UNCLASSIFIED

AD NUMBER

ADB093388

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution limited to U.S. Gov't.
agencies only; Test and Evaluation; Jul
83. Other requests must be referred to
U.S. Army Toxic and Hazardous Materials
Agency, Attn: DRXTH-TE-D, Aberdeen Proving
Ground, MD 21010.

AUTHORITY

DRXTH-TE-D, per DTIC Form 55, dtd 14 Feb
2002

THIS PAGE IS UNCLASSIFIED




- L @
- -4‘
- -
R REPORT NO. AMXTH-TE-TR-85009 j
. o0 DEVELOPMENT OF NOVEL DECONTAMINATION AND o]
., (e:0] INERTING TECHNIQUES FOR EXPLOSIVE CONTAMINATED

. M FACILITIES, LABORATORY EVALUATION OF CONCEPTS

" - o) Phase II. - Laboratory Evaluation of Novel Explosives b
o (o)) Decontamination Concepts L?
"o g David R. Hopper, Herman P. Benecke, T
! | Eugene J. Mezey, Scott E. Lugibihl Lj
()  BATTELLE COLUMBUS LABORATORIES |

RRE < 505 KING AVENUE /
L COLUMBYS, OHIO 43201-2693 /
MARCH 1, 1985 |
- TASK FINAL REPORT FOR THE PERIQD AUGUST 1983 TO
MARCH 1985
\J
¢ 1 :ﬁi
o
- p.i
[
e Distribution limited to U.S. Government Agencies [j
L only because of test and evaluation; March 1985. -
S o : Other requests for this document must be referred

N to: Commander, USATHAMA, ATTN: AMXTH-TE APG, ]

j MD 21010-5401

« T 2
SN
L NnTIC &
e | ‘C\ ]
o ! % Prepared for: A" N ——«
E ' ‘-D \L"‘
\ U.S. ARMY TOXIC AND HAZARDQUS MATERIALS AGENCY o
o Lt ABERDEEN PROVING GROUND, MARHLAND 21010-5401 .%:1

. -t {

J. P ] L3
e b - l-}j
L . l'—--'l
‘ [ )
! V== A
[aet
3 Wi l"‘t * .




A -
1 G
[ «

.

4 -
N N
I ‘a
gt v
Y. [

1A

0.

(‘1 Kl 5
U ..A‘
[ -
{

-
]

5 -
1
“ _‘J
- P
Dom
X -
e Y
v lh
Lt A
.
-k L
‘% -
v 8 ~
K P
5
. -
«

K ' DISCLAIMER

.

o ',
N

K

The views, opinions and/or findings contained in -
this report are those ¢f the authors and should .
not be construed as an official Depariment of
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EXECUTIVE SUMMARY

The past manufacture or testing of explosives as well as the
lcading and/or unloading of munitions has resulted in buildings and their
contents being contaminated with RDX, HMX, tetryl, TNT, 2,4-DNT and
2,6-DNT, the explosives commonly used in munitions. Reuse or even safe
destruction of these buildings requires that they first be processed
to remove this contamination. Consaquently, the Army initiated this
multi-phased program with the objective of identifying, evaluating, and
developing novel processes to decontaminate such buiidings and materials.

In the first phase of this program (Task 2), decontamination
ideas were systematically developed into concepts which were then evaluated
and rank ordered according to selected technical and economic factors.
Five concepts were recommended for further evaluation in the second phase
effort.

In this, the second phase of the Novel Processes Program, these
five concepts were evaluated experimentally. Solubility of the explosives
in various solvents as well as pertinent chemical reaction rates were
determined in Tlaboratory scale investigations. The applicability of
the concepts for decontamination of building macerials (concrete, stainless
steel, and mild steel) in both painted and unpainted conditicns was then
evaluated in bench scale experiments utilizing 5 x 5-inch coupons of
these materials. Three concepts (Hot Gas, Chemical, and combined
Chemical/Hot Gas were found to be capable of removing/destraying all
six explosives contained within or one these building materials. These
experimental results indicated that the combined concept (Chemical/Hot
Gas) offers the best potential for reliable and highly effective
decontamination. A detailed engineering and economic analysis indicated
that the chemical concept would be the least expensive to use. However,
since each concept offers discreet advantages and disadvantages and has
a significant number of technical uncertainties that remain to be resolved,
it was not possible to evaluate the trade-offs and select a single concept
as the best. It is therefore recommended that all three concepts be
carried on to Phase 3 pilot studies. A field test plan outlining such

studies is included in this report.
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FINAL REPORT
for
TASK 4
DEVELOPMENT OF NOVEL
JECONTAMINATION AND INERTING TECHNIQUES
FOR
EXPLOSIVE CONTAMINATED FACILITIES

June 10, 1985

1.0 INTRODUCTION

Certain facilities located in Army installaticns were in the past
used for the manufacture or testing of explosives and/or the loading of
munitions. The explosives used in these operations include TNT, RDX, Tetryl,
HMX, 2,4-DNT, and 2,6-DNT. As a result, these facilities are believed to be
contaminated with these explosives, all of which are suspected carcinogens.
Before these facilities can safely be restored and released for either re-
stricted or public use, they must first be decontaminated. The development of
novel concepts for the decontamination of explosive contaminated buildings is
being carried out by Battelle Columbus lLaboratories (BCL) for the United
States Army Toxic and Hazardous Materials Agency {USATHAMA) under contract
DAAK11-81-C-0101.

During the initial phase of this effort (Task 2), decontamination
ideas were systematically developed into concepts for decontaminating

buildings and equipment, evaluated, and rank ordered with respect to selected
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(1) The five concepts sc identified to be the
most promising were then seiected for further evaluation, and knowledge gaps

technical and economic factors.

pertaining to their implementation were identified.

The second phase (Task 4) of this effort was initiated to further
develop these concepts. The Design Plan for this task, containing the
USATHAMA Tasking Document, is attached tc this report as Appendix . As can
be seen in this documeni, four experimental subtasks were planned to pemit

laboratory resolution of the knowledge gaps previously identified. This -

experimental effort has been completed and s summarized by subtask below.
The subtask reports can be found in Appendix II.

2.1 Subtask 3 - Enhanced Aqueous Solubilization Studies

Various cosolvents, surfactants and complexing agents were evalu-
ated for their ability tc enhance the agqueous solubility of the six explo-
sives, Surfactants were excluded from further consideration primarily
because of the need to use unpractically high concentrations to achieve mean-
ingful solubility enhancements. Complexing agents gave the highest observed
solubility enhancemern.s for TNT but were not considered further because of
their lack of general applicability to the other five explosives as well as
other potential chemical reactivity probiems. The agueous cosolvents DMSQ
and DMF, when used at concentrations of thirty percent or higher, were judged
most suited for use as decontamination or extraction salvent systems and were
recommended for further evaluation.

2.2 Subtask 4 - Prescreenina of Chemical Decontamination

The cosolvent systems of water and dimethyl sulfoxide (DMSO) or
dimethylformamide (DMF) judged most suitable in Subtask 3 were used for the
evaluation of three chemical decontamination reactions. The decontamination
effectiveness of solutions of sodium hydroxide, sodium sulfide, sodium disul-
fide and Fenton's Reagent were determined. The variables studied with 2,4-
DNT, TNT and RDX were water to solvent ratio, temperature, and reagent concen-
tration. The nature of the reaction products were also determined. As a

N3
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&n result of Subtask 4, the most acceptable chemical decontamination concept for bﬁ
- explosives was judged to be a solution of sodium hydroxide in aqueous DMSO (30 ;i

: ﬁ: or 75 percent DMSO). While a solution of sodium sulfide is even more 5{

effactive as a decontaminant, it was rejecied because of toxic characteris-
tics of the reaction products and the sodium hydroxide system was recommended

FRrREre

e
.
[
a

.n' for further study. L
2.3 Subtask 5 - Stainless Steel Surface }j

EE Decontamination Screening ;ﬁ
-

,‘37 The concept of using hot gases to decontaminate stainless steel L%
,- surfaces was evaluated for its effectiveness in decomposing/removing explo- E&

\ Bf sives contamination from stainless steel surfaces. Tests were conducted with e
. 5-inch square stainless steel coupons spiked with 400 mg of one of the six L

= explosives. These tests indicated that the removal of explosives from stain- Eg
less steel by this concept occurs through a complex combination of vapori- QE

EQ zation and decomposition. While the less volatile explosives (HMX and RDX) ;j}
o are the most difficult to remove, sufficiently mild conditions {500 F for &ﬂ
ﬁ? 1 hour) were shown to effect 99.97 percent removal of any of the six explo- fa

) sives. Consequently, hot gas treatment by these conditions was recommended :ﬁ
for further evaluation on the more porous building material matrices. Jﬂ

)

1

2.4 Subtask 6 - Evaluation of Candidate Decontamination

Y

2y

-

Concepts on Building Materials

s, 4,

.
i

Tt

The concepts recommended by the other subtasks were evaluated on

f; more of the pourous building matrices, namely concrete and painted surfaces. :&q

: Aspects of surface as well as subsurface contamination were addressed. Whiie R
difficulties were encounterad with analytically obtaining quantjtative re- ;ﬁ

P covery of explosives from concrete, three concepts (Hot Gas, Chemical, and rﬂ
N Combined Chemical/Hot Gas) were found with in this analytical limitation to be -]
. capable of removing/destroying explosives from the building materials of con- 3%}
-,ﬁ; cern. Consequently these concepts were recommended for more detailed j:ﬂ
- engineering and economic evaluations. 5&
5
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3.0 PURPOSE AND OBJECTIVES

The purpose of this engineering and economic analysis was to incor-
porate the results of the experimental subtasks into a coherent description of
the processes that would be used to decontaminate actual buildings. The
objectives pursued in performing this analysis were to:

Produce P&l drawings for the pracesses

¢ Describe the equipment required in prototype configurations of

the laboratory concepts

o Estimate the costs associated with decor .aminating mcdel

buildings considered representative of those exi-ting on Army
installations

o Define all assumptions that were necessary to produce the

design and cost estimation

¢ Identify any remaining knowledge gaps

¢ Recommend a best concept for subsequent field/pilot testing.

4.0 APPROACH

In performing this engineering and economic analysis it was
necessary to expand the existing definition of the decontamination process as
it would be applied to actual buildings. It was first necessary to determine
the buildings that were considered to be in need of processing to remove
explosives contamination and to define model structures which could serve as
models for the design of the processes. The starting point was to review the
information compiled in the Task 2 studies. The process descriptions in the
Task 2 report and the previous Task 4 subtasks were then consuited and a
piping and instrumentation (P&I) drawings were produced for each concept.
These drawings were then used to define the major hardware needs for each of
the three candidate concepts.

Next the equipmant identified while producing the P&I drawing was

sized to process the model structures. In this sizing of quipment, it was
assumed that the important operating parameters were the steady state condi-




tions utilized during the experimental tests (e2.g., the solvent application
rate or temperature) and the time for which thev were applied. In addition,
engineering judgment was used to determine any additional limitations that
should be placed on these conditions. The start-up time or the time required
to achieve the steady state conditions was not considered an important para-
meter. Accordingly this parameter was not considered in sizing equipment
ercept that care was taken to assure that the capability of the equipment and
physical parameters such as heat transfer coefficients would produce startup
times longer than those tested experimentally.

After defining operating scenarios and equipments lists, equipment
manufacturers and standard socurces of engineering information were consulteid
to determ{ne the purchased equipment capital (PEC) costs for each concept.
The manpower and materials needs were then estimated and the associated
operating costs determined.

While this analysis is based on bench scale experimental results,
it is important to remember that significant differences exist between these
test conditions and the actual buildings that are contaminated and that all
three concepts will require a significant pilot scale development program
before they can be implemented. A field test plan detailing these testing
needs has been written and can be found in Appendix . However, it is
anticipated that the costs associated with pilot studies will be similar for
all three concepts and will therefore not change the relative economics of the
concepts. Since the purpose of this analysis is to only make comparisons of
the concents, no detailed estimate was made of these similar development
costs.

These cost estimates were based on the assumption that the hardware
purchased wo 1 be used for a single building. In actual practice, multiple
buildings of the same type could be processed with the same capital squipment.
In addition, some overlap of equipment for different size buildings and types
could alsc be realized.

5.0 RESULTS

The results of the economic engineering analysis are presentec be-
low starting with the selection of the model structures. Each of the three




CEE e s e T x e,

4] E P PR K
. e N ,,f L' -
SR R S G el SR 5

s

/l
y &% %
PR R |

i R
1 [ aay I

ﬁ.,.
P
il

4

A

'y
r,

R
W

-
AT

-

B PE
PR
P PR R EY
T A 4 e
A I AR
L YTV SR A D A |

a

A

iy

\.,J
N

- BRI
[ l. - ‘ - o,
' A .
T -, M ]
e e SIS ¥ R

4
»

B - €
: ) PRI
- e
R Pkt .
. ' LR N -
-vk “a I I .

) ‘1-";';-": A
:'—' ‘ -1 t. ':‘.‘;.’}.*'{

.l ‘,‘-I ‘ ‘-l ‘ "_
IR .j“
LTl S e SO

concepts are then presented individually. The engineering analysis is pre-
sented by describing the process, the necessary calculations, the necessary
building modifications, the hardware requirement, and finally the post pro-
cessing building restoration needs. The process economics associated with
this engineering analysis follows immediately th eafter.

5.1 Model Structures

Review of the trip vreports from the Task 2 field survey as well as
the final report of that task indicated that the buildings considered contami-
nated with explusives range in size from 400 to 40,000 square feet. The
materials of construction varied from wood frame to brick and mortar. Per-
forming an economic analysis for decontaminating every buiiding type in this
range would have exhausted the resources of this program. It was therefore
decided to restrict this analysis tc orly two model structures. The Task 2
trip reports indicated that most of the wood frame structures surveyed were
beyond hope of restoration. In addition, neither wood nor brick was included
in the matrix of building materials studied in the experimental subtasks.
Tharefore, in selecting the two model structures for this analysis, the
following assumptions were made:

¢ A1l wood and similar materials (including roofs and window

frames) will be removed prior to the decontamination process

® Brick., clay blocks, and other masonry materials will behave

similarly to the concrete -:cupons studied

e ATl vaporized explosives and any noxious decomnosition products

can be destroyed by exposure to a 1600 F combustion environment
for'1 second

¥ aiis can be achieved by

o Decontamination in depih of the wa
applying the conditions tested in Subtask 6.

Based on these assumptions and the information gleaned from the
Task 2 trip reports it was determined that the range of building types that
must eventually be decontaminated car be adequately reflected by perfoming
the engineering and economic analysis on the following two model structures:
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e Building 1 - A two-story 1000 square foot wood frame building
that was c0nstru¢ted on a 1-foot thick concrete pad.

¢ Building 2 - A four-story 15,000 square foot buiiding with 1-
foot thick concrete walls and a wood and shingle roof.

5.2 Hot Gas Concept

5.2.1 Process Description

In the hot gas concept, hot gases producad by the combustion of an
organic fuel are allowed to fiow through the building heating the building and
its contents to 500 F. These hot gases will either destroy or volatilize any
explosive contamination and carry the volatile products away from the
building. The time reguired to bring the entire structure to this temperature
must exceed 2 hours and the steady-state temperature must be maintained for an
additional hour. Since the explosives and possibly the products of decom-
position are considered toxic, the gaseous effiuents from the building must be
treated to prevent the release of these veolatile materials to the environment.

This concept wiil be applied to a building by performing minor
modifications of the structures and installing the equipment illustrated in
the P&l drawing shown in Figure 1. This equipment consists of four main
pieces of hardware; a hot gas supply burner, an afterburner, an induced draft
fan, and a heat exchanger.

5.2.2 Heat Balances

<

In order to estimate the effects and interactions of the major
process variables during application of this concept tn the model structures,
a series of heat balances were performed for each puilding type. These
calculations were based on an iterative unsteady state treatment of the heat

transfer equations. An example of these calculations is presented in Appendix

Iv. The results are summarized in Table | (Building 1) and Table 2
(Building 2).
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To prevent excessive damage to the structures during processing,
engineering judgment suggested limiting the temperature of the inside wall to
a maximum of 750 F. Inclusion of this limit to the heat balances already
presented, indicated that the most desirable combination of process variables
for application of the hot gas concept to Buildings 1 and 2 are those nre-
sented in Table 3. These conditions represent the minimum conditiens the
process equipment must be capable of producing. As can be seen in this table,
the limit on the wall temperature forces the selection of conditions that
produces long heatup times.

5.2.3 Buildinag Modifications

In order to process buildiigs with this concept, it is necessary to
remove all wood and similar materials from the structure. As a consequence,
Building 1, the two-story wood frame 1000 square foot structure will be
reduced to the 40-foot long, 25 foot wide, by 1-foot thick pad on which it was
constructed. Therefore in order to contain the heated gas atmosphere with
which it is being decontaminated, a enclosure of steel plates must be con-
structed over the bare pad. This enclosure will be 2 feet high with the same
rectangular dimensions as the pad itself. To minimize the heat losses, the
plates are covered with an insulating material.

Building 2, the four-story 15,000 square foot building of concrete
construction also contains wood construction which must be removed prior to
being treated by the hot gas concept. This includes windows and frames as
well as a wood and shingle roof. The roof as well as the windows are then
replaced by steel plates, and the entire structure insulated. Due to the size
and multiple floor construction of this building, additional modifications
should be considered to enhance the distribution of the hot gasses and assure
uniform heaiing of all surfaces. Such modifications might include con-
struction of walls to serve as baffles and forming additional openings between
floors to supplement existing openings such as stair wells. It is anticipated
that the results of the recommended field studies will aid in this considera-
tion.
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5.2.4 Process Equipment Systems

The major process equipment systems required by this concept are
summarized in Table 4. A brief description of these systems is presented
below.

5.2.4.1 Hot Gas Supply Burner. This system supplies the correct
volume of hot gas to the building at the desired temperature. As earlier
shown in Table 1., Building 1 requires a 2.43 MM BTU/hr burner supplying 1000
SCFM of gas at 1500 F. Building 2 requires a 52.3 MM BTU/hr burner supplying
20,000 SCFM of aqas at 2000 F.

For the purposes of versatility, portability and simplicity, this
system will be capable of burning either fuel 0il or gas, be skid mounted,
and, in addition to the actual burner, contain all the necessary control
systems. Consequently this system contains the following items:

1 - burner

- combustion air hlower

- gas control valve

- control valve with a motor operator
light-o0il valve train

~ gas pilot valve train with assembly
- combustion chamber

— et e
1

1 - flame control panel
Such combinations of hardware are available as skid mounted units from a large
number of vendors. Infermation on a natural gas fired burner system manu-
factured by Eclipse was obtained from Steltner and Brink(2) and used for this
analysis.

5.2.4.2 Afterburner. The afterburner must be capable of exposing

the entire gaseous effluents from the building being processed to a 1600 F
combustion atmosphere for 1 second. For Building 1 this volume of gas is 1000
SCFM and for building 2 it is 20,000 SCFM. Since at start up these gases will
be at or near ambient temperature, start-up will place the greatest demand on
the afterburner. However as the processing interval draws to a close, the
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TABLE 4. HOT GAS CONCEPT EQUIPMENT REQUIREMENTS

Equipment System

Building 1

Building 2

Hot Gas Supply Burner Package
Afterburner Package

Inrduced Draft Fsn
Impeller Diameter
Motor Size

Heat Exchanger

Heat Exchanger Fan
Impeller Size
Motor Size

Steel Plate

Ductwork
1/8 inch stainless steel
1/8 inch carbon steel
Refractery lining '
1/2 inch carbon steel

Insulation - 2 inches thick
K vaiue = 40

2.43 MMBTU/hr

0.27MMBTU/hr

15 inches

60 hp

532 aq ft

21 inches

1260

40 £t 30
40 ft 27

1 in
10 ft 63

1260

4 hp
sq ft
in ID
in ID

thick
in ID

aq ft

52.43 MMBTU/hr
7.00 MMBTU/hr

50 inches

500 hp

10650 sq ft

96 inches

90 hp

17240 sq ft

49 ft 148 in ID
40 ft 120 inch ID

1 in thick
10 ft 90 in ID

"29000 sq ft

14
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temperature of the gases exiting the building will be approaching the after-
burner operating temperature, this unit must also have a wide turn-down ratio.
In addition this system must exhibit all the characteristics of and contain
all the hardware common to the hot gas supply burner. Stelter and Brink
provided information for this unit as well.

5.2.4.3 Induced Draft Fan. To provide the driving force necessary

to move the required volumes of hot gases through the structure, the process
equipment will include an induced draft fan. This fan will also keep the
tuilding and duct-work at 2 inches of water negative pressure to assure that
no outward leaks of hot gases occur pbefore they can pass through the after-
burner. As the costs of fans capable of withstanding 1600 F are prohibitive,
it is assumed that the gas will be cooled to & temperature lower than 600 F
before entering the fan. Using a 50% over-design factor indicates that
Buildings 1 and 2 will respectively require 10 and 180 horsepower fans.

5.2.4.4 Heat Exchanger. This is an air to air heat exchanger

ccaplete with its own coocling air fan. The main purpose of this heat ex-
changer is to reduce the temperature of the afterburner exhaust gases and
thereby protect the induced draft fan. However, this heat exchanger can be
used to preheat either the combustion or dilution air entering the hot gas

supply burrer. Utilizing this recovered waste heat to preheat the inlet air

to the hot gas control burner will effect a fuel savings. This savings is
s1ight and of itself would net justify the purchase costs of the heat ex-
changer.

The following assumptions were made in designing and costing this
heat exchanger:

e There are no heat losses to the surroundings

¢ The overall heat transfer coefficient is 5 BTU/hr/sq ft

@ The heat capacity of the afterburner effluents and the air

supplying the cooling is 7.11 BTU/1b mole/F

Calculations based on these assumptions indicate that Building 1 requires a
maximum heat exchanger area of 534 square feet. BRuilding 2 requires a maximum
area of 10,690 square feet.

15
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5.2.5 Building Restoration

After completion of the decontamination process by the hot gas
concept, the buildings will be partially restored by removing the steel
plating and disconnecting the process equipment and preparing it for trans-
portation to another location. The concrete surfaces will be sprayed with
water by a garden hose in an attempt to overcome any deleterious dehydration
effects produced by the thermal cycle. While it is likely, particulariy in
the case of Building 2, that a much more extensive restoration effoit will he
required, it was not possible to estimate the magnitude of these requirements
with the existing data.

5.2.6 Economics

To determine the costs associated with implementation of *+his con-
cept to decontamination of actual buildings, the nurchased capital equipment
costs for the equipment describied above was first estimated. Estimates were
then made of the materials and labor regquired to install and operate the
process.

5.2.6.1 Purchased Equipment Capita! Costs. The purchased equip-

ment capital (PEC) costs include the process equipment systems described
previously. The PEC costs were also assumed to include the steel plate and
insulation needed in the building modification as well as the ductwork needed
to interconnect the process equipment systems.

Initially an order of magnitude estimate was made of the costs of
the individual hardware items. Then, whenever possible, actual equipment
vendors were contacted to provide more precise estimates of these costs. The
remaining items were costed in more detail using standard published

3,4,5,6)

sources® The estimated PEC costs for this concept, summarized in

Table 5, compare favorably with the initial order of magnitude estimate.

5.2.6.2 Operating Costs. Operating costs typically include labor,

materials, and utilities required by a process. The estimated operating costs

16
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Equipment System Building 1 Building 2
- :
f I
Hot Gas Supply Burner Package $30,287 $48,927 v
[ 2
I Afterburner Package $27,927 $27,927 %
\"‘" Induced Draft Fan $2,500 $29,600 H
0 b
Heat Exchanger - $39,900 $245, 000 0
5 Steel Plate $3,528 548,720 o
i
= Ductwork tﬁ
L 1/8 inch stainless steel $6,862 $67,730 e
1/8 inch carbon steel $8,242 $41,060 il
SRR Refractory lining $4,625 $8,732 t;EE:
R 1/2 inch carbon steel $1,042 $9,271 h-:
E? Insulation $960 $£132,200 §
"-- r
5
o, Total Equipment $125, 883 $659,167
(a) 8
F"‘ Design Coats - 25% of equipment $16,9158 $145,578 T
n {(a) Ej
) Venders Prefit - 18% of equipment $10, 145 $87,347 tf:
: - I
Total Purchased Equipment Costs $162,947 $892,092 4
" ey
s o~
- (a) burner packages not included [-C"'A
v:_' P /
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assuociated with the Hot Gas Concept are summarized in Table 6. The labor
estimates include labor required to moc ify the structure, install the process
hardware, and restore the treated building as well as the labor required to
operate the process. Labor associated with installation of refactory lining
was included in the PEC cost of that item. A1l labor costs were estimated at a
rate of $25/hr.

The materials needs associated with this concept are minor and in-
clude only items such as gaskets, caulking, and replacement insulation. Using
the rule of thumb typical in the literature(4), these materials were estimated
st 5% of the PEC costs.

The utility requirements of this concept are mainly fuel with minor
electricity and water needs. Fuel requirements are kept high due to the long
heatup time needed. Fuel was estimated to cost $10/Million BTUs. Electricity
was estimated from the fan requirements at $0.05/kilowatt hour. No estimate
of the minor water usage was made.

A significant effort will be required to sample and analyze the
gaseous effiuents during processing as well as the decontaminated building
1tself. These analyses, which are required to assure safe and complete
decontamination will be better defined during the pilot scale studies.

5.2.6.3 Total Costs. The estimated total costs associated with
decontaminating both model structures by the Hot Gas Concept are summarized in
Table 7. Due to the high capital equipment costs, the total costs are
relatively high, particularly for Building 2. If this building could be
processed in segments permitting use of the equipment sizes utilized in
Building 1, the costs could be reduced appreciably.

5.3 Chemical Destruction Concept

5.3.1 Process Description

Based on the experimental results reported in the Task 4, Subiask 6
repert, the chemical destruction concept is defined as the process of spraying

an aqueous based reagent on the internal surfaces of the contaminated
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ff TABLE 6. HOT GAS CONCEPT OPERATING COSTS s
b Category Building 1 Building 2
- 3

Labor ($25/hr) ;

S Modifications 160 300 "
S Installation 100 100 Ny
- Operation 40 85 -
. Restoration . 100 200 i
[ 4
s Total hrs 340 665 2
- Costs @ $25/hr $8,500 $16,625 .

S
L'-
r. Materials (5X of PEC) $7,647 $44,605
Utilities
»Q? Fuel & $10/MMBTU $972 $11,2867
r- Electricity @ $.05/KWH R $21 $654
= Total $993 $11,921 :
o Analytical Costs
% Sampling $1,000 $3,000
- Analysia $2,000 $6,000
-q
I~ Total $3,000 $9,000
Total Operating Costs $20,140 $82,151
-~
LY . ;\-.
o TABLE 7. HOT GAS CONCEPT COST SUMMARY i
- 1
[
i ) Cost Building 1 Building 2 "
e &
- #
e Capital E.dipment $152,947 $892,092 T
g -
- Operating $20, 140 $82,151 <
r o

Total Concept Costs $173,087 $974,243




J 20

structure for a period of four hours. It is anticipated the reagent selected
o was a 30% DMSO solution coutaining enough dissolved sodium hydroxide to pro-
duce 0.1 normalitv. In this experimental subtask, the reagent was applied as
a finely divided spray to a 4-inch diameter circular area at a rate of 50
ml/min. This is equivalent to a spraying rate on a flat wall of 0.15
gal/min/sq. ft. Spray was applied at this rate for 5 seconds of every 5
minute interval. The 5 second/5 minute interval was selected in the Task 3
Diffusion Studies(7) as a procedure that minimized spray application and
still provided sufficient reagent to keep the surface from becoming dry either
by the reagent penetrating the wall or evapurating from the surface. This

RPRIPAAPLVERS SR PR

e
PO Y

delivery rate and interval therefore represent minimum conditions at which
reagent must be applied to the surfaces being decontaminated. If applied
continuously the above rate equates to .15 gallons/hour/square foot or 0.0025

Tedl

gallons/minute/square foot.

In addition to the type of réagent and the rate at which it must be
applied, the previous experimental studies identified certain hazards associ-
. ated with the use of this concept. Potentially toxic materials including-the
4? explosives themselves were found to be dissolved in the used reagent. Since

f direct incineration of the used reagent would bhe castly and produce excessive
: sulfur oxide emissiors, all used reagent must be collected and cleanad up.
_ Also, care must be tuken to avoid exposing unprotected personnel to the used
1 reagent due to the ability of DMSO solutions to carry dissolved materials
N through human skin.

The P&I drawing of the process developed for this concept is pre-
sented in Figure 2. As can be seen in this drawing, the process hardware
consists of a reagent mixing and supply system, a spray delivery system, a
used reagent collection system, and a reagent cleanup system. To provide
mebiiity these systems will all be skid mounted.

