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EXECUTIVE SUMMARY

he goal of the preliminary problem of definition study on propellant-
related compounds was to assess the Ariy's responsibility for conducting
additional toxicological and environmental evaluations on these compounds,
The specific propellant~related compounds evaluated during this program were

- ethyl centralite
= diphenylamine
- diethyleneglycol dinitrate
= 2-nitrodiphenylamine
= N-nitrosodiphenylamine
- the phthalate esters (diethyl,-dibutyl-and diethylhexyl-)
' - triacetin . i
- lead salicylate -
- lead stearate e i
ot e e lgad. T@EQYCYLALE o e T
]
q;iln order to assess the Army's responsibility for conducting further studies 7
on these compounds, the civilian and military production, usage and pollution 1
of each compound were comparatively evaluated. A preliminary overview of
the toxicological and environment hazards was also made. recommendations
for each compound are summarized in Table S-1, The resultd\and recommenda-
tions are summarized below,

Ethyl Centralite

Ethyl centralite is a stabilizer used in snlid propellant formulation
in percentages from 0.02 to 6,5X. Current consumption of the chemical at N
Radford AAP is 372,000 1b/year. Discharges of ethyl centralite into the
New River ar~ estimated at 300 to 530 lb/month at current operation levels.
At full mobiiization, 1.8 million lb/year would be used by Radford AAP alone.
Discharges up to 2500 lb/month could occur. _

At the present time there are no producers of ethyl centralite in the i
United States, There is one manufacturing facility for ethyl centralite in '
the United Stares, however; it is currently not operational. The gupplies
of ethyl centralite are obtained from French or German sources,

Only one mammalian toxicity study on ethyl centralite was uncovered !
during this preliminary overview, These researchers found an intraperitoneal :
LD50 of 200 mg/kg for mice. In an aquatic toxlcity study with salmon, ethyl '
centralite was shown to be extremely toxic to aquatic life. )

i
l
Thus, ethyl centralite is a compound that 1s unique to propellant }
10 manufacturing. Since the military is one of the main formulators of pro- i
bl pellants, ethyl centralite can be considered a military unique chemical. |
Therefore, it is recommended that the Army initiate the following studies to {
further evaluate the toxicological and environmental hazards of ethyl !
centralite: !
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- a Phase 11 detailed literature evaluation

‘- analysis of sediment and biota samples from Radford AAP

- aquatic toxicity studies if the literature evaluation
reveals the need for more information

Dighehylamine

Diphenylamine is used in single base solid propellant formulations
produced by the solvent process at Radford, Sunflower, Badger and Indiana
Army Ammunition Plants (AAP). It is present in the propellants in amounts
ranging from 0.5 to 1.7%. Current use of diphenylamine at Radford AAP is
120,000 1b/vear. At full mobilization, 1,284,000 lb/vear of diphenylamine
would be formulated into propellants at Radford AAP. Estimated discharges
of diphenylamine into the New River are betwéen 1600 and 2650 1lb/month at
full mobilization. 1If all four propellant plants were utilizing this
chemical at approximately the same full mobilization rate, the Army would
need 5,136 million 1lb of diphenylamine per year,

Diphenylamine is used in the civilian community as an intermediate for
a variety of dves and as an antioxidant for rubber. 1In 1974 civilian pro-
duction of this compound was 39.9 million 1lb/vear. This production rate
will increase as the dye and rubber market grows and as planned new diphenyl-
amine production facilities become operational.

Diphenylamine is moderately toxic to mammals in acute doses. The major
problem of chronic exposure to this chemical is the presence of 4-amino-
biphenyl as an impurity. The presence of this carcinogen has overshadowed
some of the results of chronic exposure studies with diphenvlamine.

Diphenylamine is highly toxic to aquatic organisms with 48 hour LC50
ranging from 0.35 to 3.2 ppm. Microorganisms are able to produce nitrosamine
from nitrate and diphenylamine. These compounds can be further degraded.
However, their effect on the environment has not been resolved.

Diphenylamine is not a military unique chemical. The current Army use
rate of this chemical is only 0.02% of the 1974 civilian production. At
full mobilization, the Army's needs could increase to 13% of the 1974 pro-
duction. Sufficient information is not available to assess the civilian
pollution of this chemical., The pollution of this chemical resulting from
current propellant manufacture at Radford AAP is estimated at 1800 to 3000
1b/year. This uischarge is probably ~5% of that from civilian production
and use, Therefore, the Army's responsibility for further research on this
chemical is questionable. iHowever, due to the high aquatic toxicity of
diphenylamine, very low levels (12ppb) have been suggested for protection
of aquatic organisms. If this suggested level is adopted, the Army may not
be able to meet the effluent standard. Therefore, it is recommended that
the following studies be undertaken

- Sampling and analysis at Radford be performed to determine the
quantity of the compound entering the New River

Best Available Con



-~ A llterature evaluation of the fate of this chemical in the
ecosvstem and in proposed treatment facilities

- Depending on the results of the literature evaluation, experi-
mental studies on the fate of this compound may be necessary.

Diethvleneglveol Dinitrate

Diethyleneglvcol dinftrate 1s used exclusivelv as a high energy plas-
ticizer for propellants. Current U. S. production capacity is 25,000 1lb/vear.
The only Army use of this chemical in the past several vears has been three
55 gallon drums. This material was produced and used at RAAP for .ormulation
of M=37 propellant.

Due to the limited use of diethvleneglvcol dindtrate by the Army, tlis
compound should be a low prioricy for further evaluation by the Army. However,
if future plans call for large production of M=37, then a detailed evaluation
of the toxicological and environmental hazards of this compound would be
warvanted.,

d 2-Nitrodiphenvliamine

d-nitrodiphenylamine is widely used as a stabilizer in double~base
solid propellant formulations. [t is found in the formulations in concens-
trations of 0.9 te 3.0%. Radford is the only operational Army Ammunition
Plant which {s using 2-nitrodiphenvlamine. Badger and Suntlower also use
this compound when they are operational,

Curvent use rate of 2enitrodiphenylamine at Radford AAP is 26000
Ih/month, At full mobilization the Radford AAP use rate for this compound
f= 6000 - 7000 Ib/month., 1t is expected that at full mobilization the
usage of I-nitrodiphenylamine at the Badger and Sunflower AAPs would be
approximately the same as at Radford AAP. Thus a total of 252,000 1b/vear
of 2-nitrodiphenylamine could be used by the Army,

There {s only one civilian producer of J=nitrodiphenvlamine, The
civilian capacity {s estimated at =250, 000 Ib/vear., The only civilian usce
ot Z-ndtrodiphenviamine is as a chemical {ntermediate in the dve industry,
However, civilian companies that make solid rockets could purchase some of
this compound.  The extent of these purchases is unkuewn.

At currvent praduction levels, Radford utilizes V405 of the estimated
civilian production capacity of I=nitrodiphenyiamine. With three plants



at full mobilization, the Army would purchase ~100% of the estimated civilian
production capacity of this chemical., Under current operational conditions,
the Army may be one o6f the main polluters of 2-nitrodiphenylamine. The
percentage of the total 2-nitrodiphenvlamine pollution eminating from Army
propellant manufacturing is impossible to determine, due to the unavail-
ability of civilian production statistics.

Limited mammalian toxicology studies indicate 2-nitrodiphenvlamine is
not very toxic in acute doses (LD5S0 for rats = 6.15 g/kg). Limited studies
concerning the toxicity of 2-nitrodiphenvliamine to fish and invertebrates
show that this compound is highly toxic to aquatic organisms with LC50's
ranging from 1,8 to 5.6 ppm. Reaction of 2rnitrodiphenvliamine in the
environment could lead to more toxic compounds.

. Although 2-nitrodiphenvlamine is not a military unique compound, the
military is one of the major users and polluters of this chemical. Pre-

l{minary evidence indicates a high potential environmental danger from I-
nitrodiphenvlamine. It is,therefore,recommended that 2-nitrodiphenvlamine

be included in the Phase I1 detailed toxicological and environmental studies.

N=Nitrosodiphenvliamine
L]

N=-nitrosodiphenvlamine is not used by the Army in its munitions pro-
duction, This compound is formed in solid propellants as a result of the
reaction of diphenvlamine with NO. The NO is produced from the degradation
of nitrate ester explosives in the propellant. N-nitrosodiphenvlamine is
present in the effluents from propellant manufacture. Maximum discharges
of this compound at full mobilization are estimated to be 360-600 lb/vear.
However, it could be formed in the environmemt by the action of micro-
organisms. Studies have indicated that Ne~nitrosamine can be formed micro-
bially from diphenvlamine and nitrate.

N-nitrosodiphenvlamine is produced commercially by four companies. 1ts
only use is as a vulcanization retarder for rubber. However, N-nitrosodi-
phenvlamine is being replaced by steroid-type retarvders by the rubber industry,

The toxicity of N-nitrosodiphenvlamine in acute doses is low (LD530 for
rats is 5360 mg/kg). This compound has been tested for carcinogenic potency.
It has been found to be non-~carcinogenic. The aquatic toxicity of this
compound is unknown.

From the information evaluated in this study it is concluded that
N-nitrosdiphenvliamine is not a military unique chemical. Any potential
effects of this compound on the aquatic ecosvstem would be overshadowed by
those of diphenvlamine. Therefore, N-nitrosodiphenvlamine should be a low
priority for further study by the Armv,

ot
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The Phthalate Esters

Diethyl-,dibutyl-and diethylhexyl phthalate are used as plasticizers
in the manufacture of solid propellants at Radford, Badger, Sunflower and
Indiana Army Ammunition Plants (AAP)., Currently only Radford and Indiana
are operational. Of the phthalate esters, dibutyl phthalate is the largest
volume propellant additive.

At current production rates, Radford uses 344,000 lb/year of this
compound, primarily for the M=1 formulation. At full mobilization, 2.5
million lb/year of dibutvl phthalate would be needed by Radford AAP alone.
Estimated discharges of dibutyl phthalate to the New River at full mobil-
ization are 700 to 2150 lb/month. '

Diethyl phthalate 1# used exclusively in the N=5 and M-8 propellant
formulations. Current use rate of diethyl phthalate is 228,000 1b/year.
Radford is currently operating at full production capacity of these pro-
pellants., Discharge of diethyl phthalate to the New River are estimated at
63 to 380 lb/month.

Diethylhexyl phthalate is seldom used by Radford. Only 22,000 1b uof
this chemical has been formulated into propellants over the last 10 years.

The phthalate esters are widely used thrqughout the civilian community.
Over 1,043 million lb of phthalate esters werz produced in the United States
in 1976. The 1976 production of the individual esters was

- diethylhexyl phthalate 296.7 million 1b
- dibutyl phthalate 13.7 million 1b
- diethyl phthalate 16.1 million 1b

Fach of these esters is used as a plasticizer for different materials.
Diethylhexyl phthalate is used in PVC plastics, dibutyl phthalate in nitro-

cellulose and polvvinvl acetate emulsions and diethyl phthalate in cellulose
acetate plastics,

The acute toxicity of the phthalate esters to mammals is low with
LD50's ranging from 1 to 8 g/kg. Some subtle biochemical changes are
observed in mammals exposed to phthalate esters over long periods of time.
The esters have been shown to be noncarcinogenic. However, they have
mutagenic and teratogenic potential at high doses.

The phthalate esters are wide spread thorughout the environment. They
are found in river and ocean water, sediment and biota. Diethylhexyl
phthalate is the most abundant of the phthalate esters in the environment.
The phthalate esters are fairly toxic to aquatic organisms with a 96-hour
LC50's in the low ppm. Some bioaccumulation of these sompounds occurs,
however, they are actively metabolized by most organisms.

~-10-
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From the information evaluated during this study, it {8 concluded that
the phthalate esters are not military unique chemicals. Dibutyl phthalate
appears to be the most widely used phthalate ester by the military. At
current propellant production rate, the military use of this chemical is
only a small percentage of the civilian production. However, if all four
propellant plants were operating at full mobilization levels, military use
of dibutyl phthalate could be as high asm 73X of the 1976 civilian production
of this chemical. Dibutyl phthalate discharges would bhe as high as 4160
1b/month from Radford AAP at full mobjilization. At this discharge level,
this chemical would be toxic to aquatic life, Further evaluation of the
environmental fate of dibduty) phthalate by the Army may be warranted, How-
ever, the proposed biotreatment facility ahould adequately remove this
compound from Radford's effluenta. Thus, this chemical should be a low
priority for further study,

Diethyl phthalate is not used or discharged in amounts harmful to the
environment. It is also a relatively low use chemical in propellant manu-
factura, Based on these facts and the ease with which diethyl phthalate is
biodegraded, this chemical should be a low priority for further study.

The Army's utilization of diethylhexyl phthalate is insignificant when
compared to that of the civilian community., Therefore, diethylhexyl phthalate
should be a low priority for further study.

2 e £ 4t

Triacetin {m used as a plasticizer in solid propellant formulations.
These formulations contain 3.25 to 11.0% triacetin. At the present time
onlv Radford AAP uses triacetin. Current use rate is 43,000 1b/vear,

At full mobilization 150,000 1b/vear would be used by Radford., Sunflower
and Badger would use similar amounts at full mobilication,

Estimated losses of triacetin from current propellant manufacture are
between 180 and 540 lb/month. At full mobilization, up to 2000 lb/month
could be lost at each plant using triacetin. Since this compound is readily
soluble in water, virtually all the triacetin lost will be in the waste
streams,

Triacetin is produced in the United States by three manufacturers,
Current production capacities are estimated at 1 milliom 1b/yasar. Triacetin
has a wide variety of uses in the civilian community including a plasticizer
in cigarette filters, a solvent and carrier in phurmaceutical preparations,
a solvent and fixative in perfumes and flavors, etc. Because of the wide-
apread use of triacetin in disposable items, the civilian pollution of
triacetin is also expected to be widespread. '
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Mammals exhibit a low toxic resdponse to triacetin, However, aquatic
organisms and invertebrates are fairly sensitive to this chemical. At full
A mobilization, significant effects on the local aquatic population near
Radford, Sunflower and Badger could occur. Microorganisms should readily
degrade this compound, precluding any widespread damage to the ecosystem.

At current production levels, the Army uses only 4X of the triacetin
civilian production capacity. At full mobilization, the Army usage of this
| chemical could be as high as 45% of the civilian capacity. Although the
i Army use rate of triacetin could be high under emergency conditions, this
chemical is not a military unique compound.

