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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS A
CATEGORY 1A OR 1B CMR, PBT, VPVB OR A SUBSTANCE OF
AN EQUIVALENT LEVEL OF CONCERN

Substance Name(s): Hydrazine
EC Number(s): 206-114-9
CAS number(s): 302-01-2

This dossier covers the anhydrous hydrazine, ECbheunr206-114-9 and CAS number 302-01-2,
and all its possible hydrates.

» The substance is proposed to be identified as staute meeting the criteria of Article 57 (a) of
Regulation (EC) 1907/2006 (REACH) owing to its siéisation as carcinogen category 1B
which corresponds to classifications as carcinaggeagory 2

Summary of how the substance meets the CMR (1A oB) criteria

Hydrazine is covered by index number 007-008-0G-Regulation (EC) No 1272/2008 in Annex
VI, part 3, Table 3.1 (the list of harmonised cifisation and labelling of hazardous substances) as
carcinogen, Carc. 1B (H350: “May cause cancer”)e Thrresponding classification in Annex VI,
part 3, Table 3.2 (the list of harmonised and diassion and labelling of hazardous substances
from Annex | to Directive 67/548/EEC) of Regulati(ieC) No 1272/2008 is carcinogen, Carc. Cat.
2, R45 (“May cause cancer”).

Therefore, this classification of the substancRégulation (EC) No 1272/2008 shows that it meets
the criteria for classification as carcinogen in@dance with Article 57 (a) of REACH.

Registration dossiers submitted for the substance®es

1 Classification in accordance with Regulation YBN® 1272/2008 Annex VI, part 3, Table 3.1 Listhafrmonised classification
and labelling of hazardous substances.

2 Classification in accordance with Regulation YB® 1272/2008, Annex VI, part 3, Table 3.2 Listt@rmonised classification
and labelling of hazardous substances (from Anrtexdouncil Directive 67/548/EEC).
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PART |

JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL

PROPERTIES

1.1 Name and other identifiers of the substance

Table 1.1: Substance identity

3. CAS number: deleted

EC number: 206-114-9
EC name: Hydrazine
CAS number (in the EC inventory): ~ |302-01-2
1. CAS number: hydrate(s) 7803-57-8
2. CAS number (alternate): 10217-52-4

119775-10-9; 75013-58-0; 78206-91-4; 31886-26-

~

Hydrazine

Molecular weight:

CAS name:
IUPAC name: Hydrazine
Index number in Annex VI of the cLp|007-008-00-3
Regulation
Molecular formula: HaN2

32 g/mol

Synonyms:

H70; H70 (fuel); Levoxine; Nitrogen hydride(N2H4);
Oxytreat 35

Structural formula:

H\ /H
/ N N\

H H
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1.2 Composition of the substance
Name: Hydrazine

Degree of purity: 93 - 100 %

Table 1.2: Constituents

Constituents Typical concentration Concentration range Remarks

Hydrazine 93 -100 % Based on the information
received in the registration

206-114-9 dossiers

Table 1.3: Impurities

Impurities Typical concentration Concentration range Remarks

Table 1.4: Additives

Additives Typical concentration Concentration range Remarks

1.3 Physico-chemical properties
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Table 1.5:;

Overview of physicochemical properties

Property

Value

Remarks

Physical state at 20°C and
101.3 kPa

Colorless liquid with an
ammoniacal odor

Ullmanns Encyclopedia of
Industrial Chemistry, Hydrazine,
Jean-Pierre Schirmann, Paul
Pourdauducq, Wiley-VCH
Verlag GmbH & Co. KHaA,
Weinheim, 2005

Melting/freezing point

20°C

Lide, David, R., Handbook of
Chemistry and Physics, 75
Edition, CRC Press, Boca Rato
Ann Arbor, London, Tokyo, 1994
1995

-
]

Boiling point

113.5 °C at 760 mmHg

The Merck Index" Etlition,
Merck & Co., Inc., Whiterhouse
Station, NJ, USA, 2006

Vapour pressure

1.91 kPa at 25 °C

Lide, David, R., Handbook of
Chemistry and Physics, 75

Edition, CRC Press, Boca Raton,
Ann Arbor, London, Tokyo, 1994
1995

Water solubility

Miscible with water in all
proportions

Ullmanns Encyclopedia of
Industrial Chemistry, Hydrazine,
Jean-Pierre Schirmann, Paul
Pourdauducq, Wiley-VCH Verlag
GmbH & Co. KHaA, Weinheim,
2005

Surface tension

66.7 mN/m at 25 °C
( ¢ = pure substance)

Ullmanns Encyclopedia of
Industrial Chemistry, Hydrazine,
Jean-Pierre Schirmann, Paul
Pourdauducq, Wiley-VCH Verlag
GmbH & Co. KHaA, Weinheim,
2005

Partition coefficient n-
octanol/water (log value)

logPow = -2.07 at 25 °C

ECHA, calculation according to
EPISUITE performed with the
module WSKOWWIN, 2011

PK, value

8.lat25°C

Lide, David, R., Handbook of
Chemistry and Physics, 75
Edition, CRC Press, Boca Raton,
Ann Arbor, London, Tokyo, 1994
1995

-
]

Viscosity

0.974uPa.s at 20 °C

( ¢ = pure substance)

Ullmanns Encyclopedia of
Industrial Chemistry, Hydrazine,
Jean-Pierre Schirmann, Paul
Pourdauducq, Wiley-VCH Verla
GmbH & Co. KHaA, Weinheim,
2005

]

Flash point

52°C

Lide, David, R., Handbook of
Chemistry and Physics, 5
Edition, CRC Press, Boca Rato
Ann Arbor, London, Tokyo, 1994
1995

ey
1
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2 HARMONISED CLASSIFICATION AND LABELLING

Hydrazine is covered by Index number 007-008-06-2mnex VI, part 3 of Regulation (EC) No
1272/2008 as follows:

Table 2.1:  Classification according to part 3 of Anex VI, Table 3.1 ((list of harmonised
classification and labelling of hazardous substansg of Regulation (EC) No 1272/2008

Index No Internatio | EC No CAS No Classification Labelling Spec. Notes
nal Conc.
Chemical Hazard Class Hazard Pictogr | Hazard | Suppl. Limits
Identificat and Category state- am, state- Hazard | - '
ion Code(s) ment Signal | ment stateme | actors

code(s) Word code(s) | nt
Code(s code(s)
)
007-008-00-3 HYDRAZI | 206-114-9 | 302-01-2| Flam. Lig..3 H226 GHS02 | H226 Skin
NE Corr. 1B;
Carc. 1B H350 GHS06 | H350
. H314: &
Acute Tox. 3 H331 GHS08 | H331 10%
Acute Tox. 3* H311 GHSO05 | H311 Skin Irrit.
Acute Tox. 3* H301 GHS09 | H301 2;
Skin Corr. 1B | H314 Dgr H314 H315: 3%
<C<10%
Skin Sens. 1 H317 H317 .
Eye Irrit.
Aquatic Acute 1 | H400 H410 2; H319:
. . 3%<C<
Aquatic Chronic | H410 ?f
1 10%

Table 2.2:  Classification according to part 3 of Anex VI, Table 3.2 (list of harmonized
classification and labelling of hazardous substansgrom Annex | of Council Directive
67/548/EEC)

INDEX NO INTERNATI EC NO CAS NO | CLASSIFICAT | LABELLING |CONCENTRATION NOTES
ONAL ION LIMITS
CHEMICAL
IDENTIFICA
TION
007-008-00-3| HYDRAZINE | 206-114-9 302-01-2 RI10 TN C; R34: C> 10% E
CARC. CAT.2; | R:45-10- XI; R36/38: 3%< C < 10%
R45 23/24/25-34-
43-50/53
T; R23/24/25
S: 53-45-60-61
C; R34
R43
N; R50-53

11
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3 ENVIRONMENTAL FATE PROPERTIES

Not relevant.
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4 HUMAN HEALTH HAZARD ASSESSMENT

Not relevant.
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5 ENVIRONMENTAL HAZARD ASSESSMENT

Not relevant.
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6 CONCLUSIONS ON THE SVHC PROPERTIES

6.1 PBT, vPvB assessment

6.2 CMR assessment

Hydrazine is covered by index number 007-008-0G-Regulation (EC) No 1272/2008 in Annex
VI, part 3, Table 3.1 (the list of harmonised ciasstion and labelling of hazardous substances) as
carcinogen, Carc. 1B (H350: “May cause cancer”)e Thrresponding classification in Annex VI,
part 3, Table 3.2 (the list of harmonised and diassion and labelling of hazardous substances
from Annex | to Directive 67/548/EEC) of Regulati(feC) No 1272/2008 is carcinogen, Carc. Cat.
2, R45 (“May cause cancer”).

Therefore, this classification of the substancRégulation (EC) No 1272/2008 shows that it meets
the criteria for classification as carcinogen in@dance with Article 57 (a) of REACH.

6.3 Substances of equivalent level of concern assessinen

Not relevant.
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PART Il

The underlying work for development of Part Il bist Annex XV report was carried out under
contract ECHA/2010/174 SR27 by DHh collaboration with Risk & Policy Analysts Lineitt and
TNOS.

INFORMATION ON USE, EXPOSURE, ALTERNATIVES AND
RISKS

1 EXECUTIVE SUMMARY

11 Manufacture, Imports and Exports

Anhydrous hydrazine is not currently manufacturedhie EU. Hydrazine hydrate is manufactured
in two plants, located in France and Germany. Toeelyction method used differs between the two
plants. The combined production tonnage is contidéand is in the 10,000-100,000 t/y range.

Non-EU manufacturing sites for hydrazine hydrate éwcated in Japan, China and Korea.
Anhydrous hydrazine may be produced in the USAada@hina and potentially India and Russia.
Open literature (from 2007) suggests a worldwideketademand for hydrazine hydrate of 80,000-
90,000 tly.

Hydrazine is imported into the EU in both its hyéch and anhydrous forms with the latter
accounting for only a very small fraction of ovéiaiports, estimated to be below 10 t/y. Imports
of hydrazine hydrate are suggested to be much migreficant than this, but such imports still
account for a relatively small fraction of the caléEU market for the hydrated form.

1.2 Uses

Hydrazine, especially in its hydrated form, findsvele range of applications in the EU, most of
which fall under the “synthesis” heading; the keyplication of this is that the substance (in its
hydrated form) finds wide use as an intermediageledined under the REACH Regulation.

The applications that have been identified as atigreelevant to the EU include:

in its hydrated form (in solution concentrationadg for end-use between 3% and 100%):

- synthesis of hydrazine derivatives — these mayaaabr find uses in products such as
pharmaceuticals, agrochemicals, chemical blowirentsg paints, inks and organic dyes,
reagents for the treatment of nuclear reactor wasig others (literature provides details
of a large range of different applications for datives, salts, etc. of hydrazine);

3 DHI, Agern Alle 5, 2970 Hgrsholm, Denmark
4 Risk & Policy Analysts Limited, Farthing Green ik, 1 Beccles Road, Loddon, Norfolk, NR14 6LT, UK
5 TNO, Schoemakerstraat 97, 2826 VK Delft, The Nd#nds
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- use as a monomer in polymerisations (mostly foyyr@thane coatings and adhesives);

- use as a corrosion inhibitor in water treatmentjnigafor the removal of dissolved
oxygen and the adjustment of pH in the feedwatdvaiers as well as for the removal
of solids from steam generators. The critical arfeapplication are nuclear and thermal
power generation plants (including water steamutateon for district heating and
cooling). However, oxygen scavenging based ondmyde is relevant for other industry
sectors that utilise steam such as paper mills] stanufacture, production of chemicals
— but not food generation;

- use as a reducing agent in the deposition of méta&el, chromium, tin and precious
metals) on plastics and glass;

- use as a reducing agent in precious metal and basial recovery from metallic salt
solutions and effluents;

- use as a reducing agent in purification of chenmeagents;

- use as a stabilising agent in aromatic aminess(fbsequent paint/ink manufacture);

- use as a laboratory chemical reagent;

in its anhydrous form (at high purity levels, >90%)
- use as a propellant for aerospace vehicles (datgdtiopulsion and upper stages of
satellite launchers);
- use as a fuel in military (emergency) power uriits the F-16 fighter jets); and
- use in gas generators for submarine rescue systems.

Aggregated (and largely confidential) data wouldgast the following rough breakdown of current
uses in the EU:

use in synthesis and as a monomer in polymerisat@actions: ca. 80%;
corrosion inhibitors, metal reduction, refiningabfemicals: ca. 20%; and
others (including anhydrous hydrazine and laboyatises): <1%.

1.3 Releases from Manufacture and Use

Manufacture: confidential information has been provided bg two key EU manufacturers of
hydrazine hydrate. It appears that some releasiget@atmosphere and the aquatic environment is
possible but the companies’ calculations indicaderisk for the environment in light of existing
Risk Management Measures. In relation to occupati@xposure, hydrazine is claimed to be
highly contained and, as such inhalation exposilignited to the pg/hlevel.

Uses information is not available for all identified®s of hydrazine and a significant proportion of
information provided by industry stakeholders hasrbsuggested to be commercially sensitive and
is only available in Confidential Annex 3 of thepogt). Processes such as the dilution of hydrazine
hydrate solutions, water treatment, metal reducbbrprecious metals, transfer and loading of
anhydrous hydrazine in the aerospace sector may fkdce within closed systems. Such closed
systems are evidently very important for instablas such as the steam generators in nuclear and
fossil-fired power plants, industrial plants redugimetallic salts to high purity precious metals
intended for use in the electronics and catalysisistries and the fuelling of satellites ready for
launching. Often the solutions used are very ditob (for instance, this may be the case in oxygen
scavenging and precious metal reduction).

On the other hand, for occupational exposure, niodehas been undertaken to estimate the
potential for inhalation and dermal exposure urdierent scenarios. The results are shown in the
following table.
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Table A: Overview of Modelled Inhalation and Dermal Exposire Estimates for Applications of Hydrazine (valuesas
anhydrous hydrazine)
Inhalation exposure Dermal exposure
Typical Use of . -
o P Duration . Estimated
Application frarcél(;)chltn SCI;Z ?gs (mins) Exposure Es\t/:ﬂf;ed Exposure value
P y parameter (mg/md) parameter (mg/kg
9 bw/day)
RWC for
15 task with 0.058
RPE (90%) Exposure
Dilution 64% Yes with PPE 0.44
RWC full (90%0)
180 shift with 0.002-0.064
RPA (90%)
RWC for
15 task with 0.003-0.032
RPE (90%) Exposure
e 5-55% Yes with PPE | 0.021-0.24
RWC full (90%)
180 shift with 0.003-0.036
RPA (90%)
RWC for
15 task with <0.001-0.14
RPE (90%) Exposure
Electioless 0.01-3% No with PPE | <0.001-0.45
plating RWC full (90%)
480 shift with <0.001-0.17
RPA (90%)
RWC for
15 task with 0.003-0.032
; RPE (90%) Exposure
Precious metal  5-55% Yes with PPE | 0.021-0.24
RWC full (90%)
180 shift with 0.003-0.036
RPA (90%)
Aerospace RWC for Exposure
(filling of 100% Yes 15 task with 0.09 with PPE 0.69
satellites) RPE (90%j (90%Y
(I?icls:ﬁncoef RWC for Exposure
i htgr ot 70% Yes 15 task with 0.064 with PPE 0.48
E?DU) ! RPE (90%} (90%
Notes:
1 RWC: reasonable worst-case; RPE: respiratont@cton equipment; PPE: personal protective equipme
2 For aerospace and defence applications, the tygfeRPE and PPE used is expected to be more sugaitéxt, for
example, self-contained suits with independentsapply (Self-contained Atmospheric Protective Efder(SCAPE)
suits) which may offer a removal rate of 97.5% Iegdo an exposure 4 times lower than the modeHisigmates shown
above

It should be noted that hydrazine is a very reaatéducing agent, and its wide use largely relres o
this characteristic. Industry consultees have sati/that hydrazine normally fully reacts or breaks
down (typically to N, H;, H O and NH, depending on reaction conditions). However, the
presence of a small residual concentration of Igmdeain the final product of polymerisation
reactions (to give polyurethane resins) has also beought to our attention.

18



ANNEX XV — IDENTIFICATION OF HYDRAZINE AS SVHC

1.4 Current Knowledge of Alternatives

The analysis of alternatives has largely focusedhenthree main applications areas outside the
“REACH intermediates” field, i.e. corrosion inhibis, metal deposition, reduction and recovery,
and uses of anhydrous hydrazine in the aerospatdefance sectors.

Alternative corrosion inhibitors: literature and consultation has revealed a wéage of potential
alternative substances, which could, theoreticaltt, as corrosion inhibitors for the treatment of
boiler feedwater. Substances commonly referrednttude diethyl hydroxylamine (DEHA),
carbohydrazide, methyl ethyl ketone (MEKO), saltssmascorbic acid, several filming amines,
oxalates, formic acid, hydrogen and others. Oimth#hose that appear to be most promising (and
are already used in certain situations) are DEHé @arbohydrazide. Some alternative techniques
have also been suggested including (a) catalyticaton in combination with the addition of
alternative pH regulators and (b) the combinatidninogproved water treatment with ammonia
injection.

Alternative substances do not come without proble®averal of them contribute G@nd organic
acids to the feedwater (the latter affecting thiocaconductivity of steam and condensate) and
their dosage is higher compared to hydrazine hgdmat occasion by a large margin. Certain of the
identified alternatives may offer no passivatiomudtallic surfaces (which hydrazine offers) while
some may be accompanied by sluggish kinetics (aed to be supported by catalysts). It appears
that many industry stakeholders have tested aliggzain the past. The results have not been
satisfactory, especially in the power generatiott@ethat has shown a particular interest in this
study due to the key role of hydrazine hydratetsmhs to ensuring the good and safe operation of
power plants. Many consultees (including the rafgvindustry association, Eurelectric), have
voiced strong support for the continued use of aguire hydrate solutions. Especially in relation to
nuclear power plants, the use of hydrazine hyditzds been linked by consultees to the
safeguarding of the integrity and safety of thesslities. Even where the onus of legislation (the
Seveso Il Directive) could instigate or promote tplacement of hydrazine hydrate by alternatives
(such as carbohydrazide), power plants have apiharpreferred to significantly reduce the
concentration of solutions and the amount storeginrather than move to such alternatives,
especially where large power plants are concerned.

Alternative reducing agents for metal deposition for metallic (electroless) deposition,
alternatives to hydrazine hydrate may include sufrsts such as sodium hypophosphite, sodium
borohydride, dimethylamine borane and N-diethylaanimorane. For the plating of plastics,
hydroxylammonium compounds and hydroxy acids mayused to replace hydrazine. Industry
does have experience with these chemicals angédaap that hydrazine has largely been replaced
but some ‘pockets’ of resistance to change malyesiist across the EU.

For precious metal recovery from solutions anduefik streams, sodium borohydride and formic
acid and its salts have been mentioned by consulteeile literature refers to products based on
polypropylene or viscose backbones grafted withcifigefunctional groups that can selectively
remove precious metals from solution. However ragohe appears to be a better performing, well-
controllable reducing agent with good selectivitydeefficiency of the reaction. Formic acid and
formiates in particular are very hard to controlcomparison to hydrazine and have resulted in
serious accidents in the past. Polypropylene/gisdmased systems may only be used effectively
for metal removal from weak solutions.
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Alternative aerospace propellants literature sources and consultees suggest thatkey
alternative technologies are those based on ammmodinitramide (ADN), hydroxylammonium
nitrate (HAN) and hydrogen peroxide. The first tax@ reasonably recent developments; the first
was developed in Sweden as part of a wider driwatds greener propellants in the EU aerospace
industry — the second is currently being researchetde USA. Hydrogen peroxide is believed to
be a somewhat ‘older’ technology.

ADN-based monopropellants (two different formulasaleveloped in Sweden) have already found
some practical experimental use. The PRISMA missgias recently launched on ADN-based fuel
and results so far appear to be satisfactory. Alasked formulations are less hazardous than
anhydrous hydrazine, are claimed by their devekbperhave good compatibility with materials
currently used in commercially available thrusems can deliver a significant (up to 30%) increase
in density-specific impulse over anhydrous hydrazitowever, they do require product re-design
for thrusters with a thrust level above 1 N. Irdiéidn, ignition needs to be further explored,;
hydrazine propellants use catalytic ignition, whistsimple and reliable. To replace hydrazine, an
ADN-based monopropellant must be as easy to ignitee high combustion chamber temperature
is a matter of concern since it might deterioratatalyst bed.

The European Space Agency but also leading org@msaand companies involved in Europe’s
space programme have voiced strong concerns ometiiness of ADN-based propellants to
replace hydrazine even in the longer term, whitet tise of hydrazine is based on extensive
research and experience over the last 50-60 ye@h& Agency in particular has expressed the
opinion that no alternative to hydrazine in propadsis available in the long-term and emphasised
that the secured supply of hydrazine is vital e ¢urrent and future success of the European space
programme. Experience with the performance ofagpgltant on a geostationary satellite is a pre-
requisite before it is considered a feasible atteve and such testing would require at least 15
years. Issues of the autonomy, strategic posdiwh competitiveness of the European aerospace
industry should also be taken into account. Adddl comments on the potential shortcomings of
ADN-based alternatives are provided in Confiderdiahex 4.

Alternative gas generator fuels for submarine rescel systemsalternatives based on solid fuels
such as a combination of glycidyl-acido-polymer atrdntium nitrate are available on the market.

Structurally similar substances as potential alteratives carbohydrazide has been identified as a
potential alternative for corrosion inhibitor amaltions. The substance does not have a hazard
profile as adverse as hydrazine (e.g. no cancssitilzation), although during use, it will partly
break down to give hydrazine. Such breakdown takase within closed systems where exposure
of workers is not possible. On the other hand, es@wposure might occur during solution
preparation, as carbohydrazide may be availabéesadid powder.

Monomethyl hydrazine (MMH) and unsymmetrical dimdthydrazine (UDMH) are methylated
hydrazine derivatives that find wide use (espegislMH) in rocket propellants, however, typically
as bipropellants (i.e. in the presence of an ogiflisMMH appears to be more toxic than hydrazine
while UDMH is somewhat less toxic but still carriasR45, Carc. Cat 2 classification. These
substances have limited relevance as potentiattdteernatives for hydrazine given that hydrazine
is mostly used as a monopropellant.

Confidential Annex 4 contains information on cartailternatives already trialled by industry
stakeholders.
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2 PURITY AND DIFFERENT FORMS OF HYDRAZINE

2.1 Purity of Anhydrous Hydrazine

It is understood that anhydrous hydrazine thatsieduby the EU aerospace sector needs to
comply with the US standard MIL-PRF-26536EThis standard describes the purity grades of
anhydrous hydrazine as showrnTiable 2.1

Table 2.1: Specifications of Commercial Anhydrouglydrazine
Grade

Component (% by weight)

Standard Monopropellant High purity
Hydrazine, min (%) 98.0 98.5 99.0
Water, max (%) 15 1.0 1.0
Particulate, max (mg/L) 10 1.0 1.0
Ammonia (%) 0.3
Aniline, max (%) 0.50 0.003
Carbon dioxide, max (%) 0.003 0.003
Chloride, max (%) 0.0005 0.0005
Iron, max (%) 0.0004 0.0004
Non-volatile residue, max (%) 0.005 0.001
Other_volatile carbonaceous 0.02 0.005
material, max (%)
Source: US Air Force (1997)
" total as unsymmetrical dimethyl hydrazine (UDMH@pmomethyl hydrazine (MMH), and alcohol

EU users of anhydrous hydrazine for aerospace agtjgihs require “high purity” grade which
has a hydrazine content above 99%. We are adtlsgdhe “high purity” grade gives only a
minimum specification, i.e. the factual purity dfig grade is normally higher than 99.0%.
Indeed, Company 25 imports a small amount of anhydrous hydrazine framChinese
manufacturer for own use in spacecraft propulsimhthis has a reported purity of 99.9%.

The purity of anhydrous hydrazine used in marirseue systems needs to be particularly high
too. This is quantified and discussed in moreiblgtaConfidential Annex 2 to this report. On
the other hand, the hydrazine used in F-16 figjgty (see discussion in Section 4.9.1) is a
mixture of 70% hydrazine-30% water (also known asl

6 The grades of hydrazine propellant describecethenatch those described in standard ISO 1582904.
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2.2

3

3.1

Solutions of Hydrated Hydrazine

Hydrazine has a molecular weight of 32 and the rhgdate has a molecular weight of 50.
The ratio of their weight is 32/50 or 0.64. Theref a 100% monohydrate solution would
contain 32/50 or 64% hydrazine. This is the redsorwhich 100% hydrazine hydrate can be
used interchangeably with 64% contained hydrazynedight (Arch, 2010f).

Hydrazine hydrate can be used in solutions of § variable concentration. It is understood
that a (relatively small) number of chemical distitiors are involved in the dilution of high-
concentration hydrazine hydrate solutions (withodeied water) into a range of different
concentrations which are then supplied to downstrasers across the EU. The Internet site of
a UK company provides details on this: it appehest the company starts from a 100%
hydrazine hydrate solution (equivalent to 64% ambyd hydrazine) and then it prepares the
following ‘off the shelf’ grades: 5%, 7.5%, 24%,%555%, 64% and 80% (with an equivalent
anhydrous hydrazine concentration of 3%, 5%, 15%%,226%, 35%, 38% and 51%)
(Lansdowne Chemicals, 2010).

The concentration of the final solution used byead-user may vary depending on the nature of
the application involved. Whilst some detailedommhation is given in Confidential Annex 2,
information is also available in the public doma#rkema (2006) indicates:

24% to 55% solutions are used mainly for water effldent treatment; and
60% to 100% solutions are used for synthesis andufaaturing of hydrazine
derivatives.

Solutions of hydrazine hydrate in a catalysed fema available from both known EU-based
manufacturers of the substance (ICIS, 2009; Chei005). The catalyst is used to increase
the reactivity of hydrazine hydrate in the solution

INFORMATION ON MANUFACTURE, IMPORT, EXPORT AND RELE ASES
FROM MANUFACTURE

Production Process

3.1.1 The Olin Raschig Process

22

(Anhydrous) hydrazine is produced in the Olin Raggrocess from sodium hypochlorite and
ammonia, a process developed in 1907. This methges on the reaction of chloramine with
ammonia:

NHs3 + NaOCIl-> NH.CI + NaOH

NH,Cl + NH; + NaOH—> NoH4 + NaCl + HO

The optimal ratio of reactants is 33:1 NNaOCI and the only waste produced is brine, bigt th
is still a significant issue on a plant scale. Thajor side reaction is the destruction of the
hydrazine product by further reaction with chloraen{Matunas, 2004):
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NoH4 + NH.Cl 2 2 NH,Cl + N,

The refining area has five steps: (a) ammonia regk) NaCl concentration and removal, (c)
hydrazine-water distillation to reach azeotropicqaantration, (d) extractive distillation with
aniline to break the azeotrope and (e) distillattonseparate hydrazine from aniline. |If

hydrazine of very high purity is needed, freezestalisation is used to remove the supernatant
fluid (Maxwell, 2004).

3.1.2 The Atofina-PCUK (Peroxide) Process

An improved synthesis process is the method knasvAtafina-PCUK method, which is based
on the Pechiney-Ugine-Kuhlmann process of a reaadioammonia and hydrogen peroxide
according to the following formula:

2 NH; + HoO, 2 NoHs + 2 O

In the Atofina-PCUK cycle, hydrazine is producedsaveral steps from acetone, ammonia, and
hydrogen peroxide. The process is confirmed toetuly be in use in the EU.

Unlike the Raschig process, this process does noolupe salt. According to Matunas (2004),
the Raschig process produces 4 tons NaCl/ton ofaayte with a 60% yield (based on jH
and 125 kWh/ton hydrazine required. On the otlzardhthe Atofina-PCUKprocess gives no
by-products, has a >80% yield (based org\NENd requires only 16 kWh/ton hydrazine.

3.1.3 The Bayer (Ketazine) Process

The Bayer (ketazine) process is based on the ogadi chloramine with ammonia in the
presence of acetone at pH 12 to 14. NaOCI, acetodea 20% aqueous solution of ammonia
are fed into a reactor to make aqueous dimethglzke¢ solution. Excess ammonia and acetone
are removed in a series of columns and are recyotedhe reactor. The ketazine solution is

distilled to make a hydrazine hydrate containin§oBdydrazine (i.e. 100% hydrazine hydrate)
(Maxwell, 2004).

2 NH; + NaOCl + 2 (CH),CO> (CHy),C=N-N=C(CH), + 3 HO + NaCl

(CH3)2C=N-N=C(CH)2 + 2 HLO = N;H4 + 2 (CH;),CO

7 PCUK stands for Produits Chimiques Ugine KuhlmanRrench chemical manufacturer.
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The process is confirmed to currently be in ussthénEU.

3.1.4 The Hoffmann (Urea) Process

3.2

Another route of hydrazine synthesis involves otiaiaof urea with sodium hypochlorite:

(HzN)zC:O + NaOCI + 2 NaOH> N,H4 + H,O + NaCl + NaCOs

According to Maxwell (2004), this process was opetain 2001 but had found wider
commercial use in the past. Compared with thedstahRaschig process, it was considered to
be the most economical for low production levelat Bs plant sizes increased, it became
obsolete. A Chinese-focused publication suggdw®ts the urea process may still find use in
China but notes that it would be eliminated duedasiderations of environmental protection,
product quality and production cost (China Chemiaporter, 2007).

Production Sites

3.2.1 EU Production Sites

The market for anhydrous hydrazine in the EU isyMew in comparison to the market for
hydrazine hydrate. The information available froamsultation indicates that there is currently
no production of anhydrous hydrazine in the EU. difidnal information explaining in more
detail the supply chain is provided in Confidenfiainex 2 to this report.

On the other hand, literature confirms that hydrazhydrate is manufactured on two sites
located in France and in Germany. Old informatmailable on the ESIS datab&darther
suggests a production site in Spain. Consultatiothe contrary confirmed that there has never
been hydrazine hydrate production in Spain.

3.2.2 Non-EU Production Sites

Information from consultation suggests that anhydrbydrazine is manufactured in countries
such as the USA, Japan, China, and potentiallyiRassl India.

In relation to hydrazine hydrate, an article dag@d7 indicates that key global players are
located, apart from France and Germany, in the @84 Japan (China Chemical Reporter,
2007). The same publication also mentions thairatdwenty (apparently less important at the
time) Chinese companies were producing hydrazinkedtg in 2006.

It is uncertain whether production of the hydratethe USA still takes place. A leading US
company (well known for its activities in the fielof anhydrous hydrazine for aerospace
applications) may in fact represent a Korean martufar rather than manufacture the
substance itself (Chang, 2007). In addition, tHf&Rdased manufacturing plant of a German
manufacturer relocated to China a few years agoxgss, 2005).

8
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See herehttp://ecb.jrc.ec.europa.eu/esis-pgm/popup _hpvimy?po=2061149&type=HPV
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Some additional information may be found in the f@emtial Annex 2.
3.3 Production Volumes

3.3.1 Historical Information — Global Production

Back in 1981, global production of hydrazine wasnested to be in excess of 35,000 tonnes
with major manufacturing capacities identified metUSA, Germany, France, Japan and the
UK. More recent data estimate annual global prodo®f hydrazine in 2004 at approximately
47,350 tonnes (Environment Canada & Health Car2@H)). A market analysis in a Chinese-
focused publication dated 2007 notes that the glpimduction capacity for hydrazine hydrate
had exceeded the level of 200,000 t/y (based o8o0lB¥drazine content). The capacity was
divided near equally between Europe, Asia and Arae(B5%, 34% and 30%, respectively),
with only 1% in other regions (China Chemical Repnr2007). The same source suggests a
worldwide market demand for hydrazine hydrate a080-90,000 t/y. Assuming that Europe
accounted for 35% of global demand (as for glolaglacity), demand within the EU in 2007
could have been 28,000-31,500 t/y.

3.3.2 Current EU Production
In relation to anhydrous hydrazine, current proaurcis believed to be nil.

For hydrazine hydrate, detailed information hasnbeétained by the two key EU-based
manufacturers. As the information is of a confitEnnature, it is only presented in
Confidential Annex 2 to this report. The combimpedduction tonnage is in the 10,000-100,000

t/y range.

3.4 Imports into the EU

The EU demand for anhydrous hydrazine is covereinipprts from non-EU countries such as
China, USA, Japan and, potentially India and Russ&iatimates provided by consultees would
indicate an imported volume in the 1-10 t/y range.

On the other hand, the consensus among industmrisxis that imports of hydrazine hydrate
into the EU must be low (in tonnage terms) in congom to the tonnage of EU-based
manufacture of the hydrated form. Some estimateshe volume of imports of hydrazine
hydrate relative to the volume manufactured withie EU are available in Confidential Annex
2 to this report.

3.5 Future Trends

Some information on trends, both in relation to gussible future production of anhydrous
hydrazine and its consumption in the EU are giverConfidential Annex 2, especially in
relation to input made bgompany 15
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3.6

Some information on past and possible future trémdBe production of hydrazine hydrate has
been made available by the two key EU-based manuéas. These are presented in
Confidential Annex 2 to this report. The availalsitormation does not suggest that significant
changes are envisaged for the near future.

Information on Releases from Manufacture

3.6.1 Releases to the Environment from Manufacture

3.6.1.1 Information from Literature

Some rather old information is available for GersnaMVHO (1987) reports old data from (the
Federal Republic of) Germany according to which6@®8 kg of hydrazine were emitted to
the air for every metric tonne produced, and aritiaél 0.02-0.03 kg were emitted for every
metric tonne subjected to handling and further gssing.