- 5.3.2 Building Modifications

As in the hot gas concept, all wood and similar materials must he
removed from the structures before processing. Similar enclosures must then
be installed to contain the reagent. For this study it was assumed that the

20
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metal sheet used in the Hot Gas Concept would also be used here as well.
However a plastic sheet made of a material such a Teflen® is capable of
containing DMSO and might be cheaper to install.

Since most buildings of this type contain a sump, the used reagent
will tend to collect there and the sump can most 1likely serve as the
collection system. It will therefore he necessary to adequately clean the
sump and any associated plumbing of debris to permit recovery of all reagent.
If no adequ.-te sump exists, ane must be constructed.

5.3.3 Process Equipment Systems

In designing the process equipment systems foi this process, it was
assumed that the entire building would be processed simultanecusly. For
Building 2 this necessitates an extremely large and somewhat complex system.
Options not selected include processing the builaing in segments such as one
floor at a time and applying the spray by hand-held applicators. Future
pilot studies should investigate the validity of this selection.

The equipment needs for this concept are summarized in Table 8. A
brief description of the components is given below.

5.3.3.1 Reagent Mixing and Supply System. The main purpose of this

system is to act as a reservoir for the the reagent to be sprayed into the
bui]didg. A system of one or more stainless steel tanks can serve this
purpose. This system also doubles as a mixing vessel for preparation of
reagents. To prepare new reagent or regenerate used reagents, water, DMSO,
and sodium hydroxide can be added to this tank in the proper proportiens. As
these materials easily go into sclution, recirculation of reagent by the
supply pump should provide adeguate mixing. This system must be skid mounted
limiting the individual tank size to 3300 gallons. The total tank volumes
required to compensate for reagent etention by the buildings are
2200 gallons for Building 1 and 9000 gallcns for Building 2.

The system must be capable of wit standing caustic corrosion.
Either stainless steel or lined mild steel may be used. As the costs are
similar and an uncertainty associated with the ability of DMSO to penetrate
the lincr, stainless steel was selected.
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TABLE 8. CHEMICAL CONCEPT EQUIPMENT REQUIREMENTS
-
Sf Equipment System Building 1 Building 2
H Supply Pump (316 as) 50 GPM @ 20 psig 50 GPM @ 20 psig
{j Recycle Pump 50 GPM @ 20 psig 50 GPM @ 20 psig
- Interval Timer none 30 intervals
[ .
‘ Reagent Supply Tanks - Stainless 1l - 3360 gal 3 - 3300 gal
o Control Valves 1
. Nozzles & Ball Fittings 4
P
v Piping (one inch sa) 1000 feet
»{f Scaffolding & Safety na
G
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|
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5.3.3.2 Spray Delivery System. This system is responsible for
delivering the reagent to the buila‘ng surfaces at the proper rate in a
relatively uniform manner. It includes a pump to move the reagent, a timer
to control spraying intervals, nozzles to control rate and distribution, and a
myriad of piping to interconnect the pump and nazzles.

The heart of the spray delivery system is the spray nozzles. The
nozzles must provide a finely divided spray at a minimum rate of 0.0025
ml/minute/square foot. A Spraying System 1/2 HH45WSQ nozzle will deliver 7
gallons/minute(GPM) to a square area of 400 square feet when operating at 20
psig. This equates to 0.0175 GPM/sq ft. While this is considerably in excess
of the minimum required rate, it was selected because nozzles delivering lower
rates tend to plug easily and the excess spray will be collected and returned
to the process. Each nozzle will be attached to the required plumbing with a
ball joint to permit aiming each nozzle at particular surface areas.

To estimate the number of nozzles required for each structure, it
was assumed that a single nozzle could cover a 20x20 feoot square areca. The
building configuration was then examined %to provide nozzle locations that
would assure coverage of all walls, ceilings and floars. For Building 1, this
simply means directing four nozzles directly downward on the 25x40 foot con-
crete pad. Building 2 is much more compiex containing 4 stories each with
diminsions of 50 feet wide, 300 feet long, and 20 feet high, encompasses
44,000 sq. ft. of surface area per story. This would require a minimum of
110 nozzles/story. To provide for overspray and internal walls, a need of
150 nozzles/story was estimated.

The nozzles are assummed to be grouped in combinations of at least
two and no more than eight. Each combination of nozzles is interconnected
with 1 inch schedule 40 stainless steel pipe and will include a normally

closed solenoid valve. The entire nozzle system will be connected tc the
supply pump by additional l-inch pipe.

The supply pump must be capable of delivering 50 gpm. The pump must
not only deliver 20 psig to the nozzles, but over come a head of up to 80 feet
as well, Punps that deliver the rather low capacity required by this opera-
tion and are capable of gvercoming this total net positive head are not easily

obtainable. For these reasons a 1 hp Model SC-100-100V centrifugal pump was
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selected for both buildings. This pump will deliver in excess of 50 gpm at 30
psig. It is also made of 316 stainless steel and is equipped with an ex-
plosion proof motor.

Building 1 can be sprayed continuously. However, to avoid the need
for an excessively large pump, it is envisioned that each grouping of nozzles
in Building 2 will be activated for 15 second periods over intervals not to
exceed 5 minutes. This interval will be controlied by a timer operating the
solenoid valves on each group of nozzles. Timers are available capable of
switching 30 such systems. To avoid damaging the distribution pump one
solenroid must be open whenever the pump is operating.

5.3.3.3 Reagent Collection System. This system serves to collect
the excess reagent that does not penetrate the surfaces to which it is
applied. It is assumed that the building will contain a sump thit can serve

as the collector. If a sump does not exist in the -building, one can easily and
economically be constructed.

To move reagent collected in this sump back to the supply tank, a
pump identical to the distribution pump will be installed, external of the
sump. A level float in the sump will activate this pump when the sump is full.
A manual control system should also be available to-activate this pump when
ever desired.

5.3.3.4 Redqent Cleanup System. Before being returned to the
supply system, used reagent must be stripped of explosives and decomposition
products that are dissolved in it. It is also anticipated that an appreciable
amount of dirt and other mpurities will collect in this reagent. It is
assumed that this strippi .g function can be safely performed by a charcoal
filter installed in the return line batween the sump and the supply resarvoir.

=rr

If pilot studies indicate that a different filter material such an ion-
exchange resin is preferred, the expected economic impact is minor,

In this estimate the filter is sized to ccllect all such impurities
that are anticipated to accumulate in one days operation. Carbon is assumed
to absorb 0.2 1bs of organic/1b of carbon. The maximum organic concentration
on the walls is assumed to be less than 0.001 1b/square foot.
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5.3.4 Building Restoration

As with the hot gas concept, this concept also requires removal of
ffg the process equipment and the temporary rosfing and window barriers that were
fl installed. The remaining cieanup needs are not well understood. It is
‘ assumed that spraying the treated walls with water wiil remove the unwanted
residual reagent. As only a 4 hour processing period is specified, it is
further assumed that switching from reagent to water for the remainder of the
work day will suffice as a cleanup measure.

D N S

| Decontaminating thick conrcrete walks by this procedure may take
even longer application and cleanup periods.

5.3.5 Economics

- The costs associated with use of this concept presently defined
ﬁﬁ were estimated in a manner similar to that described previously for the hot
I gas concept.

5.3.5.1 Purchased Equipment Capital Costs. These costs were esti-
(3,4)

v mated by consulting either the literature cited earlier or vendors
C catalogs. As with the Hot Gas Concept, the PEC costs included the steel plate
for building modification as well as all the required hardware. As can be
o seen in the estimated PEC costs summarized in Table 9, the simple hardware

associated with this concept results in very iow capital cost requirements.

5.3.5.2 Operating Costs. As with the Hot Gas Concept, $25/hr was
used to cost the labor estimate. As can be seen in Table 10, the major
rraterials cost are the costs of the reagent retained by the walls. This cost

et te

was estimated by using the quantity of reagent absorbed during the diffusion

studies(5)

to estimate the volume of reagent ised and the current market
prices of the DMSO and sodium hydroxide to replace it. The second major

materials cost item was replacement charcoal for the fiiter. It was assumed

Pl ST S

_ that spent charcoal could be disposed in some safe manner and would be re-
. placed as used. Additional costs were in. luded for sampling and analysis of
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CHEMICAL CONCEPT CAPITAL EQUIPMENT COSTS

Equipment System

Building 1 Building 2
Supply Pump $2,000 $2,000
Recycle Pump $2,000 $2,000
Interval Timer $0 $1,000
Reagent Supply Tanks - Stainless $10,7090 $32,100
Control Valves $800 $38,400
Nozzles & Ball Fittiongs (%25 ea) $100 $15,000
Piping ($7.5/€tt) $7,500 $75,000
Scaffolding & Safety $7,000 $36,000
Total Rquipment $30,100 $201,500
Fabrication {50X% of equipment) $15,0560 $10¢,750
Total Purchased Equipment Costs $45,150 $302,250

27
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TABLE 10. CHEMICAL CONCE:*. OPERATING COSTS

Category Building 1 Building 2
Labor
Modifications 50 150
Inatallation 200 500
Operation 12 12
Restoration 50 126
Total hrs 312 7817
Coats @ $25/hr $7,800 $19,6756
Materials
Reagents $1,000 1,000
Charcoal $1,0G0 4,000
Total $2,000 $6,000
Utilitien
Water @ 1/1000 gal $3 $144
Electricity @ $.05/KWH $1 $1
Total $37 $145

Analytical Costs

Sampiing $5,0G00 $15,000
Analysis $10,000 $25,000
Total $15,000 $40,000
Total Operating Costs $24,837 $65,820

28
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the rea 'ent, charcoal, and the structure surfaces. It was assumed that
extensive sampling would be required by this concept. This estimate must be
refined -after the results of pilot studies are available.

5.3.5.3 Total Costs. The estimated costs for decontaminating the
model structures by the Chemical Concept are summarized in Table 11.

5.4 Combined Chemical/Hot Gas Concept

5.4.1 Process Description

This combined process is defined as a brief application (1 hr) of
the previously described chemical concept followed by hot gas treatment of 300
F for one hour. It embodies all the hardware systems previously described for
both systems. It is anticipated that this combination concept can do a more
complete job of removing explosive contamination with less damage to the
building. Restoration operations should be appreciably less than either of
the individual concepts.

The testing previously performed on this concept, while sufficient
to demonstrate effectiveness, was limited. A single set of conditions was
tested and these conditions, as well as the order in which they were applied
may not be the optimum. The analysis described below was based on the
assumption that the conditions tested wouuld be those put into practice.

Further study of this concept particularly as applied to thicker concrete

surfaces is both needed and warranted.

5.4.2 Buiiding Modifications

The required building modifications are identical to those pre-
viously described for the individual concepts. Due to the thermal cycle, use
of steel plates rather than plastic sheets 1is required.

5.4.3 Heat Balances

Since the operating temperature uf the hot gas portion of this
concept is operated at only 300 F, it was necessary to generate a new set of
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CHEMICAL CONCEPT COST SUMMARY

Cosat

Builling

Building 2

Capital Bquipment

Operating

$45,150

$24,837

$302,250

$65,820

Total Concept Costs

$69,9387

$368,070
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heat balances for both buildings. These balances, which were generated by the
technique used in the hot gas concept and previously describedin the dis-
cussion of that concept, are presented in Tables 12 and 13. The set of
conditions selected from these heat balances to be the most desirable are
presented in Table 14. Thicker insulation became more attractive as the lower
operating temperature lessenad the danger of overheating the inner wall.

5.4.4 Process Equipment Systems

This concept incorporates all the equipment systems common to both
of the individual concepts. While the treatment conditions are less severe
for the combined concept, the equipment s$ize requirements remain the same.

5.4.5 Building Restoration

The experimental studies indicated that the thin film of sodium
hydroxide remained on the coupons. In addition, a sulfurous odor, probably
resulting from the decomposi{ion of OMSO was observed. Rinsing the chamber
with water removed both of these residues. It was then assumed that spraying
water through the nozzle system for a minimum of 1 hour after the thermal
cycle would accompiish this clean up. Removal of the process hardware and the
remaining restoration operations are identical to the concepts.

5.4.6 Economics

Since this concept requires all of the capital equipment needed for
both of the individual concepts, the PEC costs are simply the sum of those for
the two concepts. Since the operating conditions for this concept are less
severe than those of the individual concepts, some operating cost savings over
the individual concept operating costs are realized. As shown in Table 15,
these have been realized primarily through reduced fuel and reagent usage. It
is likely that appreciably more savings will be observed when = hetter deter-
mination is made of the building restoration requirements of all the concepts.
The total costs estimated to be associafcd with the use of this combined
concept are summarized in Table 16.
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TABLE 15. COMBINED CBEMICAL/HOT GAS OPERATING COSTS

]
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3
Category Building 1 Building 2 N

A
¢

L by
. Labor L
EN Modifications 109 300 _
Installation 250 550 &2
N Operation 25 30 ]
o Restoration 50 126 "
o Total hrs 425 1005 ..
i Costs @ $25/hr $10,525 $25,125 N
> '!‘
;" -.3
B );} Matarials
Reagents $300 $1,000 5
Charcoal $300 $1,000 ni
- - Misc $2,000 $10,000 _
X . o)
| Total $2,600 $12,000 <
i
N Eﬁ
@: Utilitiesm
Fuel @ $10/MMBTU $510 $14,644
Electricity @ $.05/KWH $6 $5 E.”i
.{;
- Total $615 $14,649
I"‘q ;:1
N e
iR i
. Analytical Costs "i
i Sampling $4,000 $12,000 &
L% Analysis $8,000 $20,000 -
rotal $12,000 $32,000
" o
pEY ~
A,
- Total Operating Cosats $25,740 $83,774 »
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_ TABLE 16. COMBINED CHEMICAL/HOT GAS COST SUMMARY i
X ¢
Y Cost Building Building 2 "
[ N
Capital Equipment $198,097 $1,194, 342 e
e i
- Operating $25,74¢ $83,774 T
" HY
d Ly
r \:

£ Total Concept Costs $223,837 $1,278,116 e
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6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 cconomic Comparisons

Comparisons of the costs estimated to be associated with decon-
taminating the model buildings by the three concepts are presented in Table
17. As can be seen, this cost estimation indicates that the Chemical Concept
is markedly the least expensive to apply. The high capital costs associated
with Hot Gas Concept make that concept as well as the Hot Gas more costly.

6.2 Decontamination Effectiveness

As delineated in the experimental subtask reports, the decontami-
nation effectiveness is dependant upon the uncertainties associated with the
analytical recovery of explosives from the building material matrices. [t
must further he pointed out that the number of tests conducted with the
Combined Chemical/Hot Gas Concept was limited. However based on these
results, the Combined Concept holds the highest potential for achieving a high
degree of removal or destruction’of the explosives that may be depozited on
the building material matrices studied. Further, the Hot Gas Concept and the
Chemical Decontamination Concept rank second and third in removing or des-
troying all six explosives. The Chemical Concept's relative position would
slip further when depth of treatment is considered.

6.3 Buyilding Restoration

The experimental work performed to date does not pemmit a quan-
titative judgement of the relative positions of this parameter. Tha lrss
severe operating conditions of the Combined Chemical/Hot Gas Concept should
minimize structural degradation and the need to clean up reagent and degrada-
tion products. The Chemical Concept most 1likely ranks second in this
category.
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TABLE 17. CONCEPT TO1AL COST COMPARISONS oy
» K
V) A
<\t b."
b
a Concept Building Building 2 L_
g 3
h 7
Hot Gas “
e Capital $152,947 $892,092 3
N Operating $20, 140 $82,151 !
o e emem e e em e mm————— D rcmrme e e m— = vm e e e s e 4 e oo o te e e -
= Total $173,087 $974,243
o
i Chemical %f
. Capital $45,150 $302, 250
Operating $24,837 $65,820 K
’,': _____________________________ e e e et e st »
gy Total $69,987 $368,070 Ir.
. : hS
. T
b Combined o
Capital $198,097 $1,194,342 e
i Grerating | $25,740 481,774
F e e —————— D et e i mm e e et o e et e -
] Total $223,837 $1,278,116
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6.4 Recommendations

The engineering and economic analysis summarized in this r. oort has
indicated that each concept has discreet advantages and disadvantages. For
any single category it is possible to rank order the concepts but, with the
present data base it is very difficult to evaluate the trade-offs and produce
an overall ranking. Resolution of the knowledge gaps described in the Field
Test Plan included in Appendix C is necessary prior to selecting a single best
concept. It is therefore recommended that ali three concepts be carried on to
the pilot scale studies and selection of a best concept from these three be
deferred until those studies are complete. If these knowledge gaps can be
resolved successfully, with no major impact on the economics detailed in this
report the chemical concept would be the best of the concepts evaiuated.
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1.0 INTRODUCTION

Certain faciiities located in Army installations have in the
past been used for the manufacture or testing of explosives and/cr the
loading of munitions. The explosives used these such operations include
TNT, RDX, Tetryl, HMX, 2,4-DNT and 2,6-DNT. As a result, these facili-
ties are believed to be contaminated with these explosives which are
suspected carcinogens. Therefore, before these facilities can safely be
restored and released for either restricted or public use, they must be
decontaminated. The development of novel concepts for the decontamina-
tion of explosive contaminated buildings is being carried out by
3attelle-Columbus Laboratories (BCL) for the United States Army Toxic and

and Hazardous Materials Agency (USATHAMA) under contract DAAK11-81-C-0101.

2.0 BACKGROUND

In the initial phase of this effort (Task 2), decontamination
ideas were systematically developed into concepts for decontaminating
and inerting buildings and equipment(l). These concepts were then
evaluated and ranked with respect to selected technical and economic
factors. The five concepts determined to be the most promising were
then seiected for further evaluation. Technical knowledge gaps pertain-
ing to the implementation of these concepts were identified and the
second phase (Task 4) was initiated to permit laboratory resolution of

these knowledge gaps in the laboratery(2).
As a result of the laboratory and bench scale experiments con-

ducted in Task 4(3,4,5.6) the Hot Gas, Chemical Destruction, and
Combinad Hot Gas/Chemical concepts have been found to be capable of
removing/destroying explesive from common building materials(6), In
addition, a detailed engineering/economic anaiysis is being performed on
these three concepts as they are defined by the experimental results.(7)
While the above studies have demonstrated the viability of these three
concepts, they have also identified additional knowledge gaps that still
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exist, These knowledge gaps as well as any assumptions made i
engineering analysis need to be resolved in pilot scale studies prior to
implementation of these approaches to the decontamination of actual
buildings.

3.0 PURPOSE AND OBJECTIVES

The purpose of this test plan is to better define the
knowledge gaps that still exist a; well as the assumptions that were
necessary to ccmpiete the engineering analysis and give a descriptive
outline of the type of tests necessary to resolve them. The objectives
of these tests are to:

o Determine if the contamination effectiveness demonstrated
on the laboratory scale can be achieved on an actual
structure.

8 Evaluate the effects of applination of these processes on
the irnitegrity of actual structures.

o Provide sufficient information to finalize the process
designs and select a best concept for specific structures.

4.0 TECHNICAL APPROACH

While each concept has knowledge gaps specific to its applica-
tion, there are also several general knowledge gaps remaining that apply
to the application of any concept. In the following discussion those
general knowledge gaps are addressed first before the discussion of the
in

dividual concepts.

4.1 Analyticil Methodoliogy

4.1.1 Analytical Method

During the Task 4 studies, the quantity of explo.ives con-
tained in coupons of building materials :as determined by first
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extracting the explosives from the coupons with a solvent and 1
analyzing the extract by HPLC(5). wWhen applied to concrete, the
racovery of explosives by this method was shown to be variable and a
strong function of the concentration of explosives applied to the
coupon. Consequently, this methed as it is presently in use is not
considered adequate to certify decontamination of a building.

In other studies(8) a method based on UV flucrescences has
been used successfully to estimate the extent of surface contamination.
This method may have application to this analysis as well. However,
before proceeding with any additional studies it will first be necessary
to demonstrate that one of these analytical methods is reliable for
determining both the level of contaminaticn that exists within walls of
the structures, as well as the degree of decontamination that is
achieved by application of any of the three concepts.

4.1.2 Sampling Method

In the previous studies, the entire coupon spike with a known
amount of explosive was submitted for the analysis after treatmr+t. In
order to determine the level of contamination that exists within the
walls of either an actual building or a structure used for pilot
evaluation, eit. - before or after treatment, a method of obtaining a
sample ¢f the building matrix must be developed. This is particularly
true when addressing the issue of the depth to which of a porous matrix,
such as conr “ete, is contaminated.

Water cooled saws are commercially availatle that are capable
of removing a cylindrical core sample from solid concrete, Such.hardn
ware appears to have the potential of producing the samples required for
this study. However, testing is required to show that explosives con-
tained in the concrete are not destroyed by stuch a process.

4.1.3 Statistical Sampling

During the development of haoth the analytical and sampling
methods, a determination must be made by the Army as to the statistical
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significance that will be placed on the data. This significaenctly will
determine the number of tests that must be conducted to certify both the

analytical methods as well as the effectiveness of the decontamination
treatment themselves.

4,2 Field Survey

In Task 2, a field survey was conducted of the Army facilities
for structures that would be considered for decontamination. This
survey, was subsequently used to select the two building types used in
the engineering/economic analysis.(7) Before initiating the pilot
studies, this survey needs to be expanded. While conducting this survey
it is recommended that consideration be given to how well the processes
and equipment configurations detaiied in the engineering and economic
analysis matches the actual structures surveyed., However the main
purpose of this expanded survey would be to characterize the type,
location, and degree of contamination that exist. Samples of the
structure (walls, floors, etc.) should be taken and analyzed not only
for the amount of explosive they contain, but also for the distribution
of the contamination with the wall matrix. It is anticipated that this
can be accomplished by dividing the sampies intc axial segments for
separata analysis. Rarticular care should be given to determining if
explosive contamination is located underneath a layer of paint. This
information will be of g-eat importance in determining the need for
further investigation of the depth of decontamination that can be
gbtained by the three concepts.

4.3 Additional Common Knowledge Gavs

Besides the concerns of analytical methodology and the levels
of contamination that must be treated, the three corcepts share other
common knowledge gaps. Since the test plan and facilities must address
all of these knowledge gaps, they are listed and discussed briefly '
below. Iu some cases, more specific details are included the discussion
of each of the individual concept.
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4,3.1 Type and Age of Concrete

The effects of the composition as well as the age and history
of the concrete structures on the decontamination process is unknown.
The previous laboratory studies used cured but still only freshly poured
concrete. The pilot studies should therefore compare several types of
concrete walis including perhaps cinder block and brick. It is antici-
pated that these differences will effect heat and mass transfer within
the walls, and their structural integrity after treatment.

4.3.2 Decontamination in Depth

In the laboratory tests, the procedures used in an attempt to
study decontamination below the surface of concrete did not work. In
addition, while adequate removal of the contamination was shown for all
three concepts on 1/4 in, thick coupons, migration of explosives within
the concrete was known to occur during processing. Since decontamina-
tion in depth was not proven, the concern that explosives contamination
is being driven deeper into a wall rather than removed remains and must
be further tested on the pilot scale. In the procedures and facilities
used for the testing it must therefore be possible to place explosives
below the surface or within a wall and either demonstrate they have been
removed or, by a material balance, account for all explosives contamina-
tion either as products or intact explosives in an effluent. Accomplish-
ing a closure of a material balance that is adequate to demonstrate the
latter would appear to be highly unlikely based on experimental results
to date.

4.3.3 Fate of the Products

During the previous studies, the final disposition of the
products of decontamination was not determined and they couid have
remained within the concrete. However the product identification
compieted to date did indicate that some of the products themsalves
might be harmful. For example, in the case of Chemical Decontamination,
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the products might include complexes of the explosives. The tests ﬁ% i
conducted and facilities used should be capable of addressing this issue -
as wall. To be performad in detail, such a study would require a ;i .3
significant development of a method to determine the reaction products .. ;
within the concrete matrix. ol
& .
4.3.4 Structural Iateqrity o
o §
The concepts, particularly those invelving application of kﬁ
heat, have the potential to significantly degrade the structure. To -
avaluate this, the tests and facilities must therefore adequately FE B
reflect the type of construction encountered in the structures that will ro %
eventually be decontaminated. Specifically there is concern for thermal E3 .
stresses that might nave occurred and how they may be controlled or 3
relieved. ;i
4.3.5 Process Optimization 5'
~ B
In the Phase II studies, no attempt was made to actually N

optimize any of the concepts. Rather, a brief parametric study was made
and then conditions that engineering judgement indicated to be preferred
were further tested to demonstrate universal effectiveness. Selection

4

of optimum conditions requires a more detailed parametric ctudy.

4.4 Hot Gas Concept

&R By e

7

a

4.4.1 Heat Up Schedule

o4

AN

[t has previously been shown that heating 1/4 in. thick con-
crete coupon to 500 F and maintaining that temperature for 1 hour would
adequately remove all six of the explosives. Further, it was possible

e '-xj
v s
ata

to achieve that temperature in less than 2 hours. The heat up schedule .
predicted in the engineering and ecoromic analysis is much longer and is
based on empirical correlations to select both the thermal conductivity -
of the wall as well as the heat transfer coefficients to and from it.
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It is anticipated that these values, particularly the thermal conduc-
tivity, is highly material dependent. It is necescary to determine
axperimentally the actual heat up rates that can be achieved with a
matrix of building materials and wall thickness. These parameters must
be selected to accurately reflect the “uildings that are in need of
decontamination. During these test. particular attention should be
given to the heat gradients that occur through the wall and whether
uniform heating of the surfaces 1s achieved.

4.4,2 Stability of the Concrete

The available literature indicates that poured concrete should
be abie to withstand heating to 500 F. However, during the laboratory
tests the concrete coupons became brittle after such heat treating.
Whether such degradation will affect the integrity of walls and whether
the initial strength can be restored by some process such as washing the
walls with water remains to be determined.

An additional concern about the integrity of the walls that
arises with the hot gas concept is the effect of the thermal stresses
that will occur within a structure during decontamination by this pro-
cess. The rectangular nature of a room will produce many areas of
stress concentration, particul rly in the sharp corners. In addition
window and door frames as well as concrete reinforcing materials are
commonly metallic and would exhibit thermal expansion markedly different
than concrete., The likelihood of these factors significintly degrading
a concrete structure during therma! processing must be evaluated.

4.4.3 Migration of Explosives

This knowledge gap is closely related to the general knowiedge
gap of decontaminaticn in depth. It has been shown that while suffi-
cient removal of explosives from 1/8 in. thick coupons can be achieved
by hot gas treatment, some of the explosives migrated completely through
the coupon. Test. must be designed to determine whether 3 similar
inward migration would occur within a wall and if so, operating condi-
tions would be required to overcome this problem.
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4.4,4 Afterburner Design

For the engineering and economic analysis it was assumed that
a typical fume incinerator would suffice to destroy any explosives or
noxious products volatilized during hot gas treatment. It remains to be
demonstrated whether incineration conditions typical typical of these
units (1 second residence time at 1600-1800 F) prnduces sufficient
destruction.

4.4.6 Process Optimization

Several combinations of femperature and residence times were
shown to have potential, particularly with the more volatile explosives.
In salecting the preferred conditions, it was assumed that operating for
shorter periods at slightly higher temperatures would be more economi-
cal. While this is a reasonable assumption, it does not guarantee that
the conditions selected and proved to be effective is the optimum. This
is particularly true when explosives are considered ind.vidually or when
other factors, such as the potential for thermal degradation of the
structure, are better understood.

4.5 Chemical Decontamination Concept

4.5.1 Spray Nozzle Configuration

To permit approximation of the economics of this concept, a
spray nozzle configuration that appears reasonable was selected. The
type and orientation of the spray nozzles that will pro.ide complete
coverage of the surfaces of a room while minimizing over spray must be
determined experimentally.

4.5.2 Reagent Penetration

The Phase Il experimental work indicates that achieving
adequate penetration of concrete by the DMSO/NaOH/water reagent was

56
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difficuit. This result has a major impact on the decontamination

depth general knowledge gap addressed earlier and could limit the effec-
tiveness of the concept. However, if only surface contamination is
encountered, this concern is abated. In any case, a more detailed
evaluation of the reagent penetration is needed not only to better
determine decontamination effectiveness, but also evaluate reagent
usage. It is conceivable that different formulations, including perhaps
addition of surfactants, will produce better penetratiorn. '

4.5.3 Reagent Regeneration

To clean up the racovered reagent for reuse and thereby
minimize solvent consumption, it was assumed that the explosives and or
their degradation products could be removed from the liquids by a char-
coal or ion exchange resin filter. The validity of this assumption
needs to be demonstrated. Also the breakthrough concentration as well
as safety factors concerning explosivity and toxicity need to be given
further consideration,

4.5.4 Process Optimization

As with the hot gas concept, a sufficient rather than an
optimum process was selected. Factors such as the reagent composition
have not beer adequately evaluated, particularly with regards to the
guantity and rate of reagent applied. Cleanup methods and effectiveness
should alsc be factored into the optimization process.

