1•11 pnuxid1• Ir> to 6 K 1wr likr I nnd 
r1·~l'llt'l'Hll' t Ill' orii.cinnl 11nthruq11inom•11. Tlw hy1lrni.tl'n 1wroxi1ll' i11 extracted 
with 11 l't11fil'i1·11t quantity of Wnll'I' to yi<•ld 11 20 to 2!i Jll'f Cl•nt If::<>:: 11ol11tion. 
Thi• 11nthraq11i1111111•,; 111·1· 1·1·1•yrlt•d. '1'111' hydrol(l'n p1·1·oxi1le 11111~· lw ronc<'n
lrall·d 11" 1h·~l'l'illl'd in th1· pr1•\'io1111 Jll'Ol't'l'I'. 

Thi11 111·01'""" i:oi "imilnr to 11 111·01•1•"" d1•\'1•lop1•1l in (it·1·11111ny 111111 11111•1! tlwr<.' 
.J11ri111( \\'orld \\'111· l I. Tlw < il'l'llllln pro<'•'"'' 11111d1• \11"1' of l•thylnnthrnquinonc 
in 11 l11·nz1·n1•·1·y1·1<1lll'Xn11ol "ol\'l'nt nnrl \ll"l'tl H11111·y ni1·kl•I RH n hydrni.c1•nntion 
c·at nlpt. lliith Jup1:o11•>' of H111ll'y ni1·k1·l 1111d t 111• part.in I 11oluhility of thl' 
·11ln·nt in w11t1·1· lt·1l to thl' 1•1•onomir 111odifi1•11tio111' of tlw pror1•1111 1IP11rrihl'I\. 

... rom Harlnnt Pt"ro'llclc• 
;\ Jll'Ol't'"i'I ful'llll'l'ly wiclt•ly 11~1·d, hut 1•11n1·11tly only of lin1i1t·d i11frrc11L 

i11\'ol\'I'~ t Ill' (ulluwini.t r1•111·t ion: 

1\1111:: -1- II :::-10~ - J\11l"O~ -\- 11 ::0:: 

Tiu· l1111'i11111 ,..11lf11ll• pr.·ripit11t1• i" a \'11l1111hl1• hy-111wl11l'l. Tlw h11ri11111 l'l'I'· 

us id1• i,. pn·p:m•d 111< fulluw,..: 
' 1110 c 

BnC) ·r 1,::Cl:: ~ Bntl:: 
I•• clrf •lrl 



t6' INDUSTRIAL CHEMICALS 

M&.eellaaeom 
Proper..... 100 per rent hydrogen peroxidl' i" n wl\ll'1·-whitr syrupy 

liquid with oxidising propertie11. 

Mol. wt. :W.O'l 
Sp. 1r. 1.438 20•c;.a 

M.P. 
B.P. 

-o.ta1•c 
I55.5°C 

~li11eihle with water in all prorortions. Soluble in cthl'l'. Insoluble in hydro

carbons. 
In pure form, either as is or in solution, hydrogen peroxide is quite stahll'. 

It decomposl's, sometimes \'iolently, in the prescnt'l' of e\'l'n traces of mr
tallic impurities. In contact with readily oxidizahle orgnnic suh11tances it 
may cause srontancous combustion. 

Grade1. Hydrogen peroxide is sold as a water solution, according to both 
percentage )X'roxidc by weight and by "\'olume stn•ngth" (the \'Olumc of 
oxygt-n gas in milliliters t!1at can be liberated from one milliliter of solu
tion). The mo11t common grades arl': 3 per cl'nt (10 \'olumc 11tt·ength), 6 p1·1· 
l"l'llt 120 \'olunw strt•ngth), 27.5 per rl•nt (100), 30 tll'r rt•nt ( 110). 3.'> per crnt 
032), 50 ))('r cent (2081, 70 per Cl'llt (2641, and 90 per Cl'nl (411)), Till' 
nw gradl• is 10 \'Olumc l!llrength. All grades contnin I\ 111111\11 n111ou11t of 
st:i.hilizer ( usul\lly 0.1 to 0.2 grnins acl'tl\nilid per fluid oz). ~oml'linw~ 
small amounts of pure hydrorhloric al'id arc alt!O m1r1I. 

Co11tainer1 arul Rerulaclo111. \'entccl all-nluminum tank rars, nh1111i· 
num i!n11118, gins:; carboys, 1md brown or amtwr-rohm.•«I hottlr11. While IC'(' 
··corro."h'l' Liquid" lalX'l n•q1:in•d. :,,1anufocturing Clwmi11t:o1 A:o1>'oril\tio11 
rcquirl's warning ll\IJl'I. All pip<'" for tmn,.ft·1· "houlcl IH• P~T1·x. 1•1•rn111ir, 111· 
99.6 pc•i: ct•nt nluminum. 

•:C'Onomie A•pttt• 
The tcrhnology of both till' ml\nufocturc nncl utili111tion of hych·ol(c•n 1wr·' 

uxide is comparath·l'ly nl'w. Prior to World War II hyclrog<•n 1wroxiclt• w:1~ 
gl'nerally considrrt•d an u1111table compound, too hl\&l\r<lou" for orclinnr~· 
chcmiral use. ~lilitary demand11, particularly for rorkcts, torpe1lo<•11, and 
11uhmarines, lt-<l to impro,·emt>nts in manufacturing and hnndling tcrhni11111•, 
and t1ubtiequentl~· to stabll' high-purity solutions of high com·l'nlrntio11 
After the war this a\'ailability ll'd to inrrl'as<•tl use of hyclrog1•n lll'l'C>Xir\1• f11r 
the hll'aching of h'xtiles and paper pulp. In the nl'ar fut111·1• om• r11n rx1wrt 
l'Wn grl'atrr ad\'anrrs in tht.• fil'ids of l'poxidation (adclition of 11n ox~'!(•''' 
atom to the oll'finir linkage), thl• numufarturl' of 1wroxy-1ll'i1l l'11t11ly11t11 f11r 
polynu.•riau.tion n•nctions, tl1t.• oxidation of organir rompo11111l11, ns a hlowin~ 
ng<•nl i for foanll'd gypsum, plaictil'll, nnd rt•Kins), and l\S R liOUl'C'l' Of l'nt'l'~Y 
in both military 11nd l'i\'ilian use. Bl•rause of sl•rurity r1•gulntiom1, no <•sti· 
mnh' of pr<•:ll'nt military d<•mantl11 can be ml\dt'. 

All uew plants Ulll' the clll•micnl ratlll'r thnn till' dt•rtrolytir pror<•ss. 1 t 
I • • 1 _ ... __ L •. I: 

HYDROGEN PEROXIDE 465 

placed. P1°l•t1t•nt plnnbl \'nry in size from 2 million to 32 million lh annual 
rnpacity (c11lculatl'd a1 100 per cent H 20:1). 

M•nuf•t'luren •nd Pl•nt Slte1 
Allied Chemicnl Corp., Srrnc111e, N. Y. 
E. I. du Pont de NrmouN & Co., Inc., Memphi11, Tenn. 
FMC Corp., Vancou\•er, Wn1hin1ton; Buffalo, N. Y.; So. Charll'lton, W. Vn. 
l'en111111lt C:lwmicnl11 Corp., \V)'1tndotte, Mich. 
Pituburith Plntc Gina Co., Bnrlll'rton, Ohio 
Shell Chrmicnl Co., Norro, Ln. 



This is o process for the production of hydroge11 peroxide by electrolytic oxidation.of on onolyte containing S04 onions to 
produce o solution of o per-compound selected from the group consisting of persulfuric acid ond its solts with simultoneous pro
duction of cathodic hydrogen as o by-product. 

It fonher involves decomposing said per-cOIT'pound solution to produce o hydrogen peroxide solution and recovering hydrogen 
peroxide from such solution by distilling off hydrogen peroxide with the aid of o fractionating column operating with reflux. 
This specific process further involves collecting the by-product cathodic hydrogen, employing said cathodic hydrogen for the 
chemical production of o dilute solution of hydrogen peroxide and supplying at least o portion of said dilute hydrogen peroxide 
solution to said fractionating column as reflux. 

In the figure, 11 designates the electrolytic cells in which persulfuric acid is produced by onodic oxidation of sulfuric acid. 
The cathodic hydrogen produced is collected in conduit g. The onolyte produced in the electrolytic: cells flows to the distil
lation column 14 through conduit~ ond then to column 15 in which the HiQ2 produced is blown out with direct steam. The 
resulting HiQ2 vopon ore supplied to condenser 17 through conduit !!. whereas the sulfuric acid separated in column 15 is 
recycled to the electrolytic: cells, through conduit 20. The hydrogen peroxide vupors ore fractionally condensed in condenser 
17 and the condensed hydrogen peroxide withdrawn at 18. The water vapors ore condensed at 19. 

The cathodic: hydrogen produced may be used to form HiQ2 by c:otolytic combustion employi119 pollodium metol os o catalyst 
as shown diogrommoticolly. The cathodic: hydrogen collecting in conduit!.! is supplied to the c:otolytic: furnace 222 Into which 
oxygen or oir is introduced for the c:otoiytic: combustion through conduit 223. The resulti119 HiQ2 is supplied togenier with 
water as reflux to th., head of condenser !lover conduit 224 ond is conc:entroted in wc:h condenser· and withdrawn at 18 jointly 
with electrolytically produced HiQ2• 

Source: U.S.Potent 2,904,478 by J. Muller (to Degunu) (September 15, 1959). 
I I 
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4.4.5 Conclusions 

'Die total quantity of enercw requind for electrolitic mn9.ese dioxide 
product.ion in the ysr 2000 is esti.Mtecl to be 6.1 a: 10 2 Btu. Subsu.ntial 
process heat 19 Rquired for the ore leacbiDCJ step, so that only about one
half or 3.1 x lOU Btu, will be med by the elecuolytic cells. 'lllese cells 
run at about 40\ efficiency. '!he total potential tu'9et for eMEqy saviftCJS 
is, therefore, about 1.8 x lOU Btwyr, a value too Sllilll to re~nd 
90verrment fundin9. 

