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product are used to alleviate yield problems and assure safe operations with
heating and concentrating hydrogen peroxide with organic materials.

The hydrogen peroxide is concentrated during distillation and is usually
marketed as a 50—70-wt % product. It can be concentrated to higher strengths
by redistillation or through freeze—melt techniques. A procedure for concentrat-
ing very dilute solutions via formation of organic nitrogen-compound peroxy-
hydrates has been patented (126). Other patents describe the production of a
nearly water-free organic solution of hydrogen peroxide by mixing aqueous hy-
drogen peroxide with alkyl or cycloalkyl esters of saturated aliphatic carboxylic
acids and separating by azeotropic removal of water (127), and production of
water-free hydrogen peroxide for nuclear hydroxylation of phenols by mixing the
phenol with 70-wt % aqueous hydrogen peroxide and dichloromethane followed
by removing water and the dichloromethane through azeotropic distillation (128).

Economic Aspects
U.S. production of hydrogen peroxide is shown in Table 6 (129). The driving
influence on HyOy capacity and production has come from the pulp and paper
sector, as this industry converts from chlorine bleaching and the attendant
dioxin and chloroform formation to the environmentally more benign peroxide
chemistry. Since the 1970s, U.S. and North American production has increased
significantly owing to start-up of nine new plants and expansions to existing
plants. Table 7 lists all North American manufacturers and their estimated
capacities.

Total U.S., North American, and both Americas capacities for 1993,
as estimated from commissioning notices and public announcements by the
manufacturers, are 355-360 X 103, 505-515 X 10%, and 555-565 X 10° t/yr,

Table 6. U.S. Production of Hydrogen

Peroxide®?

Year Production, t X 10%
1960 26.0
1970 55.7
1980 105.8
1982 98.5
1984 126.3
1986 138.0
1988 161.0
1990 216.6
1992 271.8
1994 360°
1996 470°
1998 580°¢
2000 700°

aRef. 129. Courtesy U.S. Department of Commerce,
Bureau of the Census.

©100% basis.

¢Value is estimated.
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Table 7. i
e 7. U.S. and North American Manufacturers of Hydrogen Peroxide??

Capacity, t X 10%/yr
e e i

Manufacturer Site
us. N.
](;hemprc;xc Becancour, P.Q. =
Dig}‘;lssi Theodore, Ala. 75 -
on Memphis, Tenn. 64 g
Maitland, Ont. gé
Gibbons, Alta.
gll&acl\g)bel Columbus, Miss. 35 =
orp. Spring Hill, W.Va. 38 —
Bayport, Tex. 43 H
Prince George, B.C. fl}
Santa Clara, Mexico
Fort Howard® Muskogee, Okla. r
Solvay Interox Deer Park, Tex. 5(:; y
o Longview, Wash. 50 gg
358 511"

¢100% basis.

bAll prod i
producers use the alkylanthraquinone autoxidation process except where noted.
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/Kemira has announced plans for a 34 ki
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t/yr plant at a site in the U.S. or Canada, with estimated

respectively. Worldwide capacity i i
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Table 8. 1993 Technical-Grade Hydrogen Peroxide Price Schedule?

Price,’ $/kg

Co i
b ncentration, wt % Commodity basis 100% basis
i 0.541
0.755 1510
- }.091‘ 2:182c
.052
9Ref. 130. e

3
Fob nearest producer, material in tank cars

e o D e or trailers unless otherwise noted.
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Specifications and Standards

Aqueous hydrogen peroxide is sold in grades ranging from 3 to 86 wt %, most
often containing 35, 50, and 70 wt % H,05. In the United States, the only use for
86% Hy0s (ca 1994) is for attitude (flight path behavior) control of space craft,
ete. This minor amount is imported.

The 3-6% Hy0; solutions for cosmetic and medicinal use are obtained by
diluting a more concentrated grade, usually with the addition of extra stabilizer.
The 3% grade has a USP specification (131) (see COSMETICS).