4,6 Combined Chemical/Hot Gas Concept

This concept, which appears to hold the most promise, has the
detriment of combining all of the knowledge gaps of both of the indivi-
dual concepts that are discussed above. In addition, the testing of the
concept was Timited. Only one set of conditions with each of the two
most difficult oxplosives was tested. Obviously, a more detailed matrix
of tests is required to not only optimize the proces: but also prove
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;?j that all of the explosives can be removed by its application. The X
Vw; following additional knowledge gaps also remain. }f
e b
R 4.6.1 Products ¥
gy :
?j No attempt was made to determine the products of this process 5
ﬁf or their disposition. While no obvious problems appear likely, a f!ﬁ

':iﬁ residual odor, most Tikely from DMSQ degradation was observed in the _;
333 lahoratory tests. ]
Sig 4.6.2_ Clean U ;.
Sy s B 3
& B
;f; Closely related to the question of products is clean up. In wa
o addition to the previously mentioned odor, a white film assumed to be |
}Eﬁ sodium hydroxide was left on the treated surfaces. A water rinse i?
f}%z appeared to remove this film and decrease the odor. A more in depth .

N study is required in this area. _
pid
T 5.0 FACILITIES
R §

'4;5 5.1 Test Structure ‘ ”
o L,
f The test structure to be used to evaluate these concepts y
g sheuld closely model the structures that will eventually be decontami- %gf
- nated. While a better definition of these needs should be produced by {g
j?ﬁ the field survey, at this time it is assumed that these are represented 57:
lﬁ{ by Building 1 and 2 described in the engineering analysis. The test v
,3 facility should also permit the following:
W o Instrumentation of the walls for determining temperature
i gradients. =
11%: o Spiking of test levels of cortamination in a controlled B
ﬁi; manner reflecting types and levels determined by the field ;
- survey. .:
‘-':: 58 ‘




o Collection and containment of effluents that pesrmeate the
walls in order to both evaluate such permeation anu prevent
the spread of contamination.

The obvious options are to adapt an existing facility or to
construct a new facility specifically designed for those tests on an
Army installation. None of the building described in the previous field
survey(l) appears adequate for these tests. However, a large quantity
and variety of sack sumps, cess pools, french drains, and leaching pits
do exist on Army installations(9)., Of these the sack sumps, with con-
crete walls and floors appears the most attractive and in fact might
closely model the concrete basement that constitutes Building 1. The
prior use of these sumps raises concerns about their applicability for
these tests. Continued exposure to water and or silt would most likely
produce physical characteristics in the concrete that is much different
than the characteristics common to a concrete wall or basement. In
addition there is a high probability that these sumps are already con-
taminated with unknown levels and types of explosives making controlled
experiments difficult. A further concern is that the geometry of these
sumps would not adequately reflect the thermal stress that would occur
when a rectangular building containing windows and doors as well as
metal frames and reinforcing is heated to 500 F. A more in-depth evalu-
ation of all of these concerns is required.

If a new facility was constructed, the ideal case would be to
build a 10 ft cubical within a room of an existing facility. Besides
mare closely modeling Building 2, this room within a room would permit
ease of instrumentation as well as ccllection and containment of the
aeffluents. Ideally such a room would contain a door in one wall, a

window in another, and possibly reinforcing reds in . third wall., A«

14

Al -
4] A6

tionally, all or part of such facilities could be constructed of cement
hlocks or bricks ac deemed appropriate by the field survey. A deficit
of such constructed facilities is that they would be costly to build
several to permit multiple testing. Further, either freshly poured
concrete or new cement blocks, bricks and mortar, might not adequately
reflect the older buiidings.
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The best option appears to be the use of both types of
facilities. One or two new rooms could be constructed to permit initial
testing of concepts in a well controlled and instrumented manner.
Several sumps could then be utilized to produce the quantity of data
'f that is most likely necessary to prove sampling and analysis procedures,
| demonstrate decontamination effectiveness in a statistically significant
manner,

" 5.2 Hardware

The hardware required to test these concepts very closely
resembles that described in detail in the engineering and economic
. analysis. Like that hardware, it should he skid mounted and capable of
’ being transported to a number of sites. A creative selection of the
' “test structure should eventually nermit the direct application of the
test hardware to facilities reclamation.
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TASK 4

DEVELOPMENT OF NOVEL DECONTAMINATIGN AND
INERTING TECHNIQUES FOR EXPLOSIVES
CONTAMINATED FACILITIES

SUMMARY

The development of novai concepts for the decontamination
and inerting of explosives-contaminated buiidings is being carried out
by Battelle Columbus Laboratories (BCL) for USATHAMA under Contract
No. DAAK11-81-C-0101. 1In the previous phase (Task 2), ideas were
systematically developed into concepts for decentaminating and inert-
ing buildings and eguipment. These concepts were evaluated and ranked
with respect to selected technical and economic factors and five were
selected for laboratory evaluation. The overall objective of Task 4
is to determine and compare the technical economic/feasibility of
aecontaminating buildings by the most promising concepts selected in
Task 2.

Task 4 is divided into eight subtasks: a planning subtask,
a test preparation subtask, four e«perimentel subtasks, an engineering
and economic analy is subtask, and a reporting subtask.

BACKGROUND

Decontamination or ineiting of facilities previously used by
the Uepartment of the Army fcr explosive nufacture or tecting is
nacessary fo permit restoration of such i rilities for alternate use
or to excess them safely. Included are the structures themselves plus
»torage tanks, proceasing.equipment, sumps, transfer systems, munition
loading,/packing equipment, etc.

Materials of concern for which decontamination methods are
to be developed are:

o ﬁ""\ﬁ
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JsBLank

69




P _./. v

I1-2

.ﬁ
.;
ﬁ e Stainless steel - painted and unpainted.
.} ® Miid steel - painted and unpainted
- e Concrete - painted and unpainted.
: The previous study identified and evaluated potential explosive decon-
E tamination concepts from both technical and economic factors. The
“4 concepts were then rank ordered, and BCL, in conjunction with
o USATHAMA, recommended five for laboratory evaluation in Task 4. It is
f; anticipated that this effort will result in one to three explosive
Eq decontamination concepts being sufficiently evaluated such that recom-
-J mer.dations can be made for field testing of the selected concept(s).
> 0BJECTIVES
s The objectives of this task are to (1) produce sufficient
_ij data to technically validate the concepts selected from Phase I,
ke (2) perform an engineering/economic analysis on the most promising of
1 these, and (3) identify remaining knowledge gaps associated with the
( « most viable concept{s) and prepare test plans to resolve them and/or
ffs evaluate the concept(s) in the field.
5, TECHNICAL APPROACH
=
Elﬁ The Task 4 effort is divided into eight technical subtasks
” as shown in the work breakdown structure (WBS) illustrated in
T Figure L. The logic diagram of this task describing the sequence and
f;ﬁ interactions of the various subtasks is provfded in Figure 2. Th
o objectives of these subtasks and technical approaches to be used are
described below. N
j{
subtask 4.1 Task Planning i
, 1
This subtask has dual objectives: {1) produce the overall {
f:; work /resource plan for the task, and (2) review regulatory and safety E}




requirements concerning explosives contamination. As given in the
WBS, the following work elements comprise this subtask:

e Prepare design plan (this document)

@ Prepare a regulatory/safety agency discussion plan

e Visit appropriate agencies.

In order to properly evaluate new concepts, knowledge of the
most recent regulatory and safety developments is required. For
example, the "5X.dilemma" and the nature and definition of allowable
decontamination levels will be discussed with agencies such as the
Department of Defense Explosion Safety Board, the DARCOM Field Safety
Office, and the Department of Transportation. The pian for conducting
these visits will consist of a letter listing the recommended agencies
for visitation as well as those topics which will be discussed. This
plan will be pepared in ccoperation with the COTR and then submitted
for USATHAMA approval by September 9, 1983. After receipt of this
plan, it is anticipated that USATHAMA will identify the staff to be
visited at the agreed-upon agencies and schedule the visits. Visits
will be made by a team consisting of at least one USATHAMA and twc BCL
staff members. A report summarizing the visits and the findings of
the regulatory/safety review will be incorporated in a Subtask Summary
Report to be submitted by November 28, 1983.

Subtask 4.2 Preparation for
Concept Evaluations

The design and construction of all required experimental
equipment will be performed in this subtask. test chamber will be
designed and constructed which will permit the controlied application
and evaluation of decontamination concepts on spiked coupons. A
design for a chamber in which to safely conduct the tests will be sub-
mitted to USATHAMA in a letter test plan format by September 9, 1983.
This chamher will be sized to fit within a laboratory hood and will be
fitted with entry/exit ports to permit the intreduction of samples and

the removal of decontamination effluents.
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FIGURE 2.

TASK 4 LOGIC DTAGRAM
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'?ﬁ In the test program, coupons of the six relevant substrates
ST will be contaminated with exolosives and then subjected to various

?: decontamination procedures. To provide & uniform surface area and
S

permit direct comparison of the results, coupons of identical dimen-

'gf sions will De prepared and contaminated with explosives at levels

which can be measured by existing analytical methods. These coupons
will be prepared in this subtask.

The final work element of this subtask will be production of
a quality assurance and quality contrel plan for the analytical
methuds. After receiving guidance from USATHAMA this plan will be
prepdared by September 19, 1933.

P
PR

S

RO

Subtask 4.3 Enhanced Aqueous
Soiubilization Studies

-
.

Solubilization of explosives is required for the effective
chemical decontamination or the extractive removal of explosives. The
best potential solvent for the solubilization of explosives in terms

TEE of minimum cost and safety hazards is water. However, those exploi
sives which will be investigated in these Task 4 studies have low

*% solubilities (about 0.0l percent) :n water. The objective of this

' subtask is to evaluate those additives which may significantly

3? incredase the aqueous solubilities of various explosives. [If it is
. found that these additives are required in major propartions for
:f effective solubilization of explosives, then an alternative objective
-~ of this subtask will be to determine the optimum amount of water which
?Q mdy be incorporated in such 4 manner.
. Those additives considered for investigation for increasing
: EZ the aqueous solubiiities of explosives include:
.. o Surfastants
, s Complexing Agents
e e (osolvents
K A Letter Test Pian will be submitted by September 2, 1983,

which will identify those additives which will be examined and will




also detail the approach to be used in the experimental evaluation.
The experimental results will be summarized in & subtask report to be
submitted by Octobor 4, 1983.

Subtask 4.4 Prescreening of Chemical
Decontamination Concepts

9331 The decomposition effectiveness of the three highest-ranked
ﬁf‘ﬁ chemical concepts identified in the previous Task 2 studies will be
f'-g evaluated in this subtask. ihese evaluations will be performed in
i

G iaboratory glassware under closeiy controlled conditions. Each con-
T cent will be evaluated under a variety of conditions in an attempt to
det.rmine the optimum operating conditions required to deccmpose esch
of the six explosives. The relative effectiveness cf the three con-
cepts under various conditions will be determined quantitativaly by
determ . ing the decontamination rate constants. If conditions cannct

SRS SR TS
- s
— !

piveC

be fourc ¥or the effective decomposition of explosives by any one
chemica? concept, an alternate replacement concept will be chosen with
USATHAMA aoprcval and its effectiveness determined in the same manner.
The three concepts which will be initially evaluated are:
& Sulfur-based Reductants

o e e

4

¢ Gased.initiated Decompositior

# Radical~initiated Decompositiun.
= Analvtical methodology to determine :xplosives concentra-
\ tras witl also be evaluited for their applicability in the presence
A, or the decumposition Loiutions and additives.

i A Letter Tesi Plan will be submitted by October 21, 198,

! and iha resu us of this subtask will be discussed in a test report to
be submitted by January 3, 1984,

)
g
! |
L
3
1
[

i
i

3

o Subtask 4.5 Stainiess S Surface
Lo Decontaminat ion Screeuing
[ ‘ne cencdidate decontamination processes will be furthe-

f-ﬁi sorcei o4 in wnis subtask.  The throe chemicdl concspts sa2iected iv
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Subtask 4.4 along with the hot gas and vapor/solvent circulation con-
cepts identified in Task 2 will b2 evdluated for their ability to
decompose or remove explosives placed on the surface of stainless
steel coupcns. Stainless steel was selected because it is the sub-
strate from which the analytical! techniques achieve the highest
recoveries and therefore yield the most accurate measure of the per-
centage of decontamination/removal achieved. Waste product determina-
tion will alsn be made.

A letter test plan detailing the test to be conducted will
be submitted to USATHAMA for approval by QOctober 28, 1983. The
results of these tests will be incorporated in & letter test report to
be submitted by February 10, 1984. This report will reconmend three
concepts to be further evaluated in subsequent subtasks. These recom-
mendations will be based on both technical and economic factors.

Subtask 4.6 Evaluation of Decontamination
Candidate Concepts on Steel and lLoncrate

This subtask, which represents the final test series in this
task, will addrass aspects of sub-surface decontamination of concrete
as well as surface decontamination of mild steel. This subtask wilil
be ot “‘ned in detail! in a letter test plan to be submitted by January
20, 1 . The three concepts agreed upon after evaluation of the Sub-
task 4.5 data will then be tested for effectiveness on concrete arnd
mild steel, simulating as closely as possibie field decontaminatiorn
scenarins. Decontamination versus depth into the material shell be
verified on spiked concrete coupons. The reaction off-gases and other
reaction products will be analyzed in on attempt to veri’y that the
producis formed are the same as formed on steel surfaces. A test
report, to be subm:.ied by April 6, 1984, wil) summarize the test
results and selact the best 1 to 3 concepts for analysis in Subtask
4.7. Ftotentially, this suctask could be moved up in the schedule and
precede Sibtask 4.5.

/1
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Subtask 4.7 Engineering and Economic Analysis

A detailed engineering analysis will be performed on the
three best concents selected in Subtask 4.6. Experimental data con-
cerning reaction rate constants as well 25 reagent (solvent) and heat
requiremants generated in the previous subtasks will serve as the
hasis of this engireering analysis. This analysis will address the
following factors: reagents and soivents, process equipment, support
facilities, decontaminaticn scheduling, waste disposal alternatives,
and safety requirements.

After this analysis is completed and the necessary equipment
identified and sized to decontaminate the model structure defined in
Task 2, a detailed economic analysis will be performed. This analysis
will include: building repair costs, development costs, utility and
fuel cests, equipment costs, material cost, and manpower costs.

The results of this subtask will be summarized in a fingl
subtask report which will recommend decontamination procedures to he
used for decontamination of all six explosives. USATHAMA shall par-
ticipate in the selection of the final concept(s). The report wi!’' be
submitted to USATHAMA for review by June lb, 1984. Xnowledge gaps
that remain after ther above evaluations are completed will be identi-
fied and outlined ac part of the report.

Subtask 4.8 Field Test Plan/Task 4 Report

A tost pian will be developed for applying the selected
treatment concept (s} in the field to decontaminate concrete and steel
structures at Army installetions. A sampling plan will be devised
which wilil describe thg types ov samples and metheds by which these
samp [#s De taken. This subtask w11 also develop a plan designed to
experimentally resolve the technical uncertainties and knowledge gaps
identified in Subtask 4.7.

The final work element will be the preparation of a final
task report. If is anticipated that this report will consist of a

...........
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&; narrative and technical summary with the letter test plans and reports
- from the other subtasks included as appendi. material. This report
N will be submitted for review in draft form by July 27, 1984.

A

H )
- DEVIATICNS/ADDITIONS
- This design plan generally follows the government tasking
o document and all 31 work units have been incorporated into the eight
) subtasks. In Subtask 4.5, Stainless Steel Surface Decontamination,
_ﬁ? the solvent extraction concept is to be evaluated in additien to the
h vapor circulation concept.

L INTERFACING

S ——m s
- The planning of Task 4 and the projected test plans will

!. - draw upon the results of the previous Task 2 results. In addition,

r L sume of expiosives decontariinatior concept studies pianned for Task &
will parallel agent decontamination studies planned for Task 3. These
i parallel appreach2s uill provide econgmies in the design and construc-
L ) tion of the tast chambers and coupans as well as permit direct com-
parison of the concepts being evaluated. For example, the solvent
diffusion study of Yask 3 can nave significant impact un the perfor-
mance of Task 4.

3

i The Task Leader for Task 4 will be Harman P. Banecke.

; Engineering support wiil be provided by David R. Hopper and analytical
i support by Benjamin C. Garrett.
i
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GOVERNMENT-FURNISHED PROPERTY/ASSISTANLY

The government will furnis.. 10 gram: =ach of the following
explosives for these stidies: TNT, Tstryl, 2,4-ONT, 2,6-DONT, RDX, and
HMX. They will first De needed for Subtask 4.3 which is to start
about September 17, 1¢83. The government will make arrangements for
meetings with regulatory/safety govermnment agencies (Subtask 4.1).

SCHEDULE

The subtask and reporting schedule is shown in Figure 3.
Open triangles identify BCL Milestones while closed triangle, identify
USATHAMA Approval Milestones. The overall period of performance is 60
weeks.
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Novel Processin: Technoiogv

A. Tesk Qrder Numbder: 4

B. TYask Order Tizia: ODevelopment of Novel Decontaminetion and Inerting
Techniques for Lxpiosive Contamineilec Facilities - Phase []

C. Contract Number: [AAKIT-81-0-0101

0. Backemound:

1. Decoataminazion or 1nerting of facilities previously utilizes by the
Depariment of the A=y ¥or explosive manu‘acture ot testing 15 necessary to
permit restordation of such facilities for elternate use or to dispese of them
sefely. lnciuded are the structures themselves plus storage tenws, processing
equipment, sumps, transfer systems and munition loading/pacxing equipment,
Jtems recuiring ogecontamination include exposed surfaces 2s well zs materials
into which expliosives have pene:ra:ns,plus cracks, or other osenings,

2. Materials of concern for which dezontamination methods shall be
developed are:

3. Sta2inless steel - painted ang ynpainted,
b, Mild steal - painted and unsainted
c. Concrete - painted ang unpzinted.

3. This task order is a follow-on to Task Order 2 of this contract. The
previous study identified and evaluated potenzfel explosive decontamination
concepts from both technical and econoumic a2spects. The concersts were then rank
ordered, and the consractor, in conjunction with USATAAMA, recommended those
deemed worthy of laboratory test and evaluation in Pnase [] (this task), 1t is
anticipated that this task will result in one to three explosive cecontamingtion
concepts being sufficiently evalueted such that recommancations can be cade for
pilot testing the selecied concept(s).

E. Phase !l Purpose and Obieciives: The purpose of this task order is to
veligate, Dy lab scale testirg and technical/zconomic anzliyses, new cost
effective, technically sound decontamination concepts seiectec in Phase | for
use on explosive contamindzed fazrlicres, Tne obiertive of Inis task s to
gevelop ¢ sufficient informzsion/cata dasa so that finz. se’cztled concertis) can
be razommencad for subseguent pilos testing.

F. Statenent of Mork:

1. Figure 1 outlines tne varicus wors uniis ¥o- this t2sk &nd The scheclie
for their implementazzica, This stetle=271-07-~0rk 1§ keyes I 1ne work units as
shown on Figure [. Tha work tc e d2-formel 0% thmis l2s« 1% bdised on the Task |
effom end gene-ally foilows tne recommazniilions 0f he prelimini-y Prase [
tegt plan sudbmittes uacer liem ©.7 of wnat tasa qrger,

VIS A
I e
l--- 1s ULA:lpAhE

——

87




e
St e

v
!

RTIN

AR

I1-A-2

2. The first work unis to be performe¢ a’ter task initiation shall be
prepsration of the cverall work/resource pian. Thys plar shei) inciude a
geteiled scnedule, work breakdown structure {wWBS) and a resource utilization
plan keyeg to the W&S.

3, Work unit 3 entails a review nf regulatury and 3afety requirements anc
shall be perforasd To determine the mos: recent regulatery developments in Zhese
areas <0 bester gefine ceconteminazion levels, Perlinent oryanizations such 4%
E¥%, Department of Defense Explosives Safety Scard, Depertment of Transportaiion
and the DARCOM Field Safety Qffice shall be included. A report summerizing the
findings of this review shell be prepirted and submittes,

&, Work Unit & includes design and consiruntion of special lab tese
equipnent necessary to conduct the experimenial work, [ncluded 15 2 chamder for
conducting tesss on explcsive compounds. This chamber shall be sized to fig
into & conventional fume hood, fitled with entry/ex1t ports {or {niroduction and
remcval of samples and exheaust ports to permit sampling of off-gas products,

5. Work Units 5-9 are for the preliminary screeaing tesis of chemical
concedbts selected on Task 1 These concepts include: radical tritiated
decomposition, bdase initiated decomposition, su'Tur base reduction, sodium
porohydride reduction, and reductive cleavage. A lettar test plan shall be
submitsed detailing test results when concluded. Chamber tests oY each concent
shall be conducted and waste products and analytical perfomance shall be
evaluasesd. “Three concepts, based on these testsy, shall be
recormended for further evaluation.

6. York Units 10-14 delineate tests of methods for snhancing solubilization
of explosives, Concepts L0 be tested incluae; surfactants, covplexing agents,
and cosnlvents. These testssza-) invclve pure explosives and those which heve
been 4llowed to penetrate into concrete. Tests shullbe conducted with the
various concepts to evaluats solubility properties of the expicsives and
extraction efficiency from the concretd subsirate. Feasilie methods determined
from these studiessaa’lbs used in conjunciion with decontumination concepts to
improve their effectiveness. Results of these afforts shall be provided in 2
letter test report.

7. Work Units 15-19 are for a series of tests viilizing stainless stesl as
the substrate to furtner screen cancicate decontamination concgots. The three
chemical concenss resulting from paragraph § testing (above) snall be Tesied
slong witn hot gas and vapor circulaticn concepts. Anel>Tizel performance and
wasie produc: ve~ificstion=zall be fncorporitec into this test series, A leite-
t=s: plan and & letter test rerportshell again be requirfes. included in the =es¢
repors s=asl be racoxmendetions for the three selectes c¢pnceptis 0 h» carried
forward to the final phase of lab testing.

§. wWork Urnils 25-24 are Tor the Tingl test series. The thnres best conceols
fron. a1l of the previous tesiingsnall De lesteZ on concrett and steel,
simulasing 2s closely as possille, &ctue) field deconzezinglinn scenzarios,
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- Jecortamination versus dedth 1nto the mazeriel szall de vesifies as well as
idenzi1fication of reaclion by-procucts &nd off-gases. The tesi reourt for this .
[ test series sghgilrecomsend the finai best 1-3 concepts,
g ,
" 8. Work Umi1ts 25-26 include technical and ezoncmic ene'ysis of the final 1.
1 :
¥ 3 concepts and & rank ordgering of the concapts (if more tnaa cne is
2 :T recommended). In addition to technice! performance criteria, also to be
o consicered are factors such as: butltding repafr cost, developmena:z cos:, utility
- and 7uel costs, equioment costs, material and lador costs, These analyses sha'l
{ resuls in selection of the final single best concepi t¢ be recommended for
1N field/pilot testing. USATHAMA shall participate in an? agprove the final
P selezzion im wrising.
- 10. Work Uniss 27-25 are for the precarasion of a comprehensive final
<y : . :
RN repors. A1l persinent infarmezion aevelcped curing effcris on this tesk vrger
- b shail be compiled into & draft final report and submitiec for USATHAMA review
) and eoproval, after wnich the Yinal %as« report 3shall be submirtea. This resort
Ty shzl) be prepared in eczordence wizh MIL Std B47-A.
\-.-'
11. U?rk Unit 30 rezuires the prezazazion azd sudzission of 4 reccomended tes: plan
- for & f.eid wvaluazion of the final selected deconiaiination cancepr.
- 12. Malytical methos development/refinement/certification shall be carries
- put 25 required in conjunciion with Lthis task.
e 13. Technice] review shall be helo as delineated in Work Unit 31. Four of
. these reviews shall be held 2t tne Contractor's facility and four shall be heig
| at USATHAMA. Acoditional meetings shail be scheduled on an &s rejuired basis,
4 - } )
Y G. Testinz Reguirements: Analyticzal methods certified fn accorcance with the
EE USETHAFA (¢ Plan shail De utilized wnere ezplicadle. However, the actua! QA/QC
. Tevel shall be specilied by the CJ.R.
- H. [Items/Data to he Deliverec:
.
: 1. Letter test plans and lester test reporis shall be sudmitted for each cf
- the four test sequences out'ine. in Figure 1. (Work Units 3.2, E,10,13, 15, 18,
<o 20, 21). Ten coples of each shall be submitted.
' 2. A dra® technical recor: (10 coples) documenting the findings and
S recomnendations of this study shall be provided Lo the Governwzent 52 weery a‘ler
v, tasi mitiation., The final tecnnicei report (Seguence 4302, CDRL, 0O Form 1423)
a sheil be proviced to the Goveramenl wiIrin 30 days afrer eonrovel of the gra’si.
! e 1. Governmenz Furnished Proaeriv &nc/or Assistence: Tne Governmen! shi'l rake
P . el fany=nenls [OF Meflings WICh FEGUIE-07y/5a ety QIvernTgnl 2gancles for the
ST purpase of conducting reguiatory/safety review (hork Umit ).
s J. Kezards Informetion: Informatr0n rejarcing surety metesiels used on hisg
T gesy Oroer are convi.nes in Lhe DestC Coniract.
gl
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. Y. Desired Pasisgd 2f Parfsrmance: Refar 4o figuse T, The cversll pesiod of
v Facforzence SnaLl De 60 weels, l‘_
- d
_:'f L. Becusi<w: Fertinent i-formeticorn regirding secwrdty ls contained in the =
A basic esmiract.
4 Bor ‘“
b M. Zetizeted leve: of Effo:

. -~
lador CetegerT Ne -Hours !

'h
A Progrex Menager 2,000
Orga=ie Chemist 840 —
o Anelyical Cnaxist 840

- Chesicel Ingineer 3,700 L‘
- bmslviical Tezhnician 1,445 :
- Tat Teckician 1,407
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MANAGEMENT SUMMARY

Various cosolvents, surfactants and complexing agents were
evaluated for their ability to enhance the aqueous solubility of six
explosives (TNT, 2,4-DNT, 2,6-DNT, tetryl, RDX and HMX). Surfactants were
excluded from further consideration primarily because of the need to use
unpractically high concentrations to achieve meaningful solubility enhance-
ments. Complexing agents gave the highest observed solubility enhancements
for TNT but were not considered further because of their lack of general
applicability to all five explosives and other potential chemical reactivity
problems. The aqueous cosolvents DMSO and DMF, when used at concentrations of
thirty percent or higher, were judged most suited for use as decontamination

"or extraction solvent systems and are recommended for further evaluation in

chemical prescreening experiments or explosive extraction studies.
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TASK 4, SUBTASK 3

TEST REPORT FOR
ENHANCED AQUEOUS SOLUBILIZATION
OF EXPLOSIVES
Contract DAAKI1-81-C-0101
to
UNITED STATES ARMY
TOXIC AND HAZARDOUS MATERIALS AGENCY
February 15, 1985

1.0 INTRODUCTION

The development of novel concepts for the decontamination of
chemical agent or explosive contaminated facilities is being carried out by
Battelle Columbus Laboratories (Battelle) for the U.S. Army Toxic and
Hazardous Materials Agency (USATHAMA) under Contract No. DAAK11-81-C-0101.
In the p.avious phase (Task 1 (agents) and Task 2 (explosives)), ideas were
systematically developed into concepts for decontaminating buildings and
equipment. These concepts were evaluated and ranked with respect to technical
and economic factors.

As described 1in the test plan for this subtask {Appendix A),
solubilization of explosives is required for the effective chemical decon-
tamination in solution or the extractive removal of explosives. Water is the
best potential solvent for the solubilization of explosives in terms of its
Tow cost and the low safety hazards associated with its use. Each of the
three chemical concepts which are to be tested in Subtask 4 are compatible
with and typically performed in aqueous based solvent systems. Furtnermore,
solvent extraction of explosives (to be studied in modified Subtask 6) by
aqueous-based solvents would henefit from appreciable solubility in the
soclvents systems studied in this subtask. However, each of the six target
explosives, which are to be investigated in these Tater studies, has very low
solubility (about 0.01 percent or lower) in water.
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2.0 O0BJECTIVE

The objective of this subtask was to evaluate additives which were
predicted in Phase I studies to increase the aqueous solubilities of the six
target explosives (TNT, 2,4-DNT, 2,6-DNT, RDX, HMX and tetryl).

