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ABSTRACT

Decontaminants for several toxic missile propellants
were evaluated and recommendations were made for the most suit-
able material:.

The investigation was conducted in two phases. Phase
I, a practical study of the propellants, consisted of a compil-
ation of information pertaining to geuneral properties, decon~
tamin:tion procedures and toxicity data based on a literature
review. The materials thus Iuvestigated were fluorine, hydra-
zine, nitrogen tetroxide, hydrogen, light metal hydrides,
beryilizine, Compound A, mixed hydrazine fuels, alumizine and

Phase II, a laboratory investigation, involved the
experimental evaluation of candidate decontaminants. This
work, together with a theoretical evaluation of decontaminants
based on themg;actical study, involved four propellants:
C:mpound A, ed hydrazine fuels (MHF-3 and MHF~-5) and alumi-
zine.
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INTRODUCTION

As propellant systems become more energetic, the hazards
involved become increasingly severe. With greater emphasis
being placed by the military on high energy propellants, it be-
comes mandatory that means be developed to combat the potential
hazards inherent in handling these materials. Large spills
undcubtedly will occur during development programs as a result
of equipment malfunction, or from other causes. The hazards to
personnel and damage to test stand hardware must be minimized.
Accordingly, a laboratory scale investigation was initiated.

The objective of this study was to determine suitatle
decontamination procedures :nd materials for combattiag tox.c
missile propellant spills. This program was carried out in two
phases. Phase I was a study of both the practical and theore-
tical aspects of the prcblem of decontamination and included
an evatuation of existing information. A survey of pertinent
toxicity data was also included in this section.

Phase II consisted of a bench-scale experimental in-
vestigation to determine suitable decontaminants, utilizing the
information obtained in Phase I. Four propellants were experi-~
mentally investigated in this program. Compound A, MHF=-3
MHF-5, and alumizine. Based on the results of this exper{mental
investigation, suitable decontaminants were recommended. A
decontaminant to be suitable must meet several criteria. It
must react smoothly, readily, and relatively completely. It
must in itself produwce no additional hazards by nature of flamma-
bility, toxicity or orrosivity. In addition the reaction pro-
ducts must not pre<ent any undue hszards. Lastly, the decon-
taminant should be readily available and economically feasible.

It must be emphasized that all of the remilts and
recoumendations herein reYorted were obtained using small labor-
atory quantities of propellants. Logically, the program should
be continued on a larger pilot scale in order to verify the can~
ciusions developed from tgic work.

The investigation of several other propellants was
limited to the practical study only. Decontamination recommen-
dations were made for these materiasls based upon an evaluation
of reported information. These propellants were:

Nitrogen Tetroxide Beryllizine
Fluorine Light Metal Hydrides
Hydrazine Hydrogen

Unsymmetrical Dimethylhydrazine

ONFIDENTIAL
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SECIION 1
COMPOUND A

1.1 PRACTICAL STUDY
1.1.1 General

Compound A, chlorine ventafluoride (ClF.), is a highly
energetic oxidizer. 1Its boiling point is -13.6°é and the freez-
ing goint is =103°C. Both the gas and liquid are colorless.

The liguid has a relatively high density, 2.100 gm/ml. at =-80°C
and 1.363 gm/ml at 0°C. The critical temperature is 143°C and
C1Fc * therefore normclly handled as a liquid under pressure.
Toupound A is not shock sensitive and is extremely stable. No
decomporition tas been observed after long term storage. Thic
material is quite similar to chiorine trifluoride and requires
the same normal safety precautions. No extraordinary safety
devices or techniques are required to handle this oxidizer.

1.1.2 Decontamination

An extensive literature search revealed that there are
no recommended or standard procedures for the decontamination ol
large spills of Compound A. However, the similarity of Compound
A to chlorine trifluoride, a material on which decontamination
studies have been made (15, indicates that the same decontawuina-
ting techmiques should be applicable to Compound A. Therefore,
a spray deluge of water or dilute aqueous solutions of ammonia
should be effective in neutralizing spills of Compound A.

1.1.3 Toxicity

Range find tests were conducted by Rocketdyne to deter-
mine the toxicity of ClF¢ to rats at various concentrations at
10 minute exposure perioaa (2). Concentrations of 120, 1000, and
2500 produced only slight irritations. At 10 minute exposures
to 5, and 11,770 ppm, respiratory difficulty was observed but
the test animals survived and ‘ompletely recovered in several
days. It was believed that due to the rapid reaction between
ClF; and moisture, the animals were exposed only to hydrolysis
roducte. Therefore, Rockstdyne conclules that the toxicity
evel of ClFg should be taken as identical ¢o ClFj (MAC-0.1 ppm)

3).

Toxicity studies of ClFg were also sponsorec by Allied
Cheaical Corporation. Four rats expoted at 108 ppm for 10 min-
tes showed eye irritation and slight pulmonary effects. Of four
rats exposed at 212 ppm for 10 minutes, one died 2 1/2 days after
exposure. Eye {rritation and slight respiratory difficulty was
noted in all rats. Two rats exposed to 212 ppm for 10 minutes
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showed eye irritation, salivation and marked respiratory diffi-
culty. Desths occurred 60 minutes and 36 nours after exposure.
Two rats were exposed to 412 ppm for 20 minutes and deaths
occurred 30 and 55 minutes after terminating the emmosure. Exam-
ination of exposed rats indicated edema of the lungs was respon-
sible for death. Tissue damage was limited to the lumgs. On
the basis of these toxicityv tests, the CT product causing 50%
mortality appears to be sonewhat greater than 2000. Based on
this study, Crmpound A can be considered to be in the =ame toxi-
city range as chlorine trifiucride.

1.2 THEORETICAL STUDY

Compound A is a hiyhly energetic oxidizer and under the
proper conditions can be made to react with almost all matexials.
Only completely fluorinated compounds and certain of the inert
gases and nitrogen are coxmpletely inert.

It reacts vigorously with most inorganic and organic com-
pounds. Because of its reactivity a great many materials were
considered for use a: deciatam.nants for Compound A spills. These
candidate materials Lave been categorized in this report by classes
such a. oxides, carbonates end hydroxides. The reactions
written for this study often indicate the ideal or most complete
reaction for the chemical systewms. {his would result in the for-
mation of completely fluorinated and chlorinated byproducts. It
is felt that these conditions would be approached gince the de-
contaminant was applied in great excess in & mannex which provided
rapid and complete reaction. It must be noted that in many of
the Compound A reactions reported in the literature, the resultant
byproducts are dependent upon precise mole ratios and carefull
controlled temperatures. Nevertheiess, the poseibility of auc
resultant byproducts forming under our test conditions have been
considered in this theoretical study. This study is based on an
extensive review of both classified and unclassified literature
gnd repores.

1.2.1 Oxides
1.2.1.1 Wager

The reaction of A with water may yisld ClO4F, Cl0aF,
Ci0, and HF depending upon the reaction conditionms ?45(5)(%).
The%e end products are hazardous compounds. The decoumposition
of CiD, at concentrations over about 10% in air cam cause low
order éxplosi-ms or puffs; 4% in alr can sustain a decompogition
wave if set off by a spark (7). A concentration »f 45 ppm in air
will cause irritation to the eyes and nose. 350 ppm is rapidly
fatal to grinea pigs, 150 ppm causing death in 44 winutes (8).
Ci04F and HF are also toxic. The threshold limit value for the
latter, for an 8-hour day, 40-~hour week being 3 ppm. No T.L.V.
has been esf:ablished for Cl04F, however, an interim value of

3 ppm has been suggested.

3
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Generally, the most commc:. products of the hydrolysis of
CF, are C10, and HF (9). Fortunately, both C10, (10) and HF are
very soluble in water. The products can probably be trapped in
an excess of water during decontamination and therefore Ee made
tolerable. The standard heat evolved in this reaction is
165 kilo. cal./mol A reacted.

CIFg + 2 1/2 Hy0 —> C10, + S5HF + 1/4 0,
A H =405 kilo. cal./mol.

Investigatcss generally agree that most oxides when
reacted with ClF. are converted to fluorides. Oxygen is always
& produrt and usgally the other volatiles produced are Cl0,,
C10,F and Cl0,F (3, 11, 12). Metal oxides such as Cu0, Fea, and
Fe263 do not ;eact at 105°C (4).

1.2.1.2 Caicium Oxide

The reaction with Ca0 has reportedly produced chlorine,
oxygen and CaF, (13). Assuming this to be the case, all of the
fluorine would“be recovered as insoluble CaF,. Chlorine would be
the only toxic product. Chlorine represents only about 257 of the
total weight cf Compound A and it would be diluted approximately
2 1/2 to 1 by volume with oxygen upon formation. The standard
heat of this reaction is high 291 kilo. cal. evolved per mol A
reacted. We can write the equation as follows:

AH= -291 kilo. cal./mol.

Should the reaction proceed as is customary with most
oxides, we can expect to find toxic oxy-chloro-fluorides as end
products. It is probable that some of these will be found. Since
there i3 no experimental data, the chemistry of this type reac-
tion is in doubt. However, we can write the following reaction:

4 CIF. + 9 1/2 Ca0 —-> 9 1/2 CaF, + ClO4F + 2 C10, + 1/2 C1
+11/4 0,

AH= «263 kilo. cal./mol.

5 2

This reaction indicates that over 95% of the fluorine
would be recovered as insoluble CaF,. The remaining 5% would
evolve as volatile Cl0,.,F. The end products would contain approx-
imately 25% toxic volatiles. The heat evolved in this reaction
is also high, 263 stendard kilo. cal. evolved per mol A reacted.
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In the event chlorine dioxyfluoride is produced, we can
write the reaction es follows:

5 CiF, + 11 1/2 Ca0 —> 11 1/2 CaF, + 01031? + C10,F + 2 clo,
+ 1/2 012 +11/4 o2

AH= <252 kilo. cal./mol.

5

According to this reaction, over 90% of the fluorine
would be recovered as insoluble Ca¥y. The rest would pass off as
Cl04F and C10,F. The yield would consist of approximately 27%
toxic gas. e heat evolved in this reaction is 252 kilo. cal.
per mol ClF5 reacted.

1.2.1.3 Magnesium Oxide

The reaction of magnesium oxide with A yields the metal
fluoride which is relativelv insoluble anc the volatiles, ClO4F,
CloyF, C10,, Cl, and 0,. The reaction can be written as follgws:

5 CiFg + 11 1/2 Mg0 —> 11 1/2 MgF, + Cl04F + ClO,F + 2 Cl0,
+1/2 C1, + 1 1/4 0,

AH= =237 kilo. cal./mol.

Here, as with the Ca0, over 90% of the fluorine would be
captured as relatively insoluble MgF,. The weight yield of toxic
gas would be the same. On a percentage basis the yield would con-
sist of approximately 32% toxic gas. The heat evolved is some-
what lgss than with the calcium oxide, 237 kilo. cal./mol. of A
reacted,

1.2.1.4 Aluminum Oxide

The reaction of A with aluminum oxide is a relatively
mild one releasing only 118 kilo. cal. per mol of A reacted. The
reaction products are similar to those of the other oxides alrexdy
described. Approximately 94% of the fluorine would be captured
as AlF,. Unfortunately, the metal fluoride formed is somewhat
more sgluble than either the calcium or magnesium fluoride. The
product yield would consist of approximately 30% volatile toxic
products. The reaction can be written as follows:

6 CIFg + 4 2/3 Al,0, —> 9 1/3 AIF, + C10,F + C10,F + 2 Cl0,
+21/2 0, + c1,

AH=<1_1 kilo. cal./mol.

CoNFIDENTIAL

o s NP pe— [T




CONFIDENTIAL
1.2.1.5 Silicon Dioxide

The action of A on silicon dioxide is also relatively
mild releasing only 119 kilo. cal./mol. of A reacted. The pro-
ducts are all gases. 94% of the fluorine would be tied up as
SiF,, the remainder in Cl04F and Cl0oF. 38% of the products
formed are toxic of which unstable CI0, makes up the major part.
The reaction follows:

6 CIF5 + 7 8102 — 7 SiFa + ClO3F + C10,F + 4 ClO2 + 1/2 O2

2
AH= =119 kilo. cal./mol.
1.2.2 Carbonates and Bicarbonates

1.2.2.1 Sodium Carbonate

The action of A with sodium carbonate reportedly yields,
chlorotrifluoromethane, carbon tetraflvoride, oxygen and an
unidentified white solid (A3). If we assume the white solid to
be a mixture of sodium fluoride and sodium chloride, and further,
assume some CO, evolves, we can write the equation as follows:

2.6 NaZCO + 2.2 CIF, — CF3C] + CFA + 4 NaF + 1.2 NaCl

+ 0.6 COZ + 3.3 02
A H= <130 kilo. cal./mol.

3 5

This reaction is ideal from the standpoint of decontam-
inating A. None of the off gases are toxic, and the solids
formed are inert. The heat evolved is reasonable; 130 kilo. cal.
per mol A reacted. 36% of the fluorine is captured as inert
solid sodium fluoride. The remainder is released in the foru of
non-toxic gases, Genetron 13 and CFQ.

1.2.2.2 Sodium Bicarbonate

The action of A on sodium bicarbonate reportedly yields
sodium bifluoride, chlorotrifluoromethane, carbon tetrafluoride
and oxygen (3). if we sssume sodium chloride and carbon dioxide
asre also formed, we can write the reaction as follows:

3.2 BaHCO, + 2.2 CIFg —> 2 RaHF, + 1.2 NaCl + CF,Cl + CF,
+1.2 €0, + 0.6 B0 + 3.3 0,

AR = -111 kilo. cal./mol.

This reaction is also excellent from the standpoint of
deconttainating A. No toxic gases are produced and the solids
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formed are inert 36.5% of the fluorine would be converted to
inert NaHF,, the rest would be captured as the inert gases
CF4Cl and CF,. The heat evolved is somewhat less than with the
soaium carbonate, 111 kilo. cal. per mol A reacted, and somewhat
les: sodium bicarbonate would be required per mol A decontamin-
ated.

1.2.2.3 (Calcium Carbonate

The literature gives no data relative to the products
formed by the action of A on calcium carbonate. Ome reference
does state that there is no visible reaction, but upon analysis
33% of the carbonate had reacted (14). If we assume the reac-
tion is similar to that with sodium carbonate, we can write:

+ 4 1/2 0,
AH= =131 kilo. cal./mol.

5

This reaction shows excellent potential for decontsmin-
at A. 53.8% of the fluorine would be captured as inert,
insoluble calcium fluoride. The rest would be tied in the
inert gases CF4Cl and CF,. No toxic end products would be pro-
duced.d The heat of this reaction is 431 kilo. cal./mol. A
reacted.

1.2.2.4 Apponium Carbonate

The literature givez no data relative to the products
formed by the action of A on smmonium carbonate. One reference
states that ammonia (NH,) forms NH,Cl, NH,F and nitrogen (15).

If we assume the rexctiofi is similar to thﬁt with sodium carbonate,
we can write:

2.6 (Nﬂa)zco3 + 2.2 c:uf5 ) CFSCI +CF, + 4 M,F + 1.2 NE,C1
+ 0.6 C0, + 3.3 0,

This reaction also shows good potentisl for decontamin-
ating A. 36 1/2% of the fluorinme would be captured as inert
aemmonium fluoride, the rest would be found as the inert s
CF1Cl and CF,. Ag:innotadcmd tlmldbcprom:d.
Thz heat evolved here would be 126 kilo. cal./mol. A reacted.

CoNFIDENTIAL
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1.2.2.5 Magpesium Carbonate

Assuming the action of A on magnesium carbonate is simi-
lar to that with sodium carbonate, we can write:
+ 4 1/2 0,

AH= =129 kilo. cal./mol.

No toxic end products would be formed. 53 1/2% of the
fluorine would be captured as relatively insoluble MgF, the
rest would be found in the inert gases CF,Cl and CF,. the heat
evolved would be 129 kilo. cal./mol A realted.

1.2.3  Hydroxides

The action of A on hydroxy ¢ ds is usual].{ rapid
and complete at ambient t rature. e reaction usually yields
HF and O, in addition to a fluorinated form of the reactant sub-
strate, Clp, C1G,, or CLO,F (3, 12).

1.2.3.1 Calcium Hydroxide

The action of A on calcium hydroxide reportedly yields
CaF,, Ca(Cl0)7, HF, O, and ClO,F (4).  VWe can write the reaction:

6 Ca(OK)z + 3 CI.FS —> 5 Cal?2 + 01(010)2‘6 820 + 4 HF + ClOZF
+20
2

AH= <106 kilo. cal 7mol.

Ag;oximtely 67% of the fluorine would be tied as
insoluble , the remainder would evolve as toxic gases and
C10,F. The standard heat evolved from this reaction ie 106 kilo.
cal’ per mol A reacted.