The only Army problem with triscetin appears to be potential local
aquatic effects, The planned biotreatment facility at Radford should
adequately remove this compound from Radford's waste streams. From these
findings it appears that triacetin has a low priority for inclusion in the
Phase II work., If it were to be included, the study should be limited to
environmental toxicology and fate,

QT AT Sl e B T e g S

Lead Salicylate }

Lead salicylate is used ag a burning rate modifier in solvent and
solventleas double base propellants. This compound is currently only used
at Radford Army Ammunition Plant. At current production rates, 3000 lb of
lead salicylate are used at Radford AAP each month. This usage rapresents
full production capacity of the propellants employing lead salicylate in
their formulations, Losses of lead salicylate to the environment from
Radford AAP operations are eatimated at 45-150 1b/month.

Lead salicylate is manufactured by one civilian firm. Potential pro-
duction capacities for this chemical are estimated at ~1 million 1lb/year.
In the civilian market, lead salicylate is used as a stabilizer in flooring
and other vinyl compounds requiring good light stability,

Lead salicylate is toxic to mammals., It is readily absorbed through
the skin. The aquatic toxicity of this compound is unknown. However, due
to the limited solubility of lead salicylate, the aquatic toxicity is
probably low.

The absence of production statistics makes an evaluation of the military
versus civilian usage difficult. However, it is estimated that the Army
used ~1/3 - 1/2 of the lead salicylate produced by the civilian community.
The Army propellant munufacture is probably the main source of environmental
pollution of this compound. Therefore, it is recommended that lead sali-
cylate be included in the detailed Phase II toxicological and environmental ‘
evaluations.
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Lead Stearate

Lead stearate is used in the bermite grains and the ROLAND propellant
as a burning rate modifier. The propellants are not currently being pro-
duced by the Army. If these propellants were produced at full capacity,
500 1b/month of lead stearate would be used at RAAP.

The civilian production of lead stearate wis 1,254,000 1b/year in 1976.
This compound is used as a general purpose and high preasure lubricant and
heat stabilizer for PVC compounds. Due to its many civiliun uses, pollution
from civilian uses of lead stearate is expected to be widespread.

Lead stearate is moderately toxic to mammals. The toxicity of this
compound to aquatic organisms is unknown. However, due to its limited
solubility, the aquatic toxicity should be low unless it 18 hydrolyzed to
free lead.

Lead stearate is not a military unique chemical. Because of the limited
use of this compound in propellant productionm, further studies by the Army
should be of low priority.

Lead Resorcylate

Lead resorcylate was developed in 1965 by NL Industries, Information
on this compound is non-existent in the literature. There are no reported
civilian uses of lead resorcylate. Thus it appears that the Army's propellant
manufacture accounts for all civilian production of this compound.

Lead resorcylate is a military unique chemical. Further studies on this
compound by the Army are recommended. These studies should include

A Phase Il detailed toxicological and environmental evaluation

- Determination of some of the physical and chemical properties
of this compound if they can not be obtained from the manufacturer

- Sampling and analysis of sediment and biota at Radford AAP to
determine the amount of accumulation

- Aquatic toxicity and bioaccumulation studies if the Phase II
study indicates the need for this research

- Mammalian skin toxicity studies.

-13-
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FOREWORD

This report details the vesults of a preliminary = 'blem definition
study on propellant related chemicals. The purpose of 1is study was to
deteimine the Army's responsibility for conducting further research on these
chemicals in order to determine their toxicological and environmental hazards
go that effluent standards can be recommended, In order .o determine the
Army's responsibility for further work on these propellant related chemicals,
the military and civilian usage and pollution of these substances were eval-
vated, 1In addition, a preliminary overview of toxicological and environmental
hazacds was conducted,

The propellant related chemicals represent 10 of the 48 chemicals eval-
uated under Phase IA of contract No, DAMD17-77=C=7057. Theea chemicals are
grouped in four categories

explosives related chemicsls
propellant relatad chemicals
pyrotechnics

primars and tracers

Each category is a major report. Section I of each report is an overview of
the military processes which use each chemical and the pollution resulting
from the use of these chemicals. The problem definition study reports on
each chemical are separable sections of these four raports.

In addition a general methodology report was also prepared. This report

describes the search strategy and evaluation methodology utilized for this
study.

-15=-
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I. GENERAL OVERVIEW OF PROPELLANT MANUFACTURE, LOADING AND DISPOSAL

Chemical additives are used in conjunction with primary explosives in
the manufacture of propellants. These additives are predominantly used as
stabilizers, modifiers or plaasticizers. Some function as £lash suppressants
or barrel coolants. Specific compounde of this type which are of concern in
this study include:

Lthyl centralite
Diphenylamine
Disthyleneglycol dinitrate
2-nitrodiphenylamine
N-nitrosodiphenylamine
Phthalate esters
Triacetin

Lead salicylate

Lead stearate

Lead reaorcylate
Barium nitrate

N-nitrosodiphenylamine is not added tc the propellant formulations, but
appears as a degradation product of diphenylamine.

A. Propellant Manufacture

Propellants are produced by mixing primary explosives such as nitro-
cellulose, nitroglycerin or nitroguanidine with additives such as those
listed above. Propellants are characterized as single base, double base or
composite (triple base or multibase). Single base propellants contain only
one primary explosive, nitrocellulose. Double base propellants contain nitro-
glycerin as well as nitrocelluloss. Composite propellants contain these two
primary explosives and at least one additional explosive such as nitroguani-
dine or HMX. Propallants are manufactured by either a solvent process or a
solventless process.

l. Manufacturing Facilities .
Propellants are currently produced in only two facilities, Radford
Army Ammunition Plunt (RAAP) and Indiana Arwmy Ammunition Plant (InAAP). Twc
other facilities, Badger AAP (BAAP) and Sunflower AAP (SAAP), are capable of
producing propellants; but the plants are inactive. Table I-1 lists the
propellant~related functione of these plants.




Table I-1, Propellant Manufacturing Facilities.

Facility Function
Badger AAP singls base propellants
Baraboo, Wisconsin ball powdar

solventless rocket grains
Radford AAP single base propallants
Radford, Virginia double base propellants

composita propsllants

LAP* missile propellants

LAP%* large rockat propellants
LAP* cannon propellants

Sunflower AAP single bass propellants

Lawrence, Kansas double base propellants
composite propellants
solventless rocket grains

Indiana AAP propellant charges
Charlestown, Indiana LAP* propellant charges

*LAP = load, Assenbly and Pack

The Radford AAP has capacity for production of sbout 12 million 1b/
month of propellants. This plant is currently operating at about 20% of
capacity. During Decembesr 1977, the total production of propellants was
about 2.6 million ib. This figure includes about 870,000 lb of single base
propellants (solvant process), predominantly the M~1 formulation. Also pro-
duced were 350,000 1b of double basa propellants by the solvent process and
240,000 1b by the solventless process. The production of multibase propel-
lants was approximately 1,140,000 1b, ail by the solvent process.

These propellants were produced in the "C" propsllant line and the
No. 4 Roll Powder Area. The location of these areas is shown on the map
(figure I-1), The Roll Powder plant was used to produce double base propel-
lants by the solventless process. All other propellants were produced in
the "C" line facilities. As may ba seen in Figure I-1, the "C" line con~-
sists of a nitrating area, cotton area, green powder plant, sclvent recovery
area and the air and water drying area.

2. Compounds and Formulations. Used
The additive compounds listed eariier, as wall ap others not con-
sidered in this study, are used in varicus propellant formulations. Table

I-2 lists the facilities which use thass various modifiera, stabilizers and
plasticizers.
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Table I-2, Army Ammunition Plants Which Use
the Various Propellant Additives.

;; : Additive Facility

i BAAP RAAY SAAP InAAP

I8 Ethyl centralite

A Diphenylamine

k.| Disthyleneglycol dinicrate
2=nitrodiphanylanine
N-nitrosodiphenylamine
Diethyl phthalate
Dibutyl phthalate
2-athylhaxyl phthalete
Triacetin

Lead salicylate

V.. Lead stearate

1, Lead resorcylate

- 4H Barium nitrate

X x

®
%
o

® X XK
M K AKX

xRN KX

MK X
9 9 5 3 5 5 M M XK X KX N X

g Over 40 different propellant formulations are produced. Their con=
A8 stituents and compositions ars given in Table I-=3. Almoat all of these pro-
} pellants include at least one of the additives of concern to this study in A
1 their formulations. The ranges of percentages used in the various propellants : ]
1. are listed in Table IVw4,

!

Table 1=4, Percentage of Additives in Propellant Formulations.

Additive _ Percentage
b\l Ethyl centralite 0.02-6.3
5 Diphenylamine 0.5=-1.7 \
Diethyleneglycol dinitrate "
3 2-nitrodiphenylamine 0.9-2,5
3 Diethyl phthalate 2.5-10.5 ‘
R Dibutyl phthalate 2.0-6.0 !
; Triacetin 3,3-11.0 :
: Lead salicvlate 2,8-3.3 ’
q Lead stearats 0.1 i
5 Lead remorcylate 2.,8=3,3 ?
. Barium nitrate 0.6-1.0 |

*Total of 3-55 gallon drums used one time only at RAAP to produce |
3 M-37 propellant
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3. Propellant Manufacturing Procesaes
a, Solvent Process

The majority of aingle base, double base and composite propel-
lants are manufactured by the solvent process. This procesa involves numerous
operations as shown in Figure I-2, The figure describes the manufacture of a
single base propellant. However, the solvent process for producing double
bagse or composite propellants is aimilar,

In the first step, nitrocellulose, produced from nitration of
cotton lintere or wood pulp, is dried by wringing (Military Explosives, 1967).
The nitrocellulose, containing ~28% woisture, is then dehydrated by the addi-
tion of 95% ethanol. After dehydration, pressure is applied to the material
to yvield a block containing ~75% nitrocellulose and V25% of 90X ethanol,

The wet block 1a broken up and transferred to a mixer. Ether
is added to the extent of about 2/3 of the weight of dry nitrocellulose.
Additives such as diphenylamine and dibutyl phthalate are genarally mixed with
the ether before it is added. After the ether is added, any other propellant
modifiers are added. The ingredients are mixed for about one hour.

The propellant mixture is pressed at about 3000 psi to form
a block. The propellant is then squeszed through a series of screens and per-
forated plates., It emerges from this step in a form resembling macaroni.
The material is again pressed into block form, then extruded through dies
form cords of the desired final diameter. The cords are cut into pleces of
predetermined length. This process is called graining.

The remaining solvents are then recovered. The grains are
water dried by placing them in warm water. This reduces the solvent content
to 1 to 5X. Air drying then removes the surface moisturs.

Finally, the propellant is screened to remove dust and grain
clusters. It ia sometimes glazed or coated with graphite. The batches of
propellanta are blended to insure uniformity of the lot, then packed for ship-
ping to the loading operations,

b. Solventless Process

In the solventless procesa (Patterson st al., 1976), a premix
is made from nitrocellulose and nitroglycerin plus the desired additives. The
premix is dispersed in water as a carrier. Most of the water is removed by
centrifuging, The paste thus formed is air dried, then mixed with any other
ingredients in a tumble blender.

The final mix is passed through roll calenders to form a homo-
geneous sheet. Several sheets are combined and rerolled to vield a single
sheet of the desired thickness. The sheets are cut into strips. The strips
are rolled up and fed into a finishing presse. There is minimal shrinkage of
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SANE Kinlsbreliil

the propellant strands during final processing as it contains no volatile
naterial.

c. Ball Powder

Ball powder is a single base propellant produced by the solvent
process. However, the propellant is formed into spheres of 0,030 inches dia-
meter or less. The proceasing steps are significantly different from conven-
tional propellant manufacturing as described abovs.

Figure I=3 is a schematic diagram of the ball powder process
(Patterson et al., 1976)., Single bass propellant is ground in a water
slurry. It ie extracted with benzene, then dissolved in athyl acetate. The
ethyl acetate forms a separate phase on top of the slurry water. The two
phases are enmulsified by agitation. Collagen is added to prevent coalescence
of the globules, Sodium gulfate is added to draw water out of the globules.
The temperature is raised to 69°C causing the ethyl acetate solvent to boil

off. The globules slowly harden into firm spheres suspended in ths water
phase.

The spheres are coatad with DNT to retard their initial burning
rate. The sphares, still in water slurry, are passad through rollers to make
them slightly elliptical, They are then filtered and dried. The final pro-

cessing staps are to glaze the spheres with a thin coating of graphits,
screen chem and package them for shipment,

d. Current Propellant Production at Radford AAP

During December 1977, the following propellants were produced

at RAAP:
Propellant Type Quantity, thousand lb
Benite Single-solvent 25
M=1 Single-solvent 817
M=10 Single-solvent 29
ARP Double=solvent 100
M=7 Double-solvent 6
M=26 Double=-solvent 242
M-8 Double-solventlass 32
NOSIH=-AM-2 Double-solventless 44
M=36 Double~solventlass 27
N=5§ Double-solventless 134
M=30 Multibase-solvent 683
M=-30A2 Multibase-solvant 453

0f these propellants, the M-8, M-36, N-5, ARP and NOSIH-AM-2 ware produced at
essentially full mobilization rates. The others rangad from 10 to 20 parcent
of full mobilization capacity.
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.. Current Use Rates of Chemical Additives

At current (December 1977) production rates, RAAP consumes the
following amounts of the listed additives:

Additive Current use rate, 1lb/mo.
Barium nitrate 5,200
Ecthyl centralite 31,226
Diphenylamine 10,000
2¢-nitrodiphenylamine 4,600
Diethyl phthalats 19,000
Dibutyl phthalate 28,000
Triacetin 5,900
Lead salicylate 3,000
Lead resorcylate 670
Lead steaarate 0

f. Historic Production and Chemical Usage at Radford AAP

Table I-5 lists the production rates for each propellant manu-
factured at Radford AAP during tha years 1968-1977. The annual purchases of
additive chemicals during this period are shown in Table I-6.

4, Effluent Streams

Process watar is used for all propellant production processes at
RAAP. Much of this water is recycled, but some leaves the process and
ultimately enters the New Rivar. Current (December 1977) propellant opera-
tiong,.produce affluents which enter the river at points 4, 5, 6, 8, 9 and 10
on Figure I~1, Waste streams associated with propallant production are des-
cribed below: (Cairns and Dickson, 1971); Smith and Dickensen, 1972)

1. C-line wasta wvater (Figure I-1, point 4)

Thia stream contains wastes from the nitroglycerin and
nitrocotton production areas, solvent recovery arsas, watar
dry buildings and solvents area.