The 30% reagent-grade hydrogen peroxide is purer than the industrial
grades, is covered by ACS reagent specification, and is used as a laboratory
reagent and in some specialty uses (see FINE CHEMICALS). Several grades are
also marketed for electronics use and thus have exceptionally low impurity
levels. Some of these latter contain very-little or no stabilizers (see ELECTRONIC
MATERIALS).

The 35 and 50% H302 concentrations are used for most industrial ap-
plications. The standard grades contain sufficient stabilizers to ensure safety.
Grades having lower stabilizer content and evaporative residue are available
for specialty uses and for aseptic cleansing of containers in food processing and
marketing.

The 70% H;02 concentration is used in chemical processing and for certain
organic oxidations. Dilution-grade 70% H,0; is stabilized to allow for later
dilution to 85—-50% storage concentration.

Concentrations over 8 wt % are classified as corrosive liquids by the De-
partment of Transportation (DOT). The Bureau of Explosives regulation (132)
classifies all solutions containing 20 wt % and greater as oxidizers and corro-
sives. The product containers must have identifying labels (drums) or placards
(tank cars, tank trailers) indicating that the contents are an oxidizer and corro-
sive material, UN 2014 or UN 2015. Bills of lading must also be so identified.
Tank cars and tank trailers are constructed from high purity aluminum or 300
series stainless steel.

Up to 52 wt % is permitted to be shipped in uv light-protected polyethylene
drums. Double headed aluminum drums are permitted for 70% shipments but
have not been used for some years.

Analytical and Test Methods

Analytical methods for the qualitative or quantitative determination of hydro-
gen peroxide are based on its redox or physical properties. Aqueous hydrogen
peroxide solutions are usually titrated with potassium permanganate, a strong
oxidizer capable of oxidizing many organic materials. Therefore, titrations of
hydrogen peroxide in the presence of organic matter may be biased on the high
side. Colorimetric and specific procedures are available (133,134), as are other
procedures (impurities and stability) (131,135-137).

High pressure liquid chromatography (qv) (138) and coulometry can be
used to detect and quantify anthraquinones and their derivatives in a hydrogen
peroxide process working solution.
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Health and Safety Factors

