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Pii:r inform~tion d~tkrwe :=r Yeen prepzred to retpond to the con-
riderzble interert in hydrozen peroxide production rhown by INTIB
urerr in developing countrier.

Tre mort ioport-nt ~reae taat are rairing the demand for this pro
duct ~re t-e new wnd wider zpplications in warte treatment and in
t4e pulp ~nd paper indu try.It is alzo important to note -that ny--
drogen peroxide ir one of the mort non-polluting oxidizinz agentr
> fastor tl.at ir becoming increarcingly important.

Jorldzide dem-nd ir in-rezring by 2lmort 5% per year and by zbout
10,> per vezr in Nort! Americn.

Tre minimum rize for zvdrogen peroxide »lant is zbout 2000t/ye:.r;
t.e l~rzert plont (Oxorynt.e: ir) ir 30000t/ye:r.

iltiou<. the ~nt-.raquinone cutoxid~tion pro-ers for ~ydrozen per-
oride mmuf-sture ir tne mort widely nred commer-izl proscers,tnir
informrtion pr~k-~ge ir devoted 1o tue electrocienic:l orozerrs
(peroxydizulph=te pro:e::-) rinse tnere ~re nzay pl-ntr azich are
ar1-1ly rmall,u~ing t:ir pro-er: t:roughout ine world.Nevert.e -
ler = ,t..ere ~re ot .er factor- to be noaridered by individuzlr in-
volved in t.e Zevelonrent of ti:ir produst =nd theme are d.rcurr-
zd in thi- p--kase.

an infor m~tion n-~kaje is imtended nr - time-raving tool for ¢
seople imvolved in ~.emical indurtrizr rinve it supplie: t.en
wit.. rimary informction relected from a wide v-riety of exiet-
in~ -ovrces,whiz. us'1:1ly 1= mot readily ~ze:ible to developins

~ountrie=.

IPCT/TP/INF




INTRODUCTION

Hydrogen peroxide (H,0,) is the most widely used peroxide compound.
It is of considerable importance in connection with its numerous
applications.

The technology of both manufacture and utilization of hydrogen per-
oxide is comparatively new. Iis scale of manufacture and use incres
ed markedly since about 1925 when elecirolytic processes were intro
duced to the U.S. and industrial bleach applications were developed.
Three commercial processes have been employed to manufacture hydro-
Zer. peroxide :

- Electrosynthesis

- Oxidaticn of isopropyl alcohol

- Anthragquinone process

The third process,o”ten commonly referred to as the quinone process
is the most predominant commercial process in use in the 1980s, Ne-
sertheless worldwide, a number of plants (usually small plants) pro
produce hydrogen peroxide by electrclytic methods.

In the first process,hyirogen peroxide can be produced electrochemd
cally bty the anodis oxidation of sulphuric acid or its salts (ammo-—
pium or potassium sulphate! to produce persulphvric acid or persul-
phates as anode products,wnich are subjected to hydrolysis and sub-
sequently 1istilled to produce a 10 - 407 hydrogen peroxide solu -
tior.

Julphuric acid electrolyte has a low current efficiency (70-715%)
but the use of ammonium sulphate causes crystallization problems,

o a mixture is used to obtain a current efficiency of 80% or high




er and crystallization troubles are elimirated.( )

At least during the 2Q's decade,althouzh equi:i:’-o 2 w9 i .7
‘wdrogen gas are coproduced,recovery is not practiced in the U.S.
The crude product from any hydrogen peroxide process can be used
as such,but commercial grades are further purified,concentrated
and stabilized. Especially concentrated hydrogen peroxide requires
great care in handligg and storing.

According to literaxéfé,some disadvantages are the following :

- extensive and eontinuous purification of the electrolyte is re-

quired

high capital

nish power requirements

maintenance c¢f sophistificzted apparatus is required,together
#Aith highly qualif’ed nersonnel

Beczuse of these facts,elecirolytical processes cannot compete e~
csonomically with anthraquinone process., Kevertheless,electrolyt:-
cal plants ma; have benefits such as protective tariffs or serve
& local market,thus saving on transportation zosts,which al{oys
them to compeie with the lower-r~ost anthraquinone process (‘ ).
Additionz2lly there are two relevants facts that could promote in-
terest in an electrolytic process : increasing arounts are used
in wastewater treatment and in the pulp and paper industry. These
uses require dilute peroxide solutions and about 40% of the ener-
gy requirement (peroxydisulwhate process) is used to concentrate
the peroxide product to 507 hydrogen peroxide. Despite this sa -
ving more innovation for this procese is required in order to ma-

xe it more energy competitive ( ).




Krdrogen peroxide is solf in »~ueous solutions r=nging from % to
to 97 by we:ght.

Tre main fields of =polic=tions for hydrogen peroxide =re in che-
miczls,textiles,nulo =nd paner industry,pollution control,mets1 -
lurzy a»d miscell=neous uses.Gener-1lly.most soplic-tions meke use
of its proverties »s - strong oxidizing or blesching =gent.

In the United St=tes of Americs the tvo m-jor merkets for hydro -
cen eroxide h-=ve historicrlly been tertile blesching >nd chemi -
c>l menuf=cturing.At nresent incre-sirg rmounts rre used in the
milp »nd oaner ‘ndustry,esneci-lly in C-n-d- rrd the U.S.A. by re
rlzcing crlorine =s = blerching =gent. Hydrogen neroxide hrs the
ajvendteze of its milder =ction on fibres >nd it le-ves no envi -
ronments1lly undesir=ble residue comr-red to chlorine snd its com—

1

porids.Purthe = ve * -“roren perovide nroduces -n improves the qu»

lity of r=aper ( 5.

In Turone,hydrogen neroxide is emoloyed.in osrticulsr.to m2nufsc-
ture oerborates =nd others pers-lts for honsehold -nd detergent
blesch »pnlications. This m=rket ir Zurove =ccounts for 40% of hy
drogen peroxide utilizetion.

Comcentrated [90-100%) hydrogen ~eroxide is used »s = source of e
nerzy in bath militery =nd civil use.

Besides its uses in blesching =»nd deodor’ zing tertiles.m=inly co~
tton =nd other fibres.n-turrl or smthetic.vood nuln -nd in the
~1la ~nd nener industry.it is -1lso - source of ormenic »nd inorsgs
rie perovides.nlasticizers,lsborstory re~gents.ref ning ~nd cler-
ning met~ls,bleaching =nd oxidizing sgent in foods.

In the nesr future one can expect nev ~pnlicetions for this pro -
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duct @ seritstion ond Aeodorizstion of lirmiid snd greseous effluents,

soil regener-tion,enorid=tion of n»tursl rabber.=nd =s = substitute

for cklorine in water rnd sewage trestment ( ).

The use of “ydroger neroxide in w-stewster tre~tment could reoresent

> significent new m-rket since cne nound of hydrogen perox:de c>n be
PR

substituted for ? or 4 mounds of chlor:;e.nevertheless,its use devend

on economic consider-tions s hydrogen neror'de is more exvensive -

hyrrochlori tes.




- A"iﬂ;”‘lslr Hydrogen peroxide. Savostianoff. D. (Fr). Inf.

Chim. 1989, 304, 117-18 (Fr). A review with 2 refs. of the manuf.

end U%e, u_oxi(_hnt.. of EZOh.

11A; 20533 An electrode. Nakamura, Kenichi; Nankai, Shira;
Ljima. Takashi (Matsuchita Electric Indnusirial Co., Ltd) Jpnm.
Tokkyo Koho JP 62 0437 [87 40,437] . C25B11,04), 28 Aug
1987, Arpl. 79,6348, ! Jun 1979: 3 pp. A durable electrode
having a long service lifetime is comprised of a metal ozxide, redoz
tempd. immobilized on the metal oxide. and conductor. Optionally,
the metal ixide mnay be comprized of $n0:. WO-. Ru0z. MnO:, TiO:z,
N0 or 1r0:. The ¢lectrede is useft] as a H.O: manufg. electrode
erd enzyme sensor.

104: 189138a Ef’ect of impurities in peroxymonosalfuric acid
on the yield of hydrogen peroxide. Smirmov, G. [; Chernyak, A
S.; Chernyshevs, 0. N.; Shepot'ko, M. L. (Irkutsk. Univ., irkutsk,
USSR). Zh. Prikl Khim. (Leningrad) 1956, 59(3), 662-4 (Russ).
The effect of the concr.. of impurities in H:SOs was studied on the
H.O: yield in the electrolytic hydrolysis of H:S0s. The H:Dz yield
decreased from 70.7 to 54.8 and 72.2 to 45.3% with the increase of
the concn. of Fe and Cu from 13.5 to 99.0 and 0.04 to 2.5 -::J/L.
resp. The effect of the ssmultaneous presenre of Fe, Ti, Al Si;
of Na, Pt. Mg. and Ca; and of Pb, Cu, and Pt on the yield was
studied with a math. model. The results can be nsed for the
improvement of H:0: prepn.

103: 195562k Hydrosen peroxide las a reagent]. Pandiarsjan,
K. (Dc; m., i Univ., Annamalai l.'soaooz an:;
Synth. Reagents 1988, 6, 60-155 (Eng). Zdiu% Pizey, James S.

orwood: Chichester, UK. A review with 426 refs. on the uses of
H:0 in org. chem.

101: 113178m Comparision of esperimental and cslculated
dats on hydrogep peroxide conversion for a commercial
reactor. Brounsheein, B. 1: Zharikov, Yu. N.; Krichevskava, O. P.
{USSR). Isslec. po Apparaturno-tekhnol. Oformleniyu i Avtomatia.
Khim. Protsessov, L. 1983, 41-7 (Russ). From ‘:I. 2Zh., Khim.
1984, Abstr. No. 105121, Title only translsted.

97: 63037r Electrocbemical production of hydrogen peroxide
by the Lowenstein method in a bipolar electrolyzer. Spiral,
Jiri; Musil, Josef; Balei, Jan; Thiele, Wolfgang; Matschiner,
Hermann (Chem. Zavedy, N. P., Sokolov, Czech.). Chem. Prum.
1982, 32(6), 287-91 (Czech). The long term electrolytic prodn.
of concd. solns. of (NHi)2S:0s as a byproduct of electrolytic
prodn. of H70: by the Loewenstein-Riedel mcthod in bipolar
electrolytic cells type EZ I consumes 1/3 less elec. energy as
compsredwith the old plant with the original monopular-type
cells. The cost of energy consumed for mech. cooling of the new
link is practically cancelled out by the saving of cooling water.
From the hygienic viewpoirt the operation of 3 exptl. 11 S)
cells without exhausting pollutants into the stm. may be
regarded as s remarkable advance in compe.ison to the org.
uncovered cells, E. R. Holman

# Lomplete do umentc

.-n be obtained from: Britich Library Lending Div.
Bocton Spa,./etherby,lect Yorkehire,
United Kingdom,LS23 TBQ
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90: 43814t Electrosynthesis of hydrogen peroxide and
peroxydisulfates. Part IIl. Mechanism of anodic formation
of peroxydisulfates. Balej, Jan: Matschiner, Hermann:
Thiele, Wolfgang (Inst. Inorg. Chem., Czech. Acad. Sci.,
Pé:gue. Czech). Chem. "I.'ech. (Leipzig) 1978, 30(11), 578-81

90: 102832y Hydrogen Peroxide and Its Derivatives: Che=
mistry and Uses. (Wassers*offperoxid and Seine Derivate:
Chemie and Anwendung) Weigert, Wolfgang M.: Editye
(Huethig: Heidelberg. Ger.). 1978. 205 pp.

r). A review with 53 refs.

88: 172842j The electrosynthesis of hydrogen peroxides

atd peroxodisulfates. Part II. Optimization of electrolysis
cells using an electrolyzer for peroxodisulfuric acid as an
example. Schleiff, Martin; Thiele, Wolféln‘; Matschiner,
Hermann (VEB Eilenburger Chem.-Werk, Eilen

Chem. Tech. (Leipzig) 1977, 29(12), 679-83 (Ger). A
combination statistical and phys. model is developed and
evaluated for the title electrolyzer. An anal of all of the costs
affecting the electrolysis process is presented and tech. and
economic optimization ormed. A math. anal of the model
yields generally valid conclusions concerning the shifting of the
optimum in relation to the different target functions investigated
when certain design and economic parameters are varied.

burg, E. Ger.).

L. Rajkay

i stressed, i particubar, the wee of 2 method based 0o
the ozidetion of secondary alcobols. 54 refs. Is Russisn.
Pocwa. EYa Kbim »--zu..

A8: 138629k Development of the production of hydrogen
peroxide outside of the Soviet Union, Pneva. E. Ya. (USSR).
Froizond. Perekisi Vodarada Zhidkofazn. Dkisleniem [2oprpilocogn
Spirta 1975, 2, 4-12 (Russ). A review with 51 refs.

J. Jarzehowska

7: 126429m Hydrogen peroxide: preparation and properties.
Osteroth, D. (Witten, Ger.). Chem. Labor Betr. 1975, 26(8),
31011 (Ger). A review on the prepn. and properties of H:0:
since 1818 with 2 refs.