Outside the EU, the Japanese authorities confiat) th 2001, hydrazine manufacturing plants
in Japan released to air and water 434 kg and netgmrespectively. The authorities note that
these were relatively low compared to releases fdomwnstream applications (s@able 5.2
later in the report) (CERI, 2007). That year, Jegs® production of hydrazine hydrate was
15,373 tonnes.

3.6.1.2 Consultation Findings

Information has been provided by the two key EUedasnanufacturers. As this is of a
confidential nature, it is only available in Cordittial Annex 3 to this report. It can be stated
here that the information available confirms thatns small releases of hydrazine to the
atmosphere and the aquatic environment during naahwre are possible.

3.6.2 Releases to the Working Environment and OccupatioiExposure during Manufacture

3.6.2.1 Information from Literature

26

Recent information on the occupational exposurea@ated with the production of hydrazine in
the EU has not been identified. The informaticat fiollows thus relates to other jurisdictions.

IARC (1999) notes that exposure to hydrazine male@d occur during manufacture. Some
information on exposure of US workers to hydrazihging production was reported by the
World Health Organization several years ago. Thieproduced ifTable 3.1

Table 3.1: Occupational Exposure to Hydrazine in He USA — Production and Derivative
Manufacture (historical data reported in 1986)

Site Approximate numbers exposed Measured levels g
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Typical Potential Typical Exceptional
Production 100 800 <0.13 0.13-0.26*
Production No data 1,100 <0.35 <1.18
Derivative <25 No data <0.13 Ca.0.13
manufacture

Source: WHO (1987)

* short-term samples during specific operations

ATSDR (1997) notes that, since most hydrazine prtidn processes involve closed systems,
the potential for exposure is generally low. Theagest potential for exposure probably occurs
during process stream sampling, with measured timighted average (TWA) concentrations
ranging from 0.04 to 0.27 ppm (0.05 to 0.35 mi)/and occasionally reaching levels of up to
0.91 ppm (1.19 mg/Mbased on Fajen & McCammon, 1988).

A cross-sectional survey was carried out on 172rhgtrazine hydrate-exposed workers (age
18-60, mean 39.6; exposure duration 0.50-34.17syeand 125 male referent workers (age 19-
58, mean 40.9) at five factories manufacturing hytdre hydrate or hydrazine derivatives in
Japan in the 1990s. Exposure concentrations wssessed by determining hydrazine in the
breathing zones and urinary hydrazine+acetylhydeazi The cumulative exposure level was
assessed by multiplying the individuals’ workingrations at the job sites and the estimated
past environmental levels at the job sites. Nor&gide was detected in either the breathing
zones or the urine of the reference workers. Thamhydrazine concentration in the breathing
zones, hydrazine+acetylhydrazine in urine, and dative exposure level were 0.0109 ppm
(n.d.-0.2003), 0.8660 pmol/g - Cr (n.d.-14120and 2.80 ppm-years (0.003-19) respectively
(Nomiyamaet al 1998).

3.6.2.2 Consultation Findings

Information has been provided by the two key EUedasnanufacturers. As this is of a
confidential nature, it is only available in Cordittial Annex 3 to this report. We can confirm
that engineering and other protective measuretalien to prevent employees’ exposure to the
substance. The use of closed systems in the nandeof the substance (in its hydrated form)
should also be noted.

9

10

Equivalent to 0.014 mg/in

Cr stands for creatinine.
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4 INFORMATION ON USES OF HYDRAZINE

4.1 Overview of Hydrazine Uses

4.1.1 Possible Uses referred to in Literature

Table 4.1 provides an overview of the range of applicatidois hydrazine that have been
identified in literature. This is a collection &I’ potential uses identified and includes
applications for which hydrazine derivatives ratttean hydrazine itself may be used. It should
not be assumed that all these uses definitelyrana® been relevant to the EU in the past.

Table 4.1: Examples of Possible Applications for yrazine and its Derivatives — Results of Literatue
Search

Application area Details/Notes Example references

Hydrazine Hydrate

Chemical synthesis Hydrazine is used to producévatéres, which find wide| Arkema (2006)

uses. These include:
Arkema (2010)

- blowing agents (such as azodicarbonamide for usg in
thermoplastics, elastomers (polystyrene, polyprepy|| Arkema (2005)
high and low density polyethylene, ABS, PVC)) .

- bio-active intermediates for agrochemical arfngh (2010i)
pharma_lceuticgl products, also via triazoles ancbrotl’Arch (2010j)
hydrazine derivatives (salts)
organic dyes (for textiles) NTP (undated)
photography developers
spandex fibres/polyurethanes (acts as an extender) | ILO (undated)
acrylics
polymers (where the derivatives act as polymeosat
initiators/catalysts or heat stabilisers)

+ flame retardants

+ lubricants

- solder fluxes for light metals (as hydrazine sutpha

« synthesis of flocculants and coagulants

Hydrazine may also be used in the synthesis ofdiyrdmic
acid, iodine compounds (e.g. KJO and other organic
compounds

Hydrazine salts (solutions of dihydrazine sulpha®%6 and
hydrazine hydrochloride 35%) may also be used as:

- reducing agents: sulphuric acid de-NO

- oil-well treatment-stimulation agents

- anti-oxidants against corrosion in metallurgic peses
Water treatment agent Used as an oxygen scaveogeéndustrial boilers, heating Arkema (2006)
systems, high pressure steam generators for theame
nuclear power plants
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Table 4.1: Examples of Possible Applications for yrazine and its Derivatives — Results of Literatue
Search

Application area Details/Notes Example references

Effluent treatment - Treatment of liquid and gas streams Arkema (2006)

« Scrubbing C@Qand mercaptans from gaseous emissions )
Chemindustry.ru

(undated)

Reducing agent for - Metallisation of glass, plastics and metals (nickebalt,| Arkema (2006)
metallic deposition iron, chromium)
and recovery . nickel and palladium electroless deposition Arkema (2010b)
+ Actired® process used mainly in gold mines for gold

recovery from ores by activated carbon elution
« precious metal refining

Explosives In mixtures with ammonium nitrate (tgegiAstrolite) Meyeet al (2007)

Purification agent Purification of sulphuric acwt fuse in electronics Arkema (2006)

Purification of hydrochloric acid

Nuclear waste Extraction of plutonium and neptunium Qiastzal (2009)
treatment
Semiconductors and | Dissolution of materials for solar cell application Kalaugher, 2004
electronics
Other uses « Making PCB holes conductive Scorecard (2010)
« added into glass mass to remove dimness of glass ]
- automotive fuel cells Chemindustry.ru
. can cleaning (undated)

Atkins (2007)

CERI (2007)
Anhydrous Hydrazine
Fuel for aerospace » Propellant for space vehicles and satellites Matunas (2004)
applications « emergency power units for jet aircrafts
. emergency surfacing systems for submarines Arch (2010e)
Explosives Used as a controlled explosive for frang underground Arch (2010e)
rock formations in the secondary recovery of pewoi and
natural gas
Chemical synthesis Used in the preparation of dérigs or in reactions whichArch (2010e)
require hydrazine, but which cannot tolerate théewaf an
agueous solution
Electronics No further detail available Arch (2010e)

It appears that anhydrous hydrazine finds muchwede use compared to hydrazine hydrate.
As will be discussed later in this Section, the mapplications for anhydrous hydrazine is in
aerospace and defence applications. The restiofSéction will focus on those applications
that our research suggests they are currentlyi@faace to the EU industry.
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4.1.2 Hydrazine Hydrate vs. Hydrazine Derivatives

30

It has to be clarified that often when a refereiscenade to hydrazine being used in a certain
application, this may in fact relate to the useadfydrazine derivative (hydrazine salt or other
product of a reaction of hydrazine) in a particulae. For instance, literature may refer to the
use of hydrazine in the manufacture of polymersgality, hydrazine may be used in a specific
synthesis process to form a derivative that caraa& chemical blowing agent (CBA). This is

in turn utilised in the production of polymers.dé&ed, the very reactive nature of the hydrazine
molecule makes hydrazine an extremely importargeetin the manufacture of a wide range

of derivatives.

Examples of the wide role of hydrazine derivatiaes given inTable 4.2

Table 4.2: Range of Hydrazine Hydrate and Derivaties and Relevant Applications

Product category CAS No Example applications

Hydrazine hydrate

Hydrazine hydrate
* Mainly for water and effluent treatments
24-35-55%

Hydrazine hydrate
* Mainly for synthesis and derivatives manufactgrin
60-80-85-100%

Activated hydrazine hydrate for boiler water

Liozan® ’ treatment

Hydrazine derivatives

Hydrazine salts

Dihydrazine sulphate 55% 13464-8017 Synthesisnmeliate, de-NQ

Hydrazine hydrochloride 35% 2644-70-4  Synthesisrmediate, oil-well treatment

Acetylhydrazide 1068-57-1| Synthesis intermediate

Triazoles

Synthesis intermediate for phytosanitary and

1,2,4-Triazole 288-88-0 )
pharmaceutical products
Sodium salt of 1,2, 4-triazole 41253_21_88ynthe5|s |n.termed|ate for phytosanitary and
pharmaceutical products
3-Amino-1,2,4-triazole 61-82-5 Defoliation herbieitor vineyards and orchards
4-Amino-1,2,4-triazole 584-13-4 Synthesis internagelifor pharmaceutical products

Aminoguanidine bicarbonate

(AGBC) 2582-30-1 | Synthesis intermediate

Azoics

Azobis isobutyronitrile 78-67-1 Acrylic and vinyl polymerisation initiator,
(AZDN) halogenations, low temperature blowing agent

Acrylic and vinyl polymerisation initiator,

Azobis isovaleronitrile (AIVN) |  13472-08-7| halogenations
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Table 4.2: Range of Hydrazine Hydrate and Derivaties and Relevant Applications

Product category CAS No Example applications

Azodicarbonamide (Azobul®) 123-77-3 Blowing agent

Source: Arkema (2005)

* this source incorrectly uses 302-01-2 as the GA@ber; this is the CAS Number for the anhydrpus
form, while the hydrated form is normally represghby CAS Number 7803-57-8 (or 10217-52-4)

The manufacture of derivatives accounts for thaiB@ant majority of the overall amount of
hydrazine hydrate consumed in the EU, as will lsculised in Section 4.2. Such uses of
hydrazine have been characterised by industry kté#ters asntermediate uses as defined
under Article 3(15) of the REACH Regulation.

4.1.3

Information on Overall Use Patterns (Tonnage)

4.1.3.1 Information from Literature — Historical Informatio n on Global Consumption

The global usage patterns for hydrazine have clthager the years, as shownTiable 4.3

Table 4.3: Hydrazine Global Usage Patterns - 196@s 2000s
Year and Geographic Scope
1964 USA 1977| World| 1984 World| 1995 World 2003 Japa | 2007 | World
. . . . - Hydrazine

Hydrazine Hydrazine Hydrazine Hydrazine Hydrazine hydrate
Rocket Synthesis of Synthesis of | ¢« Synthesis of Synthesis of | ¢ Synthesis of
propellant: blowing agrochemical agrochemical blowing pesticides:
73% agents: 34% s: 40% s: 33% agents: 41% 32%
Intermediate Synthesis of Synthesis of | « Water Water and * Synthesis of
in the agrochemical blowing treatment: effluent blowing
synthesis of s: 32% agents: 33% 26% treatment and agents: 33%
agricultural Boiler water Synthesis of | ¢ Synthesis of can cleaning: |« Water
chemicals treatment: polymerisatio blowing 28% treatment:
such as maleig 19% n catalysts, agents: 21% Synthesis of 20%
hydrazine, Fuel: 5% and * Rockets: industrial * Others: 15%
blowing pharmaceutic 4.3% chemicals (as
agents for al products: ?| « Others: reducer or
plastics, Boiler water 154% derivative for
pharmaceutica treatment: organic
Is such as the 15% synthesis,
antitubercular Chemical radical
isoniazid and reducing polymerisation
the agent in the initiator for
antihypertensi metal-plating, azo
ve metal compounds,
hydralazine, recovery, and epoxy resin
and the solder photographic hardener, fibre
fluxes, industries modification
hydrazine Ignitor in agents, etc.):
bromide and explosives 21%
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hydrazine e Smaller » Synthesis of
chloride amounts are agrochemicals
Hydrazine used as a 3%
hydrate used rocket e Synthesis of
as a propellant pharmaceutica
corrosion and Is: 0.6%
inhibitor in emergency e Other: 6.5%
boiler water fuel
e Averysmall

amount of

anhydrous

hydrazine

was used as 3

monopropella

ntin space

vehicles and

satellites

Sources: WHO (1987); Schmidt & Wucherer (2004)RCE007); China Chemical Reporter (2007)

A key conclusion from this table is that, while wea fuel (propellant) was very important in
the 1960s, such use has declined and instead ube ¢fydrated form in synthesis and water
treatment (as a corrosion inhibitor) has becomesmpoominent.

In 2007, when the worldwide market demand for hyira hydrate was estimated at 80,000-
90,000 tly, the expectation was that demand woubdvgsteadily, with demand in advanced
countries declining while demand in developing ddes, Asian countries in particular,
growing rapidly (China Chemical Reporter, 2007).

4.1.3.2 Consultation Findings — Current Information on EU Consumption

32

Detailed information has been made available byikdystry stakeholders and is available in
Confidential Annex 2. In summary, the availabléormation shows that uses of hydrazine
hydrate in syntheses (synthesis of pharmaceutiaglechemicals and chemical blowing agents
but also use as a monomer in the manufacture oérb@te polyurethanes), i.e. as an
intermediate (as suggested by industry stakeholdexs those companies registering the
substance), use as a corrosion inhibitor and asdacing agent for metals are the most
important ones. Aggregated data would suggestdh@wving (rough) breakdown of current
uses of hydrazine in the EU:

use in synthesis and as a monomer (pharmaceutagaischemicals, chemical blowing
agents, coatings, etc.): ca. 80%;

corrosion inhibitors, metal reduction, refiningabfemicals: ca. 20%;

other (e.g. aerospace, defence and laboratory: werg)small percentage.
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4.2 Use in Syntheses

4.2.1 Introduction

The following paragraphs provide a quick overvieimlte most important uses of hydrazine
hydrate in synthesis that have been identifiecebessant to the EU industry. On the assumption
(proposed by industry) that these uses constintermediate uses, these should be exempted
from authorisation under the REACH Regulation

4.2.2 Pharmaceuticals and Agrochemicals

Hydrazine is a very reactive, bi-functional moleguénd therefore capable of entering into
reactions leading to many types of biologicallyigetcompounds. Some of the ring systems
based on hydrazine and frequently found in agucaltagents and pharmaceuticals include
(Arch, 2010g; 2010h):

i<~ =",

Triazine Pyridazine Triazale Thiadiazole Pyrazole

A useful overview of some of the active ingredietiitat may be manufactured with hydrazine
or its derivatives is given by Novasep (2010). sT$uiggests that these reagents give access to a
variety of 1,2-diazatype heterocycles, thiosemiaaitles and azo compounds. Hydrazine
hydrate and its derivatives are used in the mahufacof active ingredients for anti-cancer
drugs, antidepressants, anti-fungus drugs, digetoxiolytic, anti-arrhythmic, anti-allergic,
anti-Parkinson, anti-haemorrhagic, anti-tubercglogintiviral, and anti-migraine drugs. In
relation to agrochemicals, relevant preparatiordude herbicides, fungicides, insecticides,
growth regulators, and systemic products (Arken®@52.

4.2.3 Chemical Blowing Agents

Chemical blowing agents (CBAs), also known as faensgents, are added to polymers during
processing to form minute gas cells throughoutpiteeluct. The gas is liberated by a chemical
change in the CBA (Arch, 2010i). Two hydrazineidstives appear to be CBAs that find wide
use, azodiisobutyronitrile (AIBM/AZDN) and azodibamnamide. These can be used as low-
temperature chemical blowing agents (80-120°C)pfassure-blown PVC and silicone rubber
(Arkema, 2010b). End-applications include windbtine blades, isolation panels, flotation
devices, boat structures and seat foams, etc. (Aak2010d). On the other hand, a US supplier
of hydrazine suggests that azodicarbonamide is & @B medium temperature polymer

11 As no specific and detailed information was avsédaregarding those uses when writing this repiotiyas not
possible to check if those uses fulfill the defonitas agreed by ECHA, the Commission and the Mei8tses on the
4th May 2010 (http://guidance.echa.europa.eu/daaddgce_document/clarificationintermediates_201@05df)
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processing (160-220°C). Polymers using azo comgimumclude polystyrene, polypropylene,
high and low-density polyethylene, ABS and PVC.

There are several other hydrazine-based chemiaakitg agents such as benzene- and
toluenesulphonylhydrazide, which are used in lotenperature applications (Arch, 2010i).
Indirectly made from hydrazine, is the high-tempem® blowing agent, 5-phenyltetrazole,
which is used in several engineering plastics (A&H.0i).

4.2.4 Polymerisation Initiators and Catalysts

Hydrazine derivatives may be used in free radiadymperisation processes. Azo initiators
derived from hydrazine hydrate are mainly used dahlymerisation reactions to initiate or
terminate the polymerisation process, or to redneeesidual monomer content. Their possible
applications thus cover many fields (Arkema, 2010b)

acrylic sheets, fibres, paints and coating resins;
nonwoven textiles;

grafted polyols; and

co-polymerisation of vinyl compounds.

Relevant end-products may include wallpapers, daskables, sport footwear, tubing, wind
turbine blades, isolation panels, flotation devijsesats foams, varnishes, paints, coatings, water
treatment, synthetic glass, textile fabrics, etckéma, 2005).

Azo initiators such as AZDN are also used as cstalfor free radical halogenation or
sulphochlorination (Arkema, 2010d).

4.2.5 Crosslinking in Urethanes and Acrylics

Hydrazine is bi-functional and very nucleophililpaing for a rapid reaction with isocyanates
and acrylates. Therefore, hydrazine is added fiows urethane mixtures to crosslink or chain-
extend the polymers. Crosslinking increases ttength and durability of the plastics allowing
them to meet more rigorous demands (Arch, 2010j).

Apparently, both hydrazine hydrate and hydrazides be used as crosslinking agents for
polyurethane and rubber (Arkema, 2005). A substansed as a chain extender for
polyurethanes with a N-N bond is adipic dihydrazidé&NNH-C(O)-GHi-C(O)-NHNH;
(Manea, 2003).

Use of hydrazine solutions for the production otimgs (presumably polyurethane ones) and
other products has been confirmed by the SwedisanBials Agency (2010) as well by
industry stakeholders.

4.2.6 Lubricants

Hydrazine-based sulphur compounds such as dimettégdiazole (DMcT) have been reported
as being the basis of a large number of lubricallitaees (Arch, 2010j). Other hydrazine
derivatives that may have found use as additivesluloricant formulations include
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methylhydrazine, dimethylhydrazines, phenylhydrazietc. (Lubrizol, 1970). These uses have
not been confirmed as relevant to the EU. It soalinderstood that polymers based on
hydrazine may be used in lubricant formulationthim EU.

4.2.7 Nuclear Reactor Waste Treatment

All commercial nuclear waste reprocessing plants ttee well-proven hydrometallurgical
PUREX (plutonium uranium extraction) process. Tihiglves dissolving the fuel elements in
concentrated nitric acid. Chemical separationrahium and plutonium is then undertaken by
solvent extraction steps. The plutonium (Pu) arahium (U) can be returned to the input side
of the fuel cycle — the U to the conversion planbipto re-enrichment and the Pu straight to
mixed oxide (MOX) fuel fabrication. Modified vemsis of PUREX are also available such as
UREX (it does not involve the isolation of a Puesim) (World Nuclear Association, 2010D).

All processes in which U is separated from Pu tatteantage of the fact that Pu valences are
easily increased or decreased under conditionshiohad remains as the uranyl (VI) ion. In all
PUREX solvent extraction processes, the U(VI) dra Ru(IV) are co-extracted into a tributyl
phosphate (TBP) solvent. This separates both tleendJthe Pu from most of the radioactive
fission products that remain in the aqueous straaththat are sent to waste. To separate Pu
from the solvent (and the U), a chemical reducimatided to reduce the Pu to the (lll) valence.
The Pu(lll) has only a very weak affinity for thd®P, so the Pu is extracted into the aqueous
phase (US Department of Energy, 1999).

Mixtures of U(IV)/hydrazine can be used in PUREXeogtions where small concentrations (up
to 1%) of U in the Pu product are not a concerre Ttost beneficial attributes of uranous-
hydrazine mixtures are that they contribute nodsolo waste, and they give rapid Pu reduction.
Hydrazine is often called a holding reductant iat tth eliminates those elements or components
that would react with the primary reductant suchhgdroxylamine nitrate, according to the
following reaction (US Department of Energy, 1999):

NzHs + 2 HNG 2 3 H,O + N, + N,O

The French reprocessing plant at La Hague has mgdrxylammonium nitrate for reductive
stripping of Pu. The chemical is received at 1.8\ then diluted and mixed with nitric acid
and hydrazine for use in the process (US DepartrobBnergy, 1999). The World Nuclear
Association (2010) suggests that the French pfahaiHague processes light water reactor fuel
(LWR) with a capacity of 1,700 tly. The UK Thermakide Reprocessing Plant (THORP)
plant in Sellafield also has a capacity of 900Lf@&/R fuel. In addition, the UK Magnox plant,
also in Sellafield, has a capacity for 1,500 thytfee processing of other nuclear fuels.

Some information of a confidential nature on thse that has been collected during consultation
is provided in Confidential Annex 2.
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4.3 Use in Water Treatment

4.3.1 Description of Use

4.3.1.1 Background (including Information from Literature)

36

Steam being ‘pure’ water dissolves other materiais it very easily and it is these other
materials that cause problems requiring treatmenth materials include metals from the
system, oxygen, carbon dioxide and others. Theomgaijoblems that may arise from the
presence of these materials are scale, corrosmler vater carryover, and sludge deposition
(Accepta, 2010).

It is believed that in several industry sectors tamoval of dissolved oxygen from process
(boiler) water is important, but among them, poweneration should be the one where such
removal plays an exceedingly important role. Oxygerrosion occurs through an electrolytic
process using the plant system’s metal as a cupaiit and the process water phase as an
electrolyte. Oxidation takes place at the anodere/ta pit is formed. At the cathodic surface,
oxygen reacts with hydrogen and depolarises tHairpermitting more iron to dissolve at the
anode, gradually creating a pit. It is therefargortant to remove oxygen from the system
(Eurelectric, 2010).

Hence, the control of corrosion of power plant comgnts is critical to maintain the plant’s
performance, availability and life, i.e. gettingetimost from capital investment in the plant.
Such corrosion can take place throughout the efet@é and boiler system (Eurelectric, 2010).

Removal of oxygen is typically a two-stage proggasrelectric, 2010):

Stage 1 mechanical, meaning using vacuum (degassingalte make-up water in the

condenser) and thermal deaeration (heating thervaaid spraying into a deaerator to
maximise surface area and subsequent degassimgler Steady operating conditions, a
well-maintained plant can achieve oxygen levelsbdug/kg in the feedwater. These
small traces of oxygen, however, can still influermorrosion in the plant systems.
More significantly, due to commercial consideraipmost generating units do not
maintain steady operating conditions and consetuerperience deviations in oxygen
levels (increased make-up, disturbed conditionshen deaerator, increased air intake
over the sections that operate under vacuum); and

Stage 2 to support the mechanical means of oxygen remdvis necessary to add a
chemical oxygen scavenger to remove trace residuatstigate impacts during times of
idleness.

As powerful reductive agents, hydrazine hydrate isdalts can be used as oxygen scavengers
for boiler water and feedwater treatment. Hydrazigdrate may be used either in the form of a
simple solution or in its catalysed form (Arkem®&083). Hydrazine reduces this corrosion in
three ways (ABB, 2005):

- Direct reaction: hydrazine reacts with oxygen to form nitroged arater:

NoHs + O, 2 N + 2 HO



ANNEX XV — IDENTIFICATION OF HYDRAZINE AS SVHC

- Decomposition  hydrazine breaks down into ammonia at high teatpee
(>200°C) and pressure; this increases the pH ofvélter, thus reducing the risk of
acidic corrosion:

3NoHs =2 4 NHs + N>

- Passivation hydrazine reacts with any soft haematic,(Jz¢ layers on boiler tubes
and changes them to a much harder layer of magr{E&O.):

NoHs+ 6 FeO3; 2> 4 FeOs + 2 HO + N\,

The magnetite layer helps to protect the boileetufrom damage in the event of
dissolved oxygen surges and gives a certain amufupitotection against dissolved

salts. However, unless an excess of hydrazine awérbove the amount needed to
scavenge the oxygen is present, this layer retersematite and the protection is
then lost (ABB, 2005).

Hydrazine hydrate solutions can be used both duhegperation of boiler systems but also for
the maintenance of boilers during maintenance/shutdperiods, also known as ‘wet lay-up’.
While dry lay-up of boilers may be desirable fandeterm storage, properly carried out wet lay-
up can provide the needed protection during laysyzh as those which may occur during low
production periods, plant breakdowns and duringilsggnaintenance periods. A boiler system
that will be needed on very short notice can begdan wet lay-up. The primary purpose of
wet lay-up is to keep a boiler clean and inhibitrosion in ‘idle’ or ‘stand-by’ boiler
equipment. This protection is also required eitbering pre-clean-up or pre-operational
periods for greater convenience (Arch, 2002):

by aiding in the formation of protective thin filrend
by sustaining absorbed barrier layers.

Hydrazine is convenient for wet lay-up becauss i ivolatile liquid and does not increase the
dissolved solids in the boiler drum. Neither hyuina, nor its decomposition products, or its
reaction products are acidic. In addition, wetugywith hydrazine penetrates all crevices and
loose scale and use of hydrazine in wet lay-upireguno special treatments to remove excesses
at time of start-up (Arch, 2002).

4.3.1.2 Consultation Findings

The most important application of hydrazine as aasion inhibitor is in nuclear and thermal
power stations and our discussion here largelySamu the power generation sector (Bex
4.1 for a description of the processes in power plant the importance of corrosion control).
However, hydrazine hydrate solutions find usestmenotypes of plants, as will be discussed
later in this Section.
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Box 4.1: Operations of Nuclear and Fossil-fired Reer Plants

Company 26has provided an overview of the operation of naicknd thermal power plants. The
nuclear plant process can be simplified into tweuts, a “primary” and a “secondary” with as an
interface between the two, the steam generator:

- the primary circuit function is to create thermaleggy in the form of heated, pressurisgd
water. It consists in a nuclear reactor, pipes@nmps;

- the secondary circuit function is to transform tisrmal energy into electricity. It consists pf
an electrical generator, a turbine and heat exarangnd

. a steam generator transforms the hot pressuristst fvam the primary circuit into dry steam
for the secondary circuit, using exchanger tub8$he walls of these tubes constitute the
physical barrier between the radioactive primarguit and the secondary.

The process of a thermal (fossil-fired) power plantsimilar except that the nuclear reactor|is

replaced by coal/oil burners and that there is @adnto separate the primary/secondary units since
there are no radioactive fluids to manage. Thislirement for containment is crucial for a nuclgar

plant: it is the guarantee that materials or &cfivids cannot escape. This requirement is edslire
in particular by an efficient chemical control dfet primary and secondary fluids in order,:llin
particular, to maintain the complete integrity lifet steam generator tubes, the physical bafrier
between the nuclear and classical parts of the.plan

Below information collected from consultation isepented, first by company and then by
national Competent Authority.

Companies Company 26 has described how hydrazine is used in a numbewuolear and
fossil-fired power plants owned by the companyisThformation is summarised irable 4.4

Table 4.4: Description of Hydrazine Hydrate Use as Corrosion Inhibitor in Power Plants —
Company 26

Application of Operational
hydrazine hydrate status

Transformation of

Description of action hydrazine

Nuclear plants

Controlling the oxygen concentration
by chemical conditioning of water in| Substance thermally
the closed circuit (closed) primary in decomposed into
their commissioning, and maintainirjgammonia

a reducing environment within the | (contribution to the

Reduction of oxygen
and pH regulation by
hydrazine hydrate: Plant in

corrosion inhibitor for | operation

. I secondary circuit, to prevent maintenance of
equipment of a nuclea - ) o
corrosion of equipment and thus specified pH and
power plant '
preserve the nuclear safety and nitrogen)

generation functions
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Table 4.4: Description of Hydrazine Hydrate Use as Corrosion Inhibitor in Power Plants —

Company 26

Application of Operational Descrintion of action Transformation of

hydrazine hydrate status P hydrazine
Controlling the oxygen concentration
by chemical conditioning of water
from the secondary steam generator

Reduction of oxygen circuits, and other exchangers if

. .| Plant shut . . .
by hydrazine hydrate: down for necessary, of nuclear installations, foNo transformation —

corrosion inhibitor for
steam generators of a
nuclear power plant

maintenance
(in outages)

prevent corrosion — including the
physical barrier between the primar
(radiologically active circuit) and the
secondary circuit — and thus preser
the nuclear safety and generation
functions

hydrazine is a
y reducer of oxygen

e

Fossil-fired plants

Reduction of oxygen
and pH control by
hydrazine hydrate:

Controlling the oxygen content by
chemical conditioning of water from

Yes, substance
| thermally

AN Plant in the main boiler and heat exchangers .
corrosion inhibitor for . - : decomposed into
. operation and preventing corrosion of .
equipment of a . . ammonia and
- equipment and thereby preserving the.
conventional power ; . RAitrogen
generation functions
plant
Reduction of oxygen
by hydrazine hydrate: i .
y hydrazine fy Plant shut- Contr_ollmg the_ oxygen content by No transformation —
corrosion inhibitor for chemical conditioning of water from S
down for hydrazine is a

the boilers of a
conventional power
plant

. the main boilers and thereby preserve
maintenance reducer of oxygen

the generation functions

Source: Consultation

Another company operating power plan@Gympany 32 has further confirmed its use of
hydrazine hydrate (55% solutions are purchased)ofgrgen scavenging in nuclear power
plants. Hydrazine is stored and dosed into théebdeedwater to remove oxygen and so
maintain reducing conditions in the evaporator sungerheater regions. In AGR (advanced gas-
cooled) boilers and PWR (pressurised water readt@am generators, hydrazine serves to
ensure that oxygen does not reach austenitic ssctishere oxygen might otherwise promote
stress corrosion cracking during on-load operatiomhe feedwater oxygen concentration
specified for AGR boiler inlet, during on-load op#on is typically ~ 25-7Qug/kg, with
hydrazine being dosed at ~ 1.8 %[O

Similarly, hydrazine is also employed in several iemperature applications during off-load
operation (e.g. decay heat removal and wet stqtageip) applications, etc.). Here, the rate of
oxygen removal is lower than that at full-power ditions because of the lower temperature
and pressure. In this case, the feedwater oxygementration for AGR boiler inlet is
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maintained at less than ~ 3@/kg, where hydrazine is dosed at ~ 1.5 %][OHydrazine is
therefore preferentially utilised for its versatilivhen varying the power in the reaétor

Another energy company;ompany 22 confirmed that it uses hydrazine in power planis b

also in water steam circulation for district hegtand cooling. The concentration of hydrazine
hydrate in the solution is 15% and the presendgydfazine ranges from very low in the boiler
water up to 150 pg/kg in the water user for distigating and coolifg

Company 52is also an operator of power plants. In 2009 cttrapany used 50 tonnes of a 5%
hydrazine hydrate solution (containing an equiviale tonnes of anhydrous hydrazine).

Company 57 a contractor for the nuclear power industry uged®009 hydrazine hydrate
solutions containing 3 kg of hydrazine (expressedrghydrous form) for oxygen reduction and
corrosion inhibitor in nuclear power plant circuits

Finally, Company 44 also a contractor for the nuclear power indudigs advised that it uses
hydrazine hydrate solutions for the chemical clegrof steam generator rather than for boiler
feedwater treatment. The accumulation of depdsitthe secondary side of PWR steam
generators increases the potential of acceleratesl degradation. As the deposits harden and
form crevices, they can cause conditions that ead to tube corrosion or operational concerns.
There are a number of different mechanical and aarleaning methods available to remove
steam generator deposits. One of these methadsnggenerator chemical cleaning, involves
the introduction of chemicals to dissolve deposi&eam generator chemical cleaning is best
suited of plants with significant deposit accumioiat(an estimated 3,000 pounds — 1,360 kg —
or more per steam generator). The company usehgses 55% hydrazine hydrate solutions,
which it dilutes to a 0.1-2% concentration befose.u

Competent Authorities: information has been received from the CypricpBrtment of
Labour Inspection (2010). It appears that catalyselutions of hydrazine hydrate with a
concentration of 55% are imported from another BUntry for use in two power stations on
the island.

The German Federal Institute for Occupational Safetd Health (2010) indicated that 15%
hydrazine hydrate solutions are used in the couasrnan oxygen scavenger and a corrosion
inhibitor in water and steam systems (e.g. boilers)

Use of hydrazine solutions as corrosion inhibitdves been confirmed by the Swedish
Chemicals Agency (2010).

Finally, the UK Health and Safety Executive alsafaons the use of hydrazine hydrate as an
oxygen scavenger in boiler feedwater in power atatiHSE, 2006). The only other use at the
time was in syntheses.

12 Hydrazine (50ppb) is also utilised as a laborat@agent to formulate standards for UV/Vis Calilma
purposes.
13 We have been advised that important factors whidhinfluence the required concentration of hyzire

hydrate in solutions used for water treatment #re:quality of the boiler water, the type of boikguipment, other
treatment processes which are used in combinatitim hydrazine dosage, the construction materialtf@r boiler,
guidelines of the engineering companies (procegsldpers), and process safety demands.
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4.3.2 Locations and Quantities Used

4.3.2.1 Industry Sectors Potentially using Hydrazine Hydrae

It is currently uncertain in which industry sectoapart from power generation, hydrazine is
currently used as a corrosion inhibitor in the ERbme suggestions have been made by experts
in the industry: a representative @bmpany 23 has advised that typical industries in which
hydrazine hydrate oxygen scavengers could be usdade all steam-using industries, such as
the chemical industry, the refining and petrochetnicdustry, the pulp and paper industry, the
steel industry, the food industry etc. It can bsumed however that, in the food industry, the
application of hydrazine must be very limited ort existing, but in the other sectors boiler
treatment with hydrazine can conceivably be foumcdeed, a key company in the hydrazine
hydrate supply chain has confirmed the use of thestance by steel plants and chemical
products manufacturers.

