452 Hydrogen Peroxide

tion is then pumped into the stirred vessel reac-
tor (c) and is gassed with hydrogen in the pres-
ence of Raney nickel. Periodic addition of small
amounts of hydrogenation catalyst from the cat-
alyst feed tank (d) allows a constant ratc of hy-
drogen conversion in the hydrogenator. Hydro-
genated working solution is collected in the
oxidizer feed tank (h) through the internal filters
in the stirred vessel, thus exploiting the excess
pressure in the reactor. The solution is then led
into the oxidation step via the safety filter (¢). A
side stream of hydrogenated working solution is
withdrawn and recycled to the precontact col-
umn (2. '

When the concentration of Raney nickel in
the hydrogenation reactor reaches a cerlain lim-
it, the content of the reactor is drained into the
cutalyst separator (f). Raney nickel settles to the
bottom, and catalyst-free supernatant is pumped
back to the hydrogenator.

A significant disadvantage of Raney nickel as
catalyst is its limited selectivity, i.e., the ratio of
hydroquinone formation to “‘tetra”™ formatioxn.
BASEF largely eliminated this by pretreating the
catalyst with ammonium formatc [45]. :

Alternatives were subsequently suggested for
pretreating Raney nickel (e.g.,  nitriles [46], .
amines [47], anid aldehyde solutions [48]).

The pyrephoric properties of Raney nickel
alsp require more stringent safety procedures
when handling the material. Raney nickel is still
used teday in some AQ plants, but palladium
catalysts are preferred because of their higher
selectivity and simpler handling.
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Degussa Hydrogenation Step. Degussa has
proposed the use of palladivm black as the hy-
drogenation catalyst. This exploits the advan-
tages offered by a suspended catalyst and avoids
the disadvantages of Raney nickel. Equipment.
that allows good conversion of hydrogen' with
very finely distributed palladium black is shown
in Figure 7 [49].

The most important feature of the loop reac-
tor (c) is the connection in seties of pipes with
different diameters. The working solution flows
downward in the large pipes at a rate of 0.7—
1.5 m/s and flows upward in the narrower pipes
at 1.5-3 m/s.

Degussa proposed a carbon filter [50]. A de-
cline in filer performance can be overcome by
periodic back flush with hydrogenated working
solution through the filter into the hydrogenator.

Advantages of this hydrogenation system are

1) almest complete conversion ol hydrogen,
2) nonpyropharic catalyst,

3) easy exchanpe of palladium black, and
4) easy regeneration of the catalyst.

Laporte Hydrogenation Step. Laporte Chem-
icals and other companies proposed the use of
supported paltadium catalysts [51]. These cata-
lysts have the advantage that their particle di-
ameter of 0.06—0.15 mm makes their filtration
and recirculation to the reactor simpler than -
those of palladium black.

Laporte proposed the apparatus shown:in
Figure 8 for industrial hydrogenation [52]. The

Hydrogenated
warking
solution

Warking

. T
solution L
a

Figure 7. Depussa hydrogenation step

a) Reactor circulating pump; b) Filter; .&Hoo_u reactor; <) Separator: €) Oxidizer feed tank; f) Back flush pump



¥ opedses B §e 59198 u] pafuelie (g} suunjos
" UONEPIXe Mof YyZnoI) smof] uap pue () 1o01ee
-das & s19u2 uonnjos Suiylom pajeusBolpiy

' *aprxXoIad UaZoIpAy JO UONBULIO] A1)

- U pAIImsuod JUnowe a1 4o} ayesuadwos o1 uags
~x0 arnd Suippe 4q juvisnos 1day s1 uomsodurod
5)] PUE ‘NNDIRD PIso[d B UL Pa[oAD ST XML 3Y T,
“DINTXNU WIFAKO —~UT0s3u v sasn dais uonepixo
ASVE Y1 *528-1j0 JO SWNJOA Y} SZ[UIUI O} PUE
SUOSEAL A13JBS 10, YSVH 1€ PIsn Uaaq sey Jua
-los euounb ay} se suaziaq JUIUIL)UOS UONN]OS
Jupjzom (01 914) daig vonepIx() ASVH