4.5 Hydroqen Peroxide 

4.5.J Introduction 

Hydroqen peroxide first qained industrial siC)nific:ance in the early 
1900's vhen the first electrolytic cells vere invented. 'l'hree ~rcial 
processes h.:ive been employed to unufacture hydroc)en peroxide: 

• electrosynthesis 

e oxidation of isopropyl alcohol 

• the anthraquinone process 

Virtually all the hydrQCJen peroxide produced in the world today is made 
by the anthraquinone p.:ocess. '!he only alcohol oxidation pl.Mt that was ever 
!>uilt was shut down. 'l'hoa electrolytic plants still in operation have been 
fully depreciated and have the use of low cost hydroelectric pover. Electro-
1 ytic plants My have further benefits such as protective tariffs, or serve 
a loca1_ market savin9 0n transportation costs, which allows the• to eo11pete 

with ".:ht· lover cost anthraquinone proceu. llever.theless, there have been a 
nud>er of novel approaches appearinCJ in the recent literature on the electro
synthesis of hydroqen p:roxide that Ntes this route worth re-examininq. 

Hydroqen peroxide is sold as m aqueom eolution and is available in a 
variety of strenqths ran9in9 froa 3 to 90\ by weight. Most industrial appli
cations use the lS\ Md SO\ solutioaa. Hiqb stren9th peroxide (90\) is used 
in ai.li t.ary and sp.ce progr._. 

Production fiqurea for hydrogen peroxide since 1943 are 9iven in 
PiCJUC• 25. EatiMte• for 1980 put pioduction at about 125,000 tou. 'l'he use 
of this d\eaical is eJll)ect:ed to CJRW at about 6 percent per year vhich would 
lead to a production rateJlf 400,000 tDU/yr by the year 2000 requirin9 an 
enercnr input of l l.• x 10 BtQ/yr. 'l'he consmption P.t.tem for the year 1974 
i• 9iven in Table 12. 

About es to 90 percent of all cotton bleac:hin9 pioc.Hes use hydroqen 
peroxide md this i• the •jor textile ... Hydzoten peroxide is uad in the 
epoxidation of oils ar.4 fatty acid .. ten •inly for pluticiur. and for 
varioUI orqaic a"\d inorpnic peroJWSa. \'be ••of byd~ peroxide in 
wstavater treatment could repreHAt a •l91lflcant MW .mt •lac. one pound 
of peroxide can t.e a.a»stituted for t:br• to four pounda of dalortne, and 
chlorine ls beli4Yecl to haw enriioamntal preb1- U80Ciated vlth lta use.' 



63 

Hydrogen Pemxide Cons!!!Ption Pa~na for the Tear 1974 

'Dlomncll of Short Tons 

Textile. 
Pl•tichers 
Glycerin 
Pulp and Paper 
Wastewater Treatment 
Mlscelbneom 

'l'>tal 

4.5.2 Medumisa 

4.5.2.l Standud Fotentiala 

27.7 
25.8 
8.3 
7.4 
3.5 

.!!:! 
92.3 

'Dle standard potential of the pemxide-wa.ter couple (64) in acid 
solution is 

E°•l.763 v (31) 

and in alkaline solutions 

£3-o.867 v (32) 

'lbese high positive potentials came peioxide to be unstable with respect 
both to the oxidation cf water and ita ow oxidation and reduction in acid 
and alkaline solutions. Many redox 11Y9tem ad •tal surtaces act as cata
lysts for peroxide deC0111p>Sition. 

4.5.2.2 Anodic Oxidation of Sulfate 

Hydiogen peioxide 18 Pft1 llao9ll elect.mdanlc:ally by the anodic 
oxidation of sulfate to pemaydbulfate whicb is tben hydmly•4. Pemaydi
sulfat.e ls fomed elect.roc:beld.cally by the modic oxi~Uon of ---1• 
sulfate (6) according to the reactiona 

2101- • 2804 + 2• 

- 2-2804 8201 

2HS04 ___. 8208
2• + 21f 

(33) 

(34) 

(35) 

(36) 

(37) 



'lhe o~rall reactions are 

2- + 
----i~•s2oe + 2B + 2e F!' .. 2.123 v (38) 

---1••s2o82- + 2e F!' - 2.010 v (39) 

Oxygen evolution b thezmdynaically prefernd over peroxydisulfate 
fomtion and in order to obtain naeoaable yields a nmber of criteria 
should be •t (65) : 

• J\n anodic •terial is nqain~ on W.icta oaygen will dissociate 
at hiqh current densities. Shiny platin• is the mst. suitable. 

•With increasing curftllt densiq the Tafel slope changes due to 
the formation of surface oxides of plat.inm. Only eave this transition 
reqion, at sufficiently hiC)ll current densities, will pemxydisulfate fora. 

• '1'he transition region occurs at lower current densities with 
increasing sulfuric a:id concentration. '1bis is believed d~ to the adsorp
tion of sulfate ions on the platin- surf~ thereby inhibiting oxygen evo
lution. 

• Peroxydisulfate foxaation kinetics, nlative to oxygen evolu
tion kinetics, ls enhanced at. la...r tellperatare. 

• Hal09enide, cyanide and thiourea additions help raise the 
anode potential to a suitable region. 

'Jbe ~athodic reaction is the diacharge .!'f hydroqen ions to fona gaseous 
hydrogen. 'nle overpotential, which should be kept low, is influenced by the 
cathode material, surface condition and < urrent density. Only lead and 
qraphite are cheap enough and haft the neceasary chealcal stability. Lead 
has better elect.deal conductivity and is .ore readily fabricated; qraphite 
has a lower hydrOCJen evolution oveq:iotential and better heat conduction. 

Optiaization of output requiru balancinci bic#l current yield with low 
cell potential. HiCJfa current yield nqulra biCJb anoc!f.c: current. CS.naities 
(O.s-1.0 A/ca2). Low electrolyte poantlal 1ou requires low current densi
ties on th• cathode, in th• electrolyte and in the .u..par_,., u well as a 
ho.ageno• current. distribution. COOlin9 tbe anode cbMber contributu to 
hiqher anodic potential ucl decreaM9 the fonation of pezoay.,.,.ulfuric 
acid by hydrolysis. On the other hand, the •peciflc COhdact!.vity of 811lfuric 
acid decr.ues at low.r taperatun. Since cooling costs .,ney, m opti
teq>erature is between 15 .. "4 2s0 depending on cell de•l9n. 

Hydrolysis of peroxydisulfatAt to fora bydlogen peroxide occurs in sul
furic acid solutlon• accorcU.nq to the reactions 

H2S:z09 + H2') - .... ••'l2S05 + H2S04 

IJ H2S04 + H202 

(40) 

'(41) 
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with FAt (40) beliewd to be the rate conuolling step. Secondary side reac
tions are controlled by operating at sufficiently high acid ClOllcentration. 

4.5.2.3 cathoUi.c Pe~tion of oxuen 
An alternate •thocl Ol proclucing byclmgen peroxide elecuoeheai

cally which has not achieved ~rcial significance is the cathoclic reduction 
of oxygen in alkaline solution by the reactions 

E8 - -0.076 v (42) 

(43) 

cathodic loss reactions are the dir.?Ct reduction o! oxygen to the hydroxyl 
ion 

~ - 0.401 v (44) 

hydr09en evolution 

t; + -0.83 v (45) 

and reduction of hydroperoxide ion 

~ - 0.867 (46) 

Dtuations (44) and (45) result in 1·educed current efficiencies and FAt (45) 
has the added disadvaAta~ of forming a potentially explosive aixture of 
hydr09en and hydrogen peroxide. 

4.5. 3 Industrial Processu 

4.S.3.1 Peroxydieulfate Process 

Hydrogen peroxide has been produced comercially by the hydroly
sis of peroxydisulfates foncd by electro.yntbesia u discussed in Section 
4.5.2.2. '1'he three process .. based on perosydiaulfate an the Veissenatein 
proceu miftCJ peroxyclisalfuric acid, the i.o.weutein/Lmporte pzoceH ming 
~iua peroxydisulfate ancl the Pietzsch Md Adolph procas •ing potusima 
peroxydisulfate precipitated frOll .-xii• peroxyclisulfate. Peroxydisulfate 
hydrolysis is carried out in a separate w .. el meter OODllltioas mic:b pemit 
regeneration of the sulfate and Hparation of the piaduot hydzo9en pemxide 
u a llixture of hychogen peroxide an4 vat.er vapor. Operat1a9 data for the 
three abow •ntioned procestes are giwn in Table 13. Of thlae processes, 
the one based on the .->ni• salt ha• been favored became it ls an all 
liquid process (66). A8 shown in the sch.-tic flowbeet, l'iCJUI'• 26, a 
solution of ...,ni• sulfate and sulfuric acid, equi•alat. tD .-.i• bisul
fate, b fed to a Hri .. of electmlytic ditll'hr&911 eel.la C)IDerally ming 
plat.in• anodes an4 Gi tiler graphite or lead cathode9. Ia the Piet.uc:b and 
Adolph cell (63), the diaphragm couiets of an ubatl09 zope wrapped around 
the graphite cathode. 'Ibis elillinat:a the Med for a catholyt•. 'lb• 
cliapbraga i• required to pr.vent cathodic destruction of the pemxydisulfate 
ion fomed at the anode. 
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TABLE 13. Hydrogen Peroxide Cell Data (63) 
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...... ...... ..... 