Hydrogen peroxAide, especially in high concentrations, is a high energy material
apd a stron‘g og?dant The Comprehensive Environmental Response, Compensa-
;llon, and L1ab1]¥ty Act (CERCLA) reportable spill quantity for great’er than 52%
ydrogen peroxide is 1 1b (0.45 kg). It is considered an acute, reactive, and pre
sure hazard upder Superfund and Reauthorization Amendx’nents (SI,&RA) %‘itlss;
;IL However, it can be handled safely if proper personal protective equipment
is worn and the proper precautions are observed (136). Some generally appli
cable control measures and precautions for handling hydrogen pemxide};ncf\gdz
tvhe‘use of adequate ventilation to keep airborne concentrations below exposure
hml'ts, 8 h TWA, 1.4 mg/m?®, use of coverall chemical splash goggles in combi-
nation with a full-length face shield if spraying is a potential occurrence, use
ofa NIQSWSM~approved respirator if airborne concentration can excee::l ex-
posure hmlt.s, a.nd use of neoprene or other impervious and compatible loves-
Other clothing items such as impervious aprons, pants, jackets, hoods, gboot: )
and_ totally encapsulating chemical suits with breathabl‘e air su;;ply sh;uld bSé
available for use as necessary. Leather (qv) gloves and shoes (uppers or soles)
f:sgxlqtr;‘oé (l)); ;\lrorn because these can ignite within three minutes following con-
ac tg; Sameo reyati:‘)ong.en peroxide or greater. Cotton (qv) items should be avoided
. Health and Physiological Effects. Hydrogen peroxide is irritating to the
skin, eyes, a.n'd mucous membranes. However, low concentrations (3—6%) are
u§ed in medicinal and cosmetic applications. Precautions should be taken with
ix}]lgher strengths to prevent inhalation of the vapors, ingestion, or splashing into
e eyes. In case of accidental contact with hydrogen peroxide, the affected
shoulg be washed immediately with excess water. ’ o ares
ests using rabbits indicate that transition from irri
rodant occurs at about 10% Hy0s. At strengths 10% anécllnal?gst; r:ltséi;ﬁ;:lg ;ct(;:;
eye can cause severe ulceration and irreversible corneal damag’e unless flushed
immediately with water. Inhalation of concentrated vapors can cause irritatio
of the nose and throat with chest discomfort, cough, difficult breathing, ang
s}}ortne§s of breath. Ingestion can cause irritation of the gastrointesﬁnal’tract
with pain, bleec?ing, and, distension of the stomach and esophagus, resultin
from the 11b§r§txon of oxygen. Gross overexposure by ingestion may b; fatal Ng
component in ln.d}lstrial hydrogen peroxide solutions is listed as a carcino, e;n
) Decomposition and Explosive Hazards. The principal hazards assofiatéd
with hyfirogen peroxide include (1) decomposition of H;0; with unrelieved pres-
sure buxldup;A(Z) spontaneous combustion of mixtures of HyO, and readil IJoxi-
dxzab¥e _materlal; (3) inadvertent admission of incompatible materials into aytank
containing HyO; or vice versa; (4) decomposition of H;0; to form an oxygen-rich
va;;or pha§e; (5) t'leﬂag'ration, detonation of a condensed-phase mixturg %f H,0,
ia_Ir; O;)rs:;‘l);s initiated by shock or thermal effects; and (6) explosive reaction of
Hydrogen peroxide decomposes with the generation of heat and
g‘he decomposition is promoted by catalytic impurities and its rate ini:ggg;
y a factm; of about 2.2-2.3 for each 10°C rise in temperature over the range
of 20-100°C (136). If the system is contained, and decomposition starts, the
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temperature increases and the volume of oxygen released increases the pressure
so that the rate becomes self-accelerating. Pressures reaching several thousand
kPa are achievable and ruptures of tanks, valves, piping, etc, occur. The hazard
from decomposition increases with increasing concentration because of relative
gas generation. Aqueous solutions containing more than 65 wt % can totally
vaporize by adiabatically absorbing the heat of decomposition, resulting in much
higher system temperature. For example, under ideal adiabatic conditions 1 m?
of 70% Hy0, can generate 2545 m® of gas and reach 233°C, but 1 m? of 50%
T,0, can generate 1280 m® of gas at close to 100°C. Thus it is imperative
that decomposition be controlled for safe storage and handling. Containers and
equipment must be constructed from compatible materials, be adequately vented,
and maintained free of contaminants (136). Drums and other portable shipping
containers should preferably be stored or shipped alone; so, in the event of an
accident, the HyO cannot mix with common combustibles or flammable liquids
and gases.

In organic processes, such as organic oxidations using high strength hy-
drogen peroxide, decomposition can result in an oxygen-enriched organic vapor
space. The higher oxygen content has little effect on the lower explosive limit
but significantly lowers the required ignition energy. Another potential is the
formation of a condensed-phase organic—hydrogen peroxide mixture at or near
the stoichiometric ratio. Such a stoichiometric mixture can deflagrate or deto-
nate if the mixing is sufficient to approach emulsification and sufficient external
energy in the form of heat or shock is added. The external energy requirement is
usually quite large, so condensed-phase explosions would be rare. A vapor-phase
explosion could possibly propagate to the condensed phase by this mechanism.