‘renn|os wc&._o.s
pue joxmdinba 30j $1500 WBURISIAUT JaMO] ©) UCHIN[OS
Fuiflom jo dupjoy psonpal Jo sumloa Jojeal Jpws (g
pue 53500 LF19ud 9522u30p 01 arnssoad Jossardmod mof (g7

RI0GIOEPR
TOQIED PIVBAIOR JO DZIS ) pue SEJ-)10 A1 JO AWN[OA
ay) sanpar o) uddAxo audydsouie Jo USRI UMM (I

:SI030031

. UGIRPIXO [RLIISOPUL m:Em_muv Ul JY3r0$ AU SIA1

-02{qo SUIMO[[O] 31} ‘SUOSEI JMUGUGID IO

. 35 yiim Buideoss syuaajos syl Jaaod
-01 pue 11 £jund 0} §10qJOSPB UOQIED POJEAIIOR
Jo S21Rs B 0] paloalip usy:i 1 sed-JJ0 ISZIpIXOo
ay ] "(edy ¢ 01 dn} i pazianssasd Apy3is yrim
pezipixo Aqjensn st uonn[os. funjiom pareusd
-odpAYy 2a13-sA[Eed 2y ‘syuepd |BLESTIPUL U]

UonBpPEXD ‘T

“skieee o) Jo uonwssuafar Lseo {§
pue “Aananpord poof (g
15K MR
popuaddsns v Sunedar uey) parendwos ssoor §1 184]
-mEa vun paxy © Jmoeldar ssueasq a5 Funproim Fuo| = (z
‘dais uonesny
a1y 3o uonEanNdWls MO 0] BdUT)SISal uoiselqe YBy ([

se
Yons SUSWANMbaI o I9quInu € g Jsnur jsie

dwnd pagy sorevefospiy (2 Lre8uryoxa reoy (p idwnd
Funena oy (0 DsAEIED (q L1198a1 paq-paxty (»
das voneusdorpiy DAL g 210311

uelnjos
Busjsom ] a
pajeuabospiy :
m uoH oS
Bunydom
’ J31EM
[~ Gunen)

uaboupiy

£G¥ apIxosad uaboupAiy

-1eo 2u 1, “tnoy aad 110w 2renbs 29d nopnjos Ju

C-{10M JO (W (2] —T| 99 PIROYS Yam Trag paxy

3yt Jo Fuipeo] [RUOHs-55010 [ewmndo ur synsa
uonerado sy T, '(p) 208ueypxe Jeay B Ul pasowial
U95q SR DONIRAI JO 18I Y} Ialjk uonnjos Jui
-}J0M YSaI) ) OJUI PIj OS)E St UONN|OS ulfiom
paeusBospAy oyl jo weans apls y 10308
a1l Jo dol oyl 01 padumd 51 UOIN[OS FuIoM Y]
*[6] /w2 €01 weyl Jo[[RWS Swnjoa atod & pur
“/ W ¢ UEI 559] BAIE S0BJINS B ‘WLl ¢ —7°( J0 13}
-3lUBIP & 2ABY PINOYS ISA[BIBD Pag-paxy o1
“Ivsl *[gs] (6 814)
O Aq pauoissnuiuod sem ssa00xd Qv oY)
107 1un uoneuaBoapAy poq-paxyy [einIsnpur 1510
a1 I *[g¢] 1010821 311 01Ul 15A]21ED JO UONIR[TD1193]
pue uonenqy Jo weajqold 3uy) SpIoAR PUT JSA]
-ejeo umipe)ed e saajoaut 1 dals uoneusoip
-Ay a1 10§ uonnjos dwis  siuasssdas uoneusd
-0IpAY pRq-paxld "dag vonrmadosplH N