2. General purpose sewer, 48 in. (Figure I-1, point 6)

This source collects effluents from the green powder
production areas, solvent recovery areas and the watar dry
buildings.

3. Solvent recovery (FigureI-l, point 5)
Discharges from the green powder production areas,

solvent recovery areas and water dry arsas are contained
in this waate stream.

41~
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4, Rolled powder area wastes (Figure I-1, points 8, 9 and 10) J

This stream contains water from rolled powder blender
cleaning operatiomns, !

In addition to the process water streams, some effluents Jderive ‘
from the use of wet scrubbers. These scrubbers are used to collect dust /
from grinding, weighing and sieving operations. Since virtually all com- P l
ponents of propellants undergo these preparatory operations, these scrubbers ’
are a major source for entry of additives into the environment. "

Effluents from washdowns and storm runoff also enter cthe New River. b
4 These efflucnts may contain substantial amounts of propellant ingredients. :
Entry of chemicals into the environment from these sources 1is sporadic and ! |
the quantities indeterminate. . ,

There has never been a complete quantirative determination of the }
amount of additives in the RAAP effluent. An analvsis of "water=dry" dis- -
charges indica:ed losses of 1-2 1lb/day of diphenylamine and 0.5-1.5 1lb/day of
dibutyl phthalate (Glennon, 1977). However, other svurces exist which were {
not measured, so the above number may represent as little as 10-20% of the

total of the compounds entering the environment from RAAP operations. A com-

plete analysis of the effluents would be useful, but would not determine the

effecte of "surges" from washdowns or storms.

PO TIPEEE

a, Effluents from Propellant Production

The effluent quantities from propellant processing operations !
were recorded for the time period 1973-74 (Smith and Dickenson, 1974). These
figures are presented in Table I-7,

i Pl bt e e o s B e Sy e TR R T L2 e

The following quantities of dissolved solids appear in efflu-
ents based upon the figures in Table I-7.

Solvent Process

|
i
|
i
E
?
ii

Operation Effluent, K gpd Dissolved Solids in Effluent |
(1h/day) ‘
Cast Propellants 30.2 223
Single Base, A, B, C lines 86 215
C~line, Hi_h Energy 74 383
Solvent Recuvvery 239 211
Propellant Finishing 230 173
Solvents Rectification 148 1513
807.2 2718
S lventless Process
Operation Effluent, K gpd Dissolved Solids in Effluent
(1b/day)
All Operations 167 476
\
=44=
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Table 1-7. Effluents from Propellant Processing Operations

Operation

Cast Propellant Area

TOW Machinery
Benite Saw Houses
Tray Wash

Single Bage Propellant Arcas

A-line, East 1/2
A-line, West 1/2
Bwline
C-line

Effluent Quantity, gpd

(Smith and Dilckenson, 1974).

24,000
6,000
200

18,000
10,000
28,000
30,000

Double and Multibase Propellants

C-1line, High Energy

Solvent Recovery Area

Water Dry
Sorting
Solvent Recovery

Propellant Finishing Area
Coat and Glaze

Solventless Propellant Areas

BElender

Process Buildings,
Cleanup

Process Buildings,
Normal Operations

RAP Machines

Solvent Rectificatlon Area

Chem Mix
Ether Still
Alcohol Rectification

74,000

15,000
210,000
14,000

230,000

43,000
7,200

85,000
30,000

17,000
66,000
65,000

45—

Avp Dissolved Solids, mg/f

210
3592
669

188 -8
113 | ]
294 ¢
437

620

152
102
111

90

76
1582

462
96

134
2716
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Production rates from Oct 1973 - Sept 1974 were as follows
(Glennon, 1977):

Solvent Proéenn. Single base 75.5 million 1b
Solvant Process, Double and Multibase 2.13 million 1b
Solventleas Process 3.25 million 1b

Thus, diasolved solids in effluents from all solvent process operations
averaged 1.3% of the amount produced. For the solventlass process, dissolved
solids in effluents represented 5.3% of the amount produced. For double and
multibase propellants only (solvent process), wastes in effluents represented
6.6X of the propellants produced.

Aseuming that each additive appeared us dissolved solids in the
effluents in proportion ta its concentration iu the formulation, the follow-
ing estimates of losses were deturmined:

Estimated lLossas in Effluents, 1973=1974
Additive 1b/day 1b/month

Ethyl centralite 20=40 600~1200
Diphenylamine 15«25 450750
2=nitrodiphenylamine 9-18 270-540
Diethyl phthalate 15-25 430-750
Dibutyl phthalate 40=-80 1200-2400
Triacetin 20-%0 600-1500
Lead salicylate 5=10 150=300
Lead steavate 1-2 30-60
Lead vesorcylate 5=-10 150-300
Batium nitrate 1=3 30-90

These lossen represent propellant processing operations only. Additonal
losses from chemical preparation operationa are not included.

b, Radford AAP Discharges into New River

1n 197), Radford AAP dimcharged 50 mgd to the New River
(Rosenblatt ¢t al., 1973), Of this amount, 3.4 mgd was effluent from aingle
base propellant operntions in A=line and B-line. At this time, single base
propsllant production by the solvent process was at about 30X of capacity, or
about 50 million 1lb/year. The discharge from single base propellant opera-
tions was estimated to contain 2,800 lb/day of nitrocellulose (Rosenblatt
et al., 1973),

The additives used in single base propellants include ethyl
centralite, diphanylamine and dibutyl phthalate. Based upon the estimated
discharge of nitrocellulose (2,800 1b/day), the following amounts of these
additives would he expected to be present in the effluent.

Ethyl centralite 3-12 1b/day

Diphenvlamine 30-3% 1b/day

Dibutyl phthalate 90150 ib/day
wly =
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The New River carries a mean flow of 2,380 million gallons per
day (mgd), The lowest 7=day average flow has baen calculated to be 620 mgd,
with a frequency of occurrence of once every 10 years (Glennon, 1977). The
record low daily flow was recorded to he 320 mgd (Rosanblatt ¢t al., 1973).
It is knowm that at Radford AAP, rapid mixing of discharges with rivar water
does not always occur. Extended umixing zones have besn found to occur with
localized high concentration of pollutants (Glemnon, 1977),

5. Current Efflusnt Treatment

Currently, each process stream is filtered. The propellant parti-
cles are collscted and burned in an open burning ground. Some waste streams,
such aa the C-line waste water, are lagooned before discharge to the river,
This lagoon provides a holding cepacity to minimize the affects of surges in
chemical content. Such surges may occur as a result of spills, washdowns,
etc.

The propellant particles collected on the filters are sssentially
insoluble in water. The additives in the propellants are also generally
sparingly soluble in water. Howaver, the possibility exists for leaching
small quantities of the additives from the propellant particles and thus
allowing them to enter the river. Most of the additives are toxic compounds
and may be of environmental concern sven in small quantities, It has bean
established that significant reductions in biological life occur in the New
River at the RAAP site (Smith and Dickensaen, 1974). The effacts dissipate
rapidly downstream of the plant, however.

6, Future Effluent Tresatment Plans

RAAP 18 currently in the process of designing or constructing im-
proved facilities for the treatment of propellant process efflusnts., The
general types of treatment are!

1. Chamical treatment facilities will be installed for removal of
inorganic salts.

2. Biological trecatment facilities are planned for vemoval of
organic propellant ingredients.

3. Carbon absorbtion is planned for removal of organics from wastes
from solvent process propallant manufacture,

4, Process water will be treated and recycled vhensver possible rather
than discharged.

5. Liquid wastes will be segragated and each treated according to
its individual needs in order to meat effluent standarda.

These facilities are being designud on the basis of general waste stream
characterictics such as:

w7
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Chemical Oxygen Demand (COD)
Biological Oxygen Demand (BOD)
Total Carbon (TC)

Total Organic Carbon (TOC)
Total Solids

Parcent Volatiles

Dissolved Solids

pH

b

In general, there have bean few analyses of the specific concentra-
tion of individual propellant aciitives. An exception is lead, which is some~
times measured quantitatively in waste streams (Randall and Ring, 1971).
Other additives such as diphenylamine, triacetin, dibutyl phthalats, diethyl
phthalate and athyl centralite have been neasured quantitatively in conjunc-
tion with pollution abatement studies (Swith and Dickensen, 1972; tbid, 1974).
However, thess or other additives are rarely, if ever, datermined in affluents
from plant operations.

Studies to characterize treatability of propellant wastes (Randall
and King, 1971; Smith and Dickensen, 1972} ¢bid, 1974) have looked into both
biological and physical/chemical methods. Soms conciusions reached in these
studies are notad below:

1, Organic componaents of waste atreams can be degraded by activated

~aludge in both batch and continuous processes. With a retention

time of 12 hours, about 90X reduction of COD and BOD was achieved
(Smith and Dickensen, 1972).

2. Physical treatment of C-line waste water resulted in removal of
about 2X of the original TOC. The processes used were sedimen-
tation (settling), filtration and air stripping (Randall and
King, 1971).

3. Activated sludge treatment of C=line waste water rasulted in 70-80%
reduction in BOD in 12 hours (Randall and King, 1971).

4. Rollsd powder area wastes appear to be toxis to activated sludge
and cannot be readily biodegraded (Randall and King, 1971).

5. Inorganic propellant ingredients can be sffectively removed from
waste waters by reverse csmosis or ion exchange (Smith and Dickensen,
1974).

6. Organic propallant ingredients can be ramoved from waste water
uaing activated carbon (Smith and Dickensen, 1974).

7.  Reverse osmoais is effective for removing higher molecular waight
organic propellant ingredients (Smith and Dickenasen, 1974).

8. Omone oxidation will decompose propallant ingredients such as
diphenylamine and dibutyi phthalate (Smith and Dickensen, 1974).




9. Laadd concentrations can be reduced to about 1 mg/l by chemical
precipitation and flocculation (Smith and Dickensen, 1974).

Current plans for efflusnt treatment at RAAP are based upon guide-
lines which specify waste quality in terms of BOD, COD, TOC, etc. Howaver,
both in biotreatment and physical/chemical treatment, it is likely that some
components of the waste will pass through essentially unchanged. These recai-
citrant compounds are oftan the most harmful from an anvironmental stand-
point. Some propallant additives are probably in this category. Thera are
alao serious questiona concerning possible biotransformation of some con-
stituents to spacies which are of even more environmental concern than the
original compounda.

In addition to thea overall reduction of COD and BOD, future efflu-
sant guidelines will require the removal of toxic chemicals from the waste
streams to below a predetarmined limit. Thus, biotreatment with activated
sludge or physical/chemical processes which do not degrade all of the pro~
pellant additives may be insufficient. A need exists for characterization
of propellant waste satreams to determine the actual concentrations of poten=-
tially harmful additive compounds. The extent to which they will be mitie-
gated in the planned treatment processes should also be determinad,

B, Propellant Loading
l. Propellant Loading Processes and Facilities

Propellants ars blends of up to twelva additives plus the basic
ingredients, nitrocellulose and nitroglycerin (Patterson et al., 1976). The
additives include metal powders, oxidirzers, stabilizers, modifiers, plasti-
cizers and burning rate catalysts. The propellants are manufactured and
processed intn shapes ranging from small pellets to cylinders several feet in
diameter and six feet or more in length at Radford, Indiana, Badger and Sun~-
flower AAPs. They are shipped from these manufacturing plants to LAP (Load,
Assembly and Pack) plants for loading. The LAP operations are accomplished
at the following plants:

Army's Longhorn AAP in Marahall, Texas

Army's Redstone Arssnal in Huntaville, Alabama
Navy's NOS Indianhead in Crane, Indiana
Navy's NIROP Magna AAP in Magna, Utah

Air Force Plant 78 in Brigham City, Utah

a. Propellant Pcllct'Londing

Propsllant pellets area also raferred to as btall powder. They
are often loaded as is for gun propsllants. 1In this prccess, cartridge cases
ara fed into an assembly machine and filled by automatic loaders. The pro-
jectile 1s sealed into the head of the cartridges, which are then boxed for
shipment.




Loading linea are relatively small operations requiring only
2-3 personnel to function. The quantity of propellant permissible each line
is in the range of several hundreds of pounds. The personnel and propellant
limitations are intendad to minimize the effect of incidents involving the
propellunts by vestricting damage to a relatively small area.

b,  Rocket Motor Grain Loading

Most double base propellants are formed into grains by hot
extrusions through dyes. These grains are cut to the desired length, then
dried and cured. They are then machined to the exact final dimensions re-
quired for thaeir use. The outer surfaces and ends are ususlly coated with a
combustion inhibitor to restrict burning to the inside surface. At motor
assembly plants, the grains are simply inserted into the motor cases. Larger
grains may be cemented in place. Smaller grains are more often simply slipped
in like batteries in a flashlight.

¢. Cast=in=-Place Rocket Motor Loading

There are two basic types of cast=in=place rocket motor grains.
These are referrad to as "plastisol" and "polymerization cured” grains. Plas~
tisol grains involve high energy propallant compositions and are used in ad~-
vanced solid motors such as requirved for ICBM's. In the casting operation, a
casting powder is poured into the rocket motor case from the nozzle end, The
case is vibrated to increase the propellant bulk density. Air is evacuated and
a liquid nitroglycerin mixtura is poursd in to fill the voids. Amsndrel in
the canter of the motor cavity is used to form a star-shaped pattern in the
grain,

Once loadad, the motor is placed in a 40°C oven for several
days. During this time, the liquid forms a uniform rubbery gel with the
casting powder. After curing is complete, the motor is cooled and the mandrel
removed., The grain end is then coated with a burning restrictor and the noz-
tle and ignition hardware installed.

In contrast to plastisol grains, the propellant ingredients and
the oxidizer of polymarization grains are pre-mixed before inssrtion into the
wotor. The fuel components including additives are mixed with a liquid wono-
mer to form a thin slurry. The oxidizer, generally ammonium perchlorate, is
ground separately to a fine powder, then transported to the final mixing area.