Figure 26. Flow Diagram for the Production of Hydi'OC}en 
Peroxide by Allllllonium Bisulfate Electrolysis (67) 
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'l'he Lowenstein-Laporte cell eaploys mglazed porcelain cliaphraqas to 
separate the anolyte and catholyte. 'l'be soluUon flClllS through all of the 
catholyte compart9ents and then thmugh the anolyte ~ts of the 
electrolytic cells. As the solution nows thmugh the cathode chubers, 
hydrogen is evolved and any residual active oxyqen in the recycled sulfate 
is destroyed. Diffusion through the diaphragm and evaporation of water 
causes chan9es in the electrolyte c:mp>sit.ion. During passage of the solu
tion throuqh the anode chubers, sulfate is oxidized to peroxydisulfate. 
'l'he porcelain cells contain platin• anodes and graphite cathodes arranged 
so that cooling coils •Y be used to keep bath tuperatures below 3S0c. 
The cells operate at about 5. 7 wlts. In order to pice-.at the fox:.ation of 
oxygen, aaaonim thiocyanate at about 0.1 wliter (67) is added to the 
electrolyte to increase oxygen owrwltaqe. '1'be anode current density ran9es 
from 0.4 to 1.1 A/crt.2. '1'he hyckogen ewlved is diluted with air to prevent 
formation of an explosive atmspbeze. Pawer canamption is about 12,200 
kwh/ton. 'ftte oxidized solution coatainin9 peroxydisulfate is sent frcm the 
cells to an evaporator vhere a llixture of peroxide, fonied by hydrolysis of 
the peroxydisulfate and water is vaporized by steam. '1'he vapors are sent 
to a stoneware-filled distillation towr operated under a vacu .. that pro
duces a 30-40' hydroqen peroxide solution. The sulfate solution remainin9 
in the evaporator is c:ooled and filtered to remove any sedi•nt and then 
returned to the cells. '1'he concentration is adjusted as required. 

The recovered peroxide is acidified with sulfuric acid (O.S CJ/l} and 
fed to a second evaporator-distillation taller ~ystea operating at 6S0 c and 
0.06 atm which further increases the concentraUon of hydrogen peroxide t? 
about 70'. This product may be further concentrated to about 85' by proces
sing in a third evaporator-tower system. 

Al though the .process described above uses an anm:>nium bisulfate feed, 
a similar process using suifuric acid is also used to prodw:e hydroqen 
peroxide. This process, known ~ the Weissenstein process and a modification, 
the Eilenburg process (65), oxidizes sulfuric acid direcUy to peroxydisul
fate. In the Weissenstein cell a lead coil serves both as cathode and cooling 
coil. Inside the coil are ten vertical porcelain cliaphral}m spaced equidis
tantly. Each diaphragm serves an anode consisting of thin platinum st.rips 
with tantalum tops. This cell operates at about 5.7 volts. 

Improveinents in cell desi90 haw led to cell potentials on the c..rder of 
3. 7 volts, mainly by reduction in the cathodic and anodic owrpotentials. A 
comparison of the pot-.tntial drops within the £1lenb11r9 and Weissenstein cells 
is shown schematically in Figure 27. '1'he Ellenburg cell is desi90ed on the 
principle of a filter press. Figuns 2M and B show the flowduumels through 
the electrodes. 'l"he anode OOllp&rt:Mnt (Figure 2M) conahb of two sections 
through which anolyte flow. '1he anode consists of tantal• foil with plati
num strips attached. 'lbe cathod9 plate (Fi9ure 288) haa ailled channels 
throUCJh which the c:atholyte flows. The cell body, C}uketll and spacers are 
made of PVC. The hydrogen evolved is rapidly removed through the narrow flow 
channels and serves as a 9c111 lift PUllP for circulating the catholyte. 

In a third modification of the peroxydisulfate process, potasdua bisul
fate is added to the .->niUll peroxydJ.sulfate solution to precipitate 
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potassium peroxydisulfate. 
lyte and then hydrolyzed. 
and Adolph process. 

'l'he po~sium salt is separated fma the electro
'l'his process is shown in Table 13 as the Pietsch 

4.5.3.2 Pemxxclisulfate Process - Energy Require9ents 

'lhe ~rw required to produce hydzoqen pemxide as shown in 
Figure 29, is used in wo 11ajor process steps. Electrical enercn is used to 
produce p&zoxydisulfate and thenial energy, in the fona of stea•, is used to 
separate and concenuate the pemxide. 

'l'he owrall reaction is 

'lhe heat of reaction is 6 HR== 90.83 kcal/mole and the hP.at of reaction 
for the cell reaction 

(47) 

(48) 

is 6.Ha • 99.16 kcal/mole. As shown in Table 13, the cell enerqy required 
ran9es fi:oa 11,600 to 14,600 kvh/t:on with the T.oewenstein-Laporte cell 
(am..>niua bisulfate) at 12,200 ~/ton or 128 x 106 Bt\Vton. 'Dle Eilenber9 
cell, vith its lover cell voltage, uses about 9,000 kvh/ton or 95 x 106 
Btu/ton. 

'l'he steam requhed for separation and cancentration of the peroxide, 
rar9es fma about 27. 5 lb/lb w 75 lb/lb, dependinCJ on product stren9th 
(30-70' H2o2>. Usin9 32.5 lb/lb for a 50\ product, at a boiler efficiency 
of 82.S\, steam represents an additional 79 x 106 Btu/ton of peroxide. 
Miscellaneous electrical power, for pUJll>S and other equip11ent, and for 
rectifier losses, amounts to an additional 3200-4000 kwh/ton or 14 x 106 
Btu/tor:. 'l'his qives a total enerqy input of about 15,400 kwh/ton for elec
trical enerqy, and 79 x 106 Btu/ton for theraal input. The enerqy efficien
cies, as previously defined are for electric enerqy 

cell effir.iency • Ee • .252* 

plant efficiency • Ep • .073** 

fossil fuel efficiency • Ef • .040** 

6 'l'he total fossil fuel equivalent enerqy required is 240 x 10 Btu/ton e2o2 • 

4.5.4 New Electroch•ld.cal Process Dowlop!!nt 

4.5.4.1 ~lkaline Electrolysis 

'Dle cathodic reduct.ion of oxygen in alkaline solution to hydrOCJ8n 
peroxide wu discuased previou.ly in Section 4.6.2.3. In order for this 

• based on Eq. ( 48) 
•• based on Eq. (47) 

_____ .... ______ _. ________ ... : 
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of 5:\ to 10:1 O"WOrall. vith ratios in the individual st.ac)es of 10:1 to 25:1. 
'l'hree to eiC)ht stages are normally employed. 

'ftle feed aateria: _ •Y ei ~er be anbydmus alcohol or the alcohol vater 
azeotrope and OxycJen is supplied either. as air or pure oxyqen. "l'he effluent 
free the reactor. coasistin9 of unreacted alcohol. diluent. acetone and 
hydroc)en peroxide, is cooled by reducing the pressure and condensing. 'Dlc. 
peroxide and acetone .ue separated froa the reaction aixture by distilla
tions, as in the liquid phase process. 

Energy Requirements 

'Dle 11ajor use of energy in the alcohol oxidation process is in the 
steaa required to separate the bydrocjen peroXide and acetone products froa 
the recin:ubtinCJ alcobol/vater aixtu:e. It is estiaatecl that approxi.9ately 
36.6 x 106 Btv/ton peroxide are required. AD additional 26.5 x 106 Btu/ton 
of peroxide in the fora of ste• is required to concentrate the peroxide 
solution to 50,. At a s!Zaa qeneratiDCJ efficiency of 82.5'• this a.ounts to 
a fuel input. of 76.5 x 10 Bt\Vton. In addition. fuel is required to vapor
ize the reaction aixture (about • .6 ,,. 106 BtQ/to:ll and electrical ene%9)' for 
pmps (.COO ltwh/ton) • '!he total fossil fuel equivalent of the p:mc:ess energy 
required is 85.3 x 106 BtQ/ton H:z02· "l'his does not include any ener~ 
associated with the feed isopropanol oi: the by-prod:::c: acetone. 'lhe heats 
of reaction for both the liquid ~ase and the vapor phase oxidations are 
exotheraic: AHR• -30.8 and -21.9 Kcal/aolc respectiwly. in-erefore, the 
energy efficiencies an ••ninCJless. 

4.5.6 COnclusions 

'l'he anthr~uinone process for hydrogen peroxide manufacture uses only 
about 45.6 x 106 Btu/ton, or one-fifth of the 240 x 106 Btu/ton required by 
the peroxydisulfate electrolytic process. Althouqh further blprove111ents can 
be projected for the peroxydisulfate process, there is no possibility that 
it can become ccmpetitive on an energy use basis vith the anthraquinone 
process. ~ere are however, several scenarios that could promote interest 
in an electrolytic process. First, since there is a rapidly increasing 
de.and for peroxide in vastevater crcat.nt and pulp and paper bleaching, it 
aay be desirable to consider on-site generation auch as on-site hypornlorite 
generation is used (see Section 4. 3. lJ • Secondly, the above uses require 
dilute peroxide solutions and about 40' of the ener9Y requir ... nt in the 
peroxydisulfate process is used to concentrate the peroxide product to SO' 
H,202. lemval of •te• require•nr for an upgraded peroxide would decrease 
the energy requir_...t to 150 x 10 BtQ/ton. Despite thiA ••Ying it is 
apparent that a •jor innovativ• approach to electrolytic pezoxide UAufac
ture is required in order to -a it more energy C011Ptt1t1•· Such a po•i
bili ty exi•u by the use of a co~ling naction cell where pemxy4iaulfate is 
formed at ~ aocle KC:Ordin1 to Eq. (38) and bydroperoxide iGll at tbe 
cathock accordill1 to Eq. (42). Thiw proc ... vill be •x•1ned ill detail ill 
Sectiola S.3. 