1.2.3.2 Sodiye Rydroxjde

No work is reported on the action of A on sodium hydroxide,
however, an excess of would preclude the presence of as
a product. cloar reacts with to yleld NaC10 , "aF, R,0 and
0, (16). By logy one might expect mozr to reic.t in & Similar
r. We can write: "

63‘03+C1Ps-—)5m+nl0103+3320
AHe= ~32 kilo. cal./mol.

All of the fluorine would be tied up as solid sodiu
fluoride, no toxic products would be formed.
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1.2.3.3 Apgnonjum Hydroxide

No work is reported on the action of A on ammonium hydrox-
ide. However, by reasoning similar to that used in the sodium
hydroxide case, we can assume no HF will be present with an excess
of NH40H. We would not expect to find chlorates as a product, if
¢1z is formed it would probably decompose to the chloride. We can
write:

6 NHAOH + ClF5 > 5 NﬂaF + N8401 + 3 H,0 + 11/2 0,

AH= =259 kilo. cal./mol.

All of the fluorine would be captured as solid ammonium
fluoride. No toxic products would be formed.

1.2.4  Hydrates

Hydrous oxides react vigorousliy, the products being simi-
lar to the reaction of A and water. Hydrates of metal fluorides
yield C105, 0Oy, Cl0,F and CLO.F (13). The action of A on sodium
tetrabora%e hydrate reportedl; yields only a solid and oxygen
(12). BF,, HF and HC1 are assumed to be tied up by NaF or excess
nydrate. 3fhe action of A on hydrated sodium metasilicate is
regortedl{ similar to that with A on hydrated sodium tetraborate
(13), yielding oxygen, a small amount of chlorine and solid. No
data is given on the chemistry of these reactions. It is so
involved that no attempt will be made to write them and therefore
reaction heats will not be calculated.

1.2.5 Conclusions

Because of its similarity to CTIF one wauld exg:ct that
water, or a dilute aqueous solution of ammonia, would a
sacisfactory decontaminant. The therretical study shows that

all of the products formed in the water reaction are gaseous and
two of them are toxic, HF and Cl10,. Cl0, under certain conditions
can also be explasive. However, both 016 and HF are very solu-
ble in water. If an excegs of water is uled as would be the case
in decontamination, a high percentage of both the Cl0; and HF
formed can be hnrmieaaly trapped. The heat evolved with water

is low, 105 kilo. cal./mol A reacted. The other oxides investi-
gsted generslly capture a highigzrcentage of fluorine as inert
solids ranging from 90-100%. exception is 510, all of the
products of which are gases. The oxides generally produce &
variety of toxic and explosive gaseous products. heats
evolved range from about 115 to 300 kilo. cal./mol A reacted.

All of the carbonates have excellent potential as decon-
taminants for A. No toxic, explosive or incendiary products are

CoNFIDENTIAL
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produced. Approximately 35 to 55% of the fluorine can be c;ﬁ-
tured as inert solids, the rest evolves as non-toxic gas. e
heat evolved from the reaction with carbonates is reasonable
ranging from about 110 to 130 kilo. cal./mol A reacted.

Of the hydroxides, sodium and ammonium show good poten-
tial, neither of these yieid toxic products. In each case all
of the fluorine is captured as solid inert material.

The action of sodium tetraborate h{drate and sodium
metasilicate on A reportedly yields desirable products from the
standpoint of decontamination.

1.3 EXPERIMENTAL STUDY

A laboratory investigaiion to find suitable decontamin-
ants for Compound A was conducted. This problem involved seventy
actual decontamination runs with water and aqueous solutions of
candidate decontaminants. Ninety-six samples of residual spray
liquors were analyzed. This experimental investigation considered
the techniques end materials used successfully in ClF, decontam-
ination studies (1) as well as candidate materials suBgested by
the literature search and theoretical study on Compound A.

1.3.1  Apparatus

The decontamination setup (Figure 1.1) consisted of a
ag:;zechanber and a test decontaminant delivery system. The
¢ r vas a stainless steel column, 24" high and 6" in diameter.
The chamber contained a cogger cold finget to condense the pro-
gellant. The liquid propellant was then collected in a cali-
rated centrifuge tube. This glass receiver was held in place
bzga pair of clamps. An "anvil" was adjusted against the wall of
the tube to assure breakage and spillage of the propellant when
the trigger mechanism was released. The plexiglass window was
sealed to the chamber opening with a Viton A '0" r which
showed satisfactory performance. However, the plastic window
becane etched and was replaced twice. The c r had several
openings and connections. The dished bottom was provided with an
ocutlet drain with a stopcock. The drain was rovided with a
stainlz;: steel a;ree? vhich prevented gllusl ticlcadfson dam-
ing » gtopcock valve. A nitrogen purge exten through
:ge wall into the lower part of the chambexr. A vent line was pro-
vided near the top of the column. Three 1/8" copper lines ex-
tended through the chamber wall and carried the coolant and the

propellant.

The spray nozzle was mounted on the bottom of the spray
chasber cover. Two types of nozzles wexe purchased from Spraying
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gz:tem Company in order to achieve a wide r of spray rates.
lower rated nozzle was an adjustable cone jet Fo. 5500-Xl.

This particular model was available only in brass, a m~terial
which wee not fully resistant to several of the candidate decomn-
taminants. This therefore necessitated frequent calibre:ion and
nozzle replacement. The second type nozrle was a No. 1/8 G.G.S.S5.-
1 stainless steel full jet nozzle. It should be noted these two
types were selected because thazaproduced a similaxr spray t:g:t:t:em.
A Hoke solenoid valve, No. 90A140, mounted at the top of

cover, was used to start and stop the spray.

The chamber was connzcted to the decontaminant reservoir
with 1/4" stainless steel tubing. The reservoir was a 500 ml.
stainless steel cylinder which was pressurized with nitrogen
after it had been filled with the test solution. Not shown in
Figure 1.1 are the electric relays and solenoid valves which were
used to maintain constant spray pressures during the runs. The
relays which operated off the pressure gauge kept the reservoir
pressure within 1 psig of the preset pressure.

The coolant system likewise is not shown. It consisted
of a centrifical pump which circulated acetone through a dry
ice-acetone cooled coil into the cold finger. This system was
capable of maintaining a cold finger temperature below -60°C.

1.3.2 Matexrialg

The muterials used to maske up the decontamination solu-
tions were all B&A, Reagent Grade Chemicals. Reagent chemicals
were chosen to eliminate any possible side reactions from impuri-
ties that t have interferred with our analysis. This might
have occurred if technical or coemercisl grade materials with
their normal impurities had been used. It is not to be construe.,
however, that reagent materials must be used in actual practice.
On the contrary, comsercial grades are to be preferred since they
are¢ both more economical and more readily available.

1.3.3  Procedwre

The fire step in the tast procedure involved the Eoni-
tionirg of the propellant vecaiver. The receivers were volumetri-
cnngocauhrated conical centrifuge tubes (Corning Catalogue type
No. 8080). Volumetric accurscy was necessary since each rnm

used 2.0 mi. of condensed ClF¢. At the cold finger temperature
the specific gravity of Compoind A was 1.9. Thus 2.0 ml. of pro-
peliant was equivalent to 3.8 grams.

After the centrifuge tube was positionsd and the chamber

window sealed, the chamber and propellant line wern purged with
dry nitrogen. This precuation prevented frost formation on the
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cold finger or condensation on the glass tube. The coclant was
then circulated and the propellant condensed. When the desired
amount of liquid had been collected, the propellant feed and
nitrogen purge were closed off and the triffer uiled to break
the glass tube. Two seconds after the spill, the spray was
started. The spray was continued for the required time to pro-
vide the desired ratio of decontaminant to propellant. The
spray rate, which was a function of the reservoir pressure, was
always preselected. A timing mechanism was used to control
spray duration when short spray periods were required. When
low spray rates were selected together with high spray ratios,
the duration of the spray exceaded the limit of our timer. For
these runs the spray was timed with a stowwatch.

When the spray had been shut off the chamber walls were
allowed to drain for 5 minutes before the spent liquor was
collected. The volume of this liquor was measured. This pro-~
vided a quick check of the spray nozzle calibration as well as
a check on the spray system and the calculated spray ratio.

The spent liquor was analyzed for fluoride, chloride
and oxidizing power. This data was then used to determine the
percentage of the propellant that was neutralized or decontamin-
ated. In some runs the walls of the chamber :re rinsed and this
rinse was also an:izzed to provide an indication of chamber hold
up. The spray chamber was always cleaned and dried between runs.

1.3.4 r ta ta

1.3.4.1 V¥atexr

The effectiveness of neat water spray as a decontamin-
ant was explored quite thoroughly since it was used to establish
optimum ClFg to decontaminant spray ratios as well as s ra{
rates. Tho results of the water tests are shown in TabYe .1.
No explosions or other evidence of extremely vigorous reaction
were noted in any run. However, on two occasions, a flash was
seen when the spill was deluged and on three occasions, a
vhiatlin{ noise was heard. No positive explanation for the
whistle-like sound can be given, but it is believed to have been
caused by the spilled A entering the drain line enJi reacting in
this relatively confined spuce.

All test runs were done in duplicate. The results of
the duplicate runs did not alwavs check as closely as would
have been decired. A possible reason for this discrepancy 1is
that the messured volume of A could be off by 0.1 ml. (the limit
of reading the tube calibration). Thie could result in a weight
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error of +5%. Consezuentlg the difference in recovered equiva-
lents of Compound A {n dup.icate runs could be as great as 10%.

After certain selected runs, the spray chamber was rinsed
with the same quantity of spray and at the same spray rate as was
used for the actual run. e purpose of this wae to determine
the amount of chlorides and fluorides that were depcsited on the
chamber wall or remained suspended in the chamber vagors. The
rinse recovery of fluoride and chloride was appreciable for runs
with low spray:ClFs ratios and became less significant when the
60:1 ratio was usea. You will note that two water runs Nos. 6A
and 6B showed very high fluuride and chloride recovery. Four
additional runs (28A and B, 31A and B) wexe made under the identi-
cal spray conditions. These additional runs did not achieve the
same degree of decontamination. Neat water alone, however, does
appear to be a satisfactory decontaminant. The combined recovery
of inert chloride and fluoride from the initial spray and the
rinse indicated a neutralization in excess of 80% of the ClFjs
under the best spray conditions.

1.3.4.2 Other Decontaminants

The effectiveness of aqueous solutions of candidate de-
contaminants was also investigated. In anticipation of possible
viﬁorous reaction, a very dilute decontaminant solution (1%) was
tried initially to determine its compatibility with Compound A.
Stronger solutions were used to establish effectiveness as a
decontaminant, The results obtained from these test solutions are
shown in Table 1.2. In some duplicate runs the results did not
check closely. The technique used for evaluating these materials
was identical to that used for the neat water runc and the same
comments on accuracy are therefore licable. Siace water alone
did a good job of decontamination, solutions of candidate mater-
ials were expected to show improvement. Some decontaminant
solutions, however, ylelded a lower recovery of fluorides and
chlorides than was obtained from neat water. The other decontam-
inants fell in the same general range of effectiveness. However,
it should be noted all teat materials proved to be safe as used.
No e:ploaiona occurred although some flashes and whistling were
noted.

1.3.5  Apalrtical Procedure

The snalytical procedure used for evaluating the effec-
tiveness of the several decontaminants was based on standard pro-
cedure, Since Cougound A has the formula ClF:, the decontaminant
effectiveness was based on the recovered chlogide and fluoride
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values in the spent liquor. Water or aqueous solutions of test
materials were sprayed in predetermined ratios on spilled Com-
pound A at sever 1 spray rates. The residual liquor from the
spray which contained the reaction byproducts was collected and
analyzed. Gaseous effluents from the spray chamber could not be
collected. Therefore, a material balance could not be obtained.
In addition to fluoride and total chloride, the spent liquor

" was also analyzed for oxidizing power which was reported as free

chlorine equivalent. The spent liquor was diluted to a constant
volume and aliquots were taken for these analyses.

1.3.5.1 Fluoride

An aliquot of the spent liquor was distilled from per-
chloric acid at a constant temperature of 135°C and 250 cc of
distillate collected. Hydroxylamine-hydrochloride was added to
an aliquot of the distillate to prevent interference from free
chlorine or otheyr oxidizers that might be present. The total
fluoride present was then determined by a thorium nitrate titra-
tion.

1.3.5.2 Total Chloride

Sulfurous acid was added tc a second aliquot of the
spent liquor and the solution was evaporated to a small volume.
Water was added to this concentrated solution and it was again
evaporated to a small volume. The solution was again diluted
with water, made slightly basic with dilute NaOH, and one gram of
Devarda's Alloy was added. After two additional evaporations
and reconstitutions with water as initially performed, the solu-
tion was decanted from the alioy. The alloy was rinsed with nitric
acid. The decanted solution together with the acid washings
fﬁom the alloy were then analyzed for total chloride by a Volhard
titration.

1.3.5.3 Free Chlorine

Several of the test decontaminants have heen reported in
the literature to have formed oxidizing compounds when reacted
with Compound A. The oxidizing power of the spent liqucr was
therefore determined and reported as free chlorine equivalents.
Some possible oxidizers that could be present were Cl0,, Cl0.7,
OC1l~ and Cly. A third sliquot of the spent liquor solution was
made slightiy basic with dilute caustic and then filtered. The
filtrate was scidified with acetic acid. Potassium {odide was
added and the released lodine which was titrated with sodium
thiosulfate corresponded to the amount of oxidigzer pregent. Cal-
culations, however, were based on the assumption that the oxidi-
gzer was chlorine.
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1.3.6 Economic Evalusation

An economic evaluat’on of the test decontaminants was
made. The estimated cost of decontaminating a one~hundred
pound gpill of Compound A is shown in Table 1.3. The cost as
shown is based on both the lowest price of the decontaminating
agent on & ton basis, as well as its reliative effectiveness.
The cost of water is ignored since it is relatively insignifi-
cent and would be roughly equai for each test solution. Of
course, the most economical material is therefore neat water.
The cheapest deconcaminants in ascending order are OH,
NaHCCs, R2,C0+, NaOH, anu Na,B,0,°10H,0 all of which were less
than ?ioo & 3 pounids of CompouZd A.

1.3.7 Concliusions

In the recommendation of a suitable material as a decon-
taminant for Compound A, the several criteria previously listed
were considered. The nature of the rzaction byproducts was
carefully considered. On this basis alone neat water, which showed
a very high effectiveness, cannot be considered the best decon-
taminant. The fluoride in the spent liquor is present as HF, a
hazardous acid. Likewise, some of the unrecovered fluoride values
are assumed to have escaped as toxic HF vapors. On the other
hand, NaHCO3 and Na,CO5 captured considerable amounts of A but
much of the chlorine was present in the spent liqucr as oxidizers
(Table 1.4). These three materials would therefore require some
secondary treatment to render the reaction products completely
inert. Several materials were relatively ineffective as decon-
taminants (sodium tetraborate, boric acid and sodium silicate)
and cannot therefore be recommended. Two materials that were j
quite effective were NaOH and KOH. However both of these are |
relatively hazardous. Ammonium carbonate was relativel en- :
sive although otherwise satisfactory. The best materia{a there~ g
fore were ammonium bicarbonate and ammonium hydroxide. Although P
both uaterisls are effective, the bicarbonate is more expensive. ?
The hydroxide also had the advantage of a very high vapor phase
effectiveness as shown by copious fumes of relatively inert F
and NH,Cl in both the chamber and in the effluent. Comnsi
all these factors, our investigation indicated that dilute «
aqueous solutions of smmonia best met all the criteria for a
suitable decontsminant foxr Compound A. It should be noted that
the decontamination byproducts formed from ammonia are quite sol-
uble and thus may be readily removed by flushing with water.
However should the spill occur in an area wvhere the formatiom of
a water soluble fluoride may be undersirable, thege residues would
be subsequently treated to produce insolubie fluorides. Applica-
tion of appropriate calcium salts to the residues would produce
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TABLE 1.1
LIQUID COMPOUND A SPILLS

WATER SPRAY DECONTAMINATION

x e gm. Ratio % Recovered
Cop ij A Eiiﬁkn _% : [+ N il . Remarks
3.8 75 15:1 38.1 54.2 50.0
3.8 75 15:1 23.3 56.6 47.6
- 75 15:1 35.0 20.2 24.2
3.8 75 30:1 54.4 70,0 65.8
- 75 30:1 19.4 15.4 16.6
3.8 75 3:1 48.5 88.4 77.6
3.8 15 60:1 53.4 72.9 67.6
- 75 60:1 11.7 6.5 7.9
3.8 75 60:1 56.3 70.8 ¢€6.8
3.8 104 15:1 43.7 53.1 50.5
3.8 104 15:1 34.6 46.6 43.2
3.8 104 30:1 59.2 75.1 70.8
3.8 104 30:1 51.5 75.1 68.6
3.8 104 60:1 69.5 106.1 96.3
3.8 104 60:1 63.1 106.1 94.5
3.8 610 30:1 - -- - Sample
Lost
3.8 610 30:1 48.5 26.7 32.6
3.8 610 30:1 11.7 70.8 54.8 Flash
and noise
noted
- 610 30:1 28.2 17.7 25.8
3.8 610 60:1 15.5 53.1 42.9 VWhistle
heard
3.8 610 60:1 63.1 66.4 65.5
3.8 104 60:1 62.1 76.9 72.9
- 104 60:1 13.6 6.5 8.4
3.8 104 60:1 57.3 62.5 61.1 Flash
and wvhistle
noted
3.8 104 60:1 41.7 77.7 67.9
- 104 60:1 18.4 12.6 14.2
3.8 104 60:1 24.3 58.8 49.5

NOTE: Runez des ted by an "R" are rinses of spray
chamber after the actual run ssmple had been
collected. For le IB-R i3 the rinse from
1B. The rinse was elw.ys wade at the same
spray rate and ratio (gms of rinse) as the
actual rum.