Those additives screened in this subtask for their potential en-
hancement of the aqueous solubilities of explosives included the following
materials:

e Cosolvents. The cosolvents dimethylsulfoxide

(OMSO), dimethylformanide (DMF) and acetone are
sojuble in all proportions in water and some of the
target explosives had high solubilities in these
solvents (see Appendix B8).

¢ Surfactants. A variety of nonienic, cationic,

anionic as well as some specialty surfactants.

¢ Complexing agents. The potential complexing agents

such as diethanglamine (DEA) and 4-hydroxyethylpip-
erazine (HEP) possess both nitro group coordinating
sites and hydroxyl functions which would increase the
aqueous solibility of coordinated explosives.

3.0 TEST EQUIPMENT AND MATERIALS

A Lauda Model B-1 circulating constant temperature bath was
connected through external connections to three jacketed 250 ml1 beakers.
These beakers were placed on top of magnetic stirrer motors and were filled
with approximately one inch of water. The temperatures of this contained
water and the circulating bath water was measured with mercury and alcohol
thermometers.

Solubility measurements were performed with High Performance Liquid
Chromatography (HPLC). The foliowing HPLC equipment and operational para-
meters were employed:
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Equipment
Altex 110 A pump

LDC Spectromonitor III-UV detector

Micrometics 725 Autoinjector

Hewlett Packard 1000 Computer with Computer Inquiry
System (CALS) Chromatographic Software.

e 6 e ¢

Parameters
Column: Spherisorb 0BS 5u, 25¢m x 4.6 mm I.D.
Mobile Phase: methanol/water 50/70, isocratic
Flow Rate: 1.0 ml/min
Detector: UV @ 254 nm
Attenuation: unattenuated output to computer
Injection volume: 10 ui

The 2,4-DNT was used as received from Aldrich Chemical Company
after grinding to uniform particle size by roiling the material betwren a
wooden dowel and a rubber pad covered by a plastic sheet. The 2,6-DNT was
used as received from Aldrich Chemical Company without grinding.

The TNT and tetryl used in these studies were munition grade explo-
sives and were obtained through internal transfer from other projects at
Battelle. No attempts were made to medify the particle size or recrystallize
these materials.

A small portion of recrystallized RDX was also transferred from
another project within Battelle. This material was shown to have the
identical HPLC retention time as the RDX which was shipped to Battelle from
Hoiston AAP. (Batch No. 4RC 14-71). This material and HMX (Batch No. 6ABCH
14-1) were shipped wetted wit. disopropyl alcohol. Prior to use, small
quantities of both RDX and HMX were dried under high vacuum for one day to
remove this alcohol.

The classification and chemical composition of surfactants are
described below: Triton X-100 is a non-ionic surfactant and is composed of
octylphenyl polyoxyethylenealcohol. Tween 21 is a non-ionic surfactant and
is composed of polyoxyethylene sorbitan fatty acid esters. Alkamox LO is an
ylid surfactant of the amine oxide type. Stephanate CS is an anionic sur-
factant and is composed of cumene sulfate. Cetyl pyridinium bromide is a
cationic surfactant.
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4.0 GENERAL TEST CONDITIONS AND ANALYTICAL APPROACHES

The solubilities of explosives in general were measured by stirring
a siurry of 200 mg of the explosive in 2-4 m1 of the solubilization system
being evaluated in one or two dram vials equipped with 10 x 3 mm poliyethylene
covered stir bars and teflon lined screw caps. Temperatures were maintained
either at room temperature (23-25 C) or in thermostatted baths (either 23-
24 C or 24-25 C). Efforts were made to maintain approximately the same
stirrer speed but the stirring speeds were not calibrated.

The first analytical method which was used to determine the amount
of solubilized explosives was the "filter, dry and weigh" method. This method
involved accurately weighing the starting quantity of explosive (200-300 mg),
stirring the explosive in 2,00 ml1 of the soclubilization solution being tested
for a set period of time, and filtering, drying and weighing the undissolved
explosive. In the evaluation of cosolvents and surfactants, the undissnlved
explosives were collected in fritted glass funnals and dried under high vacuum
to a constant weight. Water blanks were employed to correct for any lesses
through mechanical means (The amounts of explosives solubilized by water was
assumed to be negligible.) This method was employed in the initial studies in
which 2,4-DNT and TNT were studied. This method was discontinued because it
was found to give non-reproducible solubility values that ranged up to one
order of magnitude higher than the solubilities measured by the HPLC method
described below. These erratic results were presumed to be due to solvent
specific "mil’ing" effects which may have reduced the particle size below the
fritted-glass filter pore size after stirring for prolonged periods of time.

The analytical method of choice to determine the solubility of
explosives in the presence of aqueous cosolvents and surfactants was high
performance 1iquid chromatography (HPLC). This HPLC method directly measures
the concentrations of explosives in solution and therefore, does not. require
the initial accurate weighing of explosives. Approximately 200 mg of explo-
sives were dispersed into vials for each determination. HPLC was presumed not
to be applicable for determining the solubility of explosives in the presence
of complexing agents because new species other than dissolved explosives

could potentially be generated.
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E The initial HPLC determinations of 2,4-DNT in various cosolvents ;?i
N employed centrifugation of the soiubilization samples before aliguots were FEQ

withdrawn for HPLC analysis. However, this sequence led to relatively low
levels of precision. A1l subsequent F7L.C determinations employed the centri- T
> fugation of the test sample but the supernatant was wi*hdrawn and passed
- either through a 5 mm. I.0. pipet which had been packed with approximately
' 15 mm of surgical cotton or through Millipore filters. In the evaluation of

S0,

_ surfactants, Millipore filters were used almost exclusively to generate clear
o solutions prior to HPLC analyses.

Aliquots of the filtrate (20 ul) were then removed by Eppendorf
pipets and diluted with methanol (1 to 100) to provide samples for HPLC
testing. The excess filtrate was then returned to the test mixture. This
procedure was repeated periodically to give solubility, time profiles 4s long

b as undissolved exp]osjve was present. Linear regression analysis from plots
; of standard concentrations of explosives (which bracketed the test concen-
trations) versus detector area response were used to determine explosive
concentrations in solubility samples. .

Solubilization by complexing agents was determined by stirring
weighed amounts of explosive (approximately 200 mg) in 4.00 m1 of solubili-
zation solution folicewed by filtration through Whatman No. 2 filter paper.
The emptied vials were flushed with filtrate but were not flushed with fresh
i water be ause, in the case of TNT, the solidmaterials remaining after treat-
; ment with these complexing ag-ni; ware found to be soluble in the fresh water
unlike neat TNT. (See particulars in Sections 5.2 and 5.3). The filtered
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5 solid materials were dried under high vacuum until constant weights were EEE
3 achieved. pfﬁ
» After the HPLC monitored solubility studies were in progress, it shg
= was discovered that the type of Millipore filters which were initially used ﬁgk
2 (Millex GS) were removing part of the dissolved explosives prior to the HPLC Eﬁi
T analyses. These filters were 22 micron filters and made from cellulose esters t;é
° and PVC. This problem was studied and rectified by subsequently using %ﬁ:
Millex SR 50 micron filters whick were shown not to remove dissolved explo- };Ej
(“ sives in control studies. Miliex SR filters are made from polytetrafluro- ELE
NL ethylene and polyethylene. In the tables which present the results of these N
: solubilization tests, the types of filters which were employed are :pecified. Eﬁj
\ o
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5.0 PRELIMINARY SOLUBILITY DETERMINATIONS ON 2,4-DNT, TNT AND RDX
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CREN P} l.r.‘:"‘f',l. ot
L PR

i

The initial solubilization tests were performed with the explosives
2,4-DNT, TNT and RDX since these explosives were expected to respond

W
P

'_ﬁ{i similarily to solubilizing agents as would 2,6-DNT, tetry! and HMX respec-
“"f} tively. The solubilization additives which were judged to be .the most
{Eﬁ effective or appropriate for further chemical concept screening in Subtask 4

were then validated with the explosives 2,6-DNT, tetryl and HMX. Therefore a
significantly greater number of solubilization experiments were performed
with 2,4-DNT, TNT and RDX than performed with 2,6-DNT, tetryl and HMX.

g The initial explosive studied was 2,4-DNT since it was relatively
non-explosive and judged to be insensitive to spark discharge. TNT was
studied next and RDX was studied last because it was judged by explosives
experts to be spark sensitive and there was only a limited supply at Battelle
until the Army shipment was received towards the end of this study.

5.1 Solubilization of 2,4-DNT

4

5.1.1 Aqueous Cosolvents

Pl ot 4
e
S5

—
]

The results of the solubilization of 2,4-DNT by aqueous cosolvents

g

'}t; are shown in Table 1. Most of the data shown was obtained by only centri-
,;227 fuging the anailytical samples {(i.e., without subsequent filtration) before
A“;ti HPLC analyses were performed. Data points were cbtained within relatively

11;1 short time intervals because initial solubilization results indicated that

;;: the magnitude of solubilizations were highly time dependent and were highest
r_f:; at early sampling times and tended to decrease with increasing time intervals.
i.;:ﬂ This effect, which was generally observed in each cosolvent studied at various
!’{}: concentrations, may result from the initial supevsaturation of the soclution
‘ i;” which is followed by a decrease in concentration to equ111br1um values. When

: : duplicate or triplicate samples were determined, the data were averaged and
_fif listed in terms of the mean values with the standard deviations. Relatively
rfi:i large variatiuns were ohserved in sixty percent acetone so that caution must

iji be used in interpreting the values in Table 1. Some solubilization values are
I };] also included which were obtained by filtering the analytical samples through
R
| ' 106
B

I A
i

i/\ - -.--_.am Mt Y "




I11-1-7

-pakojdwe Sem JudA|0sCO Juddadd Oy (B)

<u013ebNy LUILBD 4BI4R UOI10D LBnoaus pa4al il (4)

*SANDY By 49IJB PILLULALS] ()

"SANOY pZ JBIJB PAULLIIISQ (p)

©SJ3T(14 UOADM ZZ SO XBLLlW UBNOUYI paLdI|L; OS|P aJ4am s3jdres |edtifjeur 3ssyf (o)

-uojebnyajuas 43242 2339d)d AQ PAAGWAU BUSM SUTLINI0S |BDLIA UV (q)

-S49%Paq pajaydef fue PsIILISOWIBY) Ui ) GZ 03 pZ 3 4O JLP JUILqUE UL ) GZ 03 £2 3B PRULPIULPW JIYILD AU3M SIunjesadiat (2

44212070 ool

2¢5E10°0 pe2£400°0 oot 4830y
XA A 4G fpUTISE” o 55°0 T Vi 0s
90°F¥2°  yeall” *90°%G2°  peyll” ‘607027 L00°FLL Lo ve'0 Begll® “LL"*LF° St
3tacl0°0 3€90° “02° £L0°0 0070 0010 3690 “5L0° o€
£50°0 2v0°0 880°0 1800 0z

920°0 £20°0 12,181 52070 CtL OSHQ
FLAR RS M L0°F0° 1 21 ¢ Lt 09
oe o seabct ‘OL°%61° IS TN 1] Sk 4% 20°=0g" 0870 £L°0 6+40E° ‘BL FHG° E14
007712 yeaSl™ f20°=lL” JEL ‘0 EBL o-#2L- gL o L0 U frLELe 0t
8.0°0 0£0°0 6400 £90°0 0e

£L0°0 98070 oo 01 iWa
91 097971 "L (8'%9°¢ 19°%6°¢ 4 AR 09
1970 80 +9p" 99°0 [A 0L°0 St
gL Q £L°0 gLc SL°0 £2°0 o€
19079 1.0°0 SL°0 10 0e

280°0 y£0°0 9£0°0 LE0"0 ot 8U033%y

+H 9L 4H 25 4H L2 JH L1 4y 2t H ¥ 4H 2 4H | 3Udd43d  JUBALOSO)

GOHL3W T¥IILATYNY D1dH qe(NOCILRT0S W 00T/SKVd9)
SINIATOSCI SNCINDY A9 LNG-9°2 40 NOILYZINI8NI0S 1 378yl

3 ael “ra

L . R Yort oy
ZSTAL I VL PLI & VLI SRR Iy

107

'
.
)
v
.
',
s,
[
a
x
.
P
i
fe
.
'
«
s

e




o T TR T T e
Wi

o

TRV

I1I-1-8

cotton after initial centrifugation. It can be seen that these solubilization
values are generally lower than the values obtained without employing fil-
tration.

For 2,4-DNT, the order of effectiveness of the three cosolvents at
comparable concentrations is: acetone > DMF > DMS0. The solubilitiss of 2,4~
DNT in each of thesa ten-percent cosolvents concentrations are similar and are
only 2 te 3 times higher than the measured solubility of 2,4-DNT in pure water
(0.021 percent). The order of the rate of increased solubility of 2,4-DNT as
the cosolvent concentrations are increased is: acetone > DMF > DMSQ. It
appears that the tendency for supersaturation at 60 percent cosolvent concen-
trations may be greatest for acetone compared to the other cosolvents at this
concentration.

5.1.2 Surfactants

The results of the solubilization of 2,4-DNT with a range of
different type surfactants is shown in Table 2. The surfactant concentra-
tions employed were five percent except in the case of cetyl pyridinium
bromide where 0.1 percent was used due to its low solubility. Millex GS
filters were used initially in this work but Millex SR filters were sub-
sequently used in the two cases where solubilization appeared to be occurring.
By comparison of solubility values derived using these two types of filters,
it appears that some 2,4-DNT was removed from the analytical samples by the
Millex GS filters. Nevertheless, it can be seen that the only surfactants
which appreciably solubilized 2,4-DNT were Triton X-100 and Alkamox LO. These
enhanced solubilities were only approximately one order of magnitude higher
than the aqueous solubility of 2,4-DNT. It should be noted that the analy-
tical approach used measured the quantity of truly dissolved explosive versus
that quantity of explosive which may have been solubilized as colluidal
particles which would be large enough to be filtered by the Millex GS filter.

5.1.2 Complexing Agents

The potential complexing agents diethanolamine (DEA) and 4-hydroxy-
ethylpiperazine (HEP) were evaluated by the filter, dry and weigh method as
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i TABLE 2. SOLUBILIZATION OF 2,4-DNT BY AQUEOUS
o SURFACTANTS (GRAMS/100 ML SOLUTION)a’b
N HPLC ANALYTICAL METHOD
X Time
Surfactant Percent 24 Hr 48 Hr
° Triton X-100 5 0.011, 0.16C 0.091, 0.087,
‘ 0.16C, 0.18¢
" Tween 21 5 0.012 0.016, 0.014
Alkamox LO 5 0.971 0.092, 0.088,
: 0.10¢
2 Stephanate CS 5 0.010 0.018, 0.018
Cetyl Pyridinium 0.1 $.009, 0.009
Bromide
Water 100 0.007 0.013
(a) Temperatures were maintained at 23 to 24 C in thermostatted
and jacketed beakers.
(b) Anatytical solutions were removed after initial centrifugation
- of samples followed by filtration of supernatant through
E Millex GS 22 micron filters.
(C)After centrifugation, the supernatant was filtered through
: Millex SR (solvent resistant) 50 micron filters.
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previousis described. The degree of solubilizations (Table 3) varied between
1.2-1.4 perrent when 10-30 percent complexing agents were employed. These
solubilizations are significantly greater than the solubilities (.03-
.2 percent) achieved with the same concentrations of aqueous cosolvents.
However, these complexing agents immediately fcrmed dintensely colored
brownish black solutions which in practice might gresent secondary decontami-
nation problems.

5.2 Solubjlization of TNT

5.2.1 Agqueous Cosolvents

After examination of data concerning the solubilization of 2,4-DNT
with aqueous cosolvents, the 10%-acetone, -DMF and -DMSO solutions were
eliminated from further testing. Results of the solubilization of TNT by
agqueous cosolvents are shown in Table 4, The data indicates that with the 20
and 30 percent acetone and DMF mixtures, higher than ejquilibrium solubili-
zation initially occurred which was followaed by some decreases with time. TNT
solubilities in DMSO appear to reach equilibrium vaiues and change little with
time. By comparison, it can also be seen that TNT has significantly lower
solubilities than does 2,4-DNT in the same cosolvent compositions. It appears
that tne order of solubility for TNT (after 27 hours and between 20 to
30 percent cosolvent) is that acetone is slightiy better than DMF which is
only slightly better than DMSO. DMF and DMSO were evaluated in the 40 and
60 percent range also. {Acetone was not evaluated because it had been elimi-
nated from further consideration as a consequence of flash point determina-
tions which were performed after the 10-30 percent tests were performed. See
Section €.) These extended tests showed that almost 20 times more TNT
dissolved in DMF when the concentration was increased from 30 to 60 percent
whereas approximatley 10 times more TNT dissolved when DMSO concentration was
increased by the same amounts.

It is noteworthy that the same solubilizations were achieved, in
the cases of 60 percont DMF and DMSO after 27 hours, when the solutions were
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TABLE 3. SOLUBILIZATION OF 2,4-DNT BY AQUEOUS COMPLEXING -
: AGENTS@»D FILTER, DRY, AND WEIGH METHOD ne
i R
e T f:
Fo Compiexing %
o Agents Percent Time Grams/100 ml1 Solvent -
o Diethanolamine 10 48 hr 1.3 A
f-‘ (DEA) 30 48 hr 1.3 i
S Ys '
e b
: 4-Hydroxyethyl - 10 48 hr 1.2 -
- ~ Piperazine 30 43 hr 1.4 Y
A (HEP) E'
I ]
o (a) Temperatures were maintained at 25 C in thermostatted beakers. )
:p, (b) Sediments were removed by filtration through Whatman No. 2 e
! E: filter paper. The vials were rinsed out with filtrate but -
! were not rinsed with water. '
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either vigorously stirred or not stirred at all. These results imply that
contact of these solvent systems with TNT will approach saturation without
stirring or other mechanical actiens given sufficient time. Therefore, TNT
which may have diffused inte concrete walls would be expected to approach
saturation in contact with these solvent systems without the benefit of any
agitation.

Figure 1 shows the chromatogram of munition grade TNT completely
dissolved in methanol which has a retention time of 8.95 minutes. Figure 2
shows the chromatogram of TNT which has been stirred with 30 percent DMSO for
27 hours. It can be seen that a significant peak appears at 13.45 minutes
which was close to the retention time of 2,4-DNT under these conditions. Some
speculation was initially advanced that 2,4-DNT may be resulting from deni-
tration of TNT in these aqueous cosolvents. However, a more plausible expla-
nation is that the more soluble 2,4-DNT is being selectively leached from the
TNT which contains small amounts of Z2,4-DNT. That this is the case was shown
in later chemical decontamination tests which involved totally dissolving
measured quantities of the same grade TNT in neat DMSO and then diluting this
solution to 30 percent DMSO by the addition of water. These solutions did not
generate any significantly larger HPLC peak in the 2,4-DNT retention time
region when compared to the results from the analysis of TNT itself.

5.2.2 Surfactants

The results of the solubilization of TNT with the same surfactants
which were used to study 2,4-DNT are shown in Table 5. As in the study of
2,4-DNT, Millex SR filters were used to retest the more promising surfactants
which were initially filtered through Millex GS filters. By comparison of the
two sets of data, it appears that a significant amount of TNV had been
depleted from the analytical solutions by employing the Millex GS filters.
The highest solubilities were observed with Triton X-100, Tween 21 and Alkamox
L0 and ranged between .04 and .08 percent. These solubilities were lower than
those observed in the solubilization of 2,4-DNT by surfactants and are only
several fold higher than the aqueous solubility of TNT (.012 percent) deter-
mined in this study. (The previously reported agueous solubility of TNT is
0.013 percent).
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TABLE 5. SOLUBILIZATION OF TNT B8Y AQUEOUS SURFACTANTS
(GRAMS/100 ML SOLUTION)3sb HPLC ANALYTICAL METHOD

o Time

A Surfactant Percent 24 Hr 48 Hr

¥ Triton X-100 5 0.067¢  0.014, 0.011,

{1 0.C65€, 0.019€

- Tween 21* 5 0.050 0.057, 0.055¢,

- 0.077¢
Alkamox LO* 5 0.026, 0.0259,

0.041

Stephanate CS 5 0.007 0.012, 0.012
Cetyl Pyridinium 0.1 0.011 0.011, 0.011

: Bromide ‘

K Water 5 0.006 0.012

F ,

M

(a) Temperatures were maintained at 23 to 24 C in thermo-
statted and jacketed beakers.

(b)Analytica1 solutions were removed after initial centri-
fugation of samples followed by filtration of super-
N natants through Millex GS 22 micron filters.

(c) 0.019, 0.022 (DNT)
(d) 0.024, 0.025 (DNT)

(e) Analytical solutions were filtered after initiai centri-
fugation through Millex SR 50 micron filters.

* TNT solubilization in Tween 21 and Alkamox LO showed
second compound, presumed to be 2,4-DNT, which eluted
at 12.5 minutes.
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5.2.3 Complexing Agents

The solubilizing effects of the complexing agents DEA and HEP
towards TNT are shown in Table 6. The data shows that the solubility of TNT
is markedly erhanced by both complexing agents in comparison to the aqueous
cosolvents evaluated at the same concentrations. HEP was found to be more
effective than DEA at the same concentrations and was found to solubilize TNT
to an extent greater than 11.7 percent when 30 percent HEP was employed. This
solubilization of TNT by HEP represents a minimum of an approximately 350 fold
solubility enhancement in comparison to the sclubilizations observed he
aqueous cosolvents of the same concentration. As was the case with 2,4-)DNT,
the complexing solutions were colored dark reddish-black and the recovered
sediments were also darkly colored. These sediments were found to be water
soluble.

These very large enhanced solubilizations of TNT by HEP and DEA,
compared to that of the cosolvents tested, is compatible with the formation of
sigma bonded complexes between the amine nitrogen atoms and the aromatic nitro
groups. This interpretation is reinforced by the fact that TNT was solu-
bilized to a significantly greater extent by HEP and DEA than was 2,4-DNT. It
would be expected that the nitro groups in TNT would be more electron defi-
cient than the nitro groups in 2,4-DNT and thus be attacked more readily by
the nucleophilic amine nitrogen atoms. That a chemically altered INT species
is formed is indicated by the HPLC chromatogram (Figure 3) of the solution
which resulted when TNT was solubtilized by 30 percent HEP. The fact that no
HPLC peak is evident at the characteristic retention time of TNT (approxi-
mately nine minutes) indicates that the large percentage of TNT which was
solubilized (greater than 11.7 percent) must have been converted to some
other species. This explanation is reinforced by the faci that when the TNT
was not totally dissolved, brown red sediment remained which could be soiu-
bilized by adding water. Thus the material could not be unmodified TNT and
logically represents some modified form of TNT.

5.3 Solubilization of RDX

5.3.1 Aqueous Cosglvents

The solubilities of REX were determined in 20 and 30 percent
acetone, DMF and DMSO as well as higher concentrations of DMF and DMSO as

117
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TABLE 6. SOLUBILIZATION OF TNT BY AQUECUS COMPLEXING
AGENTS@sD FILTER, DRY, AND WEIGH METHOD

Complexing
Agents Percent Time Grams/100 m1 Solvent

Diethanol- 10 48 hr 1.1
Amine 30 48 hr 3.6
(DEA)

4-Hydroxyethyl - 10 48 hr 1.9, 2.2
Piperazine 30 53 hr >11.7¢
(HEP)

(a) Temperatures were maintained at 23 to 24 C in thermostatted
and jacketed beakers.

(b) sediments (brown red) were removed by filtration through
Whatman No. 2 filter paper without rinsing (sediments were
soluble in water).

(c) No sediment was evident after centrifugation and filtration

118
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shown in Table 7. Higher percentages of acetone were not tested because it
had been eliminated from further consideration as a consequence of flash point
determination which indicated that aqueous acetone concentrations containing
as low as 20 percent acetone would be prohibitively flammable. RDX solu-
bilities in all cosolvents tested appear to reach equilibrium values early and
change Tittle with time.

By comparison to tests on TNT it can be seen that RDX has slightly
Tower solubilitics than does TNT in the same solvent compositions. Compari-
sons between variable concentrations of DMF indic2ted that approximately
20 times more RDX was dissolved when the concentration was increased from 30
to 60 percent, whereas approximately 10 times more RDX was dissolved when
DMSO was increased by the same amount. These increases were similar in
magnitude to those observed with TNT in the same two cosolvent systems.

5.3.2 Surfactants

Since surfactants were shown to be marginally effective in previous
solubilization studies with 2,4-DNf and TNT, Triton X-100 was the only sur-
factant examined for RDX. The data are shown in Table 8 and indicate RDX
solubilities (at five percent Triton X-100 concentration) are equal to or
higher than was realized in each of the aqueous cosolvents studies at the
thirty percent level after 24 wours.

5.3.3 Ccmplexing Agents

The solubilization effects of the complexing agents DEA and HEP
towards RDX are shown in Table 9. Ambient air was used to establish the
solybilization temperatures. It can be seen when the temperature ranged from
24-25 ¢, that the measured RDX solubilizations by DEA and HEP complexing
agents are slightly ahove or below the blank value effected by water alone
respectiveiy. The significant water hlank value (0.30 percent) indicates
that mechanic~l losses or other sources of error of RDX are inherent in the
experimental method employed since the aqueous solubiliiy quoted in the
literature is 0.005 percen.. The results in Table 9 suggest that the complex-
ing agents have marginal solubilizing effects on RDX at the concentration

levels which were .tudied.
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TABLE 8. SOLUBILIZATION OF RDX BY AQUEOUS TRITON X-100
(GRAMS/100 ML SOLUTION)3»b HPLC ANALYTICAL METHOD

2525

2

Time
Percant 27 Hr 48 Hr
el
1 0.016, 0.008 0.022, 0.024
5 0.024, 0.021,  0.052, 0.064, -
0.026Cd 0.0274 2

(a) Temperatures were maintained at 24 to 25¢C
in thermostatted and jacketed beakers.

(b) Analytical solutions were removed after
initial centrifugation of samples folliowed

o

by filtration of supernatants through N
cotton filters. ]
(c) Solubilization time was 24 hours. il
(d) Filtered through Millex SR 50 micron .

filters.
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TABLE 9. SOLUBILIZATION OF RDX BY AQUEQUS COMPLEXING
AGENTSa,D FILTER, DRY AND WEIGH METHOD

Complexing
Agents Percent

Time

Grams/700 m1 Solvent

UDiethanclamine 10
(DEA}Y 30

4-Hydroxyethyl- 10
Piperazine 30
(HER)

Water 100

48 hr
48 hr

48 hr
48 hr

48 hr

0.19¢, 0.584
0.20¢, 0.59

0.36C, 9.44d
0.42C, 0.40

0.30°

(a) Ambient air temperatures weve recorded and employed to

establish complexation temperatures.

(b)Sediments were removed by filtration through Whatman No. 2
filter paper. The vials were rinsed with filtrate but

were not rinsed with water.

(c) Ambient air temperatures of 24 to 25 C were recorded.

(d)Ambient air temperature of 27 C was recorded.

...............
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6.0 COSOLVENT FLASH POINT DETERMINATIONS

The flash points of 20 and 30 percent acetone, DM and DMSO were
determined with a TAG closed cup tester (ASTM D56). The test sulutions were
placed in a closed cup which was heated slowly by immersion in an attached
water bath, while periodicaily exposing the collected vapors in the cup to an
open flame. When a "pop" was heard it indicated the vapors had flashed and
the corresponding water bath temperatures were recorded. The data (Table 10)
indicate that 20-100 percent aqueous acetone compositions flash at un-
acceptably low temperatures which indicated that acetone should be dropped
from consideration in the context of building decontamination. These flash
point tests were performed after the solubilization effects of all aqueous
cosolvents in the 10-30 percent range had been determined on 2,4-DNT (higher
percentages were evaluated with 2,4-DNT), TNT and RDX. No further solubili-
zation tests with acetone were perférmed after these flash point tests were
completed.

The flash temperature of 100 percent DMSC (198 F) was found 'to be
significantly greater than the flash temperature of 100 percent DMF (138,
139 F). The flash temperatures of 20 and 30 percent DMSO and DMF were found
to be greater than 212-215 F (which is the temperature limit of this
apparatus). The flash temperatures of 30 to 100 sercent DMSO and DMF aqueous
compositions are therefore expected to be greatsr than 198 F and 138 F
respectively.