Company 23also believes that while power generation plam@tgehvery strict conditions for
handling hydrazine hydrate solutions, in other drogystems the conditions may often be less
strict. Especially smaller boiler systems will mse closed dosing systems like the ones applied
in power generation plants.

A Canadian Government publication confirms thatrhgthe may be used (and released) in the
boiler systems of industrial plants other than pogeneration units. In principle, these systems
use much less hydrazine than that used to courtéatoon in cooling systems of boilers, i.e.
power plants (Environment Canada & Health Cana@aQp

4.3.2.2 Locations of Power Generation Plants

As of October 1, 2010 there is a total of 143 naicfgower plant units with an installed electric
net capacity of 131 GWe in operation in the EU #&dnits with 5.8 GWe were under
construction in four countries (European Nuclearci&y, 2010). The World Nuclear
Association (2010) provides a list of EU countnesere electricity may be generated through
nuclear power plants; fifteen Member States prochateveen 4% and 80% of their electricity
through nuclear power plants. Details on the nundfefossil-fired power plants are not
available; however, Eurelectric (2010b) suggess, tin 2009, electricity generation capacity
from conventional (fossil-fired) plants in EU-27 svaround 475 GW (while the capacity of
nuclear plants was 133 GW). It is therefore reabtto assume that the number of fossil-fired
power plants in the EU is larger than the numberuaiear power plants.

4.3.2.3 Locations of Other Potential Users

A Swedish companyCompany 19 which claims to be a world leader in the fieldvahter
treatment for boilers in the pulp/paper industry blso in power plants, has commented that
hydrazine is still commonly used in eastern Eurapd is still in use in parts of Southern
Europe (Portugal and Spain). Conversely, the udsthe substance is practically banned in
Scandinavia; it is the handling of hydrazine thatniot allowed, due to its classification,
although purchase and exporting is not prohibit€de company has also not used hydrazine in
France or the Benelux countries in the last twasea
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Some additional information has also been providgdhe Confederation of European Paper
Industries (2010). The Confederation enquired agrithmembers on whether the substance is
used in water treatment applications. The feedbac&ived would suggest that hydrazine is not
used in wastewater treatment as mentioned by tér@atiire, although it may have been used in
the past in boiler water preparation and the cayroprotection of boilers. Hydrazine is no
longer used as it is known to be carcinogenic amdesConfederation members mentioned that
it was phased out in the late 1980s when it wakaced by DEHA or carbohydrazide which
have a more favourable hazard profile. The assomphat hydrazine is unlikely to be used in
the EU paper/pulp sector has been corroboratedhidyatccounts of two individual companies,
Company 10 andCompany 11 In Company 1Is country, hydrazine was replaced around
1990 due to its carcinogenicity classification.

4.3.2.4 Quantities Used

Some information on the sales of hydrazine hydi@teise as a corrosion inhibitor is available
from the two manufacturers of the substance angresented in Confidential Annex 2. In
addition, Company 26 has also provided information on its use of hymh@zn nuclear and
fossil-fired power plants; this is also providedfie Confidential Annex.

Some additional information that can be presentete Hs available from the following
companies/organisations:

the energy-producin@€ompany 22 advised that it uses <10 t/y of a 15% hydrazine
hydrate solution per year (this is equivalent ta/glanhydrous hydrazine);

Company 57 uses solutions containing only a few kilogramshgfirazine for the
treatment of boiler feedwater in nuclear poweriies;

Company 44 a contractor for the nuclear power industry, susetween 100-1,000 t/y
of solutions for solids removal but, due to theyveilute solutions used, the actual
consumption of hydrazine hydrate is in the 0.1/¢@dnge;

according to the Cypriot Department of Labour Ircdjms (2010) a total of 8 tonnes of a
55% solution (equivalent to 2.8 tonnes of anhydrbydrazine) was imported into the
island and consumed in 2009 in power generatigiggts);

power plant operato€Company 32 purchases ca. 75 t/y of hydrazine hydrate 55%
(equivalent to 26.4 tonnes of anhydrous hydraziaejoss eight operating power
stations;

the material that is ordered by the customer opbepCompany 13is used up in the
process and is usually per treatment; treatmengs remrmally only 2-3 a year.
Depending on boiler size, the amount of hydrazolaten used could be up to 200 kg
per treatment and the concentration of hydrazirdrdte in the solution supplied has a
concentration of 35%; and

Company 19also uses up to 200 kg per application but prefersse a 15% catalysed
solution. It should be noted that contrary to adtmall other consultees, this company
uses hydrazine not only in power stations but aistallations such as paper and pulp
plants.

It should be understood that dosage is controlledugh measurements, thus consumption
follows the amount of oxygen in feedwater and cosdées.
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4.3.3 Recent and Future Trends

Information from some key players is provided im@dential Annex 2. Some information that
can be provided here is summarised below.

Table 4.5: Past and Future Trends in ConsumptionfoHydrazine Hydrate for Water Treatment
(Corrosion Protection) — Selected Companies

Company Last 5 Future .
. yrs Details
responding trend trends
The decreasing trend in hydrazine use has beely plare to
following more precise process conditions, whicl hzade it
possible to decrease the use of hydrazine hydiateddition,
Down the variation in the annual usage of power plangy ralso

Company 22 >2504 Stable | affect hydrazine use. The target of the company imaintain

or even decrease the use of hydrazine hydrate. edenythe
ageing of plants, the quality of water and the tangf
operation shutdowns are expected to sustain toxamtethe
demand for hydrazine

Expected to remain essentially stable over the ogrgears ag
its consumption relates to the consistent ratesafge at the
company’'s nuclear power stations to achieve thepemys
internal governance requirements

Company 32 Stable

The quantities sold between 2008 and 2010 werewbdlq
tonne per year and fluctuated significantly; usdgpends or
power station maintenance schedule hence consumptio
volumes can differ considerably from one year tother

Company 13 | Varied

Only recently started using hydrazine hydrate @ermtractor
Company 44 Stable | for nuclear power plant and expects consumptiometoain
largely stable in the foreseeable future

Optimised consumption, proportional to operatidmsnce no

Company 52 Stable Stable real changes are envisaged

Company 57 Stable No details given

Source: Consultation

It is worth noting the input d€ompany 8 a boiler manufacturer. The company suggestdd tha
whilst use of hydrazine hydrate was the normal fimadn the past, research has shown that its
use is not without problems. The company indicatleat key European contractors and
operators of utility power plants have stopped icarmtus hydrazine injection in water cycle for
new projects. This may not be the case for exjgtilants. Some additional detail is provided
in Section 6.1.1.

Information from certain consultee€gmpany 19 Company 8 but also members of the

Confederation of European Paper Industries) suggistt the use of hydrazine may be in
decline. Several companies have explored alteemtand whilst power station operators
generally appear to have been unable to identigrratives that could meet their requirements,
other companies may have opted for alternatives ¢fmmple, see the testimony of UK
Company 9which argues that hydrazine has largely been ceglan high-pressure boilers by

alternatives such as carbohydrazide, diethyl hygeowine (DEHA) and isoascorbic acid, as
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well as the information provided in Section A2.4fl Confidential Annex 2 and A3.3.2 of
Confidential Annex 3 on the patterns of use of hydre hydrate in smaller and newer
installations).

4.3.4  Structure of Supply Chain

End-users such as power plants tend to purchaseigd hydrate solutions either from the
manufacturers or distributors. It is also possthit the removal of oxygen may be undertaken
by contractors, companies that specialise in #egttnent of water.

4.4 Use as Reducing Agent for Metals

4.4.1 Description of Use

4.4.1.1 Information from Literature

Electroless Plating

Electroless plating (also known as autocatalytatipt) is a selective deposition plating process
in which metal ions are reduced to a metallic cmpby a reducing agent in solution. Plating
takes place only on suitable catalytic surfaceschwvmclude substrates of the same metal being
plated, hence the term ‘autocatalysis’ (Seshanl0Depending on the nature of the metal to
be deposited, the reducing agent employed may vaypical reducing agents include sodium
hypophosphite, sodium borohydride, hydrazine andhetlhiylamine borane (Jerry Barker
Consultants, 2010).

Literature sources refer to the use of hydrazinelectroless nickel depositsvhere it is able to
provide pure metal coatings, as opposed to theoisedium hypophosphite (NaPG,.6H,O)
which results in a phosphorus content of the fowdting of 3-15 wt% (Sidorenko & Kukin,
1977; Mittal, 1998; and Bicaét al, 2002).

Literature also indicates that hydrazine may bealuseelectroless platinum and palladium
deposits Reducing agents used for electroless platingpaifadium include hydrazine,
hypophosphite, amine borane, and formaldehyde. razyde baths apparently suffer from a
serious drawback: the plating rate decreases yapialling bath operation to a much greater
degree than expected from the depletion of paltadio the bath, because of the catalytic
decomposition of hydrazine itself. Hypophosphitghs do not have this problem and have
been investigated more extensively (Okinaka & Waldiuk, undated). Electroless platinum
has been plated using hydrazine or borohydriddv@seducing agent. However, the operation
of those processes appears to be more difficuit that for electroless palladium (Okinaka &
Wolowodiuk, undated). Ruthenium and rhodium caggimay also be deposited with hydrazine
acting as the reducing agent (Okinaka & Wolowodiutdated; Vakelis, undated).

Electroless silver and gold depositare also possible. Electroless silver platingitsmhs have

been developed using cyanide Ag(l) complex and aburanes or hydrazine as reducers
(Vakelis, undated). The oldest application of phecess is the silvering of glass and plastics for
producing mirrors using silver nitrate solutionglame of various reducing agents, hydrazine
among them (Seshan, 2001). Thin gold coatings beageposited on plastics by an aerosol
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spray method: gold complexes with amines are eneplayith hydrazine as a reducer, and a
relatively thick coat may be obtained (Vakelis, atedl).

Recovery of Precious Metals

Literature suggests that hydrazine hydrate mayseel in theaqua regiagold refining process.
This process is probably the most widely used atgmall-medium scale by jewellers and
refineries alike and can produce gold of up to 9%%urity. It is based on the ability afua
regia (a mixture of hydrochloric and nitric acids in &4 ratio) to dissolve gold. Thus, the
scrap gold is dissolved in the acid mixture to fasoluble gold chloride. Silver chloride is
precipitated and filtered off. The gold is seleely precipitated from solution by a reducing
agent and filtered off, washed, dried and the tastipowder melted to a solid button or ingot.
Hydrazine can be one of those reducing agentsi(Q6Q2).

Platinum may also be recovered from jewellery wastimg hydrazine. Kady Mbaya (2004)
recounts how platinum with a purity of 99% was nemred by precipitation with ammonium
chloride (NHCI) as ammonium hexachloroplatinate complex (NPtCk and converted to

black platinum powder using hydrazine. The process be described by the following
chemical reactions (Kady Mbaya, 2004):

8 HCI (gt 2 HNG (gt Pt(s) - H,PtCk @yt 4 HO @y T 2 NOC'(g)

H,PtCk (ag) 2 NH,CI (aq) > (NH4)2[PtC|6] (ag) 2 HC'(aq)

(NH4)2PtC% (ag) N,H,4 ot 6 NaOH(S) -> Pt et 6 NaCI(aq) + 2 NH; ot N, @t 6 HO (aq)

Apart from jewellery, noble metals such as platingmoup metals may also be recovered from
waste using hydrazine hydrate — for instance, i@ @tectronics industry. Frankham &

Kauppinen (2010) note that platinum group metaSNIB) can be recovered by reduction using
reagents such as hydrazine or sodium borohydrigéeugh hydrazine is reportedly becoming
less acceptable for use in industry due to its tamees properties and handling issues.

4.4.1.2 Consultation Findings

Electroplating

According to Lloret (2010), hydrazine can be useelectroplating baths based on chromium
(1 at a dosage of 120 g hydrazine sulphate ljger. Hydrazine plays three distinct
roles:

the bathroom uses graphite anodes. Anodic oxygelutton during electrolysis causes
erosion of the anodes. The reaction of hydraziite exygen causes the formation of
nitrogen near the anode, preventing erosion;

during the electroplating, a secondary reactioesgidace at the anode: the oxidation of

chromium (lll) to chromium (VI). Chromium (VI) agtas a potent contaminant of the
bath. The presence of a reducing agent such aazigd again reduces chromium (VI)
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to chromium (Ill). This is achieved by limitingdhpresence of chromium (VI) to 0-2
mg/L; and

hydrazine can improve the corrosion resistancehadroe plating due to the reduction of
porosity.

The bath of chromium (Ill) includes this speciescasomium (lIl) sulphate or chromium (l11)
chloride. Once chromium (lll) is released in tldusion, the complexing agents in the bath
(e.g. formic acid or its salts) stabilise it. Tihegth also contains boric acid which acts as a buffe
to stabilise the pH in the correct range (betweem@ 3). Under these conditions, hydrazine
would be unstable. It is therefore added in thenfof a compatible salt, sulphate, sulphite or
chloride (Lloret, 20108}.

However, consultation withCompany 1 suggests that whilst hydrazine salts have been
referenced in patent literature as relevant taleint chromium baths, these are not really used
in the EU as described above. Instead, some limditual use takes place in the area of
hexavalent chromium: hydrazine hydrate (rather thaa of its salts) is used as a reducing agent
in the process following the etching of plasticfaoes (which involves chromic acid). Typical
concentrations of the hydrate would be 1-5% indbecentrate sold to the plater, with a final
0.01 to 0.05% in the plating bath.

The company notes that efforts are being made &selhydrazine out because of its toxicity.
Hydrazine-free products (hydroxylammonium compouandd hydroxy acids) are available but
it is claimed that there is some customer resigtanchange.

Finally, Company 54 a supplier of metal surface treatment solutiansfiomed that in the past
hydrazine hydrate solutions (of a concentratioradew g/L) were sold for addition to gold
plating bath formulations. The function of hydraziwas mainly to enable the use of higher
current densities without having irregular depgsawth in the areas of the part more exposed
to anodic current flow. The relevant product idamger sold by the company.

Electroless Plating

Lloret (2010) has provided an overview of potentis¢s of hydrazine in the electroless plating.
This is presented imable 4.6

Company 5advised that hydrazine has largely been replagduypophosphite or boranes and
it may be used for special applications only, ttneally for plating on plastics.

Experts in the sector (fro@ompany 2, Company 5and Company 6 confirm that hydrazine
has been used as a reductant in electroless nptehum and palladium processes. For nickel
plating, its advantage is that it produces a punkeh deposit as opposed to the nickel-
phosphorus (NiP) alloys produced by solutions ugiggophosphite or nickel-boron (NiB)
alloys produced when using boranes as a redud®amé nickel is soft, malleable and ductile
and has a high melting point. NiP and NiB depoaits much harder as plated and are not
malleable or ductile.

14 A basic rule of development of galvanic treatmbaths is that the additives are incorporated imaaner

consistent with the rest of the components, avgidire introduction of undesirable species (contamig). Thus, in
alkaline baths (cyanide based baths, amine batbg, leydrazine is incorporated as such rather gmma salt — the
addition of hydrazine salt (sulphate, chloride,)egenerally aims to achieve greater stability gitteat hydrazine alone
is more unstable; however, the presence of sulphaldorides, etc. pollutants can be undesiradierét, 2010b).
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There are some applications for pure nickel, wtdoh limited by the poor throwing power of
electrolytic techniques - these may be overcomeelegtroless deposition using hydrazine.
However, it is a much more expensive and hazardoute. Therefore, so far the use of
hydrazine has been driven by research rather thapplication, and commercial uses of such
techniques are likely to be limited (some limitesleuin universities or aerospace research
establishments has been suggested).

Table 4.6: Potential Uses of Hydrazine (and its &a) in Electroless Metal Plating
Typical
Type of bath hydrazine Details
dosage
Plating of precious metals
Deposition ofgold and gold alloys 8glL Gold over nickel coatings from baths with
for electronic applications hydrazine cyanide
Deposition of electrolesgold 25 g/L
(compatibility with the positive hydrazine Non-cyanide baths (sulphite-based gold (1))
photoresists) chloride
Allows for sequences of stable layers for
contacts in conductors operating at high
Deposition ofpalladium for 0.3 g/L temperatures. Used to give gold sub-layefs
electronic applications hydrazine to prevent diffusion of substrates of coppe|
or silver through gold*. Palladium-amine
bath
e . 1 g/|_
Dlep;)smp n ofpll'atlrtl'um for Hexahydroxoplatinate baths
electronic applications hydrazine
Deposition ofsilver coatings for 4.5 g/L
glass or ceramics as insulators hydrazine Bath of silver nitrate in ammoniacal solutign
(spray method) sulphate
Plating of basic metals
Deposition ofnickel films 4.5 g/L
containing pure nickel (99%) for hydrazine With sodium tartrate as a complexing agent
semi-conductors sulphate
Source: Lloret (2010; 2010b)
* When a copper or silver alloy (base alloy or dog) lies underneath a coat of gold, there is a
diffusion effect that can reach the surface andseastains that are confused with corrosion products
These spots are the products of alloys or “intemtiies” of gold and copper or gold and silver, whig
will change the conductive properties of the galdace. The phenomenon of diffusion is much faster
the thinner the layer of gold. To avoid this diffin effect, intermediate coatings are used tcaac
barrier to diffusion. The most common barrier layare nickel or palladium. In the present case,
palladium is applied in electronics since in electics it is important the presence of precious tsetg
as a final topcoat. If due to usage, there waailaife or defect, with the release of gold, the
underlying palladium would guarantee that the egstvould still work smoothly

Recovery of Precious Metals

Company 24, Company 29and Company 30 have provided information on the use of
hydrazine as a reducing agent in the productiopretious metals, including precious metals
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catalysts. Due to the commercially sensitive raatof the information provided, this is
presented in Confidential Annex 2.

Company 20 uses hydrazine hydrate (solutions of high conegiotn) in the production of
AgCdO, AgSnQ and Ag powders by chemical reaction. These posvder subsequently used
for die compaction or extrusion of electrical cansa(electrical contacts are used in relays,
contactors, circuit breakers, etc.).

Two more companies have confirmed some minor us@srfield:

a supplier of precious metal€gmpany 12 has confirmed it is using a very small
quantity of the substance (<1 litre per year) ia tefining of high PGM-containing
material. The company is currently looking foeattatives to hydrazine; and

Company 31has also indicated that it uses <1 litre of hymrahydrate each year. The
company precipitates gold from jewellery scrap$ie Bmounts of gold are always less
than 5 g to 10 g for each reduction, and this tadtase four or five times a year. This
gold is refined, after washing and drying, with tlest of the company’s scraps (it is
diluted 5: 50,000 in the refining batch). The haaine hydrate solution has a
concentration of 60%. The company’s consumptisdecreased by more than 25% in
the last five years as the selection of scrapsithasoved to avoid mixtures between
gold and platinum/palladium.

Production of Basic Metals

A use that was not identified in literature wasgegjed byCompany 27 The company uses
hydrazine hydrate as reducing agent for removiages of selenium from process liquids. The
process liquid is acidic filter press filtrate. el'bolution that is subject to filtration comes from
precipitation of selenium with sulphur dioxide afollowing hydrazine treatment, the filtrate is
sent to a copper refinery electrolyte circuit. @eprefinery electrolyte cannot contain any
dissolved selenium, as dissolved selenium woulcipttate during electrolysis to copper
cathodes. The selenium limit for LME grade A cappathodes is 2 ppm and customers may
even specify lower limits for selenium. With theeuof hydrazine, the refinery is able to
circulate filtrate directly without further purifition treatment.

The concentration of hydrazine hydrate in the sohst used is 55% and its consumption of

hydrazine hydrate solution in 2009 was in the ltekthe range. There has been no discernible
change to the company’s consumption in the last ywars. The concentration of the solution

used is reasonably high to ensure that the volured on-site is kept low and is easier to

handle.

4.4.2 Locations and Quantities Used
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The number of companies involved in the use of &zitie hydrate as a reductant for metals is
unknown but is expected to be small, probably towahe lower end of the 10-100 range
(based on consumption data for a number of keyeptain the EU market). Some of them,
however, may consume considerable amounts of thstamce in the production of precious
metals and catalysts based on precious metals.
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4.4.3 Structure of Supply Chain

Some information available for large players irsthéctor is summarised in Confidential Annex
2.

4.5 Use in Effluent Treatment

4.5.1 Description of Use

45.1.1 Information from Literature

As powerful reductive agents, hydrazine hydrate ig;idalts can be used as agents for effluent
treatment, for example for the removal of contamiaauch as G| Br,, NOy, and heavy metals
from gaseous and aqueous streams (Arkema, 200§ilrakine has also been proposed as a
reductant for the non-catalytic reduction of NO ¢Gh Chang, 1997; Hamon, 2010).

4.5.1.2 Consultation Findings

No consultee has specifically confirmed the usénafrazine hydrate in applications such as
those described above. However, the reduction ethls (see Section 4.4.1 above) could be
considered, under certain circumstances, as ‘effltreatment’. Such use of hydrazine hydrate
has been confirmed and is discussed later in #dsi@.

4.5.2 Locations and Quantities Used

As regards effluent treatment, relevant users malude key water treatment companies; and
key industrial customers (chemical plants, papdispetc.) (Arkema, 2005). No much specific
information has been obtained through consultatidxs noted above, the Confederation of

European Paper Industries (2010) suggests thaahydr is not used in wastewater treatment in
paper mills.

No information on quantities used is availableisIpossible that other applications such as the
use of hydrazine as a corrosion inhibitor and actaht for metals may incorporate any tonnage
consumed for effluent treatment purposes.

45.3 Recent and Future Trends

No information is available, which the exceptiontbé input made by the Confederation of
European Paper Industries and its members, assdsduwabove.

4.5.4  Structure of Supply Chain

No information is available.
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4.6

Use in Paint, Ink and Dye Manufacture

4.6.1 Use in Paint and Ink Manufacture

It has been indicated that hydrazine hydrate maydsal in the synthesis of paints and inks.
Some additional — but limited — information is pided in Confidential Annex 2.

4.6.2 Use of Hydrazine/Phenylhydrazine as a Building Bldcof Organic Dyes

4.7

The Ecological and Toxicological Association of Byand Organic Pigments Manufacturers
(2010) indicates that hydrazine, as well as pHemyhzine, are used as precursors of N-
heterocycles, which in turn can be used as buildlogks in the synthesis of a small number of
organic dyes.

When a dye manufacturer carries on the synthegpsstdirectly involving hydrazine /
phenylhydrazine, these processes are typicallywtiad under strictly controlled conditions in
closed systems, so that workers and environmexypaseire are prevent®d These dyes can be
used for paper and textiles (e.g. polyacrylic fdoomlouration) (Ecological and Toxicological
Association of Dyes and Organic Pigments Manufaegjr2010b). Production of such dyes
could be taking place in Germany; however, the Asdmn notes that, for many dyes, the
actual production site is outside the EU. Notatiig, Association does not represent all EU dye
manufacturers either (Ecological and Toxicologigakociation of Dyes and Organic Pigments
Manufacturers, 2010b).

No significant contamination of the final dye witlydrazine or phenylhydrazine is to be
expected. All the hydrazine/phenylhydrazine iswvasted and, in any case, in the isolated dye
intermediate of a multi-step synthesis, contentsvbehe detection limit of < 10 ppm are the
norm (Ecological and Toxicological Association oyd3 and Organic Pigments Manufacturers,
2010b).

Use in Purification Applications

Company 33 has confirmed that hydrazine hydrate can be addedulphuric acid for
purification purposes. Some additional — but ledit- information is provided in Confidential
Annex 2.

15
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It is recognised that this use could arguablyuatier the “synthesis” group of hydrazine hydapelications.
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4.8 Use in Aerospace Applications

4.8.1 Description of Use

4.8.1.1 Information from Literature

Hydrazine propellants were first developed by Gemwnior powering prototype jet engines in
the Messerschmitt ME163 (during World War 1) (Maas, 2004). During the 1940s and
1950s, efforts focused on evaluations of monoptaptd such as hydrogen peroxide, propyl
nitrate, ethylene oxide and hydrazine. The USPdepulsion Laboratory (JPL) championed the
use of hydrazine in the Voyager spacecraft in #20% and hydrazine eventually became the
monopropellant of choice for small engines of speaf in attitude, on-orbit manoeuvring and
gas generator applications (Hawkiesal 2010). Hydrazine can, in theory, be used in both
monopropellants and bipropellants.

Hydrazine Monopropellants

Hydrazine is an excellent storable fuel but alse@arellent monopropellant when decomposed
by a suitable solid catalyst. This catalyst ofteseds to be preheated for fast start-up or for
extending the useful catalyst life. Iridium or pos alumina base are reportedly effective
catalysts at room temperature. At elevated tentperamany materials decompose hydrazine,
including iron, nickel and cobalt. The catalytiecomposition of hydrazine can be
simplistically described as follows:

3 NoHg > 4(1-X) NH; + (1+2%) N + 6X Hb

where x is the degree of ammonia dissociation whidn function of the catalyst type, size and
geometry, the chamber pressure, and the dwell wittén the catalyst bed. The best specific
impulse is attained when little ammonia is allowedlissociate (Sutton & Biblarz, 2010).

Hydrazine monopropellant thrusters are used whetesysimplicity is important and moderate
performance is acceptable (Sutton & Biblarz, 201®ydrazine monopropellant is used in
satellite propulsion and the upper stages of gatddlunchers. Literally hundreds of satellites
and space probes rely on hydrazine fuelled thraidtaraltitude control or orbit maintenance.
Such precise manoeuvres require as little as b tdra pound of thrust, hundreds of times, over
an operating lifetime of 10 to 15 years (Arch, 28)l0OMonopropellant systems are also used on
short-term missions. They provide altitude and cointrol of boosters and upper states of
expendable launch vehicles (Arch, 2010e).

Thrusters for satellites, spacecraft, space praimeslaunch vehicle attitude control that are
based on hydrazine are available in 0.5 N to 400eksions. The ‘work horse’ thrusters
selected for the majority of programmes are theN,.®20 N and 400 N thrusters (Astrium,
2010).
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Box 4.2: Examples of Current Uses of Hydrazine Pyellants in the EU

Galileo

Galileo will be Europe’s own global navigation dbite system, providing a highly accurate,
guaranteed global positioning service under cinik@ntrol. It will be inter-operable with GPS and
GLONASS, the two other global satellite navigateystems. The fully deployed Galileo systgm
consists of 30 satellites (27 operational + 3 a&ctipares). As a further feature, Galileo will pdev
a global Search and Rescue (SAR) function, baseteoaperational COSPAS-SARSAT system.

Two experimental Galileo satellites — GIOVE-A, GIB\B and GIOVE-A2 — are part of the firg
step in the in-orbit validation of the Galileo syist. GIOVE-A was orbited by a Soyuz launcher
from the Baikonur cosmodrome on 28 December 200% GIOVE-B satellite is using a hydrazinje
propulsion system with one tank containing 28 kg.

—

ADM-Aeolus

Hydrazine Bipropellants

In bipropellant systems, liquid hydrazine and ailiser are injected simultaneously to initiate a
hypergolic reaction. Such systems can help powperdable launch vehicles such as Titans,
Delta and Ariane 4, as well as the Space Shutbléabrmanoeuvring system and many large
satellites (Arch, 2010e).

Aerozine-50 is a 50:50 mixture of UDMH and anhydrdwydrazine. It has been used in the
second stage of the Delta Il and Titan Il, 1ll, &hd V family of launch vehicles (Zelni&k al
2003; Meyetret al 2007). UDMH may also be mixed with 25% hydraiyerate.

4.8.1.2 Consultation Findings

The use of anhydrous hydrazine in monopropellaars (o an extent in bipropellants, although
it is clear that the use of the substance as a propellant is far more important (Swedish
Defence Research Agency, 2010)) has been confifogedonsultees. The European Space
Agency, and more specifically the Agency’s Materi# Processes Working Group, co-
ordinated the input of several leading companidhiwithe EU aerospace industry sector that
handle and use hydrazine as a propellant. Therityapf this information is commercially
sensitive and is thus presented in Confidentialekna

4.8.2 Locations and Quantities Used

Some useful information from Caramelli (2008) oe ftentities of suppliers of hydrazines is
provided in Confidential Annex 2. Information of reon-confidential natures includes the
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testimony ofCompany 25which imports a small amount of anhydrous hydraz#0.1 t/y6)
from a Chinese manufacturer for own use.

Discussions with industry consultees and the Ewn#pace Agency would indicate an overall
EU consumption of anhydrous hydrazine below 10 t/y.

4.8.3 Recent and Future Trends

For companies that work on alternative monoprop&lasuch a€ompany 25,consumption of
hydrazine has been on the decline. However, tlaig not be universally true, as discussed in
Confidential Annex 2, where a considerable amodtidietail is provided.

4.8.4 Structure of Supply Chain

4.9

Available information is provided in ConfidentiahfAex 2.

Use in Defence Applications

4.9.1 Description of Use

4.9.1.1 Information from Literature

Fighter Jet Emergency Power Units

A blend of 70% hydrazine and 30% water, known ag0Huel, is used to operate the F-16
emergency power unit (EPU), where hydrazine allthes aircraft to maintain electrical and
hydraulic power during periods of engine shutdowe H-70 tank carries 56 pounds (25 kg)
of fuel (i.e. 17.5 kg of hydrazine) and requires/geng after the fuel has been used (Zelratk
al, 2003).

As described in US literature, H-70 tanks are remdofrom the aircraft when the fuel is
depleted below a level specified by the using #@gtivThe tanks are delivered to the servicing
facility where any remaining fuel is drained intalased 55-gallon (210 L) stainless steel drum.
The aircraft H-70 tank is filled using a closedtsys charging unit and is either returned to the
aircraft or placed in a handling/storage contafoefuture use. The bulk H-70 storage tank is a
55-gallon (210 L) stainless steel drum containipgraximately 51 gallons (190 L) of H-70.
Nitrogen gas is used as an inert pressure heduibulk drum to transfer H-70 to the charging
unit. An F-16 tactical wing is expected to useragpnately 100 gallons (380 L) of H-70 per
20,000 flight hours with an additional minimum d&Qlgallons (570 L) held in reserve to handle
deployment/safety stock requirements (US Departroéitefense, 1999). This information is
based on a publication by the US military; it ipegted that EU national air forces would have
in place similar procedures as the aircraft aremsaly the same across the world (at least as
far as the EPU appears to be concerned).

16

Data have been provided for two years, 2003 &i®2
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Submarine Rescue System Gas Generators

Hydrazine is used in the RESUS (REscue system Eim&rineS) submarine rescue system.
RESUS is an independent, on-board submarine resgstem enabling buoyancy from any

depth under emergency situations. RESUS enabdesafiid buoyancy and rescue of an entire
submarine and from any depth. RESUS is designeblaew the main ballast tanks of the

submarine within a very short time — typically vt 3-20 seconds (Astrium, 2010c).

Hydrazine is used in the gas generators of thadiguopellant type. The gas generators are
located in the fwd and &ftmain ballast tanks (Astrium, 2010b). The workprgnciple of the
liquid propellant gas generators is based on thalytee decomposition of hydrazine into a hot
gas pressurant (Astrium, 2010c). The compositidhe@gas generator is shownTiable 4.7.

Table 4.7: Composition of Hydrazine Gas GeneratoPropellants for the Submarine RESUS
System

Characteristic Liquid propellant

Propellant Hydrazine

Propellant mass 62 kg

Outlet temperature 775K

Gas composition H(46%); N> (28%); NH; (20%); HO (6%)
Quantity required* Ca. 10

Source: Astrium (2010c)

* The number of gas generators required is base@8®m3 MBT, 350 m depth and 100% blow out

When the system is activated, the gas generatoduipe a hot gas that is cooled and directed by
ducts to the top of the main ballast tanks. Thy Ygh pressure gas entering the main ballast
tanks, rapidly evacuates the ballast water cauiegsubmarine to become quickly buoyant.

Subsequently, the submarine is stabilised, itsudti restored and the boat safely rises to the
surface. The gas generators in the aft main haftatks stabilise the boat when surfaced

(Astrium, 2010c).

4.9.1.2 Consultation Findings

The use of hydrazine in fighter jets has not beamfioned by consultees, but it is a widely
known fact (often discussed in several Internairfos focused on military matters).

The combined input received from the European Spegency confirms that hydrazine is
indeed used in submarine rescue systems currgmsated by a small number of navies in the
EU. Some additional information is provided in @dantial Annex 2.

17
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Fwd is towards the front while aft is towards ttern (rear) of the vessel.
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4,9.2 Locations and Quantities Used

4.9.2.1 Fighter Jet Emergency Power Units

A total of 3,072 F-16 aircraft are active around thorldi8. A total of 4,428 F-16s had been
produced by early 2010, the vast majority of whichthe Fort Worth production line in the
USA: 3,501 airframes, or roughly 79% of the tofa16 Net, 2010).

When volume production started for the first custosn(USAF and the European Participating
Air Forces), two European production lines wereoimed as well, as part of a compensation
package. Both SABCA in Belgium and Fokker in thetidrlands produced parts (both for
European and USAF airframes), and were respongibldne assembly of the European F-16s:
SABCA for Belgian and Danish F-16s, Fokker for Dutand Norwegian F-16s. SABCA
produced a total of 222 airframes (covering roudbfly) and Fokker produced 300 airframes
(covering 7%).