The fuel slurry and the oxidizer powder are mixed by slow addi-
tion of the oxidizer. Several thousand gallons are mixed at one time. All
mixing is accomplished by remote control. When the mixture is uniform, the
polymer cross-linking agent is added. The mixing apparatus is then trans-
ported to the casting site and positioned over the empty motor case. The
propellant, in the form of a thick slurry, flows into the case. When filled,
the motor is heated to cure the propellant as with the plasticol type.
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2., Vaste Streanms

LAP operations do not generate as much waste watar as manufacturing
operations, primarily because there is no process water used in loading. The
major source of waste streams is from floor washdown opsrations. Tha constite=
uents of waste streams from loading operations include:

- propellanct particles and dust
=~ dissolved propellant ingredients including additives
- metal particles and solvents from cleaning and painting operations

Another source of wastewater in suvme LAP facilities im ailr pollution control
scrubber water (Pattarson et al., 1976). Dust and particulates collected in
wet scrubbers contarinate the water. Thus, discharges fxrom air scrubbers may
contain significant quantities of propellant ingredients, both dissolved and
in solid form,

At longhorn AAP, most wastewatars ars generated by clean-up opera-
tions (USAEHA, 1972). The only major exception to this generalization is the
M~120 Area in which the mixing, processing and loading of propellants for
rocket motors takes place (USAEHA, 1972). The other areas are used primarily
for assembly operations.

3. Current Effluent Treatment at Longhorn AAP

Wastewater from the processing and loading opexations at Longhorn
AAP are collected in sumps. These sumps are pumped out on a regular basis
and the contents transported to an evaporation pond located near the open
burning area.

There is no segregation of waste strcams or any pre-treatment bafore
discharge into the pond. The pond is heavily contanminated with both solid and
dissolved propellant ingredients. Definite biologic stress has been noted in
the pond (Fox et al., 1975).

The sumps which provide the input material to the pond are carefully
watchad to see that they are emptied before overflow occurs. There are about
80 sumps, however, and overflow has occurred in some cases. These incidents
have not resulted in any measureable contamination of surface waters (USAEHA,

1970).

0f greater concern is the evaporation pond itself. The surface of
the pond covers about 2 acres. The pond has never been known to overflow.
In the past, motor case cleanout oparations at the pond site nearly filled it,
80 thess operations wers stopped. Heavy pracipitation has occurred, but
never enough to overflow the pond. However, LAAP is currently operating at
only about 10X of capacity. If full mobiliration were to occur, the pond
would not be an adequate sink for wastewaters,




The pond loses water by evaporation and percolation into the soil.
It is estimated that about 6~8 inches of propellants are present in a layer
on the pond bottom. Thus, water percolating into the soil contains any solu-
ble additives leached from the propellanta. No ground water contamination
appears to have occurred from this pond (USAEHA, 1972). However, it is also
possible that no ground water contamination waa noted because specific propel-
lant additive compounds were not monitored. !

Some propellant LAP plants, namely Air Force Plant #78 and Redstone
Arsenal, have installed dry collection systems for air cleaning. Thus, the
generation of air pollution control scrubber water is eliminated. Any par-
ticulates are removed and disposed of by burning. Such systems have been
found to be effective and should be considered for other plants (Patterson :

4, Future Effluent Treatment Plans .

Longhorn AAP is planning the construction of a new evaporation pond,
This new pond would either supplement or replace the current pond. At some .
future time, the current pond may be drainad so that the propallant layar can |
be recovaraed and destroyed. :

1‘
. In many plants, treatment and recycle of water is planned, Filtra- ; i
, tion of solids from wastewaters will allow them to be recovered for disposal | .

by burning. Other constituents may be precipitated by chemical treatment,

thus improving the water for at least partial reuse. There appsars to be no .

plana for segrogation of solids from liquids in the sumps at LAAP. Thus, I

propellant additives will continue to be discharged into the avaporation pond o

or pords, The environmental impact of this action ueeds to be further assassed., %

c, Cisposal of Solid Propellant Waastes

5 1., Waste from Propellant Manufacturing

a. Current Disposal Methodology ' i

. Wastas from propellant manufacturing operations at Radford AAP |
; include the following: ‘

l
Solids collected from process water filters !
Particulatas from chemical preparation steps collacted k i
in wet or dry air scrubbers |
| |

|

|

AR At

Dust from additive or propellant handling operations
Solids filterad from water used for washdowns
Scraps from grain machining operations

| I

These materials are collected and transported daily to the open burning ground.
The burning ground is a 20 acre area located in the "Horseshoe'" of the New
iver (Figure I-1,point 17). This area is used each day to burn floor swaepings,

[ !_
“ !
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off-specification batches of propellants or explosives, and tha particulates
from the effluent filters (Bender ot al., 1975).

b. Future Disposal Plans

In the future, virtually all solid wamtes from propellant manu-
facture will be incinerated under carefully controlled conditions rather then
burned in open areas. At Radford AAP, two incinerators will be used. One
will be specifically for waste explosives or propellants. The other will

handls materials such as wood or paper which have been contaminated with small
amounts of high-energy materials.

Contaninated Waste Incinerator

The contaminated waste incinerator is currently opera-
tional at RAAP. This unit is san "air curtain' incinerator. The materials
to be burnad ara placed upon a grating. An air curtain surrounds the grating,
and air also circulates under the grating to promote complete combustion.
This incinerator is essentially an open burning system, Howaver, the forced

air circulation promotes complete combustion and helps contain combusting
materials in the burning zone.

Bxplosive Waste Incinerator

The explosive waste incinerator was constructed and com=
pleted in 1977, However, it does not meet performance specifications and re-
quires modification, These modifications are expectad to be underway in
early 1978. The incinerator should come on stream in late 1978 or sarly 1979.

The incinerator is a rotary kiln type with a barrel about
10 ft. long. Waste propellants are ground and slurried with water., They
then fed into the kiln countercurrent to an oil fired flame. Thia systemwill
permit complete and controlled destruction of the explosive materials,

2. Wastes from Loading Operations

Propellant wastes from loading cperationa are genexally limited to
solid particies which are spilled at loading sites, As an example, in the
loading of ball powder into cartridges, a cartridge will occasionally ovey-
turn, dumping the contents on or uear the loading equipment.

Solid wastes nf this tvpe are generally collected dry and tyrane~
portad to a burning aite. Dust or residuals are collacted in washdown opera-
tions, generally et the end of euch shift., In scue cases, solids are segre-
gated and burnud. In others, cthey are discharged with ths water,

3. Outdated Propeallants
Munitiona which are ocut of specification, or have uxceeded their

meximum shalf life, must bo disposed of. Also rocket motor cases are rome-
times clesrsd mt for reusa 1f the original propellant loading was unsatis-
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factory. These operations may generate & substantial amount of waste pro-
pellant.

a:. Current Disposal Methodology

Cartridges or small rocket motors may be emptied easily by
dumping, The propellants thus collected are merely transported to buraing
sites for disposal.

Lavger motors in which the propellant is cemented in or cast
in place require more complex removal methods, The: propsllant may be machined
out, or removed hydraulically or with steam. These processes gensrally leave
residual propellants in the cases. Theas are removed.by solvents or by water
washing.

Washing out large motor cases gancrato.‘lnrg. amounts of con~
taminated wastewater. At lLonghorn AAP, motor cases cleaning opsrations were
causing the evaporation pond to ha overfilled. Consequently, motor cleaning
is no longer accomplished at the pond site,

b. Future Disposal Plans

As with othar sources of propellant waste, ocutdated propellants
will be incinerated in the futuvre rather than burned in open pits. Contami-
nat«d wastevatera will be segregatad for filtration and other phreical orx
chemical trestment as required, .

A new Army dewilitarismation facility is under construction at
Hawthorne, Nevada. This facility is scheduled to be operational in 1980 and
will be the primary location for demilitarization and disposal of waste or
outdated munitions. Only munition end items which have been sent to the
field will be tresty! at Hawthorne. The individual AAP's will still have the
responeidbility for disposal of wastes generated from their own operations,
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SUMMARY

‘ Ethyl centralite is a urea derivative used exclusively in the United
states as a gtabilizer in solid propellant formulationas., The stabilizing
, action of ethyl centralite is through its reaction with nitrites and nitrates
] formed by the Jacomposition of the propellant primary explosives, 1.6, nitro-
‘e cellulose, nitroglycerin and nitroguanidine. Percentage of ethyl centralite
in the propellant formulations range from 0.02% to 6,5%. Ethyl centralite is
! used at all four of the Army's propellant manufacturing plants when they are
I in operation. These plants are Radford, Badger, Sunflowsr and Indiana AAP,
Currently only Radford and Indiana AAPs are operational, Current consumption
of ethyl centralite at Radford AAP is 31,000 lb/month. At full mobilization
150,000 lb/month would be used by Radford AAP alone, Ethyl centralite enters
the environment from the preparstion operations, building washdown and in
procass water from the solvent process propellant production. Curreni Redford
ANP discharges to the New River are astimated at 300 to $30 lb/month, At
full mobllization discharges up to 2500 1b/month could occur,

At the present time, there are no producars of aethyl centralite in
the United Statee., There is one manufacturing facility for sthyl centralite
in the United States, however, it is cursently no: operational, The supplies
of ethyl centralite are obtained from French or German scurces,

Only one mammalian toxicity study on ethyl centralite was un-
covered during this preliminary overview, Thuse researchars found an intra-
peritoneal LD50 of 200 mg/kg for mice, In an aquatic toxicity study with
salmon, ethyl centralite was shown to be extremely toxic to aguatic life,

Thus, ethyl centralite is a compcund that is unique to propellant
manufacturing. Since the military is one of the main formulators of pro-
pellants, ethyl centralite can be conasidered a military unique chemical,
Therefore, the following studies are recommended to further evaluate the
toxicological and environmental hazards of ethyl centralite:

et 55 i i e

~ a Phase Il detailed literature evaluation

- analysis of sediment sample

- avuatic toxicity studies if the literatura evalua- ;
tion reveals the need for mcre information ;
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FOREWORD

This report details the results of a preliminary problem definition
study on ethyl centralite. Tha purpose of this study was to assass the
Army's responsibility for conducting further ressarch on ethyl centralite in
vrder to determine its toxicological and environmental hazards so that
effluent standards can be recommended. In order to determine ths Army's re-
sponsibility for lurther work on athyl centralite,the military and civilian
usage and pollution of this chemical were evaluated. 1In addition, & pre-
1lininary overview of toxicelogical and environmental hazards was conducted.

Ethyl sentralite was only one of 4t .hamicals evaluated under Phase 1A
of contract No, DAMD17-77=C-7057. These chemicals ars groupad in four
catagories

axrlosives related chemicals
propellant relat:d chemicals
pyrotschnics

primers and tracers

Each category is a major report. Section I of sach raport is an overview of
the military processes which use each chemical and the pollution resulting
from the use of these chemicals. The problem definition study reports on
each chemical are separable sections of thasse four reports.

In addition, a general methodology report was also prepared, This report
describes the search strategy and evaluation methodology utilized during

this study.
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II. ETHYL CENTRALITE
A, Alternate Names

Ethyl centralite is a urea derivative possessing the following structure:

It has a molecular formula of Cy7HoN20 and a corresponding molecular weight
of 268,356 g/mole. Alternate names for ethyl centralite are listed below!

CAS Registry No. 85-98-3

CA Name (9 CI): Urea, N,N'=diethyl=N,N'=diphenyl=
CA Name (8 CI): Carbanilide, N,N'=diethyl=
Wiswesser Line Notation: 2NR&VN2&R

Synonyms Carbamite, Centralita, Centralits 1;

1,3=diethyl-1, 3-d1phcny1uron. Ethyl
c-ntrllito. N,N'=diethyl=N,N'= diphenylurea;
N,N'=diethylcarbanilide; Sym-diethyl-
diphanyluraa.

B. Physical Properties

The physical properties of ethyl centralits are presented in Table II-l.
The infrared spectrum of ethyl centralite shows absorpticns at 3050, 2980,
2840, 1660, 1600, 1300, 1450, 1390, 1370, 1290, 1270, 1130, 1080, 1070,
750, and 690 cm‘i (CRC, 1974). Tha ultraviolet apectrum of ethyl centralite
in methanol shows an absorption maxima at 245 my (CRC, 1974),

c. Chemical Properties

l. General Reactions

Nitrosation and nitration studies on ethyl centralite have baen con-
ducted to examine its role as a propellant stabilizer (Taymaz et al., 1977;
Roy, 1968). Nitrosation was performed using nitrous acid (HNO;) in hydro-
chloric acid (HCl). The amounts of nitrous acid employed ranged from 2 to 50
molar equivalents of ethyl centralite,

Q.0

C o= CHZ CHz— CHJ

+ NaNO

®
+ HC1
2 Hﬁ products

~65- (11-9)
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TABLE II-}.
Physical Form @ 20°C:
Color:
Odorx't
M.P.!
B.P.
Specific Gravity:
Solubility:

Phyasical Properties of Ethyl Centralitex,
Crystalline solid
White
Peppery
79°C
325-300°C
1.12 @ 20°¢

Water =~ insoluble
Soluble in most organic solvents.

“Refarences: Windholz, 1976; Sax, 1976; Hawley, 1977,
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The major products were various nitro derivatives of ethyl centralite., When
concantrations greater than 8 equivalents of nitrous acid were used, nitro-
N-ethylanilines and trinitrobanzene appeared in the product mixture. It

was necessary to raise the concentration of HNO7 to 50 molar equivalunts
before unreactsd ethyl centralite was not found in the products. At this
high concentration, traces of nitro-anilines were formed,

Ethyl centralite was nitrated by the action of a standard mixture
of sulfuric and nitric acids at 5°C for 1 hour,

0 @ °
@ + H,80, + HNO 3 C
| I H,80, 3 TToR Products

SN C =N
H,C = CHy CHz== CH3

The amount of nitric acid used ranged from 1 to 112 molar equivalents relative
to ethyl centralite. Minimal reaction was cbserved using 1 molar squivalent
of HNO3. Higher concentrations of nitric acid yielded numerous nitro deriva-
tives, nitro-N-ethylanilines, nitroanilines, and miscellanecus nitro aromatics.