7.0 SELECTION OF SOLUBILIZATION METHODS
FOR FURTHER VERIFICATION

The results of the solubilization tests on 2,4-DNT, TNT and RDX were
used to eliminate certain aqueous solvent systems from further consideration.
After these systems were eliminated, verification tests were performed on:-
with the most promising aqueous solvent systems on 2,6-DNT, tetryl and HMX.
In certain cases, the decision to either omit or favor aqueous solvent systems
for further testing were based partly on considering the impact that these
systems would have on the preuicted behavior of the chemical concepts to be
evaluated in the Task 4 screening efforts.
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TABLE 10. FLASH POINT DETERMINATION
OF AQUEQUS COSOLVENTSY

Cosolvent Percent Flash Temperatures (°F)
Acetone 100 -3, -4
30 11, 12
20 37
DMF 100 138, 139
30 »215
20 >212
DMSO 100 198
30 >215
20 >215

(a) Determined in a TAG closed-cup tester (ASTM D56).
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The selection process described below evaluates the three general
solubilization concepts individually.

7.1 Cosolvents

Aqueous acetone was omitted from further cunsiderations due *to its
prohibitive flammability potential, even though the limited solubility data
collected indicated it was potentially the most effective cosolvent system.
Aqueous DMF was somewhat more effective in solubilizing the three "guide"
explosives than was agqueous DMSO. Solubilization values of 0.03 to
0.13 percent were achieved with 30 percent DMF whereas solubilization values
of 0.02 to 0.06 percent were achi~ved with 30 percent DMSO for these guide
explosives. Solubilization values of 0.5 to 1.4 percent were achieved with
60 percent DMF whereas solubilization values of 0.3 to 0.4 percent were
achieved with 60 percent DMS0 for these explosives. These solubilization
magnitudes FTor DMF and DMSO were assumed to be large enough to allow effective
chemical decontamination of non-dissolved explosives by contact with
30 percent {or higher) DMF or DMSO solutions which contained chemical decon-
taminants. Both DMF and OMSO at 30 percent or greater concentrations are
recommended as trial reaction solvents either in Subtasks 4 (Prescreening of
Chemical Decontamination Concepts) or amended Subtask 6 (Evaluation of
Candidate Decontamination Concepts on Steel and Concrete).

7.2 Surfactants

Surfactants were not evaluated further since they were judged to
have Tittle potential for solubilizing explosives to a greater extent than was
demunstrated when they were tested as 5 percent solutions. The solubilities
which were determined with the three "guide" explosives ranged from 0.04 to
0.16 percent in terms of using the best surfactant for each explosive. These
solubilizations, wnich resulted from using 5 percent surfactant solutions,
generally exceeded the solubilizations demonstrated by using 30 percent
aqueous cosolvents. However, since some foaming wa« observed at these concen-
trations with simple stirring, it is expected that significant foaming would
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result if higher concentrations of surfactants were employed in solutions
which were applied by spraying on building surfaces.

Some limited surfactant testing was also performed with 5 percent
Triton X-100 (apparently the most effective surfactant based on work with the
"quide" explosives) on the explosives 2,6-DNT, tetryl and HMX. The resuitant
solubility values are shown in Tab® 11. It can be seen that HMX is
negligibly solubilized by this surfactant system. Thus another reason for not
employing surfactants is that they (specifically Triton X-100) do not have
universal applicability in terms of application to all target explosives.

Another factor to be considered is that surfactants typically
require solution shear or agitation to dissolve solid particles. Whereas the
solubilization of explosives by surfactants was not studied under static
conditions, if solution shear is required it would inply that explosives which
had diffused behind building surfaces into the buiiding matrix would not be
effaectively solubilized for further decuntamination. On the other hand, we
have demonstrated in several cases thal explosives which were not stirred in
the presence of aqueous cosolvents were solubilized to the same extent when
stirring was employed. Thus explosives present within the building matrix may
be solubilized better with cosolvent systems than surfactants.

7.3 Complexing Agents

By far the greatest aqueous solubility enhancements resulted from
the solubilization of TNT by the complexing agents DEA and HEP. The solubili-
zation magnitudes for TNT were approximately 4.0 percent and (greater than)
11.7 percent with 30 percent DEA and HEP respectively. The solubilization
magnitudes for 2,4-DNT were 1.2-1.4 percent with these two complexing agents.
Howaver, complexing agents were not recommended for further study for several
reasons.

One reason 1is that the complexing agents are not universally
affective since RDX was found to be solubilized only to a marginal extent by
these complexing agents.

It was also noted that the solid sediments which remained after
treatment of TNT with these complexing agents were soluble in water, in
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TABLE 11. SOLUBILIZATION OF EXPLOSIVES BY FIVE PERCENT %
AQUEOUS TRITON X-100 (GRAMS/100 ML SOLUTION)3sb
HPLC ANALYTICAL METHOD

_,~,
Yalats
"

> Time ~
AN Explosive 24 Hr 48 Hr o
= 2,6-DNT 0.24 0.27 g
' (s

o

Tetryl 0.040 .013

‘;;l-::'g;_

.‘_".IL -A-_‘.‘_-.'.“—.‘_'. ; .

HMX 0.0016 0.0027

»

ottt

(a) Temperatures were maintained iff
at 27 C in thermostatted and '
jacketed beakers.

PA

N (b) Analytical samples were removed

o after initial centrifugation .
Ty followed by filtration through N

; Millex SR 50 micron millipore S

e filters. -5
';::I;'_ . \
.9

1 -

L

A :

[ 128




I11-1-29

contrast to TNT itself which is quite water inseluble. These results imply
that TNT has been converted to another distinct chemical species which presum-
ably involves a new covalvent bond from the amine nitrogen atom to the
aromatic nitro groups. The probable formation of modified nitro groups
presents a dilema in terms of subsequently applying chemical decontaminantion
concepts which the literature uncovered in Phase I indicates are reactive
towards unaitered nitro groups or specific explosives. Thus, one reason for
not using these complexing agents is that non-precedented chemistry may be
encountered in further chemical decontamination work.

Another factor is the fact that TNT and 2,4-DNT {unlike RDX) formed
dark black solutions upon contact with these complexing agents which
presumably results from charge transfer interactions. It is not known if this
color would persist after decontamination had occurred and whether subsequent
washing would be required to remove these colored species. It should also be
mentioned that DEA is listed as an irritant but the toxicities of DEA and HEP
are unknown to us at this time. '

8.0 VERIFICATION OF THE AQUEOUS COSOLVENT SOLUBILIZATION OF
2,6-DNT, TETRYL AND HMX

The solubilization of these three remaining target explosives were
tested in agueous OMF and DMSC to determine if these cosolvents were appro-
priate for the solubilization of these explosives. The solu-ilization data
are shown in Tables 12, 13 and 14. It is apparent where data .. available that
equilibrium solubilities are nearly established at two hours (or before).

The solubilities of 2,6-DNT in 30 and 60 percent DMF ranged from
0.14 to 2.3 percent respectively. The solubilities of 2,4-DNT in the same
solvent and relative concentrations ranged from 0.13 to 1.4 percent
respectively. The solubilities of 2,6-DNT in 30 and 60 percent DMSO ranged
from 0.07 to 0.7 percent respectively whereas the solubilities of 2,4-DNT in
the same solvents and relative concentrations ranged from 0.06 to 0.5 percent
respectively.

Similar analyses indicate that tetryl! has approximately the same
solubilities as TNT does in 60 percent DMF and DMSC mixtures but tetryl has
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TABLE 12. SOLUBILIZATION OF 2,6-DNT BY AGUEQUS
COSOLVENTS (GRAMS/100 ML SOLUTION)
HPLC ANALYTICAL METHOD

Time
Cosolvents Percenu 2 Hr 25 Hr 48 Hr
DMIFF 30 0.105 0.146, 0.145 0.143, 0.137
60 - 2.34¢.d 2.048
DMSO 30 0.060 0.070, 0.066 0.070, 0.072
60 - 0.68C»d 0.63€

(2) Temperatures were maintained 2t 25 C in thermostatted beakers.

(b)AnalyticaI solutions were removed after initial centrifugation
of samples followed by filtration of supernatant through cotton
filters.

(c) Determined after 27 hours.
(d) Run at ambient air temperature of 27 C.

{e) Run at ambient air temperature of 25 C.
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N TABLE 13. SOLUBILIZATION OF TETRYL BY AQUECUS COSOLVENTS
- (GRAMS/100 ML SOLUTION)2>DIHPLC ANALYTICAL METHQD

R
SRl RTAIIN T I RPN ol SRR O AL

Time
Cosolvents Percent 2 Hr 25 Hr 48 Hr

e

R

DMF 30 -- - 0.027, 0.026d 0.025, 0.025
60 -- 0.79¢,e 0.68

VNN u:.{ AN A

n
T,
N
-

DMSO 30 0.022 0.018, 0.018 0.018, 0.018
60 - 0.33¢,e 0.31

I I B

(a) Temperatures were maintained at 25 C in thermostatted beakers.

(b) Analytical solutions were removed after initial centrifugation of
samples followed by filtration of supernatant through cotton
filters.
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(c) Determined after 27 hours.
(d) Filtered through Millex SR 50 micron filters.
(e) Run at ambient air tempereture of 27 C.

o~

bl

775

—
I REnT

SO T IREETCT N e e S T T T

ﬂ_
~ e

131

1




[11-1-32

RN TABLE 14. SOLUBIILZATTON OF HMX BY AOUEOUS COSOLVENTS
o (GRAMS/100 ML SOLUTION)3>b Hp¢ ANALYTICAL METHOD

o Time
Cosolvents Percent 2 Hr 25 Hr 48 Hr

DMF 30 0.157 0.156, 0.153 0.144, 0.144
60 -- 0.22C,¢ 0.21

DMSO 30 -- 0.006, 0.006d 0.012, 0.012
! 60 -- 0.14C,e 0.16

a) Temperatures were maintained at 25 C in thermostatted beakers.

(
B (b) Analytical solutions were removed after initial centrifugation
e of samples followed by filtration of supernatant through cotton

" filters.
S (c) Determined after 27 hours.
- {(d) Filtered through Millex SR 50 micron filters.

o (e) Run at ambient air temperature of 27 C.
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slightly lower solibilities than TNT in 30 percent DMF and DMSO. DMF affords
approximately twice the solubilization of tetryl than DMSO does at both the
low and high concentrations tested.

Inspection of the solubilization data for HMX indicates that
increasing the DMF percentage from 30 to 60 percent only increases the
solubility approximately 40 percent (from .15 to .22), instead of the
approximately 20 fold increases which were observed in the case of RDX and TNT
with the same solvent change. The solubility of HMX is approximately 20 fold
higher in 60 percent DMSQ compared to 30 percent OMSO. Comparing the
solubilization of HMX by DMF and DMSO at the 60 percent concentrations levels,
it can be seen that DMF is approximately 50 percent more effective than DMSO.

9.0 SOLUBILIZATION OF EXPLOSIVES BY FREON 113¢

The solubiiities of all six target explosives were determined in
Freon 113® at 25 C to determine if the Radkleen® process was applicable to the
removal of explosives from building surfaces. The data is shown in Table 15
and indicates that 2,5-DNT, 2,4-DNT and TNT have solubilities ranging from .15
to 1.3 percent whereas tetryl has a solubility of only 0.005 percent but the
solubilities of RDX and HMX are below leO'5 percent. Thus Freon 113® does
not appear to be an appropriate general solvent for the extractive removal of
the target explosives from building surfaces.

10.0 FINAL RECOMMENDAVIONS

In general it appears that DMF is more effective than DMSO in
solubilizing all six target explosives. However, it is recommended that both
aqueous DMF and DMSO at minimum concentrations of 30 percent be used as trial
solvent systems for the evaluation of chemical decontamination concepts in
Subtask 4. One reason for also investigating DMSO as a cosolvent is that the
use of DMSO as a solvent for Fenton's reaction has been shown to qenerate
methyl radicals which have been impiicated to be a highiy reactive species

involved in the decomposition of various explosives.
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TABLE 5. SOLUBILIZATION OF EXPLOSIVES BY FREON 113 N
(GRAMS/1U0 ML SOLUTTON)asb HPLC ANALYTICAL i
METHOD -
_ Time
Explosive 3 Hr 17 Hr 26 Hr 49 Hr
TNT 0.155 0.170 0.138 0.147
2,4-DNT 0.644 0.625 0.670 0.666
RDX <1 x 1075 < x 1070 < x 1070 <1 x 1078
2,6-DNT 1.39 1.25 1.33 0.975
Tetryl u. 006 0.004 0.005 0.004
HMX < x 1070 <1 x107° dx10° <ax107®

(3) Temperatu: ©s were maintained at 25 C in thermostatted beakers.

(b) Analytical solutions were removed after initial centrifugation
nf samples followed by filtration of supernatant through cotton
Filters.
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For the purpose of solvent extraction of explosives, a minimum of
60 percent concentrations of DMF or DMSO is recommended. At this concen-

PPN
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tration, aqueous OMF 1is approximately 1.5 to 3 fold more effective in
solubilizing all target explosive than DMSO.
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s TASK 4
- SUBTASK 3
[
e TEST PLAN
e for
~ _
i: ENHANCED AQUEQUS SOLUBILIZATION

CONTRACT NUMBER DAAK11-81-C-0101
= to

o UNITED STATES ARMY
b TOXIC AND HAZARDOUS MATERIALS AGENCY

from

—— -
I

BATTELLE
Columbus Labqratories

b

# ”

L Herman P. Benecke
Z September 12, 1983
-

B : 1.0 PURPOSE AND OBJECTIVES
~ Solubilization of explosives is renyired for the effective

,‘;; cnemical decontamination in solution or the extractive removal of explo-
° sives. Water is the best potential solvent for the solubilization of

“ii explosives in terms of its minimal cost and the low safety hazards

- associated with i%s usa, Each of the three chemical concepts which will
tﬁ be tested in Subtask 4.4 are compatible with ard typically performed in
- aquecus based solvent systems. Furthermore, solvent extraction of

’ﬁi explosives (studied in Subtask 4.5) by agueous-based solvents would

. benefit from appreciable solubility in these solvents. However, each of
ﬁ{ the six explosives which will be investigated in these later studies
a have very low solubilities {about 0.0l percent or lower) in water. The
3

S
L4 e
\‘\ “PREVIDUS PAGE m
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objective of this subtask is to evaluate these additives which may signifi-
cantly increase the aqueous solubilities of each of these explosives.

Those additives which will be screened in this subtask for
enhancement of the aqueous solubilities of explosives include the
following type materials:

Surfactants. Cationic, anionic and nonionic surfactants will
be investigated. Nonionic surfactants are further classified with
respect to their aydrophilic, lipophilic baiance (HLB). High, medium
and low HLB nonionic surfactants will also be screened. Salts and
organic additives will also be evaluated since they are known tc enhance
the solubilities of various solubilizates in surfactants. Those surfac-
tants which are found to significantly enhance the aqueous solubilities
of explosives will be tested further in Subtask 4.4 to determine their
potential catalytic effect upon the rates of solution decontamination of
the target explosives.

Complexing Agents. Those complexing agents which will be
evaluated are diethanolamine and N-hydroxyethylpiperazine.

Cosolvents. The cosalvents dimethylsulfoxide (DMSO),
dimethyiformamide (DMF), and acetone will be evaluated.

These initial screening tests will be performed with tie
explosives TNT, RDX, and Z2,6-DNT only since these explosives are known
to have similar solubilities and are expected tn respond similarily to
solubilizing agents as would Tetryl, HMX, and 2,4-DNT respectively.
Upon determining the optimum surfactant system, complexing agent, and
cosolvent (and their optimum solubilizing concentrations) in prior
screening tests, each of these three types of solubilizing agents will
be then evaluated in the presence of the other two agents to evaluate
their potential synergistic effects. All six target explosives will be
examined in detail during the final cross evaluation of the three
classe. of solubilizing agents in the presence of each other.

140
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2.0 _TEST CONDITIONS AND PARAMETERS

Solubility Determinations

The solubility of an explosive will be determined by stirring
a slurry of that explosive at room temperature in the solvent system
being evaluated. The amount of explosive which has been solubilized may
be determined by either measuring the quantity of non-solubilized explo-
sive or by measuring the quantity of explosive which is present in the
liquid phase.

A variety of analytical methods, which are shown in
Figure 1, may be employed to perform the measurements. The most direct
method involves weighing the undissolved explosive (Method A). However,
this optiun is presently considered to be unsafe because of the poten-
tial for spark discharge during the drying dand weighing of the undis-
solved explosive. Other potential methods involve spectrometric (UV
absorption), chromatographic, and calorimetric determinations. The
specific choice of analytical method may depend on the nature of the
additives employed and their predicted effect upon the analytical
method. For instance, complexing agents are expected to significantly
aiter the spectral responsa of explosives in solution so that only
Methcd B would be appropriate in this case. Surfactants are also
expected to alter the explosives' spectral response in solution due to
micelle incorporation, so that micelle decomposition (by dilution with
organic solvent) will be required before final analysis in this case.
Preliminary evaluations will be performed at the initiaticn of this
subtask to determine which analytical methods give the most self-
consistent data and also may be most rapidly performed.

The time(s) at which solution saturation hds been achievedy
will be determined by successive sampling at time intervals unt:l no
further increase in explosive concentration is observed. If the
saturation time is found to be predicted with confidence for a certain
soclubilizing agent, intemediate sampling will be performed in a random

manner rather than in every case.
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Explosive ——Y3t8T _ siturated Solution Filter  <o1id 4+ Filtrate
Additives

/N A
A B C D E

A. Mash with cold water, dry, and weigh.

B. Wash with cold water. Dissolve in organic sclvent and quentitate by
UV absortance or DSC (Differential Scaning Calorimetry).

" C. Direct HPLC analyses (Organic solvent composition required to
dissociate micelles?).

D. Extract with organic solvent and quantitate by UV absorbance or DSC.

E. Direct UV or DSC quantitation (Organic solvent composition required
to dissociate micelles?).

FIGURE 1. POTENTIAL SOLUBILIZATION ANALYTICAL METHODS
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3.0 MEASUREMENTS

Complexing Agents and Cosolvents

It is anticipated that solution saturation will be achieved in
a matter of minutes to hours at room temperature when explosives are
stirred in the presence of complexing agents or organic cosolvents.
Stirring will be performed in sealed vials with magnetic stir bars
rotating at nearly constant rates. Three hundred milligrams of explo-
Sive will be used in each solubility measurement so that it constitutes
15 percent of the total mixture. This quantity will allow the determi-
nation of explosives' solubilities up to 15 weight percent. These
solubilizing agents will be employed in quantities corresponding to 10,
20, and 30 weight percent of the total mixture. Higher percentages of
these sclubilizing agents will not be employed since it is estimated
that higher concentrations would significantly reduce the solubilities
of the inorganic decontamination agents which will be evaluated in Sub-
task 4. A summary of the proposed variables matrix for evaluating com-
plexing dgents and cosolvents can be found in Table 1.

Surfactants

Solution saturation of explosives is expected to take signifi-
cantly longer times in compdarison to the time required to achieve satu-
rdt.ion when cosolvents or complexing agents are employed. The solution
process will be performed at room temperature in sealed vials in a
laboratory rotating device. Since surfactant solutions will have appre-
ciable viscosities, sample rotation will be required to provide equiva-
lent mixing in different samples and also supply internal shear which
wilil enhance the solubilization rate of the explosives. Traces of sili-
cone oil will be employed to prevent foaming. Two hundred milligrams of
each explosive will be used in each solubility measurement so that it
constitutes 10 weight percent of the total mixture. This quantity will
allow the determination of explosives' solubilities up to 10 weight
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TABLE 1

[1[-1-A~6

. VYARIABLES MATRIX FOR SCREENING COMPLEXING
AGENTS AND COSOLVENTS

|
S Complexing Agent Complexing Agent
I J Concentration, (%) Diethanoliamine N-Hydroxyethyipiperazine
10 TNT; 2,6-DNT, RDX TNT; 2,6-DNT, RDX
5 20 TNT; 2,6-DNT, ROX TNT; 2,6-DNT, ROX
| 30 TNT; 2,6-DHT, RDX TNT; 2,6-DNT, RDX
h Number of Analyses 9 9
i
8 Cosolvent . Cosolvent
Concentration , (%) DMSD DMF Acetone
10 TNT; 2,6-DNT, RDX TNT; 2,6-DNT, RDX TNT; 2,6-DNT, RDX

|
fjf 20 TNT; 2,6-DNT, RDX TNT; 2,6-DNT, RDX TNT; 2,6-DNT, RDX
T 30 TNT; 2,6-DNT, RDX  TNT; 2,6-ONT, RDX  TNT; 2,6-ONT, RDX
§
v Number of Analyses 9 9 9
3
"
i-’ 144
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percent. Sufactant loadings will correspond to 1 and 5 weight percent
of the total mixture so that they exceed their published critical
micellar concentrations (CMC). Upon determining the best anionic and
nonionic surfactants, mixtures of the two types of surfactants will be
tested to determine whether they act in synergism with each other (as
has been observed elsewhere). The potentially beneficial effect of
added ionic and organié additives will be evaluated either with this
mixture of surfactants or the cationic surfactant, depending which
system provides the greatest so]ubiliiy enhancement of exnlosives. A
summary of the proposed variables matrix for evaluating -urfactants is
shown in Table 2.

Cross Evaluation of Three
Classes of Solubilizing Agents.

The potential synergistic effect of complexing agents, cosol-
vents, and surfactants upon cach other will be evaluated as a last stage
of this subtask. All six explosives will be evaluated to validate that
the explosives not tested until now respond similarily to solubilizing
agents. A summary of the proposed variables matrix for this cross
evaluation is shown in Table 3. Individual solubilizing agents will be
amployed at concentrations which are equal to and also are lower and
higher than the optimum concentrations employed when these sclubilizing
agents were tested individually. These variations in concentration will
allow the determination of the dependence of explosives' solubiiities
upen the relative concentration of the three types of sclubilizing
agents in the presence of each other. If it becomes obvious that combi-
nations of solubilizing agents in certain concentrations lead to
diminished solubility, those concentrations will not be utilized in
further testing with other explosives.

.........
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4.0 SCHEDULE OF TESTS

The estimated maximum nuwber of solubility tests and final
analyses which will he performed is 159. However, close to this number
may also be performed in ascertaining the state of solution saturation
during each solubility test. The eventual mode {or modes) of analysis
which will be employed is not known at this time so that analytical ¥
through-put can not be estimated. More importantly, the cumulative
times required to reach saturation is unpredictable and may be signifi-
cant in the case of surfactants.

With these provisions irn mind, the three screening studies
will be performed in a staggered and cverlapping sequence. The first
screening study will involve surfactants and will tentatively start dur-
ing the week of September 19. The experimental plan schedule is shown
in Table 4. A jetter test report detailing the results and the selec-
tion of the sclubilization system which will maximize the aqueous snlu-
bility of all explosives will be submitted to USATHAMA for approval in
the week of October 24, 1983.

5.0 CONTINGENCY PLANS

Contingency plans have been buiit into the test plan in appro-
priate areas. For example, Figure 1 lists a variety of analytical
methods which will be initially evaluated for potential use. Various
methods may be applicable to specific situations. Contingency plans
were also incorporated into the schedule of tests to be run. Tests will
be run simultaneonsly to most efficient. s utilize time, personnel, and

space without compromising laboratory safety.
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TABLE 4.
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SCHEDULE OF EXPERIMENTS

L Week 1 Week 2

Week 3

Week 4

| Analytical Development
Surfactants Surfactants

L Complexing Agents

Surfactants

Comp lexing
Agents and
Cosolvents

Mixtures of
Solubilizing
Agents
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APPENDIX B
SOLUBTLITY OF EXPLOSIVES IN ORGANIC SOLVENTS
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APPENDIX B
SOLUBILITY OF EXPLOSIVES IN ORGANIC SOLVENTS

Explosive Solvent Temperature (°C) Solubility (g/100 ml)
TNT Aceton 20 109.0
RDX Acetone 20 7.3
RDX DMSO 25 418
RDX OMF 25 374
HMX DMSO 25 572
HMX DMF 25 forms insoluble solvate?
Tetryl Acetone 20 75.0

Sitzman, Michuael E., et. al. Sclubilities of High Explosives: Removal of
High Explosives Fillers From Munitions by Chemical Dissolution. Naval
Ordinance Laberatory NOLTR 73-186, November, 1973 (AD773078).
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DEPARTMENT OF THE ARMY
US ARMY TOXIC AND HAZARDOUS MATERIALS AGENCY

ABERDEEN PROVING GROUND, MARYLAND 21010-540%

REPLY TO

ATTERTION OF August 24, 1984

A Technology Division

: Dr. Eugene J. Mezey
oy Battelle

st Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201

Dear Dr. Mezey:

;: The test reports entitled "Enhanced Aqueous Solubilization of Explosives”
and "Prescreening of Chemical Decontamination Concepts"” have been reviewed and

. the Agency's comments are enclosed. These comments should be addressed in

. writing and incorporated into the final report where appropriate.

b Sincerely,

A 7

3 L w/ /C'Z'A‘:‘

, Andrew P. Rouch

o Contracting Officer's

w Technical Representative

:ﬁ‘ Enclosures




"3 Comments to Test Report Entitled

Ty "Enhanced Aqueous Solubilization of Explosives"

2

0 Item Page Comment

\ f 1 2 While not totally incorrect, the discussion on rates
;;; of decontamination versus rates of solution or

solubility is misleading. The rate of
g decontamination will be controlled by the lowest of
o three factnrs: the rate of the decontamination
" J reaction, the rate of solution, or the solubility of
v the compound in the matrix. The rate equation for

. the decontamination reaction normally shows at least
" a tirst order dependence on the concentration of the
: compound which is a reflection of its solubility.,
» Consequently, the higher the concentration is (the
l J greater the solubility), the faster the rate of
b decontamination should be. Therefore, the statement
- ~in the report implying a solubility limit above

N which no increase in decontamination rates would be
v observed is probably erroneous. A similar situation
l ‘ does not exist when comparing the decontamination
I 4 rate versus the rate of solution. Once the solution
‘P is saturated with the compound of interest, there is
to no advantage to a more rapid rate of solution than
b rate of reaction. However, starcing at time zero,

with the concentration of contaminant well below its
saturation point, a rate of solution that is more
rapid than the rate of decontamination wilt result
P in an increased concentration which will enavle more
T rapid decontamination.

t 2 2, Sec 2.0 A comma is missing from 2,6-DNT.
i f 3 3, Sec 3.0 The equipment name "Micrometrics” is misspelled.
:?3 4 4 Para 1, Line 4: Change "was" to "were."
y
b 5 4, Sec 4.0 Para 1, Line 2: Insert “of" so that the sentence
|-~ reads "...a slurry of 200 mg of the explosive." ~
- Fi
L 6 4 Para 2: The word "ylid" is misspelled."”
i‘? 7 5 Line 3: Insert "be" so that the sentence reads gﬁ
won ", ..were presumed to be due to..."
Lo 3
huﬁ 8 5 Para 1, Line 7: The word "presumed" is misspelled. tﬁ
b
N (%
s :
i 3
i .
1 .; i
L 2
.
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Item Page

3 6

10 7, Sec 5.1.1
11 7, Sec 5.1.1
12 g, Sec 5.1.3
13 16, 5ec 5.21.
14 27, Sec 7.1

Ty TR T T i it

"First sentence:

Comment

A similar procedure for estimating solubility by
weighing filtered residue was discussed at the top
of page 5 and was found to yield non-reproducible
results., These samples were filtered through
Whatman filter paper, but no indication is given on
the reproducibility of these results. Clarify if
these results were any more reproducible. Also, the
weight of the residue was used to estimate the
quantity of explosive that was dissolved. However,
indications are that the residue contained complexed
explosive rather than neat explosive., Clarify if
the additional weight of the complexing agent was
compensated for in estimating the amount of
undissclved explosive and, consequently, the amount
of dissolved exp'osive. If so, clarify on what
basis the portion of waight of the residue was
astimated that was assigned to the complexing agent.

Change “is" to "are."

Without knowing the exact mechanism of solution
preparation, initial supersaturation of the solution
followed by a decrease to equilibrium concentrations
is difficult to believe. Supersaturation to an
extent greater than three times the saturation
concentration makes this phenomenon even more
difficult to believe.

The "complexing" agents may be more decontaminants
than complexing agents. Many explosives are known
to react with basic compounds, and diethanolamine is
highly basic. Depending on intended decontaminants,
the amines may prove to be primary rather than
secondary decontaminants.

The argument provided to r~ationalice the observation
of 2,4-DNT 15 not totally clear, and sufficient
details of the "proof" are not given to demonstrate
the validity of the canclusion. The absence of a
significant 2,4-DNT peak in the 30% DMSO solution
could indicate that the original TNT sample did not
contain enough ?,4-DNT to leach out to yield the
chromatogram shewn in Figure 2. A more definitive
test would have been to analyze the 30% DMSO
solution over the time after 27 hours to show that
na 2,4~-DNT was being produced.