Many inorganic reagents are incompatible with hydrogen peroxide. Among
these are nitric (139) and sulfuric acid (67) above certain concentrations, and
mercurous oxide (140), which can react with explosive violence. Many organic
compounds can form unstable peroxides during reaction with hydrogen peroxide.
The most frequent explosive rupture incidents involve strong bases and hydrogen
peroxide. Hydrogen peroxide is less stable at high pH; thus the inadvertent
admission of caustic into a tank of hydrogen peroxide could result in runaway
decomposition and tank destruction. A review of each installation should be made
to assure that design features are in place so as to avoid such contamination.
A thorough safety review is a must for all new use applications, and explosion
testing may be required.

Hydrogen peroxide concentrations of 35% and above may, and 50% and
above do, cause spontaneous combustion of dry grasses, wood, and leaves. Spills
of concentrated hydrogen peroxide should be diluted with excess amounts of wa-
ter immediately. Practically all solid combustible materials contain sufficient
quantities of catalytic impurities to rapidly decompose hydrogen peroxide, espe-
cially at 70% concentration and above.

It is impossible to obtain a propagating detonation of commercial hydrogen
peroxide at ambient temperature under normal conditions of storage (141). Con-
centrations of 86% and above can detonate, but only if subject to a high energy
source. In the vapor phase, explosions occur under certain conditions. The lower
explosive limit at atmospheric pressure is about 26 mol % HyOs, which is close
to the equilibrium vapor concentration above boiling 75% hydrogen peroxide.
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Explosive vapor concentration above 90% h: ide i

xplosive ydrogen peroxide is avoided b; in-
taining its temperature below ca 115°C. Under vacuum, the lower egp{i::ilxxrle

. ¥
concentration limit increases, which provides a safe route to concentr ating by

Uses

Hydrogfan peromdg is used in many applications throughout a wide variety of
1n§\{s§nes. The pl"mClpal use areas are shown in Table 9. Most are based on};;}i7
oxidizing propertles of hydrogen peroxide. Some are derived from substituti ;
deconé]:omt’lﬁn, or ’}}}11e formation of perhydrates. o
eaching. e largest single use for hydrogen peroxide i i
States and North A!jnerica is wood pulp bleaching, bts: consun:;tit;;e fI(-)Ilf1 l:}elg
manufacture of chemicals, environmental applications, and for bleaching cotto
(qv), gool. (qv), and other textiles (qv) is significant. ' & cotton
) nvm{nmental concerns have led the pulp and paper in
kaline solutions of hydrogen peroxide as a replacemelzltpfor c}:ilslsitrllz ::xgm;ﬁ ;Z;L
’c;‘;ses, for hypochlorite gnd chlorine dioxide in bleaching applications ( 1:13—152)e
! &1353 include mechanical and kraft pulp bleaching and deinking (153) of re:
yzle paper (set:-: RECYCLING, PAPER). Kraft pulp bleaching is the largest appli-
;:)';1 fon in the United States, where hydrogen peroxide has been used in the final
) eachmgvsequence to qbtain very white product having maximum color stabil-
:) 3. A vane'ty of blea.chmg sequences are in use and hydrogen peroxide is now
eing userjl ina mqltfple number of the steps. The annual growth rate of hydro-
Ig“er': peroxide in thlg industry through the early 1990s has been about 12—16%
;1 ure growth rate is expected to depend on how fast and how far the pulp man:
ul ac!:urers move toward chlorine-free bleaching. Most of the hydrogen peroxide
:lsj 11(10(’13‘;111;;141 1151 atT more recently constructed large chemithermal mechanical
g‘enppermdde.ml s. These modern mills can consume 5000-10,000 t/yr of hydro-
The bleaching of cotton textiles was once the single largest use
gleromde, with lesser quantities used to bleach wool,gsilk (§v), cottofr(;iz)}:s:l‘fg;
ends am;{ some vegetable and animal fibers (qv). The stabilized alkaline hydro-
gen peroxide blgaching of cotton and cotton blend fabrics is done in contin)l]lous
processes. A primary advantage for hydrogen peroxide in this industry is that