87: 87103d Preparation and purification of hydrogen peroxide
Ly the hydrolysis of persulfate. Part 7. Choe, Il Dong; Kim,
Man Su; Sim, Myong Gil (N. Korea). Huahak Kua Hughak
Kongop 1977, 20(3), 130-3 (Korean). The efferts of factors
that nﬁect the prepn. of H:0z from (NH4):5:0s and H:SO4 were
detd. and the hydrolysis conditions for obtaining a max. yield of
H:0: were established. The concn. of HiSOs was 22 M and that
of (NH)S20s was 3.2 M; the reaction temp. for the first 30 min.
was 70° and that for the second 60 min. was 80°. The H:0:

ield was 80% and 99% of the (NH()S;0s was h&drolned.
{Vhen the C. and Fe'* concns. were > 10 1%, the H:0: yield
decreased




87: 74039n On the formation reaction velocity of hydrogen
1 - peroxide from ammonium persulfate. Part 6. Choe, 1l Dony;
= Kim, Man Su: Pak, Hwa Suk; Sim, Mvong Gil (N. Korea).
Hwahak Kua Huchak Kongop 1977, 20(2), 75-80 (Korean).
The effect of H:SO¢ acid conen. on the rate of Hz02 formation
from (NH:S:0s was studied along with the rates of side
reactions with impurities such as Cu** and Fe¥. The rate of
H>01 formation is limited by the reaction 50s* + H:0 = H.0y +
SO, with product [H:02} at time t and v *C of {H:02): =
[S:0a>)o{1 - exp -(k*" + 0.0101Ac)] with initial [HaSOuje >1.2
mol/L, where Jc stands for change in (H2SO:) dunng the
designated reaction period and A~" represents the rate constant
when initial [H:504} is 1.2 mol/L. The secondary side reactions
by impurities can be reduced if the hydrolysis rate of S:0* is
increased by increasing the catalytic acid conen. lmguriu'es
aifect the decompn. rates of both SOy and H/02  J.S. Yoo

%: 41264d Distillation of hydrogen peroxide frem persulfuric
scid solutions. Markov, S. S.; Smirnova, M. A; Trokhowa, L.
S. Tyminskii, V. N. (USSR). Khim. Prom-st. (Mascow) 1977,
M, 204-5 (Ruse). The distn. of H20- from persulfuric acid
wins. wes studied ot 100° and 80 mm Hg, for which the vapor
pressure of 70-2% HiSQs is ~0. The dependence of the
intrihution coeff. (ratio of H70: concn. in soln. to H20: conen.
'3 condensate) on the H:SO4« concn. in the soln. is demonstrated.
The H10: yield increases with increasing H:2804 final con:nF

. Fucs

=
W
.
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36: 92539) Technical-economical evaluation of hydroges
p_eroxu!g preparation processes. Rubinchik, A. M., Pnevy ¥
Ya. (USSR). V sh, Proiz-vo Perkist Vodoroda Zhidkoju:zn
Okisleniem [zopropil. Spirta 1976, (3, -3 (Russ). From R.g
Zk., Khim. 1976, Abstr. No. 21L35. Title only translated.

1~ 85- 199028y Studies of preparation and purification of ~

~re= hydrogen peroxide by hydrolisis of ammonium persulfate.
Com. 4. Mutual solubility of ammonium persulfate-ammonium
sulfate-sulfuric acid-water systems. Choe, Il Dong; Kim,
Man Su; Sim. Myong Gil (N. Kcrea). Huchak Kue Huwohak
Kongop 1976, 19(1), 46-52 (Korean). Mutual solubilities were
derd. in the (NH):S20s-(NH():S04-H:S04-H10 system at 5, 20,
and 35°. Optimum H:SO, and {NH4:SO04 concn. ranges were
detd. for continuous electrolytis and for (NH4)2S:0s crystn.

LI 86486y Hydrogen peroxide manufacturs by distillation of
- aqueous solutions of mxodiwlhﬁeuﬂnd"(nw
ates. Thiele, Wolfgang Ger. (East) 92,432 (C1. C01b), 12 Sep
1972, Appl. WP C 01b/155 249, 21 May 1971; 12 pp.
Py injecting the hot condensate (from the evnnnw) immediatel=
y st the bottom of the last distn. stage, the concd. circulating
acid is recycled at reduced pressure without prior cooling. The
amt. of steam formed during the diln. is conducted countercurre=
ntly to the concd. circulating acid for stripping the m&u}l(}l,oa.
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66542v Determination of loss2s in platinum used as am’
anode material in the preparation of Perhydrol. Aleksandrova,
L. G.; Zhitarev, G. A. (USSR). Tr. Inst. Fis. Meial., Ural.
Nauch. Tsent., Akad. Naxk SSSR 1971, No. 28, 348-50 (Russ).
From Ref. Zh., Kkim. 1972, Abstr. No. 16L211. The detn. of
trace amts. of Pt ir solus. by inverse voltammetry with a C paste
electrode is described. Pt is concd. at a controlled i
(—1.0 V) on the clectrode surface as 2 metallic film and anodically
oxidized with linearly changing potential (scan rate 1 V/sec);
height for Pt dissoln. at 1.5 V is directly proportional to the Pt
concn. Cut*, Mn'™, AI*, SO, and C1~ do not inverfere with
the detn. of Pt. The sensitivity of the method is 5§ X 107%%;
<he®tror is 7.9%. )

61464v Hydrogen peroxide. Thiele, Wolfgang Ger. (East)
78,229 (Cli. C 01b), 12 Dec 1970, Appl. 31 Jul 1969; 19 pp.
H:0. is produced by the hydrolysis of H:S0. or its salts followed
by distn. in an evapn. app. contg. a heating surface of graphitic
carbon impregnated with a phenol-HCHO resin  The app. for
the prepn. is described.

45817y Hydrogen peroxide from aqueous acidic solution
ubtained by hydrolysis. Harper, William Sheridan; Daigler,
David Wavne (FMC Corp) US. 3,684,154 (Cl. 423-585; C
01b, B 01d), 26 Sep 1972, Appl. 699,958, 23 Jan 1968; 5 pp.
In the manuf. of H:0; from a soln. obtained by electrolysis of an
aq. (NHL):SO,-H:S0O; mixt. greater yields are obtained by au(:l_l
cortrol of temp. and concn. to assure max. hydrolysis of S:04/
to SO;*- and finally to H;0,. Thus, an electrolyzgd soin. had its
water content reduced from 45 to 30% by removing part of the
water by evapn. without loss of H:D:. The resulting soln. had &
compn. of: &,SO. 30-45; (NH,).S0, 20-35; active O tied up as
S,047- and SOt~ 0.5-2.5%. This soln. was heat trested at const
water content by refluxing the soin. at 105-130° at atm. pressure.
The length of heating depended on the concn. and temp. of the
soln. Residence time of 5 to 15 min gave good results. The
partial pressure of H.0: formed in the soln. is considerably below
the preveiling pressure. The H.O: is then steam stripped from
the soln. to give a product contg. 4-10% H.0.. 'l’ho.unoondemd
vapors are returned to the stripping column at a point below the
* point of introduction of heat ireated soin. to assure min. loss of
product. ) ) R. A.Coud

24044h Removal of a finely divided coating from a porcelain
surface in Perhydro} production. Khrsamov, A, V',; Mikhailov,
VAL Planina, Lo S, (USSR).  Sin., Ochistka Anal. Neorg.
Mater., Tr. Konf. " Nawka-Proizzod.”” 1065 (Pub. 1071), 225-0
‘Russ).  Edited by Nikolaev, A. V. *‘Nauka,”” Sib. Otd.:
Noveeibirsk, USSR.  The dark coating depositerd on porcelain
Raschig rings in the production of 110, [rom 1150, by electrnlysis
cmtained graphite U8, Si0, 36, and M., 367, (where M was
wquinvidic metals).  Tte dissoln. in 2577 NH,OH, concd.
Trlone B (pH 9) soln., and in NaOIl (1407, <oln.) at the b.p.
of the soln. was studied. The Ist two agents were ineffective and
complete removal of the coating was reached only after bniling
m NaOH solns. at all concns., varying only the time of hoiling.
Conens. <1077 of NaOll were suitable; at hicher concns., the
tlared surface of the rings was attacked. For industrial pur-
ores, 17, soln. of NaOI and 4 hr boiling was recommended.

Hanus Landspersky
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1, S0iI. JORLIWIIE HYIROGEN PiROXIIiL PRCIUGERS

3.1 TPORTANT #EST EUROPEAN P.QIUCTRS:

Hydrogen perc .de (Peraxide)

AUSTRIA
Alpizg Chomische division

Osterraichische -W" Werke
BEiLGuM

Degussa Antwerpen nv
Interox sa

FINLAND
FRANCE

UAir Liquide SA
Chemucal

Interox Chimie SA

Oxysynthéss SA
GERMANY

DMSW

Industrial and Fing Chemicals
Dmwson

Peroxid-Chemie GmbH

ITALY
Interox Chumica SpA

Montefluos SpA
THE NETHERLANDS
Interox Chemie BV
PORTUGAL
Interox Portuguesa - Produtos
Quémcos, Lda

UNITED XINGOOM
interox Chemicals Ltd.

ROSIGNANO-SOLVAY,
{Livorno)
BUSS! SUL TIRINO, (Pescars)

HERTEN, (Limburg)

POVOA DE SANTA IRIA,
{Lisbos)

LA ZAIDA, (Zaragoza)

TORRELAVEGA, (Ssntander)

ALBY, (Vistemorriand)
SURTE, (GOteborg-Bohus)

WARRINGTON, (Cheshire)
ADO 7 "AL

Source: SRI International estimates as of Janvary 1, 1987,

Annysl Capacity
of Metric T

25
48
20
15

ns
25
90

25

20
12

25
30

30
14

50
494
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3.1.1 WEST EUROPEAN PROUT

Belgium
*tﬁ‘&hﬁh_
ARart 32, B-3000 Brumiles T 90

N1, T NIN
Tnterox S.A.
rue du Prince Albert 33, 1050 Sruxelles

Te: (2) 516-6111
Tx: 21337

PO Box 33, SF-8000t
-3, T8 IRIL, T 2N
Finwush Peroxides: Voikkaa

Kemiva

interox: Taveux

PO - Produits Chimiques Ugine Kuhlmana

Towr Mashattan, Cédex 21, 92087 Paris-La Défense
Te: (1) 773-456
Tx: 611922

E. Merck
Postfach 4119, 6300 Darmstadt 1

Te: (6151) 720
Tx: 4193280
Ca: Emerck

Dr. Theodor Schucherdt &
!durl-luchm-sunsc 14-20 8011 Hohenbrunn
Te: (8102) 4092
Tx: 528315
Ca: Tehaschuchordt
(Primarily s producer of laboratory chemicals)

SUPPLEMENTARY AND

TUWNATIT. LIST

t: 1

My § Saker Ltd.
Dagenham, Essex ANI0 7XS, Great Britain

Te: (1) 592-%060
259

Tx:
Ca: BSismth

Eurobase S_p.A. -
4 v}:.lhl(uz';a. znon Sar Giuliano Milanese
Ta: 312888

Farmitalia Carlo Erba S.p.A.

Casella postale 10519, 20100 Milamo.
Te: (2) 69951
Tx: 330314
Ca: Erbacer

Industria Italiana Petroli S.p.A.

1 Piazza della Vit.oria, 16121 Genova
Te: (10) 5994

T Tx: 270107

Natronchesie
P.0. lox(l:Zl. m N Rotterdam

Ye: (10) 360122
Tx: 22044

Martia F. Yillaran S.A.
Centro Directivo Mercabarna, Zona Franca, Sector “C”
Barcelona &, Spain

Te: (3) 336-5511

Tx: 97456

Solvay § Cie. S.A.