PRODUCTION INDUSTRIELLE 

Tel qu•cxplique clans l'introduction. la production du peroxydc d'bydro
pe i l'ecbelle industrielle a connu jusqu'ici trois periodcs. D'abord. \'CJ'S la 
fin du siCcle dcmier. rapplication de la metbode originale de Tbenard i 
panir du pcroxydc de baryum ct d'un acide fon (sulfurique ou phosphorique) 
a pcrmis de fabriqucr une solution aqueuse assez stable. mais pcu concenuie : 
de 3 a 6 pour 100 au plus. Ensuite, est \'CDU le procede Clcctrolytique d'oxyda
tion anodiquc des sulfates suhie de l'hydrolyse des peroxysulfatcs, qui donne 
des solutions p!us conccntrees; de rordrc de 30 pour 100. Ce prodde a ete 
supplante !:. son tour par cclui, plus economique ct tccbniqucment plus simple. 
de ro- ;do-reduction cyclique des anthraquinones, pr<><:CcU employe presquc 
exclusivcment de DOS jours clans lOUlCS Jes DOU\"CJICS installations. Il n'est pas 
impossible que lui aussi soit un jour rcmplace par un quatrieme, encore plus 
anntageux. Commc les lieux premiers procedes sont maintenant desucts, 
its ne scront dttrits quc tres sommaircmcnt ici; d'autant plus qu'on en trouve 
des descriptions tres dctaillees dans les monographies deja citees (11• 2'). 

I. - PRocio~ AU PEROXYDE DE llARYUH 

Bien que base sur des reactions de chimie minCralc asscz simples en prin
cipc cc prodde prescnte de nombrcuses difficultes en pratique. Disons d'abord 
que le pcroxyde de baryum est le scul utilisable en pratique. ceux de calcium 
ct de strontium ayant des pressions de dissociation beaucoup trop elcvees aux 
temperatur~ OU la reaction d'oxydation par l'air est suffisamment rapide pour 
Ctre pratiquable. 

La reaction 

[120) 

qui est cxothermique de 17 kcal.mole-1, a aux en\·irons de 800 oC une pression 
de dissociation;\ l'equilibre egale a la pression paniellc de l'oxygene clans l'air. 
En pratique on sc contente de temperatures de l'ordre de 500 oC qui donnent 
quand meme des taux de reaction suffisammcnt rapidcs. 

La fabrication de l'oxyde de baryum de qualite appropriee pr~scnte encore 
plus de problemes que la pcro:itydation, ou l'auaque subsiqucnte par lcs acidcs. 

Bibi. p. 140. (P. A. GIGCJtRE) 
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En effct. le succes de tout cc proc:Cde rq>OSe sur la texture de roxyde employi. 
qui doit Ctre assez pomase pour faciliter raa:es de roxygitue de l'air. Le produit 
de depart est la baryte. ou spath lourd. le carbonate naturd etant trop impur 
pour senir a c:ette fin. I.a suite des operations peut se resumer comme suit : 

a) Reduction de la buytc en sulfure par le cbarbon pulverise dans un 
four a environ 1 000 oC : 

BaSO, + 4C-BaS + 400 (121) 

b) Dissolution du sulfure ciaos l'eau pour la c:arbooatation 

BaS + C01 + H10 - BaCO, + H,S (122) 

c) Le carboaate, filtre au film-pressc, puis sicbe. est transforme en oxyde 
par reduction avec le noir de fumee, le coke ou des hydrocarbures volatils. Cette 
operation, la plus delicate de toutes, exige un contr6le rigourewr. afin d'obte
Dir w: oxyde poreux et teger. En particulier. il faut ~ la fusion de la 
masse solide. qui f orme des aglolllCrats. eorobant ainsi une panic du carbo
nate non dissocie.. L'opCration se fait dans des comues cbaufrees a plus de 
I 000 oC pendant qudqlle 12 h. Le gaz degage. du monoxyde de carbone a 
80 pour 100, sett a chaufl'er les comues. 

d) L'oxyde de baryum encore chaud est ensuite peroxyde par un courant 
d'air a JOO OU 400 oC clans des fours rotaloires. Cette Operation dure de 14 a 
16 h et doDDC un produit contenant jusqu'a 88 pour 100 de BaOs. de 3 a 
S pour 100 de BaCO, et I pour 100 de BaSO,. Les autrcs impuretes. silicc, 
alumine. etc., ne doivent pas contenir trop de metaux lourds pour minimiser 
la decomposition catalytique du peroxyde d'hyc!rop. 

~> Le peroxyde de baryum, refroidi et pulverue, est traite par une solution 
d'acides mineraux clans des cuvcs munics d"un serpentin refrigerant et d'agi
tateurs. 

On a aussi preconise la fabrication a partir du peroxyde d: sodium, 
qui est beaucoup plus pur que celui de baryum, mais aussi plus couteu.'t.. 
Cependant, l"obstacle principal vient de cc que Jes sels de sodium 'ont tres 
soluble!; dans l"cau, en sorte que leur sCparation d'avec le peroxyde d'hydrogene 
n'cst plus possible. Ce procede a servi a l'oc:casion pour fabriquer une solution 
de peroxyde utilisable sur place, quand la prCseocc de sels de sodium n'ofl'rait 
pas d'inconvenients : par exemple, dans le blanchiment de la pite a papier. 
On a egalement obtenu du peroxyde d'hydrogene comme sous-produit dans la 
production de la cryolithe artificielle Na,(AIFJ a partir de l'acide fluorhy-

. drique. 

II. - PROdDH ~LICTROL YTIQUES 

La production electrochimique du peroxydc. d'hydrogene est basCe sur 
l'oxydation a J'anode de solutions concentr&s d'acide sulfurique ou de sulfates 
alcalins. II ne faut pas la confondre avec la reduction cathodique de roxy
gene qui a etc decrite ci-haut (p. 114). Cest Meidinger (1') qui le premier 

Bibi. p. 140. [P. A. GJGUtREJ 
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en 1853 a rapporte la formaticn directe du peroxyde d'hydrogene a l'anode 
dans l'Clectrolyse d'une solution fortement acidifiee par l'acide sulfurique.. Cette 
explication a prCvalujusqu'cn 1878, alors que Berthelot (15) a demontte, qu'en 
fait, c'est d'aboro de l'acide puoxydisulfurique HiS,O.. qui se formc. 
L'hydrolyse subsequ. nte donnc du pcroxyde d'hydrogtne. 

En principe cctte mCthode repose sur lcs eqwlibres deja vus (p. 33). 
D'apres ces eqwlibrcs il ne de\onit se former que de l'oxygtne i l'anode. 
En pratique, on pcut produire du pcroxyde ou des peroxysuJfatcs, qui 
exigmt un potenticl d'ekctrode plus clevC, en augmentant la densite de 
courant, ct en choisissant une electrode avcc une forte sunens:on pour le 
degagement de l'oxype. le platine metallique est le seul i posseder cctte 
caractCristique. Aussi, son miploi pour la fabrication de l'anode cst-il 
indispensable. Comme c'cst, en mime temps, un hon catalyseur de la decom
position du pcroxydc d'hydrogenc, on ne pourrait obtenir plus que des traces 
de ce demier en milieu neutre ou alcalin. Les peroxysulfatcs, au contraire, ne se 
dicomposcnt pas de fa~on appreciable dans ccs conditions. Les equations qui 
represcntent lcur fonnation sont 

dont le potenticl d"elcctrode normal est de - 2,18 v, cl 

[124} 

avcc un potentiel assez voisin, - 2,06 v. 
Le mecanismc de la reaction anodiquc n'cst pas encore parfaitcmenl connu. 

Ainsi, ccrtains autcurs ont prctcndu qu'il sc formait du peroxyde d"hydrogene, 
soit comme intcrmCdiairc (Ill). soil concurrcmment avcc la fonnation des pero
xysulfates cu~). Cettc hypothese apparait cepcndant peu probable, comme 
l'a maintenu Haissinsky, tant pour l'oxydation des sulfates (au), que pour celle 
des carbonates ct des borates (IX}. On a aussi suggcre que l'oxydation se faisait 
par l'intermediairc de l'oxygcnc naissant 

mais ii n'y a aucune justification pour unc telle hypothesc. ~vidcmmcnt, ii se 
depge toujours un peu d'oxygene a l'anode, les conditions etant favorables 
du point de vuc thcrmodynamique. Mais en pratique cctte action peut etre 
minimisec; le role d:; l'oxygene SC borne effectivcmcnt a la polarisation de 
l'elcctrodc. 

11 existc trois variantes du.procedC au pcroxysulfatc scion quc l'electrolyte 
est l'acidc sulfuriquc, le sulfate de potassium ou celui d'ammonium. Cbacun 
offrc des avantages et des inconvenients. Aussi a+on cssaye divcrscs combinai
sons et modifications. Par cxemplc, l'acide pcroxydisulfuriquc nc se decompose 
que tres lcnlement a temperature ordinairc, mais ii s"hydrolyse facilcmcnt pour 
donner l'acid\! pcrmonosulfuriquc, ou acide de Caro, 

H2S20 1 + H 20-+ H2S05 + H2SO, (126) 
BiM. p. 140. (P. A. GIGUtREJ 

Comp/. !\"ou1·. Troiti Chim. milf. f/01c. 4) 
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Or la formation d'acide de Caro est nuisible pour deux nisons. D'abonf. ii 
est detruit a ranode 

HSOi + 0 - HSO' + 0 1 (127) 

et il s'hydrolyse sans donner de peroxyde d•hydrogeoe 

HSOi + HaO -+ HS<>i + H10 1 (12&] 
HSC>a + H10 1 -+ HS<>i + H10 + 0 1 (129) 

Comme c:ette hydrolyse se passe en solution oil s'dforc:e de la minimiser en 
rCduisant le volume de la solution par npport a la surface de l'&ctrode. Pour 
la meme raison ii faut empCcber la temperature des·~ au cours de r&c. 
trolyse, maigre la forte densite de courant &ctrique nCcessaire pour un bon 
rcndement. En pratique on emploil! une cathode crcuse, avec circulation d'eau 
froide. 