Rby (1960) also attempted to hydrogenate ethyl centralite. He
treated it with Hp at 20 psi cnd Pt black and Pd black catalysts. No reaction

: ’\ " /: Pd/PC

N=C -X + H, —W no reaction
H3C = CH, CH g CHj temperature

2, Environmental Reactions

Ethyl centralite is stable in water. Its resistance to hydrolysis
has been attributed to the bulkiness of the ethyl and phenyl subatituantas.
Hydrolysis involvas initial nucleophilic attack by hydroxide anion (or by
a moleculs of water in acid), The mechanism in acid requires prior protona-
tion of carbonyl oxygen, enhancing its electrophilic character. The carbonyl
reforms as N-athylaniline is lost. The N-substituted carbamic acid spontan-
sously decarboxylates forming a sacond N-ethylaniline and CO3. The hydrolysie
is shown schematically in Figure II-1,

-67- (I1-11)
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Figure II-1l. Ac:}.d Hydrolysis of Ethyl Centralite
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flydcolysis has been observed in strong sulfuric acid. Following
reflux of ethyl centralite for three hours in 30X H2804, 94X of the starting
material was recoverad., None of the expectad hydrolysis product was found.
Refluxing for four hours in 40% HyS0, yielded tar formation and traces of
N=-athylaniline. Complete hydrolysis was achieved by refluxing ethyl centra-
lite for three hours in 602 H350,. Seventy-one precent of the thsoretical
N=sthylaniline was recovered with tar formation accounting for the remaining
material.

Even under severe conditions, ethvl centralite resists base
catalyzed hydrolysis, Ninety percent of the starting material was racovered
following four hours of refluxing in 50% aqueous NaOH., Minor amounte of
tars formed,

3. Sampling and Analysis

Two-dimensional thin layer chromatography can be employed for thas
isolation of ethyl centralite., It has been used in the examination of the
products of reactions of centralite (Roy, 1968; Taymaz ¢t al,, 1977) and
in the determination of centralite and derivatives in artificially aged
propellants (Roy, 1968), Separation was achieved on glass pl:tes coated
with silica gel with a two developer (solvent) system. The sample was
first chromatographed using ethylene dichloride and then chromatographed
at right angles with a 75:25 petroleum ether:ethyl acatate solution.

Ethyl centralite way also be identified by its absorption spectrum

(Amax = 247 nm). However, the presence of N-sthylaniline (Amax - 247npm) will
interfare with this determination.

D Usea in Army Munitione

1. Purposes

Ethyl centralite is used as a stabilizer for numerous propellant
formulations as shown in Table II-2, These formulations include singls,
double and multibass propellants made by both solvent and solventless
processes. Ethyl centralite is used at &ll facilities which manufacture
propallants, including Badger AAP, Sunflower AAP, Radford AAP and Indiana AAP.

2, Quantities Used
d. Historical Usa

The average amount of ethyl centralite used at Radford AAP
during the period 1968-1977 was 343,200 1lb annually. The major use was
in double and multi-base propellants, which account for 87 percent of the
ethyl centralite used. Most of the remainder was used in the single base
propellant, BS-NACO., About 1 percent was used to make the M-8 formulation,
which is a solventless process,double base propellant. The specific amounts
of athyl centralite procurad by RAAP during the period 1968-1977 are given
below (Watts, 1978),

-69-~ (11-13)
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Formulation

Benite

BS = NACO

HES §706~1

M=7

M=7 for TOW
M=26

M=26El

PNJ Casting Powder
M-8

M=30

M=30A1

M=30A2

PNJ for TOW
Bermite

MR=23 adhesive

Propellants Having Ethyl Centralite As an Ingredient
(Hercules, Inc.,, 1977)

X _Ethyl Centralite in Formulation
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0.5 + 0.1
1.2 + 0.2
0.8
0.9
0.8
6.0 + 0.5
6.0 + 0.5
0.02
0.6 + 0.2
1.5 + 0.1
1.5 % 0.1
1.5 + 0.1
0.02
2,0
0.3 + 0.1
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13 1960 1069 1970 39T 1972 1973 APIA i8I a8l ien)
$11,17% @€95,930 140,350 238,450 444,328 60,723 399,469 356,650 205,268 304,649

b. Current Use

O P PR
——— .

i During 1977, Radford AAP used cthyl centralite at an average
rate of 31,200 lb/month. Based upon Decembar, 1977, production of propellants,
{; the following amounts of ethyl centralite ware used in December, 1977, alone:

ELallbe ER S

AR Lb. Produced Lb, Bthyl
il ; Propellant December, 1977 Centralite Used
1 i ’

; R Bermite 25,000 125
N M-7 6,000 54
R M-26 242,000 14,520

‘ . M-8 32,000 192

A M=30 683,000 10,245 -

; L M=30A2 453,000 6,795

] : ! 31,931

.\“.—_‘ .

ﬁ Thus, December, 1977, was a typical month with respect to usa of athyl cen-
) P tralite with about 102% of the average monthly amount consumed.

¢. Use at Full Mobilization

B : Not all of the propellants specifying ethyl centralite in their
{ o formulations could be produced at the same time, as they use common facili-

. _ ties. It is estimated, however, that full mobilization operations at Radford
3 i AAP would consume about 150,000 lb/month of ethyl centralite,

1 3, Documented or Speculated Occurrences in Air or Water '

1, The actual concentrations of ethyl centralite in waste streams H
have not been measured. Effluents containing ethyl centralite would be
expected to be genarated from the following sourcest

R R
BT R R e A

- Preparation operations including weighing, grinding, or

, classification, Dust or particulates are collected in

l‘ wet scrubbars from which both solid wastes and contam=
inated effluents may be generatad.

=g

=)

ﬁ' : - Residues from washdown operations generats effluents
‘f: 1 which are filtered and dischrrged. Collected molids are
.| transported to the burning grounds.
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- Process water from the manufacture of propellants by the
solvent process, These effluents appear in the C-line
waste water stream, the 48=-inch general purpose sewer, and
the solvent raecovery area discharges,

- Process wastea from solventless propellant manufacture,
These effluents appear in the rolled powder area waste
streams,

1t is estimated that 1-2% of the propellanta produced are lost
during processing oparations. Another 2-3% of the ethyl centralite handled
may be lost during preparation operationa {Dickeuccn, 1978). Thus, total
amount of ethyl centralite in waste streams amounte t~ 900-1600 lb/month,
based upon current production rates at Radford AAP. Full mobilization losscs
would range from 4,500 to 7,500 1b/month.

Ethyl centralite 1s sparingly soluble in water., Much of the
material lost 18 collected in solid form on effluent stream filters, This
material may be collected and burned, thus never reaching the New River,
However, dapending upon the frequency of particulate removal from the
filters, some athyl centralite may leach out of the collected solids., It is
estinated that 1/3 of the total ethyl centralite loss may ultimately appear
in effluents reaching tha New River,

E. Uses in the Civilian Communicy
1, Production Methodology

Ethylcentralite is made by the reaction of phosgene with two
equivalents of N-ethylaniline.

(CHZCHS / . @ ?‘ D

H }
Cl-g-Cl + 2 @ B 4 ,N— c —}\ + 2HCl
3

The reaction 1s run in the absence of water and HCl is removed as a gas
(Cordova Chemical, 1977),

2. Manufacturers, Produqtion and Capacity

In the recent past, Story Chemical Company was ths only U.S, manu-
facturer of ethyl centralits, Story was racently purchased by the Cordova
Chemical Company, who has currently shut down all plant operatiocus. No daci-
sion has been made as to whethar or not Cordova will resume the production
of ethyl centralite (Cordova Chemical, 1977)., Former production and capacity
statistics are unavailable,
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3. Usages

There are no non-propellant related uses of ethyl centralite,

4, TFuture Trends
No new civilian uses for ethyl centralite are anticipated,
5. Documented or Speculated Occurrences in the Environment

No occurrences of ethyl centralite in the environment from civilian
nanufacture have been recorded in the literatura.

F. Comparison of Military and Civilian Usage and Pollution

The only major use of sthyl centralite in the United Status is as a
stabilizear in propellants, There arae no U,S. civilian producers which
currently manufacture ethyl cantralite. Tha Army purchases all of its
athyl centralite trom French or German sources through the following

importers:

= Wallach=Gracer Export Corporation
« Kingsley and Keith

Thus, the Army is the major user and polluter of ethyl centralite.

G. Toxicological and Environmental Hazards

1, Toxicity to Mammals

Little ressarch has baen conducted on the toxicity of ethyl cen-
tralite. Doull et al. (1962) studied the toxicity of ethyl centralite to
mice. They found the intraperitonsal LD30 for ethyl centralite to ba
200 mg/kg. This result would iudicate that ethyl centralite is a fairly
toxic substance. It is also known that ethyl centralite can be absorbad
through the skin, A nead for further investigation inte the mammalian
toxicity of athyl centralite is indicated by this limited study.

2, Aquatic Toxicity

The distribution of ethyl centralite in the aquatic environment
has not been studied, MacPhes and Ruelle (1969) found that when the Northern
Squawfish (Ptychooheilus oregonensie), Chinook Salmon (Onoorhynchus
tehawytscha), and Coho Salmon (0. kiautch) were exposed to 10 ppm of athyl
centralite, they died within one to three hours.

Based upon the estimated losses of ethyl centralite at RAAP, a
typical concentration of this material in the New River would be from 1 -~ 20
ppb. However, at full mobiliration, it appears that ethyl centralite would a
ba toxic hazard to aguatic organisms in the New River. Also, much of the
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ethyl centralite released into the effluent is due to washdown, which would
produce a surge in the levels of ethyl centralite in New River and increase
the toxicity. Eventually, due tc ethyl centralite's insolubility, most of
the compound will be found in the sediment. Data on the accumulation or bio=-
concentration of ethyl centralite in aquatic systems is not available. A
likely degradation pathway could be the hydrolysis of ethyl centralite to
form N-ethylaniline. The impact of N=ethylaniline on aquatic organisms and
aquatic systems has not been gtudied.

3, Toxicity to Invertabrates, Microorganisms and Plants

No information was encountered on the toxicity of ethyl centralite
tr invertebrates, micrcorganisms or plants.

4, Availability of Licerature for Phase II

Only two toxicological studies wers found on athyl centralite dur-
ing this preliminary overview, Sufficient information for a Phase II detailed
evaluation of the environment and toxicological hazards of ethyl centralite
should be available from the foreign literature, manufacturers and by com=-
parison to closely related compounds.

H. Regulations and Standards

Thetre are no United States efflusent or industrial hygiens standards for
athyl centralite. This compound is not listed in the "EPA Toxic Substances
Control Act Candidate List of Chemical Subatances."

I. Conclusions and Recommendations

The goal of this preliminary problem definition study was to evaluate
the Army's responsibility for conducting further studies on ethyl centralite,
From the information presented in this report the following conclusions can
be drawn:

1, Ethyl centralite is a military unique compound., It is not currently
menufactured in the United States. The only reported use of this compound
is as a estabilizer in solid propellant formulations.

2. Amounts up to 2500 lb/month of sthyl centralite could be dis~
charged from Radford AAP into the Naw River at full mobilisation.

3. Due to its low solubility in water, most of the sthyl centralite
will accumulate in the sediment, It may also bioaccumulate in aquatic
organisms,

4, The limited toxicological literature evaluated during this study
indicates ethyl centralite is highly toxic to aquatic organisms and moderate-
ly toxic to mammals.

~74 | (11-18)
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As a result of this preliminary problem definition study, it 18 concluded
that farther rescarch on ethyl centralite vhould be the Army's rasponsibility.
It 18 therefore recommended that the fcllowing studies be undertakan

= A Phass II detailed evaluation of the toxicelogical and environ-
mental harzards of ethyl centralite should bea initiated,

~ Sampling of sediments near the Rauiord AAP outfells should be
undertaken to evaluate the accumulation of ethyl centialite,

= Depending on the findings in the Phase II literature evaluation,

additional aquatic toxirslogical studies should be undertaken. Bicaccumula-
tion factors should also be evaluated during this study.

=-75= (11-19)
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SUMMARY

Diphenylamine is used in single base solid propellant formulations
produced by the solvent process at Radford, Sunflower, Badger and Indians
Army Ammunition Plants (AAP). It is present in the propellants in amounts
ranging from 0,5 to 1.7%. 1In the propsllants, diphanylamine acts as a
stabilizer by reacting with NO and NO; formed from the degradation of the
nicrate ester primary explosives., Current use of diphenylamine at Radford
AAP 18 120,000 1b/year. At full mobilization, 1,284,000 1b/year of diphenyl-
amine would be formulated into propellants at Radford AAP, Estimatad
discharges of diphenylamine into the New River are between 1600 and 2650

1b/month at full mobilization, If all four propellant plants were utilizing

this chemical at approximately the aame full mobilization rate, the Army
would need 5,136 million lb of diphenylamine par year.

Diphenylamine is used in the civilian community as an intermediate for a
variety of dyes and as an antioxidant for rubber, In 1974 civilian production
of this compound was 39,9 million lb/year, This production rate will increase
as the dye and rubber market grows and as planned new diphenylamine production
facilities become operational.

Diphenylamine is moderately toxic to mammals in acute doses, The major
problem of chronic exposure to this chemical is the presence of 4-amino-
biphenyl as an impurity, The presence of this carcinogen has overshadowed
some of the results of chronic exposure studies with diphenylamine,

Diphenylamine is highly toxic to aquatic organisms with 48 hour LC50
ranging from 0,35 to 3,2 ppm, Microorganisms are able to produce nitrosamine
from nitrate and diphenylamine, These compounds can be further degraded.
However, thelr effect on the environment has not been resolved.

Diphenylamine i® not a military unique chemical, The current Army
use vate of this chemical is only 0.02% of the 1974 civilian production, At
full mobilization, the Army's needs could increase to 13% of the 1974
production, Sufficient information is not available to assess the civilian
polliution of this chemical. The pollution of this chemical resulting from
current propellant manufacture at Radford AAP is estimated at 1800 to 3000
1b/year. This discharge is probably A5% of that from civilian production
and use, Therefore, the Army's responsibility for further research on this
chemical is questionable, However, dus to the high aquatic toxicity of
diphenylamine, very low levels (12 ppb) have bsen suggested for protaction
of aquatic organisms, If this suggested level is adopted, the Army may not
be able to meet the effluent standard. Therefore, it is recommended that
the following studies be undertaken

-~ Sampling and analysis at Radford be performed to determine
the quantity of the compound entering the New River '

= A literatura evaluation of the fate of this chemical in the eco-
system and in proposed treatment facilities
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- Depending on the results of the literature evaluation, !

b experimental studies on the fate of this compound may be necessary,
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FOREWORD

This report details the results of a preliminary problem definition
study on diphanylamine., The purpose of this study was to detarmine the Armmy's
responsibility for conducting further research on diphenylamine in ordes to
determine its toxicological and environmental hazards so that effluent
standards can be recommended. In order to determine the Army's responsibility
for further work on diphenylamine, tho military and civilian usage and pollu=-
tion of this chemical were evaluated. In addition, a preliminary overview
of toxicological and environmental hazards was conducted.