*A[snonumuoo pare]
“N2419 9q ISt USBOIPAY ‘3qn) ) UL 39218 YIMILR
U31g £usdnins B wiplqo Of, ‘uonnjos Jupjrom
10 amol snonuyuos 213 £q adid oy3 0ur UMBIP 81
uoisuadsns 15£]e1e0 U [, "I010EaL NP} Ul PUE aGN]
9Y1 Ul SUOIINJOS SY] UIamIaq 20ualafjip Ansusp
31 0) NP M) Y] U) SINH0 MOf) paemdf) 's10mm
-qUISIP Aq pawIog 3Je s9)qqnq se3 [[ews L1 pue
‘(L] YOBI JO W0 syl ol pa) st usBoapAy
-20BJIns pinbiy a1 moaq 1snl a1e spus doy asoym
PUE 101981 31) JO WOH0Q Y} Ja0qe 1snf Iy spu
JOMO[ 950UM SN JO SIS B SUIRIUOD JOJORII

T3y [eusatu]
[{:] Loﬁmu.aﬁou Ty {o ‘soqm Jowoeoy (q Lroiuadospiy (o
das vonecaFoapiy sprodey g ol

- uafioupdy
uatjnios HonpIas
t BuyJo,
BupjJom UPHAM,
pajeuabelpiy

sefi-y10
Jojeuabalpiy

€LV '1oA



454 Hydrogen Peroxide

Vol. A13

N, tinert gas)

Hydrogenated 0, {reaction)
working

solution

Figure 10, BASF oxidation step

Solution
to exkraction

a) Separator; b) Oxidation columns; ¢) Siphon; d) Extraclor feed 1ank; e) Compressor

dized working solution flows into the extractor
feed tank (d) via a siphon {¢). The nitrogen—oxy-
gen mixture is compressed and fed into each of
the four reactors. )

Off-gas from the reuctors is collected in a

pipe and separated from entrained droplets of

working solution. After compensation for con-

Oxidizer off-gas to
active carbon absorber

sumed oxygen, the gas mixture is returned to the
compressor ().

Degussa Oxidation Step (Fig. 11) [55]. The
hydrogenated working solution flows cocurrent-
ly upward with the oxidizing air through the first
reactor. The working solution and air are sepa-

Hydrogenated
working
solution

Figure 11. Degussa oxidation step
a) Cancurrent-flow oxidation reac-
lors; b) Separator; ¢) Air compres-
sor

Solution
to extraction
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Figure 13, BASF cxtraction and drying step
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d
Water
o
c f ’
’
Solution to
purification

a) Sicve—tray cxtraction column; b) Water separator; ¢) Dirier; dj Potassiom carbonale solutfon separalor; ¢) Polassium
carbonate solution make-up and feed tank; f) Potassium carbonate concentration

7) Treatment with alkaline hyposulfitc solutions, followed
by oxidation [6%]

8) Tredtment of the working solution with agucous sudium
hydroxide or potassium hydroxide solution (8—17 molf
L) in the presence of oxidants |70] .

4.1.2.5. Purification of Crude Hydrogen
Peroxide ,

The aquedus hydregen peroxide leaving the
extraction is impure. Separators are usnally in-
stalled after extraction (Section 4.1.2.4). Mea-
sures for reducing the amount of dissolved or-
ganic compounds include treatment of the crude
product with polyethylene [71], ion exchangers
[72], or hydrocarbons [73], [74]. Water-soluble
organic compounds ¢an also bi: oxidized by heat-
ing and then extracted with suitable solvents
(e.g.. the quinone solvent) [75]. The effect of pu-
rification on carbon content of crude hydrogen
peroxide is illustrated in Table 5.