Les procedes au sulfate de potassium ou d'ammonium ne prisentent pas 
ccs inconvmients. Ce demier surtout, qui est plus soluble que le premier, est 
particuliemnent avan~geux. Il s'agit, en reatite, du bisulfate, NH,HSO,, car 
la solution doit etre gardee assez acide pour eviler la formation d·ammoniac 
par reduction a la cathode suivant Ja reaction globale 

2(NHJ~O, -+ (NHJ:S,01 + 2 NH:a + H1 [130) 

Diverses modifications ont ete apportecs a cc procCde. Ainsi, le peroxysulfate 
d'ammonium, tres soluble, est converti en peroxydisulfate de potassium peu 
soluble par addition de bisulfate : 

{NHJtS10 1 + 2 KHSO,-+ KaS10 1 + 2 NH,HSO, [131) 

le precipite est filtre, puis hydrolyse. la solution electrolytiquc peut alors etrc 
purifiee, puis rccyclee. Une autre modification consiste a ajouter un sulfate 
alcalin a celui d'ammonium, ce qui pcnnet de doubler la concentration de la 
solution, et partant, la capacite d'une usine d'elcctrolyse. 

Quant a l'hydrolyse, celle de l'acide pcroxysulfurique est beaucoup plus 
facile que celle des persulfates. En effet, ces demiers tendent a precipiter au cours 
de l'operation. Pour contoumer cette difficulte on a cu recours a divers strata
gemes; SOit des evaporateurs de construction Speciale, du type a« film grim
pant », soit une operation en deux temps, comprenant une premiere concentra
tion sous vide, suivie d'une hydrolyse rapide par la vapeur. 

£tant donne leur comple:Utc technique, les procCdes ~lectrolytiques ont 
donnc lieu au cours des annecs a toutes sortcs d'etudes et de dCveloppements 
dont la plupart sont restes secrets a cause de la concurrence. lls ont pris enor
mement d'ampleur, surtout en Allemagne et en Autriche, cntre les deux guerres 
mondiales; si bien qu'en 1950 its assuraient, tant en Ameriquc qu'en Europe, 
90 pour 100 de la production mondiale (u7). le fonctionnement de l'industric 
allemande des peroxydcs a etc decrit dans les rapports des missions scicnti
fiques des Allies cm. 703, m. U•). 

En resume, ccs procedes sont avantageux en ce qu'ils foumissent directc
ment un produit pur et assez concentre, de 30 a 35 pour 100. Par contre, ils 

Bibi. p. 140. (P. A. <ilGUtRE] 



d, ii 

t p~s 

r. est 
:•car 
oniac 

. ] 

rs ctre 
:ulfate 
. de la 

;- plus 
; cours 
~trata-

grim
·entra-

;:s ont 
:ments 
enor
uerres 
urope, 
iustrie 
cienti-

irecte
tre, ils 

PRODL"CTIO.\' JSDC.:STRICLL£ 121 

exigent wt in\"cstisscmcnt de capital considerable, ct la ~onsommation d'cncr
gic elcctriquc est elc,·ec. Le hon fonctionncmcnt ct i'cntreticn d'un apparcil
lagc delicat ct cornplcxc rcquiercnt unc rnain-d"a:u\TC asscz coiitcusc. C'cst 
pcut-Ctn: cc dcmicr factcur qui a le plus contribue a lcur desuetude. 

Ill. - OXYDO-dDUCTION DES QUINONES 

Les procedes modcmes de fabrication du peroxyde d"hydrogene sont 
bases sur la reduction catalytiquc de composes organiqucs de la farnille des 
quinones, sui\"ic de rautoxydation par rair des hydroquinoncs ainsi formecs. 
Ce sont des procedcs cycliques, qui sc font en milieu cxclusi,·emcnt <.>rganique
L'cxtraction par rcau du peroxyde d"hydrogenc dissous dans ces. sol\'ants 
organiqucs donne directcment unc solution de 25 a 35 pour 100. 

On savait depuis longtemps que l'oxydation lentc de certains composes 
organiqucs donne du pcrmcyde d"hydrogene ou des peroxydes organiques. 
Cependant, c'est i Walton et Filson (510) quc ron doit Ia premiere preparation 
en 1932 de H:O: en qu:mtites subst:mticllcs par oxydation de rhydrazoben
zene en solution ako.--•lique. Leur decouverte. bre\etee peu apres (Ul), a donm: 
naissance au procede industriel connu sous le nom d'autoxydation des anthra
quinones. l'ne compilation des nombrcux brevets counant Jes diverscs modifi
cations de cc procede a etc publiee recemment (u:). 

La chimie de cc procede peut se resumer dans l'equation suivante : 

0 OH 0 

O~O'Et 
I 

o~O'Et o~o/Et [132} - - '-.../ -H,02 
+H: +o, 

I i 
0 OH 6 

(A) (8) (A) 

L·anthraquinone (A), dissoute dans un melange de solvants organiqucs, 
est reduite par l'hydrogene a pression ordinaire en presence d'un catalyseur. 
Dans une seconde etapc l"hydroanthraquinone (8) est oxydee par l'air, regene
rant l'anthraquinone de depart. et formant du peroxyde d"hydrogene qui doit 
etre extrait de Ia solution organique. Outre cette reaction principale, il SC pro
duit des reactions secondaires qui \·iennent malheureusement compliquer le 
systeme. 

a) Anthraquinone. - Comme substance de travail on emploie de prefe
rence l'ethyle-2 anthraquinone (A) a cause de sa solubilitc favorable er sa resis
tance aux operations rcpetees d'oxydo-reduction. On a aussi employe des 
mel.snges d'alkyl~2 anthraquinones et de tetrahydroalkyle-anthraquinoncs. 
Ces demieres, de toute fa~on, se forment graduellcment par hydrogenation 
de l'anthraquinone de depart. Parmi Jes autres composes dccrits reccmment 
dans des brevets on note : i) des melanges eutectiques d'anthraquinones (•0

), 

plus solubles que les composes purs; ii) la tctrahydroanthraquinone pure a 
85 pour 100 (.u), qui permet d'operer a des temperatures plus clevees avec de 

Bihl. p. 140. (P. A. GIGUtREJ 



>Aie langere Zeit bei eingeschalteter 
Heizung sorgfaltig gespult. Sollte 
einmal durch unvorsichtiges Ar-
6eiten. z. B. beim Aufheben eines 
Vakuums oder durch Bruch. Luft 
in die Anlage gelangt sein. so ist 
diese Sp\llung mit lnertgas zu wie
derholen. Das gleiche gilt fur den 
Fall, daB die Apparatur lingere Zeit 
au8er Betrieb war. SIO.-ungen durch 
Sauerstoff und Feuchtigkeit sind 
meistens r.uf Bedienungsfehler 
oder auf unsachgemi8es Arbeiten 
zuruckzufuhren. 

Reduktlon des Katalysators 

Die Reduktion des BTS-Katalysators 
aeschieht durch Einleiten von Was-

serstoff oder Kohlenmonoxid bzw. 
durch Einleiten eines Gemisches der 
beiden Gase in das Absorptionsrohr 
{O) bei Temperaturen von 100 bis 
1so•c. Hierbei ist der Hahn 2 zu 
schlielren. wihrend der Hahn 1 zu~ 
Ableitung des uberschussigen Ga
ses und des entstehenden Wassers 
ge0ffnet bleibt. Es ist selbstver
standlich darauf zu achten. daB der 
uberschussige Wasserstoff gefahr
los abgeleitet wird. 
Bei d"!r Reduktion kann die Tempe
ratur so stark ansteigen. daB die 
Bildung von inaktivem Kupfer statt 
der hochaktiven. schwarzen Form 
begunstigt wird. Zweckma&ig wird 
der Katalysator zunachst im lnert
gasstrom auf 100 bis 120°C erhitzl 

danach gibt man dem lnertgas re
duzierendes Gas in dem MaBe iu. 

daB 150°C nicht uberschritten wer
den. Zuletzt some bei dieser Tem
peratur und v0lliger Schwarzfar
bung die Reduktion mit unverdunn
tem Gas beendet werden. Die erst
malige Reduktion nimmt bei der an
gegebenen Menge etwa 10 bis 12 
Stunden in Anspruch. Eine unbeab
sichtigte kurze Temperatursteige
rung auf 250-C beeintrichtigt ge
wohnlich die Wirksamkeit nicht. 
Die Regeneration des graugrunen. 
erschOpften Katalysators verlauft 
unter gleichen 3edingungen wie die 
erste Reduktion. jedoch in wesent
lich kurzerer Zeit 
(NKI> ~-Fa. NORMAG. ~s.I 

Wasserstoffperoxid: Herstellung und Eigenschaften 
Von Or. 0. Osteroth, Witten an der Ruhr 

Im Jahre 1818 gelang erstmals dem 
franzosischen Chemiker Thenard die 
Gevlinnung einer zwar noch sehr 
verdunnten wi8rigen LOsung von 
Wasserstoffperoxid durch Einwir
kung von Schwefelsiure auf Ba
riumperoxid: 

..0. • l\50e --- .. so •• 1\0. 

Auf diese Weise lassen sich nur 
Losungen mit etwa 3 bis 6 Gew. % 
Gehalt an tfi02 erhalten. Trotzdem 
war diese Reaktion nahezu einhun
dert Jahre lang die einzige MOg
lichkeit zur Gewinnung dieses Per
oxids und wurde sogar im techni
schen MaBstab angewendet. 
Erst 1908 wurde in Osterreich ein 
Elektrolyse-Verfahren zur Gewin
nung von H20 2 entwickelt, das nach 
folgendem Schema abliuft: 

H,S,O. _2_H,0_,___ l"-50, • MtO. 