In early 2010, only the Fort Worth line remainectonp F-16 Net (2010) suggests no production
has taken place in the EU since 1992.

Table 4.8shows the number of F-16 fighter jets operate@EbyMember States (plus Norway).
Eight countries have such aircraft in their fleatish the largest numbers belonging to the
Hellenic Air Force and the Royal Netherlands Airde

Table 4.8: Number of Active F-16 Fighter Jets in B/EEA Countries

Country Number of active F-16 aircraft | Country Number of active F-16 aircraft
Belgium 72 Norway 56
Denmark 62 Portugal 45
Greece 170 Poland 48
Italy 34 (on lease)

Total 595
Netherlands* 108

Source: F-16 Netyttp://www.f-16.net/f-16_users.html

* the Netherlands has had 213 aircraft deliveredatal

As discussed earlier, the F-16 H-70 tank carrieS k@ of hydrazine; therefore, the total of 595
aircraft shown in the table must carry 595 x 0.0£780.4 tonnes of hydrazine at any one time.
Some additional quantity must be stored in militany bases to replenish the tanks, after the
propellant is used. No information is availablevdmat the relevant quantity might be neither is
it possible to estimate the rate of replenishment.

18 See heréhttp://www.f-16.net
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4.9.2.2 Submarine Rescue System Gas Generators

The hydrazine gas generators that we have ideshtdi® manufactured in Germany. It is

suggested that, for over 25 years, RESUS has liardasd equipment installed in all German
submarines. RESUS has also been installed onuthaegines classes 206A, 209-1200, 209-
1400, 209-1500, 212A and 214. RESUS can alsotbafiteed to Russian submarines 877EKM

(Kilo Class) and installed into the new Amur-Claissespective of the very different geometry

of ballast tanks (Astrium, 2010c).

Apart from Germany, other countries the submarimiewhich may be fitted with hydrazine-
based RESUS include Greece, Italy, India, Israeltls Korea and Turkey (Astrium, 2010d).
Table 4.9shows the numbers of relevant submarines in Eldmedtfleets.

Table 4.9: Classes of Submarines that may contaklydrazine Gas Generators (RESUS)

Submarine class
Country
209A-1200 212A 214
Germany 4 in service — 2 planned
Greece 4 in service 1 completed — 3 planned
Italy 2 in service — 2 planned

Source: Wikipedia articles

Note: six submarines of the 206A type operatethbyGerman Navy are to be decommissioned, [see:
http://www.defensenews.com/story.php?i=4656689

Assuming that each submarine requires on averaggasOgenerators and that the entire
propellant (62 kg per generator) is made of anhysirbydrazin®, the assumed total of 11
submarines in service or completed would containtaudl x 10 x 0.062 = 6.8 tonnes. The
amount of hydrazine consumed each year in the raature of submarine rescue system gas
generators is assumed to be included in the cortsumef hydrazine in the aerospace sector.
In any case, the number of relevant vessels igratinall and it has not been confirmed whether
all or only some of the identified vessels contaydrazine gas generators.

4.9.3 Structure of Supply Chain

Although manufacture of the F-16 fighter jets caothe takes place in the USA (and other non-
EU countries), it is clear that the Air Forces ofraall number of EU Member States need to
have accessed to hydrazine mixtures for the regilement of the EPU tanks. Information on
the structure of this supply chain is not available

The anhydrous hydrazine used in the manufacturgubiarine rescue systems is largely the
same material used in aerospace applications (see aetail on this in Confidential Annex 2).
Therefore, the supply chain upstream from the magtufer of the RESUS system must be

19

56

This is further clarified in Confidential Annex 2
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essentially the same. Downstream, it is expedied the RESUS system is supplied to the
submarine manufactu@ér

410 Other Uses

4.10.1 Use in Syntheses of Unclear Relevance to the EU

4.10.1.1Photography Chemicals

Information from Literature

Silver halide photographic systems which employrayohes have been proposed in patent
literature. These hydrazine-containing systems tmayased on phenylformylhydrazine and
derivatives thereof. These hydrazine-containingtesys can produce the desired ultra-high
contrast effects and are considerably faster thaavenmtional litho systems (Fodor, 1992).
Hydrazine itself has been mentioned by Jones (18%4) very faint developer in an alkaline
solution and it is mentioned that neither itself ite organic derivatives are practically used.
Jones acknowledges however that some of its congsolnad been suggested as an addition to
haloid emulsions without free silver, in order tbtain intense vigorous images. DMCcT,
mentioned above in relation to lubricants, has #leen discussed as a general photographic
chemical. Old literature sources suggest that Diied its disodium salt (Il) were used to form
silver salts that stabilised photographic laye®everal patents have reportedly been filed in
relation to the use of DMcT (NTP, 2005)

Consultation Findings

Communication with Imaging and Printing Europe (@Q1the relevant trade association,
confirms that in old literature one can find hydn&z(but more often hydrazine dihydrochloride,
NoH4.2HCI — EC Number: 226-283-2, CAS Number: 5341-§1a% a substance used in
photographic developers, mainly in graphic/reprpgra application&. However, such uses are
most likely to be historical only. A check perfaeth by the association on the European
inventories of a large photographic chemicals camp@ film- paper-, plate- and complete
photochemical- production chemicals database) staweeresult for hydrazine or hydrazine
dihydrochloride. Similarly, neither hydrazine naoydrazine dihydrochloride are listed in the
association’s “Code of Practice”, which is a commsimared inventory of the European
photographic industry. Two large companies in phetography industryGompany 3 and
Company 4) have also confirmed that hydrazine is not usetiéir products.

20 The manufacturer of the submarine types ideutifieTable 4.9is Howaldtswerke-Deutsche Werft (HDW), a
German shipbuilding company, headquartered in Kiel.

21 A publication authored by Baumann, an academinfithe University of Dortmund was referred to as
mentioning the use of hydrazine in lithographicqasses. However, the said publication was puldigbe the last
time in 1991.
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4.10.1.2Anti-oxidants

Several anti-oxidant and metal deactivator compsuadntain the hydrazine moiety. Its
property as a base and as a reducing agent ahdsifunction (Arch, 2010j). These uses have
not been confirmed as relevant to the EU.

4.10.1.3Flame Retardants

Several patents of flame and scorch retardant flations that contain DMcT have been filed
including such for (a) fire retardant compositidoswildfire suppression that are based on salts
of thiosulphuric acid and contain DMcT (presumah$ya stabiliser or the corrosion inhibitor),
(b) coloured liquid fire retardant compositions faerial application to vegetation, (c)
concentrates for fire-resistant hydraulic fluidsi@ening DMcT in low concentrations where it
acts as a corrosion inhibitor (e.g., for aluminiur(d) flame retardants for nylon 66 where
DMCcT salts of barium, cobalt, nickel, manganesgpes, chromium, iron, and zinc gave good
fireproofing, and (e) smoke suppressant additieegpblyurethane foam where the final foam
contained about 6% DMcT derivative. DMcT monobeieo provided anti-scorching
protection to halogen-containing polymers (NTP, 200Specific information for the EU has
not been identified.

4.10.1.40il Stimulation Agents

It has been suggested that salts of hydrazine neaysed as oil-well treatment-stimulation
agents (Arkema, 2006). Haves al (1975), in a rather old patent, also refer torthisie in a
process for increasing the injectivity index in wiélls. In a somewhat different context, Fink
(2003) refers to hydrazine as an oxygen scavengtbde for use in drilling operations, well
workover, and cementing. These uses have notdm#dirmed as relevant to the EU.

4.10.2 Use in Shipping

Company 11has indicated that hydrazine is used in closednmaater systems in ships. No
further detail is available, although it is readuleao believe that the substance may be used as
a corrosion inhibitor.

4.10.3 Use in the Recovery of Gold from Ores

4.10.3.linformation from Literature

58

It is suggested that the substance (solutions dfdzyne hydrate with a concentration of 55% or
60%) is used in the Actired® process for gold aihgesrecovery from ores. Actired® is used
to improve processes (Zadra or Anglo-American) dofd and silver recovery from ores by
activated carbon elution (Arkema, undated and Haetel 1998). Industrial use of the process
in France, at 95°C showed that there was a tendelttease in the cyanide consumption, an
energy and reagent gain, elution efficiencies syat&ally greater than 98% and a 50%
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reduction in elution time (Duparque, 1995). Nekektss, the mine that used this process
closed in 199%.

4.10.3.2Consultation Findings

The company that has been behind the developmehtdictired® process;ompany 7, was
contacted for the purposes of this study. The @myphas claimed that the patent for the
process which was filed by the company itself i89,%as never been industrially applied — the
company was never approached by any other compathy avrequest to grant a licence,
therefore the probability that it is applied anywehe the world is low, and if so, it is beyond
Company 7s knowledge. Notably, since a few years, the canypdoes not maintain the
patent (i.e. it does not pay the annual dutiesrésgrve its intellectual property rights) thus the
process in now in the public domain. Overall,ppears rather unlikely that hydrazine currently
finds use in this application.

4.10.4 Use in the Semiconductor Industry

4.10.4.1linformation from Literature

Chemical Bath Deposition for Thin Film Formation

The use of hydrazine in the deposition of thin &lis reported in several sources, for example:

Sasani Ghamsamt al (2006) discuss polycrystalline nanostructured Rg films
deposited on a glass substrate when hydrazine teydrased as a reducing agent;
Ben Nasret al (2006) and Gangopadhyay al (2007) discuss hydrazine as complexing
agent for the chemical bath deposition of ZnS,uditlg for monocrystalline silicon
solar cells; and
Hankareaet al (2009) mention the use of hydrazine hydrate fa&r tdmemical bath
deposition of polycrystalline Wgsemiconductor thin films.
Hydrazine derivatives, such as phenylhydrazine @intethyl hydrazine may also be used in
vapour deposition techniques (Seshan, 2001).

Hydrazine as a Solvent for Semiconductor MateRalotovoltaics)

Scientists at IBM reportedly developed a technitprespin-coating substrates with a layer of
metal chalcogenidé semiconducting film just 5 nm thick. IBM discoeera way of dissolving
metal chalcogenide films — which have higher mop#iin hydrazine (Kalaugher, 2004).

This work appears to be progressing with more papfing published. As reported by
Edwards (2010), IBM has now developed a prototygarsell that uses common, inexpensive
elements and an inexpensive manufacturing probessnvolves hydrazine solutions. The new

22 See here:
http://www.ademe.fr/difpolmine/Difpolmine Rappontal/communication/14 posters/Difpolmine PosterObtdtic.p
df

23 Chalcogen refers to four chemical elements in @riamn of the periodic table — oxygen, sulphuieisieim
and tellurium. Some metal chalcogenides (suchadsnwm sulphide, tin selenide and zinc telluride &ell-known
high-performance semiconductors (IBM, 2004).
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photovoltaic cells are known as “kesterite” ceflese are produced using a printing technology
in which a solution containing nanopatrticles ismspoated onto a glass substrate. According to
IBM, their efficiency is close to that of estabkshsolar cells. While the current technology
uses the rare elements indium and tellurium (thenéo in short supply), these cells uses the
common elements tin, zinc, copper, selenium, atghsu

Hydrazine as an Anisotropic Etchant of Silicon

Bulk micromachining of silicon uses wet- and drgkehg techniques in conjunction with etch
masks and etch stops to sculpt micromechanicatdsvrom the Si substrate. One of the key
capabilities that make bulk micromachining a vialdehnology are anisotropic etchants of
silicon, such as ethylene-diamine and pyrocate¢BBIP), potassium hydroxide (KOH), and
hydrazine (Vittorio, 2001).

Hydrazine as as Dopant for Semiconductors

Hydrazine has also been referred to as a n-domainéemiconductors. Derivatives such as
dimethylhydrazine may also be used for this purgé$ieenakis & Bowerman, undated; Wang
RY et al, 2008). Kropewnicki & Kohl (1998), Berkovitst al (2002) and others discuss the use
of hydrazine-based solutions for the nitridatiorGafAs substrates.

4.10.4.2Consultation Findings

The European Semiconductor Industry Associatiod@2®as suggested that it currently has no
information confirming that hydrazine is being usgdEU semiconductor manufacturers.

4.10.5 Use in Vehicle Fuel Cells

4.10.5.1information from Literature

Engineers at the Daihatsu unit of Toyota, locateRyuo, Japan, were reported as developing a
fuel cell that uses hydrazine hydrate, rather thgdrogen, to power automobiles and other
motorised vehicles (Atkins, 2007). In additionalytbased catalyst manufacturer Acta
demonstrated a few years ago that a fuel cell usyalyazine can deliver a peak power of 700
mWi/cnf, using platinum-free HYPERMEC cataly®ts This exceeded by 40% the 500
mW/cnt reported for Daihatsu power cells under the sapeating conditions. According to
Acta, this was sufficient improvement to allow hgzine-fuelled cells to replace hydrogen-
fuelled cells in existing cars and buses (Nguy©082.

4.10.5.2Consultation Findings

Communication was established with Fuel Cell Eurdpe European association representing
the fuel cell sector. The association enquired ragnds members and has advised that
according to those consulted (including the Joieséarch Centre of the European Commission

24 HYPERMEC is a platinum-free catalyst which workith hydrogen and methanol but also has the ahidity
work with ethanol and ethylene glycol (as shown ehefhttp://www.fuelcelltoday.com/online/industry-
directory/organisations/ac/Adta
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(Institute for Energy)), hydrazine is not conside developed at the moment by European
fuel cells industry actors. Projects in the paslyrhave occurred but never passed the R&D
stage. This is mainly due to the very instabitifythe fuel and its highly flammable nature. Itis
of note that the European Research, TechnologieaeDpment and Demonstration Activities
(RTD&D) Programme of Europe (Fuel Cells & Hydrogdsint Undertakingp) for 2008-2013
has not identified hydrazine as a topic of reseéfciel Cell Europe, 2010).

4.10.6 Use in Soldering Fluxes

4.10.6.1linformation from Literature

Several sources, for instance Goh & Ng (1987), ssgthat hydrazine may be a component of
soldering fluxes. It is likely that hydrazine satather than hydrazine hydrate itself may have
found use in such fluxes. ILO (undated) suggdsds hydrazine sulphate is an antioxidant in
soldering flux for light metals and Welding Techogy Machines (undated) suggest that
bromide salts are very active and promote excellaiting. WTIA (undated) refers to the use

of hydrazine hydrobromide as well.

4.10.6.2Consultation Findings

Despite efforts to communicate with selected s@ppliof soldering materials, no specific
information on the use of hydrazine or of its datives was obtained.

4.10.7 Use in Explosives and Ammunition Propellants

4.10.7.lnformation from Literature

Astrolite

When stoichiometrically mixed with ammonium nitragéehydrous hydrazinrms a powerful
liquid explosive known as Astrolite. Astrolite Giag Astrolite A/A-1-5 (with 20% aluminium
additive - aluminium powder, 100 mesh or finer) aadled also “liquid land mine” or “binary
explosive”. The explosive strength of such mixsure very high; the detonation velocity of
Astrolite G is 8,600 m/s and of Astrolite A/A-167,800 m/s (Meyeet al 2007).

The explosive was apparently developed for the gee'p of mining and drilling. Astrolite was
considered ‘safe’ because its two components coeldtored and transported separately, to be
mixed only immediately before use. However, it wiaser widely adopted as a high explosive
(Lewis, 2010) but may have been used in landmifes.instance, the Mine Action Information
Center (2010) indicates that Astrolite G was used remotely-controlled, concealed (buried),
pop-up, high-explosive, fragmenting, antipersont@idmine (A/E 25P-1 (MLU-54E); and
Training Unit, A/E 25P-1 (T-1)) by the US militaryThis is a 9.1 kg mine with an explosive
load of 510 g.

25

See herenttp://ec.europa.eu/research/fch/pdf/fch ju muttnwal_implement plan.pdf
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Hydan

Hydan is a smokeless binary liquid explosive of lagthe hydrateand ammonium nitrate. It
was reportedly developed by Dynamit Nobel Wien B94. For a mixture of 50:50, the
detonation velocity obtained is 7,150 m/s (Megeal, 2007).

Despite a favourable price, high security and §tglwhen stored separately, these explosive
mixtures found no civilian market due to the hamgllproblems of hydrazine hydrate. Japanese
and US institutions have worked on similar mixtufessthe use as propellants in ship artillery
(Meyer et al, 2007). Communication witGompany 53 confirms that Hydan seems to have
attracted interest only in military uses.

Explosive Derivatives

Hydrazine nitrate has a detonation velocity of 8,6%s. Mixtures with Octogéf pressed to
high density reportedly reach velocities of >9,008 (Meyeret al, 2007).

Meyer et al (2007) also refer to the use of hydrazine in trenuofiacture of aminoguanidine
explosives such as:

nitroaminoguanidine (C¥NsO;), with a specific energy of 114.5 mt/kg = 1,124kky) is
obtained by reacting nitroguanidine with hydrazine aqueous solution.
Nitroaminoguanidine has gained a certain attrantgs as a reduced carbon monoxide
propellant because of its ready ignitability arsldtirn-up properties; and

triaminoguanidine nitrate (GJN;O3) is prepared by reacting one mole of guanidine
dinitrate with 3 moles of hydrazine hydrate at X0Gor four hours. The product is
distinguished by high contents of hydrogen ancdg#n and serves as an ingredient for
low vulnerability ammunition (LOVA) gun propellantsith high force but comparable
low combustion temperature.

4.10.7.2Consultation Findings

No company among the several contacted did cortfieruse of hydrazine in explosives in the
EU. Members of the Federation of European ExpessiManufacturers (2010) advised that
hydrazine is not of relevance to the productionahmercial explosives in the EU.

4.10.8 Use in Automotive Air Bag Gas-forming Agents

4.10.8.1linformation from Literature

There are several references on the Internet stiggdbkat sodium azide, the gas-forming agent
in air bags, is produced from hydrazine by reactiwith sodium nitrite (Schirmann &
Bourdauducq, 2002).

26 Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocinealso  known as cyclotetramethylene-tetranitramine,
tetrahexamine tetranitramine, or HMX.
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4.10.8.2Consultation Findings

Consultation with three key manufacturers of auttivecair bags Companies 39 40 and41)
did not confirm the use of hydrazine in such amtlan. A similar (negative) response was
received from the European Automobile Manufactufessociation (2010).

411  Other Information — Member State Authorities

Some information on the manufacture, import and afskydrazine and its mixtures has been
provided by the Swedish Chemicals Agency (2010)is T8 summarised ifable 4.10

Table 4.10: Data on the Swedish Market for Hydrazine and its Mktures — 2009
Imports ;

Product Manufacture Consumption Applications

(tonnes) Tonnes Origin (tonnes)
Mixtures (0.002- Corrosion
64% hydrazine by 70 43 EU 99 inhibitors, paints
weight) incl. raw material,

: ther types of

...contained 0
hydrazine is 0.33 13.7 13.8 products
Source: Swedish Chemicals Agency (2010)

4.12  Summary of Use
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Table 4.11provides an overview of manufacture, uses andciiggyof the substance as well as the NACE coddsRIBACH use descriptions

for the relevant act

ivities.

Table 4.11: Overview

of Manufacture / Uses of Hydzine in the EU

Trans- Issues
o formation pertaining to Form of Pre;enge of
Manufacture / Use NACE code / REACH use description Stage of use| . - hydrazine in end
into another REACH hydrazine
L product
substance? | authorisation*
Manufacture of NACE: C20.1 - Manufacture of basic chemicals,
. fertilisers and nitrogen compounds, plastics amttstic | Manufacture N/A N/A N/A 64% max
hydrazine hydrate S
rubber in primary forms
Uses definitely or reasonably confirmed as relevémthe EU
NACE: C20.1 - Manufacture of basic chemicals,
fertilisers and nitrogen compounds, plastics amthstic
Synthesis of hydrazing rubber in primary forms
o . oy
denvafuve's'also see Formulation Yes Intermediate Hydrate Nil (7 )dln end
some individual Sector of Use SU8 — Manufacture of bulk, large scale use product
derivative uses below | chemicals
Chemical Product Category PC19 — Intermediate
NACE: C21.1 - Manufacture of basic pharmaceutical
products
SﬁlmheS'S of | ] ) Formulation Yes Intermediate Hydrate Nil in end produc
pharmaceuticals Sector of Use SU9 — Manufacture of fine chemicals use
Chemical Product Category PC29 — Pharmaceuticals
NACE: C20.2 - Manufacture of pesticides and other
agrochemical products
Synthesis of Sector of Use SU9 — Manufacture of fine chemicals Formulation Yes Intermediate Hydrate Nil in end produc

agrochemicals

Chemical Product Category PC27 — Plant protectio
products

=)

use
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Table 4.11: Overview of Manufacture / Uses of Hydizine in the EU

Trans- Issues
- formation pertaining to Form of Pres_enc_e of
Manufacture / Use NACE code / REACH use description Stage of use| . . hydrazine in end
into another REACH hydrazine
BT product
substance? | authorisation

NACE: C20.1 - Manufacture of basic chemicals,

fertilisers and nitrogen compounds, plastics amttmstic

rubber in primary forms
Synthesis of chemical . Intermediate -
blowing agents Sector of Use SU8 — Manufacture of bulk, large scald ormulation Yes use Hydrate | Nilin end produc

chemicals

Chemical Product Category PC32 - Polyme

preparations and compounds

NACE: C20.3 — Manufacture of paints, varnishes and

similar coatings, printing ink and mastics

C20.5.2 — Manufacture of glues
Monomer in . o F lati v Intermediate Hvd Very low*
PUR/acry"cs Synthesis SeCtOt‘ Of Use SUlO - FOI‘mu|atI0n [m|X|ng] O ormulation es use y rate ery ow

preparations and/or re-packaging (excluding alloys)

Chemical Product Category PC1 — Adhesives, sealants

PC9a — Coatings and paints, thinners, paint rensover

NACE: C20.5.9 - Manufacture of other chemical products

n.e.c.

Yes

Monomer in polymer ) o Int diat Assumed to be
synthesis for lubricant| Sector of Use ~SU10 - Formulation [mixing] of Formulation (in the MErMEdIate | Hydrate (?)

formulations

preparations and/or re-packaging (excluding alloys)

Chemical Product Category PC24 — Lubricants, grease
release products

S!

production of
the polymer)

use

low (if any)
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Table 4.11: Overview of Manufacture / Uses of Hydizine in the EU

Trans- Issues
- formation pertaining to Form of Pres_enc_e of
Manufacture / Use NACE code / REACH use description Stage of use| . . hydrazine in end
into another REACH hydrazine
e product
substance? | authorisation*
NACE: C29.3.2 — Manufacture of other parts gnd
accessories for motor vehicles (uncertain)
Sector of Use SU3 — Professional uses (uncertain) End use No
Chemical Product Category PC24 — Lubricants, greases,
release products
NACE: C20.1 - Manufacture of basic chemicals,
fertilisers and nitrogen compounds, plastics amttmstic
rubber in primary forms
Treatment of nuclear ves Intermediate Derivatives
Secto_r of L_Jse Sl_J8 - Manufacture of bulk, large scale=grmulation (hydrazine (from Nil in end product
reactor waste chemicals (including petroleum products) y use hydrate)

Chemical Product Category PC20 — Products such
pH-regulators, flocculants, precipitants, neutatiian
agents

S

mononitrate)
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Table 4.11: Overview of Manufacture / Uses of Hydizine in the EU

Trans- Issues P f
- formation pertaining to Form of resence o
Manufacture / Use NACE code / REACH use description Stage of use| . . hydrazine in end
into another REACH hydrazine
e product
substance? | authorisation*
NACE: C20.1 - Manufacture of basic chemicals,
fertilisers and nitrogen compounds, plastics amttmstic
rubber in primary forms No
. (dilution and
Sector of Use SU10 - Formulation [mixing] o Formulation possible Hydrazine
preparations and/or re-packaging (excluding alloys) addition of partly used to Hydrazine hydrate
) catalyst) be solutions 5-55%
Corrosion inhibitor in Chem_lcal Product Category PC37 — Water treatment intentionally Hvdrate
water treatment chemicals transformed y (3%-35%
: - i o (decomposed) anhydrous
NACE: D35.1.1 - Production of electricity to ammonia for hydrazine)
. Yes pH regulation
Sector of Use SU23 — Electricity, steam, gas water supply
and sewage treatment End use (N,, H,0,
NH3)

Chemical Product Category PC37 — Water treatment

chemicals
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Table 4.11: Overview of Manufacture / Uses of Hydizine in the EU

Trans- Issues Presence of
Manufacture / Use NACE code / REACH use description Stage of use| . formation pertaining to Form .Of hydrazine in end
into another REACH hydrazine roduct
substance? | authorisation* P

NACE: C25.6 — Treatment and coating of metals;

machining

C22.2 — Manufacture of plastics products

C23.1.9 — Manufacture and processing of other glass

including technical glassware
Reducing agent in Yes
surface metallisation | Sector of Use SU12 — Manufacture of plastics produdts, _ Nil in end product
(metal deposition, including compounding and conversion; SU13 | Eormulation (probably N Hydrate (low presence in
electrolytic & Manufacture of other non-metallic mineral productsy. & H,0) bath)
electroless) plasters, cement; SU15 — Manufacture of fabricatetal

products, except machinery and equipment

Chemical Product Category PC14 — Metal surface

treatment products, including galvanic and eledéatipg

products

PC15 — Non-metal-surface treatment products

NACE: C24.4.1 — Precious metals production
Reducing agent in i ves Very low to nil in
precious metal Sector of Use SU14 — Manufacture of basic metals Formulation Hydrate y -
recover - (N2& end product

y Chemical Product Category PC7 — Base metals and inorganics)**
alloys
NACE: C24 — Manufacture of basic metals
) ) Yes

Reducing agent in Sector of Use SU14 — Manufacture of basic metals Formulation Hydrate | Nilin end produc
basic metal recovery . (N2 &

Chemical Product Category PC7 — Base metals and inorganics)**

alloys
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Table 4.11: Overview of Manufacture / Uses of Hydizine in the EU

Trans- Issues Presence of
Manufacture / Use NACE code / REACH use description Stage of use| . formation pertaining to Form .Of hydrazine in end
into another REACH hydrazine roduct
substance? | authorisation* P

NACE: C20.1.3 — Manufacture of other inorganic basic

chemicals
Reducing agent in
purification of Sector of Use SU8 — Manufacture of bulk, large scald-ormulation Yes™ Hydrate Low**
chemical reagents chemicals

Chemical Product Category PCO — Other

NACE: C20.1.3 — Manufacture of other inorganic basic

chemicals

S f Use SU8 — Manuf f bulk, | IFormuIation ety

ector of Use — Manufacture of bulk, large scale (mixi .
chemicals ge Scalé (mixing) | (55 stabiliser)
Chemical Product Category PCO — Other o
Paint/ink
Paint and ink NACE: C20.3 — Manufacture of paints, varnishes and manufacture — H _—
T e : S . ) . ydrate Nil
manufacture similar coatings, printing ink and mastics intermediate
use
Sector of Use SU8 — Manufacture of bulk, large scale
chemicals Formulation Yes**

Chemical Product Category PC9a — Coatings, an
paints, thinners, paint removers

PC18 — Ink and toners

d
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Table 4.11: Overview of Manufacture / Uses of Hydizine in the EU

Trans- Issues Presence of
Manufacture / Use NACE code / REACH use description Stage of use| . formation pertaining to Form .Of hydrazine in end
into another REACH hydrazine roduct
substance? | authorisation* P
NACE: C20.1.2 — Manufacture of dyes and pigments
Yes
Sector of Use SU8 — Manufacture of bulk, large scale ivati il
Synthesis of organic | chemicals J ] F lati (phenyl- Intermediate Derflvatlves Closedto rt1|l<|n18nd
dyes ormulation hydrazine and use h((;?g:e pro ucm(
Chemical Product Category PC34 — Textile dyes, N- Y ) ppm)
finishing and impregnating products; including llees heterocycles)
and other processing aids
NACE: M72 — Scientific research and development
Laboratory chemical | Sector of Use SU24 - Scientific research andormulation/
reagent development End use Probably R&D use Hydrate Unknown
Chemical Product Category PC21 - Laboratory
chemicals
NACE: C30.3.0 — Manufacture of air and spacecraft ambrmulation
related machinery No ca. 100%
end use, , : 0
Propellant for - IaEJnchin of| (NN &Ha ) o issues  Anhydrous
aerospace vehicles | Sector of Use SU17 — General manufacturing, ejg: satellitgs when in use | P€TENCE ISSUES NNYArous (5096 in Aerozine
machinery, equipment, vehicles, other transportpgent outside the outside the mixtures)
EU
Chemical Product Category PC13 — Fuels EV) )
NACE: C30.4.0 - Manufacture of military fighting
vehicles
Fighter jet Emergency ) d Yes f . J hvdrous o
Power Units Sector of Use SU17 — General manufacturing, e|g. Enduse (N, & Hy) Defence issues  Anhydrous ca. 100%

machinery, equipment, vehicles, other transportpgent

Chemical Product Category PC13 — Fuels

70




ANNEX XV — IDENTIFICATION OF HYDRAZINE AS SVHC

Table 4.11: Overview of Manufacture / Uses of Hydizine in the EU

Trans- Issues
- formation pertaining to Form of Pres_enc_e of
Manufacture / Use NACE code / REACH use description Stage of use| . . hydrazine in end
into another REACH hydrazine
BT product
substance? | authorisation
NACE: C30.4.0 - Manufacture of military fighting
vehicles
Sector of Use SU17 — General manufacturing, e|gformulation No
machinery, equipment, vehicles, other transportpgent
Submarine rescue : , ] ) N
system gas generatorg Chemical Product Category PC13 — Fuels Defence issues ~ Anhydrous High
NACE: No code
Yes
Sector of Use SUO — Other End use (Hz, Ny, NHs,
H,O
Chemical Product Category PC13 — Fuels )
Uses potentially relevant to the EU — Not discusgedetail in this report
NACE: C30.1.1 — Building of ships and floating struetsi
Probably
Use as component of | sector of Use SU17 — General manufacturing, elg. similar to the Probably similar
warm water systems i machinery, equipment, vehicles, other transporipenent End use ? use as Hydrate (?) to the use as
shipping corrosion corrosion inhibitor
Chemical Product Category PC37 — Water treatmemnt inhibitor
chemicals
NACE: E38.2.1 — Treatment and disposal of npn-
hazardous waste
Probably
Reduci y Sector of Use SU3 — Industrial uses: Uses of substances Yes similar to the PrtObtibly similar
eaucing agent in as such or in preparations at industrial sites use as 0 the use as
effluent treatment Enduse | (probably N corrosion Hydrate | .. rosion inhibitor
& H0) inhibitor or or metal reductan

Chemical Product Category PC20 — Products such
pH-regulators, flocculants, precipitants, neutatiian
agents

aS

metal reductan
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Table 4.11: Overview of Manufacture / Uses of Hydizine in the EU

Trans- Issues f
- formation pertaining to Form of Pres_enc_e 0
Manufacture / Use NACE code / REACH use description Stage of use| . . hydrazine in end
into another REACH hydrazine
BT product
substance? | authorisation

Uses unlikely to be relevant to the EU — Not dissed further in this report

NACE: C27.9.0 - Manufacture of other electrical

equipment
Use as a solvent for
metal dissolution for | sector of Use SU16 — Manufacture of Comput(_:r,Formulation No (?) Hydrate Unknown
photovoltaics electronic and optical products, electrical equipme

Chemical Product Category PC33 — Semiconductors

NACE: C29.3.2 — Manufacture of other parts and

accessories for motor vehicles

; ; Yes

Use as fuel in vehicle
fuel cells Sector of Use SU17 — General manufacturing, elg. Enduse Hydrate ca. 100%

machinery, equipment, vehicles, other transportpegent (N2 & Ho)

Chemical Product Category PC13 — Fuels

NACE: C25 — Manufacture of fabricated metal products,

except machinery and equipment

A Yes —

Use as an antioxidant | sector of Use SU15 — Manufacture of fabricated metal . Derivatives
light metals salts) hydrate)

Chemical Product Category PC38 — Welding and

soldering products (with flux coatings or flux cerg flux
products
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Table 4.11: Overview of Manufacture / Uses of Hydizine in the EU

Trans- Issues
- formation pertaining to Form of Pres_enc_e of
Manufacture / Use NACE code / REACH use description Stage of use| . . hydrazine in end
into another REACH hydrazine roduct
substance? | authorisation* P
NACE: C20.5.1 — Manufacture of explosives
C25.4.0 — Manufacture of weapons and ammunition vy
es Defence issues
Sector of Use SU2a - Mining (without offshore i i .
industries) 9 Formulation 't(h){drazm.e Intermediate
nitrate, amino- use Anhydrous
. guanidines) Ub 10 50% i
Use as an explosive (i L SUO — Other (military) Hydrate %&ture; n
mixtures) fo_r MG 1 chemical Product Category PC11 — Explosives At
and ammunition (anti- Derivatives Probably nil in
personnel land mines)"NACE: B7 - Mining of metal ores (from derivatives
hydrate)
Sector of Use SU2a - Mining (without offshore Yes
industries) End use
(N2 & Hy)
SUO — Other
Chemical Product Category PC11 — Explosives
NACE: C20.5.1 — Manufacture of explosives
C29.3.2 — Manufacture of other parts and accesséoie
Use as a precursor for| motor vehicles Yes Intermediate | Dervatives
air bag gas-forming Formulation ' ' use (from Probably nil
substances Sector of Use SU17 — General manufacturing, e|g. (sodium azide) hydrate)
machinery, equipment, vehicles, other transportpgent
Chemical Product Category PC11 — Explosives

* on the basis of claims made by industry stakedrslénd current understanding of applications —Astioned earlier in the document it has not beessitile to check if
this interpretation is in line with the definitiagreed by the Commission, the Member States andAE®Hhe 4 May 2010
(http://guidance.echa.europa.eu/docs/guidance_doatfgiarificationintermediates_201005_en.pdtie to lack of detailed information.