The word "amend" is misspelled.
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| o February 15, 1985
o
L
A Mr. Andrew P. Roach

]
- U.S. Army Toxic and Hazardous
\ Materials Agency

' Building E-4585

T

L Attn: DRXTH-TE-D
_ Aberdeen Proving Ground (FA)
L Maryland 21010

r ) Dear Andy:

_— Contract No. DAAK11-81-C09101

L Novel Decontamination Technology

s Task 4 Development of Techniques for
Explosive-Contaminated Facilities

This letter addresses USATHAMA®*s comments on the test report on Task 4,

NS Subtusk 3 entitlad "Enhanced Aqueous Solubilization of Explosives" dated
(Y August 24, 1984. USATHAMA comments are attached for reference. This
s Jetter is to be attached to the test repcort and covers the explanations or
L actions taken in response to the Army's comments. The comments or actions,
.3 addressed by item number, are as follows:

NN

R Item 1. The paragraph on page 2 of the test report was deleted in
| order to avoid confusion based on speculation of the possible rate
h Y limiting step during any chemical decontamination process. Battelle
15 adheres to the premise that decontamination of explosives by
l;; chemicals that are most reactive when dissolved in water (whereas
o explosives are sparingly soluble in water) requires that explosive
2 selubility be enhanced in water by some means. Once the explosive is

in solution the reaction between explosive and reagent can proceed.
1t is obvious that the basic requisite is that the explosive De

%-{ solubilized so that reaction can occur with the water soluble
D reagent. These objectives were clearly stated in the Test Plan for
- this subtask attached to the test report.

Item 2-8 These comments have been incorporated into the report.

fitter, dry, and weigh method for TNT and RDX with compiexing agents
are shown in Tables 6 and % respectively (Reader is now directed to
these sections).
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Mr. Andrew P. Roach 2 February 15, 19885

As stated, we did have indications that the residue which was weighed
did contain complexing agent in the case of TNT. Since we did not
determine the relative contribution of the complexing agent towards
the composition of the residue, the solubility values for TNT which
are tabuiated represent minimum rather than exact solubilities.

Item 10 Change has been made.

item 11 We agree that initial supersaturation tc values signifi-
cantly greater than the true solubility are difficult to explain.
However, we believe that the rapid stirring may have milled the
particles to a small size which would have increased the surface area
resulting in an apparent and temporary state of supersaturation. As
the particle sizes grow, the equilibrium solubility is attained.

Item 12 We agree that amines could act as decontaminants (Section
7.3).  However, the distinction between a complexing agent and a
decontamination for expiisives may be made by determining whether
the interaction is reversible (a complexing agent) or not reversihle
{(a decontaminant). We bailieved that resolution of such a
destinction was beyond the scope of this work. Our description of
this concept {p 111-274 of Report DRX7H-TE-CR-83211) indicates that
the interactions of explosives and the type of complexing agents
which we employed would interact in a reversible fashion.

1tein 13 We believe ocur tests conclusively demonstrated that TNT was
not denitrated te 2,4-DNT during its solubilization in aqueous
cosolvents since the same TNT was used in the solubilization studies
in aqueous 30 percent DMSO (partial solubilization) and the solu-
bilization studies which involved initial and complete solubili-
zation in DMSO which was followed by dilution with water to give a
30 percent aqueous OMSO solution. The fact that only a trace of 2,4-
ONT was evident in the resulting 30 percent solution after long
periods of time (several weeks) showed that the appearance of sig-
nificant 2,4-DNT in the former case was caused by selective leaching
of the small quantities of the 2,4-0NT present in the TNT sample., If
denitration of TNT were occurring, the process would be expected to
proceed with time and more denitration product would be evident

Item 14 Correction was made

-

Should you have any questions on these responses, please call me at
(614) 424-4995 or Dr. Herman Benacke at (514) 424-4457,

Sincerely yours

: L(.\-Q/

1 i\ﬂf\ln

ey [ENP
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EdM/sj
Attachment
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TASK 4 SUBTASK 4
PRESCREENING OF CHEMICAL
DECONTAMINATION CONCEPTS

Contract DAAK11-81-C-0101

to

UNITED STATES ARMY
TOXIC AND HAZARDOUS MATERIALS AGENCY

February 15, 1985

by

H.P. Benecke
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and
E.J. Mezey
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Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201

PREVIOUS PAGE 4
IS BLANK

163 R




e ) T,
L i .

PR

< ’-.l‘l‘:‘.;f kA . ‘A.‘.

3y
-

&

4

LY

AT

e mw m tmi w i m % W WomS N TWI Al M AT MM WA CRIRMTYT m e A VTN T YT A RTIE A e F TR T N Ty T Wl T VT YT LA AL e LTe R LT R Y

EXECUTIVE SUMMARY

The cosclvent systems of water and dimethyl sulfoxide (DMSO) or
demethyiformamide (DMF) judged most suitable in Subtask 3 for dissolution of
the six explosives under study were used for the evaluation of three chemical
decontamination reactions. The decontamination effectiveness of solutions of
sodium hydroxide, sodium sulfide, sodium disulfide and Fenton's Reagent were
determined. The variables studied with 2,4~DNT, TNT and RDX were water to
solvent ratioc, temperature, and reagent concentration. The nature of the
reaction products were also determined. The most acceptable chemical decon-
tamination concept for explosives is judged to be a solution of sodium
hydroxide in aqueous DMSO (30% or 75% DMSO). A salution of sodium sulfide is
aven a more effective decontaminant but vas rejected because of toxiz
characteristics of the reaction products.
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TEST REPORT

for

TASK 4 SUBTASK 4

PRESCREENING OF CHEMICAL DECONTAMINATION CONCEPTS
Contract DAAK11-81-C-0101

to

UNTTED STATES ARMY

TOXIC AND HAZARDOUS MATERIALS AGENCY
from
BATTELLE
Columbus Laboratories
February 15, 1985

1.0 INTRODUCTION

Decontamination of previously utilized explosives manufacturing,
loading and assembly facilities is necessary to allow the Department of th.

Army to restore the facilities for alternate use or to dispose of them in.

excessing actions. Included in the facilities are the buildings, structures,
sumps, processing equipment, underground and above-ground storage tanks, and
associated transfer systems. Facility decontamination involves not only the
decontamination of exposed surfaces but also the decontamination of trace
quantities of explosives which may have penetrated into the material through
pores, cracks, or other openings.

The development of novel concepts for the decontamination of
explosives-contaminated buildings and equipment is being carried out by
Battelle Columbus Laboratories (BCL) for the U.S. Army Toxic and Hazardous
Materials Agency (USATHAMA) under Contract No. DAAK11-81-C-0101. The
explosives of interest are TNT, 2,4-DNT, 2,6-DNT, RDX, HMX, and tetryl. In
the previous phase (Task 2), ideas were systematically developed into
concepts for decontaminating buildings and equipment. These concepts were
evaluated anu ranked with respect to technical and economic factors. Three
concepts were selected for evaluation in Task 4: iJse of sodium hydroxide
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soTution, solutions of sulfur-based reductants, and Fenton's reagent
solutions. The screening decontamination evaluations were only performed
with TNT, 2,4-DNT and RDX since they are expected to respond similarily to
decontaminants as would tetryil, 2,6-DNT, and HMX respectively. This report
details the resuits of the preliminary laboratory evaluation of these three
chemical decontamination concepts with these three explosives (See Test
Plan, Appendix A).

2.0. OBJECTIVES

The objective of this study was to provide preliminary evaluation
and determination of working conditions of the three proposed chemical decon-
tamination concepts su that 1-3 concepts may be recommended for further evalu-
ation in Subtask 6. The chemical system concepts which have been evaluated
are:

8 Sodium hydroxide solutions

¢ Suifur-based reductants - both sodium sulfide and

disulfide solutions

e Fenton's reagent solutions. }

The primary criterion for evaluation was the decontamination efficiency of
gach system. This efficiency was primarily measured ty determining the time
needed to reach concentrations of explosives which were reduced by 1000 fold
(or greater) from that of the initial explosives concentration. The secondary
criterion used for concept evaluation was the identification of the major
products formed during the decontamination reactions and an assessment of
their potential toxicity basad on our general awareness of toxic compounds.
Since the objective of this study was to study building decontamination, those
concepts which were judged to produce potentially toxic products were to be
eliminated from further consideration. Identification of major reaction
products is to be done by gas chromatography/mass spectroscopy (GC/MS).

3.0 TEST EQUIPMENT AND MATERIALS

The RDX was received as a suspension in isopropanol from Holston AAP

(Batch No. 4RC 14-71). Prior to use, approximately 2 gram samples were dried
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under vacuum in a shielded dessicator to remove the alcohol. The 2,4-DNT was
received from Aldrich Chemical Company. The TNT used in these studies was
munition grade and was obtained through internal transfer from another Army
project.

A Lauda Model B-1 circulating constant temperature bath was used
for decontamination studies performed at 25 C. For decontamination studies
performed at 65 C, three water jacketed beakers each containing mineral ail
were connected in series to the constant temberature bath. The beakers were
insulated with cotton and foil. The 147 C run was performed in an oil bath
heated by a hot plate.

Explosive concentraticons were determined with High Performance
Liquid Chromatography (HPLC). The HPLC system used for analyzing the kinetic
samples consisted of the following instrumentation and parameters:

Instrumentation

o Altex 110 A pump

o LDC Spectromonitor 111 - UV detector

o Micrometrics 725 Autoinjector

e Hewlett Packard 1000 Computer with Computer Assisted Laboratory

System (CALS) Chromatographic Software
Parameters

8 Column: Spherisorb 0D 5M, 25 cmx4.6 mm I.D.

¢ Mobile Phase: methanol/water, 50/50 isocratic

¢ Flow Rate: 1 0 ml/min

e Detector: UV @ 254 nm

e Attenuation: unattenuated output to computer

¢ Injection volume: 10ul

GC/MS analysis was performed on a Finnigan Model A 1020 using
chemical jonization {either with ammonia or methane) as the mode of ioni-
zation. A fused silica capillary column ccated with SE-52 (30 meters x
0.025 wm) was used for GC separation.

4.0 EXPERIMENTAL PRNCEDURES

A USATHAMA approved test plan (see Appendix A) was used as the basis
for testing the various decontamination concepts.
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Prior to beginning decontamination studies using TNT, 2,4-DNT, and
RDX, stock solutions of the explosives, as well as solutions of quench
materials, were prepared in both 30% dimethylformamide (DMF) and 30% dimethy]l
sulfoxide (DMSO). The stock explosive solutions (500 m1) were formulated by
first dissolving the explosive (125 mg of TNT and 2,4-DNT and 100 mg of RDX)
in neat organic solvent (150 m1) and then diluting with water (350 ml).
Solutions were maintained at 25 C in a water bath (Fisher Model 125} through-
out the testing period. The explosive solutions were monitored by HPLC over a
period of a week to ascertain that the concentrations remained constant. The
different explosives concentrations were chosen so they did not exceed the
solubilities previously determined in Subtask 3 studies for the two
cosolvent systems.

Stock solutions of explosive in combination with surfactants were
also made up as described by initially dissolving the explosives and sur-
factants in neat organic solvents before dilution with water.

Decontamination determinations were conducted using two wmethods.
For tes' using 30% cosclvent, the stock explosive solution (40 ml) was
pipettete intoc the rcaction vessel and the decontamination dgent (10 ml)
added. Glass volumetric pipets were used for dispensing the solutions. After
use, they were rinsed with acetone, soaked in 20% nitric acid overnight,
washed with water and with acetone and dried with a stream of nitrogen. The
reaction vessels used were 100 ml three neck round-bottom flasks equipped
with a mechanically stirred Hirschberg paddle. These reactions were
conducted in a constant temperature bath maintained at 25 C. For testing at
elevated temperatures and for tests involving higher percentages (>30%) of
cosolvent, weighed amounts of explosive were placed in a 50 m1 one-neck round
bottom flask equipped with a water ccoled West condensor and magnetic stirrer.
The decontamination solutions were added directly to the solid explosive and
solubilization was complete in less than a minute.

During each of the kinetic/decomposition experiments, samples
(1 ml) were removed periodically by means of an Eppendorf pipet. The 1 ml
kinetic samples were added to the appropriate quench solution (generally
100 ul quantities of chilled solution) also measured by Eppendorf pipet. The
pH of the quenched material was checked using color pHast® indicator sticks,

170

[




IT1-2-5

pH 0-14., The pH of the kinetic solutions was measured with a Radiometer pH
Meter 26. The quenched aliquots were either diluted with measured amounts of
methanol and submitted for HPLC analysis or analyzed without further
dilution.

A1l kinetic experiments were accompanied by a blank prepared using
the same ratios of constituents but omitting the decontaminating agent and
substituting it with water. The percentage of decontamination was calculated
by dividing the HPLC response area count of the explosive remaining compared
to the area of the time zero blank. The minimum detectable area counts
(unitless) were determined for each explosive and found to be 2.9, 6.8, and
6.3 for RDX, TNT and 2,4-DNT respactively.

4.1 Experiments With Sodium Hydroxide
In Thirty Percent DMSO or DMF

Ferty milliliters of explosive stock sclutions (0.025 weight/volume
percent tor TNT and 2,4-ONT and 0.020 weight/volume percent for RDX) in
30 percent aqueous cosolvents were initially added to three-necked 100 mi
round-bottom flasks in a 25 C water bath and allowed to equilibrate for ten
minutes. Ten milliliters of 0.50M or 0.005M sodium hydroxide in 30 percent
aqueous cosolvent were then added to give kinetic solutions which were 0.10M
or 0.00IM in c<odium hydroxide respectively. The resulting final concen-
tration of TNT and 2,4-DNT were 0.020 percent and the final concentration of
RDX was 0.016 percent. Tin: zero was taken when one half of the stock sodium
hydroxide solution had been added. The more concentrated kinetic solutions
were found to remain at pd 13 throughout the reactions. One ml samples were
withdrawn and added to one dram vials containing 100 ul of either 1L.OM or
0.0IM cold hydrochloric acid for the higher or lower concentrations of sodium
hydroxide solutions respectively. The pH of the quenched solutions was found
to be 6 or lower. Samples for HPLC analysis were prepared by ailuting 100 pl

Ly of the guenched solution with 1900 ul of methanol. HPLC analyses of the
decontamination of ?2,4-DONT, TNT, and RDX with 0.10M sodium hydroxide are shown
in Tables 1,2, and 3 respectively. The analytical results for the decon-
tamination of TNT with 0.001M sodium hydroxide are shown in Table 4. In
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TABLE 3.

111-2-8

HPLC ANALYSES OF RDX DECONTAMINATION
WITH 0.1 MOLAR SODIUM HYDROXIDE

Time

30 Percent DMSO

Area

% DBecon

10
30
6C
120

5657.1
298.0
3.0
1.9
80L

94.7

99.95

99.97
>99.95
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TABLE 4. HPLC ANALYSES OF TNT DECONTAMINATION

111-2-9

WITH ©.001 MOLAR SCDIUM HYDROXIDE

Decen. No. 1

30 Percent DMSO

Decon. No. 2

30 Percent DMSO + CPBr

Time Area %X Cecon Time Area % Decon
0 710.8 0 0 625.3 0
8 652.5 8.2 8 280.8 55.1
17 611.5 13.9 17 214.7 65.7
30 597.6 15.9 30 129.5 79.3
45 463.3 34.8 45 120.0 80.8
70 485.4 31.7 70 160.5 74.3

100 350.1 50.7 160 130.6 79.1

130 299.4 57.9 130 134.2 78.5
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decontamination number 5 of Table 1 (2,4-DNT), a more concentrated sample for
HPLC analysis was generatec by diluting the entire guenched solution with
400 pl methanol. The querch solutions of decontaminations number 5 of Table 2
(TN ) and number 1 of Table 3 (RDX) were anaiyzed without dilution with
methanol.

4.2 Experiments With Sodium Sulfide and Sodium
Disulfide in Thirty Percent DMSC

A stock solution of sodium sulfide nonahydrate was prepared as a
25 percent (w/v) solution in 30 percent DOMSU. A 1.25 percent solution of
sodium sulfide nonahydrate in 30 percent DMSO was also prepared by making a 1
to 20 dilution of the 25 percent stock solution. _

The kinetic reactions, were initifated by adding ten milliliters of
the sodium sulifide solutions to forty milliliters of the 30 percent DMSD stock
solutions of explosives. These dilutions resulted in a final sodium sultide
nonahydrate concentrations of 5.0 and 0.2% percent.

The TNT and 2,4-DNT concentraticns in the kinetic reaction mixture
was (.02 percent whereas it was 0.016 percent for RDX. Both reactant stock
solutions and all explosive stock solutions were maintained at 25 © before and
during use.

Kinetic reaction mixtures were quenched by withdrawing 1 ml samples
and adding this to 100 111 of 4.2M HCY1. This process converted all excess
sodium sulfide tu hydragen sulfide and produced a milky solution. Before
anlaysis by HPLC, samples were filtered using a Millex SR-0.5 micron
dicancable F1lter. Raanlte of the HPIC analveic of anpnched campios from the
reaction of 2,4-DNT, TNY, and RDX with sodium suilfide (both concentrations)
are shown in Table 5. In decontamination number I (2,4-DNT), the sample was
prepared for HPLC analysis by mixing 500 ul of the quenched sample with
1500 ul of methanol. This dilution produced a ciear sclution and was not
filterec. In decontamination number 4 (2,4-DNT), the sample was prepared for
HPLC analysis by mixing i000 ul of the quenched sample with 500 ul of methanol
and the filtering solid from this mixture. In decontamination numbers 2 and &
(TMT) and nunber 3 (RDX), samples were prepar «d for HPLL analysis by diluting
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1100 w1 with 500u1 of methandl and then filtering this mixture. For
comparison purposes, decontamination number 2 was performed using an aged
2% percent sodium sulfide stock solution (approximately twy months) and
decontamination number 5 was performed using a stock solution of fresh
25 percent sodium sulfida. Decontamination number 6 (TNT) was performed
using a stock solution of 1.25 percut sodium sulfide., The concentration of
sulfide in the reactiocn mixiurd was 5 and 0.25 parcent respectively. Samples
(1 u1) from this decontamination were gquenched with 100 ul of 1.0 M hydro-
chloric acid. The sample was prepared for HPLC analysis by diluting 1000 ul
of the quenched solution with 1000 ul of methanol. Since no cloudiness
developed, no filtration was performed.

The decontamination effectiveness of sodium disulfide was also
studied. Sodium disulfide was prepared according to Gabel and Shpeier. (J
Gen. Chem 17, 2277-8 {1947)). Sodium sulfide (24.0g) nonahydrate was nlaced
in an Erlenmeyer flask equipped with a magnetic stirrer and 300 m1 of ethanol
was added. After heating to boiling, the sclution was cooled and the un-
dissolved solid was filtered, dried and weighed tc give 2.6g. (10.8%). Sub-
limed sulfur (2.88g) was added to the boiling solution. After boiling off
excess ethanol, the precipitated soiid was filtered, washed, and vacuum dried
to give 7.05g solid (39.5%,. Analyses by Galbraith Laboratories indicated
that the percent of sodium and sulfur were 20.9% and 29.08 respectively which
corresponds clasely to the elemental analysis expected for scdium disulfide
hexahydrate. This material was used tc prepare standard stock solutions of
75 percent and 1.25 parzent in 30 percent DMSO.

The resuits of the HPLC analysis of quenched samples from the decon-
tamination of 2,4-DNT and TNT with sodium disulfide are shown in Table 6. One
decontamination was performed using a stock solution of 2% percent sodium
disulfide with THT (starting disulfide concentration of 5 percont). Samples
were prepared for HPLC analysis by adding one miililiter of the decon-
tamination solution to 100 ul of 4.2 M hyarochloric acid. This mixture was
filtered throuyh Mitlex GS-22 micron filters. These quenched solutions
(100 pl) were diluted with 1900 ul of methanol pricr to HPLC analysis. Two
c¢econtamination studies were made between 0.25 percent sodium disulfide and
TNT and ?.4-ONT. For quenching the more dilute sodium disulfide solutions,
1.0M HCY was used. Tt was unnecessary to filter these guenched samples since
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no cloudiness developed. In the case of T . the HPLC sample was prepared
from 1 m1 of quenched solution plus 1 ml of .:thanol. For 2,4-DNT, 1 ml of
quenched solution plus 500 ul of methanol wa- used.

4.3 Experiments with Fenton's Reagent in Thirty Percent DMSO

Stock solutions of ferrous sulfate and hydrogen pioroxide were pre-
pared. Twenty grams of ferrous sulfate heptahydrate and 5.2 ml of concen-
trated sulfuric acid were diluted to 100 ml with 30 percent aqueous OM30. A
1.084 solution of hydrogen pero<ide was prepared in 30 percent DMS0. A
100 m1 solution ceataining 0.1 ml of Catalase (Sigma, 750,000 units per 2 ml)
was also prepared in pH7 buffer and used to quench the reaction.

The experiments with Fenton's Reagent were performed by first
adding, 5 ml of the 20 percent ferrous sulfate solution to 40 ml1 of stock
~iplosive solution in « 100 m1 round bottom flask after which 5 ml of the
hydrogen peroxide solution was immediately added. Quenched samples for HPLC
analysis were prepared by adding 1 ml of the kinetic solutions to 140 ul of
2.5M sodium hydroxide (to adjust the pH to 7). Then 860 ul of catalase/buffer
soiution waz added. This amount of catalase was estimated to be in signifi-
¢ nt excess over the amount needed to decompouse ail hydrogen peroxide which
was initially nresent. These guenched solutions were fiitered through
Miliex SK.0.5 micron filters before analysis. The results for Z2,4-DNT, TNT,
and RDY av:r shown in Table 7 and show ihat maximum decontamination was reached
in the first 2-10 minutes of the 1300-1517 minute monitoring period. These
decontaminations efficiencies ranged from 55 to 98 percent.

To determine it these same reaction mixtures would undergo further
decomposition by reasplication ot Fantorn's reagert, the following experiments
wara performad. To B @l of the origina® decontamination solutions was added
sequentially 1 ! of 20 percent ferrcis sulfate solution followed by 1 ml of
1.G&8" hydrogen per. ide. The reaction was carried out in an 11 dram vial
with reacents equiliprated at 25 C. HPLL samples were taken at 8 and
30 minutes, o8 descyhed arove. A blank was prepared from one ml of original
kinetic plus 250 ul of H.0 e 1 m) of this solutiun wes added 140 ul of H?O
and 860yl of catalase. ‘}he v.sults of this additional treatment performed on

a1 theee oxplosives as shown in Tahle 7
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4.4 Experiments with DS2

DS2 (which is composed of 70 percent diethylenetriamine, 28 percent
ethylene glycol mono-methyl:ther and 2 percent sodium hydroxide) was tested
as a decontamination reagent for 2,4-DNT, TNT, and RDX. Fifty ml of DS2 were
placed in 100 m1 round bottom flasks and accurately weighed amounts of
explosive (approximately 50 mg or 0.1 percent) were added. One ml of the
decontamiriation solutions was quenched with 1200 pl of conc. HC1 (with con-
siderable spattering & foaming) to give a final pH of approximately 7.
Samples for HPLC analysis were prepared by diluting 500 pl of the quenched
solutions with 500 pl1 of DMSO. DMSO rather than methanol was used to prevent
precipitation of a salt from these solutions. Blanks were prepared using
weighed amounts of explosive (~10 mg) in 10 m1 of DMSO. One m] was diiuted
with 1 m1 DMSO to prepare the sample for HPLC analysis. The time zero area
counts were estimated by calculating the area counts the blank samples would
have if they had the same concentration as the explosive in the DS2 solution.
The resul s for this study are shown in Table 9.

4.5 Experiments With Sodium Hydroxide in High
Percentages of DMSO

Various compositions of sodium hydroxide in DMSO/water were
prepared to determine the percentage of water necessary to maintain the solu-
bility of 0.1M sodium hydroxide. The minimum percentage of water found
necessary to salubilize 0.1M sodium hydroxide in [CMSO was found to be
25 percent.

Weighed amounts of explosive (12.5 mg of TNT and 2,4-DNT, and
10.0 mg of RDX) were treated with 40 m1 of 0.1M sodium hydroxide in 75 percent
aqueous DMSO at three temperatures: 25, 65 and 148 C. The low temperature
decontaminations were conducted in thermostatied water baths in 11 dram
capped vials equipped with stir bars. The elevated runs were done in thermo-
stated oil baths in round bottom flasks equipped with stir bars and water
cooled condensors. {or HPLC analyses, one ml of the decontamination solutions
were quenched with 100 ul 1.0 hydrochloric acid. No further dilution with
methanol was made for HPLC analyses. The results for the three explosives in
75 percent DMSD at these three temperatures are given in Table 10,
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4.6 Experiments With Saturated Sodium Hydroxide In Neat OMSO

Two grams of pelleted sodium hydroxide were stirred in 100 ml of
neat DMSO overnight at room temperature. The mixture was then heated in & hot
water bath and recooled to room temperature. The solution, wnich was decanted
from the sodium hydroxide was assumed to be saturated. The literature indi-
cates that the solubility of sodium hydroxide is 7x10'3M in DMSO.

The studies were performed in a similar manner to thesa performed in
75 percent DMSO. Weighed amounts of explosives (12.5 mg TNT and 2,4-DNT, and
10.0 g of RDX) were combined with 40 m1 of saturated sodium hydroxide in DMSO
and decontamination studies were performed at 25 and 65 C. One series of
decontaminations were performed at 25 C after the saturated DMSO sclution was
diluted by a factor of 1 to 5. Samples (1.0 ml) were quenched with 100 ul
1.0M HCY and the quenched solutions were used directly for HPLC analysis. The
results of HPLC analyses are shown in Table 11.

5.0 DISCUSSION OF THE CHEMICAL DECONTAMINATION RESULTS

Agqueous solvent systems which contain DMSU and DMF were recommende-
for use in Subtask 4 decontamination studies as a resu’t of Subtask 3 studies

‘on the solubilization of explosives. The minimum concentration of organic

solvent which was estimated to give useful solubilities of all target explo-
sives was 30 percent.

The initial decontamination studies focused on the decontamination
of 2,4-DNT and TNT with sodium hydroxide. In these initial studies, emphasis
was placed on determining the halt-lifes of these reactions by studying these
reactions in a kinetic fashion. The potential advantage of determining a
reaction half-life for a well hehaved reaction is that the time required to
achieve any desired degree of decontamination may be readily calculated.
These reactions were performed under pseudo first-order conditions in which
the initial concentration of decontaminants was at least ten times the con-
centratinon of explosives so the concentration of decontaminants remained
essentially constant during the course of these reactions. Therefore, a

reaction which is first order in both decontaminant and explosive (second
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order overall) will reduce to a reaction which is zero order in the decon-
taminant and is first order in explosive and behave as a pseudo first order
reaction. If a decontamination reaction is following pseudo first order
kinetics, & plot of the natural logarithm of the explosives concentration
versus reaction time will give a straight Tine. Pseudo first order rate
constants were determined as the negative slopes of such plots and the half-
1ifes were calculated by dividing the natural Tog of 2 by the rate constants.

However, it was found in initial studies with sodium hydroxide that
some reactions fit pseudo first order expressions very well but other
reactions did not follow pseudo first order kinetics. Therefore, subsequent
decontamination reactions were followed by determining the time/percent
decomposition profile of a reaction. The decontamination reactions were
evaluated in terms of the time required to reach high decontamination
efficiencies (usually 98.9 percent or better).

5.1 Decontamination Of'EXp1OSiVES With Sodium Hydroxide

5.1.1 Thirty Percent Aqueous DMSO and DMF

Kinetic data for those decontamination reactions with sodium
hydroxide which were performed in thirty percent aqueous DMSO or DMF at 25 C
and evaluated by kiretic analysis are shown in Table 12. Only 2,4-DNT and TNT
were utilized in these early studies since RDX was not yet available. Sodium
hydroxide concentrations of 0.10 and 0.0010M were empicyed and the catalytic
effects nf the cationic surfactants cetyl pyridinium bromide (CPBr) and N-
cetyl-N-ethyl morpholinium ethosuifate (CEME) were studied. As mentioned
earlier, these kinetic studies were performed under pseudo first-order
conditions in which the initial concentration of sodium hydroxide was signi-
ficantly in excess of the initial concentrations of explosives. The
analytical data was entered into pseudo first order kinetic plots by employing
Least Squares Analyses so correlation coefficients could be determined for
each kinetic run. (A -1.00 correlation coefficient represents a perfect

linear fit for all data points).
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It can be seen that the decontamination reactions of 2,4-DNT in DMSO
follow pseudo first order kinetics as evidenced by correlation coefficients
of -0.99. The reaction half-lifes are significantly dependent on the nature
of the solvent as well as the presence of cationic surfactants. The decon-
tamination of 2,4-DNT in OMSO with 0.10M sodium hydroxide was found to be
accelerated by factors of 14 and 23 when 0.1 percent CPBr or CEME respectively
were used as catalysts. However, in the case of CPBr, a precipitate formed
after several days which could be a compiex between the surfactant and either
2,4-DNT or 1its reaction products. This precipitate was not analyzed to
determine its composition.