"' _ __..I_..::; .. =....,..~'--_. 
Dieses Verfahren wurde spiter u. a. 
von der Degusu zum sog. De
gusaa-WeiBenatelner-Vertahren aus
gebaut und im Oegusaa-Werk in 
Rheinfelden in einer GroBanlage 
betrieben, in der 35%iges H20 2 an
fiel. 
Wlhrend des Zwelten Weltkrieges 
erlangte die Herstctllung von hoch· 
prozenti99m, etwa 85'Yoigem H20 2 im 
damaligen Deutschen Reich sehr 
gro8e Bedeutung. Dieses Produkt 
diente unter dem Decknamen .. T-
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Stow als synthetischer Treibstoff 
fur Raketentriebwerke (u. a. in V
Raketen. T orpedos, Raketenflug
zeuger. usw.). Die Elektrochemi
schen Werke Miinchen (EWM) be
saBen in ihrem Werk Hollriegels
kreuth eine Anlage, die am Ende 
des Krieges eine Kapazitit von 400 
moto hochprozentigem H20 2 er
reichte. Zulieferwerk fur 35%iges 
H20 das die EWM nicht selbst in 
ausrt:.chenden Mengen produzieren 
konnten, war das Degussa-llVerk 
Rheinfelden. Eine weitere Produk
tionsstitte, die gleichfalls nach dem 
damals in der Welt einmaligen Kon
zentrationsverfahren der EWM ar
beitete und deren Bau im Auftrage 
der damaligen Luftwaffe erfolgt war, 
befand !tich in Bad Lauterberg im 
Harz; diese Anlage wies am Ende 
des Krieges eine Kapazitit von 
1100 moto auf. Weitere kleinere 
Anlagen bafanden sich u. a. bei 
Henkel in Ousseldorf. Die groBte 
Anlage zur Herstellung von hoch
prozentigem H20 2 , das T-Stoff
Werk Rhumspringe im Vorharzland, 
war am Ende des Krieges im Bau; 
ferner war auch im IG-Werk Heyde
breck in Oberschlesien eine neue 
GroBanlage im Bau, die nach einem 
neuen IG-Vorfahren produzieren 
sollte. Planml8ig wollte man im da
maligen Deutschen Reich am 1. 4. 45 
uber eine Kapazltlt von 2no moto, 
am 1. 7. 45 uber 3770 moto und am 
1.10.45 schlieBlich uber 5200 moto 
verfugen, jedoch setzte das Krlegs-

ende dieser Entwicklung ein Ende. 
Die Produktion von H20 2 wurde ver
boten und die Anlagen wurc:len de
montiert. 

Das EWM-Verfahren, nach den be
teiligten Erfindern auch Pietzsch
Adolph-Verfahren genannt. beruhte 
a"f der Elektrolyse von Ammonium
hydrogensulfat zu Ammoniumsulfat 
und dessen anschlie8en"'.1r Umset
zung mit festem Kaliumhydrogen
sulfat zu Kaliumpersulfat. Nach 
Versetzen mit 60%iger Schwefel
siure und anschlieBendem Einleiten 
von wasserdampt bildete sich durch 
Hydrolyse eine etwa 35%ige waB
rige Losung von H20 2 , aus der durch 
Destillation und Fraktionierung im 
Vakuum eine 80- bis 85%ige waB
rige Losung von H20 2 von hoher 
Reinheit und Stabilitiit erhalten 
wurc:le. 

Bftreits im Jahre 1 !M2 war von der 
damaligen IG-Farbenindustrie Ak
tiengesellschaft das sog. AO-Ver
fahren (Anthrachlnon-Verfahren) 
entwickelt worden und wurde da
mals in einer Versuchsanlage im 
Pilot-MalJstab (30 moto) betrieben. 
Dieser von Riedl und Pfleiderer ent
wickelte Proze8 kam jedoch wih· 
rend des Kriegel nicht mehr In Gro8-
produktion. Heute ltellt er jedoch 
den wlchtiglten technl1Chen Weg 
zum H20 2 dar, und die Hauptmenge 
der jlhrllch In der Welt hergestellten 
rund 400000 t wlrd so gewonnen. 
Folgender ProzeB lluft hierbel ab: 
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Beim AO-Verfahren wird eine sog. 
"Arbeitslosung" mit etwa 10 bis 20% 
des sog. "Reaktionstrigers" (z. B. 
2-Athylanthrachinon) in einem Lo
sungsmittel uber mehrere Reak
tionsstufen im Kreis geffihrt; als 
.Chinonloser" dienen Arornaten im 
Siedebereich von etwa 160 bis 
240-C. Der Ltisung mu8 femer ein 
"Hydrochinonloser" zugesetzt wer
den, der verhindern soil, daB im 
Kreislauf gebildetes Athylanthra
hydrochinon auskristallisiert. Man 
verwendet hierfur Trioctylphosphat, 
Diisobutylcarbinol oder Methylcyclo
hexanolacetat. Fur die Hydrierung 
verwendet man Raney-Nickel als Ka
talysator. 
Oas von der Firma Shell entwik
kelte lsopropanol-Verfahren arbeitet 
nach folgendem Prinzip: 

H 
I 0 

tt,C-~-CH1 
OH 

0 
I 

H,C-C-ctt, + 1\0. 

I 

'----'~-----' 

Bei der Oxidation von lsopropanol 
mit Luft entstehen Aceton und H20 2 • 

Zwar ist es technisch durchaus mog
lich, das Aceton zu lsopropanol zu
ruckzuhydrieren und im Kreislauf in 

den ProzeB einzuschleusen. doch 
wird dieser Kreisproze8 offenbar aus 
wirtschaftlichen Gronden nicht 

. durchgeffihrt. Dieses She/1-Verfah
ren ist ein Basisproze8 iur die Her
stellung von synthetischem Gly
cerin, wobei Ht02 an Allylalkohol 
angelagert wird: 

Das heute in den AO-Anlagen ge
wonnene H20, fillt in der Regel als 
70%ige Ware an, die im Labor leicht 
durch Destillation und anschlie
Bende fraktionierte ICristallisation in 
wasserfreies Ht02 ubergeffihrt wer
den kann; hierbei handelt es sich 
um eine siruptise Flussigkeit vom 
Fp -0,43°C und vom Kp 150 bis 
1ss0 c. Obwohl H20 2 nach folgen
der Gleichung zerfallen kann, 

tt,0.,,. HP.. + "-0.... 
4H• -2J,5 llc.u.-I 

ist im Hinblick auf sicherheitstech
nische Oberlegungen die Tatsache 
sehr wichtig, da8 wiBriges 90%iges 
H20 2 bei Norrnaltemperatur nicht zur 
Explosion gebracht werden kann. 
und zwar auch nicht durch lnitial
zundung. Die Zersetzungsneigung 
nimmt jedoch mit steigender Tem
peratur sowie insbesondere bei Ge
genwart von Katalysatoren rasch zu. 
Bei Beachtung der einschlagigen 
Sicherheitsbestimmungen ist der 

.• 
Umgang mit H20 2 ungefihrlich. 
Losungen hoherer Konzentration 
(auch die handelsubliche 35%iQe.~ 
Ware) konnen jedoch schwere Ver
itzungen hervorrufen, wobei ins
besondere die Augenschleimhiute 
gefihrdet :;ind. H20z-Oimpfe fUhren 
femer zu Reizungen der Augen so
wie der Atemwege und der Lunge. 
In der Technik kommt HtO. in Kon
zentrationen von 50 bis 70 Gew.% 
in Stra8entankern oder Kesselwagen 
zum Versand an Grolverbraucher. 
Der Umgang ist problemlos, wenn 
das H10z in hoher Reinheit vorliegt 
und au519ichend stabilisiert ist. Es 
mu8 ferner beachtet werden, daB 
Schwermetallspuren die Zerset
zung des HzO. katalysieren und 
wegen der Bildung von Sauerstoff 
durch Zersetzung die Lagertanks 
mit Entluftungseinrichtungen aus
gerustet sein mussen. Als Werk
stoffe fiir Tanks, Pumpen usw. eig
nen sich Chrom-Nickel-Stihle so
wie Aluminium (99,5). femer Al/Mg
Legierungen. 
Hauptanwendungsgebiete fUr H20 2 

in der Technik sind die Herstellung 
von Bleichmitteln fur die Textil·, 
Papier- und Waschmittel-lndustrie 
(Natriumperborat: NaB02 • H20 2 • 

H20). ferner die Herstellung von 
Glycerin und Weichmachem. 
Lit9ratur 

W. W. W~. H. Delle - G. IWliscll, Cllem.·Zlg. 
!19. 101 (1975). 
K. H. Ludwig. T .... nillgnellicllt• 41. 44 (1975) . 

Zur betrieblichen Bewaltigung von Reglerstorungen 

1. Elnleltung 
Wie an anderen vertahrenstecn
nischen Elementen innerhalb einer 
ProzeBanlage. so konnen auch an 
den Regeleinrichtungen Sto
rungen auftreten. Oa derartige Sto
rungen haufig ein absolutes .. Fehl
verhalten" des betroffenen Instru
ments zur Forge haben, ist ihre fruh
zeitige ErkeMung und die Einlei
tung geeigneter MaBnahmen eine 
wesentliche betriebliche Aufgabe. 
Wenn einmal von den weniger 
haufigen Fallen abgesehen wird, 
bei denen die Energieversorgung 
tur slmtliche Regelkreise einer 
Anlage ausfallt. so hat der Betriebs
mann es normalerweise mit einer 
Einzelstorung zu tun, die er bei 
einiger Erfahrung leicht und schnell 
in den Griff bekommen sollte. Dazu 

ist es nicht zwingend notwendig, 
jedoch in jedem Fall nutzlich, wenn 
er zumindest die Funktionsablaufe 
in einem Aegelkreis kennt. 