Total C1™ and ¥~ recovered calculated as % of
Compound A neutralized.
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IABLE 1.3
COMPOUND A DECONTAMINATION
ECONOMIC EVALUATION

Est. Cost to
Approx. Lbse. Neutralize
f

Decontaminant *Est. Cost/Ton Effect Required 100 1bs. A

1. Hy0 $ 74% 6000 $

2. NaHCO, 59 717 423 12.48
3. NayCO, 62 71% 423 13.11
4. KOH 192 71% 423 40.61
5. NH,HCO, 150 72% 417 31.28
6. (NH,),00, 720 68% 441 158.76
7. NH,OH 45 60% 500 11.25
8. NaCH 60 607% 500 15.00
9. Na,B,0,°10H,0 44 40%, 750 16.50
10. H4BO, 112 31% 968 54.21
11. Na,Si0,:9H,0 68 36% 833 28.32

Prices of decontaminant as of November 1965 on 1007 basis.

NOTE: All costs are based on decontaminant effectiveness using
a 51 aqueous solution at a spray to spill ratio of 60:1.
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TABLE 1.4

OMPOUND A DECONT. TION
SPENT L R_OXIDIZER CONTENT

Decontaminant Average Effectiveness* Avergge Free Cl f:

Neat H,0 74% 2%

5% NaiCo, 71% 23%

5% Na,CO4 1% 29%

5% NaOH 60% 1%

5% Na,B,0,°10H,0 40% 25%
‘ 5% H,B0, 31% 2%
5% KOH 71% A%
% 5% Na,510,°9H,0 36% 34%

‘ 5% NH, HCO, 72% Ky A

f_ 5% (Hﬂa)2003 68% A%

: 5% NH,OH 60% 3%

Average of all runs made at 60:1 ratio at spray rates of
75 and 106 ml/min.

b Oxidizer content of residual spray liquor calculated ar
fre: chlorine.
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SECTION 2
MIXED HYDRAZINE FUELS

2.1 PRACTICAI, STUDY

2.1.1 General

Mixed hydrazine fuels (MHF) are mixtures of monomethyl-
hydrazine, hydrazine and with cne exception, hydrazine uitrate.
Four specific compositions have been investigated and are iden-
tified as follows:

Monomethyl Hydrazine
Hydrazine Hydrazine Ni..ate
MHF -3 86% 147% J
MHF -4 50.5 32.5 17%
MHF =5 55 26 19
MHF-1 45.3 23.3 31.4

These fuels are clear, water white liquids. They are
str reducing agents, alkaline, and very hydroscopic. They
are also extremely flammable and quite toxic. They are not
shock sensitive and are quite stable in storage. In general
these materials present no greater hazard than do the several
components taken individually.

2.1.2 Decontamingtion

The standard practice for combating spllis and resultant
fires of mixed hydrazine fuels, is to flush with copious quantities
of water, use dry chemical extinsuishers or use low expansion foam.
MHF-1 fires are easily extinguished with either water fog or foam.
Salt or fresh water may be used {1). Dry chemical extinguishants
reportedly worked as well on MHF as on gasoline. Low expansion
foam was nearly ss effective on MHF fuels as it was on gasoline.
High expansion foam showed excessive breakdown in contact with MHF
with resultant erratic action {2).

MHF-3 does not ignite apontaneously upon pouring. Neither
electric sparhing of the vapors above the surface of MHF-3, nor
dropping weightz into this fuel during burning, results in detona-
tion. MHAF-3 is wholly miscible with water and when diluted in ex-
cess of 40% by volume with water it i{s rendered non-combustible.
MHF-3 fires are readily extinguished by all extinguishing agents,
sechanical foam, water fog, solid water streax, €0, , Purple K and
NaHCO dry powder (3).
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Under special conditions MHF~l1 and MHF-4 can be made to
detonate after burning for short periods of tiwe (4).

2.1.3  Toxicity

The literature review did not disclose any toxicity in-
vestigations on the mixed hydrazine fuels as such. The toxicity
of the mixed fuels is considered to be similar to that of mcno-
methylhydrazine (MMH). This component has the lowest bLoiling
point. MMH is more toxic than hydrazine. The LDgg (1ats sxposed
for four hours) of MMH is 74 pg: as compared to 5/0 ppm for
hydrazine (5). Detection of the odor of MMH should offer warning
since it can be detected at 1-3 ppm. The local effects due to
acute exposure to MMH are similar to thpse 2ffects observed for
hydrazine (See Section 5 of this report).

MMH was found to produce hemolysis and elevated tempera-
ture in exposed dogs. Destruction of red blood cells and central
nervous system stimulation occurs with MMH to a greater extent
than the other hydrazines.

Contact with the liquid may cause burns, severs skin and
eze damage, and systemic poisoning. If the fuel does contact the
skin, contaminated clot should be removed and the exposed area
flushed with copious quantities of water. Eyes should be flushed
for at least 15 minutes. Where exposure to the vapors has occurred,
the victim should be removed to an uncontaminated area and kept as
quiet =~s possible. Medical atteantion by a physician i3 advigsed in
all cases of comtact or inhalation exposure.

2.2 THEQRETICAL STUDY

There is considersably less information on the cheamtstry of
monomethyl hydragine (MMH) and hydrazine nitrate than on hydrazine.
However, one may assume that many of the reactiona of MME are simi-
lar to the reactions for hydrazine.

Hydrazine nitrate undwx goes decoaposition in s vacumm in
the neighborhood of 200°C scco tc the equatiom:

AN H RO, =3 SH, 4 2R0 + 10%.,0
275773 Py ya
O H= -106 Kilo.cal./mol.
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It burns rapidly i open air, and if heated under con-
finement, it will explode violently. Contact with oxidizing agents
such as chromate, peroxide and permanganate cause inflammation.
Finely divided metals such as copper and zinc cause flaming de-
composition (6).

The preferred products of decontamination would be salts,
complexes or inert gases. Since one of the components of MHF i=s
hydrazine and the other two components are generally similar to
hydrazine, decontaminant materials similar to those used for dc-
contaminating hydrazine are indicated.

2.2.1  Conclusiong

Materials suitable for hydrazine decontamination (7) should
be suitable for MHF decontamination. Water alcne is an excellent
decontaminant for spills. It renders the spill norn-flammable and
reduces the amount of toxic vapors.

However, the only reaction with the hydrazine is the for-
mation of the hydrate. refore, complete neutralization can best
be accomplished by deluging spills with dilute aqueous sol:tions
¢f decontaminants such as hydrogen peroxide.

2.3 Experimental Study

A lsboratory investigarion wes conducted to find suitable
decontaminants for mixed hydrzzine fusis. The experimental program
was limited to two fuels, MHF-3 and MHF-5. The cviteria used in
evaiuating candidate decontaminants have been previously stated in
the introduction to this report. This investigstion considered the
techniques and materials used successfully in hydrazine decontami-
na:iog (7) as well as the information obtained from the liter ature
search.

The most impediate problem associated with a spill of these
two fuels is the potentisl fire hazard. However, both fuels are
completely miscible with water and wher diluted with water to less
than 40% fuel by volume they are rendered non-combustinlie. 4n
aqueous spray deluged upon the spill is slso an efficient mesns of
scrubbing the toxic volatile vapors from the air. We therefore de-
c:ded to test all candidate decontaminsting agents as dilute aqueous
soiutions. Unfortunately, water alone does not react with the fuels
and 18 therefore ineffective as » decontaminant per se.
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2.3.1 Apparetus

The high boiling points of these fuels (MHF-3, 194°F
and MHF-5, 207°F) and their low vapor pressures at ambient temper-
atures permitted us to use simp®: equipment for this decontamina-
tion investigation. A weighed amount of the fuel was placed in an
Erhlenmeyer flask. The test solution was then permitted to flow
anto the fuel by gravity feed through a glass delivery tube from
a reservoir. Since the vaporization losses were negligible, spray
rate had nc bearing on decontamination efficiency. Therefore
spray nozzles were not used in the deluge system. A teflon covered
magnetic stixr bar was | "aced in the Erhienmeyer flask and the flask
set ugon a magnetic stirrer. The sgtirring assured a uniform con-~
tact betwecn the fuel and the test solution.

2.3.2 Materials

In addition to neat water, dilute aqueous solutions of the
following material<~ were tested with both fuels: NaCl, NaHCO
H3BO3, Hioﬁ’ NaOCl, NaCl03, KMn(;, K2Cr207. In additiom, Naﬂa63
was applied to the MHF-3 as a diy powder. All these materials were
B & A Reagent Grade. An attempt was made .o evaluate ' le K"

a HCO3 powder used in fire extinguishers but this material proved
to be impossible to eraluate.

2.3.3 Procedure

The mixed %gdrazine fuels were obtaliad from Reaction
Motors Division of Thickol Themical Corporation. A sample of the
f:el was transferred to a polyethylene weighing bottle which was
weighed on an analytical balance. This fuel sampling was performed
in a plastic glove bag 1 an atmosphere of high purity dry nitrogen
to prevent air oxidation. The weighed sample was poured into the
reaction flask and the weighing bottle reweighed. In this manner

a sample of approximately two grams was used for each run.

The flask was next positioned under the decontaminant de-
livery tube and the required amount vf test solution to provide a
50:1 ratio by weight was added to the reservoir. With the magnetic
stirrer operating, the test solution was drained into the flask at
a rate of approximately 75 ml/min. The reaction was carefully ob-
served and the reaction temperature noted. The deccntaminated solu-
tion was guantitatively transferred to a volumetric flask and di-
lutid to 250 ml with distilled water. Aliquots were thin taken for
analysgis.
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2.3.4 Experimental Data

The addition of the decontaminant to the fuel was care~
fully ‘'bserved and the nature of the reaction noted. Visual evi-
dence that a reaction occurred was the evolution of gas from the
solution, formation of precipitate and color change in the test
solution. The vigor of the reaction was rated on the basis of the
gas evolution. Copious and rapid gas rzlease caused foaming. How-
ever, no decontaminant tested was considered to be unsuitable on
this basis alone. As a further check the reaction temperature was
noted. The temperature rise generally showed a good correlation
with the observed vigor of the reaction as indicated in Tables
2.1 and 2.2. As a safety measure, very dilute solutions of the
decontaminants were tested first. Subsequent runs used the more
concentrated solutions.

2.3.4.1 MWHE-3

A total of 45 runs involving 22 different decontaminants
was made. The results of these tests have been summarized in
Table 2.i. As may be seen from this table, the spent liquors
from many runs were analyzed four times. The first analysis
(Series A) was always performed within 15 minutes of the comple-
tion of the run and a second analysis 30 minutes after the first.
This was done to determine whether the neutralization reaction
took place rapidly or whether it proceeded slowly over an extended
period. Other analyses were run in which the {H was adjusted to

H 7.5 (Series B). Again samples were initially analyzed within
{5 minutes after the run was made and a second analysis was per-
formed 30 minutes later. :

In only one run was the reaction considered excessivel
vigorcus. When a 5% solution of NaOCl was added to the fuel, there
was a flash and the fuel vapors ignited. On the opposite extreme,
dry powder deluges showed no reactior and were, relative to the vari-
ous solutions tested, difficult .o handle and evaluate. One powder
"Purple K", a finely divided KHCO; used as a fire extinguishant,
proved impossible to evaluate. It was added to a fuel spill but
the residual powder proved to be nonwettable and wouid not go into
solution. Therefore analysis could not be made and this run was
not included in Table 2.1. The powder deluge was added via a powder
funnel into which was dumped a measured amount of the test powder.

2.3.4.2 MHF-5

A total of 42 runs involving 20 decontaminant soluticns
were mede with MHF-5. Many runs were analyzed four times in the
manner described for the -3 study. The powder deluges were
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omitted from this section of the investigation since the effec~
tiveness of these materials as decontaminants for MHF~3 was negli-
gibleél Tgezresults of the several runs involving MFF-5 are shown
in Table 2.2.

2.3.5 Analytical Procedure

The effectiveness of the test decontaminant wa:s calcu=
lated on the basis of the residual unreacted fuel present in the
spent liquor. One gram of NaHCO3 was added to an aliquot of the
spent liquor to buffer the solution at approximately pH 8. In
the Series B analyses, however, the aliquot was first neut=alized
with HC1 to pH 7.5 and then the one grem of NaHC03 was added.
According to Lundell and Hoffman (8), in iodine titration, the
alkalinity should be redured to avoid possible consumption of
iodine in the formation of hypoiodic acid. (~r results, however,
indicate that this was not a significant factor. For all samples
a measurcd excess of standard iodine solution was then added which
reacted with the residual fuel. The excess iodine was then deter~
mined by a standard sodium thiosulfate titration and the amount
of fuel neutralized was then calculated.

2.3.6 Economic Evaluation

An economic comparison was made of the four decontaminants
that showed the highest effectivenesg. Thic evaluation was based
on the estimated cost of decontaminatiug a 100 pound epill of mixed
hydrazine fuels. The cost reflects the lowest price of the decon- g
taminant on a ton basis as well as its effectiveness. The cost of i
water has not been considered in this evaluation since it is not i
only roughly equivalent for each decontaminant but is a”so relativee-
ly ingignificant. The relative costs are shown in Table 2.3.

2,37 Conclusions

The results of this investigation show that each of the
decontaminants tested behaved in a similar manner with both MHF-3
and MHF-5 and had approximately the same effectiveness with both
fuels. These conclusions therefore are similarly applicable to both
fuels. The only decontaminants that showed significant effectiveness
were 5% aqueous solutions of either H202, NaOCl, KMnO4, or K2Cr207.
More dilute solutions of these materials, when applied at the same
deluge ratio of 50:1, neutralized less of the fueg primarily be-
casue stoichiometric amounts of decontaminant were not present st
these concentrations. The 5%so’utions on the other hand provided
up to 50% excess of decontaminant at the applied ratio of 50:1.
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No doubt higher ratios of the more dilute solutions would show
increased effectiveness. In actual practice, the tremendous
quantities of water required to provide an excess of decontami-
nant when applied as a very dilute solution makes such concen-
trations less desirable.

Of the four oxidizers noted as effective decontaminants,
the 5% solution of H202 was the most acceptable. The permanganate
and dichromate solutions left a very large, messy solid residue
which would introduce severe cleanup problems. In addition, the
effectiveness of the dichromate was less thair that of the peroxide
for both fuels. The 5% sodium hypechlorite solution was not as
safe as the peroxide. In ome run the reaction was vigorous enocugh
to ignite the fuel vapors. The peroxide on the other hend had a
less vigorous observed reaction as well as a lower reaction tem-
perature.

Despite the fact that the hydrogen peroxide is not as
economical as the other effective decontaminants, we feel that it
best meets the other criteria for a decontaminant. We therefore
recommend a 5% aquecus solution of H202 as the decontaminant for
spills of mixed hydrazine fuels.
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Run

No.