29 llallora. larulou 8, Spain
Te: (3) 2
Tx: 54665
Ca: Solvay




Je2 DALY [ U.CPTAN PROIUCERS:

CZECHOSLOVAKIA
Chemicke Zavody Sokolav: Sokolov Yugoslavia
m:ﬁtm
p ] SIS, T 11161
GERKANY .D. Postach 511, YU-1300 Boogred
b SIS
Oremie-Export-lmport Cramse, T mn,
133 Storkowerstrasse T e
1055 Berlin, German Democratic Republic CINTROGEMUA, PO, Bex 91,
Te: (2) 4z YU-SMMNE Sl T: 001 2502
x: 121N
Ca:  Arbchemie JUGOSANITARUA, PO Bex 3088,
wmrmm
KEMSKALISA, PO. B W32, YU-2001
HUNGARY - Zagreh T: @) SH, T 11120
Budapest. Vegymuvek: Budapest
USSR
SONU2CHIMEXPORT V/O,
T 41108
Capacity*,
. thousand
Manufactirer Site Process metric tons
DuPont Memphis, Tenn. snthraquinore 56.7
FMC S. Charleston, W. Va. snthraquinone 36.2
Bayport, Texas anthraquinone 27.2
Vancouver, Wash. electrolytic 8.1
Interox Deer Park, Texas anthraquinone 399
Shell Norco, La. 2-propanol 163
PPG Barberton, Ohio anthraquinone 45
* 100% Basis.
3.3.1 Supplementar- lirt:
neTotnrers i addrese
$cal P. 0. Bax 2064R, Morristown, M 07960, U.S.A.
Allied Chemice Te: (201) 455-2000
Tx: 136410
THX: 710-986-7482
J.T.Bcker 223 Red School L:ync, Dpmt.LA-TR
Chemserve Corp., "605-7 Tonland,Detroit,Mi 3202
P. 0. : ’
Mol linckrodt Tnc. ‘1’.;”:323’59250'68““' M 63147, U.S.A. f
’
PPG Industries Inc, One Gateway Center, Pittsburgh, PA 15222, U.S.A. 1,‘
Te: (412) 434-3131 7
Tx: (WUT) B66570; (WUl) 6848005; 6848008 :

TWX: 710-664-2043




Jeo  anloll 2ROWT AS:

JAaFAT

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

Amnual Capacity
(thousands of
metric tons,
Company and Plant Location 100% gzga)_ Process Remarks
Mitsubishi-Gas Chemical Co., Ltd.
Kashima, Chiba Prefecture 23 2-Amyl anthraquinone
Yokkaichi, Mie Prefecture 36 2~Amyl anthraquinone
Nippon Peroxide Co., Ltd.
Kohriyama, Fukushima Prefecture 31 2-Ethyl anthraquinone
Tokai Electro Chemica! Co., Ltd.
Fuji, Shizuoka Prefecture 18 2-Ethyl anthraquinone
Total 108

SOURCE: Communication with industry.
{

Source : CI'Ii Produ:t Review 1930
SRI IRTERNATIONAL

CHUGAT BOYEKI CO., LTD.

ISRXL:
Dawvppon Ink & Chemicaly/Oxysynthesc. Oxidon Israel Oxidation Co. Ltd.
Tomakomas . 0. Box 175, Holon 58101, Israel
Fujs Hydrogen Peroxide. Itami {:: g:b:‘tnzs’; 807504
OSAKA GODO CO., LTD
KO As

. Oriental Chemical Industry Co. Ltd.
C. P. 0. Box 781, Seoul, Korea
Te: (2) 781-7211

. . Tx: 24114
Santoku Chemical [ndustries Co. Ltd. Ca: Orienchem

10-2 Aza Otakeshinden, Imozawa, Miyagi-rachi
Miyagi-gun, Miyagi Pref. 989-32, Japan
Te: (2239) 42171

DL

INDIA
Arat Electrochemical: Ahmedsbad. Guj
Mational Peroxide Ltd.

Pakinan .
Dewood Cotton Mills Kerachi

Neville House, J.N. Heredis Marg, Ballard Estate
Bomba, PHILIPPINES )
T!{ ‘%;?' frats Peroxide Prulippines. Manils
Tx: 112572 . )
Ca: WNapero) SING RE
- Sarabhal M. Chemicals tndt APO .
’. ?'.."’;22{ Baroda 390.001, india Nationcl Oxygen Pte.L
Tx: 175473 National Oxygen Pte.Ltd.
oz Samchen 21,77 Kling Road
crnrA ‘TAIWAN H
Chang Chun Petrochemical Co. Ltd.
China National Chemicals Import & Export Corporation 201 Songkf Road, 7th floor, Taipei, Tatwan
Erh-Li-Kou, Hsi CM';:D” ' o ;: ;2“ 1-8131
Peking, People’'s R co na .
n? 22243 Ca: Longlite

Za: Sinochem
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LATLOL I DTS D30I RS,

\ cevem1a T poaee e
o5 XTUTUSALIAN, ATUICAN AND

au~traliac
Interox Chemicals Pty. Ltd.

P. 0. Box 18, Botany, N.S.M. 2019, Australia

Te: (2) 666-8000
Tx: 20628
Ca: Peroxide

South Afric:
Peroxide Chemicals Sasolburg

Egypt
Misr Chemicals

ARGENTINA
Atanor: Rio Tercero, Cordoba

BRAZIL
Electroquimica Rio Cotis: Cotia, SP
Peronidos do Brasil: Eiclor, SP

SEILC

Frroocuinise del Pacifico £A

COLOI'BIA:

Electroquimica Colasbfana S-A.

Apartado aereo 4728, Medellin, Colombia
Te: (4) 810599; 774752
Tx: 6550
Ca: Electroquimica

MLXICOo:

FMC de Mexico S.A.

Apartado postal 7-1446, 06700 Mexico, D.F., Mexico
Te: (5) $33-2405
Tx: 176109

*
e SOIE TOUIPIINT SUPPLI.RG AND CONSULTANCY SFRVICES:A TENTATIVE LIST

Sel  LUSTRALIA:

-Simon Corver

7.2 GRIAN:

~Banag Dovy

-{rekckorro Ger. fur
Jaienie Ingenieur
Te":‘.nifl :'.ob.Ho

-L‘lr[;i Gonob .H .

o3 JAPAN:

rtrurtits BEle~. Ind.
Co. Ltd.

ARESE

Div. of Sinon Cng.(Auct )Pty
POBox No 364 Nta Ryde NSJ 213

Wetzlarerztr.136,D6303,
Butzboch

Zeltinzer Platz 16,D 1000 Berlin 231

POSox 111231,Lurgy-Alle 5,D-6000
frankfurt

1006, K~don:,Kadonz,
Qrck~~Pref. 571
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SOITZA RLAND:

~Kreor & Co. Ltc.

UNIT.D KDIGDO::
—CJ3 Dewvelopmentr Ltd.

<ngelhord Lid.

-Lzboratoire der rciencer
da Tenie chimique

G

~Jemifon L.

=Dortirmia Univer: id:-

jeidl
="enirzl Tlestro~aenisn
2eresrc: Inrtitute (COCRI)

I"".LY:

—.lestrode Pro-~errer Lo-
cearc: Center
yilon Polyte~anie

UNTT D XKOIGDOoI:

Univer:ity of “out'.'.".'.pton
..olfron Centre ir T lecc -~
tro~eni~al Z-ience

Usl.As
~Arzosintion of Conrmalting
Cherirts ond Clemlinor.

Clar‘denctr. 20
CI'.3002 Zurich

Airport Servicer Rd.,Portcmouth
Hdonte PO3 SPG,U.K.

Choncery Louce,ST, Hish. ucy
Tr

Sutton,Zwrre;r ST 1:2,ULN

2 Jel: Yoirod~, Drrenitzn,5C

LoTin

Irve Grandville,5:.042,dcazy
(934 I;:

Portfoach 11 05 32, D-6000
ronkfurt Al ioin 11

Poctfocl 50 05 €O
inouct Schmidt otr. D-L600
Dortmmnd 50

Karaikudu 622 006
~nil adu
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ECN INTERNATIONAL PROJECT REVIEW _ March 1988

ECN interr-ations! Project Review, March 1988

"\ECN EUROPEAN REVIEW - - R

ECN European Review Supplement, December 1966

Companies buying or investing/companies

sequived er st wp Location Preducthabusiness Salve Cant
Nobet Industries/Eka Sweder/Sweden Supply of hydrogen peroxicie and chioralieli | acq $TTem
Nokia and Nobel Industries/Kenox Finland/Finiand Manufacture of hydrogen peroside I, —
Norsk Hydro and Eka Nobeljv Norway and SwedervNorwey | Production snd marketing of hydvogen 51:49)v -

' ) : March 1986

ECN Intemational Project Review March 1986

| Company and jecstion Capachly Process Enginssrs/conitacton Cont Nat-up/

HYDROGEN PEROXIDE

KemaNord
Stockvik, Sweden

KemaNord Bleaching Chems

Trolihdtten. Sweden 10 000 — - —_ 4
Laporte

Wamngton, UK 50 000 Interox Matthew Hall US$25.7m 1908V
Oy Finrish Peroxides

Kuusankoski, Finland (x) 150 0007 K - — -
Polend

Polend 2plants - .- —_ P




ECNPROJECT SUMMARY ~

u-mmu.-wum.-umuamuu

Total Start-up

Company Lecation Product ten'yosy  Precess Ceantracter cest ::'-
- ECN PROJECT SUMMAR)
hmmmmhnnuam,suy.uu,uumuu
Total Start-up

Company Lecation Preduct ton/year Precess Contracter cest :"m
-:::: Mwsim, hydrogen peraxide 10 000 Eka 1991
[ venezvela
Chomiend

ECN PROJECT SUMMARY
Neow projocis summarized below appoared in ECN on 28 June and 3 July 1009

Total Start-up
Company Lecation Preduct ton/yonr  Precess Contracier cost status
Onpohom Canada hydrogen (x) 40 00OT $15.2m
Connde peroxide

ECN PROJECT SUMMARY
Now prejects summarized bolow appeared in ECN on 12 June 19809

Yotal Start-up

Capacity orocted date/
Company Lecation Preduct ton/year  Precess Contractor cost status
OuPestCaneds  Gibbons, Alta, Canada hydrogen peroxide 36 000 Du Pont o

ECN INTERNATIONAL PROJECT REVIEW

ECN International Project Review, March 1989

Oulu, Finiang 15 000 - 20 000 Kemirs - $19m 1968 C
Oy Finnish Peroxides

Kuncsankoskl, Finlend 15 000 Linge/interox LaporteT Consuiting ' - 1988 C
Seudi induetrial Resins i

Seudi Arabis 15-25 000 - - ‘ - P
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HYDROGEN PEROXIDE
H,O,

From Ammonium Bisulfate by Electrolysis

Evap-
orator

Warte

(63%)

Reaction

Direet

2NH HSO, - (NH,) 38,04 + Hy

(NH.\gSgOg + 2“30 - 2NH4HSO‘ + HgOg
80-85% current efficiency

Material and Energy Requirements
Basiv—1 ton 309 hydrogen peroxide

Ammonia 501bL
Sulfuric acid 60 b
Demineralized water 215,000 gal
Electricity 5,700 kwhr
Steam 16,800 Ib
Platinum Very small

(80-85%)

Process

Iydrogen peroxide is manufactured by the hydrolysia of a solution con-
(aining the persulfate (82047) ion. The particular solution used (persul-
jurie aeid, ammonium persulfate, or potassium persulfate) is prepared in an
clectrolytic cell in which the correaponding sulfate is oxidiged anodically.
Hydrolysis of the persulfate (outside the cell) is carried out under conditions
Jhat regenerate the sulfate and vaporize a mixture of water and hydrogen
peroxide.  The latter are separated and the peroxide concentrated by vacuum
Jistillution,

In the embodiment of the process as shown in the flowsheet, & regenerated
-olution of ammonium sulfute and sulfuric neid (equivalent to ammonium
hisulfate) is adjusted to proper concentration and fed to a series of clectro-
Ivtic cells, In one plant the poreelain cclls are 70 em wide and 95 cm deep.
‘I'he platinum anodes and graphite eathodes are so arranged that water in
cooling tubes may keep the electrolyte temperature bhelow 35°C. The po-
tentind drop across cach cell, operated at 5,400 amps, is 5.7 volts, Ammonium
thiveyanate (0.1 g per liter) in usually added to the electrolyte to inereasc
axygen overvoltage.  Anode current density is 0.4 to 1.1 amperes per sq em.
A\ current of nir is swept continuously through the ccll to keep the hydrogen
coneentration helow 5 per eent xo as to avoid explosion.

The persulfute solution leuving the colls goes to an evaporator, where it is
heated by both live steam and by means of sicam coils, Hydrogen peroxide
and water vapors go overhend,  The ammonium hisulfnte solution is cooled,
liltered to remove any sediment, adjusted in coneentration, and returned to
the eells. The eathode liguor is similarly cooled, filtered, and reused, The
hydrogen peroxide-water vapor mixture is sent to stoncware distillation
towers which are operated under vacuum (40 mm Hg). A 30 to 40 per cent
hvidrogen peroxide solution ix removed from the bottom of the tower, This
~olution may be concentrated to 80 to 85 per cent or 80 to 98 per cent H.0y
M AwWo stinges,

‘The 30 to 40 per cent Ha0y solution recovered from the cell liquors is
adjnsted with sulfuric acid (about 0.5 g per liter) and fed to n stoneware or
poveclnin evaporator, where the solution i= heated to 65°C at 40 to 50 mm
Il The vapors evolved ure serubbed in n packed tower with distilled or
deminernlized water in sueh ratio to the peroxide vapors that a 65 per cent
hydrogen peroxide solution Teaves the bottom of the tower. This product
may he fod to n secoml evaporator (at 75°C and the sume pressure) and-a
~eeond packed tower to produce un 80 to 85 per cent xolution of hydrogen

peroxide,  The produet ix cooled, stabilized with aeids or an orgnnie oxida- -

tion inhibitor, and sent 10 stornge.

Thix concentration process may be run continuously by fractionating and
reeveling the vapors from the first evaporator.  The resulting 70 per cent
11,0, solution may bhe eoneentrated to n 90 to 98 per cent solution in a
similar sceond stage.  Frow time to time, liquid bottoms from the first
evaporator must he drawn ofl to remove impurities, One manufacturer has
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recendly produced 100 per cent hvdrogen peroxide (anhydrous) by a con-
tinuous fractional distillation process.