Diphenylamine was only one of the 48 chemicals evaluated under Phase IA
of contract No, DAMD17-77=C=7057. These chemicals are grouped in four
categories

= eXplosives related chemicala
- propellant related chemicals
= pyrotechnics

- primers and tracers

Each category is a major report, Section I of each report is an overview of
the nilitary processes which use each chenical and the pollution resulting
from the use of these chemicals., The problam definition study reports on
each chemical are separable sections of these four reports,

In addition a general methodology report was also prepared, This report

deagribea the search strategy and evaluation methodology utilized in this
study.,

=83~ (L11-5)
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III. DIPHENYLAMINE

A Alternate Names

Diphenylamine 1s an ammonia derivative having the following structure:
| X
Z N
|
H

The molecular formula of diphenylamine is CjoHjiN corresponding to a molecu-
lar weight of 169.22g/mole. Alternate names for diphenylamine are presented
below:

CAS Registry No.: 122-39=4

Replaces CAS Registry No.: 16044-89=6

CA Nama (9CI): Benzenamine, N-phenyl-

CA Name (8CI): Diphenvlamine

Wiswesser Line Notation: RMR

Synonyms: Anilinobenzene; Biphenylamine; DFA; DPA;

N~phenylaniline; (Phenylamino)benzene

B. Physical Properties

The physical properties of diphenylamine are presented in Table III-1,
The infrared spectrum of diphenylamine is presented in Figure III-1,

19.004:)  Diphahpioming, aone refined. 900 &, GOLD LABAL
My} (NH M0 188 1) mp Bi o

Lo | pand [l [ ad . 1L L] 10 e Ao " 'k o 4
w ey - L)
L] »
L] : - »
L] L) »n
L] ‘ [} [ ]
» . . »
o 3 )] o - L]
» S '
T -1 - :
] N "

] v Wit [}

e " : [

-
>,

WAVIINET B MCHONS

Figure ITI-1, Infrared Specirum of Diphenylamine
(Pouchert, 1970).

The ultraviolet spectrum of diphenylamine shows an absorption maximum at
282 mu. (CRC, 1974).

-§7= (111-9)
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Table III-1., Physical Properties of Diphenylamine*.

Physical Form @ 20°C:
Color:

Odor!
M.P.:
B.P.:

Specific Gravity!

Flash Point:

Autoignition Temperature:
Solubility:

*References: Windholz, 1976; Internutional Technical Information Institute;

Seidell, 1923,

=88

80lid leaflets

colorless to grayish; darken on
exposure to light

floral
52.85°C

302°c @ 760 mm lg
179°C @ 22 mmHg
168.5-70 @ 14 om Hg

1,159
153°¢
635°C
vater - 0,0018g/100g @ 10°C
0.0023g/100g @ 13°C
0.0025g/100g @ 20°C
0.0036g/100g @ 25°C
0.0044g/100g @ 30°C
acetone - 70.57g/100g @ 0°C
74.91g/100g @ 28°C

methanol - 21.08g/100g @ 0°C
55.15g/100g @ 28°C

ethanol - 35.9g/100g @ 19.5°C
ethyl ether - 76.45g/100g @ 28°C
chioroform - 67.35g/100g @ 28°C
benzene - 73.54g/100g @ 28°C

(111-10)
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C. Chemical Proparties

| 22 1. General Reactions

H IR Two aromatic substituents significantly alter the chemistry of

L diphenylamine from aliphatic amines. Diphanylamine is an extremely weak

] ' base and the amine proton is remarkably labile, It is exchanged immediacely
for a heavy proton in dauterated solvents.

EtOD

@@ @O

b Anhydrous traatment with alkali metal can even remove the proton (Kirk and
Othmer, 1964b).

. [
)_ The C-N bonds possess a significant amount of double bond character, making |
them stronger than normal single bonds., Pyrolysis at 1050°C results in
| minimal cleavage. The major product is carbazole (Brurel and Schmelte,
1971),

1050°C ' :
+ minimal :
cleavage :

Catalytic reduction at 200°C gives a mixture of N=cyclohexylamine
and dicyclohexylamine. At 250°C, reduction occurs with cleavags.

saekdoncIIone
SRR le
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Treatment of diphenylamine with potassium permanganate or several i
other oxidizing agents yields tetraphanylhydrazine (Kirk and Othmer, 1964b).

. KOy, [:jjl~n ,[:::] | i 1
@»«@ nE
; R

Treatment with milder reagents rasults in oxidative coupling through the i
aromatic rings. d

{

! N N 1
' — OCLaU |
Diphenylamine, like other amines, can behave as a nitrogen nucleo~ ;

phila. It reacts readily with organic acid chlorides and anhydrides to (
yield N,N~diphenylamides (Kirk and Othmer, 1964B}.
‘ ?HS

c=0 i

e Rnlbndiete

When heated in the presence of dehydrating cganti. these amides ara trans-
formed to acridine derivatives (Kirk and Othmar, 1964b) .

AT = TR e S50t T

¥
C = 0

oo+

The nitrogen nucleophilic activity of diphenylamine is limited by ‘ )
the bulkiness of the phenyl substituents. In situutions where steric consid- !
srations are important, the nucleophilic sites on the aromatic rings are '
more reactive. In the reaction of triphenylmethyl chloride with diphenylamine :
the para postion of the phenyl ring, not the amine hydrogen, behaves as i
the nucleophile (Kirk and Othmer, 1964%H). [

P PR S Sl
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1f excess triphenylmethylchloride is present, the reaction will continue.

L | ;
QoQ,
o &

|3

The aromatic rings of diphenylamine are more susceptible to elec-
trophilic substitution than benrzene. Ralogenation occurs readily and is
difficult to atop at the mono=- or di~ substituted product. The tetra-
substituted product is isolatable and the reaction may bs driven to yield
perchlorodiphenylamina,

| a | a a | a
U "0 — "@ —) Ol N o
5 R a c c ca

The nitration of diphenylamine in relation to its use as a propel-
lant stabilizer has been well studied (Apatoff and Norwite, 1973). Treat-
ment with nitrous acid produces the nitromo, nitro- and dinitro derivatives.
Prolonged treatwent with the acid leads to polynitro- compounds.

oo™ o0 d0-&u

polynitrodiphenylamine

=91~ (I11-13)




Diphenylamine reacts with formaldehyde and acetone to yield a
variety of products depending upon reaction conditions (Kirk and Othmer,
1964b), Refluxing of equimolar amounts of diphsnylamine and formaldehyde in

benzene yields tetraphenylmathylenediamine.
H
|
/" N + CH0 ) N-CH =N
) agxe;
Addition of dilute acids reverses the rea=tion.

QLY e

1f exceus diphenvliamine is reacted with formaldehyde in the pressnce of cata-~
lytic amounts of acid, p,p'-dianilinodiphenylmethane is formed.

H by '{
) + |
H N NN
sh N i Wens
cry =

Prolonged heating results in polymeric resins being furmed.

Acatone will react with excess diphenylamine in the presence of an
acid catalyst to yield tetraphenyl 2,2'-diaminopropane.

I
‘ 3 Q"}‘S
@’ " )t tc-E-cny e N-C-N
N ] -
</ \’>cu3 <\t>

1f the ketone is in excess, viscous oils containing diarylamives are formed.

-92- (111 14)
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2, Environmental Reactions

The photolysis of diphenylamine in an ether/iscpentane/alcohol solu-
tion at low temperature has been investigated. Initial illumination at 250
to 300 nm results in loss of an electron, Either a proton or a hydrogen
radical is lor* upon continued illumination (Lewis and Lipkin, 1942).

o “@@-ﬁd@
o Lo

Posgible reections between these various photolytic products include radical

coupling and electrophilic substitution.
| | QO
> l u\© + " _a N"‘N
S O

* s' Q -,
00 7 Q"O”@

3. Sampling and Analysis

Most analytical techniques for diphenylamine have been developed
for its determination in propellants. These techkniques vere recently reviewed
by Apatcff and Norwitz (1973). Techniques inciude colorimetric determination
following oxidation with nitric scid, dichromate, or ferric ion; volumetric
bromination; polarcgraphic determination; qualitative IR spectroscopy; UV
spectroscopy (dmax = 285 nm); thin layer chromatogrphy; and gas chromatography
(GC). GC has been used for simultaneous analvsis of a number of propellant

-93- (I11=15)




components including diphenylamine (Sopranettl and Reich, 1972} Kelso, 1974), [
Diphenylamine can be determined in the presence of 2-nitrodiphenvlamine,
ethvl centralite, triacetin, phthalate esters, and dinitrotolulene.

Dantzman (1976) reported a‘spectrophotomettic method for determina- 2
tion of diphenylamine in Ext. D&C Yellow No., 1, He was able to reliably
determine diphenylamine in concentrations down to 0,02%,

Oy MR pan S RAINC S

D. Uses in Army Munitions

iE 1. Purposes (
1K Diphenylamine is used as a stabilizer in the following propellant

1k formulations: |
f; % diphenylamine in formulation Ny
| - CBI Powder 1.5:0,2 )
% - IMR 1050 0.5 to 1,25 |
iH - M-l 1.0+0,2,-0.1

i* - M=6 100“'0;2."001

i . w10 1.0£0.3 (
R - M6 + 2 1|0+002|-001 o

These formulatione are tingle base propellants produced by the solvent pro-
cess. Diphenylamine is used at all facilities which produce propellants
including Badger AAP, Sunflower AAP, Radford AAP and Indiana AAP.

E

{ Diphenylamine stabilizes the propesllant by reacting with NO and ‘i

? NO7 which are formed by thermal degradation of nitrate esters. Without a
A stabilizer, NO and NO; will react with moisture to form nitrous and nitric \
t_ acids which promote further degradation. The presence of NO2 itself may l
§
}
|

cause an autocatalytic effect which also promotes degradation (Richardson,
1975). The presence of 1% of diphenylamine in the formulation will
stabilize a propellant for several years.

2. Quantitiea Used

a. Historical lLse

Diphenylamine is used exclusively to produce singls base pro=-
pellants., The predominant use is for the M-l formulation, which accounted f
for 89% of the diphenylamine usod at Radford AAP during 1968-1977, The aver- l !
age annual amount of diphenylamine purchased by Radford AAP during this period
was 621,900 1b/year. The specific guantities of diphanylamine purchased by :
Radford AAP during the period 1968-1977 are shown balow (Watts, 1978): |

[T g

1YY WO U L N (1. S|}/ SR |1/ IS |1/ SO 1 "G M L S
1,229,250 930,100 712,600 548,800 546,350 767,800 839,800 337,330 94,000 133200 |

e
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b. Current Use

During 1977 Radford AAP utilized diphenylamine at an average
rate of 10,000 lb/month, Based upon December 1977 production of M-1 and
M~10 propellants, about 8500 1b of diphenylamine were used, or about 85% of
the average rata.

c, Use at Full Mobilization

Current production of propellants which specify diphenylamine
in the formulation is about B8-10X of capacity. At full mobilization, ap-
proximately 107,000 1b of diphenylamine would be used each month.

3. Documented or Speculated Occurrences in Air or Water

Diphenylamine concentrations have been measured in the effluent from
the "water-dry" processing step (Glennon, 1977). The indicated loss in this
step was estimated at 30-60 lb/month. This amount is not representative of
total losses, however. Several other process water effluents exist which

may contain diphenylamine. In addition, losses may occur in the preparation -

operations in which diphenylamine is weighed out and prepared for process
use.

Total diphenylamine losses from both praparation and processing
sourcas are estimated at about 300 to 500 lb/month, At full mobilization,
this loss would increase to 3200 to 5300 1lb/month. This represents 3I=-5% of
gg;a;mount used, and ia considered to be a typical loss level (Dickinsen,

Diphenylamine is sparingly soluble in water. Since much of the
material lost is collected on filters in solid form, some of the diptianvl=
anine loat is recoverad and disposed of by burning. It is estimated that
about 1/3 to 1/2 of the diphenylamine lost ultimately reaches the New River
as a svlute in effluent streams,

E. Uses in the Civilian Community
1. Production Methodology

Diphenylamine is formed on an industrial scale by the self conden~
sation of aniline in the presence of strong acids.

sz + @,Nﬂzﬂé @,E@ - ’

The reaction is conducted in an acid resistont reflux apparatus at tempera-
tures around 300°C and high pressure. Aniline combines with the acid to
form aniline hydrochloride.
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NHZ NHaCl
@ + HCL ;2 ©’ 3

The aniline hydrochloride combines with a second molecule of aniline to form
diphenylamine and ammonium hydrochlori@e.

i
NH3C1 NH N

In the presence of excess aniline, ammonium hydrochloride decomposes
to ammonia and hydrochloric acid, regenarating the catalyst. The ammonia is
removed at the top of the column. The orude product is washed with aquecus
sodium carbonate to remove any traces of acid and then vacuum distilled. The
yield approaches 80X (Kirk and Othmer, 1964d),

2. Manufacturers, Production and Capacity

There are two manufacturers of diphenylamine in the U.S. American
Cyananid manufactures this chemical in Bound Brook, N,J., and Rubicon Chemicals
has a plant in Geismar, La, Plant capacities are unavailable. In 1977,
American Cyanamid increased their capacity by 50%, Rubicon has scheduled ex-
pansion to be completed late this year which will increase their capacity by
26 million pounds per year (S,R.I., 1977), Historical production figures are
listed below in Table III-2 (U.S. Tariff Commission).

Table III-2. U.S. Production of Diphenylamina%,

1968 1969 1970 1971 1972 1973 1974

32.2 34.8 29.4 30.6 33.8 34.7 39.9

* in million pounds

3. Usages
Diphenylamine is used in the dye industry as an intermediate for

@ variety of dyes including Metanil Yellow, Aniline Yellow, Curcumine,
Alkali Green, and Pyrogene Indigo (Kirk and Othmer, 1964a),

=96~ (111-18)
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It is also used as an aantioxidant for rubber, as a colorimetric

indicator in analyses, and as a chemical intermediate to N-nitrosodiphenyl-
amine and phenothiazine.

NO H

A |
"0 98¢

s
N<nitrosodiphenylamine Phenothiazine

4, Future Trends
{

The diphenylamine market is stable with growth axpected to parallel
the rubber and dye industries,

S, Documented or Speculated Occurrences in the Environment

Diphenylanine has not been reported as an euvironmsntal contaminant
in the civilian community. It is known to be present in Ext. D&C Yellow
No. 1. It is required to be in concentrations below 0,2% (Dantzman, 1976).