** additional detail is provided in Confidential Avwex 2
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5

RELEASES FROM USES OF HYDRAZINE

51 Releases to the Environment

5.1.1 Use in Water Treatment

5.1.1.1 Information from Literature

74

No literature information is available for EU-basettallations. However, releases from
nuclear power generating plants have been repart€hnada, where emissions from nuclear
power plants appear to account for the majorityetéases of hydrazine. Of all emissions from
these plants (three plants), more than 90% wasatierwand the quantities disposed of were
mainly sent off-site for incineration or physical @hemical treatment (Environment Canada &
Health Canada, 2010).Table 5.1 shows the concentrations of hydrazine in effludntsn
nuclear power plants in Ontario, Canada.

Table 5.1: Hydrazine Concentration in Effluent from Nuclear Power Plants of Ontario, Canada
Effluent concentration (mg/L) Quantity of Power
Facility Year Yearly hydrazine released | generated (in
average Yearly range in effluent (kg/yr) GWh)
A 2006 0.01 0.003-0.03
570 19,100
B 2006 0.005 0.003-0.02
C 2006 0.004 0.02 (max) 271 26,970
D 1995 - 2004 0.002 0.028 (max) 1,024 4,000
Source: Environment Canada & Health Canada (2010)

This Canadian government publication explains hossés of hydrazine may occur. It is
described that cooling water circuits of boilersmifclear reactor facilities generate a liquid
effluent containing hydrazine, which is releasedh® environment. Every day, there is partial
removal of steam from the plant’s condenser witllaeement by fresh, demineralised water to
maintain dissolved solids concentrations at condian levels. This steam removal, called
‘blowdown,” becomes part of the final effluent acohtains hydrazine because this substance is
used in stoichiometric excess to ensure removalisgolved oxygen from the make-up water
used to compensate the blowdown steam. The Cangdiernment notes that fossil-fuelled
power generating stations in Canada use hydrazindoiler feedwater systems as well
(Environment Canada & Health Canada, 2010).

Use of hydrazine in feedwater treatment constitthesmajor use of hydrazine in nuclear and
fossil-fuelled power plants, but smaller quantigge also used by these facilities for corrosion
and pH control in a variety of systems, includinifiary boiler water, recirculating cooling

water, emergency coolant injection and boiler lgy-in principle, these other systems can also
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generate and release liquid effluents to the raugienvironment (Environment Canada &
Health Canada, 2010).

The Canadian Government notes that potential emviemtal releases of hydrazine can occur
from the auxiliary feedwater systems from otherusidal plants making use of hydrazine in
their boiler systems. In principle, these systame much less hydrazine than that used to
counter oxidation in cooling systems of boilerg. ipower plants (Environment Canada &
Health Canada, 2010).

5.1.1.2 Consultation Findings

A considerable amount of information is availabieni a company that operates power plants,
Company 26 Due to its confidential nature, this is presdnteConfidential Annex 3.

On the other hand;ompany 32has advised that there are no known emissiongdrabkine to
the environment from its nuclear power plants. Argess hydrazine which does not react with
oxygen disproportionates at high temperatures twdyinert plant tolerable substances,
ammonia, water, nitrogen and hydrogen. Typicalgam outlet temperature from an AGR
boiler is in the region of ca. 540°C and that fé"\&R station is ca. 280°C.

The reagent is delivered in bulk containers, withreference for pre-diluted reagent where this
is appropriate. The company rigorously enforcesréievant national regulations to minimise
personnel exposure to hydrazine. Handling/storddhis substance is further regulated by the
regulations implementing the provisions of the Sevél Directive and subsequently low
volumes (maximum 1 tonne of a 55% solution) of lagilne are stored at each power plant site
at any one tim#&.

Company 52 a power plant operator, estimates that no reldaseny environmental
compartment occurs during the use of hydrazineadtgdsolutions.

Company 19 a water treatment specialist company, suggeatidrazine levels can normally
not been measured in boiler blowdown water or steamigh-pressure boilers. It concedes,
however, that, in theory, there may always be alle¥ non-decomposed hydrazine left. The
company was not aware of the possible levels ofdzide.

Company 44 a nuclear plant contractor, indicates that duthrg use of hydrazine hydrate in
nuclear power plants for solids removal (consunmmptibthe hydrate is at 0.1-10 t/y), less than 1
kg/y may be released to the atmosphere. Solutlatscontain hydrazine hydrate are collected
after use, are stored on-site in specific tankeferle been treated in a dedicated centre. Hence,
the company claims a nil release of hydrazine ¢éoetfivironment.

Finally, Company 8 a boiler maker, believes that when hydrazinajecied in the water cycle,
the temperature increase inside the exchangersgats decomposition into ammonia. Hence,
in the company’s view, releases should not be drgdec

27 We have been advised that, if a company holdsr@tic tonnes of hydrazine >5% on site, it becomésw

Tier (Seveso) site and if 2 metric tonnes are helodecomes a Top Tier site. Therefore, powelistatthat wanted to
stay away from Seveso Il Directive preferred a sofuof less than 5% w/w of hydrazine. The onitisins which take
55% wiw solutions are the nuclear sites which avey Mier sites. They manage their inventories vaagefully, as
other chemicals are aggregated together in the IRgus that implement the Seveso Il Directive. sdtgially, the
Regulations have forced some users towards maueedilydrazine hydrate solutions, as generally pswéations do
not want use the alternatives to hydrazine, dymtw performance.
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5.1.1.3 Conclusion

The available information, from literature and adltegtion suggests that some releases to the
environment might be expected during the use ofdgide hydrate as a corrosion inhibitor.
The relevant environmental compartments are thespirere and liquid effluent. Again, some
additional information can be found in Confiden#adnex 3.

5.1.2 Use as a Reducing Agent for Metals

5.1.2.1 Production of Precious Metals

Several companies have provided estimates on tékiases of hydrazine hydrate during the
precipitation of precious metals. The majoritytlis information is presented in Confidential
Annex 3 and suggests very limited releases (if amyhe atmosphere and to liquid effluent. A
further companyCompany 31 which uses a very small amount of hydrazine enrétovery of
precious metals, reported no emissions to any emviental compartment.

5.1.2.2 Production of Basic Metals

Company 27 uses hydrazine hydrate solutions for the removabetenium from process
effluents. It receives hydrazine hydrate solutmm stores this in small plastic vessels (60-70
litres) in ambient temperature and dry conditiondar roof in a dedicated room. The solution
is fed into the process by pump directly from th@age vessel to the reactor tank. The vessel
and pump are located in a separate, ventilated.room

The substance is consumed during the reaction ggoCEBhe company estimates that releases of
hydrazine to sewer and surface water are closd,tamthe process takes place within a closed
system which does not give rise to water emissions.

5.1.3 Use in Aerospace Applications

Information has been provided by a number of congsamvolved in the processing of
hydrazine propellants, the manufacture of thrustard the refuelling of launchers. This is
presented in Confidential Annex 3 to this repo. addition, Company 25 has provided its
estimates on the releases of hydrazine to the ammient during its (limited) use in the
manufacture of thrusters. The estimates (validtfar years 2003 and 2010) suggest a nil
emission to all compartments (air, sewer, surfaaéewy soil and waste). The company notes
that hydrazine residues are destructed by combustio

5.1.4 Use in Defence Applications

5.1.4.1 Fighter Jet Emergency Power Units

The Canadian Government notes that hydrazine lfaeli$ used in aircraft can be released into
air and water as a result of accidental dischaayesirfields. During international training
exercises, allied countries flying F-16 aircraftynese and store small quantities of hydrazine
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fuel at Canadian Forces bases. Allied forcesespansible for the management of the fuel and,
in the event of an accidental discharge, for siBponse (Environment Canada & Health
Canada, 2010).

A US Department of Defense (1999) publication dessrthe engineering measures to be taken
at military bases to prevent releases to the enmiemt (architectural considerations, spill
containment measures, piping and draining, andeadisposal methods).

No relevant information was collected through cdtasion.

5.1.4.2 Submarine Rescue System Gas Generators

No information is available.

5.1.5 Releases from Other Applications

The Japanese authorities have published informatiothe releases of hydrazine from a range
of industries in 2001. This is summarisedliable 5.2 The report does not explain in detail

how and why such releases from these industry eattse; it is possible however that it may

relate to the use of steam and the consequentf isgli@zine hydrate as a corrosion inhibitor in

boiler feedwater.

Table 5.2: Releases and Transfer of Hydrazine toapanese Environmental Media (t/y) — 2001
By Notification® Notification Exempted

Industries - Total

Release Transfer Release (estimated) release

Air [Water | Land |Sewer| Wastes Air Water | Land

Electrical
machinery and <0.5 1 0 0 <0.5 19 63 0 84
appliances
Wagte disposal 0 0 0 0 0 8 27 0 35
business
Chemical and 2 9 0 1 113 5 15 0 31
allied products
Textile mill 0 <0.5 0 0 0 6 19 0 25
products
Machine repair i i} . R - 3 10 0 13
shops
Trapsportatlon ) ) } . . 3 9 0 11
equipment
Petroleum and 0 <0.5 0 0 0 3 9 0 11
coal products
Ceramic, stone ) ) _ _ - 3 8 0 11
and clay products
Lumber and woodl ) } i} . 2 7 0 10
products
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Table 5.2: Releases and Transfer of Hydrazine toapanese Environmental Media (t/y) — 2001

By Notification® Notification Exempted
Industries : Total
Release Transfer Release (estimatéed) release
Air |Water | Land |Sewer| Wastes Air Water | Land
Other 1 <0.5 0 1 94 12 38 0 51
Total* 3 11 0 1 208 63 205 0 282

Source: CERI (2007)

1 “Notification” refers to releases notified to the@ganese authorities under the Pollutant Release anfd

Transfer Register (PRTR) system (more detail orsystem is available here:
http://www.env.go.jp/en/chemi/prtr/about/overvietmb). “Notification exempted” relates to releaseq
from business institutions in the business categodiesignted under the PRTR system but were
exempted from notification. No estimation was nfad¢éhe amounts of releases from the business
categories outside the scope of the PRTR systerthasd from households and those from mobile
sources. The PRTR system specifies that hydreamerises of hydrazine anhydride and hydrazine
hydrate. Therefore, the amount of hydrazine hydisteported as the amount converted into
hydrazine anhydride

Based on the assumption that ratios of releasestie air, wateland land were the same as those o
releases obtained by notification, the amountsetdases from the business institutions exempted frp
notification were estimated

‘Others’ indicates the total release in the indiessrother than those above
The total may not correspond with the sum of rodng®ues in each column of the table

Not notified or estimated

5.2 Releases to the Working Environment

5.2.1 Dilution and Distribution of Hydrazine Hydrate

5.2.1.1 Information from Synthesis

Information on the patterns of exposure of UK weski® hydrazine as a result of the dilution of
concentrates into weaker solutions for furtherritigtion was published by the UK Health &
Safety Executive in 2006. The available data hosve inTable 5.3

Table 5.3: Patterns of Occupational Exposure to Hyrazine during Supply and Distribution of
Hydrazine Hydrate — UK, 2006

) Exposure events
Work activity POte;;?géﬁgﬁ osed Frequency Number/ Event duration
(events/wk) event (mins)
Bulk transfer (site 1) 3 3 1 180
Bulk transfer (site 2) 3 1 1 30
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QC sample (site 1) 3 3 1 <5

Source: HSE (2006)

The next tableTable 5.4 shows the available information on the exposdrevarkers at the
two UK plants that were active in 2006. It shoh&lnoted that one of the two plants might no
longer handle hydrazine. Moreover, the site opggatith an open system in 2006 has since
transformed into a closed system installation; ketlce data shown in the table overestimate
current levels of exposure (these are assumedkby aonsultee to be negligible, if any at all).

Table 5.4: Occupational Exposure Levels for Workes of UK Plants Processing and Distributing

Hydrazine Hydrate Solutions

Site D Tanster | Exposure duraton| ol S Twa
(mg/m) (mg/m°)*

Site 1 —visit 1 Open, manua ca. 45 0.0045 0.00042

Site 1 — visit 2 Open manual ca. 60 0.0096 0.00119

Site 1 — visit 3 Open, manua| 41 0.013 0.00111

Site 2 —task 1 | Closed, manugal 15 0.002 0.00006

Site 2 —task 2 Closed, manugal 15 0.003 0.00009

Source: HSE (2006)

* assuming 1 ppm = 1.31 mgim

A distributor of hydrazine hydrate offers a wideriety of packaging: 25 L polycans, 200 L
drums, 500 L and 1,000 L IB&s All containers are fitted with a closed systdwticfomatic
valves) which reduces operator exposure to hydeazifihe company in question also offers
hydrazine solutions in a 30,000 litre road tank€his is essential for users of dilute hydrazine
hydrate to cope efficiently with the increased woés of liquid being handled (Lansdowne
Chemicals, 2010b).

5.2.1.2 Modelled Exposure

For illustrative purposes, we have estimated theerni@l inhalation and dermal exposure to
hydrazine hydrate during pumping and tank transfiérs assumed that dilution of hydrazine
hydrate to weaker solutions is undertaken by a Ismahber of companies in the EU and is
conducted in a closed system (based on consultfitidimgs). Annex 1 to this report presents
the assumptions made in the estimates and how tivanted REACH Tool (ART) and the
ECETOC TRA v2 models have been used to derive stienates. Table 5.5 summarises the
results.

28

Intermediate bulk containers.
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Table 5.5: Modelled Estimates for Inhalation and [@rmal Exposure to
Hydrazine (expressed as Anhydrous Hydrazine) — Use Closed Systems (1009

solutions)

Pumping hydrazine Tanker transfer —
Parameter \ situation hydrate from drum hydrazine hydrate

100% 100%
Estimated inhalation exposure (mg/n
Fraction in product (%) 64 64
Duration of activity (min) 15 180
75" percentile during task — no RPE 0.29 0.87
Interquartile range during task — no RPE 0.1580.5 0.44-17
- — Wi 0,

Reasolnable worst-case task — with RPE (90% 0.058 017
reduction)
Reasonable worst-case full shift — no RPE during 0.018 0.64
task
Reasonable worst-case full shift — with RPE during 0.002 0.064
task
Estimated dermal exposure (mg/kg bw/day)
Exposure to hydrazine — without PPE 4.39 4.39
Exposure to hydrazine — with PPE 0.44 0.44

Source: TNO calculations

5.2.2 Use in Water Treatment

5.2.2.1 Information from Literature
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IARC (1999) suggests that exposure during the @i$gdrazine in water treatment applications
may occur. WHO (1987) further notes that, conttargxposure during aerospace applications
(where anhydrous hydrazine is used), workers ahtplaising high-pressure boilers are
potentially exposed to relatively dilute solutioms hydrazine. This is confirmed by
consultation.

ATSDR (1997) reports that long-term concentrationareas where hydrazine was added to the
boiler systems have been found in past researgernerally lie below 0.1 ppm (0.13 mg)n
but short-term concentrations ranged up to 0.23 ({p80 mg/n).

Information on the exposure of UK workers to hydnazas a result of the use of its solutions in
boilers of UK power stations is provided by HSEheTavailable data are for the year 2006 and
are shown imable 5.6
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Table 5.6: Patterns of Occupational Exposure to Hyrazine during the Use of Hydrazine Hydrate
in Power Stations (estimated 90 sites) — UK, 2006

Potentially exposed

Exposure events

Work activity population Frequency Event
Number/event : .
(events/week) duration (mins)
Bulk transfer 1,800 90 1 15

Source: HSE (2006)

5.2.2.2 Consultation Findings

Table 5.7 summarises the responses we received through ltatisu in relation to worker
exposure to hydrazine hydrate when its solutioesused to prevent corrosion. The consensus
is that exposure of workers is likely to be veryJaf any at all.

Additional information has been provided by a snmalinber of companies that have asked for
their input to be handled as confidential. Thiprissented in Confidential Annex 3.

Table 5.7: Consultation Results on Worker Exposurérom Use of Hydrazine Hydrate in Water
Treatment

Company

. Details of worker exposure
responding

A water treatment contractor. Employees use fasering filter masks (filter K

Company 19 when handling hydrazine

A nuclear power station contractor using hydratipérate solutions as an oxyg
scavenger. Activities potentially relevant to egp@ include weighing an
dilution with demineralised water (under ventilatedod) and pouring into ait
tight circuits. No other protection is offereddperators. For up to 10 employe
exposure (by inhalation) has reportedly been medsand was found to be nil

o D
S

Company 57

VA
w

A nuclear power station contractor. Worker expesoray arise for up to ten
employees during the transfer of hydrazine from tl&tainer in which it ig
delivered into storage tankers. Routes of exposwkide inhalation and ski
contact and employees use chemical gloves, resgrathemical suites an
chemical boots in the presence of local exhaustileéon. Measured exposu
levels have been found to be lower than 0.1 mM@measurements undertaken g
documented by a third party)

Company 44

S o a-

d

o

A paper mill.  When hydrazine was used in the pastnerous tests an
measurements were performed to detect possiblesax@o In this paper mill, n
trace of hydrazine was ever found

Company 11

O

A boiler manufacturer. The company believes that ise of hydrazine hydrate
may result in very little risk to workers due toetltonditions of use and the
equipment used for the transfer and dosing of tydrdzine hydrate solutiong
Solutions are conditioned in closed plastic botildsch may be used for pumping
and injecting in the water cycle. The suction eletra# the injection pumps can be
fitted directly onto the hydrazine bottles. Inedke hydrazine is transferred first
in a larger size permanent plastic tank, adequatesfier pump is used without
excessive and dangerous manipulation

Company 8

Source: Consultation
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5.2.2.3 Modelled Exposure

For illustrative purposes, we have estimated theerni@l inhalation and dermal exposure to
hydrazine hydrate during pumping and tank tranagsiociated with the preparation and dosing
of hydrazine hydrate. According to consultationdfngs, companies may use hydrazine
hydrate solutions in concentrations that range eetw55% to ca. 5% (occasionally starting
from a more concentrated solution and diluting thssite before dosing). Annex 1 to this
report presents the assumptions made in the essmaad how the ART and the ECETOC TRA
v2 models have been used to derive the estimdiisle 5.8summarises the results.

Table 5.8: Modelled Estimates for Inhalation and [@rmal Exposure to
Hydrazine (expressed as Anhydrous Hydrazine) — Use Closed Systems (55%
and 5% solutions)
Pumping hydrazine Tanker transfer —
Parameter \ situation hydrate from drum hydrazine hydrate
55% 5% 55% 5%

Estimated inhalation exposure (mg/n
Fraction in product (%) 35 3 35 3
Duration of activity (min) 15 180
75" percentile during task — no RPE 0.16 0.014 0.49 04D.

. . 0.081 — 0.007 — 0.021 -
Interquartile range during task — no RPE 0.32 0.027 0.24 -0.95 0.082

- — Wi 0,

Reaso_nable worst-case task — with RPE (90% 0.032 0.003 0.095 0.008
reduction)
Regsonable worst-case full shift — no RPE 0.010 0.001 036 0.031
during task
Regsonable worst-case full shift — with RPE 0.001 <0.001 0.036 0.003
during task
Estimated dermal exposure (mg/kg bw/day)
Exposure to hydrazine — without PPE 2.40 0.21] 2.4( 0.21
Exposure to hydrazine — with PPE 0.24 0.021 0.24 02D.
Source: TNO calculations

5.2.3 Use as a Reducing Agent for Metals

5.2.3.1 Information from Literature

No specific information has been identified.
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5.2.3.2 Consultation Findings

Production of Precious Metals

Company 31luses a very small amount of hydrazine in the regowf precious metals and
reports no exposure of workers to the substance.

Additional information submitted by other companieghis sector is presented in Confidential
Annex 3.

Production of Basic Metals

Company 27 has provided some general information on the axgo®f its workers to
hydrazine during its use as a reducing agent frémoval of selenium from process liquids.
This is reproduced ifable 5.9

Table 5.9: Estimated Occupational Exposure to Hydazine during its Use in the
Production of Basic Metals (Selenium Process, Fintal, Company 27)

Activity Relevant Route of Occupational exposure| Exposure control Number of
process step exposure level measures exposed
Feeding to the No data. Avoiding exposure by using approprig
reactor tank PPE and LEV. PPE includes (a) gloves: chem
Selenium | (closed system gloves, butyl rubber or nitrile rubber category I
removal Inhalation according to EN 374, (b) respirators: filter 5
process Process fumes ABEK-P3 (for protection from gases and
(closed particulates); (c) acid proof working clothing; at
process) (d) chemical safety glasses

Source: Consultation

5.2.3.3 Modelled Exposure

Exposure during Electroless Plating

We have assumed that electroless plating is tgiace in open systems (baths). Based on the
available information, we have made assumptiontherconcentration of hydrazine hydrate in
the make-up solution and in the bath during opemati To capture a range of different
concentrations of hydrazine in the bath (and toanot for the diverse information collected
during the study), we have assumed that the coratemt of hydrazine may be 2% or 0.01%.

Annex 1 to this report presents the assumptionsenrathe estimates and how the ART and the
ECETOC TRA v2 models have been used to derive stimates. Table 5.10summarises the
results.

Table 5.10: Estimated Inhalation and Dermal Exposte to Hydrazine (expressed as Anhydrous
Hydrazine) — Preparation and Use of Electroless Pteng Baths (open systems)

Parameter \ situation Preparation of Operation of Operation of
bath bath (2%) bath (0.01%)

Estimated inhalation exposure (mg/n

Fraction in product (%) 3 2 0.01
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Table 5.10: Estimated Inhalation and Dermal Exposte to Hydrazine (expressed as Anhydrous
Hydrazine) — Preparation and Use of Electroless Pteng Baths (open systems)

Parameter \ situation Preparation of Operation of Operation of
bath bath (2%) bath (0.01%)

Duration of activity (min) 15 480

75" percentile during task — no RPE 0.68 0.85 0.004

Interquartile range during task — no RPE 0.35-14 0.43-1.7 0.002 - 0.009

Reasonable worst case task — with RPE

(90% reduction) 0.14 0.17 <0.001

Reasonable worst case full shift — no

RPE during task 0.044 L7 0.009

Reasonable worst case full shift — with

RPE during task <0.001 0.17 <0.001

Estimated dermal exposure (mg/kg bw/day)

Exposure to hydrazine — without PPE 4.46 0.006 00D.

Exposure to hydrazine — with PPE 0.45 <0.001 €D.0

Source: TNO calculations

Exposure during Metals Production

The assumptions made for this area of hydrazingabtgdapplications are identical to those
made for closed systems (e.g. water treatment)e rElader is referred tbable 5.8 which
provides the relevant estimates for inhalation denal exposure.

5.2.4 Use in Aerospace Applications

5.2.4.1 Information from Literature

84

Exposure to hydrazine is expected to occur amoaggispace workers. In 1999, Rér al
concluded that occupational exposure to hydrazmetlter chemicals associated with rocket-
engine testing jobs increased the risk of dyingiftang cancer, and possibly other cancers, in a
population of aerospace workers. A later studyRitz and colleagues (Ritet al 2006)
confirmed that exposure to hydrazine increasesrifie of lung cancer and colon cancers.
Results for other cancer sites were inconclusive.

Boice et al (2006) refers to exposure to hydrazines, predomiyw&MH, during small engine
tests (in the years 1961 to 1999). In the datasesidered in this journal article, it was found
that, for relatively short periods of time and fofew limited engine programs, a small number
of workers were potentially exposed to hydrazineseseral large engine testing areas.

Exposure to workers may occur during loading ooading of propellants, transfer operations,
or testing of spacecraft components that use hydrdmels, according to Fajen & McCammon
(1988). Back in 1987, WHO noted that workers ndlyrexposed to anhydrous or concentrated
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hydrazine were provided with respiratory and skiotgctior?®. The difference between air
levels outside and inside protective masks wastitited by Coolet al (1979) who found levels

of 0.29-2.59 mg/rhoutside the masks at a rocket propellant-handhoiity, and levels below
the detection limit of 0.013 mgﬁ’rinside the masks. Evaporation of hydrazine frotigaid
spill can be sufficient to generate an atmospheoiccentration as high as 4 md/ifwHO,
1987b) and much higher levels (800 mi/iave been observed at the site of a leak (Seggs
al, 1980). Therefore, workers in facilities wherepesure to these chemicals is possible are
required to wear protective respirators.

Indeed, this is currently the case in the EU aexospindustry; an example of the type of
apparatus used by crews fuelling satellites witkirgine propellant can be found on the
European Space Agency'’s Internet3ite

Some information on measured levels of hydrazingénworking environment associated with
aerospace applications is provided by WHO in a 1@&3lication and is reproduced Trable
5.11

Table 5.11: Occupational Exposure to Hydrazine ithe USA — Aerospace Applications (1986)

Approximate numbers exposed Measured levels (mgfin
Site
Normal Potential Normal Exceptional
Rocket testing 10 100 0.01-0.02 0.14*

Source: WHO (1987)

* level measured during aeration of the wastewaiading pond

5.2.4.2 Consultation Findings

Companies that play a leading role in the EU aexospndustry sector have provided some
information which is presented in Confidential ARri2 On the other han@ompany 25has
also provided non-confidential data on occupati@glosure to hydrazine during its use in the
manufacture of thrusters. These are reproducédlite 5.12

Table 5.12: Measured Occupational Exposure duringhe Use of Anhydrous
Hydrazine in the Manufacture of Thrusters (Company?25)

- Relevant Route of Occupational Exposure Number of
Activity control employees
process step exposure exposure level
measures exposed
I_Z)econta Cleaning of Inhalation Nil Yes 3
mination equipment (vapour in air) (unspecified)

Source: Consultation

29

30

ATSDR (1997) suggests that full-body suppliedsaiits are usually worn during these operations.
Available herehttp://www.esa.int/esaCP/SEMPJQ9KF6G _index_1.html
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5.2.4.3 Modelled Exposure

Estimates for inhalation and dermal exposure ha&es lmade with the ART and ECETOC TRA
v2 models. It has been assumed that the produnctidth is 100% anhydrous hydrazine. It is
also assumed that the reduction in exposure affiopgePPE is 90%. However, it is recognised
that, especially where filling of satellites withopellant takes place, with more advanced RPE,
such as equipment with an independent air suppijhein reduction effects can be achieved.
For powered filtering devices incorporating helmetshoodd!, a reduction of 97.5% can be
assumed (i.e. an assigned protection factor ofB40uweret al 2001). This would lead to
exposure levels that are four times lower thandfheadculated with a reduction effect of 90%.

Annex 1 to this report presents the assumptionsenrathe estimates and how the ART and the
ECETOC TRA v2 models have been used to derive stimates. Table 5.13summarises the
results.

Table 5.13: Modelled Estimates for Inhalation and>ermal Exposure to
Hydrazine (expressed as Anhydrous Hydrazine) — Usd# Anhydrous Hydrazine
(>99%) in Aerospace Applications

Parameter \ situation Pumping fror(nigg;; — anhydrous
Estimated inhalation exposure (mg/n

Fraction in product (%) 100

Duration of activity (min) 15

75" percentile during task — no RPE 0.46

Interquartile range during task — no RPE 0.2300.9
Reasonable worst case task — with RPE (90% redh)ctio 0.09

Reasonable worst case full shift — no RPE durisg ta 0.028

Reasonable worst case full shift — with RPE dutask 0.003

Estimated dermal exposure (mg/kg bw/day)

Exposure to hydrazine — without PPE 6.86

Exposure to hydrazine — with PPE 0.69

Source: TNO calculations

5.2.5 Use in Defence Applications

5.2.5.1 Information from Literature

Fighter Jet Emergency Power Units

31 SCAPE (Self-contained Atmospheric Protective Bmise) suits.
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A rather dated source (Christensen, 1978) discuksesxposure of workers to hydrazine during
maintenance operations associated with the F-Ifidiget EPU. During the week of 23 to 27
January 1978, a survey team from the US Air Forceupational and Environmental Health
Laboratory identified the following tasks as potaly relevant to worker exposure to
hydrazine: nitrogen depressurisation, catalyst @uppppet valve replacement and the entire
refilling procedure. Measurements indicated coarge with the then Time Weighted Average
limit value of 0.1 ppm (0.13 mg/th hydrazine; however, potential peak exposures whic
ranged as high as 5 to 8 ppm (6.6 to 10.5 mgsocurred during some tasks. A technician
would be unaware of many such exposures since ntnatiens below the odour threshold of 3
to 5 ppm (3.9-6.6 mg/M give no warning.

Some information on measured levels of hydrazingénworking environment associated with
the use of the substance in fighter jets is pravidg WHO in a 1987 publication and is
reproduced imable 5.14

Table 5.14: Occupational Exposure to Hydrazine ithe USA — Fighter Jet Applications (1986)

Approximate numbers exposed Measured levels (mgfin
Site
Normal Potential Normal Exceptional
F-16 fighter station 32 - 0.04-0.05

Source: WHO (1987)

The US Department of Defense (1999) provides in&tiom on safety and engineering
measures that should be taken to prevent releasexposure of hydrazine from the handling of
hydrazine-based propellant for F-16 fighter jefBhis handbook requires, among others, the
following measures to be taken:

provision of vapour sniffers for use in the H-7@lfWrum storage area and servicing
area to alert personnel to excessive levels of Hu#) vapours. These should be
capable of detecting 10 ppb of H-70;
provision of a facility respirator air system (reomended);
provision of an explosion proof observation windogtween the H-70 fuel drum storage
area and the tank servicing area;
segregation of mechanical ventilation for regulatesus non-regulated areas;
design of ventilation systems for regulated areasaintain a negative pressure of 12 to
25 Pa with respect to adjacent non-regulated areas;
design of ventilation for servicing and storageaaréo provide a minimum of 20 air
changes per hour;
design of the ventilation system for automatic dbuin in the event of a fire within the
facility; and
use of flexible exhaust vent of the “elephant tfubjpe to exhaust vapours that are
released when full hydrazine drums are opened.igbDder airflow at the vent nozzle to
be approximately 71 L/s.
All personnel assigned to the hydrazine resporam {@¢1RT) on a relevant air force base have
access to a complete set of protective ensembleyfinazine protection (US Air Force, 2010):
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during emergency response, after Fire Departmemntirotation of hydrazine, Level-A
equipment will be required. This equipment comssist boots, gloves, Self-contained
Breathing Apparatus (SCBA) and totally encapsulatgubur tight sufg;

during EPU disconnects, EPU purge, spill containimen clean-up, Level-A or B
equipment will be required, if hydrazine is noted;

during disconnect of a fired EPU, SCBA respiratprgtection is required;

all maintenance performed inside the hydrazindifaaevill require the use of level-A or
level-B equipment, if hydrazine is suspected officored; and

during hydrazine storage facility inspection, persal will be required to wear at a

minimum: gloves, apron and an in-line suppliedregpirator or assure the ventilation is
adequate by opening at least two doors for crossitagon.

Submarine Rescue System Gas Generators

No information has been identified in the operréitare.

5.2.5.2 Consultation Findings

Fighter Jet Emergency Power Units

No information has been obtained through consohati

Submarine Rescue System Gas Generators

Company 14which uses hydrazine hydrate for the manufactafdhese gas generators also
uses the substance in aerospace applications.efoherinformation that has been provided in
relation to aerospace uses of hydrazine hydratd {@rpresented in Confidential Annex 3)

should, to an extent at least, cover operatiorsting to the manufacture of submarine rescue
systems.

5.2.5.3 Modelled Exposure

Estimates of inhalation and dermal exposure amgelprbased on the assumptions made for
aerospace uses, as detailed in Annex 1 to thigtrede key difference is that it is assumed
that the propellant used in the EPU has a 70% kydraconcentration. The comment on the
use of higher specification PPE (with a removaé rat 97.5%) made in Section 5.2.4 would
also apply.Table 5.15summarises the results.