The ammonium persulfate process described differs only in details from
the persulfuric acid process and the potassium persulfate process. All three
arc used commereially. The pure acid process has a lower current efficiency
(70 to 75 per cent) but has the advantage that crystallization troubles within
the system are eliminated.

In the potassium persulfate process, an ammonium bisulfate solution i~
clectrolysed as before.  After clectrolysis potassium acid swiate is added to
the clectrolyte:

(NH,):8304 + 3KHSO( — K¢S304 + 2(NHOHSO,

The potassium salt is crystallised and separated by filtration. The solidl
potassium salt is then added to a sulfuric acid solution to produce a slurry.
On heating with live stcam, the persuliate hydrolyzes to produce Ha(,
vapors. As in the other processes, the potassium salt may be recovered anil
recycled.

By Oxidation of Alkylhydroanthraquinones

AR7laniivaquinone Water
Solvent e  Aylanitvaquinone and soivent
Cataiyst
Hydrogen
porexide (25%)
(to concentrators)
Typical Reaction
0 H
I 0
C;“; Pd on ‘"(‘2"5
—
QO
(}) H
Ethylanthrayuinone Ethylhydroanthraquinone
" 0
() !
— (1
0 .
H 0

00% yield (based on hydrogen)

HYDROGEN PEROXIDE 4061

Material Requirements
Busis—1 ton hydrogen peroxile (259)

Oxygen 5,280 cu ft (STP)
Hydrogen 5,870 cu ft (STI")
Ethylanthraquinone Mechanical losses only
Solvent Mechanicnl losses only
Palladinm (eatalyst) Mechanienl loxsex only
Water IR0 gallons

Process

The modern chemieal method for manufneturing hydrogen peroxide is an
orgunic autoxidation procexs in which a suitable organic compound (usually
a hydroquinone type) in solution is oxidized to the quinone form with the
coneurrent formation of hydrogen peroxide, The peroxide is extracted and
concentrated; the oxidized organie compound ix reduced eatalytically and
revsed,

Tn one adaptution of this process, the raw material is n 10 per eent solution
of mixed alkylated anthraquinones and their tetenhiydro derivatives. The
wolvent ix & mixture of primary and secondary nony! aleohiols with methyl
or dimethylnnphthalene,  Thix mixture ix redueed with hydrogen in the
presence of neatulyst of aetivated aluming conted with 0.7 per eent pal-
ladinm. The reduetion may be enrried out at 40°C and under hydrogen
pressures of 1 to 3 atm,

After removal of the eatalyst granules by filtration, the resulting hydro-
anthraquinone still in solution ix blown with oxygen or an oxygrn-nitrogen
mixture at 30 1o 60 C to produce hydrogen peroxide (5 to 8 g per liter) and
regenerate the original anthraguinones, The hydrogen peroxide ix extracted
with o sufficient quantity of water to yield a 20 to 25 per eent HuOy solution.
The unthraquinones nre reeyeled. The hydrogen peroxide mny be concen-
trated wx deseribed in the previous process,

Thin process is sinilur to o provess developed in Germany and used there '
during World War [ The German process micle use of ethylanthruquinone
in it henzene-exelohexunol solvent and used Runey nickel as n hydrogenation
entulyst.  High losses of Raney nickel and the partinl solubility of the
olvent in water led to the ceonomie modifieations of the process deseribed,

From Barium Peroxide
A process formerly widely weedd, but ewrrently only of lmited interest
involves the following reaction:
Bty - 180, = BasO - Oy
The burium sulfate precipitnte is w0 valunble hy-product.  The bavium per-
oxide is prepared as follows:

B0 -f 130, ——5 Ba)y
(nw dry wir)
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Miscellancous
Properties. 100 per cent hydrogen peroxide is a water-white syrupy
liquid with oxidising properties.

Mol. wt. 34.02 M.P. —0461°C
Sp. gr. 1.438 20°C/4 B.P. 1558.5°C

Miscible with water in all proportions. Soluble in ether. Inscluble in hydro-
carbons.

In pure form, cither as is or in solution, hydrogen peroxide is quite stable.
It decomposcs, sometinmes violently, in the presence of even traces of me-
tallic impuritics. In contact with readily oxidizable organic substances it
may causc spontancous combustion.

Grades. Hydrogen peroxide is sold as a water solution, according to both
pereentage peroxide by weight and by “volume strength” {the volume of
oxygen gas in milliliters that can be liberated from onc milliliter of solu-
tion). The most common grades are: 3 per cent (10 volume strengthd, 8 per
cont (20 volume strength), 27.5 per cent (100}, 30 per cent (110), 35 per cent
(132), 50 per cont (208), 70 per cont (264), and 90 per cent (415), The
USP grade is 10 volume strength. Al grades contain a small amount of
stabilizer (usually 0.1 to 0.2 grains acetanilid per fluid oz}, Sometimes
small amounts of pure hydrochloric acid are also uscd.

Containers and Regulations. Vented all-aluminum tank cars, nlumi-
num drus, glass carboys, and brown or amber-colored bottles.  White 1CC
“Corrosive Liquid” label required.  Manufacturing Chemists Association
requires warning label. ANl pipes for transfer should be Pyrex, cernmic, o
99.6 per cont aluminum.

Economic Aspects

The technology of both the manufacture and utilization of hydrogen per-
oxide is comparatively new. Prior to World War 11 hydrogen peroxide was
generally considered an unstable compound, too hazardous for ordinary
chemical use.  Military demands, particularly for rockets, torpedoes, anl
submarines, led to improvements in manufacturing and handling techniques
and subsequently to stable high-purity solutions of high concentration.
After the war this availability led to increased use of hydrogen peroxide for
the bleaching of textiles and paper pulp. In the near future one can expect
cven greater advances in the ficlds of epoxidation (addition of an oxygen
atom to the olefinic linkage), the manufacture of peroxy-ucid catalysta for
polymerigation reactions, the oxidation of organie compounds, as a blowing
agent (for foamed gypsum, plasties, and resins), and as & source of energy
in both military and civilian use. Because of sceurity regulations, no esti-
mate of present military demands can be made.

All uew plants use the chemical rather than the clectrolytic proeess. 1
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|,Iucoq. Present plants vary in size from 2 million to 32 million b annual
capacity {caleulated as 100 per eent H30y).

Manufacturers and Plant Sites

Allied Chemical Corp., Syrncuse, N. Y,

E. I du Pont de Nemours & Co., Ine., Memphis, Tenn.

FMC Corp,, Vancouver, Washington; Buffalo, N. Y.; So. Charleston, W, Va
Pennsalt Chemieals Corp., Wyandotte, Mich. T
Pittsburgh Plate Glass Co., Barberton, Chio

Shell Chemienl Co,, Noreo, La.
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This is o process for the production of hydrogen peroxide by electrolytic oxidation.of an anolyte containing SOy anions to
produce a solution of a per-compound selecteri from the group consisting of persulfuric acid ond its salts with simultaneous pro-
duction of cathodic hydrogen as a by -product.

It further involves decomposing said per-compound solution to produce o hydrogen peroxide solution ond recovering hydrogen
peroxide from such solution by distilling off hydrogen peroxide with the aid of a 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 a dilute solution of hydrogen peroxide ond supplying ot least a portion of said dilute hydrogen peroxide
solution to said fractionating column os reflux.

In the figure, 11 designates the electrolytic cells in which persulfuric acid is produced by anodic oxidation of sifuric acid.
The cothodic hydrogen produced is collected in conduit 12. The anolyte produced in the electrolytic cells flows to the distil-~
lation column 14 through conduit 13, ond then to column l5 in which the H202 produced is biown out with direct steam. The
resulting H202 vopors are wpplncd fo condenser 17 through conduit 16, whereas the sulfuric acid separated in column 15 is
recycled to the electrolytic cells, through conduit Q. The hydrogen perox-de vupors ore fractionally condensed in condenser
17 ond the condensed hydrogen peroxide withdrawn ot 18. The water vapors ore condensed at 19.

The cathodic hydrogen produced may be used to form H202 by cotalytic combustion employing palladium metol o3 o catalyst
as shown diagrammatically. The cothodic hydrogen collecting in conduit 12 is supplied to the catalytic furnace 222 into which

oxygen or air is introduced for the cataiytic combustion through conduit 223 The rewlting H202 is supplied together with
water os reflux to the head of condenser 17 over conduit 224 ond is concentroted in such condenser-and withdrawn ot 18 jointly

with electrolytically produced Hy02.

Source: U.S.Patent 2,904,478 by J. Muller (to Degussu) (September 15, 1959).




4.4.5 Conclusions

The total quantity of energy required for electmlxtic manganese dioxide
production in the year 2000 is estimated to be 6.1 x 1012 Btu. Substantial
process heat is required for the ore leaching step, so that only about one-
half or 3.1 x 1012 Btu, will be used by the electrolytic cells. These cells
run at about 40V efficiency. The total potential target for energy savings
is., therefore, about 1.8 x 1012 Btu/yr, a value too small to recommend
government funding.

4.5 Hydrogen Peroxide
4.5.1 Introduction

Hydrogen peroxide first gained industrial significance in the early
1900°'s when the first electrolytic cells were invented. Three commercial
processes have been esployed to manufacture hydrogen peroxide:

@ electrosynthesis
@ oxidation of isopropyl alcohol

@ the anthraquinone process

Virtually all the hydrogen peroxide produced in the world today is made
by the anthraquinone process. The only alcohol oxidation plant that was ever
built was shut down. Those electrolytic plants still in operation have been
fully depreciated and have the use of low cost hydroelectric power. Electro-
lytic plants may have further benefits such as protective tariffs, or serve
a local market saving on transportation costs, which allows them to competa
with "he lower cost anthraguinone process. MNevertheless, there have been a
nunber of novel approaches appearing in the recent literature on the electro-
synthesis of hydrogen peroxide that makes this route worth re-examining.

Hydrogen peroxide is sold as an aqueous solution and is available in a
variety of strengths ranging from 3 to 90% by weight. Most industrial appli-
cations use the 35% and SO% solutions. High strength peroxide (90%) is used
in military and space programs.

Production figures for hydrogen peroxide since 1943 are given in
rigure 25. Estimates for 1980 put production at about 125,000 tons. The use
of this chemical is expected to grow at about 6 percent per year which would
lead to s production ntelgf 400,000 tons/yr by the year 2000 requiring an
energy input of 13.4 x 10™° Btw/yr. The consumption pattern for the year 1974
is given in Table 12.

About 85 to 90 percent of all cotton bleaching processes use hydrogen
peroxide and this is the major textile use. Hydrogen peroxide is used in tive
epoxidation of oils and fatty acid esters mainly for plasticizers and for
various organic and inorganic peroxides. The use of hydrogen peroxids in
wastswvater treatment could represent a significant new market since one pound
of peroxide can te sibstituted for three to four pounds of chlorine, and
chlorine is beliaved to have environmental probless associated with its use.’
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TABLE 12

Hydrogen Peroxide Consumption Pattern for the Year 1974

Thousands of Short Tons

Textiles 27.7
Plasticizers 25.8
Glycerin 8.3
Pulp and Paper 7.4
Wastevater Treatment 3.5
Miscellaneous 19.6

Total 92.3

4.5.2 Mechanisa

4.5.2.1 Standard Potentials

The standard potential of the peroxide-water couple (64) in acid
solution is

| Hz03 + 2H* + 2e ——ww 2,0 E®=1.763 V (31)
and in alkaline solutions
HOZ + Hy0 + 2¢ ——w=30H ER=0.867 V (32)
These high positive potentials cause peroxide to be unstable with respect
both to the oxidation cf water and its own oxidation and reduction in acid
and alkaline solutions. Many redox systems and metal surtaces act as cata-
lysts for peroxide decomposition.

4.5.2.2 Anodic Oxidation of Sulfate

Hydrogen peroxide is produced electrochemically by the anodic
oxidation of sulfate to peroxydisulfate which is then hydrolyzed. Peroxydi-
sulfate is formed electrochemically by the anodic oxiZicion of ammonium
sulfate (6) according to the reactions

2HS0; ——e2HS04 + 20 (33)
2450 ——>2807 + 28* + 2¢ (34)
280" ——250; + 20 (35)
2805 ——e 5,09°" (36)

2SO, ——a» 5,09%" + 204" (3,



The owverall reactions are

2-

M0y ——S,08° + 2% + 2e E® = 2.123 V (38)

2s03§” —'32032' + 2e EC = 2.010 V (39)

Oxygen ewvolution is therwodynamically preferred over peroxydisulfate
formation and in order to obtain reasonable yields a number of criteria
should be met (65):

@ An anodic material is required on vhich oxygen will dissociate
at high current densities. Shiny platinum is the most suitable.

® With increasing current density the Tafel slope changes due to
the formation of surface oxides of platinum. Only above this transition
region, at sufficiently high current densities, will peroxydisulfate form.