A=l
A=3
B=1
B-~2
c-1
C~2
D~-1
D=2
E-1
E=2
F=1
F=2
G-1
G=2
G=-3
I-3
T~4
J=5
J=6
K~7
K-8
L-3
L~4
M=3
M~4
N~3
N=4
0-3
0=4
P=3
P~4
Q=3
04
R-3
R4
S-3
S=4
T~3
Tl
U-3
U=é;

tu—hw

TABLE, 2.1
MHE=-3 D
Decontaminant (1)gg Ratioc
Hp0 125:1
Hn0 125:1
5% NaCl 50:1
5% NaCl 50:1
5% NaHCOq 50:1
5% NaHCO3 50:1
5% NayCOy 50:1
5% NapCO3 50:1
5% H3§03 50:1
5% H3BO 50:1
NaHCOs Bowder 50:1
NaHCSy Powder 50:1
NajC03 Powder 50:1
Na5CO3 Powder 50:1
NajC0q Powder 15:1
1% HaUy 50:1
1% Ho0, 50:1
3% Hq07 50:1
3% H20, 50:1
5% Ho02 50:1
5% H20 50:1
1% Na0CL 50:1
17 NaOCl 50:1
37 NaOCl 50:1
3% NaOCl 50:1
5% NaOCl 50:1
5% NaOCl 50:1
17, NaClOg 50:1
1% NaCl04 50:1
3% NaCl0j 50:1
3% NaCl03 50:1
5% NaClO, 50:1
5% NaClo3 50:1
1% %04 50:1
1% KMnOg 50:1
3% KMnO, 50:1
3% KMnOy, 50:1
5% KMnOy 50:1,
5% KMnOy 50:1
1% KyCrg04 50:1
1% Kz(':rzo-; 50:1

TION
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Decontamination 3y
~(3)%erTes & Nierics B
Immagd. 30_min. Immed. 30 min.
0.0%

0.4%

0.4%

5.4%

4.0%

1.9%

1.0%

2.5%

4.0%

0.8%

6.2%

4.670

4,8%

3.5%

8.0%

30.2% 31.7% 32.67% 32.6%
31.3% X X X
72.6% 76.2% 49.47 81.1%
71.3% X X 86.5%
92.9% 84.7% 71.5% 84.3%
82.2% 83.6% 81.5% 86.5%
28.0% 27.3% 27.0% 27.4%
25.47% 28.6% 29 .5% 30.0%
60.87 58.7% 60.5% 57.6%
63.7% 64.0% 66.9% 67.7%
81.8% 82.1% 88.9% 85.67%
85.1% 85.0% 89.6% 87.8%
11.0% 10.4% 5.3% 5.9%
4.6% 4.2% 6.5% 7.1%

3.2% 2.9% 2.1% 2.3%

1.7% 6.5% 2.6% 7.1%

6.0% 6.5% 4.5% 5.4%

2.1% 6.0% 2.9% 6.1%
25.7% 25.9% 26.4% 25.6%
33.8%, X X X
57.0% 57.4% 57.0% 58.4%
57.0% X X X
81.6% 81.8% 84.4% 83.9%
82.8% X X X
25.9% 23.7% 26.8% 25.7%
25.6% X X X




L

T
_(3)§eries A
Immed. 30 min.

0.0%

0.47%

0.4%

5.4%

4.0%

1.91

1.0%

2.5%

4.0%

0.8%

6.2%

4.67%

4087‘

3.5%

8.0%

30.2% 31.7%
31.3% X
72.6% 76.2%
71.3% X
92.9% 84.7%
82.2% 83.6%
28.0% 27.3%
28.47% 28.6%
60.8% 58.7%
63.7% 64.0%
81.8% 82.1%
85.1% 85.0%
11.0% 10.4%
4.6% 4.2%
3.2% 2.9%
1.7% 6.5%
6-0% 605%
2.1% 6.0%
25.7% 25.9%
33.8% X
57.0% 57.4%
57.0% X
81.6% 81.87%
82.5% X
25.9% 23.7%
25.67 X

L

“ntom™L.dtion
il Ngeries B

Immed. 3C min.

32.6%
X
49.4%

71'5%
81.5%
27.0%
29 .5%
60.5%
66.9%
88.9%
89.6%
5.3%
6.5%
2.1%
2.6%
4.5%
2'9%
26.4%

57.0%
84.4%
26.8%

32.6%

81.1%
86.5%
84.3%
86.5%
30.0%
57.6%
67.7%
88.6%
87.8%
5.9%
7.1%
2.3%
7.1%
5.4%
6.1%
25.6%

58.4%
83.9%
25.7%

gemarks

No noticeable heat
Ne noticeable heat
No noticeable heat
No noticeable heat
Ne noticeable heat
No noticeable heat
No noticeable heat
No¢ noticeable heat
No noticeable heat
No noticeable heat
No noticeable heat
No noticeable heat
No noticeable heat
No noti:esable heat
No noticeable heat
noticeable, T = 27°C

Reaction
Reaction
Reaction
Reaction
Vigorous
Vigorous
Vigorous
Vigorous
Vigorous
Vigorous

Extremely vigorous,
Extremely vigorous,

noticeable, T
noticeable, T
noticeable, T

reaction,
reaction,
reaction,
reaction,
reaction,
reaction,

No noticeable heat
No noticeable heat
No noticeable heat
No noticeable heat
No noticeable heat
No noticeable heat

Vigorous
Vigorous
Vigorous
Vigorous

Extremely vigorous,
Extremely vigorous,
Reaction noticeable, T
Reaction noticeable, T

reaction,
reaction,
reaction,
reaction,

~
.1‘

or
or
or
or
or
or
or
or
or
or
or
or
or
or
or

00000
NN

e R R R R R e
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reaction
reaction
reaction
reaction
reaction
reaction
reaction
reaction
reaction
reaction
reaction
reaction
reaction
reaction
reaction

28°C
28°C
28°C
37°C
38°C
36°C
34°C
54°C
51°C
62°C,
= 66°C
reaction
reaction
reaction
reaction
reaction
reaction
= 34°C
36°C
53°C
52°C
64°C
64°C
30°C
31°C

B8 anunua
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Run
Nc.
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TABLE 2.1
CONTINUED

Decontamination (1)32 Ratio

V-3
V=4
W=3
W4
(1)

(2)
(3)

3% KaCry09 50:1
3% KoCr404 50:1
5% KyCrj0y 50:1
5% K,Cr,07 50:1

gm Ratio of decontaminant to MHF=-3.

Decontamination ,
-<3)Ser1

es A “3)Series'F
Immed. 30 min. Tmmed. 30
47 .47 47.7% 52.2% 5
50.8% X X
69.1% 70.0% 79.8% 7
70.4% X X

Reaction temperature was reported when it exceeded

a 5°C temperature rise.

Series A is based on analysis of the spent liquor
as initislly made up. In Series B, tne sample was
neutralized to pH 7.5 before analysis. Analyses
were made immediately after decc:tamination and

again 30 minutes later.
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Decontamination
"(S)Eerles .\ (3)Séiies B

) Tumed. 30 min. Immed. 30 min. (Z)Remarks
47.47, 47.7% 52.2% 51.6% Vigorous reaction, T = 36°C
50.87% X X X Vigorous reaction, T = 36°C
69.17 70.0% 79.8% 79.7% Vigorous reaction, T = 46°C
70.47% X X X vigorous reaction, T = 43°C

MHF"?»-

yrted when it exceeded

8 of the gpent liquor
ries B, the sampl~ was
analysis. Analyses
decontamination and

NTIAL
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TABLE 2.2
=5 DECONTAMINATION

Deccntamination
-<3)§er1es A (3)Ser1es 1

No. Decontaminant (l)gm Ratio Inmed. 30 min. Immed. 30 win.
AA-5 H,0 50:1 4.0% 3.6%

AA-6 H,0 50:1 3.0% X

BB-1 5% NaCl 50:1 4.37 4.2

BB-2 5% NaCl 50:1 3.9% X

cc-1 5% NaHCO3 50:1 3.9% 3.3%

CC=-2 5% NaHCO4 50:1 4.0% X

DD-]. 57o N82C03 50 . 1 5 . 37: 6 e 370

DD-2 5% Na,CO3 50:1 4.87% X

EE-1 5% H3§03 50:1 5.3% 5.3%

EE-2 5% H3BO3 50:1 4.6% X

11-1 1% Hy09 50:1 24.87% 25.2% 27.8% 27.1%
II-2 1% Hy09 50:1 30.0% X X X
JJ-1 3% Hy05 50:1 79.1% 78.8% 76.2% 75.9%
JJ-2 3% Hy0 50:1 75.9% X X X
KK-1 5% H209 50:1 83.1% 86.2% 771.6% 84.4%
KK~-2 5% Hp02 50:1 70.1% 78.1% 70.5% “8.7%
FX~-3 5% Ho0y 50:1 71.2% 62.2% 68.9% 62.7%
KK-4 5% H70 50:1 80.5% 72.9% 72.6% 73.7%
LL-1 1% NaOCl 50:1 21.0% 20.7% 20.2% 18.0%
LL-2 1% NaOCl 50:1 18.4% X X X
MM~1 3% NaOCl 50:1 46.2% 44.1% 48.4% 46.5%
MM-2 3% NaOCl 50:1 46.1% X X X
NN-1 5% NaOCl 50:1 75.4% 79.4% 79.0% 20.8%
NN-2 5% NaOCl 50:1 78.7% X X X
00-1 1% NaClO, 50:1 2.6% 4.3% 4.3% 6.0%
00-2 1% NaCl03 50:1 3.3% X X X
PP-1 I% NaCloj 50:1 7.3% 7.5% 6.9% 1.6%
PP-2 3% NaCloj 50:1 4.0% X X X
Q-1 5% NaClC, 50:1 4.0% 4.0% 4.0% 4.5%
QQ-2 5% NaClOj 50:1 4.3% X X X
RR-1 i% RMnO, 50:1 22.6% 23.6% 21.5% 22.0%
RR-2 1% KMnOg 50:1 24.2% X X X
§s-1 3T 0y, 50:1 53.5% 53.6% 55.0% 55.8%
$5-2 3% KMn0, 50:1 56.9% X X X
TT-1 5% KdnO4 50:1 81.0% 82.7% 85.0% 86.6%
TT-2 5% R0, 50:1 83.9% 84.5% 87.0% 87.7%
-2 17 K3Cra04 50:1 19.8% X 17.1% 19.0%
W-l 31 KaCrgo; 50:1 GALTE 45.6% 5.3 50,91
wW-2 3% K007 50:1  __ 45.4% X X X
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ey Decontamination (3)
“'Beries A \?/Teries b (2)
Iumed, 30_min. Immed. 30 _min. Remarks
4.0% 3.6% No noticeable heat or reaction
3.0% X No noticeable heat or reaction
4,3% 4.27% No noticeable heat or reaction
3.9% X No noticeable heat or reaction
3.9% 3.3% No noticeable heat or reaction
4.0% X No noticeable heat or reaction
5.3% 6.3% No noticeable heat or reaction
4.8% X No noticeabl: heat or reaction
5.3% 5.3% No noticeable heat or reaction
4,67 X No noticeable hzat or reaction
24.8% 25.2% 7.8% 27.1% Reaction noticeable, T = 28°C
30.0% X X X Reaction noticeable, T = 27°C
79.1% 78.8% 76.2% 75.9% Reaction noticeable, T = 31°C
75.9% X X X Reaction noticeable, T = 32°C
83.1% 86.2% 77.4% 84.47, Vigorous reaction, T = 54°C
70.1% 78.1% 70.5% 68.7% Vigorous reaction, T = 50°C
71.2% 62.2% 68.9% 62.7% Vigorous reaction, T = 44°C
80.5% 72.9% 72.6% 73.7% Vigorous reaction, T = 43°C
Z1.0% 20.7% 20.2% 18.0% Vigorous reaction, T = 34°C
18.4% X X X Vigorous reaction, T = 34°C
46.2% 44 .1% 48.4% 46.5% Vigorous reaction, T = 51°C
46.1% X X X Vigorous reaction, T = 51°C
75.4% 79.4% 79.0% 80.8% Extremely vigorous, T = 67°C
78.7% X X X Extremely vigorous, T = 69°C
2.6% 4.3% 4.3% 6.0% No noticeable heat or reaction
3.3% X X X No noticeable heat or reaction
7.3% 7.5% 65.9% 7.6% Ne noticeable heat or resction
4.0% X X X No noticeable neat or reaction
4.0% 4.0% 4,0% 4.5% No noticeable heat or reaction
4.3% X X X No noticeable heat or reaction
22.6% 23.6% 21.5% 22.0% Vigorous reaction, T = 34°C
24,2% X X X Vigorous reaction, T = 33°C
53.5% 53.6% 55.0% 55.8% Vigorous reaction, T = 53°C
56.9% X X X Vigorous reaction, T = 54°C
81.0% 82.7% 85.0% 86.6% Extremely vigorous, T = 64°C
83.9% 84.5% 87.0% 87.7% Extremely vigorous, T = 65°C
21.2% 21.6% X X Reaction noticeable, T = 30°C
19.8% X 17.1% 19.0% Reaction noticeable, T = 30°C
&4 .7% 45.4% 50.3% 50.9% Vigorous reaction, T = 36°C
45.4% X X X Vigorous reaction, T = 36°C




Run
No.

WW-1
WW=2

(1)
(2)

(3)

.~ initially made up.
neutralized to pH 7.5 before analysis.
were made immediately after decontamination, and
again 30 minutes later.
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Decontamination
W ~«35cTes A gy
- gm Ratio Immed. 30 min. Tmmed §
5% K20r207 50:1 63.3% 63.4% 69.h7%
5% KZCr207 50:1 63.67 63.3%2 68.07%

-
gm Ratio of decontaminant to MHF-3.

Reaction temperature was reported when it exceeded
a 5°C temperature rise.

Series A is based on analysis of the 3pent liquor
In Series B the sample was

counnwm
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-23) Decontaminaticn 3)
\V/8eries A ( Series B

tic Immed., 30 min. Tmmed. 30 min. (Z)Remarks
63.3% €3.4% 69.6% 69.7% Vigorous reaction, T = 42°C
63.6% 83.3% 68.0% 67.6% vigorous reaction, T = 43°C
to MHF-5.

eported when it exceeded

318 of the spent ligquor
Series B the sample was
vre analysis. Analyres
r decontamination, and
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E 2.3
FUELS DECONTAMINATION
Est. Cost Approximate Est. Cost to Decontami-
taminant Per Ton Esfectiveness nate 100 lbs. of Fuei
1) 5% KRG, $490(a) 84% 373
2) 5% RyCx 04 380(a) 69% 69
3) 5% H202 640(b) 7% 148
4) 5% NadCl 33(c) 83% 33

(4) Cost of one ton 100% basis, December 1965
{(b) Cost of one ton 70% H202, December 1965
{c) Cost of one ton 15% NaOCl, December 1965

Note: All costs take into consicdzration the relative effectiveness
of the decontaminants as applied at a 50:1 deluge to spill
ratic.
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SECTION 3
ALUMIZINE

3.1 PRACTICAL STUDY
3.1.1 Gepgral

Alumizine i3 & gelled fuel comsisting of aluminum,
hydrazine and an appropriate gelling agzemt. Alumizines can be
made up containing variocus percentagese of aluminum. The alumi-
num concentration csuses negligible changes in many of the
ghysical properties of the gelled material (1) which are almest

dentical to thcse of neat hydrazine. Examples are shown below:

dydrazine é;g%%%g%g_g%gh
Roiling Point °F Y estimated)

Freeziag Point °F \34:8
Flash Pcint °F 100 - 126 123
Vapor Preasure (psia) 0.2 at 68°F 0.27 at 77°F

The example given, alumizine 43% contains 43% aluminum.
Since these propevtiss remain virtually constant for all alumizines,
they all may be conslidered as similar to hydrazine in these re-
spects. Therefore, the same problems are presented for the decon-
taminatign of alumizine and hydrazine and the same techniques sre
suggested.

s-4.2  Decontamination

No specific instances of the decontamination of actual
spills of alumizine were found in the literature. EHowever, refer-
ences were made to techniques smd materiszls used to flush and
clesn equipmeut in which alumixine had been handled. 4 6 1/2%
sclution of hydroxyscetic seid had been used for the Titsn I as
e zleener and nevtrallzer. Other materizls used with varying degree
of success include 1% and 5% scluticas of (NH,)280,, Nay80; and
H%P04 {i). Reference hzz bsen made wherein tge 1 sybtem was
cleaned with caustic {Z}.

Hydrazine %z the tozic and highly flammable component of
alumizine. %herefors, techniquzs for combatting hydrazire spills
are considersd to bz sapplicable for alumizine. Hydrszine 18 flum-
mable in concenirations between 4.7 and 100% in air. Current
practice for hendilag spills i8 aiwost universaily, dilution with
water and subgequent chemical treatment with hypochiorites and
207 (3}. Water sprays have been effective in king down vapors
from sgilled hydrarine. It forms a hydrate vhich holds the water
has a lower vapor pressure asnd is less toxic than hydrazine itself.

Foams and dry chemicals have also been used successfully in extinguisgh-

ing hydrazine fires (3).
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3.1.3 Toxicity

The toxic component of alumizine is hydrazine. The
aluminum as such does not present any toxic hazard. Since the vapors
evolved from alumizine are entirelgohgdrazine and the vapor pres-
sures are virtually identical for bot alumizine and hydrazine, the
toxicities of the two materials must be considered as identical.