32 Pictures of typical PPE used by the US Air Foarel the Royal Netherlands Air Force are availallle a
http://www.169fw.ang.af.mil/shared/media/photodwiuats/081212-F-0675P-017.jpg  and http://attach.high-
g.net/attachments/dscf4336_169.jpg
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Table 5.15: Modelled Estimates for Inhalation and>ermal Exposure to
Hydrazine (expressed as Anhydrous Hydrazine) — Usd# Anhydrous Hydrazine
(70%) in Defence Applications

Parameter \ situation Pumping from drum — anhydrous(70%)

Estimated inhalation exposure (mg/n

Fraction in product (%) 70 (option ‘main componemed in ART)
Duration of activity (min) 15

75" percentile during task — no RPE 0.32

Interquartile range during task — no RPE 0.16 40.6
Reasonable worst case task — with RPE (90% redh)ctio 0.064

Reasonable worst case full shift — no RPE durisg ta 0.020

Reasonable worst case full shift — with RPE dutask 0.002

Estimated dermal exposure (mg/kg bw/day)

Exposure to hydrazine - without PPE 4.80

Exposure to hydrazine - with PPE 0.48

Source: TNO calculations

It is assumed that exposure associated with thellingnof anhydrous hydrazine in the
manufacture and servicing of gas generators fomswine rescue systems will fall between the
ranges indicated by the estimates for aerospadeaippns and those presentedliable 5.15

6 CURRENT KNOWLEDGE ON ALTERNATIVES

6.1 Alternatives for Water Treatment

6.1.1 Availability and Identities/Description of Alternat ives

6.1.1.1 Alternative Substances

Alternative substances that have been identifiediterature and suggested by consultees
include those shown ihable 6.1

Table 6.1: Overview of Alternative Corrosion Inhibitors (Substances)

Substance name Formula EC Number CAS Number
Sodium sulphite NSO, 231-821-4 7757-83-7
Sodium dithionite Ng5,0, 231-890-0 7775-14-6
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Carbohydrazide HN-NH-C(O)-NH-NH, 207-837-2 497-18-7
Diethyl hydroxylamine
(DEHA) (CH3CH,),NOH 223-055-4 3710-84-7
Methyl ethyl ketoxime
(MEKO) H3;C-C(NOH)-GHs 202-496-6 96-29-7
Hydroquinone HO-gH4,-OH 204-617-8 123-31-9
Tannins
. Tannic acid C76H55046 215-753-2 1401-55-4
Filming amines
« isopropyl -068- -22-
hydroxylamine (CHz),CHNH(OH) 264-968-8 5080-22-8
(IPHA) _ CigHa/NH, 204-695-3 124-30-1
« octadecylamine
(ODA)
« l-amino-4-
methy'piperazine C5H13N3 230'053'7 6928‘85'4
*  8-azaguanine CaHaNGO 205-148-1 134-58-7
Ascorbic acid derivatives
] CsH;NaG, 228-973-9 6381-77-7
sodium erythorbate
ascorbic acid CsHgOg 200-066-2 51-81-7
Oxalates
. NH,O(0)CC(O)ONH 214-202-3 1113-38-8
ammonium oxalate
oxalic acid HO(O)CC(O)OH 205-634-3 144-62-7
Formic acid HCOOH 200-579-1 64-18-6
Hydrogen H 215-605-7 1333-74-0
Source: Literature and Consultation

Sodium sulphite sodium sulphite reacts chemically with dissolesggen, producing sodium
sulphate (Guardian CSC, undated). The rate oticeabetween sodium sulphite and oxygen is
quite rapid at temperatures near and above thealdrailing point of water. When necessary,
the speed of this reaction can be accelerated dmnadily by using a trace amount of transition
metal as a cobalt salt. The sodium sulphite reastare (Guardian CSC, undated):

Uncatalysed:
2 NaSQG; + O, 2 2 NaSO,
Catalysed:
0, +6 CoSQ+ 2 HO > 2 Ca(SQy)3 + 2 Co(OH)
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C0x(SQy)s + Co(OH) + N&SO; >NaSO; + 3 CoSQ + H,0

Sodium sulphite is promoted as the fastest andeths expensive oxygen scavenger available
in the marketplace; however, it offers no passorgtit is not volatile enough to protect the
condensate loop, and it builds up sulphate saltthénboiler system (Arkema, 2003). In
addition, other boiler water chemicals are alkalinenature and when they are mixed with
catalysed sodium sulphite, the alkalinity reactd aauses the cobalt sulphate catalyst to drop
out (Guardian SCS, undated).

The use of sodium sulphite is generally limitecdibmut 900 psi (62 bar), beyond which it could
decompose to sulphur dioxide and hydrogen sulphiethermore, sodium sulphite is not used
in high-pressure applications such as electricetigggation, where it can foul turbines (Arkema,
2003). Advantages to the use of sulphite aretti@tigher the feedwater temperature the less
sulphite is required, its low cost and the fact thss a colourless product (Accepta, 2010b).

The stoichiometry of the reaction shows that 7.881@f sodium sulphite would be required to
combine with 1 ppm of oxygen (Guardian CSC, undated

Sodium dithionite: BAUA (1991) mentions sodium dithionite as a pitd alternative. No
further information is available.

Carbohydrazide: this is a hydrazine substitute designed toiketHydrazine but does not have
the same hazard profile as hydrazine. It doesootribute to the boiler solids and reacts at a
rate of 1.4 ppm of carbohydrazide for every 1 pgroxygen. This, however, will also form an
additional 0.7 ppm of C§& which will have to be taken into account whencuakdting the
neutralising amine requiremé#tas CQ contributes to carbonic acid formulation in theure
lines:

HsNs.CO +2Q 2 CO+ 2N + 3 HO

Carbohydrazide directly reacts with oxygen at lemperatures and pressures. In addition, at a
temperature above 180°C, carbohydrazide will brédawn to form hydrazine (B&V Group,
2010).

Reportedly, carbohydrazide can be used in boileeny pressure, up to and including 3,200 psi
(220 bar) (Accepta, 2010c). Its use in low-pressawsilers may be restrained by its relatively
high cost (B&V Group, 2010). Carbohydrazide isikalde as a buff coloured powder, but for
boiler applications, it can be supplied as an agsesolution. A low solubility limits the
strength of the products available and slightly enconcentrated products can be supplied to hot
regions. Notably, carbohydrazide cannot be useerevthe steam will come into contact with
food (B&V Group, 2010).

Diethyl Hydroxylamine (DEHA): DEHA is a volatile oxygen scavenger, which isalf/ sold
as an 85% or 25% liquid. It has the ability to gpaate the metal surfaces in the boiler, then
pass out of the boiler with the steam, and actragtal passivating agent in a similar fashion to

CO,, when dissolved in the condensate as carbonic, &i@O;, results in corrosion in the return line

(Arkema, 2001). Neutralising amines are steamti®lalkaline materials which prevent corrosion sedi by CQ.
The amines react with carbonic acid to form amigéonates or bicarbonates and fixZOhe elevation of pH to >8.5
minimises the corrosion rate. The three most comynased neutralising amines are morpholine, diethjnoethanal
(DEAE) and cyclohexylamine. Neutralising aminesruat protect against oxygen attack.
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hydrazine (Guardian CSC, undated). It is clainet DEHA provides good passivation, high
volatility, low toxicity, and good thermal stabifi{fArkema, 2003).

When reacting with oxygen, DEHA does not lead ty salid residues, but will give organic
acids. Typically, the reaction product would betate, nitrogen and water.

4 (CHsCH):NOH + 9 Q > 8 CHCOOH + 2 N + 6 H,O

Acetic acid is neutralised to acetate in the bailled then eventually breaks down into carbon
dioxide. This must be taken into account wheneawing the neutralising amine programme.
Some decomposition of DEHA into ammonia may octwawever this does not occur until
temperature reaches 280°C, a temperature highertiieaone at which hydrazine’s breakdown
to ammonia starts (Guardian CSC, undated).

DEHA finds use in high-pressure and supercriticaildos where any solids would present a
severe problem (Arkema, 2003) and is promoted byescompanies as the preferred alternative
to hydrazine (B&V Group, 2010). A shortcoming oEBA-based oxygen scavengers is the
sluggish kinetics of oxygen capture in the feediragers at low and medium temperatures. The
usual remedy for this is the addition of co-scaeesgof which hydroquinone is a frequently

used one (but note that catalysts may be used dnahine hydrate solutions too) (Hater &

Schweinsberg, undated). Copper salts may alsosbd to catalyse the reactions of DEHA

(Guardian CSC, undated).

In theory, 1.24 ppm DEHA is required to remove Inppxygen. In practice, however, 3 ppm
DEHA is recommended for most boilers at operatiogditions (DEHA replaces hydrazine at a
1.2:1.0 ratio) (Arkema, 2003).

Methyl Ethyl Ketoxime (MEKO) : MEKO is a volatile oxygen scavenger, which hdsgher
distribution ratio than DEHA. This allows it to @mte more effectively in long-run condensate
systems than DEHA. Its reaction with oxygen gimesthyl ethyl ketone, nitrous oxide and
water (Arkema, 2001):

2 HyC-C(NOH)-GHs + O, > 2 HyC-C(0)-GHs + N,O + H,0

MEKO does not have the passivation performance BHPR or hydrazine (Guardian CSC,
undated), although some passivation capabilitiegpsrsent (Arkema, 2001).

MEKO may be fed neat from a 100% solution to thedfevater system at a rate of 5.4 ppm of
MEKO for every 1 ppm of oxygen.

Hydroquinone: hydroquinone may be used as a catalyst for ymea DEHA, and
carbohydrazide. However, it also is capable ahgcas a standalone oxygen scavenger. It has
very rapid reaction rate, even in relatively coldter. This ability enhances the performance of
the products in which it is used as a catalystaaiig them to perform in low-pressure systems.

Hydroquinone is fed at a rate of 6.9 ppm of hydiogoe to 1 ppm of oxygen (Guardian CSC,
undated).

Tannins: tannins are typically used in blends. BAUA (1Pgefers to CAS Number 1401-55-4
(for tannic acid) as relevant in this context. Nether information on their performance is
available.

Filming amines. these create an oil-attractive, water-repelfimt on metal surfaces which is
resistant to both carbon dioxide and oxygen (Sg8arco, 2010). Treatment with filming
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polyamines is based on the combination of sevartbres (BKG Water Solutions, 2010): (a)
formation of a mono-molecular film, adsorbed on aheturfaces all over the system; (b)
dispersion of scale-forming salts; and (c) pH canby means of neutralising amines. The
protective film barrier is continuously being renedv(a little at a time), requiring continuous
feeding of the filming amine based on steam flowhea than feedwater alkalinity. The
formation of gunk balls (gunking) can occur dueterfeed, contaminants in the condensate or
wide pH swings causing deposits to form in low flaveas like steam traps. The neutralising
amines, although they will elevate pH, they alst tacprovide a better distribution of the
filming amine throughout the condensate systemg¢lvin turn helps to prevent gunking (Water
Services Ltd, 2010).

Ascorbic acid derivatives liquid oxygen scavengers based on sodium ergttier(isoascorbic
acid, sodium salt) (possibly in mixtures with neliging amines) can be used in boilers where
the steam comes into contact with food or food potsl (as long as the neutralising amine is
less than 15ppm in the condense (B&V Group, 201@)¢an be used in boiler plants operating
up to 580 psi (40 bar); erythorbate is a very grpassivating agent for iron (Guardian CSC,
undated).

The feed rate of 10% erythorbate acid is 11 ppnthef acid for every 1 ppm of oxygen
(Guardian CSC, undated).

Table 6.2presents in more detail the reaction and/or breakdoroducts of the key alternative
oxygen scavengers.

Table 6.2: Reaction and Breakdown Products of Seteed Alternative Oxygen Scavengers

Chemical/Formula % C (wt.) | Reaction and/or breakdown products
Hydrazine 0 Nitrogen, water, ammonia
Carbohydrazide 13.3 Hydrazine, nitrogen, water, amim carbon dioxide

DEHA 53.9 Acetaldehyde, acetic acid, dialkylamines, ammonitaate,

nitrite

MEKO 552 Methyl ethyl kgtone, hydro.xyliamlne, nitrogen, nitso
oxide, ammonia, carbon dioxide

Erythorbic acid 40.9 Dlhydroa_scc_)rblc acid, salts of lactic and glycalimd,
carbon dioxide

Hydroquinone 65.5 Benzoquinone, light alcohols, ketones, low molecula

weight species, carbon dioxide

Source: Anonymous (2008)

6.1.1.2 Comparison of Alternative Substances

Table 6.3 presents a quick overview of some key featuresedécted oxygen scavengers
discussed above.

Table 6.3: Comparison of Key Properties of the Main Oxygen Scanger Substances

Scavenger

Volatile Contributes... Hazar- Flammable/ | Theoretical
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Solids CO, | Organics dous? Combustible Dosage
Hydrazine Yes No No No Yes No* 1:1
Carbohydrazide Yes No Yes No No** No 1.4:1
Sodium Sulphite No Yes No No No No 8:1
DEHA Yes No Yes Yes Yes F 1.2:1
MEKO Yes No Yes Yes Yes C 5.4:1
Erythorbate No No Yes Yes No No 11:1
Hydroquinone No No Yes Yes No*** No 6.9:1
Source: based on Arch (2010k)
* although anhydrous hydrazine has a Flammable sifastion, here the substance is used in its higtta
form and typically in highly diluted conditions
** preaks down to hydrazine at high temperatures
*** dangerous for the environment
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A comparison of the oxygen removal capability dfedient corrosion inhibitors is given in a
paper prepared by the Environmental Research utestiaf the University of Connecticut in
collaboration with the US supplier of hydrazine A€hemicals (Huangt al, undated).

Huanget al investigated the removal rates of dissolved oxylggmine oxygen scavengers by

injecting a certain amount of scavenger solutiada e300 ml oxygen-saturated solution at 2°C.
The results of the tests showed that the dissadxgden was rapidly removed by hydroquinone
and catalysed hydrazine hydrate solutions. Thalteealso indicated that dissolved oxygen was
efficiently removed by other four chemicals, sodiusulphite, uncatalysed hydrazine,

isoascorbic acid, and DEHA, although the removakgsawere not as fast as those of
hydroquinone/catalysed hydrazine. The reactiodisgolved oxygen with carbohydrazide was
relatively slow and oxygen depletion could not lmhiaved within a reaction period of 30

minutes. In addition, the dissolved oxygen coneian did not decrease with time after the
injection of MEKO solution, which indicates thattineaction rate of oxygen with MEKO was

extremely slow or even no reaction happened uruetdst conditions. The study concluded
that, on a theoretical basis, only one kg of hyah@zs required to react with one kg of oxygen,
whereas the other agents, because of their highévadent weights, must be dosed in higher
amount regardless of the oxygen-scavenger readdien This, combined with the cost of the
chemicals, suggested that from both technical armh@mic aspects, hydrazine should be
considered the oxygen scavenger of choice.

These results are not necessarily mirrored in ditezature sources. For example, Anonymous
(2008) suggests that carbohydrazide outperformsaayte by offering better passivation and
faster oxygen scavenging at lower temperatures.

Finally, BAUA issued a technical analysis of alsimes to hydrazine for water treatment in
1991. At the time, ammonium ascorbate, sodiumiatite and sodium sulphite were found to
be “toxicologically recommended with minor limitatiGnsvhile the toxicological properties
DEHA, MEKO and hydroquinone could not be fully assed.
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6.1.1.3 Alternative Techniques

BAUA (1991) suggests that the physical oxygen elation by vacuum and pressure thermal

deaeration could be sufficient and can be usedénpiace of chemical scavengers such as
hydrazine. Such an approach is suggested to bibleauring continuous operation, but can be
feasible with some limitations with intermittentesptions (e.g. during start-ups of ventilated

parts of the plant) (German Federal Institute foc@pational Safety and Health, 2010). Other
possibilities include:

catalytic reduction; and

corrosion prevention without hydrazine, by additafrother chemicals (e.g. increase of
pH by NH;, NaOH, NaPQ,) as long as boiler water treatment systems araifaetured
and run according to specified technical rules.

Information along similar lines has been receivethie form of a completed questionnaire from
a member of the European Power Plant Suppliers dletsmn Company 8. The company
advised that use of hydrazine hydrate was nornagdtize in the past in order to eliminate any
trace of dissolved oxygen in the deaerated watears ago, worldwide scientific literature
illustrated corrosion problems associated with hydre, such as flow-accelerated corrosion
(FAC). Key European contractors and operatorgibfyupower plants were, allegedly, the first
to stop continuous hydrazine injection in waterleylor new projec®&. For existing plants,
changing a long-standing practice such as the tisydrazine hydrate is a more problematic
process.

For steam generators (power plants), modified wiestments and better water quahtgan
drastically reduce or even eliminate the use oféwide during permanent operation. Those two
parameters (very high water quality (mainly verw lacid conductivity) and slightly higher pH
with volatile ammonia) are already common pracfmeutilities (power plants), the company
suggests. Oxygen content in the water is no lotigeleading parameter as far as the condenser
works properly (without a leak).

In steam generator applications, long-term opegagmperiences exist already which have
demonstrated the feasibility of alternatives withocontinuous hydrazine injection. The present
market trend is to stop continuous injection of iagihe but keep the injection system available
to maintain some operating flexibility in case @hergency conditions, such as a leak in the
condenser.

A relevant VGBS standard has recently been revised accordinglyB(¥?Gwertech, 2004). The
standard was prepared by a joint European techodaramittee with representatives from VGB,
Fachverband fur Dampfkessel-, Behalter- und Rdiurgisbau (FDBR) and the European
Power Plant Suppliers Association (EPPSA). It recmmds, among others, changes such as
those described above, i.e. (a) good control ofathid conductivity, (b) good control of the pH

34 US and Asian players are moving later and marelgltowards this new practice.

35 Water quality must be controlled and maintainedhe highest level: demineralised water, high tyuwith
low conductivity, adequate deaeration in condenseleaerator, pH control with NHetc.

36 VGB PowerTech e.V., abbreviated VGB, is the Eeaoptechnical association for power and heat géoera
See VGB'’s Internet site herbttp://www.vgb.org/en/vgb powertech.html
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by ammonia injection, (3) acceptance of a minimundiesolved oxygen without adding any
oxygen scavenger, which shall only be used if oryigeno longer under control (for example,
when a leak in the condenser occurs). The sameepbimas been studied and published upon
by the US Electric Power Research Institute (EPRfNeral years ago: EPRI has advised that
FAC can be exacerbated by permanent and continomesion of oxygen scavengers.

Finally, some further confidential information orteanatives techniques is provided in
Confidential Annex 4, based on the experienceSarhpany 26

6.1.2 Practical Experience of EU Stakeholders with Altermtives
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The following paragraphs outline the experienceetain consultees with alternative corrosion
inhibitors.

Company 32 this is an operator of power stations. In lighthe hazard profile of hydrazine,
Company 32 has carried out an extensive study to compareptdréormance of potential
alternatives to hydrazine under typical AGR plap¢mting conditions. A number of candidate
chemical scavengers have been tested, namely:

carbohydrazide;
DEHA;

IPHA; and
hydrogen.

In all instances, these alternatives were foundbdoslow and/or ultimately degrade to form
hydrazine (refers to carbohydrazide) or other umdeke by-products e.g. carbon dioxide.
Furthermore, a number of these substances posses# kiechnical limitations and require
catalysts to facilitate their respective reactio@s.the alternatives tested, none removed oxygen
from the boiler as efficiently as hydrazine. Aftative chemicals continue to be assessed but, to
date, there are no known suitable alternativesnéiséén maintaining the safe operation of the
plant, claimsCompany 32

The company notes that the focus for the powerstriguhas been on optimising the use of
hydrazine to minimise any hazards since its comtihuse is considered to be the only viable
option. In order to ensure health & safety riskes properly managed, the primary requirement
is that the manual handling of the reagent is éohit The reagent is delivered in bulk containers
with a preference for pre-diluted reagent whers ighiappropriate.

Company 22:this is an operator of combined heat and powentplaThese use coal, natural
gas, and fuel oil as alternate fuel. The compaasy Utsed in the past carbohydrazide (5-10%)
solutions, MEKO (30-50%) solutions and productseloasn amines (a product based on 8-
azaguanine has been mentioned). The testing seshibtwved that the oxygen removal abilities
of these chemicals did not fulfil the demands of thiater/steam generation process. The
MEKO and amine products were found to increaseetletrical conductivity of the water-
steam cycle beyond what is prescribed for the plantjuestion. On the other hand, the
carbohydrazide product decomposes to give hydrazimexpected. The company notes that
any experiment with alternative oxygen scavengéisulsl last several months, so that the
required chemical balance in the process and oalmtfaces can be achieved.

On the other hand, 15% solutions of hydrazine hgdnahich the company uses after diluting
them down to 2%, can meet these requirements amdalao accompanied by decades of
experience. Therefore, the company is not cuyewtrking towards the replacement of
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hydrazine. The company has obtained approval ftemational authorities to use hydrazine,
taking into account past studies for the replacdmémydrazine with less harmful chemicals.
The company argues that hydrazine is used in a&dlpsocess and there should not be any
exposure to it.

Company 19 this is a large company offering water treatmsenvices across the EU. The

company confirmed the current use of carbohydraaslen oxygen scavenger for feedwater
and for boiler start-up. Another alternative ideéad was hydroquinone which may essentially
be used in similar applications. The company lesned that carbohydrazide is used in all EU
countries were hydrazine i:6t allowed (for example, in Scandinavia). On the other hand
hydroquinone is mainly used in USA and Canada {dummmercial reasons).

These alternatives already find use in water treatnprojects around the world, according to
the company. However, they may not replace hydeam all designs and all applications.

Alternatives (other than carbohydrazide) resultthie formation of organic acids which are

problematic for the normal operation of the boileginly as they affects the cation conductivity
of steam and condensate. In high contents, orgends may cause corrosion problems, mainly
in steam turbines or other steam consuming equipm@acause of organic acids increase, not
all alternatives are suitable for normal operatbmwell-closed circuits.

Company 8 this is a boiler maker specialising in combinegtle/heat recovery steam
generator technology for utility and industrial pavplants. The company is not a producer or
direct user of hydrazine but advises end-usergascpibes the use of some chemicals for the
adequate corrosion protection of its equipment (tbenpany often has to produce water
chemistry procedures or water specifications far &md users in order to define adequate
corrosion protection of the boiler components). shewn earlier in this Section, the company
would support the elimination of use of chemicalygen scavengers, at least in new
installations. The company confirmed that sev&rawn alternative oxygen scavengers are
already in use and no additional time would be adddr their development.

Company 44 this is a water treatment contractor for the leaic power industry (for the
removal of solids). In the 1990s, the companyesiubstances such as ascorbic acid, oxalates
and formic acid as alternative reducing agentst{ferremoval of solids from steam generators).
The company claims to have met problems regardiegcbrrosion rate of the metal and the
efficiency of the process when such alternativeevirgalled.

Company 38 this is a supplier of hydrazine solutions to gmver generation industry. The
company suggests that the main alternative to ayuahydrate for boiler feed application is
carbohydrazide. It notes that carbohydrazide maytain up to 100 ppm of hydrazitie
Furthermore, the product may come in powder forrd enorder to dose it into boiler feed
applications it would need to be diluted. This hi¢ead to potential issues with exposure to
dust. On the contrary, as hydrazine hydrate smigtare already in liquid form, it is relatively
easy to create a ‘close system’ for dilution ansimig.

The company indicates that most of the power statio the UK are reluctant to change from
hydrazine hydrate to carbohydrazide due to issués boiler feedwater quality when using
carbohydrazide (high conductivity and poor perfanog). Hence, a significant majority of
power stations still prefer to use hydrazine hyaratotably, UK power stations were supplied
in the past with hydrazine hydrate 55% (35% whepressed as anhydrous hydrazine);

37

The company referred us to this webditip://carbohydrazide.net/
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however, hydrazine became a named substance umel&etveso Il Directiv¥, whereby if a
company stored solution with a concentration abeMeand a volume above 2 metric tonnes,
the site would become a Top Tier CoMAH &iteThis led to most of the stations taking a more
dilute form of hydrazine, hydrazine hydrate 7.5%ww#.8% when expressed as anhydrous
hydrazine).

Company 23 this is the German subsidiary of a Japanese coynpaanufacturing oxygen
scavengers. The company has developed an amird-baggen scavenger for boilers and has
patented the product as a replacement for hydraZiine patented oxygen scavenger contains a
heterocyclic compound having N-substituted amirmmugrsuch as 1-amino-4-methylpiperazine
and a hydroxylamine compound such as DEHA. Theagemyscavenger may further contain a
polyhydric phenol type catalyst such as pyrogatioimprove performance at low temperatures
(Shimura & Takahashi, 2006).

The company claims to have experience using this peoduct in many boiler systems

worldwide, both low- and high-pressure ones. Insmeases, it is claimed that the boiler
systems do not require any re-design or procesegelsato adapt to the new system. The
company notes:

there are certain control parameters, that difi@mfcountry to country, for example the
level of cation conductivity in condensate;

whilst in most applications of high-pressure baledhe product can maintain the
operational specifications, sometimes an adjustm&hntdosing or other process
adjustments might be necessary; and

in some cases, an oxygen scavenging effect is seepidor very low temperatures in
feedwater lines. The reactivity of this amine-lshpeoduct at low temperature is lower
than the one of activated hydrazine hydrate soistio

The company suggests that this technology doeseqoire any further R&D as the product is
already on the market. Many customers of the Jsgmmompany located in Japan and the
wider Pacific region currently use it; the uptakdhe EU is still limited.

The reader is advised that some confidential in&tiom in Annex 4 reports on tests undertaken
by a company using a product based on 1l-amino-#wipeperazine. The Annex contains
further information on the experiences of certaimpanies with alternative substances and
techniques.

Finally, Box 6.1 (overleaf) outlines the position of Union of thde@ricity Industry —
Eurelectric, which has been consulted for the psepaf this study.

38 Directive 2003/105/EC of the European Parliangedt of the Council of 16 December 2003 amended €bun
Directive 96/82/EC on the control of major-accidaatzards involving dangerous substances (the SéhvEsective).
Following the amendment hydrazine (alongside otla@cinogens) falls under the provisions of Artickand 3 if it is
stored at a concentration above 5% at more of dnhbes and under the provisions of Article 9 ifgtstored at a
concentration above 5% at more of 2 tonnes.

39 UK Control of Major Accident Hazards Regulatiomaplementing the Seveso Il Directive.
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Box 6.1: (Abridged) Position of the Union of the Eectricity Industry — Eurelectric
(Eurelectric, 2010)

Hydrazine as Reagent of Choice — Importance of Opational Considerations

High-pressure steam generating plant operates stiéhm temperatures of >450°C. At these
operating conditions, all candidates other thanrézide decompose to undesirable produgts.
Hydrazine has the particular advantage that iteketewn products are inert and therefore do pot
contribute to dissolved solids in the system.

—+

The breakdown products produced by alternativeshydrazine obscure normal monitoring
parameters (primarily “After Cation” conductivitgp that hazardous operational conditions mayf be
overlooked.

The organic breakdown products occurring as atre$uhe use of alternatives to hydrazine can|be
acidic or precursors of acid products. These cam ftorrosive solutions in early condensate on the
turbine and can result in a pitting attack. Ttda progress to stress corrosion cracking of thilig
stressed turbine materials.

Hydrazine thermally decomposes above ca. 200°C with rate increasing with temperatur
Consequently, residual hydrazine is not signifigapresent in the boiler water blowdown from
high pressure, conventional boiler plant.

o

Optimising Hydrazine Use and Supply/Handling Consiérations

The adverse operational consequences of the afiermaagents lead to the continued favouring| of
hydrazine as the primary oxygen scavenger reagetttis application. The focus for the industry
has been on optimising its use to minimise any tusza

+ by minimising reagent use — although details mayy vdepending on individual plant
circumstances, plant operational guidance woulexpected to include an indicative guideline
on maintenance of a minimum amount of excess himkan the process water systems — for
example 2x residual dissolved oxygen level,

« by temporarily stopping using hydrazine wheneveerapionally possible — normally durin
steady load operation with good mechanical deaena¢oformance. This is currently th
favoured approach;

[OI "]

« by minimising handling of hydrazine hydrate sola8oby the employees — the reagent|is
delivered in polycans or Intermediate Bulk Contasneith a preference for pre-diluted reaggnt
where this is appropriate.

Sites using hydrazine will be equipped with appiadper plant and equipment, ensure approprigte
maintenance of the equipment, will have developstiapplied appropriately optimised procedules
for material delivery, handling & usage and havéadly trained staff having regard for meeting
applicable chemical use health and safety regulstio This may include regular checks [of
atmospheric conditions to confirm STEL (short-teexposure limits) is complied with and thejir
subsequent recording.

6.1.3 Limiting Factors for the Uptake of Alternatives

The above discussion has already explained thdiketyng factors for alternative substances
which may vary by substance but can be summariséallaws:
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potential lack of or low passivating capabilitiesg. sulphites, MEKO);

potential impairment of oxygen scavenging perforogarat low temperatures (e.qg.
sulphites, carbohydrazide);

low rates of oxygen removal and sluggish kineteeg.(DEHA);

formation of organic acids (e.g. DEHA and other raes);

release of C@requiring additional neutralising amines to maimtpH at sufficiently
high levels (e.g. carbohydrazide, amines);

higher required dosage (applies across the boattiéadentified alternatives);

release of hydrazine during use (e.g. carbohydejzid

6.1.4 Requirements for Future Work on Alternatives

Alternatives are already available; there has lmeespecific proposition by consultees on what
can be done for the current shortcomings to becovee. Some discussion on alternative
techniques and their prospects is provided in Cenfiial Annex 4.

6.2 Alternative Reducing Agents for Metals

6.2.1 Alternatives for Metal Deposition

6.2.1.1 Availability and Identities/Description of Alternat ives

Alternative reducing agents that that been idesdifin literature as relevant to the electroless
plating of nickel are shown ihable 6.4

Table 6.4: Alternative Reducing Agents for Electrtess Deposition of Nickel

Name of alternative substance Formula EC Number CASlumber
oo e GRS hapaw, | zvess | 7601530
Sodium borohydride NaBH 241-004-4 16940-66-2
Dimethylamine borane (DMAB) (CHNHBH3 200-823-7 74-94-2
N-diethylamine borane (DEAB) ¢Els),NHBH; 2670-68-0
Source: Jerry Barker Consultants (2010); Barnst&akllorcos (2009); Davis (2000)

Hypophosphite-based baths the basic chemical reaction for the depositibmiokel using
hypophosphite as reducing agent is as follows (Elptating Chemicals, 2010):

2 H,PO" + 2 HO + NF* > Ni+ H, + 2 HPQ” + 4 H'

Hydride ions may also react with hydrogen ions,reébg reducing the efficiency of
hypophosphite utilisation. The electroless niakebosits are not pure nickel but contain about
3-15% phosphorus, depending on bath composition @odess conditions (Sidorenko &
Kukin, 1977; Mittal, 1998; and Bicadt al, 2002).
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The majority of electroless nickel used commergi&l deposited from solutions reduced with
sodium hypophosphite. The principal advantagethe$e solutions over these reduced with
boron compounds or hydrazine include lower costatgr ease of control and better corrosion
resistance of the deposit. Early electroless hiftkenulations were ammoniacal and operated
at high pH. Later, acid solutions were found tgehaeveral advantages over alkaline solutions.
Among these are: (a) higher plating rate, (b) bedtability, (c) improved deposit corrosion
resistance. Accordingly, most hypophosphite reduslectroless nickel solutions are operated
between 4.5 and 5.5 pH, at 88-95°C. Their platatg is approximately 25 pm/h (Davis, 2000).

Borohydride-based baths the reaction mechanism occurring with borohydsideas been
guoted as follows (Electroplating Chemicals, 2010):

NaBH; + 4 NiChk + 8 NaOH-> 4 Ni + NaBQ + 8 NaCl + 6 HO
or
2 NaBH; + 4 NiCh + 6 NaOH-> 2 Ni,B + 8 NaCl + H + 6 H,O

These are only schematic representations sincdetaéls of the actual reactions are unknown.
The borohydride anion is the most powerful reducaggnt available for electroless nickel
plating (any water-soluble borohydride can be usditiough sodium borohydride is preferred)
(Davis, 2000).

These reactions result in the deposition of anyalontaining 5-7% boron (Electroplating
Chemicals, 2010). Borohydride baths are operagdaden 10 and 14 pH, at 25-95°C. Their
plating rate is approximately 15-20 pum/h (DavisQ@0

Amine borane-based bathsthe reaction mechanism occurring with amine besahas been
quoted as follows (Electroplating Chemicals, 2010):

RoNHBH3 + 3 NP + 5 OH = 3 Ni + (RNHy)" + H3BO3 + 2 HO
or

4 RNHBH3 + 6 NP* + 8 OH = 2 NigB + 4 (RNH,)" + 2 HBO;3 + 3 Hp + 2 HO

Coatings containing between 1 and 5% boron aresifeb

Amine borane baths are operated between 5 and 7apl85-70°C. Their plating rate is
approximately 7-12 pm/h (Davis, 2000) and depenushe temperature and pH of the bath
employed. This is lower than the plating ratetia much hotter borohydride baths, but quite
adequate for the thin initial coatings requiredotastics.

By way of comparison, the depositions produced ftoydrazine solution contain 97-99.2%
nickel. The rate of deposition is very dependenpH, with virtually no deposition below 10.3,

but with deposition rate over 12 um/hr at pH 1E®@¢troplating Chemicals, 2010). Hydrazine
baths operate at 90-95°C and, because of the ilistath hydrazine at high temperatures, these
baths tend to be unstable and difficult to confdavis, 2000).
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Literature does not provide readily available infiation on alternative reducing agents for the

deposition of other metals.

6.2.1.2 Practical Experience of EU Stakeholders with Altermatives

Some information has been received fr@ompany 1 in relation to electroplating. Some
hydrazine-free products (hydroxylammonium compouad hydroxy acids) are available but
it is claimed that there is some customer resigtamnchange. The company notes however, that
it has not actually manufactured its relevant hymira-containing product for some time.

6.2.2 Alternatives for the Production of Precious Metals

6.2.2.1 Availability and Identities/Description of Alternatives

Alternative Substances

Gold refining: in theaqua regiaprocess, alternative reducing agents to hydraniclede the

substances shown irable 6.5

Table 6.5: Alternative Reducing Agents for Gold Réning in the Aqua RegiaProcess

Name of alternative substance Formula EC Number CASlumber
Ferrous sulphate (“Copperas”) FesSO 231-753-5 7720-78-7
Sodium bisulphite NaHSO 231-548-0 7631-90-5
Sulphur dioxide (gas) SO 231-195-2 7446-09-5
Oxalic acid HO(O)C-C(O)OH 205-634-3 144-62-7
Hydroquinone HO-gH,-OH 204-617-8 123-31-9
Certain sugars Various

Source: Corti (2002)

Precious metal precipitation from salt solutions substances that have been identified as

potentially relevant include:

formic acid (HCOOH, EC Number: 200-579-1, CAS Numk@4-18-6) and formiates.
Company 42is aware of testing that has been undertakentébksh whether these are
suitable as reducing agents for the productiorrefipus metals;

sodium borohydride (NaBjl EC Number: 241-004-4, CAS Number: 16940-66-2).
Company 31 and Frankham & Kauppinen (2010) describe this rasaléernative in

relation to PGMs; and

thioform ((CHS)s, EC Number: 206-029-7, CAS Number: 291-21-4) aind.z Phillips
(2005) suggests that thioform and zinc can be tsedplace hydrazine in the removal
of PGMs from effluents, but these also carry tlosin problems and can make effluent

disposal costly.
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Recovery of gold through active carbon elution McDougall & Hancock (1981) identify
hydroquinone as a suitable reducing agent forehewvery of gold through active carbon elution
methods (Actired® appears to fall under this catggo

Alternative Techniques

Phillips (2005) reports that for a safe and moreirenmentally friendly recovery of platinum
group metals (PGMs), Smopex® fibrous precious mstalvengers can be used. These can
recover PGMs from process or effluent streams. filbies consist of a polypropylene or
viscose backbone (making them suitable for useoth brganic and aqueous streams), grafted
with specific functional groups that can selectyvedmove PGMs from solutidh

Smopex® is capable of recovering PGMs down to mMels and with metal loadings in the
region of 10% wt (that is 100 g metal/kg fibre) thaeantity of fibre required to achieve
satisfactory recovery is not large. The fibres thiermally stable up to at least 120°C so they
can be used at elevated temperatures, where raetalary is often easier (Phillips, 2005).