@ The transition region occurs at lower current densities with
increasing sulfuric 2:id concentration. This is believed due to the adsorp-
tion of sulfate ions on the platinum surface thereby inhibiting oxygen evo-
lution.

® Peroxydisulfate formation kinetics, relative to oxygen ewolu-
tion kinetics, is enhanced at lower temperature.

@ Halogenide, cyanide and thiourea additions help raise the
anode potential to a suitable region.

The cathodic reaction is the discharge of hydrogen ions to form gaseous
hydrogen. The overpotential, which should be kept low, is influenced by the
cathode material, surface condition and current density. Only lead and
graphite are cheap enough and hawe the necessary chemical stability. Lead
has better electrical conductivity and is more readily fabricated; graphite
has a lower hydrogen evolution overpotential and better heat conduction.

Optimization of output requires balancing high current yield with low
cell potential. High current yield requires high anodic current densities
(0.5-1.0 A/ca?). Low electrolyts potential loss requires low current densi-
ties on the cathode, in the electrolyts and in the diaphragm, as well as a
homogenous current distribution. Cooling the anode chasber contributes to
higher anodic potential and decreases the formation of peroxysonosulfuric
acid by hydrolysis. On the other hand, the specific conductivity of sulfuric
acid decresases at lower temperature. Since cooling costs money, an optimum
temperature is between 15 .nd 25° depending on cell design.

Hydrolysis of peroxydisulfate to form hydrogen peroxide occurs in sul-
furic acid solutions according to the reactions

HyS20g + H20 ~==-gpt3S0g + H2S04 (40)

HzSOs + H20 --0!!2804 + H20, *(41)




with Eq (40) believed to be the rate controlling step. Secondary side reac-
tions are controlled by operating at sufficiently high acid concentration.

4.5.2.3 cCathouic Reduction of Oxygen

An alternate method o. producing hydrogen peroxide electrochemi-
cally which has not achieved commercial significance is the cathodic reduction
of oxygen in alkaline solution by the reactions

0, + Hy0 + 2¢ ——S=HO3 + OH™ Ef = -0.076 V (42)

HOS + Hy0 ——&=H,0, + OH~ (43)

Cathodic loss reactions are the direct reduction of oxygen to the hydroxyl
ion

0, + 2H70 + 4e ——=40H" Eg = 0.401 V (44)
hydrogen evolution

2,0 + 2e ——8> Hy + 20H™ Eg + -0.83 V (45)
and reduction of hydroperoxide ion

.HOZ + H20 + 2e ——= 30H~ Eg = 0.867 (46)

Equations (44) and (45) result in reduced current efficiencies and Eq (45)
has the added disadvaitage of forming a potentially explosive mixture of
hydrogen and hydrogen peroxide.

4.5.3 Industrial Processes

4.5.3.1 Peroxydiculfate Process

Hydrogen peroxide has been produced commercially by the hydroly-
sis of peroxydisulfates formcd by clectrosynthesis as discussed in Section
4.5.2.2. The three processes based on peroxydisulfate are the Weissenstein
process using peroxydisul furic acid, the Loswenstein/Laports process using
ammonium peroxydisulfate and the Pietzsch and Adolph process using potassium
peroxydisul fate precipitated from ammonium peroxydisulfats. Peroxydisulfate
hydrolysis is carried out in a separate vessel under conditions which permit
regeneration of the sulfate and separation of the product hydrogen peroxide
as a mixture of hydrogen peroxide and water vapor. Operating data for the
three above mentioned processes are given in Table 13. Of these processes,
the one based on the ammonium salt has been favored because it is an all
liquid process (66). As shown in the schematic flowsheet, Figuze 26, a
solution of ammonium sulfate and sulfuric acid, equivalent to ammonium bisul-
fate, is fed to a series of electrolytic diaphragm cells generally using
platinum anodes and cither graphite or lead cathodes. In the Pietzsch and
Adolph cell (63), the diaphragm consists of an asbestos rope wrapped around
the graphite cathode. This eliminates the need for a catholyts. The ’
diaphragm is required to prevent cathodic destruction of the peroxydisul fate
ion formed at the anode.




R e aanrta s Lo e S

TABLE 13. Hydrogen Peroxide Cell Data (63)
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Flow Diagram for the Production of Hydrogen

Figure 26.
Peroxide by Ammonium Bisulfate Electrolysis (67)
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The Lowenstein-Laporte cell employs umglazed porcelain diaphragms to
separate the anolyte and catholyte. The solution flows through all of the
catholyte compartments and then through the anolyte compartments of the
electrolytic cells. As the solution flows through the cathode chambers,
hydrogen is evolved and any residual active oxygen in the recycled sulfate
is destroyed. Diffusion through the diaphragm and evaporation of water
causes changes in the electrolyte composition. During passage of the solu-
tion through the anode chambers, sulfate is oxidized to peroxydisulfate.
The porcelain cells contain platinum anodes and graphite cathodes arranged
so that cooling coils may be used to keep bath temperatures below 35°C.

The cells operate at about 5.7 volts. In order to prevent the formation of
oxygen, ammonium thiocyanate at about 0.) gw/liter (67) is added to the
electrolyte to increase oxygen overvoltage. The anode current density ranges
from 0.4 to 1.1 A/cm. The hydrogen evolved is diluted with air to prevent
formation of an explosive atwosphere. Power consumption is about 12,200
kwh/ton. The oxidized solution containing peroxydisulfate is sent from the
cells to an evaporator where a mixture of peroxide, formed by hydrolysis of
the peroxydisulfate and water is vaporized by steam. The vapors are sent
to a stoneware-filled distillation tower operated under a vacuum that pro-
duces a 30-40% hydrogen peroxide solution. The sulfate solution remaining
in the evaporator is cooled and filtered to remove any sediment and then
returned to the cells. The concentration is adjusted as required.

The recovered peroxide is acidified with sulfuric acid (0.5 g/1) and
fed to a second evaporator-distillation tower system operating at 65°C and
0.06 atm which further increases the concentration of hydrogen peroxide to
about 70s. This product may be further concentrated to about 85% by proces-
sing in a third evaporator-tower systea.

Although the process described above uses an ammonium bisulfate feed,
a similar process using suifuric acid is also used to produce hydrogen
peroxide. This process, known as the Weissenstein process and a modification,
the Eilenburg process (65), oxidizes sulfuric acid directly to peroxydisul-
fate. In the Weissenstein cell a lead coil serves both as cathode and cooling
coil. Inside the coil are ten vertical porcelain diaphragms spaced equidis-
tantly. Each diaphragm serves an anode consisting of thin platinum strips
with tantalum tops. This cell operates at about 5.7 volts.

Improvements in cell design have led to cell potentials on the corder of
3.7 volts, mainly by reduction in the cathodic and anodic overpotentials. A
comparison of the potuntial drops within the Eilenburg and Weissenstein cells
is shown schematically in Figure 27. The Eilenburg cell is designed on the
principle of a filter press. Figures 28A and B show the flowchannels through
the electrodes. The anode compartment (Pigure 28A) consists of two sections
through which anolyte flows. The anode consists of tantalum foil with plati-
num strips attached. The cathode plate (Figure 288) has milled channels
through which the catholyte flows. The cell body, Gaskets and spacers are
made of PVC. The hydrogen evolved is rapidly removed through the narrow flow
channels and serves as a gds lift pump for circulating the catholyte.

In a third modification of the peroxydisulfate process, potasgium bisul-
fate is added to the ammonium peroxydisulfate solution to precipitate
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rigure 27. Potential Drop in Weissenstein and Eilenburg Cells (6S)

Ec=cell wvoltage Iy c~cathode overpotential Eg=theorstical voltage

Egasanode overpotential Iecurrent Negecathode layer resistance

Rp~diaphrage zesistance Ep=diaphzage voltage drop Rygy=anode layer resistance
Ry=anode resistance Reecathode resistance
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potassium peroxydisulfate. The potassium salt is separated from the electro-
lyte and then hydrolyzed. This process is shown in Table 13 as the Pietsch
and Adolph process.

4.5.3.2 Peroxydisulfate Process - Energy Requirements

The encrgy required to produce hydrogen peroxide as shown in
Figure 29, is used in two major process steps. Electrical energy is used to
produce peroxydisulfate and thermal energy, in the form of steam, is used to
separate and concentrate the peroxide.

The overall reaction is
M50 ——s~H,0, + Hy (47)

The heat of reaction is AHg = 90.83 kcal/mole and the heat of reaction
for the cell reaction

is AHp = 99.15 kcal/mole. As shown in Table 13, the cell energy required
ranges from 11,600 to 14,600 kwh/ton with the Toewenstein-Laporte cell
(ammonium bisulfate) at 12,200 %wh/ton or 128 x 106 Btuw/ton. The Eilenberg
cell, with its lower cell voltage, uses about 9,000 kwh/ton or 95 x 106
Btu/ton.

The steam required for separation and concentration of the peroxide,
rarges from about 27.5 1lb/1b to 75 1b/lb, depending on product strength
(30-70% H,0,) . Using 32.5 1b/1b for a 50V product, at a boiler efficiency
of 82.5%, steam represents an additional 79 x 105 Btu/ton of pcroxide.
Miscellaneous electrical power, for pumps and other equipwment, and for
rectifier losses, amounts to an additional 3200-4000 kwh/ton or 14 x 106
Btu/tor. This gives a total energy input of about 15,400 kwh/ton for clec-
trical energy, and 79 x 105 Btuw/ton for thermal input. The encrgy efficien-
cies, as previously defined are for electric energy

cell efficiency = E, = .252¢
plant efficiency = Ep = 0738
fossil fuel efficiency = Eg¢ = .040%*
The total fossil fuel equivalent energy required is 240 x 10° Btu/ton H,0,.

4.5.4 New Electrochemical Process Dovelopment

4.5.4.1 Alkaline Electrolysis

The cathodic reduction of oxygen in alkaline solution to hydrogen
peroxide was discussed previously in Section 4.6.2.3. In order for the

* based on Eq. (48)
* hagsed on Bg. (47)
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of S:1 to 10:1 owcrall, with ratios in the individual stages of 10:1 to 25:1.
Three to eight stages are normally employed.

The feed materia.. may ei*her be anhydrous alcohol or the alcohol water
azeotrope and oxygen is supplied either. as air or pure oxygen. The effluent
from the reactor, consisting of unreacted alcochol, diiuent, acetone and
hydrogen peroxide, is cooled by reducing the pressure and condensing. Thc
peroxide and acetone are separated from the reaction mixture by distilla-
tions, as in the liquid phase process.

Enerqgy Requirements

The major use of energy in the alcohol oxidation process is in the
steam required to separate the hydrogen peroxide and acetone products from
the recirculating alcohol/water mixture. It is estimated that approximately
36.6 x 106 Btu/ton peroxide are required. An additional 26.5 x 106 Btu/ton
of peroxide in the form of steam is required to concentrate the peroxide
solution to 50%. At a stga generating efficiency of 82.5%, this amounts to
a fuel input of 76.5 x 10° Btu/ton. In addition, fuel is required to vapor-
ize the reaction mixture (about 4.6 x 106 Btu/ton) and electrical energy for
pumps (400 kwh/ton) . The total fossil fuel equivalent of the process energy
required is 85.3 x 106 Btw/ton H505. This does not include any energyv
associated with the feed isopropanol or the by-producc acetone. The heats
of reaction for both the liquid phase and the vapor phase oxidations are
exothermic: AHR = -30.8 and -21.9 Kcal/mole respectively. Therefore, the
energy efficiencies are meaningless.

4.5.6 Conclusions

The anthraquinone process for hydrogen peroxide manufacture uses only
about 45.6 x 10 Btu/ton, or one-fifth of the 240 x 10° Btu/ton required by
the peroxydisulfate electrolytic process. Although further improvements can
be projected for the peroxydisulfate process, there is no possibility that
it can become competitive on an energy use basis with the anthraquinone
process. There are however, several scenarios that could promote interest
in an electrolytic process. FPirst, since there is a rapidly increasing
demand for peroxide in wastewater crcatment and pulp and paper bleaching, it
may be desirable to consider on-site generation much as on-site hypochlorite
generation is used (see Section 4.3.1). Secondly, the above uses require
dilute peroxide solutions and about 40% of the energy requirement in the
peroxydisulfate process is used to concentrate the peroxide product to 508
Ha02. Removal of steam requirements for an upgraded peroxide would decrease
the energy requirement to 150 x 10° Btu/ton. Despite this saving it is
apparent that a major innovative approach to electrolytic peroxide manufac-
ture is required in order to make it more energy cowpetitive. Such a possi-
bility exists by the use of a couwpling reaction cell where peroxydisulfate is
formed at the anode according to Eq. (38) and hydroperoxide ion at the
cathode according to Eq. (42). Thie process will be examined in detail in
Section 5.3.
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Tel qu'expliqué dans I'introduction, 1a production du peroxyde d’hydro-
géne a I'échelle industrielle 2 connu jusqu'ici trois périodes. D’abord, vers la
fin du siécle demnier, ['application de la méthode originale de Thenard a
partir du peroxyde de baryum et d’un acide fort (sulfurique ou phosphorique)
a permis de fabriquer une solution aqueuse assez stable, mais peu concentrée :
de 3 & 6 pour 100 au plus. Ensuite, est venu le procédé électrolytique d'oxyda-
tion anodique des sulfates suivie de I'hydrolyse des peroxysulfates, qui donne
des solutions plus concentrées; de I'ordre de 30 pour 100. Ce procédé a été
supplanté . son tour par celui, plus économique et techniquement plus simple,
de I'o~ ydo-réduction cyclique des anthraquinones, procédé employé presque
exclusivement de nos jours dans toutes les nouvelles installations. I1 n'est pas
impossible que lui aussi soit un jour remplacé par un quatriéme, encore plus
avantageux. Comme les deux premiers procédés sont maiptenant désuets,
ils ne seront décrits que trés sommairement ici; d’autant plus qu'on en trouve
des descriptions trés détaillées dans les monographies déja citées (' 2°).