Aqueous DMF was omitted from future consideration when it was found
that 2,4-DNT did not decompose at any measurable rate even when CPBr was used
as a catalyst

It can be seen that the decontamination of TNT with 0.001M sodium
hydroxide follows pseudo first order kinetics (through 1.2 half-lifes) but
non-first order kinetics were followed when CPBr was used and when 0.1M sodium
hydroxide was employed both with and without CPBr. However, first order
kinetics (through 2.5 half-lifes) was observed in the decontamination of TNT
with 0.10M sodium hydroxide when CEME was used as the c.atalyst. In those
reactions where first order kinetics were not foilowed, the loss of TNT
appeared to level out within 30 minutes reaction time. Prec , tate formacion
was observed in each case where catalysts were employed in the decompasitien
of TNT with ( 10M sodium hydroxide. Even though both cationic surfactants
showed significant catalytic activity, they were omitted from use in
subsequent studies because of the possibility that both surfactants would
initiate precipitation of TNT when 0.10M sodium hydroxide was employed.

These kinetic studies were foliowed through only 1-6 half-lifes.
In those cases where non-linear pseudo first order kinetics were observed, the
percent decompositions were typically low. Therefore, further studies with
0.i0M sodium hydroxide were performed at 25 C fcr much longer time intervals
to determine the reaction times which were required tc “each high decontami-
nation percentages. Selected data points for the decontamination reactions
of TNT, 2,4-DNT, and RDX carried out for Tong time periods are shown in
Table 13. It can be seen that RDX is by far the most reactive of these
explosives since the concentration of remaining RDX at 120 minutes was below
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; the detectable limit (greatar thar 99.97 percent decontamination) after a
= 120 minute reaction time. 2,4-DNT is next most reactive and TNT is the least
:? reactive towards this reagent. The decontamination percents observed for g}
- these two explosives leveled off with time. The decontamination efficiency v
?E with TNT leveled out at approximately 94-96 percent between 241-1629 minutes o
:J but the decontamination efficiency ranged from 96.7-99.5 percent with 2,4-DNT o
- between 516-1627 minutes. Therefore it appears that TNT is the Teast reactive
ﬁ; of the three trial explosives under these conditions.
‘_J 5.1.72 Seventy-Five Percent Aqueous DMSO =
Studies were also performed in 75 percent aqueous DMSO with 0.10M -
7 sodium hydroxide to determine if the reactivies towards sodium hydroxide ﬁf\
i would be increased over the reactivities in 30 percent aqueous DMSO. Another "
- objective of using a higher percentage of DMSO was to determine if this change ff
- would enhance the denitration process which was indicated to occur (through i
ft product analysis studies, Section 6) to a limited extent in thirty percent ﬁﬁ
j aqueous DMSO. The results of experiments which were performed at 25 C, 75 C :j
i} and 147 C are shown in Table 14, It appears that the decontamination j
Ei efficiency of TNT at 25 C is lower in 75 percent aqueous BMSO than it was in '
o thirty percent aqueous DMSC. (See Tables 2 and 10). Conversely, the decon- i}
j tamination efficiency of 2,4-DNT at 25 C appears to be significantly enhanced =
;5 in.75 percent aqueous DM30 than it was in thirty percent aqueous DMSG. Decon- E&
3 tamination of RDX by sodium hydroxide was shown to be effective in both -
. tj solvents and data points at earlier times would be needed to discriminate v
'_Q‘ between 30 and 75 percent DMSO. As expected, the decontamination efficien- .
'\ff cies increased when the reactions were performed at higher temperatures.
2 5.1.3 Saturated Sodium Hydroxide In Neat DMSO -
i o
.f The solubility of sodium hydroxide 1in neat ODMSO dis only ff
;3 0.007 molar(0.03%) whereas the 0.IM sodium hydroxide which was used in N
? thirty percent aqueous DMSO corresponds to 0.4 percent solutions. The ti
ﬂ results of decontamination experiments with saturated sodium hydroxide in )
<. .
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e TABLE 14. PERCENT DECONTAMINATIOM OF EXPLOSIVES AT SELECTED
i I TIME INTERVALS BY 0.10 MOLAR SGDIUM HYDROXIDE IN
é : 75 PERCENT AQUEOUS DMSO -
Ak
' 't’ Decontamination Effectiveness
4 Percent
\ E? Explosive Temperature (C) Time {min) Decontaminaticn
3
B TNT 25 300 77.5
; 688 87.91
% - 1215 95.76
s
- t“ TNT 65 62 99.46
" 119 99.76
P ﬂ 1045 99.65(a)
P TNT 147 157 ‘ 96.34
D 307 >99.98
1es 2,4-DNT 25 30 95.91
RS 300 99.73
g 685 >99.98
ol s
e 2,4-DNT 65 59 >99.98
_ 364 99.73(a)
M 2,4-ONT 147 160 99.89
J ) 300 99.94
1 RDX 25 30 99.92
! 1209 99.91
Y RDX 65 56 99.89
- 118 >99.97
R RDX 147 159 99.72
? o 304 99.93
O
; - (a) Anomaly presumed to be due to formation of a product which had the same
g;;_ retention time during HPLC analysis as the explosive.
" N
R
"
L
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DMSO at 25 C and 65 C are shown in Table 11. It can be seen that lower
decontamination efficiencies were realized in this system compared to the
decontamination systems which contain 0.10M sodium hydroxide in thirty and
seventy-five percent aqueous DMSO. These results imply that the potential
enhanced reactivity of sodium hydroxide in neat DMSO is more than neutralized
by the 57 fold lower concentration of sodium hydroxide in neat DMSO.

5.2 Decontamination of Explosives
With Sodium Sulfide and Sodium Disulfide
In Thirty Percent DMSO at 25 C

A summary of the decontamination effectiveness of these two
reducing agents at various concentrations is shown in Table 13. It is evident
that 0.25 percent sodium disulfide was significantly more reactive than
0.25 percent sodium sulfide in decontaminating TNT (as was indicated in the
literature). However, it can be seen that 0.25 percent sodium disulfide
appears to be very ineffective in decontaminating 2,4-DNT. However, the
possibility exists that a product peak has the same HPLC retention time as
2,4-DNT which would give the appearance of negligible decomposition. Never-
theless, sodium disulfide was dropped from further consideration because of
its apparent Tlack of reactivity with 2,4-DNT. It can be seen that five
percent sodium sulfide (as “he nonahydrate) has general applicability toward
TNT, 2,4-DNT, and RDX since all three explosives were reduced to concen-
trations below their detectable limits within reasonable periods of time
(betweer 30-1140 minutes). The order of reactivity of these explosives
appears to be RDX >> 2,4-DNT > TNT. It was also found that fizsshly prepared
five percent sodium sulfide gave the same decontamination profile with TNT as
two month old five percent sodium sulfide.

5.3 Decontamination of Explcsives With Fenton's Reagent
In Thirty Percent DMSO at 25 C

A summary of the decontamination efficiencies of Fenton's Reagent
towards the three *target explosives is shown in Table 13. These reactions
were characterized by effecting various Tevels of decontamination in very
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short time intervals (2-10 minutes) which ther did not increase with time. It
can be seen that order of reactivity of explosives towards Fenton's Reagent is
TNT > 2,4-DNT > RDX. These decontaminations were achieved by adding hydrogen
peroxide to a solution of the explosive which alsc contained acidic ferrous
sulfate. However, when hydrogen peroxide and ferrcus sulfate were premixed
and then added to a solution of TNT, negligible decontamination resulted. It
was established that further decontamination of all three explosives could be
effected by further sequential treatment of the spent explosives decontami-
nation solutions with acidic ferrous sulfate followed by hydrogen peroxide
(Table 8). These results indicate that successive and sequential spraying of
a contaninated surface with ferrous sulfate followed by hydrogen peroxide
could give rise to effective decontamination. It is also probable that
greater levels of decontamination could be achieved by using increased con-
centration of reagents. However, a significant 1iability of Fenton's Reagent
is that, unlike the use of bases and reductants, the explosives must be
initially sclubilized before the needed reagents are sequentially added.

5.4 Decontamination of Explosives With DS2

A summary of the decontamination efficiencies of DS2 at 25 C toward
the three target explosives is shown in Table 13. It appears that 0S2 had
slightly greater initial reactivity than 0.1M sodium hydroxide at the same
temperature but produced approximately equal percent decontamination after
extended time intervals. DS2 contains diethylenetriamine and methyl
cellosolve, both of which are considered toxic. Since the decontamination
efficiency of DS2 does not appear to be markedly greater than sodium hydroxide
in DS2, the further use of DS2 was dropped from consideration.

6.0 IDENTIFICATION OF DECONTAMINATION PRODUCTS

6.1 Literature Precidents For Decontamination Products

6.1.1 Sodium Hydroxide

Literature precedents exist for the reaction of nitroaromatics in

general as well as the explosives TNT, tetryl and the DNT isomers with varijous



A

PEEAV RIS
A

i?l;_‘ﬁ’

Ay T

SEE A
A AN

I
L

lll'l‘l
Latatalats

e
‘J'u‘"'.

R R
fat e

IT1-2-30

bases. One type of reactivity mode involves the acid-base reactions of
nitroaromatics with these bases as well as the addition of these bases to the
nitroaromatic systems. Arnother reactivity mode involves the displacement of
nitro groups with hydroxide functionality as well as with solvent generated
nucleophiles.

TNT is known to rapidly deprotonate in a variety of solvents to
initially form the 2,4,6-trinitrobenzyl anion(l). At high base concen-
trations, the addition of the basic species te the aromatic ring to form
Meisenheimer complexes becomes an important process. When TNT is in excess
over hase, the subsequent reaction of 2,4,6-trinitrobenzyl anions with un-
reacted TNT molecules to form Janovsky complexes is reported to become a
dominant process(l'z). Another type of reactivity involves the addition of up
to three moles of potassium hydruxide to TNT in aqueous solvents to produce a
tripotassium salt of TNT. The 2,4,6-trinitrobenzy! anion may also be involved
in further reactions which do not invalve jonic products. A precedent for one
type of reactivity involves the reaction of nitrobenzene in basic DMSO
solution (which also contains t-butyl alcohol) to give high yields of o- and
p-nitrobenzoic acids<3), This reaction involves the initial attack of the
DMSO anion on nitrobenzene to give an adduct which eliminated CH3SO' to give
o- and p-nitrotoluene. These isomeric nitrotoluenes were converted to the
corresponding benzyl anions which were shown to undergo one-electron donation
to nitrcbenzene to give the nitrobenzene radical anion and the isomeric nitro-
benzylic free radicals. The nitrobenzylic free radicals were postulated to
then react with oxygen to give the isomeric nitreobenzoic acids.

In basic DMSO solution (in the presence of t-butyl alcohol), TNT was
also shown to produce radicals and react with oxygen to presumably yield
trinitrobenzoic acid(4) which probably involves the electron transfer from

2.4, 6-trinitrobenzyl anion as dascribed above. The same study showed that p-
nitrotoluene dimerized to p,p'-dinitrodibenzyl presumably thorough a p-nitro-
benzylanion intermediate. Dimerization of TNT teo give dibenzyl derivatives
also has been reported under basic conditions<5) which presumably involves

the intermediary of the 2,4,6-trinitrobenzyl anion. Dibenzyl and stilhene

derivatives have also been reported to be formed from the reaction of TNT and
aqueous alkalai metal hydroxides(s). When TNT was treated with barium
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€~i hydroxide, a product was isolated which was assumed to have a tetrameric salt
] . structure which involves aryl, aryi bonding(;). The reaction of TNT with

| 1
"1
T,

aqueous sodium carbonate has also been reported to foim complex polymeric
materials,

e Another type of reactivity of TNT involves displacement of nitro
| groups by various nucleophiles. The reaction of TNT and potassium hydroxide
resylted in the detection of nitrite 1on(8) which implies that nitro group are N
being displaced by hydroxide ions. Trinitrophenol and 3,5-dinitrophenol have
been reported to be formed from the reaction of TNT and aqueous Sodium
R hydroxide by hydroxide displacement reactions(g). However, these structural
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assignments are suspect because this relied primarily on comparisons of paper
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chromatography Rf values. However, another study which was based on a spec-
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oy T .
MO

o troscopic investigation, indicated that a nitro group may be replaced by a
hydroxy function in the reaction of p-dinitrcbenzene with sodium hydroxide in
(10). These results indicate that the dis-

placement of nitro grcups by hydroxide or other reactive nucleophiles (such as

B aqueous DMSO at room temperature

- the DMSO anion) is a feasiblza method to decontaminate nitroaromatic explo-
5 — sives even though dimerization reactions may occur. The above precedents
';F indicate that if the DMSO anion were to successfully displace nitro groups,
the resulting adducts would then be transformed into methyl groups which could
then readily be oxidized to carboxylic acid functions under basic reaction
< conditions in the presence of oxygen.
B~ The reaction of RDX and HMX with aqueous base is reported to lead to
. nearly complete decomposition to gaseous and inorganic products(ll’lz).

The initial product resulting from the reaction of tetryl and
hydroxide ion is picric acid which results from the displacement of the

nitramine group by hydroxide ion(13).

A

6.1.2 Sodium Sulfide

The reduction of TNT with sulfide ion is reported to give a variety
. of compounds in which variable numbers of nitro groups have been reduced.
Pl 4-amino-2,6-dinitrotoluene has been made by reacting TNT with ammonium
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(14) Reduction of TNT with ethanolic ammonium sulfide

yields 2,4—diamino—&-nitroto]uene(15). Hydroxylamines have aisc been

syifide in dioxane

isolated in the reduction of nitroaromatic compounds in several instances as
seen in the conversion of dimethyl 5-nitroisophthalate to dimethyl 5-
(hydroxyamino)isophtha]ate(ls).

The products resulting from the reduction of RDX have not to our
knowledge been determined in previous studies, but were assumed to be

hydrazine derivatives.

6.1.3 Fenton's Reagent

Nitroaromatic and nitramine explosives have been reported to be
decomposed to gaseous products by hydroxy! and methyl radicals which have been
generated from the photochemically induced decomposition of hydrogen peroxide

and acetone respectively(17).

Fenton's Reagent was evaluated in these decon-
tamination studies hecause hydroxyl! and methyl radicals were reported to be
chemically generated by tnis reagent. However, the reaction of certain nitro-
aromatics with Fenton's Reagent has been shown to lcad to the introduction of
hydroxyl functions on the aromatic ring(la). The formation of dibenzyl
derivatives has also been reported in the reaction of certain toluene

derivatives with Fenton's Reagent.

6.2 Analytical Methodology

Gas chromatography/mass spectroscopy (GC/MS) was employed for the
preliminary analysis of the mixtures resulting from all decontamination re-
actions. Since electron-impact mass spectral detection of explosives usually
result in an abundance of spectra with low molecular ions (except for nitro-
aromatics), chemical ionization was used in the mass spect—al detection
system. This approach readily allows the determination of the molecular
weights of the components separated by GC. However, when chemical fonization
is employed, degradation icns are generally formed in low relative abundances
which precludes detailed structural studies of these components. Never-

theless, the determination of product molecular weights 1imits the variation
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" extraction. Quenched sodium sulfide solutions were adjusted to approximately

,,J - pH 13 prior to extraction. '

X 1 Method development studies led to the preferred use of a capillary
T column packed with SE-52 for the GC/MS studies. Three standards were employed
UL o
oAl with this column to ascertain that their chromatographic behavior and reten-
- tion times were arpropriate and that they could be readily detected when
iy = methane was used as the reagent gas. These standards were 2,6-dinitrocresol,
Z;., ~4-amino-2,6-dinitrotoluene, and 2,4-diaminotoluene.

- 6.3 Decontamination Products From THT
:T' The tentative structural asignments of products resulting from the

S decontamination of TNT with sodium hydroxide, sodium sulfide, and Fenton's

f ~ Reagent are shown in Table 15.
. 6.3.1 Sodium Hydroxide

I11-2-33

-g in functionality which may be present in decomposition products and allows
;_ tentative structural assignments. Both methane and ammonia were used as
3{ reagent gases for the chemical ionization detection system. Methane was found

to generally be more responsive than ammonia in detecting the variety of
t? products which were produced in the decontamination reactions. When methane
~ was used as the r.agent gas, the molecular weight of the parent molecules (M)
;ﬁ was determined by the presence of characteristic M+l, M+29, and M+41 peaks.

Ammonia was alsc used as a reagent gas because this reagent gas has been
?? indicated to replace nitro groups with amino functions which results in char-
~ acteristic M-29 peaks. The determina:ion of residual nitro groups in varicus

products was useful in assigning tentative structures of various products.
When ammonia was used as a reagent gas, the molecular weights of the parent
molecules was determined by the prasence of characteristic M+l and M+18 peaks.
— The quenched decontamination solutions we'e extracted with tert-
5 butyl methyl ether. The sodium hydrokide and Fenton's Reagent initiated
decontamination solutions were adjusted to approxima.ely pH 1 prior to

The major type of postulated products derived from TNT result from
the displacement of nitro groups by hydroxide or DMSO anions, the oxidation of
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"”,‘ATT.’: TABLE 15. GC/MS PRODUCT ANALYSIS FROM TNT DECONTAMINATIONS
LN o B
':i}-j: Reactant/Solvent Molecular Relative Tentative Structural Assignments
Ao Systems Weights Amounts (Or Structural Isomers)
£
e A. 0.IM Sodium 148 Minor Phthalic anhydride
AL Hydroxide in 30% 256 Minor g
e DMSO (25°C) CO H CHy 1
ff':ﬁ. QN + NO,, Hq_c, ' AY CoyH
S - OR 23
278 Ma jor Dibutyl phthalate
e 330 Minor
- L CH, OH
| ;;:::’_: I, CH= NC NO,
N o
S H CHy
"ﬁ 0.1M Sodium 148 Minor Phthalic anhydride
e Hydroxide in 75% 228 Minor
o DMSQO (85°C) OH
’ "f-"-_'.-‘ C,_N NOa.
o ! '
P,
Oz
b
‘ % 254 Minor Benzene tetracarboxylic ccid
.i..: 256 Major As above
264 Unknown
D 278 Medium Dibutyl phthalate
112 Minor Phthalate derivative
Saturated Sodium 116 Minor Unknown R
[ F 'roxide in 100% 211 Minor Unknown '

N MSO (65°C) 195 Major "
*k OLN "Ny CH3 ¥
RNy : ‘e . .
5? SHs B
%:i 256 Medium As above

RO 278 Minor Dibutyl phthalate
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TABLE 15. (continued)
)
I Reactant/Solvent Molecular Relative Tentative Structural Assignments
) Systems Weights Amounts 0r Structural Isomers)
312 Minor Phthalate derivative
350,364 Minor Unknown (note homolgous series)
fﬁ 378,392
. 406,420
2 B. 5% Sodium 167 Major 2,4-diaminc-6-nitrotoluene
Sulfide in 174 Minor Unknown
30% DMSO (25°C) 278 Minor Dibutyl phthalate
-~ 283 Minor Unknown
337 Medium Presumably a reduced dimer of TNT
N »
) C%yI:::T!Q = N 1:::]'“"3t
. CHO ’O
—
C. Fenton's Reagent 148 Major <¢HO .
[ in 30% DMSO (25°) 166 Medium Unknown
- 180 Minor Unknown
194 Medium
- o c"x} CHy
b Oz H
‘ ‘ or 1 C.OH
fv'
< CHy CO,H
iy 250 Medium
o
- ___CHy
k. Chi _
: C.H’
ey
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methyl groups to carboxylate groups, and the dimerization (and subseguent
oxidation) to stilbene derivatives. As indicated earlier, these processes
have precedents in the literature. The attack by DMSO anions is postulated to
give rise to methyl groups by subsequent cleavage of the initially formed
adduct by hydroxide ion. It was assumed that carboxylic acids would not be
retained by the SE-52 packed GC column so that their structures may be validly
assigned. However, this assumption was not validated by determining if known
carboxylic acids coculd be detected by the GC/MS system.

One reason for investigating the decontamination effectiveness of
scdium hydroxide in increased percents of DMSO and at increased temperatures
was to determine if a greater amount of nitro-group displacement occurred at
these modified conditions. However, based on the limited structural data
available, an increased degree of nitro-group displacement is not evident
when Lhese medified conditions were employed. A compound with a molecular
weight of 256 (a dicarboxylic acid derivative) which was the minor product in
C.1M sodium hydroxide in 30% DMSQO at 25 C, became the major ccmponent in 75%
and neat DMSO at 65 C.

6.3.2 Sodium Sulfide

The reduction of TNT leads to one major product which is presumably
2,4-diamino-6~-nitrotoluene. This specific diamino isomer is postulated
because the 4-nitro group of TNT is usually reduced more readily than the 2-
(or 6-) nitrc groups. Presumably minor amounts of reduced dimers of TNT as
well as a specific azoxy derivative (shown) are also formed during reduction
with sodium sulfide.

6.3.3 Fenton's Reagent

A major component observed in the reaction with TNT has the same
molecular weight (148) as phthalic anhydride. However, in a preliminary
experiment the retention time of authentic pnthalic anhydride was shown not to
correspond to the retention time of this 148-molecular-weight species. (The
retention time comparisons need to be repeated for verification purposes.)
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The postulated structures for this component may be plausibly derived from the
reactive methyl and hydroxyl radicals which are generated in Fenton's
Reagent. The other higher molecular weight structures which are postulated
have varying degrees of nitro-group substitution. The predicted phenolic
compounds were not detected.

6.4 Decontamination Products From 2,4-DNT

The tentative structural assignments of products resulting from the
decontamination of 2,4-DNT with sodium hydroxide, sodium sulfide, and
Fenton's reagent are shown in Tabie 16,

6.4.1 Sodium Hydroxide

The same general type of products were observed in the decontami-
nation of 2,4-DNT as were observed in the decontamination of TNT with sodium
hydroxide. The npostulated sulfenic acid derivative and cycloheptane
derivative (which would originate from cyclization of a dibenzyl
intermediate) were not observed when the reaction conditions were changed
from 30% DMSO at 25 C to 75% and neat DMSO at 65 C. As can be seen from the
tentative structures, it is difficult to postulate that the utilization of
elevated temperatures and higher DMSO percentages lead to a greater degree of
nitro-group substitution.

6.4.2 Sodium Sulfide

The major product observed is 2,4-diaminotoluene which results from
the complete reductio of both nitro-groups. However, minor products which
are produced correspond to the partial reduction of 2,4-DNT to hydroxylamine,
nitro derivatives. Other products which are postulated incorporate
functional groups which result from the introduction and oxidation of methyi
groups which may readily occur as a result of the highly basic nature of the
sodium sulfide solutions.
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T TABLE 16. GC/MS PRODUCT ANALYSIS FROM 2,4-DNT DECONTAMINATIONS

e Reactant/Solvent Molecular Relative Tentative Structural Assignments. 4
y Systems Weights Amounts (Or Structural Isomers) '

e r B
RS A. 0.1M Sodium 188 Major CHuSO:H g

- Hydroxide in 30% o (Althcugh Ammonii%K
LMSO (25°C) reagent gas gave J8
.4 M-29 peak) 5

256 Minor Phthalate derivative

278 Minor Dibutyl phthalate
284 Minor

S
337 Minor - Unknown
il
ek 0.1M Sodium 101 Minor Unknown
f&ﬁ Hydroxide in 75% 148 Minor Phthalic anhydride
N DMSG  (65° C) 167 Major Nitrobenzoic acids .
RET 171 Major Unknown has one nitrogen atom but %
[ may not have nitro group.
' «d 184 Major "
Ko CHj 0
B . OH  oR MO
N
.!....: H‘SOCHJ N O‘l
.tij 256 Minor Unknown
Ahe 278 Minor Dibutyl phthalate % -
e 312 Minor b
Ff otn-@cmcw@bu,_
Y CHy o

55# 410 Medium Presumably a dimer of DNT with .

“3% an even number of nitrogen atoms

NS

: 5J¥ Saturated Sodjum 101 Minor Unknown =
NI Hydroxide in 100% 167 Mi rior Nitrobenzoic acid -
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TABLE 16. (contini ad)

Reactant/Solvent Molecular Relative Tentative Structural Assignments
Systems Weights Amounts (Or Structural Isomers)
DMSO (85°C) 184 Major As above
256 Minor Dibutyiphthalate
B. 5% Soduim 111 Minor Unknown
Sulfide in 30% 122 Major 2,4-di.aminotoluene
DMSQ (25°C) 168 Minor
CHa
NHOH
NO,
182 Minor Not 2,4--DNT
COH CHz
CH
OOy
312 Minor NOz HaSOCH;
Fenton's Reagent 111 Minor Unknown (Also generated in sodium
in 30% DOMSO sulfide)
(25°C) 182 Major 2,8-DNT
194 Major P
'
NO,
195 Minor Unknown
278 Medium Dibutylphthalate
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65.4.3 Fenton's Reagent

The mejor product which is observed in the reaction with Fenton's
Reagent is a din‘tro styrene derivative which could plausibly be formed from
2,4-DNT in the presence of methyl radicals. However, this species would be
expected tn be readily polymerized in the presence of various radicals.
Therefore, if this assignment is correct, some ¥raction of this compound may
have undergone a radical-induced polymerization.

6.5 Decontamination Products From RDX

Tentative structural assignments of products resuliing from the
decontamination of RDX with sodium hydroxide, sodium sulfide, and Fenton's
Reagent are shown in Table 17.

6.5.1 Sodium Hydroxide

The reaction of RDX with aqueous base is reported to produce
formaldehyde, formate ion, dinitrogen oxide, ammonia and nitrogen.(ll) The
nature of this predicted product composition was verified when, upon acidifi-
cation and extraction of the spent reaction mixtures, the GC traces were very
noisy and component peaks were barely detectable. Usable GC/MS responses were
obtained when the samples were concentrated and the GC/MS instrument was
operated in the splitiess mode. It is not possible to measure the amount of
RDX which was converted to gaseous products without adding an inert reference
compound to the decontamination solutions. However, based on the low GC/MS
response, it appears that only a very small amount of RDX was not converted to
gaseous products. HPLC analysis of the spent RDX decontamination solutions
11so indicates that a large pevcentage of ine RUX decomposition products are
wainly gaseous because these solutions have a low area count compared to the
starting solutions. The only structures which were postulated for these
residual products correspond to rearranged RDOX isomers. These rearranged RDX
isomers could readily be formed by the reaction of expelled nitrite ion and

the unsaturated intermediate known to be formed in the initial reaction
between RDX and base.

(11)
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TABLE 17, GC/MS PRODUCT ANALYSIS FROM RDX DECONTAMINATIONS
Reactant/Solvent Molecular Relative Tentative Structural Assignments
Systems Weights Amounts (Or Structural Isomers)
A, 0.1M Sodium - - GC response was so low that mass spectral
Hydroxide in scans were not recorded.
30% DMSO (25°C)
0.1M Sodium 116 Minor Unk nown
Hydroxide in 75% 222 Medium Structural isomers of RDX (5 isomers
DMSO (65°C) were observed).
NO., H H
) ,_NJ,N O,NrN No, ON NOz,
H Q‘NOL H&l’.“ol H H
NGy
plus isomers
256 Major Unknown
278 Major Dibutyl phthalate
312 ¥edium Unk nown
337 Minor Unknown
370 Minor Unknown
Saturated Sodium 149 Minor Unknown
Hydroxide in 100% 157 Minor Unknown
OMSO (65°) 228 Minor Unk nown
256 Major Unknown
283 Minor Unknown
278 Medium Dibutyl phthalate
326 Minor Unk nown
410 Minor Unknown
B. 5% Sodium 194 Major (2 isomers were observed)
Sulfide in 30% )
DMS °C
MSO (25°C) $0; ﬁou
It oW
HOHN" *NHOH  HOHN’ TNH,,
278 Minor Dibutyl phthalate
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e TABLE 17. (continued) e
o 1
- -
%% Reactant/Solvent Molecular Relative Tentative Structural Assignments a
: Systems Weights Amounts {(Or Structural Isomers) .
W A,
o 312 Minor Unknown d
"ﬁ 337 Mirgr Unknown .
o 410 ~ Minor Unk nown j
By C. Fenton's Reagent 194 Major (Same retention time and spectrum observed
L in 30% DMSO with RDX in sodium sulfide reaction.) /j
\}\ﬂ'.i (ZSOC) i
-
! .I‘:‘ Noi- NO'L N O‘L Ej
% O (u‘r o or | L (?)H
o HoHN-N A NHoH o~ Nl onN  NO.
‘ F
v 278 Minor Dibuty! phthalate
L 312 Minor Unknown
b |
e
T — S

208
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.,\ Lh.&“
6.5.2 Sodium Sulfide i
-~ e %
b

S o
» The major product formed from the reduction of RDX may either be a Sﬁ:
di-hydroxylamine or an amino, hydroxylamine, hydroxy derivative of RDX. The Z:i4

W

nature of the postulated structures of these products indicates that complete e
o reduction of all three nitro groups does not occur. b
RN - V. Y
™ i{;?i
Y

A 6.5.3 Fenton's Reagent -

Fa
b

- The major product from the reaction of Fenton's Reagent with RDX
. appears to be the identical compound which was detected in the reduction of
_ RDX with sodium sulfide (194 molecular weight). That being the case, it is
o difficult to postulate that the four-membered ring compound shown could be
B formed in decontamination reactions of RDX with both sodium sulfide and
" Fenton's Reagent.