Table 9. Usage of Hydrogen Peroxide in North America
Hy0,, t X 10%/yr®

Use area 1978 1980 1991

pulp and paper 02 (10.0) 314 @9.1) 144 9.0

textiles 25 25.0) 171 15.8) 24 82

cheljxllcals[’ 28.6 (28.0) 30.0 (27.7) 44 (15.0;

environmental 10.2 (10.0) 18.1 (16.7) 43 14-7

all others 275 (21.0) 116 107 38 g
Total 100.2 108.2¢ ) 293.0° o

“Values in parentheses are percentages.
Includes plasticizers.
“Ref. 142.
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it has no effect on many modern dyes. It has been estimated that 85% of all
cotton fabrics are bleached with hydrogen peroxide. Added to its other advan-
tages, hydrogen peroxide is a nonpolluting oxidant which is of significant and
increasing importance.

Hydrogen peroxide is also used to bleach solid surfaces such as wood (qv)
or linoleum, and to improve the color of oils and waxes.

Environmental Applications. Hydrogen peroxide is an ecologically desir-
able pollution-control agent because it yields only water or oxygen on decom-
position. It has been used in increasingly greater amounts to convert domestic
and industrial effluents to an environmentally compatible state (see WASTES,
INDUSTRIAL; WATER).

Hydrogen peroxide is used to treat wastewaters (144—161) and sewage
effluents, and to control hydrogen sulfide ggnerated by the anaerobic reaction of
raw sewage in sewer lines or collection points, thus minimizing or eliminating
disagreeable odors. It has been proposed as a supplemental oxygen source for
overloaded activated sludge plants, and reportedly controls denitrification in
secondary clarifiers and improves bulking conditions. It also has been used as a
flotation (qv) assistant (162—163). Activated sludge-treated wastewater chemical
oxygen demand (COD) values have been decreased using hydrogen peroxide with
an iron salt catalyst (162—163). It has also been generated in situ in wastewater
reservoirs by the cathodic reduction of oxygen (164).

Industrial liquid and gaseous detoxification systems based on hydrogen
peroxide have been developed (149,150,157~ 161,165-173). Hz0, is reported to
be especially suitable for cyanide-containing wastes having high free cyanide
concentration or those also containing organic impurities (173). Hydrogen per-
oxide systems with formaldehyde (169), copper salt, water glass, or iodide and
silver ion added to increase reaction rates and efficiency have been described
or patented. A method and apparatus for cyanide destruction by monoperoxy-
sulfuric acid generated as needed from hydrogen peroxide and sulfuric acid has
been claimed. Procedures have been described for removing nitrite ion from
waste streams and for recovering arsenic acid or arsenates. Similar procedures
using hydrogen peroxide have been developed for detoxifying organic pollutants
(168), including formaldehyde (qv), phenol mixtures (169), acetic acid, lignin sug-
ars, surfactants (qv), amines and glycol ethers (159-161), and sulfur derivatives
(170—172). Most recently, there has been interest in using hydrogen peroxide as
an in situ oxygen source for maintaining aerobic bacteria needed for the biore-
mediation of organics, eg, gasoline that has leaked into the soil from under-
ground tanks.

Toxic or malodorous pollutants can be removed from industrial gas streams
by reaction with hydrogen peroxide (174,175). Many liquid-phase methods have
been patented for the removal of NO, gases (138,142,174,176~178), sulfur diox-
ide, reduced sulfur compounds, amines (154,171,172), and phenols (169). Other
effluent treatments include the reduction of biological oxygen demand (BOD)
and COD, color, odor (142,179,180), and chlorine concentration.

Chemical Uses. Hydrogen peroxide or a peroxycarboxylic acid made from
H,0; is used in the manufacture of a number of organic and inorganic chemi-
cals (181). The electrophilic epoxidation of soybean oil, linseed oil, and related
unsaturated esters with peroxyformic or peroxyacetic acid formed in situ from