1. —~ PROCEDE AU PEROXYDE DE BARYUM

Bien que basé sur des réactions de chimie minérale assez simples en prin-
cipe ce procédé présente de nombreuses difficultés en pratique. Disons d’abord
que le peroxyde de baryum est le seul utilisable en pratique, ceux de calcium
et de strontium ayant des pressions de dissociation beaucoup trop élevées aux
températures ou la réaction d'oxydation par I'air est suffisamment rapide pour
étre pratiquable.

La réaction

BaO + % 0, - BaO,, (120}

qui est exothermique de 17 kcal.mole-?, a aux environs de 800 °C une pression
de dissociation 2 I'équilibre égale i la pression partielle de I'oxygéne dans I'air.
En pratique on se contente de températures de I'ordre de 500 °C qui donnent
quand méme des 1aux de réaction sufisamment rapides.
La fabrication de I'oxyde de baryum de qualité appropriée présente encore
plus de problémes que la peroxydation, ou I'attaque subséquente par les acides.
Bibl. p. 140. (P. A. GIGUERE)
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En effet, le succes de tout ce procédé repose sur la texture de I'oxyde employé,
qui doit &tre assez poreuse pour faciliter I'accés de Foxygene de P'air. Le produit
de départ est la baryte, ou spath lourd, le carbonate paturel étant trop impur
pour servir i cette fin. La suite des opérations peut se résumer comme suit :

a) Réduction de [a baryte en sulfure par le charbon pulvérisé dans un
four & eaviron 1000°C :

BaSO, +4C —»BaS + 4CO (121}
b) Dissolution du sulfure dans I'eau pour la carbonatation
BaS + CO, + H, 0 » BaCO, + H,S (122

¢) Le carbonate, filtré au filtre-presse, puis séché, est transformé en oxyde
par réduction avec le noir de fumée, le coke ou des hydrocarbures volatils. Cette
opération, Ia plus délicate de toutes, exige un contrdle rigourcux afin d’obte-
nir ur oxyde poreux et léger. En particulier, il faut prévenir la fusion de la
masse solide, qui forme des agglomérats, enrobant ainsi une partie du carbo-
nate non dissocié. L’opération se fait dans des cornues chauffées i plus de
1 000 °C pendant quelque 12 h. Le gaz dégagé, du monoxyde de carbone 2
80 pour 100, sert & chauffer les cornues.

d) L’oxyde de baryum encore chaud est ensuite peroxydé par un courant
d’air 2 300 ou 400 °C dans des fours rotatoires. Cette opération dure de 14 3
16 b et donne un produit contenant jusqu'a 83 pour 100 de BaO,, de 3 A
S pour 100 de BaCO, et 1 pour 100 de BaSO,. Les autres impuretés, silice,
alumine, etc., ne doivent pas contenir trop de métaux lourds pour minimiser
la décomposition catalytique du peroxyde d’hycrogéne.

€) Le peroxyde de baryum, refroidi et pulvérisé, est traité par une solution
d’acides minéraux dans des cuves munies d’un serpentin réfrigérant et d’agi-
tateurs.

On a aussi préconisé la fabrication i partir du peroxyde de sodium,
qui est beaucoup plus pur que celui de baryum, mais aussi plus coditeux.
Cependant, I'obstacle principal vient de ce que les sels de sodium <ont trés
solublec dans I'eau, en sorte que leur séparation d’avec le peroxyde d’hydrogéne
n'est plus possible. Ce procédé a servi 3 I'occasion pour fabriquer une solution
de peroxyde utilisable sur place, quand la présence de sels de sodium n’offrait
pas d’inconvénients : par exemple, dans le blanchiment de la pite 2 papier.
On a également obtenu du peroxyde d’hydrogéne comme sous-produit dans la
production de ia cryolithe artificielle Naj(AlF,) 3 partir de I'acide Huorhy-

* drique.

|
1. — PROCEDES ELECTROLYTIQUES ‘

La production électrochimique du peroxydr d’hydrogine est basée sur
I'oxydation 4 I'anode de solutions concentrées d’acide sulfurique ou de sulfates
alcalins. It ne faut pas la confondre avec la réduction cathodique de I'oxy-
géne qui a été décrite ci-haut (p. 114). C'est Meidinger (**) qui le premier

Bibl. p. 140. {P. A. GIGUERE)
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en 1853 a rapporté la formaticn directe du peroxyde d’hydrogéne i I'anode
dans I'électrolyse d’une soluticn fortement acidifiée par 'acide sulfurique. Cette
explication a prévalu jusqu'en 1878, alors que Berthelot (*%) a démontré, qu'en
fait, c’est d'abor¢ de l'acide peroxydisulfurique H,S.0,, qui se forme.
L’hydrolyse subséqu.nte donne du peroxyde d’hydrogene.

En principe cette méthode repose sur les équilibres déja vus (p. 33).
D'aprés ces équilibres il ne devrait se former que de 'oxygéne i I'amode.
En pratique, on peut produire du peroxyde ou des peroxysulfates, qui
exigent un potentiel d’électrode plus élevé, en augmentant la densité de
courart, et en choisissant une électrode avec une forte surtension pour le
dégagement de l'oxygeéne. Le platine métallique est le seul 3 posséder cette
caractéristique. Aussi, son cmploi pour la fabrication de I'anode est-il
indispensable. Comme c'est, en méme temps, un bon catalyseur de la décom-
position du peroxyde d’hydrogéne, on ne pourrait obtenir plus que des traces
de ce dernier en milieu neutre ou alcalin. Les peroxysulfates, au contraire, ne se
décomposent pas de fagon appréciable dans ces conditions. Les équations qui
représentent leur formation sont

2HSO; - 2H,0 »S,0} - 2H, 0+ +2¢" [123)
dont le potentiel d'électrode normal est de — 2,18 v, et
2%0% -+ S.0§" + 2, (124]

avec un potentiel assez voisin, — 2,06 v.

Le mécanisme de la réaction anodique n’est pas encore parfaiterent connu.
Ainsi, certains auteurs ont prétendu qu'il se formait du peroxyde d’hydrogéne,
soit comme intermédiaire (3%9), soit concurremment avec la formation des pero-
xysulfates (33%). Cetie hypothése apparait cependant peu probable, comme
I'a maintenu Haissinsky, tant pour I'oxydation des sulfates (*3%), que pour celle
des carbonates et des borates (**). On a aussi suggéré que I'oxydation se faisait
par l'intermédiaire de 'oxygéne naissant

2HSO; + O + H,0 —~ H,S,0, + 20H- [125]

mais il n'y a aucune justification pour une telle hypothese. Evidemment, il se
dégage toujours un peu d'oxygéne i I'anode, les conditions étant favorables
du point de vue thermodynamique. Mais en pratique cette action peut étre
minimisée; le role d= I'oxygéne se borne effectivement i la polarisation de
P'électrode.

1l existe trois variantes du procédé au peroxysulfate selon que I'électrolyte
est I'acide suifurique, le sulfate de potassium ou celui d'ammonium. Chacun
offre des avantages et des inconvénients. Aussi a-t-on essayé diverses combinai-
sons et modifications. Par exemple, I'acide peroxydisulfurique ne se décompose
que trés lentement a température ordinaire, mais il s hydrolyse facilement pour
donner V'acidc permonosulfurique, ou acide de Caro,

H,S,0, + H,0 — H,S0, + H,S0, [126)
Bibl. p. 140. [P. A. GIGUERE]}
Compl. Nouv. Traité Chim, min, (fasc. 4) 5
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Or la formation d'acide de Caro est nuisible pour deux raisons. D’abord, il
est déwruit & lanode

HSO; + O - HSO; + O, {127

et il s’hydrolyse sans donner de peroxyde d’hydrogéne
HSO; + H,0 - HSO; + H,0, [125)
HSO; + H,0, +HSO; + H,0 + O, (129}

Comme cette hydrolyse sc passe en solution on s’efforce de Ia minimiser en
réduisant le volume de la solution par rapport i la surface de I'électrode. Pour
la méme raison il faut empécher la température de s’élever au cours de I'élec-
trolyse, malgré la forte densité de courant électrique nécessaire pour un bon
rendement. En pratique on emploie une cathode creuse, avec circulation d’ean
froide.

Les procédés au sulfate de potassium ou d’ammonium ne présentent pas
ces inconvénients. Ce dernier surtout, qui est plus soluble que le premier, est
particuliérement avantageux. Il s’agit, en réalité, du bisulfate, NH,HSO,, car
12 solution doit étre gardée assez acide pour éviter la formation d’ammoniac
par réduction 3 la cathode suivant Ja réaction globale

2(NH).S0O, - (NH)).S,0, + 2NH, + H, [130]

Diverses modifications ont été apportées a ce procédé. Ainsi, le peroxysulfate
d’ammonium, trés soluble, est converti en peroxydisulfate de potassium peu
soluble par addition de bisulfate :

{NH),S.0, + 2 KHSO, - K,S$,0, + 2ZNH HSO, [131]

Le précipité est filtré, puis hydrolysé. La solution électrolytique peut alors étre
purifiée, puis recyclée. Une autre modification consiste 4 ajouter un sulfate
alcalin & celut d’ammonium, ce qui permet de doubler la concentration de la
solution, et partant, la capacité d’'une usine d'électrolyse.

Quant 2 'hydrolyse, celle de I'acide peroxysulfurique est bezucoup plus
facile que celle des persulfates. En effet, ces derniers tendent  précipiter au cours
de I'opération. Pour contourner cette difficulté on a eu recours 3 divers strata-
gémes; soit des évaporateurs de construction spéciale, du type 2 « film grim-
pant », soit une opération en deux temps, comprenant une premiére concentra-
tion sous vide, suivie d’une hydrolyse rapide par la vapeur.

Etant donné leur complexité technigue, les procédés électrolytiques ont
donné lieu au cours des années 2 toutes sortes d’études et de développements
dont la plupart sont restés secrets & cause de la concurrence. Ils ont pris énor-
mément d’ampleur, surtout en Allemagne et en Autriche, entre les deux guerres
mondiales; si bien qu'en 1950 ils assuraient, tant en Amérique qu'en Europe,
90 pour 100 de la production mondiale (*3°). Le fonctionnement de I'industrie
allemande des peroxydes a été décrit dans les rapports des missions scienti-
fiques des Alliés (929 703 3133. 39)

En résumé, ces procédés sont avantageux en ce qu'ils fournissent directe-
ment un produit pur et assez concentré, de 30 3 35 pour 10C. Par contre, ils

Bibl. p. 140. (P. A. GIGUERE)
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exigent un investissement de capital considérable, et la consommation d’éner-
gie électrique est élevée. Le bon fonctionnement et i'entretien d’un appareil-
lage délicat et complexe requiérent une main-d'ceuvre assez coiteuse. C'est
peut-étre ce demnier facteur qui a le plus contribué a leur désuétude.

ii. — OXYDO-REDUCTION DES QUINONES

Les procédés modernes de fabrication du peroxyde d’hydrogéne sont
basés sur la réduction catalytique de composés organiques de la famille des
quinones, suivie de Fautoxydation par l'air des hydroquinones ainsi formées.
Ce sont des procédés cycliques, qui se font en milieu exclusivement crganique-
L'extraction par I'eau du peroxyde d’hvdrogéne dissous dans ces solvants
organiques donne directement une solution de 25 i 35 pour 100.

On savait depuis longtemps que l'oxydation lente de certains composés
organiques donne du peroxvde d’hydrogéne ou des peroxydes organiques.
Cependant, cest 3 Walton et Filson (5%°) que I'on doit la premiére préparation
en 1932 de H.O. en quantités substantielles par oxydation de Fhydrazoben-
zéne en solution alcoolique. Leur découverte. brevetée peu aprés (441), a donné
naissance au procédé industriel connu sous le nom d'autoxydation des anthra-
quinones. Une compilation des nombreux brevets couvrant les diverses modifi-
cations de ce procédé a été publiée récemment (5%°).