The toxicity of hydrazine has been considered elsewhere in this
report (Refer to Section 5). The threshold value for hydrazine which
has been adopted by the American Corference of Governmental Indug-
trial Rygienists is 1 ppm. Therefore, alumizine must be considered
to be a very toxic material and exposure to its vapors and physi-

cal contact must be agvoided.

3.2 eoretical Stud

Alumizine is a gel of hydrazine and aluminum. In order to
effectively neutralize a gelled propellant, the gel must first be
destroyed so that intimate contact between the propellant and de-
contaminant can be achieved. In the case at hand, after destroying
the gel, the problem reduces essentiglly to neutralizing NpHy.

Investigators examined a8 number of materials in their
gearch for a de-gelling agent. Neither salt water nor fresh water
readily dissolve the gel. A trichlorcethylsns £lush causes the gel
to harden. A caustic (NaOH) flush gives guud vesults on stainless
steel tanks, evolving large amounts of gas {(3). The mechanism of
this process is not described. However, the gas evolved is undoubted-
l¥ flagmable hydrogen. This unfortunately could rule out the use
of NaOH.

2 AL + 2 NaOH + 2 H0 —> 2 NaAlC2 + 3 H2
A COp gas purge reportedly breaks the gel and allows the

alunizum to settle (3). CO2 also reacts with hydrazine to form
the hydrazine salt of carbazic scid (4).

Cop + 2 WoH, > NyH4COOH"NoH,

A carbunated water flush was suggested as a possible means
of destroying the gel (3). This latter method appears to have par=-
ticular merit since the hydrate would be formed along with the hydra-
zine salt of carbazic acid.

NoHy + Hy0 => NoHg "H20
A H = "3-9 kilo. Calnl'ml.

Hydrazine reacts with various inorganic reagents to yield
salts, complexes, nitrogen, hydrogen, hydrogen azide, or ammonia
(5, 6, 7. 1In decont tion of toxic materials, the preferred
reaction products are salts, complexes or inert gas. H20, NaHCO3,
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{C0,=H;0), H4BO0q, Hy0, and K0, were found to be quite effec-
tiveé on spilis of neat hydrazine. Many other compounds and chem-
ical groups were considered but ruled out because of the nature of
the end products, availability, heat of reaction, cost, ete. (8).
Aqueous solutions of hydroxyacetic acid, (NH;)2S0; and NajS04 have
been used as flushes for alumizine.

3.2.1 Conclusgions

Since the decontamination of a gel present: a twn-fold
problem, breaking the gel and neutralizing the hyd: azine, decon-
teminants that have demonstrated either capability should be in-
vestigated. Therefore, materials such as H30-COy, NsOH, (NH4)2S0s
Na28y,, NaHCC3, H3B03, CHypOHCOOH, and dilute solutions of o dizers
warranted bench scsle investigation as alumizine decontaminants.

3.3 Experimental Study

A bench scale investigation was conducted to develop ade~
quate means of decontaminating spills of alumizine 33G. The nomi-
nal composition of alumizine 33G is: 33% sluminum, 66% hydrazine
and 1% carbopol 940, the gelling agent.

Since alumizine 33¢ is 1 gel, it was newesgary to firat
destroy the gel to more completely expose the spilled fuel tu the
decontaminant thereby permitting rapid and complete decontamination.
Therefore, a decontaminant fcr alumizine, as well ae for other gel-
led propeilants, must accomplish two purgoses ~» destroy tk> gel,
end neutralize the propellant. The finely divided aluminum in tue
alumizine presents no pgvticular problems, since it is nontoxic
and relatively non-flammable. The hydrazine, however, is both
toxic and higgly flammable. Therefore, the decontamination inves~
tigation was centered around the hydrazine and the residual alumi-
num was largely igncred.

Hydrazine is completely miscible with water. It is non-
combustible when diluted with wster to less tham 40% by volume.
Application of Aecontaminating agents in aqueous solutions would
not only reduce the fire hazacd but would scrub toxic hyarazine
vapors from the air. Therefore, all candidate 4agents were applicd
as dilute aqueous solutioms. —

Unfortunately, water alone does not break down the gel,
nor does it neutralize the fuel, so it is ineffective as a decon-
taminant per se. The materials crnsidered as decautaminants were
aelgcted on the basis of a prior literatuve search and theoretical
study.

CoNFIDENTIAL
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3.3.1  Appexatus

The low vapor pressur: of the alumizine at ambient
temperature precluded the necessity of a closed decontsminationm
set up. Therefore, & set gimilar to that for the MHF inves-
tigat (refer to Section 2) was used. A weighed amount of
fuel was placed in an Exhlenmeyer flask. The test solutiom
wes then added to the fuel by gravity flow through a glass de-
livery tube from a reservoir. HNo stirring was provided since
the tgnysical dispersion of the fuel would prevent observation
of the decontaminaent's effectiveness in bresking down the gel.

3.3.2  Materigls

The alumizine 334 was obtained from Aerojet-General,
Sscramento, Celifornis, Department 9630, The following materials
used as deccatdiuants were B & A, Reagent Grade or the highest

urity avaeilable: NaHCO4, NaCl, H3BO3, agrol,, Hy0y, X¥nOy,
0C1, NaOH (m/;.)%s;cﬁ, 2804, Naa()g, E35,90g, and HNO3. The
gi]r.ycolic acid obtained’ from B'& A was manu%actured by Eastman
ganic Chemicals Cat. No, T998, 70% Technical Grade. The car-
bonated water was made by saturating distilled water with COy gas.

3.3.3 edure

The procedure used in the sawpling and deluging of
almmizine was idemtical to that used on the mixed hydrazine
fuels (Section 2) with one excegtion. Alumi: tne, being a gel,
could not be ed from the weighing bottle to the Ehrlenmeyer
flask, Therefore, the transfer was made with a stainless steel
spatula. Sampl was done in a plastic glove bag to pz<vent
oxldation. In order to assure a quirtrtive tramsfer, the spatuila,
containing the sample om its tip, was placed in the flask and
réemained there while the decontaminant flowed onto the sample.
Thus, no portion of the sample was lost, and it was not necessary
to rinse the sample off the spatula. This avoided dilution of
the sample before decontamination was begun. The flask was
swirled to provide uniform contact with the fuel after the de-
contaminant had been added and the rate of gel breakdown had
been observed. When the reaction was completed, the spattla
was rinsed and removed.

Alumizine samples weighing approximately two grams wer.

used for all runs, Exact ssmple weights were taken to permit
accurate assessment of the decontaminant's effectiveneess,
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3.3.4 Exper al Data

The addition of the decontaminant to the fuel was care~
fully observed and the nature of the reaction noted. A close ob-

servation was made to see if the gel broke down, and the aluminum

released as a powder which settled on the bottom of the solution.
Evolution of gas, formation of a precipitate, and color change
in the solutiom were visual evidence that a reaction took place.

In addition, the reaction temperature of the solution was checked.

The reactions that appeared to be the most vigorous also showed
the greatest temperature rise,

A total of 21 runs was made involving 18 different de-
contaminants. These results are showm in Tab%é 3.1. Prelim-
inary runs were made on each of the candidate decontaminants

to primarily determine its approximate effectiveness in breaking
down the gel., However, thc residue was also analyzed to de-
termine effectiveness as a decontaminant, Those materials which
showed merit were rerun.

The majority of these test solutions were the same as
those tested on the mixed hydrazine fuels., These materials dis-
played approximately the same effectiveness in neutralizing the
alumizine as they had shown in neutralizinf the mixed hydrazine
fuels. However, several of these showed little effectiveness
in breaking down the gel.

3.3.5  Analytical Procedure

The effectiveness of the test decontaminant in neutral-
izing the fuel was calculated on the basis of the residual um-

reacted fuel present in the spent liquor. The procedure was iden-

tical to that described in connection with the mixed hy.Jdrazine fuels

(Section 2).

As shown in Table 3.1, the spent liquors from these runs

were analyzed four times. The first amalysis (Series A) was
always performed within 15 minutes of the completion of the rum,
and a second analysis 30 minutes after the firsc, This was to
determine whether the neuiralization reaction took place rapidly
or whether it proceeded slowly over an extended peried. er

analyses were run in which the pH was adjusted to pH 7.5 (Series B).

Again samples were analyzed within 15 minutes of rum cowpletion
and 30 minutes later.

3.3.6  Economic Evaluagtiop

Only thiee materials inn NaOCl and H30s, showed
sufficient effectiveness as décontglﬂnm teot o

ts to warrant an scomomic
eveluation. The iMn0; however, had an extremely vigorous reaction

and left a messy residue, In addition, the indicated effectiveness

CoNFIDENTIAL
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rating for this material is somewhat questionable. The re-
action of the _% NaOCl was alsc considered too vigorous to con-
sider this macter gl .8 a satisfactory decontaminant, On the
other hand, the peroxide appeared to be satisfactery in all
respects,

A comparison of the costs for these three materials to
decontaminate a 200 pound alumizine spill is shown in Table 3.2,
Degspite the apparar® economic advantage of the 5% KMnO; and the
3% NaOClL ar compared tc 5% H902, we feel that the peroxide is
sti.l to - nreferred. It should be noted that the economics
fc . the perc<ide improve with more dilute solutions. In this
evalua ion, all water costs have been omitted,

3.3.7 Concluv ions

The vesult. of this investigation show that of the 18
candidates. only six broke down the gel on contact. These were
5% NaidCO3, 5% NaCl, 3% NaOCL, 5% NaOH, 5% NaNO3, and 5% H207.
A breakdovn of the gel was also accomplished with 3% and 1% Hy0,,
vut the reaction of these dilute solutions was less rapid. e
3% peroxide took five minutes while the 17 solution took 10 minutes.
Of thcse compounds, the 57 HoOp and 3% H90p showed high effective~
ncss as decontarinant . for tﬁe hydrazine, Although 34 NaOCl did
destroy 46.1% ox the fuel, the reaction was considered too vigorous.
t was therefore decid:d not to attempt a run with 5% NaOCl.

The KMnC- d*d not completely break down the gel. On the
contrary the by-product material, Mn0O2, adhercd to the gel forming
a hard coating. 7Tt is felt that this cos! ing entrapped unneutral-
ized fuel and prevented further reaction, Since the amount of
neuiralization was based on the snalytic determination of un-
reacted NpHg, the entrapped materisl would not be detected, This
would give an erroneously high efficiepey for this material, In
addition, che Knnoé produced a very vigorous reaction, the temper-
atuce rising to 77°C., Therefore, from both standpoints, KMnO4 is
considercd tu be unsatir Jactory.

The oniy material which showed a high effectiveness to-
gether with no undesiix le reaction was hydrogen peroxide. We,

therefore, recommend dilute aqueous solutioas of HpOy as a decon-
taninent foar gp. 1l &f slumixine, ‘

GoFIDENTIAL
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TABLE 3.
UMI T
Decont nati
Series Series B
Run No. Decontaminant H(1) Immed. 30 Min. d. n.

! 1A Neat H,0 9.6% 21.5% 13.9% 13.9%2 13.3% G.B. incomplet
2A 5% 3 9.7 6.1 7.3 7.3 6.2 G.B. on contac
3A 5% NaCl 9.4 12.4 4.7 5.6 4.8 G.B. on contac
"‘A 5: 33303 8-6 508 5-3 6.2 5-8 G.BQ incomple
DA 2 u 4 3-4 4.4 4-5 500 4-5 G.B. imonple
6A 5% Glycolic Acid 3.8 13.0 8.7 8.9 8.9 G.B. incomplet
7A-1 5% Hp02 8.7 77.7 79.2 76.5 78.3 G.B. on conta
7B 3% Hy0, 8.6 69.7 71.2 68.2 71.5 G.B. after 5 o
7B-1 3% H0, 8.6 75.3 73.9 73.7 74.7 G.B., after 5 o
1'=1 1. H9O 8.6 32.4 32.6 21.7 33.2 G.B. after 10 .
8a 57 il 11.6 84.9  85.3 85.8  86.1 G.B. incomplet

adhered to &

| lua 5% Ni "H 12.1 2.3 6.6 5.0 5.8 G.B. on contac
| 11a 5% (N.})o80g 8.5 11.7 11.4 11.2 12.0 G.B. incomplet
12A 5% Na,. 04 9.4 1i.7 2.4 14.2 11.1 G.B. incomplet

134 CO9-Water 8.4 12.4 14.7 9.4 15.5 G.B. incoumplet

14A 5% Nai0 7.8 10.5 12.4 11.4 11.4 G.B. on contac

154 5% K2<-0g 7.5 22.7 23.8 22.6 23.0 G.B. incomplet]

161\ 51 m? 2-5 503 l&os 602 6-5 G-B' incomle

N~tes: Ox - ratic of decontaminant to alumizine was 50:1 for all rums.

(1) pH of rhe resultant solution after the decontaminant
was added to the fuel.

(2} Series A is based on analvsis of the spent liquor as
initially msade up. Analysis made immediately afterx
decontamii.ation and again 30 minutes later.

{3) U Series B, the sample was neutralized to pH 7.5
before snalysis. Analyses were made immediately after
de.outamination and again 30 minutes later.

(4) R=action temperature was reported when it exceeded a
5'7 temperature rise. G.B. represents gel breakdown.
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Decontaminati
Series B

30 Min. Irmmed. in. Remarks (4)

13.9% 13.9%2 13.3% G.B. incomplete. No noticeable heat or reaction.
7.3 7.3 5.2 G.8. on contact. No noticeable heat or reaction.
4.7 5.6 4.8 G.B. on contact. No noticeable heat or reaction
5.3 6.2 5.8 G.B. incomplete. No noticeable heat or reaction.
4.5 5.0 4.5 G.B. incomplete. HNo noticeable heat or reaction.
8.7 8.9 8.9 G.B. incomplete. No noticeable heat or reaction.

77.% 71.5 75.% G.B. on contact. Vigorous reaction, T = 35°C

79.2 76.5 78.3 G.B. on contact. Vigorous reaction, T = 33°C

71.2 68.2 71.5 G.B. after 5 alnutes. Vigorous reaction, T = 28°C

73.9 73.7 74.7 G.B. after 5 minutes. Vigorous reacticen, T = 29°C

28.2 27.4 28.5 G.B. afiter 10 minutes. Reaction noticeable.

32.6 21.7 33.2 G.B. after 10 minntes. Reaction noticeable.

85.3 85.8 8§6.1 G,B. incomplete. MnOp caked in gel. Hardened and

adhered to surface. T = 77°C. Extramely vigorous.

43.9 46.1 46.4 G.B. on contact. Very vigorous reaction, T = 35°C
6.6 5.0 5.8 G.B. on contact. Vigcrous reaction, T = 48°C

11.4 11.2 12.0 G.B. incomplete. No noticesble heat or resciios.

12.4 14.2 11.1 G.B. incomplete. No noticeable heat or veaction.

14.7 9.4 15.5 G.B. incomplete. No noticeable heat or rsaction.

12.4 11.4 11.% G.B. on contact. No noticeshle heat or reactiosn.

23.8 22.€ 23.0 G.B. incomplete. No noticeable heat or reaction.
4.8 6.2 6.5 G.B. incomplete. No noticeable heat or resctioen.

ine was 50:1 for all rums.

ar the decontaminant

the spent liquor as
: immediutely after
ites later.

ralized to pH 7.5
sde immediately after
ites later.

| when it exceeded a
1sents gel breakdown.
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TABLE 3,2
ALUMIZINE DECONTAMINATICN
ECONOMIC EVALUATION

Est, Cost Approx. Decontaminate
Decontaminant Per Ton Effect, 100 ibs, Puel
5% Hy0, $640 (a) 78% $149
3% 1,0, 540 (a) 712% 57 ;
1% 1,0, 840 (a) 30% 67 f

£ !

5% KMnO, 450 (b} 85% 72
3% NaGCi 33 {¢) 47% 35

{(a) Cost of one ton 70% H,0;, December 1965

2’
(t) Cost of one ton 100% Kxnoé, December 1965
{c) Cost o one ton 15% RaOCl, December 1965 |

NOTE: All costs tske into consideration the relative
effectiveness of the decontaminants as applied
at a 5C:1 deiluge to fuel ratio.

|
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SECTION 4

NITROGEN TETROXIDE

4.1 PRACTICAL STUDY

4.1.1 General

Nitrogen tetroxlide 18 a heavy, brown liquid melting at
-11.2°C and boiling at 21.15°C (1)(2). There is a temperature
éegendent equilibrium in the liquid between N,0, and NO,. At
27°C the ratio of N0, to NO, is & to 1 while“a 160°C fhe ratio
is 1 to 9. The color of nit¥ogen tetroxide fumes varies from
yellow t» readish-brown depending or. the equilibrium point.
Since NOg has unpaired electrons, it is paramagnetic, and there-
fore, colored (red=brown) while N20,, having only paired elec~-
trons, is dimagnetic and, therefore, colorless (1)(2)(3).