2. Schematlscher Aufbau elnes 
Regelkrel1es 
Als Beispiel dient uns eine pneu
matische Mengenregelung.Diese 
besteht aus der durchflossenen 
Aohrleitung. in die - in FluBrich· 
tung gesehen - im allgemeinen 
zuerst die MeBblende und dann 
das Aegelventil eingebaut sind. 
Zwei lmpulsleitungen fUhren von 
der Me6blende zum Transmitter, 
in dem der MeBwert pneumatiach 
verstlrkt wird. Dazu braucht der 
Transmitter Druckluft, die ihm durch 
eine Versorgungsleitung zugefUhrt 
wird. Vom Transmitter fuhrt eine 

Me8wert-Obertragungsleitung zum 
unter Umstanden weit entfernten 
ReQler. Im schreibenden Regler 
wird der Me8wert sowohl auf das 
Schreibwerk als auch auf den 
eigentlichen Regler gegeben. Im 
Regler, der ebenfalls eine eigene 
DruckluttzufUhrung hat, ertolgt 
die Umformung des MeBwertes 
in den Steuerimpuls, der durch 
eine weitere Leitung in Aichtung 
Regelventil geleitet wird. Unmittelbar 
vor dem Regelventil triftt die Leitung 
auf ein Stellwerk ("Positioner"), 
das die Aufgabe hat. den ankom
menclen Luftstrom zu verstlrken. 
Auch hler gibt es eine Versorgungs
luftzuleltung (im MeB- und Regel
jargon: "Zuluftleitung"). Der ver
stlrkte Luttatroll'I wird auf die un
mittelbar benachbarte Membrane 
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. .Hydrogen .Peroxide·.~ -.~ ;·:·_-~ .. :~:~ 
. ! .. - ... ~ .... -.. _- ....... . 

.. 
~-

·'suPPLY :. ... -~.;- -:.· .... , 
PRODUCER ,_~ -~ .. :: .•- --- CAPACITY• 

Du Pont, llemphia. Tenn. ............ : .. : ..... :.:': .. _:.~ .... ." .... 125 
FMC, a.yport. Tex ................... : ..................... : ................. 60 
FMC, South Chartestan. W. Va .................. ; ................... 85 
lnterox, Deer Park, Tex. ............................................... ~ 

Total ......................................................................... 358 ----•lliliOM of pounllla ..... ,..,, 100 ............... FllC ............. Bay-
port ,._ ID IO lllilioft pounds In tM ._... ....... of 11M. Profile IMt 
publi9Md 4/20/11; tllia rnillan.. 10/3/13. 

DEMAND 
1982: 218 million pounds; 1983: 235 miUion pounds; 1987: 

307 million pounds. 

GROWTH 
Historical (19~1982): 3.2 percent per year; future: 6 to 

9 percent per year through 1987. I PRICE 

USES 

Historical (1952-1983): High, 43c. per pound, 70 percent. 
tanl(trucks tankcars, f.o.b. frt. equald.; low, 17c. per pound, 
dlvd. Current: 43c. per pound, f.o.b. frt. equald. 

Chemical synthesis, 28 percent; pulp and paper, 20 per
cent; -textiles, 18 percent; environmental uses (includino 
water treatment and geothermal steam treatment), 15 per
cent; mining, f. percent; miscellaneous. 14 percent. 

STRENGTH 
Hydrogen peroxide is said to be non.polluting, non-corro-

sive and easy to handle. It has gained a larger share of the 
pulp and paper market partially because it i8 reportedly leu 
energy-intensive than chlorine dioxide. 

WEAKNESS 
Hydrogen peroxide production fell substantially in 1981 

and 1982 because of the effects the recession had on the 
chemical and textile industries. Demand for hydrogen perox':' 
ide in mining has been dropping staadily in recent years due 
to the poor state of the uranium market and oxygen's dis
placement of peroxide in certain mining applications. 

OUTLOOK 
Hydrooen peroxide is expected to grow two to lhree ti~ 

fa&ter than GNP through the next five years. The hiohest 
growth will be in the less cyclical end-use market - pulp 
and paper and environmental uses. 



April 1980 HYDROGEN PEROXIDE 

PRICE AND UNIT SHIPMENT VALUES 

Hyc!rogcn Peroxide 
741.5000 0 

The following table lists price data for hydrogen peroxide of various strengths (ily weight) 
from 1965 through 1979. 

l'ricesa 
70%~0 b 35%~0 50%~0 

Cents per Cents per Cents per CZents per Cents per Cents per 
Pound Kilogram Pound Kilogram Pound Kilogram 

1965 17.00 37.48 
1966 17.00 37.48 2.4.2.5 53.46 32..00 70.55 
1967 17.00 37.48 2.4.2.5 53.46 32..00 70.55 
1968 17.00 37.48 2.4.2.5 53.46 32..00 70.55 
1969 17.00 37.48 2.4.2.5 53.46 32..00 70.55 

1970 16.00 35.2.7 2.1.70 47.84 2.8.80 63.49 
1971 16.00 35.2.7 2.1. 70 47.84 2.8.80 63.49 
1972. 13.75 30.31 18.2.5 40.2.3 2.3.00 50.71 
1973 13.75 30.31 18.2.5 40.2.3 2.3.00 50.71 
1974 13.75 30.31 18.2.5 40.2.3 2.3.00 50.71 

1975 13.75 30.31 is.;.., 40.2.3 2.3.00 50.71 
1976 15.50 34.17 2.1.2.5 46.85 2.6.00 57 .32. 
1977 l 15.50 34.17 2.0. 75 45.75 2.6.00 57.32. 
1978 15.50 34.17 2.1.2.5 46.85 2.8.00 61.73 
1979c 16.2.5 35.82. 2.4.00 52..91 32..50 7i.65 

See MANUAL OF CURRENT INDICATORS - SUPPLEMENTAL DATA for additional information. 

a. Prices are list prices taken on or near July I of each year. Whenever a range of prices 
was given in the source, the lowest was used. The price bases are: 

Tanks, delivered 
Tanks, works, freight equalized 

1965-1971 
197 2.-1977 
1978-1979 Tanks, works, technical, freight equalized. 

50% and 70% H
2
o

2 

1966-1971 
1972.-1979 

Tanks, delivered 
Tanks, freight equalized. 

b. On a 100% basis, 70% H
2
o

2 
solutions are usually the lowest in list price. Such prices 

have been as follows (100% tiasis): 

Cents per Cents per 
Pound Kilogram 

1966-1969 45.71 100.77 
1970-1971 41.14 90.70 
197 2.-1975 32..86 72..44 
1976-1977 37 .14 81.88 
1978 40.00 88.18 
1979 46.43 102..36 

Chemical Economics Handbook - SRI International 



April 1980 HYDROGEN PEROXIDE Hydrogen Peroxide 
741.5000 p 

. 
c. The prices for 1979 were listed by the source after midyear, but according to industry 

sources were in effect before midyear. 

SOURCES: (A) Chemical Marketing Reporte!_, midyear issues. 

(B) Communication with industry. 

The following table lists unit shipment values for HzO (100% basis), based on total 
shipments (including interplant transfers) and total sbipmenl values. 

Unit Sliipmeet Valoes 
Cents per Cents per 

Pound ltilogram 

1956 47.85 105.5 
1957 47.50 104.7 
1958 46.55 lOZ.7 
1959 46.70 101.6 

1960 44.15 97.4 
1961 44.40 97.8 
1962 45.35 100.0 
1963 41.60 91.8 
1964 39.10 86.2 

l 
1965 37.40 82.4 
1966 35.90 79.1 
1967 35.00 77.2 
1968 34.20 75.3 
1969 32.35 71.3 

1970 29.80 65.7 
1971 27.80 61.3 
1972 27.45 60.6 
1973 26.25 57.9 
1974 27.35 60.3 

1975 31.25 68.9 
1976 34.35 75.7 
1977p 38.25 84.3 

See MANUAL OF CURRENT INDICATORS - SUPPLEMENTAL DATA 
for additional information. 

SOURCE: Current Industrial Re~rts, Series MZ8A, U.S. Depart-
ment of Commerce, Bureau of the Census. 

Chemical Economics Handbook - SRI International 
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c·est au ch1m1ste ~ranca1s LOUIS-Jac
ques Thenard aue r on ao:r 1a aecou
·•erte en 18 t 8 de < r eau oxygenee •. 
11 fallut attendre 1e debut au 20e sie
cie ;:>our v01r apparaitre ses premie
res app11cat1ons dans la desmtecnon 
des pla1es et le blanch1ment au 
pa0ter et aes textiles. La nature. elle. 
ava1t depu1s loncremps mis a pro
fit res etonnantes ";::ropr1etes au pero
xyae >l'hyarogene un petit 
::01eoptere. 1e b1en nomme Brach1nus 
crepitans 1LL ,, unhse+tl pas aes 
oroiecnons <fun melange • explos1h 
ae H:O: at a·hyaroqu1none genere 
;iar ses g1ances anaies pour elo1gner 
ses ennem1s ' 

Deve1oppee p:ogress•vement entre 
:es deux guerres la proaucnon 1naus
!net1e ce ;:ieroxyae d'hydrogene a 
d. aooro fa1t appel a 1a methOde de 
Thenard (hydrolyse du peroxyae de 
::>aryuml qui ne condu1sa1t au·a des 
solutions rres diluees en H20 2. La 
mrse au point en Allemagne. aux 
USA et en France. du procede elec
tro1yt1aue devait permettre 
a·ane1nore des concentrations de 
;·orcire de 30 ~ ... Mais. c·est a part1r 
de r1nvent1on. pendant IJ seconde 
;uerre mondrale dans 1es 1a0orato1-
res Cle rr.G. Faroen. du procede de 
!at>ncat1on a part1r a·anthraquinone 
Que r1ndustne du peroxyde d'hyaro
;;ene deva1t recevo1r une 1mpuls1on 
Clec1s1ve. Cette recnnique esr 
au1ourd'hu1 umverse!lement ur111see. 
Elle ta1t intervernr une alkylanthra
quinone (tres generalement r ethyl-2 
anthraquinone. ma1s aussi ramyl-2 
anthraqu1none dans 1e cas du pre
cede Mitsutl1sh1) et comporte 3 eta
pes: 

nydrogenat•on ae rethyl-2 
anthraquinone en hyaroqu1none cor
resoonciante par H, en presence 
<l'un catalyseur (ex. Pd/Al,03). 
- oxydat1on par ra1r de lh~1droqu1· 
none en un melange d'hydroxy
hydroperoxydes : 
- decomposition de ces hydropercr 
xyaes en H20z et quinone de depart. 