La chimie de ce procédé peut se résumer dans I'équation suivante :

o OH o)
|
A~ ke AL A~ Ee
0" Q00" w5 OO0 v v
~ +H; ~ + 0 Y
. ! ¥
o OH o

(A) &) (A)

L'anthraquinone (A), dissoute dans un mélange de solvants organiques,
est réduite par I'hydrogéne a pression ordinaire en présence d'un catalyseur.
Dans une scconde étape I'hydroanthraquinone (B) est oxydée par I'air, régéné-
rant 'anthraquinone de départ, et formant du peroxyde d’hydrogéne qui doit
étre extrait de Ia solution organique. Outre cette réaction principale, il se pro-
duit des réactions secondaires qui viennent malheureusement compliquer le
systéme.

a) Anthraquinone. — Comme substance de travail on emploic de préfé-
rence 1'éthvie-2 anthraquinone (A) a cause de sa solubilité favorable et sa résis-
tance aux opérations répétées d'oxydo-réduction. On a aussi employé des
mélanges d'alkyl-2 anthraquinones et de tétrahydroalkyle-anthraquinones.
Ces derni¢res, de toute fagon, se forment graduellement par hydrogénation
de P'anthraquinone de dépari. Parmi les autres composés décrits récemment
dans des brevets on note : i) des mélanges cutectiques d'anthraquinones (**%),
plus solubles que les composés purs; ii) la tétrahydroanthraquinone pure a
85 pour 100 (**%), qui permet d'opérer a des températures plus élevées avec de

Bl p. 140, (P. A. GIGUERE]




wie langere Zeit bei eingeschalteter
Heizung sorgtaltig gespult. Sollte
einmal durch unvorsichtiges Ar-
beiten, z. 8. beim Aufheben eines
Vakuums oder durch Bruch, Luft
in die Anlage gelangt sein, so ist
diese Spalung mit Inertgas zu wie-
derholen. Das gleiche gilt fir den
Fall, daB die Apparatur langere Zeit
auBer Betrieb war. Stérungen durch
Saverstoff und Feuchtigkeit sind
meistens auf Bedienungsfehler
oder auf unsachgemaBes Arbeiten
zuruckzufuhren.

Reduktion des Katalysators

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

serstoff oder Kohlenmonoxid bzw.
durch Einleiten eines Gemisches der
beiden Gase in das Absorptionsrohr
{D) bei Temperaturen von 100 bis
150°C. Hierbei ist der Hahn 2 zu
schlieBen, wahrend der Hahn 1 zur
Ableitung des uberschiissigen Ga-
ses und des entstehenden Wassers
geoffnet bleibt. Es ist selbstver-
standlich darauf zu achten, daB der
Uberschissige 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. Zweckma8ig wird
der Katalysator zunichst im Inert-
gasstrom auf 100 bis 120°C erhitzt,

danach gibt man dem Inertgas re-
duzierendes Gas in dem MaBe zuy.
daB 150°C nicht Gberschritten wer-
den. Zuletzt solite bei dieser Tem-
peratur und wvolliger Schwarzfar-
bung die Reduktion mit unverdinn-
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 beeintrachtigt ge-
wohnlich die Wirksamkeit nicht.

Die Regeneration des graugrunen,
erschopften Katalysators veriauft
unter gleichen 3edingungen wie die
erste Reduktion, iedoch in wesent-
lich kirzerer Zeit.

(Nach Unteriagen der Fa. NORMAG. Hofhein/Ts )

Wasserstoffperoxid: Herstellung und Eigenschaften
Von Dr. D. Osteroth, Witten an der Ruhr

Im Jahre 1818 gelang ersimals dem
franzosischen Chemiker Thénard die
Gevsinnung einer zwar noch sehr
verdunnten waBrigen Losung von
Wasserstoffperoxid durch Einwir-
kung von Schwefeisiure auf Ba-
riumperoxid:

820, * K50, 8250, + H0,
Auf diese Weise lassen sich nur
Losungen mit etwa 3 bis 6 Gew.%
Gehalt an H,0, 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 H,0, entwickelt, das nach

folgendem Schema ablauft:
w30, — 2% 1m0, + Ho,
N

Dieses Verfahren wurde spiter u.a.
von der Degussa zum sog. De-
gussa-WeiBensteiner-Veriahrenaus-
gebaut und im Degussa-Werk in
Rheinfelden in einer GroBanlage
betrieben, in der 35%iges H,0, an-
fiel.

Wilhrend des Zweiten Weltkrieges
erlangte die Herstallung von hoch-
prozentigem, etwa 85%igem H,0, im
damaligen Deutschen Reich sehr
groBe Bedeutung. Dieses Produkt
diente unter dem Decknamen ,T-

310

Stoff* als synthetischer Treibstoff
fir Raketentriebwerke (u.a. in V-
Raketen, Torpedos, Raketenflug-
zeuger usw.). Die Elektrochemi-
schen Werke Mdnchen (EWM) be-
saflen in ihrem Werk Hollriegels-
kreuth eine Anlage, die am Ende
des Krieges eine Kapazitat von 400
moto hochprozentigem H,0, er-
reichte. Zulieferwerk fir 35%iges
H,O das die EWM nicht selbst in
ausrv.chenden Mengen produzieren
konnten, war das Degussa-Werk
Rheinfelden. Eine weitere Produk-
tionsstatte, 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 sich in Bad Lauterberg im
Harz; diese Anlage wies am Ende
des Krieges eine Kapazitit von
1100 moto auf. Weitere kleinere
Anlagen befanden sich u.a. bei
Henkel in Disseldorf. Die groBte
Anlage zur Herstellung von hoch-
prozentigem H,0,, das T7-Stoff-
Werk Rhumspringe im Vorharziand,
war am Ende des Krieges im Bau;
ferner war auch im /G-Werk Heyde-
breck in Oberschlesien eine neue
GroBanlage im Bau, die nach einem
neuen I/G-Verfahren produzieren
solite. Planmifig wollte man im da-
maligen Deutschen Reich am 1.4.45
Uber eine Kapazitdt von 2770 moto,
am 1.7.45 (iber 3770 moto und am
1.10.45 schlieBlich Gber 5200 moto
verfiigen, jedoch setzte das Kriegs-

ende dieser Entwicklung ein Ende.
Die Produktion von H,0, wurde ver-
boten und die Anlagen wurden de-
montiert.

Das EWM-Verfahren, nach den be-
teiligten Erfindern auch Pietzsch-
Adoiph-Verfahren genannt, beruhte
auf der Elektrolyse von Ammonium-
hydrogensulfat zv Ammoniumsulfat
und dessen anschlieBen_ur Umset-
zung mit festem Kaliumhydrogen-
sulfat zu Kaliumpersulfat. Nach
Versetzen mit 60%iger Schwefel-
sdure und anschlieSendem Einleiten
von Wasserdampf bildete sich durch
Hydrolyse eine etwa 35%ige was-
rige Losung von H,0,, aus der durch
Destillation und Fraktionierung im
Vakuum eine 80- bis 85%ige waB-
rige Losung von H,0, von hoher
Reinheit und Stabilitit erhalten
wurde.

Bereits im Jahre 1942 war von der
damaligen IG-Farbenindustrie Ak-
tiengeselischaft das sog. AO-Ver-
fahren  (Anthrachinon-Verfahren)
entwickelt worden und wurde da-
mals in einer Versuchsanlage im
Pilot-Mafistab (30 moto) betrieben.
Dieser von Ried! und Pfleiderer ent-
wickelte Proze8 kam jedoch wiéh-
rend des Krieges nicht mehrin GroB-
produktion. Heute stelit er jedoch
den wichtigsten technischen Weg
zum H,0, dar, und die Hauptmenge
der jahrlich in der Weit hergesteliten
rund 400000t wird so gewonnen.
Folgender Proze8 liuft hierbei ab:
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Beim AO-Verfahren wird eine sog.
Arbeitslosung” mit etwa 10 bis 20%
des soq. .Reaktionstragers” (z.B.
2-Athylanthrachinon) in einem Lo-
sungsmittel Uber mehrere Reak-
ticnsstufen im Kreis gefihrt; als
.Chinonléser* dienen Aromaten im
Siedebereich von etwa 160 bis
240°C. Der Losung muB8 ferner ein
+Hydrochinonloser* zugesetzt wer-
den, der verhindern soll, da8 im
Kreislauf gebildetes Athylanthra-
hydrochinon auskristaflisiert. Man
verwendet hierfir Trioctylphosphat,
Diisobutylcarbinol! oder Methyicyclo-
hexanolacetat. Fur die Hydrierung
verwendet man Raney-Nickel als Ka-
talysator.

Das von der Firma Shell entwik-
kelte Isopropanol-Verfahren arbeitet
nach folgendem Prinzip:

H o
HC-C-cH, — 2 c-C-ci, + Ho,
OH 1
' t
o
Bei der Oxidation von Isopropanol
mit Luft entstehen Aceton und H,0,.
Zwar ist es technisch durchaus mog-
lich, das Aceton zu Isopropanol zu-
ruckzuhydrieren und im Kreislauf in

den ProzeB einzuschleusen, doch
wird dieser Kreisproze8 offenbar aus
wirtschaftlichen Grinden nicht

_durchgefihrt. Dieses Shell-Vertah-

ren ist ein BasisprozeB iur die Her-
stellung von synthetischem Gly-
cerin, wobei H,0, an Allylalkohol
angelagert wird:
:::' %o _ .:;..."::
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Das heute in den AO-Anlagen ge-
wonnene H,0, fallt in der Regel als
70%ige Ware an, die im Labor leicht
durch Destillation und anschlie-
Bende fraktionierte Kristallisation in
wasserfreies H,0, Gbergefihrt wer-
den kann; hierbei handeit es sich
um eine sirupose Flussigkeit vom
Fp —0,43°C und vom Kp 150 bis
158°C. Obwohl H;0, nach folgen-
der Gleichung zerfallen kann,

HOim HOy + 0,
AN = -235 keal/mel

ist im Hinblick auf sicherheitstech-
nische Uberlegungen die Tatsache
sehr wichtig, daB waBriges 90%iges
H,0, bei Normaltemperatur nicht zur
Explosion gebracht werden kann,
und zwar auch nicht durch Initial-
zindung. Die Zersetzungsneigung
nimmt jedoch mit steigender Tem-
peratur sowie insbesondere bei Ge-
genwart von Katalysatoren rasch zu.
Bei Beachtung der einschligigen
Sicherheitsbestimmungen ist der

.

Umgang mit H,0, ungefahrlich.
Losungen hoéherer Konzentration
(auch die handelsubliche 35%ige
Ware) konnen jedoch schwere Ver-
atzungen hervorrufen, wobei ins-
besondere die Augenschleimhéute
gefahrdet sind. H,0,-Dampfe fithren
ferner zu Reizungen der Augen so-
wie der Atemwege und der Lunge.
in der Technik kommt H,0, in Kon-
zentrationen von 50 bis 70 Gew.%
in StraBentankern oder Kesselwagen
zum Versand an GroBverbraucher.
Der Umgang ist problemlos, wenn
das H,;0, in hoher Reinheit vorliegt
und ausreichend stabilisiert ist. Es
mu8 ferner beachtet werden, daB
Schwermetalispuren die Zerset-
zung des H,0, katalysieren und
wegen der Bildung von Sauerstoft
durch Zersetzung die Lagertanks
mit Entidftungseinrichtungen aus-
geriistet sein mussen. Als Werk-
stoffe far Tanks, Pumpen usw. eig-
nen sich Chrom-Nickel-Stahle so-
wie Aluminium (99,5), ferner Al/Mg-
Legierungen.
Hauptanwendungsgebiete fir H,0,
in der Technik sind die Herstellung
von Bleichmitteln far die Textil-,
Papier- und Waschmittel-Industrie
(Natriumperborat: NaBO, - H,0,-
H,0), ferner die Herstellung von
Glycerin und Weichmachemn.
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Zur betrieblichen Bewiltigung von Reglerstorungen

1. Einleitung

Wie an anderen verfahrenstecn-
nischen Elementen innerhalb einer
Prozefianiage, so kdnnen auch an
den Regeieinrichtungen Sté-
rungen auftreten. Da derartige St6-
rungen haufig ein absolutes ,.Fehl-
verhaiten” des betroffenen Instru-
ments zur Folge haben, istihre friah-
zeitige Erkennung und die Einlei-
tung geeigneter Maflnahmen eine
wesentliche betriebliche Aufgabe.
Wenn einmal von den weniger
haufigen Fallen abgesehen wird,
bei denen die Energieversorgung
tir samtliche Regelkreise einer
Anlage ausfdlit, so hat der Betriebs-
mann es normalerweise mit einer
Einzelstérung 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 nitzlich, wenn
er zumindest die Funktionsablaufe
in einem Regelkreis kennt.