Nitrogen tetroxide is a powerful oxidant. While it is
not flammable, 1t does support combustion and is, in fact, a

bvpergolic compound. It is iInsensitive to shock, heat, or deton-
ation (4).

The low conductivity of nitrogen tetroxide is due to
its autolonization:

+ -
N204 —> N0~ + NO,4
Thus, it is a nonprotonic solvent with tke cation ot cors idered
the acid radical and the anion NO," considered the base (3)(5).
Some reactions are explained on tﬁe basis of this ionizing
characteristic:
[(Et)ZNHZ]CI + NyOy —> [(Et)ZNHZ]NO3 + NOCL (3)
N,0, reacts with water:
followed by 3HNO, —-> HNO, + 2NO + H,0 (3)
With metalc the following reaction occurs:
[M = Na, K, Zn, Ag, Pb, Hgl (5)
With salts, nitrates are formed: (5)

N204 + KC1 —> KNO3 + NOC1
N204 + Na0103 —_— NaN03 + N02 + C102

OONFIDENTIAL
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4.1.2 Decontamination

4.1.2.1 Literature Review

The procedures employed for handling nitrcgen tetroxide
spills are dependent on whether or not there is a resultant fire.

For simple spills the procedures are directed towards
minimizing the vaporization of nitrogen tetroxide. Sprays of
water or aqueous sclutions for scrubbing vapors from the air and
for preventing further liquid vaporization have been tested.
While several of the solutions have proven satisfactory, none
has offered any significant advantage over the use of the water
spray alone (6).

A recommended procedure for application of water by
spraying is to provide two sets of fog nozzles, the first set at
ground level with the spray pointed upward at a 45° angle and the
second set overhead with the spray pointed down (7). It is also
recommended that water application not be too fciceful to prevent
splashing and resulting boiloff of nitrogen tetroxide (8).

0f the solutions evaluatedg NaOH, NaHCO,, and H,0, were
satisfactory fer vapor scrubbing while NaOH and azoz-wer éffec-
tive for liquid retention (6).

Absorbants, powders, gellants, and thickeners proved in-
effective in controiling and decontaminating spills. Foams,
however, were highly effective with less than 17 of nitrogen
tetro?%ge vapor escaping through a 6 inch layer of foam in one
hour .

The controlled neutralization of N,04 may be accomplished
by using 2 immiscible liquids in contact wigh each other. The
bottom liquid, a completely halogenated hydrocarbon, is inert and
completely miscible with N,0,. The top liquid is an aqueous sol-
uticn of sodium. potassium, gr ammonium hyaroxide. The N,04 is
added to the bottom liquid which acts as a diluent. As the

N,0, diffuses through the interface, it is neutralized with the
uppér basic solution. Both liquids act as heat sinks for the

heat of reaction (13).

€ince nitrogen tetroxide is an oxidizer, spills with
fuel will result in fires or explosions. Other effects of this
strong oxidizing power of nitrogen tetroxide are explosions with
organic solvents and spontaneous ignition with paper, cloth,
wood, and other organic debris (8)%3)
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Water is again the best extinguishing ~gent for nitrogen
tetroxide fires, and, in fact, appears tc be the only recommended
agent. For N,0 -fuel fires about twice as much water is needed
as for an air-fuel fire. A 1l:1 dilution of Ny0O, with water will
prevent fire or explosion with a fuel of 50/56 ﬁZHA-UDMH (10).

In some cases there is a delayed detonation of N 04-N2H4
mixtures after the application of water. This is believed to
be the result of the formation of hydrazine nitrate and its sub-
sequent violent decomposition. The reaction would be:

N.H
e 24
Ny0, + Hy0 —> HNO, > N H(NO,) (11)

The table belcw gives figures on hydrazine concentra-
tions which are hypergolic ~t burn with nitrogen tetroxide (10).

% By Weight of N,H,

Hypergolic Burns with

Temperature, °F with Ny0, NoO,
80 60 60
140 55 45
205 -~ 35

4.1.2.2 Recummendations

Water is the recommended decontaminating agent for use
with N,0., for removing toxic vapors from the atmosphere, or
neutraiiging liquid spills. It is aleco the best extinguishing
agent for use against fircs caused by N,0, spills.

4.1.3 Toxicity

Nitrogen tetroxide is comsidered a very toxic compound.
Its MAC in air is 5 ppm as NO, (or 2.5 ppm as N,0,) (4). e
LDsg is 67 ppm for four hours”exposure and 138 Bpﬁ for 30 minutes
exposure. The initial symptoms are irritation of the eyes, nose
and throat which lead in mnre severe exposure to cyanosis and
?{g ?525 Pulmonary edema is the result of severe exposure (4)

Emergency Exposure Limits (EEL's) for toxic gases are
more meaningful and of greater importance than MAC's to rocket
personnel. At rocket test areas, missile ranges, etc., exposures
will generally be predictable, infrequent, and of short duration.
The current recognized short-term EEL's established by the Ameri-
can Industrial Hygiene Association for N,O, & as follows:
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Limits - ppm

Time (Minutes) As NO, As N,O,
> 35 17
15 25 12
30 20 10
60 10 5

Emergency tolerance values recently set by the National
Academy of Sciences, National Research Council Committee on
Toxicology at the request of the USAF are similar (15).

Liquid N,0, in contact with the skin causes severe buins
while vapor exposﬁre leads to erythema, burns and blisters (12).

In case the skin is expos=d to liquid or vapor N,0,, decontamin-

ation by immediate flushing of the exposed &aceas w&th copious

2¥Z§t1ties of water for a minimum of 15 minutes is recommended
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SECTION 5
HYDRAZINE

5.1 PRACTICAT, STUDY

5.1.1 General

Hydrazine is a colorless, hygroscopic liquid, freezing
at 1.8°C and boiling at 113.5°C. Its density is 1.9144 gm/ml
at 15°C (1). Hydrazine is a combustible compound, its limits of
coroustibility in air are 4.67 to 100% by voluae. Nitrogen,
helium, water vapor and heptane have a quenching effect on its
combustibility (g). The liquid is neither shock nor impact sensitive (2).

Hydrazine is a highly polar compound, completely misci-
ble in water and soluble in the lower alcohols, ammonia, and
amines (2). With water hydrazine hydrate is formed (1). This is
a colorless compound, fuming in moist air. Hydrazine has strong
reducing properties as shown in the reaction with dichromate:

+ - + ++
INH" 4 2Cr 0" + 13 —> 3N, + 4Cr" " + 14H,0 (2)

it is autoxidized in dilute and concentrated solutions with the
immediat. formation of hydrogen peroxide and then nitrogen and
water. Hydrazine is violently oxidized by the halogens:

( )++ Two series of salts are produced with acids--(N2H5)+ and
N,H .
276
1
H,N-NH, 2L (H,N-NH,)C1 and (H,N-NH,)CL, (1)(5)
SO
HZN-NH2 Eg——5> (HZN-NH3)2804 and (B3N-NR3)SO4 (L) (5)

2NH, "H, 50, (N,H,) "H,S0,
dihydrazine sulfate monohydrazine sulfate

Hydrazine nitrate is formed by the reaction of hydrazine
with ammonium nitrate (6). It burns rapidly in air and explodes
if heated in £ confined area. It is decomposed under vacuum at
200°C to oxides of nitrogen and by coucentrated sulfuric acid to
nitric oxide and nitrogen. In the fused state it reacts vigor-
ously with metals and burns with finely divided metals such as
zinc ané copper (2).
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Hydrazine's reactions with I, KIO3 (2) and HBroO, (7) are
utilized in analytical determinations® -

NZH4 + KIO3 + 2HC1 ——> KC1 + ICl + NZ + 3H20
3N2H4 + ZHBrO3 - 3N2 + 2HBr + 6H20
212 + N2H4 —> LHI + N2 (1) (4)

5.1.2 Decontamination

5.1.2.1 Literature Review

The procedures used in handling hydrazine spills are de-
pendent upon whether or not the material burns following the
spillage.

For nonburning spills the procedure is to minimize vapor-
ization and subsequent formation of flammable air-hydrazine mix-
tures. The wost recommended procedure ig to flush hydrazine with
water followed by neutralization with aqueous solutions of mater-
ials such as chlorine, hypochlorite, or peroxide (8). Another
possible disposal technique ia controlled burning. It is also
believed that a reaction occurs between hydrazine and chemicals
in the soil (8). This suggests that seepage into the ground is
not only permissable but may be beneficial.

Other reported decontamination procedures include the
use of aqueous solutions ro effect reaction, the use of solids
as suppressants, and the use of foams (8).

Exarples of the aqueous solutions tested are NaHCO,,
Hy0,, and RMn0;. While they are suitable decontaminants, their
e%fectiveness ?s no greater thzan water ailone for the removal of
NZHA vapors from the air.

Examples of satisfactory powders tested are CMC (type 7HS)
cellulose gum and Natrosol 250 hydroxyethyl cellulose (both from
Hercules Powder Cowmpany).

Foams also proved effective in containing hydrazine spills.
The results, however, show them to be merely an additional way of
applying water or aqueous solutions to the spill.

Those sp .ls which result in fire ar: subdivided into
air-hydrazine and oxidizer-hydrazine types. There are three pro-
cedures for fire extinguishment--water, foam, and dry powder (11).
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Water extinguishment is the best procedure for air ~hydra-
zine {ires. The nydrazine must be diluted to 50-607% by weight.
For oxidizer-supported fires about twice as much water is needed.
The table below gives figures on hydrazine concentrations which
are hypergolic with nitrogen tetroxide (1l).

% By Weight of N,H,

Hypergolic Burns with

Temperature, °F with N,O, NGy
80 60 60
140 55 45
295 -- a5

Water applied as a fog is not too effective for fighting fires due
to eveporation of the water.

Foams are, in effect, just gentle applicaticms of water
since the foams break under heat, forming a water layer on the
hydrazine. The maximum foam required is one that yields 0.1
gallon of water in the foam/sq. ft. of hydrezine spill.

The best dry powder extinguishers ave NaHCO4 and KHCO5.
Recommended applicatio. rate is 0.02 1bs/t2c./sq. ftT One dis>
advantage of their use is that reignition could occur if the
entire fuel surface is not covered. The above also appears to be
applicable to oxidizer fires (11).

Water, fog, and NaRCO, base extinguishers on large scale
fires should be used with caution because of the possibility of
back flashes and explosive ignition (12).

The use of halogenated compounds is not recommended for
fire extinguishment since there is evidence that hydrazine reacts
with such materials. CHyBrCl. for example, increases the fire
intensity and forms dense fumes (11). Hydrazine also reacts with
rust to form cowpounds succeptible tu explosive decomposition (13).

5.1.2.2 Recommendatiocns

Water is the decontaminant recommended for hydrazine
spilis. The contaminated aress and equipment should be flushed
with large quantities of water. The area should be ventilated
completely and thoroughly. If seepage and diffusion of the dilute
aquecus hydrazine into the soil cannot be tolerated, for instance
because of water tal>le problems, neutralization can be effected
using materials s.ch as hypochlorite or peroxide. Water extinguish-
ment is also recommended for air- or oxidizer-supported hydrazine
fires.
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5.1.3 Toxicity

The Maximum Allowable Concentvation (MAC) for hydrazine
vapors has been reported as 1 ppm. In the presence of vapors at
0.25 ppm of a hydrazine~UDMH mixture, this is decreased to 0.5
ppm (8, 14). i8 value may be excerded by a factor of 10 for
short term exposures (9). Pulmonary edema results from inhkala-

tion (14).

The LDgqg (internal dosage which will cause death in 50%
cf these so treaged) is variously repcrted as 64-75 mg/kg.
(milligrams of hydrazine per kilogram of body weight) (15, 16,
17). The pharmacological action is chiefly central nervous sys-
tem involvement (toxic and chronic convulsions) and vomiting (14,
15). There is also liver and kidney involvement. Protective
agents are argenine and ornithine {(16).
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SECTION 6
UNSYMMETRICAL DIMETHYLHYDRAZINE

6.1 PRACTICAL STUDY
6.1.1  General

UDMH is a clear, hygroscopic liquid, miscible in all pro-
portions with water and soluble in water, ethanol, and most petro-
leum fuels. It freezes at -61.6°F and boils at 145.4°F. The liq-
uid density is 49.6 lbs./cu. ft. and the vapor density is 2.07
(air = 1) (1). UDMH's spontaneous ignition temperature is 482°F
and its explosive limits in air are 2.5 to 957% by volume (1)(2).
Its temperature limits of flammability in air at 1 atmosphere are
5°F to 140°F. UDMH is thermally stable well above its boilin§
temperature and there is no explosive decomposition up to 112°F
at 0 psig or up to 939°F at 200 psig (1)(2).

UDMH is very insensitive to shock even at elevated temper-
atures. Admixture with metals or metal oxides commonly found in
storage systens resulted in no indication of an increase in shock
sensitivity. There may be some effect with Cu0 or Hg and further
investigation is suggested (2).

6.1.2 Decontamination

6.1.2.1 Literature Review

Any leakage of UDMH will result in a flammable air-UDMH
mixture when the temperature is in the range 5-140°F (3). As with
hydrazine spills the procedure is to minimize vaporization and
subsequent formation of the flammable air-UDMH mixtures. For non-
burning spills, the most widely recommended procedure is a water
deluge (3, 4, 5).

In addition to the water application, the possible use of
agueous solutions, foams, and solids as vapor suppressants and
fire preventatives have been evaluated. Aqueous solutions of
NalCO3, HqBO,, carbonated water, H,0p, NaOCl, and KMnO, were
effective”in"controlling vaporizat%on by dilution and #eaction with
UDMH. Foams also proved effective while adsorbent solids proved
ineffective (4). None of the above were significantly more effec-
tive than water alone.

UDMH §e1s regsent less of a hazard than does the liquid
fuel when spilled since the gelled material will not splash or
spread over a wide area. However, the gel requires the same safety
precautions since gelling does not reduce toxicity, vapor pressure
or reactivity (6).

It i8s recommended that UDMH be stored under an inert
nitrogen blanket to minimize the possibility of fires from the for-
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mation of flammable air-UDMH mixes. Since UDMH reacts with carbmn
dioxide to form a white solid, carbon dioxide is not recommended
as a blanket (7).

When a UDMH spill results in a fire, the extinguishing
procedure may vary depending on whether the fire is of the air-
UDMH or oxidizer-UDMH type.

Water is the best extinguisher for the air-fuel fire.
UDMH must be diluted to about 30-407% to extinquish the fire., A
larger volume of water is needed for UDMH than for hydirazing fires
since there is no stratification with an upper water layer /as with
hydrazine (3, 8, 9). A recommended water application rate is 0.8
g. .m%/s .(%. of fire with a total application of 2.5 gal. H,0/
gal. fue . /

Alcohol~type foams, consisting of 607 alcohol foam with
a 10:1 expansion ratio have also proved effective in fighting air-
UDMH fires. The recommended application is 0.25 gal. of liquid/
sq. ft. applied at a rate of 0.2 g.p.mJ/sq. ft. The quantity of
foam degends on the fuel depth and the mixing conditions of foam
and fuels (9).

Dry chemical powders, chiefly NaHCO3 and KHCO3, have
proved effective when applied to fires at the rate of 0.02 lbs./
sq. ft. x sec. The total application is 0.1 1bs./sq. ft. More of
the powder is needed than for hydrazire-air type fuels (9).

Trichlorotrifluorcethane (Genetron 113) has also been
found to be effective in fighting UDMH fires. Although reignition
may occur, the resulting fire will not be as intense. The com=-
goumd is believed to work through a combination of dilution and

lanketing plus the combustion retarding action of the halogens.
It is more effective than the water sprays but less effective than
NaHCO4 9).

There are two recommendations against the use of water
fog, CO2 or NaHCO3 extinguishers for large fires because of the
possible back-flash and explosive reignition (5, 8).

With oxidizer-UDMH fires, water is again the most recrn-
mended extinguishingrwgent providfng it does not react with the
specific oxidizer. ce as much water is needed for the oxidizer
type fires as for the air type fires (8, 9).

At 80°F, 60% by weight of UDMH in water is :igergolic
with nitrogen tetroxide while 30% by weight of UDMH 1
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still undergo combustion with nitrogen tetroxide (9).

While foams and dry powders may also be effective in
extinguishing oxidizer-fuel fires, there are no specific refer-
ances to their use.

6.1.2.2 Recommendations

Water is the decontaminant recommended fo- UDMH spills.
The cuntaminated arezs and eauinment should be flushed with large
quantities of water. The UDMH water solution can be neutralized
by treating with hypochlorites on hydrogen peroxide. Copious
water flushing is also recommended for personnel decontamination.
w§terisprays and fogs are recommended for removing UDMH vapor from
the air.