Smopex® fibres are non-hazardous and, after washittigwater can be returned for refining of
the captured metal (Phillips, 2005). Preliminargut from a company with experience in these
methods would appear to suggest that Smopex® tentde used for the removal of precious
metals from very dilute solutions only as it ha&xad number of active sites to which precious
metals may bind. Smopex® is a relatively non-djpescavenger of precious, base and heavy
metals from their dilute solutions and is not auedg agent, so it does not directly compare to
hydrazine. Some additional information is providedonfidential Annex 4.

6.2.2.2 Practical Experience of EU Stakeholders with Alteratives

Company 42 this is a company precipitating precious mef{®&Ms) from solutions. The
company notes that depending on temperature, pt\aatd speed of the addition, hydrazine is
a well-controllable reducing agent and leads todgaesults with regard to the selectivity and
efficiency of the reaction. Formic acid and fortemare very hard to control in comparison to
hydrazine and have resulted in the past in sedagglents, caused by spillage of hot reaction
solution. The company also notes that potentibksstuents have to fulfil the condition that
they and their reaction products do not contamitiaePGMs formed in the refining process.
The purity of the metals has to reach a minimum9805%. Apparently, this cannot be
achieved with formiates.

Company 31 this company uses a very small volume of hydmziydrate solution for the
precipitation of metals from scrap and indicateat tit would be able to switch to sodium
borohydride. The latter has already been sucdéssésted in laboratory conditions.

Some additional information on the availability andtability (or lack thereof) of alternatives to
hydrazine in the precipitation of precious metalpriovided in Confidential Annex 4.

6.2.3 Alternatives for the Production of Basic Metals

Some information is available in Confidential Anngx

More information on Smopex is available hérp://www.smopex.com/site.asp?id=1190&pageid=1205
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6.3 Alternatives for Effluent Treatment

6.3.1.1 Alternative Substances

Some information is available in literature on #neilability of reducing agents for the non-
catalytic removal of NQgases from waste streams. Lyne (2002) suggestsetiucing agents,
apart from hydrazine, include the substances showable 6.6

Table 6.6: Alternative Reducing Agents for Effluemn Treatment

Name of alternative substance Formula EC Number CASlumber
Hydroxylamine NHOH 232-259-2 7803-49-8
Hydroxylamine sulphate (HONbBL.H,SO, 233-118-8 10039-54-0
Sulphamic acid EN.SO;H 226-218-8 5329-14-6
Urea HN-CO-NH, 200-315-5 57-13-6
Source: Lyne (2002)

These reagents all have in common the amine gréNig,], and theoretically react to reduce
NOy dissolved acid by a reaction such as:

4 HNOSQ + 3N;Hs 2 5 N + 4 SO, + 4 HO

In practice, only hydrazine and to some extent biyglamine are effective at the conditions of
temperature and residence time typically availabkn acid plant. Pure sulphamic acid or urea
will reduce the NQ only in weaker acid solutions, and by-product ¢¥BO, may contaminate
the treated product. The reducing agent must ksecadn excess to achieve adequate
destruction of N@ and post treatment with,B, to destroy the excess reductant is then
required. However, hydroxylamine or hydroxylamisglphate are less toxic and easier to
handle than hydrazine (Lyne, 2002).

6.3.1.2 Consultation Findings

No information specific to this use was made awdldrom consultees.

6.4 Alternative Aerospace Propellants

6.4.1 Availability and Identities/Description of Alternat ives

6.4.1.1 Recent EU Research on ‘Green’ Propellants

The high vapour toxicity and large vapour pressiifeydrazine, coupled with the desire to both
improve operational response and significantly ease performance, present significant
technical challenges to be overcome in producingt-generation monopropellants. Low
toxicity or ‘green’ propellants have been studigd deveral organisations around the world.

104



ANNEX XV — IDENTIFICATION OF HYDRAZINE AS SVHC

The propellants fall into three groups, those idezh for launchers and upper stages,
replacement of existing propellants used on orhit@hsfer vehicles, and those intended to
replace current storable bi- and monopropellargsl @ spacecraft (Caramelli, 2008).

Of most relevance to hydrazine (and its main usea amonopropellant in spacecraft) is
Caramelli’'s 2008 overview of recent and on-going R&D in the field of spacecraft
propellants and propulsion. As shownTable 6.7 R&D activities in European industry,
research institutes and organisations relatedreely propellants were concentrated in Sweden
in 2008 and this still appears to be the case.stdubal R&D activities in these technologies
were also performed in Italy and Austria. Limite&D activities were also reported in France,
Germany, Netherlands and UK.

Table 6.7: Expertise and Research on ‘Green’ Proflants for Spacecraft within Europe (2008)

Organisation Name of Item Remarks
SSTL (UK) - Catalyst investigations « N0 resistojet 125 mN thrust
« Hydrogen peroxide and - Bipropellant — hydrogen peroxide / Kerosene
nitrous oxide propulsion engine up to 40N TRL 6
developments + N0, butane, water propulsion systems flown on
« ‘Green’ propulsion systemg small satellites, including ESA Giove-A
flown on small satellites (Galileo)
« Micro-electro-mechanical |- MEMs High Test Peroxide (HTP,.,8,) engine
systems (MEMSs) concluded ESA contract
University of « Hydrogen peroxide and « H,0, hybrid engine development: ‘Pancake’
Surrey/SSTL nitrous oxide propulsion configuration
(UK) developments « H,0, long term storage tank technologies
+ Ny,O « N,O catalytic decomposition with CNES and

Russian Scientific Centre for Applied
Chemistry, INTAS contract

University of Hydrogen peroxide catalysis |+ H,0, homogeneous catalyst investigations (With
Southampton DELTACAT (UK))
(UK)
ECAPS (SE) Development of ADN based |+ Ground qualified 1N thruster with ADN LMP-
propulsion systems, space 103s
qualification of HPGP (High |- Manufactured a propulsion S/S with 1N ADN
Performance ‘Green’ thruster to fly with PRISMA S/C
Propellant) propulsion systems, 5 N and 22 N are in development-performed
including: 22N engine hot firing tests based on ADN
_ propellant and investigating continuous scalg-up
- 1 N engine for launcher applications

Propellant LMP-103S Developed and tested LMP-103S propellant

FOI (SE) - Development of advanced |- Production and hazard testing of LMP-103S
liquid monopropellants « ADN-based propellant FLP-106 development,
based on ADN hazard testing, compatibility, stability and

‘Green’ solid propellants characterisation
« New ADN-based propellant with highey |
(~260s) and density and with lower vapour
pressure, related high temperature resistant
materials and components need developmer
« Investigation of ADN as an oxidiser for solid

—

propellants
Austrian ResearchHydrogen peroxide + Development of a 0.5 - 1.5 N,B,
Centers (AT) monopropellant and monopropellant thrusterg(l=160 s) utilising
bipropellant thrusters advanced monolithic catalyst (LACCO)

- Development of a bipropellant thruster utilising
H,0, and Kerosene¢J=280-330 s T

105



ANNEX XV — IDENTIFICATION OF HYDRAZINE AS SVHC

Table 6.7: Expertise and Research on ‘Green’ Proflants for Spacecraft within Europe (2008)

Organisation

Name of ltem

Remarks

LACCO (FR)

Catalyst investigations

Investigations with a batch reactor on various

propellants

D

EDOTEK (UK)

DMAZ (2-
dimethylaminoethylazide) — a
liquid fuel)

Reactivity investigations

University of

Catalyst investigations, hybrid

Hydrogen peroxide investigations

Collaboration with
Southampton University
(UK)

Naples (IT) propulsion (decomposition of hydrogen peroxide with
advanced catalysts)
ALTA (IT) Hydrogen peroxide thrusters Development of 5N to 10N and 25N

monopropellant KO, thrusters for future
bipropellant peroxide-ethane thruster prototy
Optimisation of advanced catalytic beds for
HTP decomposition

Throttleable HO, bipropellant technologies
with National funding contract
Self-pressurised ‘green’ propellant technolog
Development of 50 N bipropellant peroxide-
ethane thruster prototype (TRL 4-5,
performance target 200-500 N) in collaborati
with University of Southampton

pe

Al: Aerospace
Innovation (DE)

Electro-thermal propulsion

Water and gas resistojet systems for small
satellites under development
To be flown on TET-1 satellite

DELTACAT Ltd
(UK)

Hydrogen peroxide thrusters

In conjunction with ALTA and the University
of Southampton

TAS (IT)

Hybrid systems in cooperatiq
with University of Padova
(CISAS)

Source: Caramelli (2008)

Notably, the focus of research on alternative, égex’ propellants is so far on finding
substitutes for monopropellant hydrazine. Limiteork is currently undertaken in relation to
substitutes for MMH; some work is on-going in th@7project GReen Advanced Space

Propulsion (GRASP), funded by the ECSwedish Defence Research Agency, 2010).

6.4.1.2 Recent Research outside the EU

According to Caramelli (2008), little is known aliquotential developments in the USA for
spacecraft ‘green’ propellants. Work is still dantng in universities on hydrogen peroxide, in
Hybrid propulsiorbésng pursued in the US, the most high
profile example being SpaceDev who manufacturehifieid engine for Space Ship One. As
will be discussed later in this Section, some warkurrently undertaken in the USA on the

the USA as well as in Japan.

development of a propellant based on hydroxylamomomitrate (HAN).
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6.4.1.3 Availability and Identities/Description of Alternat ive Monopropellants
Overview

Two major efforts have developed over the last é&ry and have focused on advanced
monopropellant compositions produced from energetic compounds — one coming from
Europe (Sweden) and the other coming from the USA (S Air Force). While the European
monopropellant is based on ammonium dinitramide NADNHsN(NO,),, CAS Number:
140456-78-6), the US Air Force Research LaborasoryAFRL) effort focuses on
hydroxylammonium nitrate (HAN, N$OH.NO;, EC Number: 236-691-2, CAS Number:
13465-08-2). While a significant amount of litena exists on the characteristics of the
European monopropellant, very little literatureisilable regarding AF-M315E, the codename
for the HAN-based monopropellant currently devetbpethe USA (Hawkingt al, 2010).

Other possible alternatives includes propellantsetdaon hydrogen peroxide {8, EC
Number: 231-765-0, CAS Number: 7722-84-1), which aigparently a somewhat older
technology. Hydrazinium nitroformate (HNF MEC(NO,)s, CAS Number: 20773-28-8) has
also been mentioned as a monopropellant that hes lmoked at in the past (Schmidt &
Wucherer, 2004).

On the other hand, hydrazine derivatives such asHVdhd UDMH are widely used as
bipropellants.

Alternatives based on Ammonium Dinitramide

ADN is a promising oxidiser in propellants due t® high solubility. A number of different
ADN-based liquid monopropellants have been develapging the last years. Among them,
the formulations FLP-106 and LMP-103S have receipadicular attention. LMP-103S has
been selected by the Swedish Space Corporation){SSEPS and FLP-106 has been selected
by the Swedish Defence Research Agency (FOI) am manopropellant candidates for further
development efforts (Wingborg & de Flon, 2010).

The Swedish company that markets the LMP-103S feopiesuggests that the product is low
toxic, environmentally benign and provides increlperformance compared with hydrazine.
Its specific impulse {}) is 6% higher and propellant density is 24% higinesulting in a 30%
increase in density-specific impulse. Its composiis 3-6% ammonia, 15-20% methanol and
60-65% ADN, balanced with water; the exact compasits not public information (ECAPS,
undated).

With regard to the comparison of toxicity of ADN that of hydrazine (and to that of pure
HAN), Eurenco (2004) provides some information vhie reproduced ifiable 6.8

Table 6.8: Comparison of Toxicities of HydrazineADN and HAN (rat, oral)

Propellant LD rat, oral (mg/kg)
ADN/glycerol/water 1,360

HAN (pure) 325
Hydrazine 59

Source: Eurenco (2004)
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Company 25 argues that LMP-103S is suitable as a propellantspace propulsion, space
transportation, specific propulsion systems andggseerators. The company has been working
on the development of LMP-103S for more than tearye

LMP-103S is claimed to be long-term compatible witlost construction materials used in
hydrazine commercial-off-the-shelf (COTS) composearnd propulsion systems. It is transport
classified according to UN Class 1.4S (using a ifipetransport container), allowing air
transportation in passenger and cargo carriersAPE=suit$? are not required when handling
the product; what is required is regular chemicaitgrtive clothing (rubber gloves, eye and
respiratory protection). LMP-103S is long-termratile and, unlike hydrazine, not sensitive to
contact with air and humidity (ECAPS, undated).

With regard to the other ADN-based formulation, FL®S, this is a low viscous yellowish
liquid with high performance, low vapour pressurel dow sensitivity. It is based on a low
volatile fuel, water and 64.6% ADN (Wingborg & d®of, 2010).

Compatibility assessment using a heat flow calowmevas performed with several materials
used in propulsion systems. The results showRhBt106 is compatible with stainless steels,
alloys based on nickel-chromium and titanium andlympers such as PTFE
(polytetrafluoroethylene) and Kal$z The polymers EPDM (ethylene propylene diene
monomer rubber) and PETG (polyethylene terephtaalbtcol copolymer) had a slight shift in
colour but still seem, based on the heat flow mesmsants, to be compatible with FLP-106
(Wingborg & de Flon, 20183

From the shock sensitivity testing it was concludleat FLP-106 should be considered as a
hazard class 1.1 material (Wingborg & de Flon, 2010

FLP-106 has a similar oral toxicity and should bensidered as harmful, but not toxic.
However, FLP-106 has a substantially lower vapaesgure than LMP-103S and requires no
respiratory protection during handling. The adeget using FLP-106, apart from its lower
volatility, is its higher performance and highendity as shown ifable 6.9 (Wingborg & de
Flon, 2010).

Table 6.9: Properties of ADN-based Monopropellants

Propellant FLP-106 LMP-103S
Specific impulse, s (s)” 259 252
Density,p (g/cnt) 1,357 1,240

p -lsp(gs/cm) 351 312

Source: Wingborg & de Flon (2010)

*  atanozzle area expansion ratio of 50
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Self-contained Atmospheric Protective Ensemble.
A perfluoroelastomer supplied by DuPont.

Hydrazine, on the other hand, is compatible witkinless steels (303, 304, 321 or 347), nickel H@D and

3003 series of aluminium. Iron, copper and iteyall(such as brass or bronze), monel (Ni/Cu allays)gnesium, zinc

and
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** at 20°C

Alternatives based on Hydroxylammonium Nitrate

AFRL’s approach to replacing hydrazine is the sgsih and development of energetic
compounds/formulations with substantially less waptoxicity and superior performance
(specific impulse and density). In the past, seifbrts often attempted to produce low melting
point salt mixtures containing toxic hydrazines amiines as melt point depressants (Hawkins
et al 2010). HAN is suited as an oxidiser in ionic rapropellants because it is highly soluble
in water — at room temperature, up to 96% HAN candissolved in water. A team at Olin
Aerospace (now Aerojet-Redmond) in the USA recaghithis potential and began testing
HAN-based monopropellants in a catalytic rocketieageactor in 1992. Various water soluble
fuels have been tested over the years, includimglfronological order) triethanolammonium
nitrate,  diethylhydroxyl-ammonium  nitrate, glycine,glycine nitrate, methanol,
hydroxyethylhydrazinium nitrate, tris(2-aminoethgljnmonium trinitrate and others. Various
catalysts have been tested (Schmidt & Wuchere4)200

The key monopropellant based on HAN is called AFIBB. Testing results for AF-M315E
indicate that a >50% improvement in propulsion eystperformance over hydrazine is
achievable while simultaneously providing a safevienment for the general public, ground
personnel, crews and flight participants (Hawléhal 2010).

Hazard testing of HAN-based propellants has inditathat they are class 1.3 explosive
materials — comparable to many of the common gwiighellants used in boosters and missiles.
This represents a different level of hazard vs.nitve-explosive monopropellants hydrazine and
90% hydrogen peroxide (Schmidt & Wucherer, 2004).

Hawkinset al (2010) discuss some key toxicological parametetseoAF-M315E propellant:

acute oral toxicity: the acute oral LE of AF-M315E was estimated to be 550 mg/kg
in the female rat with a 95% PL confidence intergfl385.3 to 1,530 (also note the
LDso value for rodents given for ‘pure’ HAN imable 6.8. Since the oral LE of
hydrazine is ca. 60 mg/kg in the rat, AF-M315E éparted as being an order of
magnitude less toxic by the acute oral route;

acute skin irritation: an acute skin irritation study of AF-M315E wassued through
administration by the dermal route to rabbits. &pe to the propellant produced very
slight erythema &l of the test sites by the 1-hour scoring inten@bmplete resolution
of the dermal irritation occurred by 72 hours pdsse. Under the conditions of the test,
AF-M315E was considered to be a slight irritanthe skin of the rabbit based on the
EPA FIFRA® Dermal Irritation Descriptive Classification. Amding to the EEC
Dermal Evaluation Criteria, AF-M315E was considet@de a non-irritant for erythema
and oedema. In comparison, hydrazine is considsueti a strong irritant that it is
labelled as corrosive, according to Hawketsl (2010);

dermal sensitisation a sensitisation study was undertaken for AF-M3a8kinistered
by the dermal route using the Modified Buehler Basi The dermal sensitisation
potential of AF-M315E was evaluated in Hartley-gled albino guinea pigs. Based on
the results of this study, AF-M315E is not cons@dkea contact sensitiser in guinea pigs.
Hydrazine by comparison is a strong allergen oeposensitising agent; and

45 US Federal Insecticide, Fungicide, and Roderaisidt
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Ames test for mutagenicity an Ames evaluation of AF-M315E for mutagenia\aigt
was conducted usin8almonella-Escherichia coihicrosome plate incorporation assay.
AF-M315E was judged mutagenic under some test ¢tiondi used in this study;
therefore, the test substance was determined tposdive in the bacterial reverse
mutation assay. Although AF-M315E is identifiednaistagenic, it appears to be a weak
mutager®.
The overall toxicological profile of AF-M315E is sl that the handling of the propellant does
not require the self-contained breathing appar#tas is required when handling hydrazine.
Instead, typical personal protective equipment, (glves, eye protection, and overalls/coats) is
required (Hawkingt al 2010).

Alternatives based on Hydrogen Peroxide

Review of past and current research the earliest research on hydrogen peroxide-based
rockets was conducted in Germany during the 19&xly engines based on using a catalytic
bed to generate a hot stream of oxygen and steamwsed in the ME163 fighter plane and to
drive the V2 turbine pump. Since the 1990s, theas been a renewed interest in hydrogen
peroxide engines, generated mainly by the needess toxic propellants. However, with the
exception of a very few research engines, this asyet led to any new flight hardware
(Cervoneet al 2006).

As a direct consequence of the renewed interetsteiruse of hydrogen peroxide shown by the
rocket propulsion community, Alta S.p.A. (Italy) @ELTACAT Ltd. (UK) were recently
carrying out a joint activity for the developmerithydrogen peroxide monopropellant thrusters
based on the use of advanced catalytic bedsT@akke 6.7). This activity was funded by the
European Space Agency and its objective was therdesnd realisation of two prototype
thrusters (a 5 N and a 25 N one), in which catalyéds made of different catalyst materials and
substrates will be installed and assessed (Cembalk2006).

Hydrogen peroxide action as a propellant hydrogen peroxide is a high density liquid havin
the characteristic of being able to decompose exwotitally into water (steam) and oxygen
according to the reaction (Cervoetal 2006):

H20z () 2 H20 g + %2 Q ()

The physical properties of hydrogen peroxide amselto those of water, with two notable
differences: HO, has a significantly higher density and a much low&pour pressure. It
remains in the liquid state at ambient pressur@ \wide range of temperatures and is relatively
easy to handle with respect to other common ligaiket propellant oxidisers like dinitrogen
tetroxide, nitric acid and liquid oxygen (Cervoeteal, 2006).

The propulsive performance of hydrogen peroxide opoopellant rockets is about 20% lower
than hydrazine, but the volume specific impulseedble with 90% HO, is higher than most

other propellants due to its high density. Thipasticularly useful for systems with significant
aerodynamic drag losses and/or stringent volumstaaints. With respect to bipropellant and

46 Hawkinset al (2010) emphasise that it ieXceedingly difficultto develop an advanced propellant that will
not possess some mutagenic potential because ah#maical structures involved for energetic matsrigAdvanced
energetic propellant compositions that have beamgiioned for environmentally enhanced or ‘greeoppision have
included mutagens — examples include hydraziniunoformate (HNF) or ADN. Also of note is that tlkeeis not EU
classification for mutagenicity for hydrazine undee CLP Regulation No 1272/2008 but some GHS ifleatons
refer to it as a suspected mutagen.
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hybrid rocket engines, hydrogen peroxide yieldpecsic impulse comparable to other liquid
oxidisers like dinitrogen tetroxide, nitric aciddaaven liquid oxygen (Cervone & al, 2006).

A Swedish company was until recently selling prtgel grade HO, with a purity of 80-90%.
The propellant required a decomposition catalyshsas a silver catalyst or a ceramic catalyst
with platinum coating to decompose it into wated axygen (Peroxide Propulsion, 2010). The
Swedish company suffered a devastating accideieean 2010 and has since ceased the
production of HO, propellant4’.

Wernimonet al (2009) refers to different space missions whes®,H1-91% was used. This
source suggests that the®4 propellants may be preferred where the avoidaridbentoxic
effects of hydrazine is important, and for missiovitere the exhaust products from hydrazine
decomposition (ammonia, hydrogen and nitrogen) mlap be undesirable. In general, the
missions where substitution of hydrogen peroxidehfgdrazine would be beneficial are those
with repetitive human interaction or repetitive gammental interaction. Caramelli (2008)
notes that, in the case ob®4, it is critical that long-term storage of the pedpnt is addressed
before this propellant could be considered for dioma to long-term mission.

Alternatives based on Hydrazinium Nitroformate

HNF was identified as a promising ingredient fomwndiigh performance solid propellant in
1989 in a desk study that was awarded to TNO byaan Space Agency to review the future
options for increase of performance of space psipnlin general (Ciucat al 2004).

The substance forms yellow crystals with a meltpgnt of 124°C and a UN transport
classification of 1.1 D (APP, 2010). HNF solid st3ls can be dissolved in water to produce a
HNF-based monopropellant (but it is suggested &hamore cost-effective and safe method
would be to directly produce the monopropellanthaitt crystallisation) (Maréet al, 2004).
Back in 2002, Schoyeet al suggested that liquid HNF monopropellants lookaattve as a
hydrazine replacement. They offer the same or lastaatially higher specific impulse,
combined with a 30-40% higher density.

A Dutch-based company claims to be the sole comalgrooducer of HNF world-wide (APP,
2010). It should be noted that its main intendgelis as a solid propellant.

Marée et al (2004) have compared two HNF-based propellant dtations (codenamed
APPML 21 and APPML 22) to hydrazine. A comparisgrioxicity of HNF-based blends to
hydrazine and hydrogen peroxide was provided anepioduced here dsable 6.10

Table 6.10: Comparison of Toxicity Data of HNF Blads to Hydrazine and Hydrogen Peroxide
Propellants
Propellant

Parameter

APPML 21 APPML 22 Hydrazine H,0, (90%)
LCsp inhalation (ppm) >>900 — 40,000  >>900 - 40,000 570 1,680
LDs, dermal (mg/kg) 4,000 3,600 93 4,060
LDgp oral (mg/kg) 256 232 60 376

47 A relevant news item on the incident is available here:

http://www.hobbyspace.com/nucleus/index.php?cafdddogid=1&archive=2010-07
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Vapour pressure (mbar 0.5 0.5 14 2

Source: Marée et al (2004)

Inhalation toxicity : the data shown by Marést al suggest no indication of danger with
respect to inhalation. Some uncertainty existthenexact value of L& for APPML 21 and 22
due to the fact that, in experiments with one oé fbropellant constitutents, no vapour
concentration with lethal effects could be reach€uhe reference could be found which would
result in a LGy of 40,000 ppm. In addition, the vapour pressdoesHNF propellants in
comparison to hydrazine and hydrogen peroxideawe this combined with a high Ligvalue
would reduce the inhalation hazard. However, #ak is a highly energetic material. To
prevent the risk of introducing other hazards dyiiandling, it would be advantageous if the
evaporation of the water/solvent and fuel couldpbevented or significantly slowed down
(Maréeet al, 2004).

Skin toxicity: the propellants may be harmful to the skin, leetie correct clothing should be
used. The LBy value for the dermal route would still have tosgified experimentally. If
swallowed, APPML 21 and 22 would be toxic, butlgtie LDsy values are more favourable
than hydrazine and comparable to hydrogen perdkildeéeet al 2004).

Oral toxicity : this is lower than hydrazine. The risk of swaling the propellant during
handling is far lower than inhalation or dermal tzan (Maréeet al 2004).

Long-term toxicity: the long-term toxicity effects still had to bealuated. However, based
on the constituents, a Maximum Allowable Concerdratvvalue of 50 ppm was expected in
comparison to 0.1 ppm for hydrazine and 1 ppm fairbgen peroxide (Maréet al, 2004).

In summary, the foreseen fuels discussed by Matéal (2004) are relatively volatile and

slightly toxic. More research was reportedly reedion physical compatibility, sensitivity,

stability and storage life aspects. Furthermoadalgtic ignitability would be investigated at

laboratory and batch reactor scale. Direct pradociethods reducing production cost and
increasing process safety would be examined (Metréé 2004).

Hydrazine Derivatives as Propellants

Monomethyl hydrazine (MMH, CENHNH;, EC Number: 200-471-4, CAS Number: 60-34-4)
and unsymmetrical dimethylhydrazine (1,1-dimethgitazine, UDMH, (CH).NNH,, EC
Number: 200-316-0, CAS Number: 57-14-7) may be usebipropellants. The hazardous
properties of these derivatives are discussed angpared to those of hydrazine in Section
1.1.1.

Monomethyl hydrazine: MMH is miscible with water, hydrazine, hydrazimrivatives,
amines and lower weight monohydric alcohols. MMHai mildly alkaline base and a very
strong reducing agent (Arch, 2010b).

The major use of MMH is in the aerospace industtys used as a propellant and for spacecraft
orbital control thrusters. MMH may also be usedciremical synthesis where both an N-N
bond and a methyl group are desired (for instaimceesticides (K&Y, 2010)). Many patents
have been issued covering applications of MMH inrgdeum refining, explosives, metal
treating, photography, fibres, coatings and reghnsh, 2010e).
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MMH is preferred over hydrazine for use in biprdaets. One reason for this might be its
lower freezing point. MMH is also more thermalltalsle and can be used as a coolant in
regenerative cooled rocket engines (Swedish DefBesearch Agency, 2010).

MMH has a better shock resistance to blast wavesaahetter liquid temperature range than
high purity hydrazine. Like hydrazine, MMH vapoune easily ignited in air and the materials
compatible with hydrazine are also compatible WiltliH. The specific impulse with storable
oxidisers is typically 1-2% lower with MMH as oppabkto hydrazine (Sutton & Biblarz, 2010).

MMH may be added in small quantities (3-15%) to fagihe to give a substantial quenching
effect on the explosive decomposition of the lai&irtton & Biblarz, 2010).

Unsymmetrical dimethylhydrazine: UDMH is miscible with water, hydrazine,
dimethylhydrazine, ethanol, amines and most patroléuels. UDMH is mildly alkaline and is
a very strong reducing agent (Arch, 2010c).

The major use of UDMH is in the aerospace industtyere it is primarily used as a propellant.

It is also used in chemical synthesis, where an NeNd and two methyl groups are needed

(e.g. in the synthesis of photographic chemicalshas also been used in acidic gas absorbers
and as a fuel stabiliser (Arch, 2010e). A Chingserce further suggests uses in the plastics,
rubbers and dyestuff industries (K&Y, 2010).

UDMH may be used instead of or in mixtures with tagine as it forms a more stable liquid,
particularly at higher temperatures. Furthermdrbas a lower freezing point (-57.1°C) and a
lower boiling point (63.5°C) than hydrazine. WhdbMH is burnt with an oxidiser, it gives
slightly lower values of specific impulse than higirity hydrazine. UDMH is often used when
mixed with 30-50% anhydrous hydrazine (Aerozina 80:50 mixture) or with 25% hydrazine
hydrate (this is UH 25, a fuel mixture for rockdtsyas developed for the European Ariane 2-4
launch vehicles). UDMH is typically used in Russi@nd Chinese rocket engines and small
thrusters (Sutton & Biblarz, 2010), but will alse lised in the newly developed European
launcher VEGAS (Swedish Defence Research Agency, 2010).

6.4.2 Practical Experience of EU Stakeholders with Alteratives

6.4.2.1 Alternatives based on Ammonium Dinitramide

The 1 N class rocket motor based on LMP-103S idifepcafor the PRISMA mission and is
now being demonstrated in-space. The PRISMA ptojes established in early 2005, when
the Swedish Space Corporation formulated a missimtept consisting of two satellites and a
series of experiments in order to test formatigmfl and rendezvous technology in a real space
mission (PRISMA Satellites, 2010).

The two PRISMA satellites were launched in June026d a year-long mission to test several
new technologies alongside the principal missiorp@fforming formation-flying manoeuvres
between the two spacecraft. A key mission godbislemonstrate high autonomy for the

48 Its Fourth Stage AVUM (Attitude and Vernier Modylwill have a propellant (UDMH/pD,) mass of 550 kg,
based on two clusters of three thrusters, eaclnbavi50 N thrust. The first launch is plannedZot1 from Europe’s
Spaceport in French Guiana where the Ariane 1 kufacilities are being adapted for its use (seeeher
http://www.esa.int/SPECIALS/Launchers_Access to cBpRSEKMUOTCNC 0.htn)l
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‘active’ satellite as it operates around the otkemaller satellite, which is in passive mode (de
Selding, 2010).

Company 25argues that the required performance, charact=ismnd life have been met and
demonstrated on ground and in space on the PRISM@&llises. It goes on to suggest that
LMP-103S can completely replace anhydrous hydraasmea monopropellant and no additional
R&D work is required. Some product re-design Wod required, namely product design of
thrusters for higher thrust levels. A further #argears may be required for rocket motors
already in development while five years may be megufor the development of new rocket
motors.

Reportedly, the company marketing the propellamelsothat, once the PRISMA results are
known, this High Performance Green Propulsion (HP§Btem will find a commercial market.
The company behind LMP-103S has advised that taereorders for the propellant by three
satellite manufacture contractors.

The European Space Agency is reported to have rovedi that ADN has a 30% better
performance than hydrazine, and is much less toReports available online corroborate the
view that, unlike hydrazine, it is safe to trangpwy aircraft and can be worked with isHirt
sleeve&rather than protective suits. No energetic radkel is ever going to be as benign as
water, and the Agency does not expect to repladealzine completely but hopes to eventually
provide industry with an acceptable alternativeed&ing the risk will lead to cheaper handling
and a lower price tag on missions. The ultimate igito enable the shipping of satellites from
their factory with full fuel tanks — right now theye fuelled at their launch site at the very last
moment, for safety reasons (Messier, 2010).

Nevertheless, it should be remembered that exigtingrammes such as the Galileo depend on
the use of hydrazine propellants. Therefore, tigenty does not believe that hydrazine can
currently be replaced by alternatives. Indeed,Agency delivered to RPA a letter stating its
position in relation to the continued use of anloydrhydrazine in aerospace applications. The
letter, dated 9 December 2010 and signed by theckir of Technical and Quality Management
and the Director of Launchers, states the followilagropean Space Agency, 2010):

“In addition to the survey on hydrazine submittedirfgustry, the European
Space Agency (ESA) wants to emphasise in this thestrategic importance
of the use of hydrazine in propulsion systems &amc¢her and satellite
programs. It is a fundamental component for theoBaan space programs to
assure access to space as well as to accompligpase missions. Hydrazine
propulsion technology is based on 50-60 years egpee, and no alternative is
available in long-term. A secured supply of hydrazs vital for the current
and future success of the European space program.

A similar position is taken by the Centre Natioddttudes Spatiales (CNES), the government
agency responsible for shaping and implementingda’a space policy in Europe, as well by
key companies in the sector. For instan€Cempany 15 has stated the following (edited
excerpt):

“Today one considers that we have to secure thg tenm supply of a quality
of hydrazine suitable for the spaces activitiesn@ntain the strong position of
the European Space Business. Our comfanyis involved in this project.
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Main characteristics for this use of anhydrous lazine are:

the volume used for the space activities is vew (only several tons a
year);

a substitute to hydrazine is not yet identifiedheW/(this) will occur, its
qualification for space uses will require long (alhdlO years) and very
expensive work (millions of Euros);

companies belonging to this supply chain are ‘higith’ companies
familiar with standards applicable to space opevas, they are all aware
of the classification from the CLP regulation arny keep on improving
their processes to protect their employees anddsgyve the environment.

It is therefore of the utmost importance to maimtairobust and strong position
of the European community (space agencies and aueg)an space activities
to assure the autonomous European access to space.”