Purified crude product is then usually fed to
a distillation unit where it is purified further and
concentrated to the usual commercial concentra-
tion of S0-70 wi% hydrogen peroxide. This
-product ¢an be used directly in a number of ap-
plications. :

Table 5. Processes for purifying crude hydrogen peroxide

Process Carbon content  Refer-
of HyQ,, mg/L ence
Before  Afier
purii- purili-
cation cation
Extraction with xylene 580 450 [76]
Extraction with mcthyleyclo-
hexanol acetate 580 -390 [76]
Extraetion with xylene and
methyleyclohexanol acelate 530 Yo [76]
Brief treatment with 0.5 wi%
aclivated carbon 134 1 [
Treatment with adsorber resin -~ 320 140 [78]

4,1.2.6. Concentration of Hydrogen Peroxide

Water and hydrogen peroxide do not form an
azeotrope; their boiling point difference at atmo-
spheric pressure is 50.2°C (Table 1, p. 445). Dis-
tillation of water from agqueous hydrogen perox-
ide can, therefore; be used to concentrate the
solution or to completely separate hydrogen per-
oxide from water. A nimber of technical safety
requirements must be observed. Distillation of
dilute solutions has been used industrially to pro-
duce commercial 50 70 wt% hydrogen peroxide
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458 Hydrogen Peroxide

‘Table 6. Yields and energy consumption of electrochemi-
cal processes

Yicld or consumption*  Degussa— Miinch- Riedel—

Weissen-  ner Loewen-
stein  process  stein
process process
Current yield, % 73 Rl 83
Hydrolysis and distilla-
tion yield, % 93 9% 87 82 85
Totzl yield, % 68-10 92 88 0.5

Electricul encrpy, XW-h 1280 1760 1700
Stearn, t 1.85 2.5 4.5-48
Cooling water, m® 200 240 250

* Puramelers ure expressed per 100 kg of hydrogen perox-
ide {valculated as 100 wi%) in 1he form of a distlled
35 wit% solution. ~

All three processes have a very hiph energy
consumption and an unsatisfactory vield of ca.
70% (Table 6). ’

4.3.1. Degussa—Weissenstein Process
In the Degussa~Weissenstein process

(Fig. 14), sulfuric acid is adjusted to a concentra-
tion of 550-570 g/L (a) before flowing through

Hydrogen

Vol. A13

the catholyte chamber (b) where residual perox-
ide is destroyed and heavy-metal ions are precip-
itated. After addition of chemicals 1o raise the
electrochemical potential (e.g., ammonium rho-
danide or hydrochloric acid), sulfuric acid passes
to the anolyte chamber where persulfuric acid is
formed. Hydrolysis of persulfuric acid and distil-
lation of hydregen peroxide are carried out in
two steps (¢, d). Hydrolysis is 80—90% complet-
ed in (c), and distillation is achieved in approxi-
mately equal parts in two steps (c, d). In the
expulsion column (d), hydrogen peroxide is ex-
pelled from the concentrated sulfuric acid solu-
tion by countercurrent steam. Entrained acid 15
separated in an acid separator {g), and hydrogen
petoxide-—water vapors are separated in a frac-
tionating column (f). An agqueous solution with a
maximum content of 45 wt% hydrogen peroxide
is obtained. To purifly the circulating solution,
part of the stream is distilled constantly (g).

4,32, Miinchner Process

In the Miinchner process (Fig. 15), acid am-
monium sulfate is clectrolyzed in electrolyzers
without diaphragms.,

Water

Cathode Ancde

[=— Steam

Water

Figure 14. Degussa— Weissenstein process

Aqueous
hydregen
peroxide

a) Electrolyzer feed tank; b} Electrolyzer; ¢) Evaporation and hydrolysis; d) Hydrogen peroxide expulsion and hydrolysis;
¢} Acid sepurator; ) Water-hydrogen peroxide fractionating column; g) Acid purification
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460 Hydrogen Peroxide

4.4.1. Production from Peroxy Compounds

Peroxy tompounds can be decomposed to
form hydrogen peroxide. Examples of such reac-
tions, which include the historically important
Thenard reaction of barium peroxide with nitric
ot sulfuric acid, are listed in Table 7.

4.4.2, Production from Hydrogen and Oxygen

Direct reaction of hydrogen and oxygen to
form hydrogen peroaide can be achieved in a
number of ways but is not industrially impor-
tant. Available processes are either uneconomi-
cal or difficult to execute. However, the most
important hydrogen peroxide manufacturing
process—the AO process—also allows produc-
tion of hydrogen peroxide from its elements.