Air or oxidizer supported UDMH fires may best be extin-
quished by application of large amounts of water in the form of
a coarse spray.

6.1.3 Toxicity

The MAC for UDMH vapors has been tentatively set at 0.5
ppm (10, 11, 12). There is one reference which states that a
human could be exposed to 10 mg/day without harmful effects (13).
UDMH is a central nervous system irritant, the toxic effect being

tremors, convulsions,hemolytic anemia, and cardiovascular
collapse (10, 14).

The LDsg for UDMH has been reperted as 101 to 122 mg/kg
(15, 16, 17). 3gr1doxine hydrochloride and aminooxyacetic acid
are reported .to be protective agents (14, 15). For example,
the administration of 25 mg/kg. of pyridoxine raised the LDg
to 250 mg/k (17). Recommended dosages range from 25 mg/kg ?14,
17) to 50-200 mg/kg (15). The first sign of significant toxic-
ity is emesis. Therefore, the protective a ents should be ad-
ministered whenever nausea and/or vomiting occur (14).

There is one report of a human e-posure to liquid UDMH a
the skin and eyes with the subsequent inhalation of the vapors for
about one minute (18). The immediate effect was a burning sensa-
tion on the eyelids. Symptoms lasted about 24 hours while the
first degree burns on the eyelids, face and forearms cleared up
in about one week. The first-aid consisted of immediate washing
with :nter followed by flushing of the eyes with normal saline
soiution.
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Exposure to toxic propellants at rocket test sites and
launch areas will always be of short duration. Therefore, emer-
gency exgosuxe limits (EEL's) are of greater importance to rocket

personnel than MAC's. The American Industrial Hygier$~ Aagocia-
tion has set the following-EEL's rfor UDMH:
Time PPM
5 600
1 200
30 100
60 30
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SECTION 7
HYDROGEN

7.1 PRACTICAL STUDY
7.1.1 General

Liquid {drogen is a transparent, colorless, odorless
liquid with a boiling point of ~423.2°F (-25239 C). ’At its boll-
ing point, the liqu‘d gensity is 4.37 1b./ft.” and the gas den-
sitg is 0.083 1bs. /ft The gas density at 32°F is 0.0056 1bs./

Hydrogen's limits of flammability in air are 4 to 74.2% by
volume, while its autoignition t rature is 1075°F. The criti-
cal temperature and pressure awm -400°F and 12.8 atmospheres,
respectively (1, 2. 3). When liquid hydrogen is exposed to the
atmosphere, it forms a wnite, voluminous vapor cloud.

The hydrogen volecule is present in two forms-~-ortho
and para. This classification is based on the direction of the
spin of the nuclei in the molecule. The equilibrium which exists
between the two forms gradually shifts to parahydrogen as the gas
approaches liquefaction. (At room tengerature the equilibrium
composition is 75% orthohydrogen and 25% parszhy drogen while st
=423.2°F the equilibrium composition 1is 99 79% parahydrogen and
0.21% orthohydrogen) Since the conversion from ortho to para-
hydrogen is an exothermic one, the result heat causes addi-
tional evaporation of the liquid To minimize this loss, the
ortho form i8 converted to the para form prior to liquefaction
by the use of catalysts (1, 3).

Although 1iquid hydrogen is cheuicall{ stable, it reacts
violently with strong oxidizers, éfniting easily with axygen and
spontaneously with fluorine and ’chlorine trifluoride (3).

The effects of the low temperature of liquid hydrogen
on the properties of materials of construction are important.
Most ferrous metals and mild steels, for exangnc become brittle.
Metals suitable for use with liquid hydrogen lude stainless
steel (300 series or other austenitic series), copper, bronze,
brass, Monel and aluminum (1).

7.1.2  Deconteminstion

7.1.2.1 Literature Reviey

tbn procedures to be used following spills of liquid hy-
f‘n dependent on whether or not fires result. For minor
spill wich no ensuing fire, the liquid will vaporize rapidly.
Even for major spills the 1ikel of ignition is not as great
as vith other fuels. There i{s a slight possibility that spontan-
eous deflagration could occur. However, since this would require




a strong shock wave source, this possibility is rather remote (4, 5).

One recommended procedure is to provide, in areas where
spillage may occur, pavement with a high specific surface to aid
rapid dispersal by vaporization. Recommended surfaces include
gravel, asphalt, sand and loose soil (2).

The rapid vaporization of liquid hydrogen spills leads to
the formation of flammable hydrogen-air mixtures. However,
results, based on a large number of experimental spills, show
not only the absence of any detonations but also the absence of

any evidence of a tendency to detonate. These results also indicate

that both the duration of the fires anc the resultant radiation
flux dﬁzfity are less than that from fires of ordinary hydrocarbon
fuels (4).

Some work has been carried out on ignition and combustion
of hydrogen-asir mixtures. Ignition of liquid hydrogen in a Dewar
resulted in implosion and subsequent explosive vaporization of
1iquid hydrogen. Ignition of liquid hydrogen in a Dewar followed
by spillage resulted in a burst of flame and rapid burning until
all the liquid vaporized. Tgaition of hydrogen-air mixtures in
open spaces above a liquid spi!l caused rapid burning flames. It
was further determined that the flame dimensions were dependent on
the volume spilled, the rate of spilling, the nature of the
surface on ch spilled, the location of the ignition s=ource, and
vhen the ignition occurred (2).

Fires may be fought us the common extinguishing agents:
water, carbon dioxide, and steam (3). However, other references
do not recommend the use of water fog, steam, or nitrogen (4, 6).

Additional recommended fire fighting techmiques are:

a) On fires resulting from spills less than two inches
in depth the best procedure is to let the fire burm itself out
Using powder extinguishing agents will only increase the intensity
of the fire. Water sprays should be used to prevent the possible
spread of the fire.

b) For fires result from spills of larger than two
inch depth, the fire is ext shed by a combination of a hifh
expansion ratio mechanical foam containing nitrogcn or air fol-
lowed by lication of KHCO, sn the dry chemical. The nitrogen

3f 0.35 gal. of liquid per sq. ft. of

fosm is applied &t the rate

burn hydrogen per second, while the is ied at the
rate of 0.7 1bs./sq. ftxsec. At these ratds, &?{nﬁubent is
accomplished in five seconds. The fosm does not extinguish the

fire but reduces the flame volume so that applicable rates of KBCO,
are effective (6).
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When KHCO4 is used alone, the minimum reote of application
is 3 1bs./sq. £ft. X sec. to put out fires in Dewars or deep pools.
Carbon dioxfde will extinguish fires in Dewars and deep pools at
the minimm rate of application of 1 1b./sq. ft. x secc. Feither
compound is suitable alone for large spills because of the quanti-
ties regquired {6).

NaHCO, is not effective against hydrcgen firés even at
the vate of 44 7bs./sq. ft. = sec. ABC powder, a silicune treated
monoamponium phosphate, i3 aleo not effective. Vaporiring liquids
such as CFiBr, r-oved to be ineffective {6).

It was also noted L-at the rate of applicaticm of the
extinguishing agents was wmove important than the total ssowunt
applied. Fires were extinguished rapidliy at & given rate or they
were not extinguished at all (€).

hjggditional hgzards t§ ?e conzidered uigg the use of ¢
liquid hydrogen are the possibility of condens oxygen to form
shock sensitive mixtures ard thr possibillity of condensing " ce"
cryscals by exposure to air. These hazards cen be overcome

usingz an inert gas such as helium or nitrogen as & blanket {Zf.

On2 conclusion reached im the study of the hazards of
1liquid hydrogen was that certati additives (such as nitrogen!

metnane, and methyl chloride) ccnsiderably increased the

energy nccessary for a spherical detonation (6).

The major conclusion reached was that liquid hydrogen
is much safer to handle than msny other propellants. In uncon-
fined aress, even with air, it does not detonate. Radiation
effects from hydrogen fires are less than those from fires of
conventional hydrocarbon fuels. However, vapor ignition is quite
easy. Therefore, extreme care should be exercised in removing
all sources of ignition from areas where liquid hydrogen is
handled or stored (4).

7.1.2.2 Reconmendationg

On fires resulting from spills less than 2 inches in
depth, the hest procedure is to let the fire burn itself out.
¥2ter sprays are recommended to prevent the possible spread of the

re.

For fires resulting from spills of greater than 2 inch
depth, the fire is best extinguished by a combination of a high
expansion ratio mechsnical foam containing nitrog..a or air
followed by application of KHCO, as the dry chemical. The nitro-
gen foam i8s appiied at the rateof 0.35 gal. of liquid per sq. ft.
of burning h{dro en per second. The KHCO, is applied at the
ratc of 0.7 bs.?sq. ft. x sec. At these rates extinguishment is
accomplished in five s2conds.
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7.1.3  Toxicity

Hydrogen is not considered toxic in the usual sense.
However, inhaliation of concentrated hydrogen will cause snoxemia
and asphyxiation due to exclusion of oxygen (7).
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FLUORINE

8.1 PRACTICAL STUDY
8.1.1 General

Fluorine is a pale yellow gas which condenses to a
hewg (1.507 g/ml) amber-colored liquid at =306.5°F. It freezes
at ~363.3°°F. The critical temperature and pressure are -200°F
and 55 atmospheres respectively (1) (10). Combined fluorine is
widely distributed in nature, and according to recent estimates
accounts for about 0.065% by weight of the earth’s crust. Among
the elements it is about thirteenth in the order of abundance.

Fluorine reacts with practically all organic and inor-
ganic substances except metel fluorides in their highest valence
state, a few pure, completely fluorinated organic compounds, and
compact metals. It is the most powerful oxidizing agent known
releas high heats upcn reacting. Most reactions take place
with ignition (10). It combines with all of the elements and
even some of the noble gases. Fluorides of xenun, radon, and

ton have been prepared by direct combination with elemental
fluorine (3) (4). It reacts with all metals at elevated temper-
ature. Fortunately, the formation of stable fluoride coatings
on some metals, retards further attack and makes them satisfactory
for handling and storage (1) (10). Fluorine does not react with
helium or nitrogen, nor does it react directly with oxygen under
ordinary conditions. However, four oxygen fluorides are known (5).
Most organic materials, solvents, etc., react spontameously. Gen-
erally, the reaction of fluorine with organic compounds is violent.
Saturated hydrocarbons under controlled conditions react to give
perfluorocarbons (6).

8.1.2 Decontamination

8.1.2.1 Literature Review

The rcaction of fuel with liquid fluorine is so rapid
that attempts to extinguish the resulting fire asre futile. Fire
control here must be directed toward minimizing damage from secon-
dary fires. In any case, if possible, one should cut off the
supply of fluorine, eand make certain that the decontsmination
system has been activated. The recondary fire should be treated
as-simple fire (1) (2) (8).

Small quantity spills of liquid fluorine can be neu-

- tralized with sodium carbonate. Dry chemical-type fire ext sh=

ers are recommended for this. This material not only neutralizes
the fluorine, but assists in extinguishing secondary fires (1).
Large spills may bs decontaminated with water spray, water fog, or
sodium carbonate (7) (12).
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8.1.2.2 Recougendsiions

Small :gillages of liquid fluorine can be decontaminated
with powdered sodium carbonate. The dry powder should be sprayed
onto the contaminated area from a fluidized system similar to that
used with dry chemical fire extinguishers. Large spills cen be | -
controlled with water in the form of a fine spray or fog. The i
flucrine in the latter case is converted to hot light geses which '
rise vertically and diffuse quickly into the atmosphere. The

residual dilute aqueous HF may then in turn be neutralized with

sodium carbonate if seepage into the soil is undersirgble,

8.1.3  Toxicity

Fluorine gas and liquid fluorine are extremely corrosive
and irritsmt to skin tissue, Inhalation of minor concentrations
irritates the respiratory tract. Inhalstion of high concentra=-
tions results in severe lung congestion, A high concentration
can cause death in a few minutes, The victim should be moved to
fresh air, and %:lven oxygen immediately (1) (2) (8) (10). The

resent threshold limit value for fluorine publiished by the
rican Conference of Govermmental Hygienists is 0.1 ppm in air
for an eight hour work day, 40 hour week (2) (8) (9).

Machle reported, based on human case histories, that
intermittent exposure to concentrations of ten to 20 mg/cu m
caused no ill effects (11). Lyon published data which show that \
interimttent exposures to conceantrations u{ to 20 mg/cu m, for -
eriods of five to 30 minutea, cause no ill effects (1l1). Ricca .
fers that short term exposures to fluorine at 20mg/cu m for
five minutes would cause no irreparable respiratory damage to
humans, and that five O:;%/cu m for short single exposures should
be tolerable from a comfort standpoint (11).

i L
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9.1 ERACTICAL STUDY

“9.1.1  Gepexsl

Beryllizine is a gelled wuixture containing various
amounts of beryllium in hydrazine as the carrier. The term
is a generic one which does not designate the metal concentra-
tion or the stabilizing agents. The nominsl composition of
beryllizine, Hr use in combination with nit.ogen tetroxide as
the oxidizer, is 20% beryllium powder and 80% hydrazine (1).

Gelling agents such as Shawinigan Chemicals Co.,
Shawinigan Acetyline Black; Dow Chemical Co., DOW ET-435;
Hercules Powder any, CMC-7H; and Reynolds Metals Co.,
Reynolds 40XD are the wost effective in hydrazine formulatioas.
The addition of the ieutng agent is made at the expense of the
hydrazine concentration (1).

The density of metal powders and felling agents in a
liquid carrier can calculated if the volumes of the compon-
ents are assumed to be additive. The densities of properly
prepared samples are within 0.005 gm/cc. of the calculated
values. and dispersion must be conducted, in the
absence of contaminating gases, at the vapor greuure of the
liquid phase. When processed under a protective atmosphere

of nitrogen, the measuved densitie~ are less than the calcu-
lated values because of entrained gas. It is very difficult to
remove the gas from a poorly processed gel. The density of
beryllizine with a n al comggsition of 20% beryllium and 80%
hydrazine is 1.12 gm/cc. at 77°F. Its Brookfield viscosity
(spindle No. 4) at the same temperature is 7,000, 6,000 and

1,500 cps at 6, 12 and 60 RPM, respectively (1).

Since no true solute~solvent system exists, the vapor
ressure of the liquid phase in a gelled mecallized propellant
s not affected by the gel structure. The vapor pressure is

entirely temperature dependent. There ig however, a marked

reduction in the rate at which the equilibrium vapor pressure
is developed (1).

9.1.2  Decontsmipation

9.1.2.1 [Literatuxe Review
No specific references to dscontamination studies or
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to actual gpills of beryllizine were found in the literature.
Reference is made to the use of water to flush and clean eguip-'
ment after containing beryllizine (1). Since beryllizine is

a gel, it would seem necessary that any decontaminant must be
capabie first of destroying the gel in order to intimately con~
tact the components, hydrazine and beryllium.

Dilute aqueous Hy0, was found effective in destr0ﬁing
alumizine gels and neutralizing the hydragine. Therefore Hy0,
might be expected to act similarly with berylilizine. However,
in this latter case we still have the very toxic beryllium to
contend with. Since berylium and most of its compounds are
extremely toxic, it may be necessary in the case of a spill to
collect the waste material in a settling pond and treat the
residues as radioactive wastes (8).

The beryllium powder which is the more toxic compon-
ent of the fuel will be little affected by a deluge of a decon-
taminant solution which would neutralize the hydrazine. The
surface of the metal particles would be oxidized with a super-
ficial coating of oxide which would inhibit further reaction.
It is little affected by even 1 exposure in cold water. In
fact it is slowly converted to a hydroxide by boiling water
(9). It forms oxides when reacted with stesm (10). Beryllium
will react with acids and unlike other Group II metals, the
reaction is not viforous (10, 11). The reaction between a
caustic and beryllium is also different than the other Group
II metals in that a beryllate ion is formed (10).

Be + OH” + H,0 —> HBeO, + Hy
In both acid and alkali reactions, hydrogen 1is released.

1 hy?i: llzl.:lm wi.nl‘l. ﬁm midea gh;ich are 30%\:1)13 an;ln
easily olyzed. uor may repared by reactivg
the powder with hydrofluoric acid. Om tﬁe contrary the oxide
which is a verg stable compound is highly insoluble. Beryllium
hydroxide, Be(0H),, is precipitated from beryllium salt solu-
tions by hydroxidé'ions (12, 13). Although many beryllium com=
pounds can be formed (9, 10, 11, 12, 13) no compound has been
noted that can be considered completely non t .

9.1.2.2 Recommendations

The size of the beryllium particles is an importent
factor in its toxicity. It therefore ears that a chemical
treatment of the fine powder is warranted. The formation of a
soluble salt or a gelatinous precipitate would reduce the in-
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halation hazard produced by air-borne particulate matter.
However, it does not appear feasible that a decontaminant could
both safely neutralize the hydrazine and react completely with
Ehgibery}ll um. A two step decontamination process is thersfom
ndicated.