T, Comparison of Military and Civilian Uses and Pollution

According to the latest available figures for civilian diphenylamine
production, 39.9 million pounds of this smine were produced in the U.S. in
1974, Radford AAP's usa of diphenylamine in 1974 was 839,900 or about 0,02%
of the diphenylamine produced by the civilian manufacturers. At full mobili-
zation, Radford AAP would use about 1,284,000 lb/year ¢f diphenylamine. If
the use rate at Badger or Sunflower and Indiana were about the same as Rad-
ford AAP, the Army would use about 5,136,000 1lb/year at full mobilization.
This use rate would be V13% of the 1974 civilian production of diphanylamine.

G. Toxicological and Environmental Hazards
l, Mammalian Toxicology

Diphenylamine is moderately toxic to mammals. Lande et al. (1934)
administered oral dosas of 0.5-2,0 g/kg of diphenylamine to rabbits. They
observed a loss of body weight and asthenia. Some deaths occurred in 15-20
days. Thomas @t al. (1967) exposed rats to diphenylamine in their food for
almost 2 years. At the end of 240 days, they observed weight differences
between the control and the malo rats which were fed 0.5 and 1% diphenyl-
smine, Differences betwssn controls end the female rats fed 0.1, 0.5 and 1%
diphenylamine vers also observed. Thomas's group also found a significant
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difference (P<.05) in mean number per litter between controls and the rats
fad 0.5% diphenylamine in the first mating; and controls and the rats fad
0.1% diphenylamine in the second mating. Abood and Romanchek (1957) found
that diphenylamina concentrations of 1074 M produced a 23% inhibition in rat
brain mitochondria, Alexander ¢t al. (1975) administered oral doses of di-
phanylamine to rats, rabbits and men. They found the major metabolites were
4=hydroxydiphenylamine and 4,4'=dihydroxydiphenylamine.

From these studies, it appears that diphanylamins is moderately
toxic to mammals, Recently Safe ¢t ql. (1977) identified toxic impurities
in commercial diphenylamine, Table III-3 shows the varying amounts of im-
purities in 6 brands of diphenylamine. One of the impurities, 4-amino~
biphenyl, has been shown to be carcinogenic. Orjelick (1975) stated that
diphenylamine had a strong asscciation with bladder cancer, not on its own,
but because 4~aminobiphenyl was usually present as an impurity., 4~amino-
biphenyl has bean shown to induce tumors in tha livaer and intestines of rats
and cancer of the bladder in dogs (Walpole et al,, 1954). Koss et al. (1969)
found cancer of the bladder in workers expoaad to 4=aminobiphenyl.

Thus, while diphenylamine itself is only moderately toxic, commexr=~
cial diphenylamine can be contaminated with the carcinogen, 4-aminobiphaenyl,
The amount of 4=aminobiphenyl in the diphenylamine used by the Army should
be determined. The previous toxicity studies on diphenylamine should be re-
evaluated if a commercial grade of diphenylamine was used in the tasts.

2., Aquatic Toxicology

Lavels of diphenylamine in the aquatic environment have not basn
measured, The acute toxicity of diphenylamine to aquatic organisms is shown
in Table III-4, Diphenylamine is most toxic to Daphnia magna with a 48 hour
LC50 of 0,35 ppm. Hartley (1977) estimated a safe lavel of diphenylamine to
aquatic organisms to ba 12 ppb.

Radford AAP's current use of diphenylamine is about 10,000 lb/month,
Under full mobilization, 107,000 lb/mo would be used. Based upon anticipated
losses from preparation, and processing steps, 150=250 lb/mo diphenylamine
would be releaased to the New River under current production rates., At full
mobilization, release of 1600-2600 lb/mo of diphanylamine into the waste
stream is possible. The concentrations of diphenylamine that could occur at
different flow ratas and mixing concentrations ars shown in Table III-S,
Based on Hartley's (1977) estimated safe levol of 12 ppb for diphenylamine,
diphenylamine can be acutely toxic to aquatic organisms near ths Radford
AAP discharge point, During full mobilization, a much greater area of the
river could be contaninated and massive kills of aquatic organisms could
oceur,
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Table III-3. Toxic Impurities in Commercial Diphenylamine ®* (Safe et ql.,1977).

L0 N
7 ;
i~ |
Commercial Band 1 Band 2 " Band 3 Band 4 ;
o~biphenyl=- o=cyclohexyl= p=biphenyl- '
DPA (ppm) amine (ppm) aniline_ (ppm) amine (ppm)
frand 1 50 - 93 -
Brand 2 45 32 22 94
Brand 3 12 22 17 27 [
Brand 4 9 3.2 5 17 ]
1
Brand 5 - - : 48 6.9 :
Brand 6 - - 12 -
* Brand 1 contains an additional impurity (£.€., Band 5) identified

as p-cyclohexylaniline
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Table III-4. Acute Toxicity of Diphenylamine to Aquatic Organisms.

a
f 24 48 96 ;
| Species Houtrs Hours Hours Reference b
E Water Flea 1.0 0.35 - Warner et al., 1978 )
E- (Daphnia magna) f g
ﬁ Fathead Minnow 3.2 3.2 1.52 Warner ¢t al., 1978 L
) (Pimephales promelas) { - |
r‘l ’ o
: Bluegill - - 1.10 Hartley, 1977 '
(Lepomis macrochirus)
Oatracod - 2,53 - Hartley, 1977

(Cyclooypris sp.)

S

L _Salfanastl 3
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Table III-5. Levels of Diphenylamine (ppm) in the New River at
Full Mobilization.

Degree of Mixing Low Flow (336 mgd) Average Flow (2500 mgd) .
1% 3.1 0.4 |

10% 0.31 0.04 ;

100% 0.0 0.004 5

|
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Due to its insolubility, diphenylamine would eventually accumulate
in the sediment. Its persistance in the sediment could increase diphenyl-
amine's toxicity to aquatic organisms. The availability of diphenylamine
to aquatic organisms and possible biomagnification through the aquatic food
levels are unknown. In the presence of nitrate and a high pH, N-nitroso-
diphenylamine and tetra-nitrodiphenylamine can be formed. 2:1 diphenyl-
amine and formaldehyde complexing can also occur.

3. Toxicity to Microorganisms and Plants

The toxicity of M=l propellant dust to aquatic ecosysems has been
investigated by Hartley (1977). In algae studies with Miorooystis aeruginosa,
culture death was found after a seven day exposure to 5 mg/l of dipheny-
amine,

Studies with sewage treatment microorganisms showed no adverse
effects on the sewage treatment organisms after exposure to 111.3 mg/l of
M-l propellant. The degree of biodegradation of the M-l propsllant by these
organisms is not known (Hartlay, 1977).

4, Environmental Fate

Experimental evidence indicates that diphenylamine may be microbio-
logically transformed into carcinogenic compounds, Hawksworth and Hill (1971)
reported that 27 of 37 strains of coli and & proportion of strains of other
fascal aarobas snd anaerobes were able to produce nitrosamines from nitrate
and diphenvliamine at a pH above 6,5, These nitrosamines can bs further de~-
graded, However, thair effect on the environmant is not resolved.

5. Availability of Literature for Phase II

Sufficient literature sources on the toxicology and environmental
fate of diphenylamine were identified during the preliminary study to indicate
the availability of sufficient information for Phase 1I,

H. Regulations and Stundards
l. Air and Water Regulations

The EPA has issued effluent limitations guidelines for discharges
from the manufacture of diphenylamine (Federal Ragistsr, 1976). These effluent
guidelines are listed in Table III-6. Diphenylamine is listed in EPA's Toxic
Control Act Candidate List of Chemical Substances (1977). However, there
are no immediate plans for any EPA sponsored work on this chemical.

2, Human Exposure Standards
A TLV of 10 mg/m3 for diphenylamine has been suggested by tha

American Conference of Governmental Industrial Hygienists (1977). This
compound ie not listed on NCI suspected carcinogenic list (NIOSH, 1975).
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Table IIl-6. Effluent Guidelines for the Manufacture of Diphenylamine
(Federal Register, 1976).

Effluent Characteristic Effluent Limitations
Average of Daily Values for
Maximum for 30 Consacutive Days Ehall
Any 1 Day Not Exceed:

1b/1000 1b of Product

'BOD 5 0.041 0.021 C
1) -i “
TSS 0.062 0.033 S
pH Within the range é
6.0 to 9.0 "
I. Conclusions and Recommendations

The goal of this preliminary problem definition study was to detoermine
the Army's responsibility for conducting future rasearch on diphenylamine. :
From the data presented in this report, the following conclusions have been {
drawn ;
1. Diphenylamine is not a military unique chemical; it is widely
used throughout the dye and rubber industries.

2, Reliable figures on the pollution resulting from the civilian |
and military use of this chemical are not available. However it is estimated
that ~ 5% of this pollution results from Army propellant productiom.

3. Diphenylamine itself is only moderately toxic to mammals,
however, significant quantities of the carcinogenic, 4-amirobiphenyl, have
bean found to ba present as impurities in the commercial product,

4, Further mammalian toxicological studies on diphenylamine should
be conducted by the civilian community.

5. Diphenylamine is highly toxic to aquatic organisms. Radford
AAP operations could lead to significant effects on the aquatic system from
this compound,

6. Further evaluation of the discharges and aquatic ecosystoms
stress from military operations using diphenylamine is warranted.
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The following recomaendations are made based on the results of this
l; preliminary problem definition study,

= In order to protect workers exposed to diphenylamine, the Army
should investigate the amount of 4-aminob.phenyl in its purchased diphenylamine.

« Further mammalian toxicological studies on diphenylamine are
mainly a civilian problem. '

= The levels of discharges of diphenylamine from Radford and Indiana
AAP require further quantitation. A planned effluent analysis program should |
sg be undertaken to obtain this information,

- Further evaluation of the environmental toxicity and fate of i

. this compound should be undertaken. The initial step in this study should be i

{§ a Phase II literature evaluation of the environmental problems and fate !
' associated with diphenylamine,

A PSP SVIRPR s NI SR VLY
[

-

| = Additional experimental studies to define the environmental fate
L. of diphenylamine and the ability of planned treatmeant processes to removae
' this compound from Radford AAP's wastes may be necessary depanding on the out-
come of the literature evaluation.

\
|
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SUMMARY

Diethylaneglycol dinitrate is used exclusively as a high energy plas-
ticizer for propellants. Current U. S. production capacity is 25,000 1b/year.
The only Army use of this chemical in the past several years has been three
55 gallon drums. This material was produced and used at Radford AAP for

formulation of M-37 propellants.

No specific mammalian or aquatic toxicity data on diethyleneglycol
dinitrate was obtained. BY extrapolation of available data on other organic
nitrates, this compound should be moderately toxic to both mammals and aqua~
tic organisms. In the aquatic environment, it probably accumulates in the
sediment and is slowly degraded either by acidic conditions or microorganisms.

1t is recommended that this compound not be evaluated in Phase II. If
future plans call for large production of M-37, then a detailed evaluation of
the toxicological and environmentul hazards of diethyleneglycol dinitrate by

the Army would be warranted.
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FOREWORD

This report details the results of a preliminary problem dafinition
study on diethyleneglycol dinitrate. The purpose of this study was to deter-
mine the Army's responsibility for conducting further research on diethylene-
glycol dinitrate in order to detarmine its toxicological and anvironmental
hazards so that effluent standards can be recommended. .n order to deter-
mine the Army's responsibility for further work ondiethyleneglycol dinitrate,
the military and civilian usage and pollution of this chemical were evaluated,
In addition, a preliminary overview of toxicological and environmental hazards
was conductad,

Diethyleneglycol dinitrate was only one of 48 chemicals evaluated under
Phase IA of contract No, DAMD]17-77-C=7057, These chemicals are grouped in
four categories

= axplosives related chemicals
= propellant relatsd chemicals
= pyrotachnics

= primers and tracers

Each category is a major report. Section I of aach report is an overview of
the military processas which use erch chemical and the pollution resulting
from the use of thase chemicals. The problem definition study reports on
each chemical are separable sections of these four reports,

In addition a general methodelogy report was also prepared. This report

describes the saarch strategy and evaluation methodology utilized for this
study.
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Vo IV. DIETHYLENEGLYCOL DINITRATE

A, Alternate Names

" Diethyleneglycol dinitcate is an explosive possessing r... following
i\- chamical structure:

196.1g/mole. Pertinent alternate names for diethyleneglycol dinitrate are

§! It has a molecular formula of C HgN»07 corresponding to a molacular weight of o ?
listed below: o

CAS Registry No.: 693~21-0
CA Name (9 CI): Ethanol, 2,2' -oxybis~dinitrata
CA Name (8 CI): Diethyleneglycol, dinitrate
Wiswessar Line Notation: S
Synonyma: DEGN, Diglycol dinitrate; Dinitrodigly- :
col; Dinitroglycol; Oxydiethylene
nitratas

anttl Aitin "

B. Physical Properties .
The phylical properties of diethylencglycol dinitrate are presented in

T.bl‘ IV'lu i
Table IV-1, Physical Properties of Disthyleneglycol dinitrate.* E
Physical Form @ 20°C: liquid ]
Color: yallow L
anu H -11. 3°C 1 y
B.P.: 161°C I
Liquid Density, d425: 1,377 g/ml ! i
Vapor Density, (airwl): 6.7 g/ml ]
Vapor Pressure: 0.0036 mm Hg @ 20°C :
Viscosiry @ 20°C: 8.1 cP i
Heat of Ccmbustion: 2792 cal/gm '
Refractive Index, nD25: 1.4498 !
Solubility: wvater - 0.40 g/100g @ 20°C |
0.60 g/100z @ 60°C _;

slightly soluble in alecohol '

soluble in ether

*References: Sax, 1976; Hawley, 1977; Army Materiel Command, 1971. ' _ ’ .
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C. Chemical Properties

1. General Reactions

Although the chemistry of certain alkyl nitrates (methyl, ethyl,
tert=butyl) has been invescigated, the chemistry of diethyleneglycol dinitrate
hag not been widely reported. Much of this chemistrv muat be inferred from
the behavior nf the simpler nitrate esters,

Nitrate esters are capable of transferring the NO, function to other
systems (Boschan ¢t al., 1955). Toluene is easily ni::.:.ﬁ in 981 Hp80,; with
ethyl, n-butyl, and B-chloroethyl nitrate.