2. Schematischer Autbau eines
Regelkreises

Als Beispiel dient uns eine pneu-
matische Mengenregelung.Diese
besteht aus der durchflossenen
Rohrleitung, in die — in FluBrich-
tung gesehen - im aligemeinen
zuerst die MeBblende und dann
das Regelventil eingebaut sind.
Zwei Impuisieitungen fahren von
der Me8blende zum Transmitter,
in dem der MeBwert pneumatizch
verstirkt wird. Dazu braucht der
Transmitter Druckluft, die ihm durch
eine Versorgungsleitung zugefiihrt
wird. Vom Transmitter fihrt eine

MeBwert-Ubertragungsleitung zum
unter Umstinden weit entfernten
Regler. Im schreibenden Regler
wird der MeBwert sowoh! auf das
Schreibwerk als auch auf den
eigentlichen Regler gegeben. Im
Regler, der ebenfalls eine eigene
DruckiuftzufGhrung hat, erfoigt
die Umformung des MeBwertes
in den Steuerimpuls, der durch
eine weitere Leitung in Richtung
Regelventiigeleitetwird. Unmittelbar
vor dem Regelventil trifft die Leitung
auf ein Stellwerk (.Positioner),
das die Aufgabe hat, den ankom-
menden Luftstrom zu verstdrken.
Auch hier gibt es eine Versorgungs-
luftzuleitung (im MeB- und Regel-
jargon: ,Zuluftleitung”). Der ver-
stirkte Luftstrom wird auf die un-
mittelbar benachbarte Membrane

3t
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Du Pont, Memphis, Tenn. - : e 128
FMC, Bayport, Tex - . 60
FMC, South Charleston, W. Va. _ : 85
Interox, Deer Park, Tex.. .88
Total 358
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DEMAND
1982: 218 million pounds; 1983: 235 miliion pounds; 1987:
307 million pounds.

GROWTH
Historical (1973-1982): 3.2 percent per year; future: 6 to
9 percent per year through 1987.

PRICE - . .

Historical (1952-1983): High, 43c. per pound, 70 percent,
tanktrucks tankcars, 1.0.b. frt. equald.; low, 17c. per pound,
divd. Current: 43c. per pound, f.0.b. frt. equald.

USES
Chemical synthesis, 28 percent; pulp and paper, 20 per-
cent; -textiles, 18 percent; environmental uses (including
water treatment and geothermal steam treatment), 15 per-
cent; mining, & 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 ghare of the
pulp and paper market partially because it is reportedly less
energy-intensive than chlorine dioxide.

WEAKNESS
Hydrogen peroxide production fell substantially in 1881
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 steadily in recent years due
to the poor state of the uranium market and oxygen's dis-
placement of peroxide in certain mining applications.

OUTLOOK
Hydrogen peroxide is expected to grow twe to fhree times
faster than GNP through the next five years. The highest
growth will be in the less cyclical end-use market — pulp
and paper and environmental uses.
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PRICE AND UNIT SHIPMENT VALUES

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

Prices b
35% H,O. Hzé 70% H,O
Cents per “Cents per Cents pet ents per Cents per ents per
Pound Kilogram Kilogram Pound Kilogram
1965 17.00 37.48 - - - -
1966 17.00 37.48 24.25 53.46 32.00 70.55
1967 17.00 37.48 24.25 53.46 32.00 70.55
1968 17.00 37.48 24.25 53.46 32.00 70.55
1969 17.00 37.48 24.25 53.46 32.00 70.55
1670 16.00 35.27 21.70 47.84 28.80 63.49
1971 16.00 35.27 21.70 47.84 28.80 63.49
1972 13.75 30.31 18.25 40.23 23.00 50.71
1973 13.75 30.31 18.25 40.23 23.00 50.71
1974 13.75 30.31 18.25 40.23 23.00 50.71
1975 13.75 30.31 18.05 40.23 23.00 50.71
1976 15.50 34.17 21.25 46.85 26.00 57.32
1977 }15.50 34.17 20.75 45.75 26.00 §7.32
1978 15.50 34.17 21.25 46.85 28.00 61.73
1979°€ 16.25 35.82 24.00 52.91 32.50 711.65

See MANUAL OF CURREN;I' INDICATORS - SUPPLEMENTAL DATA for additional information.

a. Prices are list prices taken on or near July 1 of each year. Whenever a range of prices
was given in the source, the lowest was used. The price bases are:

35% HZOZ

1965-1971 Tanks, delivered

1972-19717 Tanks, works, freight equalized

1978-1979 Tanks, works, technical, freight equalized.
50% and 70% HZOZ

1966-1971 Tanks, delivered

1972-1979 Tanks, freight equalized.

b. On a 100% basis, 70% H O solutions are usually the lowest in list price. Such prices
have been as follows (100‘3 basis):

Cents per Cents per

Pound Kilogram
1966-1969 45.71 100.77
1970-1971 41.14 90.70
1972-1975 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
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¢, 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 Reporter, midyear issues.

(B) Communication with industry.

The following table lists unit shipment values for HZO (100% basis), based on total
shipments (including interplant trarsfers) and total shipmen% values.

Unit Shipment Values
Cents per Cents per
Pound Kilogram
1956 47.85 105.5
1957 T 41.50 104.7
1958 46.55 102.7
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
t
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 21.35 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 Reports, Series M28A, U.S. Depart-
ment of Commerce, Bureau of the Census.

Chemical Economics Handbook - SRI International
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C’est au chvmiste francais Lows-Jac-
ques Thenard que I'on do:t 1a gecou-
verte en 1818 de <l'eau oxy A2
Il faliut attendre le aébut qu sie-
cle pour voir apparaitre ses prefre-
res apphcatons gans !a desinfecton
ges plaies et le blanchiment Cu
paoer et ges textiles. La nature. elle.
avait cepuis lonctemps mus a pro-
fit [es etonnantes cropnetes au pero-
xyge J'hycrogene :@ un  pett
coteoptere. ie hen nomme Brachinus
crepitans (L), 2 uniise-tal pas des
orojecnons ¢'un melange «expiosi»
ge H.O. a2t d’hycroquinone genere
par ses glances anaies pour eloigner
ses ennemus?

Developpee p-ogressivement entre
‘es deux guerres la production ngus-
tnieile Cce peroxyge dhydrogene a
J'aborc fait appel a la methode de
Thenarg (hygroiyse du peroxyde de
baryum) qui ne conduisait qu'a des
solutions tres diluees en H,0,. La
mise au point en Allemagne. aux
USA et en France. du procede elec-
troiytique devait permettre
@'atteingre des concentrations ce
i‘orgre ce 30 °s. Mais. c'est a partr
de I'nvention. pendant |1 seconde
juerre mondiale dans les laborator-
res gde I'1.G. Farben, du procede de
tabrication a partr d'anthraguinone
Qque i'Industne du peroxyde d’hyaro-
Jene devait recevor une mpulsion
gecisive. Cette technique est
aujourd’hun universeltiement utilisee.
Elle fait intervenir une aikytanthra-
quinone (tres generalement I'ethyl-2
anthraquinone. mais auss l'amyl-2
anthraquinone dans le cas du pro-
cede Mitsubishi) et comporte 3 eta-
pes :

— nydrogenation de [‘ethyl-2
anthraquinone en hydrogquinone Cor-
respondante par H, en presence
d'un catalyseur (ex : Pd/Ai.O,).

— oxydation par I'ar ge |'hvdroqui-
none en un melange d'hydroxy-
hydroperoxydes ;

— gecomposition de ces hydropero-
xydes en H,0, et quinone de depart.

La solution reactive est recyclee et
subit des transformations chimiques

compiexes 3ivec appanton dautres
especes notamment de denves du
type 4H-anthraquinone (i) dont I'effi-
cacne est egale, voire supeneure. 3
celle de lanthraquinone de départ
dans le process mais auss: de den-
ves epoxydes IV) et polyhycroxyles
inachfs. Le peroxyde d'hydrogene
est extrait avec un solvant appropne
puls concentre par distllaton. La
tadle mumum c'une umte ndus-
trielle se situe 3ux alentours ce
20000 tan. ia pius grande unite
mondiale. ~eille d'Oxysynthese (jont-
venture LAr Liqude-ATOCHEM) a
Jarme atteint 30000 t/an.

peroxyde
d’hydrogene

Sgnalons que Du Pont de Nemours
a annonce la découverte d'un nou-
veauy procede de fabncation d'H,0,
«par synthese directe» a partir
d’hydrogene et d’oxygene gazeux.
Le systeme catalybque est constitue
d'une solution aqueuse ac:de conte-
nant des iwons halogenures (Br de
preférence) servant de milieu de sus-
pension a du Pd depose sur charbon
3 une concentration denviron 2 %o.
La reacuon s effectue a basse tem-
perture (0-25 *C) et a des pressions
moyennes (29 a 170 bar). Les con-
centratons d'H,O, obtenues sont e
'ordre de 1S %5 Selon Du Pont ce

H OH
C,H +Hg
Hy/ catalyseur * ‘@
OH

1

o

H HOO OH
s C,H,
@Qioj +wo, — QL X0
' HOO™ TOH

Le procédé H,0, i léthyisnthraquinone (d'spres *)

o

w‘yczﬂs
=

o {)]
(o

0
v

~

o

H H )
0
AP A CHy

o m

Sous-produits se formant dsns I solution.
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peroxyde d’hydrogéne

procede permettrait de reduwe de
50 *% le cout d'investissement des
unités d'H,0, par rapport a la tech-
nique classique passant par 'auto-
oxydation d'anthraquinones et
I'extraction avec des solvants.

quon puisse
en‘.aerparlebrevetDuPomwSP
1751) le procedé qui fournit de

unmsdepameapawessenhele-
ment).

Concernant ses avantages en
matiere de sécurité il faut i
que, si l'eélimination des solvants
supprime les risques d'incendie,
'emploi d'un melange gazeux
d'hydrogene et d'oxygene entraine
des risques d’explosion évidents.
L'oxydant écologique

par excellence

L'utilisation du peroxyde dhydro—
gene dans lindustrie de la pate a

papeer est en piemne expansioOn au
Canada et dans 'Est des Etats-Unis.

En rempiacant le chiore dans le blan-
chiment de la pate le H,0, permet
ce

Au deia des emplois dans la clwmie,
I'industrie papetiére, les détergents,
I'epoxydation d'husles de soja pour
la stabilisation du PVC, Ia fabrication

: assainissement et
desodorisation d'effluents gazeux ou
liquices, régénération des sols et

des nappes phréatiques. epoxyda-
tion du caoutchouc naturel., produc-

non d'eay potable (en assocCiation
avec l'ozone pour remplacer lg

Plus genefalemem le peroxyde
d'hydrogéne apparait de plus en

»ogdaptuc : JHF;d(Schmgann
varenne ogen Pero-
xude in Organic Chemistry*; EDI

De 250 a 30.000 kg/h

VOTRE VAPEUR EN — 5 MIN.

en démarrage froid
Tous combustibles : FO - DO - Gaz

Hauts rendements constants

DES ECONOMIES D’ENERGIE
50 années d’expérience

(Marine, toute industrie)

Faibles encombrements
3° categorie

2. rue du Ventoux

- Z.i. Petite Montagne - C.E. n> 1433
91019 EVRY CEDEX

MUMOLUESTRNES ¢ 60.77.02.50 - Télex 690014
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eau oxygenee

EAU OXYGENEE a 100%
ull
PAYS A ECONOMIE
PLANIFIEE
a T
AMERIQUE DU NORD EUROPE DE L'OUEST
289 - 341 614 - 614 o
- 167
AUTRES PAYS
D’ASIE ET OQCEANIE
79 - 104
—an
AFRIQUE
0-5§
[
AMERIQUE
CENT. - DU SUD
25-35

Capacité en 1000 tm/an @ 3 fin 1988

* en projet
EAU OXYGENEE a 100%
PAYS A Econon
AMERIQUE DU ,',u""m oot AMERIQUE BU
NORS : 23,.40% NORD: 25,60%

(1) AMERIGUE CENTRALE ET DU SUD : 2,00%

Répartition des capacités par zones géographiques
en 1000 tm/an: 1237 & fin 1988.

ectanx:

20.20%

2

(1) AMERIGUE CENTRALE ET U SU0: 2,60%
(2) AFRIGUE : 0,40 %

Répartition dans les proches années compte-tenu des projets
actueliement snnoncés, en 1000 tm/an: 1334.

Informanons Chime n® 304 — Avni 1989 — 119
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/ UDC 661. 491

JAPANESE INDUSTRIAL STANDARD JIS

Hydrogen Peroxide K 1463-1971

H,0; Mol. wt. = 34.01

6

This standard specifies hydrogen peroxide intended for industrial use.

Scope

2. Grade
Hydrogen peroxide shall be classified into three grades as follows.

60 % hydrogen peroxide
50 % hydrogen peroxide
35 % hydrogen peroxide

3. Quality 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
peroxide

50% hydrogen
peroxide

35% hydrogen
peroxide

Hydrogen peroxide %
Evaporation residue %
Free acid (as Hy504) %

Stability %

60. 0 min.,

0.10 max.

0.05 max.

97. 0 min.

50. 0 min.

0. 10 max.

0. 05 max.

97. 0 min.

35. 0 min.

0. 10 max.

0. 05 max.

97. 0 min,

Remark:

chemicals are received by the consumer.

The values specified indicate the guaranteed figures when the

Reference Standards:

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

v

eral Considerations for Chemical Analysis

Frimary Standard Substances for Volumetric Determination
Ethyl Alcohol (95 v/v%)
Potassium Permanganate
Sodium Hydroxide
Bromothynol Blue

Methyl Red

Sulfuric Acid

Glass Apparatus for Chemical Analysis
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