La solution reactive est recyclee et 
sub1t des translormat1ons cn1m1ques 

complexes avec appantion d·autres 
especes notamment cte denves au 
type 4H-anthraqu1none (I) dont retf1· 
caote est egale. voire supeneure. a 
celle de ranmraqu1none de depart 
aans le process ma1s auss1 de den
ves epoxydes t IV) et polyhydroxyles 
inactlfs. Le peroxyae d'hyarogene 
est extra1t avec un solvant appropne 
;>u•s concenrre par dlstrllatlOfl. La 
taille m1n1mum a·une unite 1ndus
trielle se s1tue aux alentours ae 
20000 ttan. ta plus grande unite 
mona1ale. :elle d·Oxysynthese (jo1nt
venture lAir llQu1de-A TOCHEMl a 
Jame attemt 90 000 uan. 

0 

Signalons que Ou Pont ae Nemours 
a annonce la <Secouverte d'un nou
veau procec:ie de fabrication d'H20 2 
c par synthese directe • a partir 
d'hydrogene et d'oxygene gazeux. 
Le systeme cat.aJytJque est constitue 
a·une SOiution aqueuse aode conre
nant des ions halogenures 1 Br de 
preference) servant de milieu ae sus
pens1011 a du Pd aepose sur charbon 
a une concentration d'environ 2 °'~. 
La reacnon s etfectue a basse tem
perture 10-25 ~} et a des presSIOns 
moyennes (29 a 1 ;o bar). Les con
centrati0ns a·H.,O~ obtenues sont de 
rorare de 15 ~-.,_ ·seion Ou Pont ce 

H OH 

~,H, Hif catalyseur ~C:Hs 

0 

-
~ 

f 
0 

~O 
0 

c~tts 
~ +~H:02 -

0 

*C:iHs 
0 (I) 

0 
QY1'~...-C;iH, 
·-··.,)-;. 

0 

(IV) 

0 
~C/is 
I:.~ 

H H (IO 
0 

,,....,,A~C;iH, 

~ 
0 (Ill) 

Soua-produlfa .. tonnant dana ,. aolutJon. 

lnlorm.a11011s cn.m,. n° 304 - """' 1989 - ff7 
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peroxyde d.hydrogene 

proc8de permettrait de r8duire de 
so ~ le coUt d 0 investissement des 
unates d.HA par rapport a 1a tech
nique dassique passant par r auto
oxydatiOn d'anthraquinones et 
rextraction avec des sotv3nts. 

Reste a saYOlf' dans que11e mesure 
c:eae nouvelle m8thOde remet en 
cause toute r8conomie des proce
d8s existants. Autant qtfon puisse 
en juger par le brevet Du Pont (USP "° 4681751) le proc8d8 qui foumit de 
r eau oxygenee relativement diuee 
s·~llfait plutOt a des produc
tiORS ctec:entralis8e d.HA situ8es a 
proximiCli des gros utilisateurs (fabri
cations de pate a papier essentielle
ment). 

Concemant ses avantages en 
mati&re de s8curit8 ii taut souligner 
que. si retimination des sowants 
supprime les risques d'incendie. 
remploi d'un melange gazeux 
d'hydrogene et d'oxyg8ne entraine 
des risques d·explOsion evidents. 

L'oxydant 8cologique 
par excelence 
L'utilisation du peroxyde d'hy_dro
gene dans l'industrie de la pate a 

paper est en p6etne expat151011 au 
Canada et dans rEst deS Etats-lJnis. 
En ~le chlore dans le blan
Chtment de la pate le ~2 pennet 
non seulement <:a supp:mer des 
re;ets d

0 etlluents Chlon!s mais aussi 
de nnvti-. un papier de qualit8 
~.c·est 1e principal debou
ctie du peroxyde d

0

hydrogene sur le 
marche nord-americai,, dont ii 
abSOrbe environ 20 % de la prOduC
tion. Situation quelque peu diff8fente 
en Europe au la d8tergence. c·est..a
dire la produc'tion de perborates et 
autres persel'~ pour utilisation dans 
leS d8terger.ts. constitue. avec 40 ~. 
du marcM. la pMcipale utiisation 
du~z··· 
Au del8 des emploiS dans la chimie. 
rindustrie papetiere. ies detergents. 
r epoxydation d.hililes de soja pour 
la stabilisation du PVC. la fabrieation 
de rhydrazine (carburants - fusees. 
pes5cides). r81ectronique. de nom
breuses applications nouvelles de 
reau oxygenee sont envisag8es a 
rhonzon 90 : assainissement et 
d8sodorisation <f effluents gazeux ou 
liquces. regeneration des SOIS et 
des nappes phr8atiques. epoxyda
tion du caoutchouC nature!. produc-

tion d·eau potable (en aSSociation 
avec rozone pour remplacer le 
ctlfore). obte111io11 de produits diititi
ques titnux a faible va1eur calorique 
a partir de SOUS-produitS 89' ic:oles. 
Plusieurs de ces march8s pra s 11nta• 
un potentiel de d8veloppement con
sidirable. 
Plus generalement le peroxyde 
d·hydrogeue apparait de plus en 
plus comme roxydant 8cologique 
par excellence. sans residu ni po1u
tion. d·au rintlrit croissant que lui 
portent les Chimis18s. Pour r8pol icire 
a une demande dont 1a croissance 
moi ldiale se situe aux alentours de 
s % par an. avec des pointes a 
10 % environ en Am8rique du Nord. 
les grands producteurs (lnterox. 
Laporte. Oegussa. Oxysynth8se. Du 
Pont) ont investi massivement dans 
des unites nouveleS portant la capa
cit8 mondiale a plus de 1.2 Mt. 

D. s.._..._, 

Bibliographie : J.-P. Schirmann. 
S.Y. Oelavarenne. Hydrogen Pero
xide in Organic Chemistry" ; EDI 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
De 250 a 30.000 kg/h 

VOTRE VAPEUR EN - 5 MIN. 
en demarrage froid 

Tous combustibles : FO - DO - Gaz 

Hauts rendements constants 

DES ECONOMIES D'ENERGIE 
so annees d' experience 
(Marine, toute industrie) 

Faibles encombrements 

3e categorie 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
111 - lnformltlOlll Cftimle r(f 304 - A"'11 1!119 



eau oxygenee 

EAU OXYGENEE a 100% 

I • II 
PAYS A EcoNOMIE 

Pl.ANIAEE 
63-18 II 

AMERIOUE DU NORD EUROPE DE L"OUEST JAPON 
289-341 

.. 
AMERIOUE 

CENT. - DU SUD 
25-35 

(1) Allillaul CENTllAU n DU SUD: 2,DH 

Repartition as capaclte• ,,., zone• gq,.pltlque• 
•n 1000tml•n:1237 j fin fHI. 

614-114 

---AFRIQUE 
0-5 

167-.. 187 

AUTRESPAYS 
D" ASIE ET ocEANIE 

79-104 

Capacite en 1000 tm/an • a fin 1988 ...... 

(1) AllillalE ClllTIMI n IU M: 2.11 'I 
(2) AfllllUI: D,4n 

R~lon d•n• le• IHflCIM• •n,,._ compte-tenu des,,,.,_ 
actuellement •~•. en 1000 tm/an: 1334. 

1n1orma110n• Chtmte no 3CM - Avnl 1989 - 111 

- -' 
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L Scope 

I 

JAPANESE INDUSTRIAL STANDARD 

Hydrogen Peroxide 

Hz Oz Mol. wt. = 34. o 1 

uoc 661. 491 

JIS 

K 1463-1971 

This standard specifies hydrogen peroxide intended for industrial use. 

Z. Grade 

Hydrogen peroxide shall be classified into three grades as follows. 

60 .,. hydrogen peroxide 

50 .,. hydrogen peroxide 

35 .,. hydrogen peroxide 

3. Ouality Requirements 

Hydrogen peroxide shall conform to the quality requirements given in the following 
table when tested by the procedures prescribed in 5. 

Table 

. 60.,. hydrogen 50.,. hydrogen 35.,. hydrogen 
peroxide peroxide peroxide 

Hydrogen peroxide " 60. 0 min. 
' 

50. 0 min. 35. 0 min. 

I 
t 

Evaporation residue .,. 0. 10 max. 0. 10 max . O. 10 max. 

Free acid (as HzS04) .,. 0. 05 m&>x. 0. 05 max. O. 05 max. 

Stability . "lo 97. 0 min. 97. 0 min. 97. 0 min. 

Remark: The values specified indicate the guaranteed figures when the 
chemicals are received by the consumer. 

Reference Standards: 

JIS K 0050 
JIS K 8005 
JIS K 8102 
JlS K 8247 
JIS K 8576 
JIS K 8852 
JIS K 8896 
JIS K 8951 
JIS R 3503 

G· eral Considerations for Chemical Analysis 
f'rimary Standard Substance& for Volumetric Determination 
Ethyl Alcohol ( 95 v/v.,.) 
Potassium Permanganate 
Sodium Hydroxide 
Bromothynol Blue 
Methyl Red 
Sulfuric Acid 
C.lau Apparatus for Chemical Analy1is 
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