A spill of beryllizine should be cleaned wp as mich as
possible by mechanical means. The beryllium powder is ﬂml{
attached to the gel and therefore presents the minimal toxic t{
hazard. Deluging the spill on the contr would break the ge
and spread the fuel over a larger area (14). The effluent gas
from the hydrasine neutralization could conceivably c
along the micron sigzed beryllium particles, increasing the
attendant hazard.

Therefore we conclude that a spill of beryllizine
should not be deluged but should be coliected. The residual
fual should be flushed to a sut.or waste pond where hydrazine
neutralization can be accomplished and the beryllium converted
to less haszardous compounds such as the oxide or hydroxide
prior to ultimate disposal. Disposal of these beryllium salts
can be accomplished by the met used for radiocactive waste
disposal (8) or by controlled release into the ground (14).

9.1.3  Toxlcity

Both ¢ ts of beryllizine, beryllium and hydra-
zgine, are extrmg{n_toxic. The toxicit:i ofrzyduzmo is
covered elsewhere this report and will not be repeated here
(for details see Section 5).

Beryllium and most of its compounds are extremely
toxic. In fact, beryllium is the most toxic of all the netals.
Its threshold value is 2 microgramscu meter (2, 3), with a
maximum daily peak of 25 micrograms/cu meter (4).

Hazard from contact with the skin is minor except in
the case of pre-axisting open wounds. The greatest danger is
from finely divided beryllium r. Most illnesses have
resulted from the inhslation of dust or fumes of beryllium com=
pounds causing acute inflammatory lesions of the eye, skin,
and respiratory tract (4).

All salts of beryllium are toxic. Soluble salts tend
to present a similar tude of hasard regardless of prepar-
ation technique whereas the toxicity of insoluble salts is de-
pendent upon the formation temperature. Be0O2 for exsmple when
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formed at low temperature is hishlg toxic. Howaver, Be0O; cal-
cined at high t ratures, above 2800°F, ir less toxic. The
difference to cit{ntl Pelieved to be due to the lower sur-
face area of the calcined material (3, 5, 135).

Acute pneumonitis has been produced by the inhalation
of the metal, as well as its oxide, sulphate, fluoride,
chloride, and hydroxide (3). This pmmonitil may be rapid or
delayed aqnndi.ng on the magnitude and duration of the exposure.

A beryllium ulcer can result from the contamination of
a pre-exist sbrasion, laceration, or puncture wound. Such
an ulcer is slow-healing and painful.

The manifestations of beryllium poisoning are usually
insidious (4). The poison reaches the circulation siowly, and
deposits remain in body tiasuee for many years after exposure.
Beryllium has been detected in urine as long as ten years
after exposure (6).

I«sgroxiutcly 15% of the acute cases of 11ium
poisoning die within the third or fourth week, and rest
recover within four months. Chronic symptoms may occur within
a few wonths or to 10 years after exposure and continue in-
definitely. In 33% of the cases in vhich chronic symptoms
develop, the results are fatal (7). E. Browning (16) is sug-
gested as an additional reference for information on the toxi-
city of beryllium.

All beryllium wastes are sealed in a drum and disposed

of t a certified contractor who treats them as radicactive
wastes (8).
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SECTION 10
LIGHT METAL HYDRIDES

10.1 PRACT1CAL STUDY
10.1.1 General

Light metal hydrides are being evaluated as fuel additives
for rocket propellants. The addition of hydrides generally result
in an improvement in both the specific and density imgulses for the
particular propellant system. Our investigation has been limited
to those hydrides which are presently receiving the most considera-
tion in progellant systems. These materials are lithium hydride
(LiH), beryllium hydride (BeHp), and aluminum hydride (AlHj).

In practice the metal hydrides are generally used in con-
junction with a liquid fuel as a gelled Eropellant or as an ingred-
ient in solid propellants. In view of the very many propellants
with which they can be used, this discussion will be limited to the
treat aent of tﬁe hydrides per se rather than the decontamination of
the associated liquid or solid fuels.

10.2 LITHIUM HYDRIDE
10.2.1 General

Lithium thride is an ionic type compound where the hydro-
gen is present as the negatively charged ion. It is a white or gray
crystalline solid with a structure similar to NaCl. The melting
oint is approximately 680°C with a dissociation pressure equal to

7 mm. Other dissoclation pressures are 0.07 mm at 500°C and 760 mm
at approximately 850°C. LiH has a density of 0.76 to 0.8 gram/cc.
The heat of formation is approximately 22 Kcal/mole (1).

10.2.2  Decontamination

10.2.2.1 Literature Seaxch

In massive form LiH reacts fairly briskly with a large
excess of water without ignition. The reaction produces a hydroxide
together with the evolution of hydrogen: X

LiRn +>820 —> LiOH + H,

However, the addition of a small amoun’ of water to a sizable smount
of fineiy divided material results in the retion of sufficient
heat to ignite the mass of hydride (1). Lithium hydride is stable
in air or oxygen at ambient temperatures but will slowly decom-
pose in moist air. In fact very finely powdered LiH has been
observed to ignite apontunaouslik;ytn exposed to very humid air (1).
It has also been repciied that will react with water but will

not generally ignite (2).
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LiH has a limited solubility in polax oganic solvents
such as dioxane and diethyl ether. However, the flammability of
these solvents alone rule them out as possible materials for decon-
taminating LiH spilla. LiH ie reported to be less reactive chemi-
cally than other alkali ides except in an orgzanic solvent
mediun {(3). Therefore, tne possibility of chemical decontaminstion
iz not eucouraging. In addition, many reactions that do occur

take place in an organic sclutiom or with materials which are
themselves highly hazardous. For example, the reaction between
LiH and an inorgsnic halide may be represented by the following
equation: :

Lil + MX —> MH + LiX

Since both the reactaant and resultant product would be similarly
hazardous, this type of reaction is not a practical decontsmination

approach.

One of the greatest hazards of powcered LiH is its high
flammability. As previously stated it may be ignited gui.te readily
even by moisture in the air. In controlling a spill of this
material therefore the possibility of combating a LiH fire must be
considered. The usual fire extinguishants such 2s water, and
CCl; (or other chlorinated hydrocarbons) must be avoided. se
materials will be reduced by the LiH in an extremsly exothermiec
reaction (1). In fact, such extinguishants wmay cause violent and
destructure explosions (2). Small fires may be smothered with an
inert gas such as Ny (1), but this is not practical for Llarge spills.
Smothering with ground dolomite or Ansul Metal-X is suggeated
(2) for large spills.

10.2.2.2 Recommendationg

Spills of LiH should be deluged with an inexrt powder such
as ground dolomite followed by removal of the material to a
disposal area. There it cam adequately disposed of
(2). 1In the event that the spill ignites, the fire should be extin-
guished with ground dclomite or Ansul Metal-X end the residuwe dis-
Eosed of as previously described. Although small spills of LiR can
e disposed of by dropping small portioms in a large volume of
water (1), the impracticability of neutralizing a large spill in
this manner is obvious. We therefore recommend that aqueous deluges
be :vﬁg:d and LiH spills be deluged with a dry ground powder such
as do te.

10.2.3  Toxicity

Lithium hydride Is not volatile and therefore does not present
a serious internal toxicological problem. LiH, as well as other
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hydrides, is toxic only to the extent that the parent metal is
toxic (2}. Lithium itself or its salts present no hazard but
lithivm hydride is an intensely corrosive and irritant material,
which in concentrations d be Lotentiany hazardous to
workers inhaling it (4). However, LiE ig a strong reducing and
dehydrating agent. Therefore, it will reect with moistu.re and

the reaction products are trritat and corrosive to skin and

body tissue. The dust is quite tating to the membranes of the
nose and throat. Im the event that LiH contacts the skin, it should
be flooded off with large volumes of rumning water (1). the toxic
effects of LiH have been cbserved from animal experiments. Although
concentrations of 10 mg per cu.m. attacked fur and skin, and irri-
tated the eyes and mucous membrane of test animals, the lesions

were similar to thermal burns. The injuries were what could be
expected from a strong alkali rather t to any specific action

of lithium. Animals exposed for one week to concentrations of 5 mg
per cu.m. (&4 hours daily) showed emphysema in the lungs of some
animals. However, mortality was low and exsmination 5 months after
exposure showed no lesions in any organ attributasble to lithium
hydride. It was concluded that working atmospheres containing

25 micrograms per cu.m. would constitute no toxic hazard (5).

10.3  BERYLLIUM HYDRIDE

10.3.1 Ggneral

Beryllimm hydride is a white to gray amorphous powder
couprised of polymerized molecules held together by hydrogen bridge
bording. The formula may therefore be represemted as (BeH2)x.

The heat of formation (25°C) is =4.53:1.0 Kcal/gream formula weight
(13). The reported density is 0.6410.02 gms/cc (13). However
several investigators are attempting to synthesize BeH, at a higher
density. Rocketdyne has achieved a demnsity of 0.77 gu;cc (14).
The thermal stability of BeH; is lower than LiH but greater t

AlH,. Initisl dec sition occurs at 215-225°C and becomes fairly
rapid" between 235-250°C (13). Reaction Motors reports (6,10) that
the decomposition rate at 70°C corresponds to approx:l.matel'.{ 1% per
year. The decomposition rate is dependent upon particle size, the
smaller material having a higher rate. Like LiH, BeH; is a stroung

reducing agent.

10.3.2  Decontamination

10.3.2.1 Literature Sesrch
Beryllium hydride does not react in air or dry oxygen at

ambient temperature (1,3,13). It is insoluble in all coumon sol-~

vents with which it does not react (13). It reacts rapidly with
hydragine and ammonia (10,11,13). The reaction is as follows:
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BeH, + NoH, —> Beli;H, + i, (11)
or

BeH, reacts slowly with MMH, UDMH, and H,0, (13) and shows no
r‘ea%ticm with heptane or JP-4 (105.

Unlike LiH, BeHy is repoxted to be compatible with water.
As received it is reported to be compatible with a water-heptame
emision (6). Reaction Motors investigated the water compatibility
of several samples of BeHy obtained from different lots. ' They
found that reaction occurred after an induction period ranging froam
500 to 2100 hours. The lowest induction period was reported for &
BeHs sample which had been ball milled to produce very fine paxti-
cles (7). The reaction initiation was noted by slight pressure
rise. In no case could the reaction be considered vigorous. The
stabilizgnof BeHy in water was further established by Reaction
Motors subjected BeH)~water slurries to a Trauzi block test
and found it didn't detonate (1). It should be noted that several
older references were found (1,3) which stated that BeHy and H,0
react vigorously. This result was undoubtedly due to impurities
pregent in the BeHj. Such contaminants are not present in the
material presently produced for propellant usage.

Some of the other reported reactions of BeH, are a5
follows:

With F, as an oxidizer,
With 02 as an oxidizer,
2Beﬂﬁ + 02 ~— 2Be0 +-2§2 (15)
With water, £
:
2Bel, + 3H,0 ——> BeOBe(OH), + 41, i S
&
heat of reaction is <11l Rcal/mole (15) !
10.3.2.2 Recommendations
Since BeH, appears to be compatible with water
solutions of deconggminnntc appear tguge feasible for tr;atzgz
spills. BeH, is being considered for propellant use as a compon-
ent of gels Gf materials such as MMH or . Assuming a spill of
such a fuel, a dilute aqueous solution of hydrogen peroxide would

adequately neutralize the modified hydrazine comgg:ent and still
not cause a violent reaction with the hydride. residual hydride
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can then be flushed to a sump or waste pond where it would slowly
decompose. The residual oxide or hydroxide could then be disposed
of in the same mermer ae radivactive wastes are handled or slowly
disposed of in the ground. Spills of the powdered BeH, can be
dispoged of in a similar manner. In this case, decomp8sition could
be hastened by the addition of dilute ammonia which would react with
the hydride releasing hydrogen.

10.3.3 Toxicit

Finely divided beryllium and beryllium compounds are
extremely toxic. The hydride being a strong reducing agent possi-
bly presents an additionel hazard. Dow has conducted toxicity
investigations of various beryllium compounds including the hydride.
Two studies (12) involved intratracheal injection of rats with BeH;.
Ore study showed that the wmortality rate for this group of rats
was much higher than in any other group of rats similarly treated
with other beryllium-containing materisls. In general the injec-
tions caused acute chemicel pneumonitis and resulted in death in
many cases.

The A.E.C. has set up standards for airbgrne beryllium
dusts. The gllowable limit is 2 micrograms per m° as an average
over an 8 hour day. This is also the threshold limit value for
beryllium adopted at the Annual Meeting of the American Conference
of Governmental Industrial Hygienists, 1965. On the basis of the
Dow tests, BeH, is at least as toxic as beryllium and possibly
even more hazardous.

10.4 ALUMINUM HYDRIDE

10.4.1 General

Aluminum hydride is being evaluated as an additive for
both solid and liquid propellants. It is less thermally stable than
either lithi.m or beryllium hydride, but considerable research is
being expended toward improving this property. As a result of this
cont research, the literature ds with conflict state-
ments since the hydrides referred to are oftem not identical. The
All3 has often been treatad to improve stability.

Aluninum hydride originally was x ed to be a hi
x:lymrindﬂ-c d having te general fommrmla of (AlH3)g. %:y
Hq molecuies being held togsthexr by hy(’:mn bridge boni:l.ng
(1,3). It has since been determined that in many distinct
crystal structures can be isolated depending gn the gs ation
techniques. Scwe of these crystals have been identified by Dow and
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Olin Mathieson and are referred to in the field by number. Com-
parison of Dow and Olin Mathieson nomenclature for the most pre-
valent crystal forms is as follows (16):

Dow 1444 - Olane 57
Dow 1451 - Olane 58
Dow 1433 - Olane 60
Dow 1443 - Olane 62

Other crystal forms are known as well as etherated and amorphous

forms. However, the most stable form and most highly desired is

Olane 58 - Dow 1451 (16). This report therefore will be

limited to an evaluation of this particular form of AlHa. Olane

58 is a crystalline solid with a specific gravity at 25°" of 1.45
to 1.53. It has no melting point as such, since it decompo ses on
heating. It also decomposes in water and in alcohol. The auto-

ignition temperature is >300°C (16).

10.4.2 Decontamination

10.4.2.1 Ljterature Search

AlH, (Olane 58) is a flammable white powder stable in
dry air at rogm temperature. Above 120°C it decomposes releasing
hydrogen. It will also decompose in the presence of moisture
forming hydrogen which may ignite because of the heat evolved (16).
The’reactions with air (oxygen) and water are as follows:

GAlH, + 30, —> 2A1,0, + 68, (17)
AlH, + 30,0 —> AL(OH), + 38, (17)

The hydrolysis rate is affected by surface area or particle size
and pH. e rate increases with pH.

0lin Mathieson (16) re‘gorta that equipment contaminated
with AlHq should be washed with keronene witk provision for hydro-
gen venting and purging with nitrogen. The kerosene waste is then
removed from the area for disposal. The kerogsene wash iz then
followed with a water rinse followed by a 1-2% caustic-water wash
and subsequent rinsings.

The practicality of this method for combatting a large
spill in the air is questionable. The flammebility of kero-
sene would in itgself present a hasard. On the other hand, it has
been re d (18% that the reaction between water and pro-
gnda slowly, at 25°C it was spproximately 50% completed er

hours.

o
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There is also a possibility that a spill of AlH, may
ignite. A fire should be smothered with powdered umestoae oz
Metal-X ext shers. CO, or dry chemical extinguishers are not
to be used. smothered"residue can then be mechanically removed
to another area for waste disposal. Disposal can be accomplished
by burning (16).

10.4.2.2 Recommendations -

A spill of AlH, can be handled in several ways. A water
deluge, although releas hydrogen, does not appear to present
any undue hazard. If the spillisinan area where it can burn with-
out presenting a hazard to adjacent areas, b is an effective
method of disposal. Deluging a spill with an inert powder such as
limestone renders the material less susceptible to ignition. The
AlH; thus diluted can be safely removed to a disposal area.

10.4.3  Togicity

Aluminum hydride cannot be considered a highly toxic ma-
terial. The residue after hydrolysis is a caustic sclid. Contact
with the skin will therefore produce caustic type burns and waid R B
require similar treatment. Particles of AlH, should be brushed off o
impediately and the affected area doused witR lerge volumes of o
water (16). Dow (19) has conducted toxicity studies on AlHj and
determined that it has a low acute oral toxicity and should presemt '
no ingestion problem. Eye contact investigations showed it to be .
an irritant producing sli%ht conjuntivitis which subsided in 24 . 3
turs. AlH3 was also applied to the skins of animals and the tests 3
indicated that it would not produce appreciable skin irritation.

lel ge?zral AlHy can be safely handled using reasonable care and
cleanliness.
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