6.4.2.2 Alternatives based on HAN, Hydrogen and HNF

There appears to be no experience with HAN-baseatbpropellants in the EU and no specific
information has been retrieved on actual missiohere these alternatives have been tested as
hydrazine substitutes.

6.4.3 Limiting Factors for the Uptake of Alternatives

Some key issues that need to be addressed whem#scto the replacement of hydrazine
propellants with alternatives include:

the long-term storage of alternative propellants;

materials compatibility — metallic and non-metalliomponents currently qualified for
use with hydrazine may not be automatically usalde a non-toxic alternative
propellant (Schmidt & Wucherer, 2004). Howevee ttroponents of the two ADN-
based propellants mentioned earlier (FLP-106 and41d3S) claim that their products
have acceptable compatibility with many of the valg materials; and

ignition — for ADN-based monopropellants, the magtiallenge is ignition and more
work is still needed in this area (Swedish DefeResearch Agency, 2010). Hydrazine
thrusters use catalytic ignition, which is simpteaeliable. To replace hydrazine, an
ADN-based monopropellant must be as easy to ignitee high combustion chamber
temperature is a matter of concern since it migtieiorate a catalyst bed. Catalytic
decomposition of ADN has been studied by Amaeieal (2005). The results showed
that the catalyst used had a weak influence oAbl decomposition temperature. In
fact, it was found that, in the presence of glytete catalyst shifted the decomposition
temperature to a higher value. Electrical ignitafnADN-based monopropellants has
also been studied (Wingboeg al, 2006).

With particular regard to hydrogen peroxide, thestgignificant technology challenge
for the realisation of hydrogen peroxide monoprigpelthrusters is the development of
effective, reliable, long-lived catalytic beds, igig fast and repeatable performance,
insensitivity to poisoning by the stabilisers antpurities contained in the propellant,
capable of sustaining the large number of thermnyales imposed by typical mission
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6.5

profiles and not requiring (if possible) pre-hegtfor efficient operation. Currently, the
most frequently used catalyst materials faOFlare metallic silver, permanganates of
alkali metals, manganese oxides like manganeseiddgio@n(G;) and dimanganese
trioxide (MnO3) (Cervoneet al, 2006).

Alternatives for Submarine Rescue Systems

6.5.1 Availability and Identities/Description of Alternatives

116

There are two different propellants utilised foe tbas generator of the submarine RESUS
system: one containing hydrazine (a system inctugiressurant and catalyst bed) and another
with a solid rocket propellant. The solid propetl@as generators produce pressurant gas by
combustion (Astrium, 2010).

Table 6.11summarises the key differences between the twestgb gas generators.

Table 6.11: Composition of Gas Generator Propellas for the Submarine RESUS System

Characteristic Liquid propellant Solid propellant
. Glycidyl-Acido-Polymer (GAP

Propellant Hydrazine y JYStrontium Iillitrate( )
Propellant mass 62 kg 157 kg
Outlet temperature 775 K 1075 K

H, (46%) H, (34%)

0,

Gas composition N (28 /g) CO, (36%)

NH; (20%) H,0 (30%)

H,0 (6%) 2
Quantity required* ca. 10 ca. 7

Source: Astrium (2010c)

* The number of gas generators required is base8®m3 MBT, 350 m depth and 100% blow out

The hydrazine utilised in the gas generator isteduwith 6% or 8% water (Wernimeet al,
2009). The total solid propellant gas generatossria almost double than for the hydrazine
system and hence hydrazine is probably preferredt$osmaller packaging and the lower
exhaust gas temperatures (Wernineval 2009).

Wernimonet al (2009) suggest that, theoretically, hydrogen piexould also be used for gas
generation. If a low temperature hydrogen perosgetem were used instead of the existing
systems, it would have one major advantage: loweanic pollution. The hydrazine system
represents a potentially toxic release into theancgy/stem in the event of a leak or rupture of
the hydrazine storage tank. This might occur astialy or as a result of combat operations.
In the event that the system is operated as intgntfe releases are not nearly as toxic.
Hydrogen peroxide on the other hand is alreadyeprteis) trace amounts in the ocean (Yuan &
Shiller, 2001). The use of hydrogen peroxide walkb eliminate toxic and corrosive effects
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of carbohydrazide formation and would reduce comipleby eliminating heater/heating
requirements on the propellant and gas generaterr{iionet al 2009%°.

6.5.2 Practical Experience of EU Stakeholders with Altermatives

It is not clear to what extend the solid propellgas generators are used in the EU; however,
solid propellant systems appear to be availablérfipiementation.

6.5.3 Limiting Factors for the Uptake of Alternatives

The key disadvantages of the solid propellant gagegator appear to be the increased volume
of propellant needed and the higher exhaust gaseeatures.

6.6 Information on Similar Substances that may act as @stitutes

6.6.1 Substitution Scenarios

6.6.1.1 Replacement by Salts

The potential replacement of hydrazine by one orenaj its salts has not been confirmed for
the applications at the focus of this study (i.etr &pplications that might be subject to
authorisation under the REACH Regulation). Forrnepi®, as discussed in Section 4.4.1, the
choice between hydrazine and any of its salts @ctedlytic/electroless metal deposition is
defined by the presence of other anions in thangjdiath, hence hydrazine cannot be simply
replaced by one of its salts across all of itsipéaapplications.

Among the applications outside the immediate soafpthis study, there are indications that

some salts of hydrazine may be used in its placendiclear reactor waste processing. While
some sources refer to the use of hydrazine aswtastt, other sources would suggest that its
salts (sulphate or mononitrate) may be used. Hewewe have not received conclusive

information from consultation to establish whethech interchangeability is valid.

In summary, in light of the available informationg cannot conclusively establish for which
applications relevant to the EU which particulaltssanay act as alternatives for hydrazine
(hydrate). The possibility cannot be excludedhas point but specific examples cannot be
provided.

49 Past investigations have indicated that the pesef relatively small amounts (ca. 100 ppm) ofboa
dioxide impurity in hydrazine in contact with stlss steel can lead to significant metal corrosiog to an increase in
the concentration of dissolved metal ions. Thelmement of carbon dioxide in promoting stainleekcorrosion by
hydrazine and the consequent increase in propetlanbmposition rate has prompted the suggestion désdain
transition metal complexes, involving ligands dedvfrom hydrazine and carbon dioxide, may functas
homogeneous catalysts for the decomposition ofdgrde. Carbon dioxide itself, which dissolves yultazine to give
carbohydrazide (also known as carbazic acid) 8,8 CO, = NyHs".N,H3;CO, |, is also claimed to be an effective
catalyst in the corrosion process (Bellerby, 1982).
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6.6.1.2 Interchangeability of Anhydrous and Hydrate Forms

This report explains that both the anhydrous aedhtydrate form of hydrazine find uses in the

EU. These two forms have different CAS Numbersdpgarently share the same EC Number.
Still, the available information suggests thattive forms have separate applications: while the
anhydrous form is used exclusively in the aerospmwd defence industries, the use of the
hydrated form spans the synthesis, water, efflaadtwaste treatment, the production of metals,
the purification of reagents and the manufacturpats, inks and dyes (and potentially other
less prominent applications which have not beerficoad). Literature sources indicate that

some specific explosive mixtures may be produceti thie anhydrous and some others with
hydrated form, and there has also been a suggdstiditerature) that the anhydrous form may

be used in synthesis processes where the presémedey is undesirable. However, we have

not obtained evidence that such applications arele¥ance to the EU.

6.6.1.3 Replacement by Derivatives

In light of the discussion in the earlier partsS#ction 6, those substances that are related to
hydrazine and could theoretically act as replacesndor it include MMH, UDMH and
carbohydrazide. These are further compared acdsied below.

6.6.2 Comparison on Hazard Characteristics and Toxicity 6 Hydrazine and Selected

Substitutes

Table 6.12presents a comparison of the hazard classificdbomydrazine and for the three
selected derivatives/substitutes. The informat@rhydrazine (using the CAS Number for the
anhydrous form) and UDMH has been taken from Anvieto Regulation (EC) No 1272/2008
on Classification, Labelling and Packaging of Dangs Substances. For the other two
substances, relevant entries are not availableeirAhnex and the information presented below
was obtained from Safety Data Sheets availabléenternet.

Table 6.12 Comparison of Hazard Classification of Hydrazine and Selected Hydrazing
Derivatives

Hydrazine

* -
(anhydrous) MMH UDMH Carbohydrazide

R5: Heating may caus
an explosion

4%

R10: Flammable R11: Highly flammableR11: Highly flammable

R20/21/22: Harmful by
inhalation, in contact

R23/24/25: Toxic by | R26/27/28: Very toxic

inhalation, in contact | by inhalation, in contag R23/25: Toxic by

inhalation and if

—

with skin and if with skin and if swallowed with skin and if
swallowed swallowed swallowed
R34: Causes burns R34: Causes burns R34: Causes bur
R43: May cause R36/37/38: Irritating to
sensitization by skin eyes, respiratory system
contact and skin

R45: May cause cance
(Carc. Cat 2)

R45: May cause cancer

r . L
R45: May cause cancer (Carc. Cat. 2)
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Table 6.12 Comparison of Hazard Classification of Hydrazine and Selected Hydrazing

Derivatives
Hydrazine MMH* UDMH Carbohydrazide
(anhydrous)
R46: May cause
*k heritable genetic
damage
R50/53: Very toxic to R51/53: Toxic to R51/53: Toxicto |R51/53: Toxic to aquat

aquatic organisms, mayaquatic organisms, mayaquatic organisms, may organisms, may cause
cause long-term adverseause long-term adverseause long-term adverse long-term adverse

effects in the aquatic| effects in the aquatic| effects in the aquatic| effects in the aquatic

(9]

environment environment environment environment
T: Toxic
T: Toxic T Toxi
- Toxic C: Corrosive Xn: Harmful
C: Corrosive ] .
C: Corrosive

F: Highly flammable | N: Dangerous for the

N: Dangerous for the environment

F: Highly flammable

*

environment N: Dangerous for the
environment
Source: Acros Organiés
Source: ClassLdb Source: ClassLdb Source: Acros Organics
Sigma Aldricf
Notes:

For MMH, classification entries in Safety Data Stsegvailable online vary; this table presents
most ‘severe’ classifications given by suppliers

There are references in literature on potential aygnic effects of hydrazine

http://ecb.jrc.ec.europa.eu/classification-labedlinlp/ghs/subDetail.php?indexNum=007-008-0(
3&sublLang=EN

https://fscimage.fishersci.com/msds/39720.htm

http://www.chemblink.com/MSDS/MSDSFiles/60-34-4m&td\drich.pdf

http://ecb.jrc.ec.europa.eu/classification-labediinlp/ghs/subDetail. php?indexNum=007-012-0(
5&sublLang=EN

http://search.be.acros.com/physical?tg=29&search=8f@d29.9=1028042+or+
field29.4=497187%29+and+Field29.8=EN&for=chemexpesdp=&lang=

The

key conclusions from the table could be:

carbohydrazide is clearly less toxic than the otheze substances and does not appear
to have carcinogenic potential (yet it breaks dawa hydrazine at high temperatures);

both MMH and UDMH are highly flammable, while hydme is only flam

mable.

Carbohydrazide does not pose a flammability hatand in dilute solutions the risk of

explosion must be substantially low);

hydrazine, MMH and UDMH may cause cancer and aréctto the environment,

although the aquatic toxicity of hydrazine couldrhere severe compared to
two substances. Hydrazine does not have an EU gmwigty classification,
MMH apparently is accompanied with in some comnarcafety Data

the other
which
Sheets.
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However, there are references in literature to plmential mutagenic effects of
hydrazine;

hydrazine is a sensitiser, which the other thrdestaunces are not; and

MMH is also very toxic through inhalation, skin ¢aat and orally, while hydrazine and
UDMH appear not to have such a severe toxic effect.

Sutton & Biblarz (2010) confirm that MMH is the nidsxic hydrazine when inhaled and is a
known animal carcinogen. The American Conferentelndustrial Hygienists (ACGIH)
recommends an 8h-TWA of 0.01 ppm. For UDMH, the@iB recommends an 8h-TWA of
0.01 ppm as well.

The National Academies (2000) indicate that the parative toxicity of hydrazine, MMH and
the symmetrical and asymmetrical isomers of dinlagdrazine were reported by Jacobsin

al (1955). Rats and mice exposed to hydrazine, aaid exposed to symmetrical
dimethylhydrazine exhibited restlessness, dyspn@sal convulsions with exophthalmos.
Excessive salivation, vomiting, respiratory dissseand convulsions were reported for dogs
exposed to UDMH as well as MMH. Fourteen-day miiiytan three groups of dogs (three
dogs per group) exposed for 4h to UDMH at concéiotna of 24, 52, or 111 ppm were 0/3, 1/3,
and 3/3, respectively. For rodents, estimategyM@lues for hydrazine, MMH, and UDMH are
shown inTable 6.13(The National Academies, 2000).

Table 6.13: Lethality (LCsg) of Hydrazine and Methylated Hydrazines in Rodents

Species Hydrazine (ppm) MMH (ppm) UDMH (ppm)
Rat 570 (4 h) 74 (4 h) 252 (4 h)
Mouse 252 (4 h) 56 (4 h) 172 (4 h)
Hamster ND 143 (4 h) 392 (4 h)

Source: Jacobson et al (1955)

Jacobsoret al (1955) noted that the toxic actions of hydrazind &s methylated derivatives
were similar; all were found to be respiratorytants and convulsants. However, MMH also
induced severe intravascular haemolysis in doge (Ndtional Academies, 2000).

Witkin (1956) reported intravenous (i.v.), intrapp@neal (i.p.), and oral LE (lethal dose for
50% of the animals) values for mice and rats, amd LiDsy values for dogs. Similar to
hydrazine, the route of administration had mininedfect on the LI, within species.
Generally, MMH appeared to be somewhat more taximice than hydrazine and UDMH was
less acutely toxic than hydrazine or the other ayihe derivatives (The National Academies,
2000).

Relative to other forms of hydrazine, House (196dported UDMH to be less toxic to
monkeys, rats, and mice. Mortalities over a 9@fthlation exposure at 0.56 ppm (0.73 nfg/m
were 20%, 98%, and 99% for monkeys, rats, and méspectively (The National Academies,
2000).

Table 6.14 presents a summary of the inhalation, oral anah s&kicity test results for
hydrazine, MMH and UDMH, as presented in the Chephl® database. Test results are also
available for routes such as i.v., i.p. and subwuas routes but these are not presented here.
This table confirms the information presented abaseording to which MMH is the most toxic
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of the three substances; UDMH appears to be sontdegstoxic than hydrazine. Only limited
results (and none for the inhalation, oral and skimes) were found for carbohydrazide from
the same source. The available data would suggésxicity lower to that of hydrazine, as
generally confirmed in literature discussing alégive oxygen scavengers. It should be noted
that this toxicological information was collectedrh a single source and should be considered
indicative rather than exhaustive.
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Table 6.14: Comparison of Past Test Results on the Toxicity ¢flydrazine, MMH and UDMH

Hydrazine MMH UDMH
. Test Reported . ) nL
Organism Type Route Dose Organism | Test Type| Route Reported Dos¢ Organis Tesype | Route Reported Dose
. 330 mg/m . . . .
Mouse LGo | Inhalation (4h) Rat LGy Inhalation 64 mg/th(4h) | Guinea pig L& Inhalation | 100 mg/f(4h)
Rat LG, | Inhalation ?47hS) mg/nt Mouse LGo Inhalation (lfhs) mg/nt Mouse LGo Inhalation | 421 mg/r3n(4h)
Monkey LGy Inhalation (115h4) mg/n Rat LGo Inhalation | 617 mg/f(4h)
Dog LCso Inhalation (118;)) mg/ni Hamster LGo Inhalation | 960 mg/r?h(4h)
Hamster LG Inhalation 269 mg/nt Do LG Inhalation 8,770 mg/m
0 (4h) 9 0 (15m)
Guinea pig LGo Inhalation 270 mg/nt
(4h)
Mouse LB, | Oral 59 mg/kg Hamster Ldp Oral 22 mg/kg Rat LB Oral 122 mg/kg
Rat LDy, | Oral 60 mg/kg Mouse LE3 Oral 29 mg/kg Mouse LE3 Oral 155 mg/kg
Rat LDso Oral 32 mg/kg
Rabbit LDy | Skin 91 mg/kg Guinea pig Ldp Skin 48 mg/kg Dog LD, Skin 301 mg/kg
Dog LD, | Skin 96 mg/kg Rabbit LE Skin 95 mg/kg Rat LB Skin 770 mg/kg
Guinea pig| LI, | Skin 190 mg/kg Rat LE) Skin 183 mg/kg Rabbit LE3 Skin 1,060 mg/kg
Hamster LRy Skin 239 mg/kg Guinea pig L Skin 1,329 mg/kg

Source: based on information from the ChemIDplutabase http://chem.sis.nlm.nih.gov/
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ANNEX 1. OCCUPATIONAL EXPOSURE ESTIMATION ASSUMPTI ONS

Al.1 Introduction

Some estimations of occupational exposure to hyakeazave been undertaken for certain uses
of the substance, based on information presentdteineport as well as expert judgement. The
most relevant activities are:

filling of (generally closed) systems, in whichhat anhydrous hydrazine or hydrazine
hydrate is used; and

metal (electroless) plating, assumed to take plaopen systems.

The estimates for electroless plating are relativeicertain because of a lack of specific
information on the percentage of hydrazine in ththb used.

Al.2 Exposure from Use of Anhydrous Hydrazine

Al.2.1 Scenarios Considered

In uses as rocket propellant, fighter jet emerggmmyer units and submarine rescue systems
anhydrous hydrazine is used. These systems aedckystems. The potential exposure occurs
due to transfer of the hydrazine into the systéife consider that, given the small amounts of
propellant used in these applications, filling lartaken from drums.

Inhalation exposure was estimated using the AdvhiRiEACH Tool (ARTYC. The following
situations have been assessed:

pumping of anhydrous hydrazine from drums where fineduct contains >99%
hydrazine (aerospace applications); and

pumping of anhydrous hydrazine from drums whereptiogluct contains 70% hydrazine
(fighter jet emergency power units).

Al.2.2 Estimates of Inhalation Exposure

The following parameters are assumed to apply:

the distance of the source from the worker is cagevely chosen as within 1 meter;

room temperature is chosen as the default temperednge for transfer;

indoor use in rooms with a size of 300° mnd a general ventilation of three air
exchanges per hour are chosen as typical for indusituations;

transfer of liquid product is the typical activitiass;

50 Available herehttp://www.advancedreachtool.com/
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because of the known hazards of the substance,assumed that the filling is done

submerged, through a small opening and the prasdsgby enclosed;

as risk reduction measures, the use of both vapecovery and additional fixed

capturing hoods is assumed;

specific drum pumping systems with vapour returisteand are seen as a reasonable

option in these kinds of industries; and
the duration of exposure is based on our understgrad the processes involved.

Exposure levels are estimated with and without uke of respiratory protective equipment
(RPE) with a reduction effect of 90% for both thek and the full shift. The assumed effect of
RPE is used as an indication of typical reductiwvith more advanced RPE, such as equipment
with an independent air supply, higher reductidea$ can be achieved. For powered filtering
devices incorporating helmets or hodds reduction of 97.5% can be assumed (i.e. agreess$i
protection factor of 40, Brouweat al, 2001). This would lead to exposure levels thatfaur

times lower than those calculated with a reductifiact of 90%.

The upper end of the interquartile range of thd @ércentile is used as the reasonable worst-
case estimate and the effect of RPE (90% reducisoaply assumed to apply during the task.

Table Al.1shows the inputs and results of the estimates.

Table A1.1: Modelling Assumptions and Estimates aihhalation Exposure
during the Use of Anhydrous Hydrazine

Parameter \ situation

Pumping from drum —
anhydrous (>99%)

Pumping from drum —
anhydrous (70%)

Inputs
Type of product Liquid
Vapour pressure (pure) (Pa) 2000

Fraction in product (%)

70 (option ‘main component’

100 used in ART)

Process temperature range

Room temperature (156)25

Primary emission source < 1
meter of head of worker

Yes

Activity class

Transfer of liquid products

Activity subclass

Falling liquids

Situation (transfer of liquid
product with flow of...)

10 — 100 L/min

Containment level

Handling that reduces contaavéeh product and adjacent air.

Loading type

Submerged loading

Process fully enclosed

Yes

Proper cleaning and maintenanc

Not relevant

51
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Table Al.1: Modelling Assumptions and Estimates dihalation Exposure
during the Use of Anhydrous Hydrazine

Parameter \ situation Pumping from drum — Pumping from drum —
anhydrous (>99%) anhydrous (70%)

Work area Indoors

Room size 300 nt

General ventilation 3 air exchanges per hour

Primary localised control Vapour recovery syste@ffectiveness)

Local exhaust ventilation: fixed capturing hood¥®0

Secondary localised control .
effectiveness)

Duration of activity (min) 15

Results (mg/m)

75" percentile during task — no

RPE 0.46 0.32

Interquartile range during task —

no RPE 0.23-0.90 0.16 - 0.64

Reasonable worst case task — wjth

RPE (90% reduction) 0.09 0.064

Reasonable worst case full shift —

no RPE during task 0.028 0.020

Reasonable worst case full shift

with RPE during task 0.003 0.002

Source: TNO calculations

Al.2.3 Estimates of Dermal Exposure

Dermal exposure has been estimated with the ECETRE v2 mode¥2. For dermal exposure,
the effect of local exhaust ventilation is not takmto account, as this is generally not
considered to affect dermal exposure to liquidsansfer. For the transfer from drums, Process
Category (PROC) 9 is used (Transfer of substancereparation into small containers
(dedicated filling line, including weighing). Thedfect of protective gloves is assumed to be a
reduction of exposure by 90%. The inputs and tiegulexposure estimates are presented in
Table A1.2

Table A1.2: Modelling Assumptions and Estimates obermal Exposure during the Use of
Anhydrous Hydrazine

Pumping from drum — Pumping from drum —

Parameter \ situation anhydrous (>99%) anhydrous (70%)

52 Available herehttp://www.ecetoc.org/tra
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Table A1.2: Modelling Assumptions and Estimates obermal Exposure during the Use of
Anhydrous Hydrazine

Parameter \ stuation anycrous (0950 | anhyarous (10%)
Inputs

Fraction in product (%) 100 70
Process category (PROC) 9 9
Results (mg/kg bw/day)

Exposure of full product ing/cn? 1,000 1,000
Exposed surface area (m 480 480
Exposure to hydrazine - without PPE 6.86 4.80
Exposure to hydrazine - with PPE 0.69 048
Source: TNO calculations

Al1.3 Exposure from Use of Hydrazine Hydrate in Closd Systems

A1.3.1 Transfer of Different Concentrations of Hydmazine Hydrate

In different uses, different concentrations of lazine hydrate can be used as input. To indicate
the range of exposure this may result in, exposstenates were made for three different
starting concentrations: 100%, 55% and 5% hydraydrate (effectively, 64%, 35% and 3%
expressed as anhydrous hydrazine).

Al1.3.2 Scenarios Considered

In uses as an intermediate, in water treatmenh ather closed systems (e.g. precious metal
precipitation), hydrazine is added to a closedesysin either large or smaller volumes with
higher or lower frequencies. Adding is done eitliier connection of pipelines (from large
containers) or via drum pumps. Dedicated systamgxpected to be used due to the hazardous
properties of the substance.

Exposure may occur due to the activity of addimgwhich case some opening of systems is
required. Exposure estimates are made for theviollg activities:

pumping of hydrazine hydrate (three different coriions) from drums; and
transfer of hydrazine hydrate (three different @mrations) from a tank truck.
A1.3.3 Estimates of Inhalation Exposure

The general assumptions for these estimates, widek been made with the ART model are
the same as for pumping of anhydrous hydrazinee drily modification is the percentage of
anhydrous hydrazine used. In relation to tranffem trucks, it is assumed that, although
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transfer to and from tank trucks often occurs algsthe worst-case situation would be indoors
in a large hall. Therefore, this has been takewdod also for transfer from tank trucks. In
addition, tank truck transfer of volatile very hedaus chemicals is often equipped with vapour
return systems. This is assumed to be the case.

The results of the estimates for inhalation expesare presented inTable Al.3
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Table A1.3: Modelling Assumptions and Estimates dihalation Exposure during the Use of Hydrazine Hyrate in Closed Systems

Pumping hydrazine hydrate from drum Tanker transfer — hydrazine hydrate
Parameter \ situation
100% 55% 5% 100% 55% 5%
Inputs
Type of product Liquid
Vapour pressure (pure) (Pa) 2000
Fraction in product (%) 64 35 3 64 35 3

Process temperature range

Room temperature (15 — 25 °C)

Primary emission source < 1 meter of head of
worker

Yes

Activity class

Transfer of liquid products

Activity subclass

Falling liquids

Situation (transfer of liquid product with flow of)..

10 — 100 L/min 100 — 1000 L/min

Containment level

Handling that reduces contact between product djatant air.

Loading type

Submerged loading

Process fully enclosed

Yes

Proper cleaning and maintenance

Not relevant

Work area

Indoors

Room size

300 n?

General ventilation

3 air exchanges per hour

Primary localised control

Vapour recovery system (80% effectiveness)

Secondary localised control

Local exhaust ventilation: fixed capturing hood¥®@ffectiveness)
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Table A1.3: Modelling Assumptions and Estimates dinhalation Exposure during the Use of Hydrazine Hyrate in Closed Systems

Pumping hydrazine hydrate from drum Tanker transfer — hydrazine hydrate
Parameter \ situation
100% 55% 5% 100% 55% 5%
Duration of activity (min) 15 180
Results (mg/m)
75" percentile during task — no RPE 0.29 0.16 0.014 870. 0.48 0.041
Interquartile range during task — no RPE 0.1580.5 0.081-0.32 0.007 — 0.027 0.44-1.7 0.24-0.95 0.021-0.082
- — Wi 0,
Reaso.nable worst-case task — with RPE (90% 0.058 0.032 0.003 017 0.095 0.008
reduction)
tRa(;isonable worst-case full shift — no RPE during 0.018 0.010 0.001 0.64 0.36 0.031
tF\;leszisonable worst-case full shift — with RPE during 0.002 0.001 <0001 0.064 0.036 0.003

Source: TNO calculations

* this is the fraction of ‘pure’ (anhydrous) hydiae in the hydrazine hydrate solution used
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Al.3.4 Estimates of Dermal Exposure

Al.

Al
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Dermal exposure has been estimated with the ECETRA model. As before, for dermal
exposure, the effect of local exhaust ventilat®nat taken into account as this is generally not
considered to affect dermal exposure to liquidsansfer. For the transfer from drums Process
Category (PROC) 9 is used (Transfer of substancepreparation into small containers
(dedicated filling line, including weighing), whiller the transfer from tanker trucks PROC 8b
(Transfer of substance or preparation (charginghdisging) from/to vessels/large containers at
dedicated facilities) is used. In both cases,dffiect of protective gloves is assumed to be a
reduction of exposure by 90%. The inputs and tiegulexposure estimates are presented in
Table Al.4

Table Al1.4: Modelling Assumptions and Estimates obermal Exposure during the Use of
Hydrazine Hydrate in Closed Systems

Pumping hydrazine Tanker transfer —

Parameter \ situation hydrate from drum hydrazine hydrate

100% 55% 5% 100% 55% 5%
Inputs
Fraction in product (%) 64 35 3 64 35 3
Process category (PROC) 9 8b

Results (mg/kg bw/day)

Exposure of full product ing/cn? 1,000 1,000 1,000 1,000 1,000 1,000
Exposed surface area (6m 480 480 480 480 480 480
Exposure to hydrazine - without PPE 4.39 2.40 0.21 4.39 2.40 0.21
Exposure to hydrazine - with PPE 0.44 0.24 0.0p1 440.| 0.24 0.021

Source: TNO calculations

4 Exposure from Use of Hydrazine Hydrate in OperBystems

4.1 Scenarios Considered

Applications of hydrazine hydrate where its use rtele place in open systems are plating
operations (typically electroless, although podisigs for electrolytic plating also exist).

For the modelling of occupational exposure, it3suaned that hydrazine hydrate rather than a
salt is generally used. To use the substanceeipribcess, this has to be mixed into the relevant
bath (or in a premix that is added to the batmpdsures from mixing will probably not be very
frequent, but no information on frequency and medshof mixing hydrazine in this process is
available.

It is assumed that, for preparing a solution fagctbless plating containing hydrazine, an
amount of 5% hydrazine hydrate (i.e. 3% expresseanaydrous hydrazine) is pumped from a
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drum into a bath. Local exhaust ventilation iseotpd to be available, but the system is not
expected to be as contained as in some other érasgfiations mentioned for transfer into
closed systems.

The concentration of hydrazine in an electrolessimy bath is generally low. As discussed in
Section 4.4.1, the concentration of hydrazine ®sélts in electroless baths ranges between 0.3
g/L hydrazine to 15 g/L hydrazine chloride (Llorét010). Where hydrazine derivatives
(chloride or sulphate) are used, the exposure rgpgration of the bath is due to the use of the
derivative and not hydrazine itself. However, e use of the bath the actual exposure is to
hydrazine, because the substance is expected tocdite in the bath. To account for the
different concentrations of hydrazine or its detilas, a reasonable worst-case concentration of
2% hydrazine in a bath is assumed, which is highpared to the values mentioned by Lloret
(2010). As an opposite ‘extreme’, a concentratb®.01% will be used to indicate potential
exposure for baths with a very low level of hydrezi

Al.4.2 Estimates of Inhalation Exposure

Inhalation exposure is estimated with the ART modghe following specific assumptions are
made:

electroless baths are used at elevated temperatures

it is assumed that workers do, in generally, notkndose to the bath that contains
hydrazine, but that exposure could be for a fuft 480 minutes);

a room size of 300 fand an air exchange rate of three air exchangehqe are
assumed for industrial situations;

for the preparation of the bath or premix of hydnazsolution, it is assumed that fixed
capturing hoods are available, while canopy (rengjvhoods are assumed for the baths
themselves; and

the surface area from which the substance can est#pis assumed to be between 0.3
and 1 M. Some baths may be larger, but it is assumedtiiegt will then be partly
covered with a lid during the actual operation agmas possible.

The inputs to the model and the inhalation exposstinates are given ifable A1.5

Table A1.5: Modelling Assumptions and Estimates ofhhalation Exposure during the
Preparation and Use of Electroless Plating Baths otaining Hydrazine Hydrate

o . Operation of bath Operation of bath
Parameter \ situation Preparation of bath (2%) (0.01%)
Input
Type of product Liquid Liquid Liquid
Vapour pressure (pure 2000 2000 2000
(Pa)
Fraction in product (%) 3 2 0.01

Room temperature

Process temperature Hot processes (50 — 150 °C)
range (15-25°C)
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Table A1.5: Modelling Assumptions and Estimates ofhhalation Exposure during the
Preparation and Use of Electroless Plating Baths otaining Hydrazine Hydrate

Parameter \ situation

Preparation of bath

Operation of bath
(2%)

Operation of bath
(0.01%)

Primary emission
source < 1 meter of
head of worker

Yes

No

Activity class

Liquid transfer

Activities with open liquid surfaces

Or open reservoirs

Activities with relatively undisturbed surfaces

Activity subclass Falling liquids

(no aerosol formation)
Situation (transfer of
liquid product with 10 — 100 L/min Not relevant

flow of...)

Situation (open surface
area of ...)

Not relevant

03-1m

Containment level

Open process

Open process

Loading type

Splash loading

Not relevant

Process fully enclosed No
Prqper cleaning and Yes
maintenance

Work area Indoors
Room size 300 n?

General ventilation

3 air exchanges per hour

Primary localised
control

Local exhaust
ventilation:

fixed capturing hood

Local exhaust ventilation:

canopy hood (receiving hood)

Secondary localised
control

None

None

Duration of activity
(min)

15

480

Results (mg/m)

75" percentile during
task — no RPE

0.68

0.85 0.004

Interquartile range
during task — no RPE

0.35-14

0.43-1.7 0.002 - 0.009

Reasonable worst casé
task — with RPE (90%
reduction)

h

0.14

0.17 <0.001
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Table A1.5: Modelling Assumptions and Estimates ofhhalation Exposure during the
Preparation and Use of Electroless Plating Baths otaining Hydrazine Hydrate

L . Operation of bath Operation of bath
Parameter \ situation Preparation of bath (2%) (0.01%)
Reasonable worst case
full shift — no RPE 0.044 1.7 0.009
during task
Reasonable worst case
full shift — with RPE <0.001 0.17 <0.001
during task

Source: TNO calculations

Al.4.3 Estimates of Dermal Exposure

Dermal exposure is estimated with the ECETOC TRAdeho For dermal exposure, the
situation of PROC25 (handling of hot metal) is adased to be most similar to the situation of
working with hot electroless plating baths.

Table A1.6: Modelling Assumptions and Estimates dbermal Exposure during the Preparation

and Use of Electroless Plating Baths containing Hyezine Hydrate

Parameter \ situation Preparation of Use of bath Use of bath
bath (2%) (0.01%)

Inputs

Fraction in product (%) 3 2 0.01

Process category (PROC) 9 25

Results (mg/kg bw/day)

Exposure of full product ipng/cnt 1,000 10 10

Exposed surface area (§m 480 1980 1980

Exposure to hydrazine - without PPE 4.46 0.006 000.

Exposure to hydrazine - with PPE 0.45 <0.001 90.0

Source: TNO calculations

147



ANNEX XV — IDENTIFICATION OF HYDRAZINE AS SVHC

ANNEX 2. CONFIDENTIAL INFORMATION ON MARKETS AND US ES
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ANNEX 3. CONFIDENTIAL INFORMATION ON RELEASES
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ANNEX 4. CONFIDENTIAL INFORMATION ON ALTERNATIVES
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