Table 7. Production of hydrogen peroxide from peroxy
compounds '

Peroxide Reaction Refer-

Cnee

B -

BaO, reaction of barimm peroxide
with H,50, i the presence
of & stnall amount of HCL al-
lowe quantitative conversion;
‘ca, 6% aqueous H,0, solu-
tions are obtained -

Ba0, as above, but in the presence

of HCl and H,PO,

sodium peroxide solulions
are passed through acidic ion
cxchungers to cxchange Not
for H*

terr-butyl hydroperoxide is
hydrolyzed to ters-butanol
and H,O, in the presence of
11,50, in a fractionating col-
uma

o2
Na,0, [93]

(CH,),C0~0H 194]

{CH,);CO—0OH H,0, and di-feri-butyl per-  [95]
oxide are formed [Tam terr-
butyl hydroperoxide in 509

H,S0,

peracetic 2cid is hydrolyzed
to CH,COOH and H,0, in
the presence of H,80,:

Lo shift the equilibrium to
H.C,, CH,COOH is tedeted
with an alcaho! and the ester
is distitled

[%6]

,0—0H peracctic acid is hydrelyzed
:uOIQ// with acidic ion exchangers,
(8] and the equilibrivm mixture
is separated by distillation

N
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Examples of hydrogen peroxide synthesis

. from hydrogen and oxygen follow:

1y Silent cleerrigul discharge into a reaction gas containing
%5% hydragen and 5% axygen, in the presence of water
vapor at 150—160°C and 10U kFa, and subsequent con-
densation of hydrogen peroxide result in a 10%
aqucous solution. The minimum clcctricel energy need-
ed (o produce f kg of hydrogen peroxide is 40 kW -h
[98].
2) Addition of hydrogen, oxygen, and nitrogen to aceione
in the presenee of hydrochloric acid, sulfurie acid, and
pulladium-silica gel catalyst results in hydrogen perox-
ide yields of 50% relative to hydrogen [99].
Hydrogen and oxygen react to form hydrogen peroxide
in a biphasic liquid system (water—organic solvent) with
a catalyst -of the L,PdX; type (L = phosphorus—con-
taining ligand, X = balogen, preferably chlorine). The
catalyst is soluble in organic solvents but generally in-
soluble in warer [106]. ,
Reaction of hydrogen and oxygen procecds in the pres-
ence of a nitrile or a nitrogen-containing organic com-
pound; a strong acid, und » palladivm catlyst {101].
Homogeneously catalyzed reaction of hydrogen and ox-
ygen oceurs in a biphasic liquid system (water—arganic
solvent) in the presence of a promoter. Compounds of
the IrCICO{XR .}, type are used as catalysts (X =P,
As, or Sb; R = phenyl, alkyl, or eyclobexyl) [1021.

3

-

q

g

5

o7

4.4.3. Production hy Autoxidation of Organic
Compounds

Autoxidation processes for the production of -
hydrogen peroxide include the AO process and
the 2-propanol process discussed in Sections 4.1
and 4.2. The azobenzene process has occasional-
Iy been used on a commercia scale. Analogous
1o the AO process, azobenzene is reduced to hy-
drazobenzenc which is then oxidized to azoben-
zene. The reaction proceeds at alkaline pH and
results in formation of Na,0,-8 H,0 [103]-
[105]. '

Other autoxidation processes have been sug-
gested, such as the oxidation of hydrocarbons,
alcohols, and hydrazine, but they have no com-
mercial significance. They are usually carried out
in the gus phase at high temperature and give a
multicompenent reaction mixture due to subse-
quent secondary reactions. ’

4.4.4. Production by Cathodic Reduction
of Oxygen

The formation of hydrogen peroxide (max.
1% solution) by cathodic reduction of oxygen
wis reported by TRAUBE in 1882 [106). The pro-
cess was improved by FiscHER and Priess who
introduced pressurized electrolysis (ca. 10 MPa),
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