I CH'

3 H,80 : 3
+ R-0N02 —Z_A’ @ “ ROH

)

Lewis acids such as AlCly can catalyze this reaction. Ethyl nitrate has been
used in the nitration of other aromatic systems including carbazole, a com=-
pound resembling diphenylamine.

Carbazole diphenylanine

H

Nitrate esters can also be used for nitration of certain active methylena

groups.
0
+ EtONO, —3 éruoz

N-nitration also is obsarved. The reaction of ethyl nitrate and
aniline in the presence of sither sodium in ether or ethoxide anion yields
phenylnitramine,

: NHNO
Ly 2
* EtONO, —>

N-nitrosation may occur, The reaction between diphenylamine and ethylnitrate
yields N-nitrosodiphenylamine along with other products.
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Nitrate esters are known to act as salkylating agents in their reac-
tion with certain nucleophiles. Heating nitrate esters with ammonia, or pri-
mary or secondary amines results in N-alkylation.

100°C

CHj0NO, + NH, ==—=3  CH,NH,

+ HNO,
Alcoholysis, the reaction of nitrate esters with alcohols, involves O-alkyla-
tion to form mixed ethers,

CH30NO2 + CH30H20H —— CH3OCHZCH + HN03

3

Nitrate esters can be reduced to the corresponding alcohol by any
number of etandard techniques including electrolysis, hydrogenolysis, or
treatment with metal hydrides or metals in acid (Boschan et al., 1955),

Diethyleneglycol dinitrate can be expected to undergo these typical
reactions of nitrate esters. The presence of the second ester function in the
molecule makes certain further recactions possiblae.

During hydrolysis (to be discussed in the following section) or i“s

action as a nitrating agent, diethyleneglycol dinitrate is transformed to di-
ethyleneglycol mononitrate, The monoester is capable of cyclivation.

0

Dioxane can bs expected to form due to the combined effects of the proximity
of the nucleophilic alcohol function and the generation of a thermodynamically
favorable ring.

In the reaction of diethyleneglycol dinitrate with ammonia or pri-
mary amines, another cyclization is possible. The amino function of the first

formed product may behave as an intra-molecular nucleophile yielding N-substi-
tuted morpholines.

) » 0
ozn-mcwc% —_— [NJ
|

CH3
2. Environmental Reactions

Dietbyleneglycol dinitrate is fairly stable to hydrolysis. Heating
at 60°C for 5 days resulted in only 0.003% decomposition. Hydrolysis in the

-119- (Iv-11)




FE T I TS e

presence of mixed acids resulted in approximately 12 cleavage to the monvester
after 6 hours (Urbanaki, 1965),

1t has long been known that hydrolysls of nitrate estera yields more
than the aimple alcohol and nitrate anion. The three separate processes which
complete in nitrate ester cleavage are represented in Figure IV-l,

Figure IV-1, Nitrate Eater Hydrolysis.

a) SN1 or SN2

HO™ + RCH20N02-- RC820H + N03'
b) E,

HO™ + RCHchZONoz-.-RCH-CH2 + N03

¢) Elimination of an a proton

HO™ + RCHZONOZ-- RCH=0 + H,0 + NOZ-

2

Reaction a) involves displacemant of the nitrate group by nucleophi-
lic hydroxide anion. In near neutral solutions water molecules may act as
nucleophiles. Most esters undergo bimolecular substitution (SN;) with nucleo-
philic addition and elimination of nitrate occurring simultaneously. Sterically
hindered nitrate esters generally are hydrolyzed via SNy processes involving
initial loss of nitrate to form a carbonium ifon followsd by rapid addition of
a water molecule,

Reaction b) involves simultaneous elimination of a 8 proton and the
Noa' molety.

H H H H
| N | |

f - ? - ? <0 - NO2 — % -Ces(C + N03'
|

Reaction c¢) proceeds with abstraction of an a proton with simul-
taneous cleavage of the 0-N bond rather than the C-0 bond (Boachan ¢t 2l.,
1955).

Hydrol, is of diethyleneglycol dinitrate will give mostly nitrate ion
and diethyleneglycol mononitrate. The reaction may proceed via an SNy mecha-
nism, an SN, mechanism, or both processes way compete. Generally primary ni-
trate esters will not undergo SN; tvpe reactions due to the low stability of
priaary carbonium iona. Diethyleneglycol dinitrate is an exception due to re-
sonance stabilization of the carbonium ion by the ether oxvgen.

(Iv-12)
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» M CH, _CH=0"

0.N - 0 - CH, CH ——> ONO-cH,~ %/ N\
2 2 +Cy 2 2
Ci'lz--CR2

~
”

In neutral solutions where the strong OH™ nucleophile is not present, the
importance of the SN2 mechanism will increase.

Hydrolysis of diethyleneglycoldinitrate via reactions b) and ¢) will
be of roughly aqual, though extremely uinor, importance. The presence of
basas in the water will magnify their importance,

3. Sampling and Analysis

Several methods have been developed tv determine the alkylpolynitrates
in air and water samples. Quantitative separation and analysis of alkylpoly-
nitrates by gas chromatography with a hot wire detector was reported by Camera
and Pravisani (1964). They used short columns and low temperatures to prevent
decomposition rcactions. The method gave good separations and high precision,
However, nu lower detection was given.

Detection of nitrate esters in water to the 20 ppb level is possible
using a single-sweap polarographic wmethod (Whitnack and Becktel, 1976). This
syatem was developed for the Navy to monitor 1,2-propyleneglycol dinitrate
in their effluent. The method can be used &s a continuous monitor in a range
0f0.10 to 1000 ppm 1,2=propvleneglycol dinitrate in water,

Two methods of analysis of low concentrationa of nitrate esters in
air are reported in the literaturc. One method is based upon nitration of
m-xylenol in a aulfuric acid collection solution. The nitroxylenol is deter-
mined colorimetrically after isolation by steam distillation (Yagoda and
Golderson, 1943), In a gas chromatographic method, Camera and Pravisani (1967)
collected air samples by bubbling through ethanol. The ethanol solutions were
injected directly into a gas chromatograph equipped with an electron capture

detector. With a 10 { air sample volume, the sensitivities for various nitrate
eaters were

- ethyleneglycol dinitrate 0.08 mg/m3
= 1,2-propyleneglycol dinitrate 0,02 ms/m3

D. Uses in Army Munitions

1. Purposes

Diethyleneglycol dinitrate is used to produce the M-37 propellant
formulation. M-37 is manufactured by the solventless process. The formula-
tion is produced infrequently. At Radford AAP it has only been produced one
time in the plant's history, and that was in 1977. It has not been made in

-121- (1v-13)




the other propellant manufacturing AAP's in recent ycars. Diethylenglycol-
dinitrate is produced on site at Radford AAP when needed by nitration of

diethyleneglycol.
2. Quantities Used
a, Historical Use \

A total of three 55 gallon drums (21500 1lb) of diethylene-
glycol dinltrate were produced and used at Radford AAP in 1977,

b. Current lse

Diethyleneglycol dinitrate is not currently used at Radford
AAP, and no future use is contemplated.

3. Docunented or Speculated Occurrences in Air or Water
The one-time use of diethyleneglycol dinitrate at Radford AAP proba-

bly resulted in no more than 15-30 1b of the material entering the environ-
ment. The point of entry was the waste effluent from the rolled powder area.

E. Uses in the Civilian Community

1. Production Methodology

Diethyleneglycol dinitrate is produced by the mixed acid nitratiom
of diethyleneglycol.
HNO,

HO-CH,,CH,~0~CH,CH,OH -azgaz ozno-cnzcnz-o-cnzcui-ono2

The reaction temperature must be kept low to prevent hydrolysis and oxidation.
Industrial scale yields arc maximized at temperatures between 10 and 15°C with
a 50:45:5 mixture of HNO :HZSO ¢ water. The weight ratio of acid mixture to
diol is 3.67 to 1. THe gndult ial yield is reported at 85X (Urbanski, 1965).

2. Manufacturers, Production and Capacity

Diethyleneglycol dinitrate is manufactured by the Trojan U.S. Pouder
Division of the IMC Chemical Group, Inc. The plant site is 55 miles south of
Salt Lake City near Spanish Fork, Utah. They producediethyleneglycoldinitrate
on order., Their current facilities have & capacity of twenty~five thousand
pounds per year which could be tripled with minor modifications (Irojan,

1977).
3. Usages

Diethyleneglycol dinitrate has no applications other than a high
energy plasticizer for propellants,
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4. Future Trends

No new civilian uses for diethyleneglycol dinitrat: are anticipated.
5. Documented or Speculated Occurrences in the Env. mnment,

There are no reported occurrences of diethyleneglycol dinitrate in
the environment from civilian manufacture,

F.  Comparison of Military and Civilian Usages and Pollution

Disthyleneglycol dinitrate is produced in borh the military and civilian
sactors on demand., It 4is not a high quantity item or a high quantity
polluter in either sector. Therefore, it does not rapresent a continuous
threat to the environment. With proper handling, it should not escape into
the environment in any significant quantities on those occasions when it is
manufactured.

G. Toxicological and Environmontal Hazards
1. Mammalian Toxicity

The toxicity of diethyleneglycol dinitrate has not been studied in
detail. However, all the nitrate esters are toxic to varying degreses. Their
toxicity is due to their ability to oxidize hemoglobin to methemoglubin.

They &lso depress vas:ular wall auscles causing peripheral vasodilation. This
vasodilator action results in a decrease in systolic blood pressure and an
increase in pulse and respiratory rates. The main symptom of nitrate ester
poisoning is a severe pressure headache. Vertigo or fainting may also

result (American Conference of Governmental Industrial Hygienists, 1971).

2. Aquatic Toxicity

Little, if any, research has bzen conducted on the distribution of
diethyleneglycol dinitrate in the aquatic environment. In its one time use
at Radford AAP, 165 gallons of diethyleneglycol were nitrated. Probably no
more than 15 to 30 1b, if this much, were lost to the New River. Since
diethyleneglycol dinitrate is heavier than and insoluble in water, it will
be found in the sediment. Hydirolysis ehould occur only very slowly in the
River. 1If this degradation occurs, microorganisms in the saediment could
then further degrade the diethyleneglycol.

3. Toxicity to Invertebrates, Microorganisms and Plants

No information was recrieved on the toxic effects of diethylene-
glycol dinitrate on microorganisms, invertebrates or plants.
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4, Availability of Literature for Phase I1

ﬂ Nu toxicological or environmental literature specific to diethylene-
' glycol dinitrate was found in thia prsliminary study. Toxicoiogical data may
be found in the older and foreign literature,

X H. Regulations and Standarde

There are no specific standards for diethylensglycol dinitrate. However, ‘
. a TLV of 0.20 ppm (1.5 ma/m3) for skin exposure is recommended for 1,2-
b propyleneglycol dinitrate (American Conference of Governmental Induatrial
' Hyglenists, 1971). Thia value is also the maximum acceptabls dose. A
similar TLV for diethyleneglycol dinitrate would be expected.

Disthylenaglycol dinitrate is not listed in EPA Toxic Substances Con- .
trol Act List of Candidate Chemicals (1977). DOT forbide shipment of ‘
diethylenoglycol dinitrate (Federal Register, 1976). :

1. Conclusions and Recommendations

Diethyleneglycol dinitrate is not used to any extent by either the
military or civilian aectora. The largeat use of this chemical appears to o
be in civilian propellant production. Diethyleneglycol dinitrate was used :
once at Radford AAP in M=37 propellant. Thus, this compound doam not present 11
a military use or pollution problem unleas the production of large quantities !
of M~37 propellant are anticipated in the future. Therefore, it is recow- P
mended that diethylsneglycol dinitrate only be evaluated in Phase II if :
production of large quantities of M=-37 is anticipated in the future.

e e ekt e 3TN gt
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SUMMARY

2-Nitrodiphenylamine is widely used as a stabilizer in double-base
solid propellant formulations, It is found in the formulations in concen=-
trations of 0.9 to 3.0%., Radford is the only operational Army Ammunition
Plant which 4s using 2-nitrodiphenylamine. Badger and Sunflower also
use this compound when they are operational.

Current use rate of 2-nitrodiphenylamine at Radford AAP is ~6000
1b/month, At full mobilization the Radford AAP use rate for this compound
is 6000 ~ 7000 lb/month. It 1is expected that at full mobilization the
usage of 2-nitrodiphenylamine at the Badger and Sunflower AAPs would be
approximately the same as at Radford AAP. Thus a total of 252,000 lb/year
of 2=nitrodiphenylamine could be used by the Army.

There 18 only one civilian producer of 2-nitrodiphenylamine. The
civilian capacity is estimated at >250,000 lb/year. The only civilian use
of 2=nitrodiphenylamine is as a chemical intermediate in the dye industry.
However, civilian companies that make molid rockets could purchase some of
this compound. The extent of these purchases is unknowm.

At current production levels, Radford utilizes ~40% of the estimated
rivilien production capacity of 2=-nitrodiphenylamine. With three plants
nt full mobllization, tha Army would purchase ~100% of the astimated
civilian production capacity of this chemical. Under current operational
conditions, the Army is also one of the main polluters of 2-nitrodiphenyl-
anine, The percentage of the total 2-nitrodiphenylamine pollution eminating
from Army propellant manufacturing is impossible to determine, due to
the unavailability of civilian production statistics.

Limited nammalian toxicology studies indicate 2-nitrodiphenylamine
is not very toxic in acute doses (LD50 for rats = 6,15 g/kg). Limited studies
concerning the toxicity of 2-nitrodiphenylamine to fish and invertebrates
show that this compound is highly toxic to aquatic organisms with LC50's
ranging from 1.8 to 5.6 ppm. Reaction of 2-nitrodipheny;amine in the
environment could lead to more toxic compounds.

Although 2-nitrodiphenylamine is not a military unique compound
the military is one of the major users and polluters of this chemical
Preliminary evidence indicatea a high potential environmental danger from
2-nitrodiphenylamine. It is therefore recommended that 2~nitrodiphenylamine
be included in the Phase II detailed toxicological and environmental studies.
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FOREWORD

This report details the results of a preliminary problem definition
study on 2-nitrodiphenylamine, The purpose of this study was to determine
the Army's responsibility for conducting further research on 2-nitrodiphenyl-
amine in order to determine its toxicological and environmental hazards so
that effluent standards can be recommended., In order to determine the Army's
respongibility for further work on 2-nitrocdiphenylamine, the military and
civilian usage and pollution of this chemical were evaluated, In a