7.0 EVALUATIONS AND COMPARISONS

The decontaminants which were ranked the highest in terms of decon-
tamination efficiencies were sodium sulfide followed by the basic reagent
sodium hydroxide in aqueous DMSO solutions. Sodium disulfide was dropped from

o consideration because of its apparent lack of reactivity with 2,4-DNT. DNS?
‘%‘ was dropped from further consideration since it was assumed %o be toxic and
;ﬂ its decontamination effectiveness was approximately the samc¢ as sodium

R hydroxide in aqueous DMSO. Fenton's Reagent was dropped from further
J‘ﬁ consideration because its mode of action requires that the explosive be pre-
. viovsly solubilized before the ferrous sulfate and hydrogen peroxide are
_ sequentially added. These requirements would not allow the decontamination
- of explosives Tocated within a building material matrix.

. The complete evaluation of these concepts must take into account
the potential toxic effects of the decontamination products.

“ The structural assignments which are most definite in our GC/MS
studies are derived from the sodium sulfide-based reduction of TNT and 2,4-DNT
in which it was indicatad that 2,4-diamino-6-nitrotoluene and 2,4-diamino-
toluene, respectively, were almost exclusively formed. The structural
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assignments of the reduction product from RDX are not as definitive but
partially reduced hydroxylamine derivatives of RDX appear to have been
formed. Nevertheless, it is difficult to recommend sodium sulfide (standing
alone) as a candidate for structural decontamination (versus inerting) since
aromatic amines which result from the nitroaromatic explosives have been
implied to cause cancer in animals.

Tne tentative structural assignments of the decontamination
products from the reaction of the nitroaromatic explosives with sodium
hydroxide indicate that a significant degree of nitro group displacement has
occurred. Both GC/MS and HPLC analysis indicate that a large percentage of
decontamination products from the reaction of RDX with sodium hydroxide are
gaseous products. At least some of the compounds remaining in solution are
presumed to be rearranged RDX structural isomers.

It thus appears that the only decontamination reagent which pro-
vides effective decontamination of explosives both on the surface and within
the matrix of building materials and also may yield products of acceptable
toxicity is sodium hydroxide in aqueous DMSO. A Togical extension of this
base-initiated hydrolysis concept is to employ elevated temperatures which
has been demonstrated to improve the decontamination efficiencies toward all
exp]oSives (which is needed in the case of TNT to effect a high decontami-
nation efficiency). The limitations of our structural studies did not allow
us to assess whether increased displacement of residual nitro groups occurred
at higher temperatures. A practical approach which could be employed to treat
contaminated surfaces at moderately elevated temperatures would be to employ
polymeric thickening agents which would allow continued contact time for
extended periods of time. Another extension would be to soak the contaminated
building material with sodium hydroxide solutions prior to hot-gas treatment.
This modification of direct thermolysis would probably allow much lcwer de-
contamination temperatures especially for HMX {(and RDX) which has been found
to require the highest temperatures for thermal decomposition in Subtask 5
studies.

However, it should be stressed that we reccmmend the use of sodium
hydroxide towards nitro aromatic explosives with some reservations. One
basis of this reservation is the fact that structural assignments based on the
GC/MS analytical approach are speculative in nature and in no manner confirm
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ra the structure of a compound. Furthermore, as indicated earlier, nitro-
aromatics (and TNT in particular) have been reported to form a number of
e complexes as well as oligomers or polymers in the presence of base. The
complexes may not dissociate (even at low pH values employed in the extraction
process) and polymeric material would not volatilize so that these potential
- decontamination products would not be detected with GC/MS. One assumption is
P that tertiary butyl methyl ether which is used as an extractant will
effectively extract the explosives products from aqueous DMSO solutirns.

L Another potential analytical limitation is that the extracted dccontamination
. products may not pass through the GC column under the conditions employed
Eﬁ and/or these products may be undergoing thermal decomposition upon injection
_ and passage through the GC column. The fact that, in certain cases, GC peaks
L? with identical retention times and identical mass spectra were observad in the
- product mixtures from the decontamination of the same explosives with
if different decontaminants is consistent with this latter possibility. To
. illustrate, the reaction of 2,4-DNT with sodium sulfide and Fenton's Reagent
EZ produce the same 111 molecular weight component in both reaction mixtures
ol which have identical retention times and mass spectra. Furthermore the same
%I 256 molecular weight component (same retention time and mass spectra) was
L observed in the sodium hydroxide initiated decentamination of both TNT and
:ﬁ RDX. This occurrence is difficult to understand nniess some high temperature
“.,K‘ pyrolysis were to convert these distinctly different explosives into the
Sr identical compound.
v An alternate analytical approach for the separation and isclation

b of products formed from the decontamination of explosives with <sodium
i nydroxide would use HPLC for the initial separation of products. 7This
d? separation method would not be prone to the potential recovery problems

N

acsnciated with extraction techni ead L0 poientia he-mal

X ues and would not lead to potential them

€ decomposition of products formed. Upon isolation of these product fractions,
;. elemental analyses in combination with varicus spectral methods would be used
for structural characterization and functional group analysis of the
products. This analytical approach may lead to a far better determination of
- the exact nature of decomposition products than is possible with the direct
GC/MS method currently being employed on the sodium hydroxide reaction

- products.
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e TASK 4, SUBTASK 4

is TEST PLAN FOR

- PRESCREENING OF CHEMICAL DECONTAMINATION CONCEPTS
8 to

- U.S. ARMY TOXIC AND HAZARDOUS MATERIALS AGENCY
NS CONTRACT NO. DAAK11-81-C-0101

by

e

Herman P, Benecke

T

1.0 INTRODUCTION AND OBJECTIVES

—
. -

The purpose of this study is to provide a closely controlled
evaluation in solution of the three proposed chemical decontamination
concepts identified in Task 2 studies. These three concepts which will
be evaluated are:

Eﬁ ¢ Sulfur-Based Reduction
= ¢ Base-Initiated Decomposition

T

- —r
[P

F: ¢ Radical-Initiated Decomposition.
- The primary criterion for concept evaluation will be the
iﬁ ~ relative destruction efficiency of the explosives by the three concepts.
’ The destruction efficiency will be determined by monitoring the percent
t& explosive remaining at various time periods. Key reaction conditions
' will be varied to help determine the optimum cenditions required for
f{‘ decomposing the target explosives. The products of the various decon-
o tamination reactions will also be determined to help evagluate these con-
E' cepts in terms of the known teoxicity of identified reaction products.
We prefer that the preliminary identification of the reaction products
}? be performed during this subtask rather than during Subtask 5 (cn stain-
o less steel) since the same solutions used to determine decontamination
‘ @; efficiency also could he used for product determination. Later work
_ during Subtask 5 would verify the presence of the products of concern
'@E formed on stainless steel.
A PREVIOUS PAGE  {
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As was the case in Subtask 3 concerning solubilization of
explosives, determination of optimum conditions will be performed only
with TNT, RDX, and 2,4-DNT. The applicability of these opfimized
reaction conditions will then be validated on tetryl, HMX, and 2,6-DNT.
If conditions cannot be found for the effective decomposition of
explosives by any one of the above concepts, an alternate replacement
concept will be chosen with USATHAMA approval and its effectiveness will
be determined in the same manner.

The principal analytical technique which will be used to
follow the decomposition of explosives is reverse phase, high pressure
liquid chromatography (HPLC). Preliminary product identification will
be performed either with HPLC/MS (Mass Spectrometry) or GC (Gas
Chromatography)/MS techriigues.

2.0 TEST CONDITIONS AND PARAMETERS

2.1 Solvent Systems

Additives are currently being evaluated (Subtask 3) which are
expected to enhance the solubiiity of explosives in aqueous solvent sys-
tems. Water is pre<umed to be a necessary component of the
solubilization/decontamination solvent system to permit the appreciable
salubilization of the various inorganic decontamination reagents. The
chemical decontamination concepts will be evaluated in the aqueous-based
solvent system(s) which appears to have the highest merit for all six
target explosives.

2.2 General Msthods for Evaluating
Decontamination Concepts

A1l decontamination will be performed under pseudo first-order
conditions wherein the decontaminant concentrations will be signifi-
cantly greater than thr concentrations of explosives employed. The
reaction vessels containing the solutions will be thermostated at 25.0 C
and analysis times wiil be chosen su that four concentration
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determinations of residual explosive will be performed within tha 25 to
95 percent decomposition range. If linear plots of the natural
logarithm of explosives concentrations versus time are achiaved as
expected, pseudo first~-order kinetics and conditions will have heen
demonstrated. The slopes of these piots will equal the pseudo first-
order rate constants (negative) whose magnitudes wili allow a quantita-
tive comparison of decomposition eifficiencies. Half-lives may be
directly derived from these rate constants and be used to specify the
time necded for various Tevels of decontamination. If linear plots are
not achieved, determinations of relative destruction efficiencies of
each concept will be performed by comparing the percent of explosive
which has been decompnsed at common decomposition times.

Product compositions for each explosive and decontamination
method will be determined anly for those sets of conditions which give
the highest rate of decomposition for any decontamination method.

2.3 Decontamination Reagents

2.3.1 Sulfur-Based Reductants

The two sulfur-containing reductants which will be screened
are sodium sulfide and sodium disulfide. The literature indicates that
sodium disulfide is much more reactive than sodiumn sulfide but it is not
commercially available. However, scdium disulfide is reported to be
readily synthesized from sodium sulfide. Both reductants will be evalu-
ated at two basic pH values. The potential catalytic effect of the
addition of a cationic surfactant (cetylpyridinium bromide) will be
evaluated at the pH value which gave the most rapid rate of reaction for
each reductant. The amounts of non-decomposed explosives remaining will
be determined by withdrawing aliquots which will be quenched by cooling
and acidification before HPLC analysis. Control reactions will be per-
formed to ascertain that no further decomp: s5ition occurs after the
reaction mixtures have been acidified.
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A summary of the proposed test conditions for TNT, RDX, and
2,4-DNT are found below in Table 1.

TABLE 1. VARIABLES MATRIX FOR TNT, RDX, AND
2,4-DNT WITH SULFUR-BASED REDUCTANTS

Test Conditions NapS NaoSo
Expls. Concentration 0.5% 0.5%
Reductant Concentration 10% 10%
pH i 9,11 9,11
Surfactant Concentration 0.1% 0.1%

It can be seen that 6 reactions must be pérformed to evaluate
both reductants towards each explosive so that 18 reactions must be per-
formed to evaluate all three explosives. Validation of these conditions
for the other three explosives will involve the best of the two pH
values previously determined, followed by surfactant evaluation so a
toat] of 12 more reactions will be performed. The total number of reac-

tions (30) imply that approximately 120 analyses will be performed to
monitor these reactionms.

2.3.2 Sodium Hydraxide

The aqueous alkaline hydrolysis of explosives will be evalu-
ated by subjecting explosives to high hydroxide jon concantrations. The
potential catalytic effect of the addition of a catiqnic surfactant
{cetylpyridinium bromide) will be evaluated at the best pH. The decon-
tamination efficiency of DS2 (a basic agent decontamination system) will
also be evaluated. The prograess of these reactions will be followed by

withdrawing aliquots which wiil be quenched by cooling and acidification
213
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before HPLC analysis. Control reactions will be performed to ascertain
that decomposition of explosives does not occur after guenching.

A summary of the propused test conditions for TNT, RDX, and
2,4-ONT are found below in Table 2.

TABLE 2. VARIABLES FOR TNT, RDX, AND 2,4-DNT
WITH BASIC REAGENTS

Test Conditions NaOH Ds2
Expls. Concentration 0.5% 0.5%
pH 11,13 --
Surfactant Concentration 0,1% ' nane

It can be seen that three reactions will be performed to
evaluate sodium hydroxide and one reaction will be employed to test DS2
with each explosive, so that twelve reactions must be performed to
evaluate the above three explosives. Validation of these conditions for
the other three explosives will involve only the optiomum pH value
(sodium hydroxide enly) followed by surfactant evaluation (sodium
hydroxide only) so a total of nine more reactions will be performed.

The total! number of reactions (21) imply that approximataly 84 analyses
will be performed to monitor these reactions.

2.3.3 Radical Sources ( Fenton's Reagent)

Hydroxyl radicals will be chemically generated in situ and
their effectiveness towards initiating the decomposition of explosives
will be evaluated. The hydroxyl radicals will be generated from
Fenton's reagent which is a mixture of ferrous ion and hydrogen peroxide
maintained at low pH. The experimental technique will involve the
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addition of an acidic solution of hydrogen peroxide to an acidic
solution containing the explosive and ferrous ion. The reaction will
primarily be evaluated in the presence of dimethyl sulfoxide (DM:0Q)
since hydroxyl radicals are known to react with DMSQ to give methyl
radicals which have been reported to effectiveles initiate the decompo-
sition of explosives. Alcohols will not be used as a cosolvent since
hydroxyl radicals readily oxidize alcohols. The effect of a non-ionic
surfactant (Triton X-100) will also be investigated at the best
conditions.

It is not known with certainty at this time which of the
foilowing conditions will effectively quench these reactions. Repre-
sentative reaction mixtures will be neutralized to neutral pH and
monitored to determine if the component composition undergoes further
change with time. If the reaction compesition is found to change befure
analyses typically can be performed, miid reducing agents such as
methanol will be added to reduce hydrogen peroxide to water.

A sumnary of the proposed test conditions are found below in

Table 3.
TABLE 3. VARIABLE MATRIX FOR TNT, RDX, AND
2,4-ONT WTTIH FENTONS REAGENT
Test Conditions
Expls. !oncentration 0.5%
Farrous Perchloriate 1%, 5%
Perchloric Acid LM
30% Hydrogen Peroxide equal molar amounts
as ferrous ion concentratian

Surfactant. 0%, 1%
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It can be seen that three reactions will be performed to
evaluate each explosive so nine reactions must be performed to evaluate
the above three explosives. Validation of these conditions for the
other three explosives will require six additional reactions so a total
number of 15 remctions must be performed which implies that approxi-
mately 60 analyses will be performed to monitor these reactions.

3.0 SCHEDULE QOF TESTS

The estimated total number of reactions which will be per-
formed to evaluate all concepts is 66. The corresponding number of HPLC
analyses may be estimated to be 264. The analyses will probably limit
the rate of the data output rate. The times needed for method develop-
ment are predicted to he small.

The screening studies for the three concepts will be performed
in a staggered and overlapping sequence. Use of a second HPLC instru-
ment will expedite analyses and allow the tests to be completed in the
6-week time span estimated in the Task 4 Work and Resource Plan. The
startup date will be approximately November 28, 1983 if RDX and HMX were
to arrive soon. The interval between the completion of the
solubilization studies and the initiation of this subtask would allow
conclusions to be drawn concerning the selection of solubilizing agents
for these decontamination studies. These results would be communicated
verbally to the COTR for approval. We would anticipate that the results
of these chemical decontamination screening tests would be completed and
reported to you by January 16, 1984. The experimental plan schedule is
shown in Table 4.

4.0 CONTINGENCY PLANS

Various contingencies have been anticipated for different
aspects of these decontamination studics which are described below.

One
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common factor of our experimental approach is that all reactions will be
initially performed at 25 C. However, if reactions proceed too slowly
to be followed effectively at these temperatures, then these reactions
will be studied at a higher common temperature. Another common factor
is that cetylpyridium bromide is to be investigated as a micellar
catalyst. If this compound does not effectively function as a catalyst,
then other selected cationic catalysts will be substituted.

TABLE 4. SCHEDULE OF EXPERIMENTS

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Reductants Reductants Reductants Reductants

Hydrnxide, Hydroxide, Hydroxide,
Ds2 Ds2 bS2

Radicals Radicals
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DEPARTMENT OF THE ARMY
US ARMY TOXIC AND HAZARDOUS MATERIALS AGENCY
ABERDEEN PROVING GROUND. MARYLAND 21010-3401

AFTEuTIoN o August 24, 1984 -

Technology Division

Dr. Eugene J. Mezey
Battelle

Columbus Laboratories
505 King Avenue
Columbus, Ohio 43201

Dear Or. Mezey:

The test reports entitled "Enhanced Aqueocus Solubilization of Explousives"
and "Prescreening of Chemical Decontamination Concepts"” have been reviewed and
the Agency's comments are enclosed. These comments should be addressed in
writing and incorporated into the final report where appropriate.

Sincerely,

(42214#5214.;:2;;%i{,<?

Andrew P. Roach
Contracting Officer's
, Technical Representative
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Comments on Test Report Entitled
"Prescreening of Chemica! Decontamination Concepts"

Item Page Comment.

1 2, Sec 2.0 The toxicity of the decomposition products is a
consideration in the selection of a treatment
concept. It cannot be called a criterion. This
paragraph leads the reader to expec: a 7ore detailed
evaluation of the toxicity of the decompositian

g products. It should be clearly stated that the

scope of this study includes identificazion of major

a decomposition products and an assessment of their

toxicity based on data available in the Titerature.

2 16, Sec 4.5 Was solubility at 25 percent verified by cloud point
measurement?

B 3 23, Sec 5.1.7. . Was the CPBr precipitate observed during the
- Enhanced Solubilization Study? I[If it is an
o insoluble decomposition product it should be
o identified by GC/MS.

4 25, Sec 5.1.1. Para 1, second sentence: Delete "...which was
observed...” sc that the sentence re2ads “...the
percent decompositions were typically low."

25, Sec 5.1.2. - If denitration is only occurring to a limited
extent, what are the primary decomposition products
in the 30 percent OMSO solution?

or T,
[84]

6 28 Line 4: It should be ¢larified that both 30 percent
and 75 percent DMSO were effective in decomposing

i RDX and that additional datd at times below some N
b value (perhaps 30 min) would be required to +{K8
"Cb discriminate between the solvent systems. ‘
e : - {SE
Pon 7 45 Line 1: The sentence beginning "We are not g_ .

N aware..." is misleading. [t would be appropriate to '
R include a general but brief discussion of the

relative toxicity of the various substituted
aromatics to indicate that this concern was o
addressed. .




$%Battelle

Columbus Laboratories

505 King Avenue

Columbus, Ohto 43201-2093
Telephone (6141 4240424
Telex 24-5454

February 15, 1985

Mr. Andrew P. Roach

U.S. Army Toxic and Hazardous
Materials Agency

Building E-4585

Attn: DRXTH-TE-D

Aberdeen Proving Ground (EA)
Maryland 21010

Dear Andy:

Contract No. DAAK11-81-C09101
Novel Decontamination Technology
Task 4 Development of Techniques for
Explosive-Contaminated Facilities

This letter addresses USATHAMA's comments on the test report Task 4, Sub-
task 4 entitied "Prescreening of Chemical Decontamination Concepts" dated
August 24, 1984 USATHAMA's comments are attached for reference. This
letter is to be attached to the test report and covers the explenation or
actions taken in response to the Army's comments. The comments or action,
addressed by item number, are as follows:

I[tem 1 The collection of literature concerning the toxicities of the
major decontamination products was beyond the scope of this
project. Estimates of toxicities of classes of ccmpounds typical
of the decomposition products identified were based on our jeneral
awareness of the toxicities of those class of compounds (e.g.,
aromatic amines).

Jtem 2 The solubility of sodium hydroxide in aqueous NMSO was determined
by visual determination of solubility and was not verified by
cloud point measurement.

Ttem 3 The CPBr precipitate was not observed in the Enhanced Solubility
Study but that study utilized 100 percent water as opposed to 30
percent aqueous DMSO or DMF which was used in these studies. Since
these precipitates were presumed to have incorporated this sur-
factant they were judged to be poor candidates for study by GC/MS
(i.e., low volatility and easily thermally decomposed).




Mr. Andrew P. Roach 2 February 15, 1985

Item 4 Correction made.

Item 5 The postulated products of this reacticn are shown in Tables 15,

16, and 17.
Item 6 Appropriate additions were made to the text.
Item 7 This sentence has been omitted. Please see the response to Item 1

concerning the potential toxicities of identified decontamination
products.

Should you have any questions on these responses, please call me at
(614) 424-4995 or Dr. Herman Benecke at (614) 424-4457,

Sinceng]y,

s

Eugene J. Mezey
Program Manager

EJM/s]
Attachment
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APPENDIX III-3

SUBTASK & - STAINLESS STEEL SURFACE DECONTAMINATION BY
HOT GASES - TEST REPORT
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SUMMARY

The concept of using hot gases to decontaminate stainless steel
surfaces was evaluated for it: effectiveness in decomposing/removing explo-
sives contamination from stainless steel surfaces. Tests were conducted with
5-inch square stainless steel coupons spiked with 400 mg of one of six explo-
sives (TNT; 2,4 DNT, 2,6 DNT, Tetryl, RDX, or HMX). The results of these
tests have indicated that the removal of explosives from stainless steel by
this concept occurs through a complex combination of vaporization and decom-
position. While the less volatile explosives (HMX and RDX) are the most
difficult to remove, sufficiently mild conditions (500 F for 1 hour) were
shown to effect 99.97 percent removal of any of the six explosives. Conse-
quently BCL recommends that the effectiveness of this concept to decon-
taminate more porous matricies such as concrete or painted surfaces be
evaluated in subsequent subtasks.
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TEST REPORT
FOR
TASK 4, SUBTASK 5
STAINLESS STEEL SURFACE
DECONTAMINATION BY HOT GASES
Contract No. DAAK11-81-C-0101
to
UNITED STATES ARMY
TOXIC AND HAZARDOUS MATERIALS AGENCY
August 3, 1984

1.0 INTRODUCTION

Facilities previously used by the United States Army for th: manu-
factura or loading of explosives must be decontaminated or inerted before the
facilities can be restored for alternate use or safely excessed. The develop-
ment of novel concepts for the decontamination of such facilities is being
conducted by Battelle Columbus Laboratories (BCL) for the United States Army
Toxic and Hazardous Materials Agency (USATHAMA) under Contract No. DAAK11-81-
C-0101. In Task 2 of this contract.(l) ideas were systematically developed
into concepts for the decontamination of buildings. These concepts were also
evaluated and ranked with respect to selected technical and econumic Tactors.
Five concepts were selected for further evaluation and knowlege gaps per-
taining to the implementation of these concepts were identified. Task 4 was
then established to permit laboratory resolution of these knowledge gaps.(z)
Subtask 5 is the third of four experimental subtasks established in Task 4.
The test plian for this subtask describing the experimental effort that was
planned is included with this report as Appendix A.

2.0 PURPGSE AND OBJECTIVES

The designed purpose of this subtask was to provide a preliminary
evaluation of the five concepts that had been selected as the most promising
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during previous experimental subtasks. The concepts scheduled for evaluation
in this subtask included:

e Hot Gases

e Vapor/Solveat Circulation (The solvent to be selected

from Subtask 3)
e Three Chemical Concepts (Selected from the results of
Subtask 4).

These five concepts were to be evaluated for their ability to decom-
pose or remove each of six explosives (TNT, 2,4 DNT, 2,6 DNT, Tetryl, RDX, and
HMX) from stainless steel coupons. The objective of this task was to rank
order the tested concepts and select a maximum of three for subsequent
evaluation in Subtask 6. However, due to delays in the availability of data
from Subtasks 3 and 4 as well as the cesire to provide an economy of effort in
proceeding with Subtasks 5 a d 6, evaiuation of the vapor/sclvent as well as
the chemical concepts was deferred to Subtacsk 6. Consequently, the
objectives of Subtask 5 were modified and only the Hot Gases foncept was
evaluated.

3.0 FACILITIES, MATERIALS, AND EQUIPMENT

Due to the hazardous nature of the explosives and the desire to
provide test conditions closely resembling field conditions, special test
equ.pment was designed and fabricated.(3) This equipment was then installed
in a Taboratory equipped for conducting experimental work with hazardous and
toxic materials. A As shown in Figure 1, the test equipment consists of the gas
delivery, test chamber and efluent handling systems that are described in more
detail below. For safety purposes and to assure custody, stock solutions
containing less than 5 grams of explosives were prepared for labaoratory use.
the storage and handling of the bulk explosives was performed by trained
personnel in accordance with procedures describ::d in BCL's custodial p1an.(4)
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3.1 Explosives

Six conventional high explosives, 2,4, DNT, 2,6 DNT, TNT, Tetryl,
RDX, and HMX were used during these tests. Both 2,4 DNT and 2,6 DNT were
received from Aldrich Chemical Company. The 2,4 DNT was broken down to a
smaller and uniform particle size by rolling the material with a wooden dowel.
The 2,6 DNT was used as received. The TNT and tetryl were munition grade
explosives obtained through an internal transfer from other Battelle
projects. The RDX (Batch No. 4RC 14-71) and HMY (Batch No. 6ABCH 14-1) were
| received from Holston AAP. These materials were shipped wetted with isopropyl
alcochol. This alcohol was removed prior to use by placing the explosives in a
. desicator and evacuating at hign vacuum for one day.

i 3.2 Test Chamber

As shown‘in Figure 2, the test chamber consisted of a two compart-

ment box of roughly rectangular geometry. This chamberr was constructed of
16 gauge stainless steel sheet and supported, reinforced with 1/4 x T 1/2 x

T

1} inch anglie iron and sized to fit within a laboratory hood. A1l seams were
_ welded and the removable top sealed with a gasket. To minimize heat losses,

o the entire chamber was covered with a 4 inch thick layer of Cera® woo!
insulation. Brief descriptions of the three major components of the test
chamber (i.e., exposure chamber, collection chamber, and couponholder) are
given helow.

3.2.1 Exposure Chamber

This 2.5 cubic Tool chamber served to contain the hot gas atmosphere
to which the sample coupons were expnsed. Access to this chamber as well as
i the colliection chamber was provided by the removable top. This top was sealed
with a gasket made from 1/4 inch diameter Gortex® rope. This material remains
m21iable and is thermally stable at temperatures up to 370 C.
The bottom of the chamber was formed into three sumps which
| collected any condensat~ as well as solutions used to wash down the chamber
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&

. after the test was completed and the chamber cooled. These three sumps were
: #ﬁ connected to & common 1/4 inch stainless steel drain line from which the

e

;ﬁ;‘ samples were collected for analysis. ;
-EEH The heated gases which provided the hot gas environment entered the :
"E?T chamber through a one inch pipe nipple located on the center of one side of Q
-.§4 the chamber aud exited through a similar nipple on the opposite side. A :
iﬁﬁ deflector, placed within the inlet gas stream, provided good mixing of the hot E
'ig gases and hence good temperature distribution within the exposure chamber. .
#f The exit line passed through a gate valve. During tests this valve was kept ]
4| partially closed to maintain a small positive pressure (~2 inches of water)
Eﬁ within the chamber. This assured that no uncontrolled diluting gases could g
"j leak into the chamber. The metered hot gas inlet stream could therefore be

[ < ]

R considered to represent the entire gas volume flowing intc and out of the
e * chamber. A metered sample taken upstream of the exit valve was assumed to be
representative of the entire gaseous effluent.

iféi The rear wall of the exposure chamber contained three 6-inch square
- openings evenly spaced on 8 inch centers. Eight botts, welded to this wall
}_ﬂé around each opening functioned to attach the coupon holders. In this manner,

the coupons covered the openings effective]y separating the exposure and
" collection chambers during the tests. To provide rigidity to support the
X “: weight of the coupon and holders and not buckle under the thermal stresses,

48 this wall was fabricated from 1/4-inch thick stainless steel.
;'EE 3.2.2 Collection Chamber
- This chamber was designed to coliect liquids and gases that per-

meated through the test coupons. Since the stainless steel coupons were
.ﬁy considered impermeahle, in these tests the collection chamber only served to
. provide access for thermocouples used to measure the coupon temperatures.

3.2.3 Coupon Holders

o

P The purpose of the sample holders was to hold the sample coupons
| . . - . .

being decontaminated in such a manner so one verticle plane surface is exposed

o 238
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to the decontamination environment. In order to do this task while simul-
taneously sealing each of the 6-inch openings between the exposure and
collection chamhers three two piece holders identical to that represented in
Figure 3 were constructed. These holders were designed to bolt to the rear
chamber wall while holding a 5-inch square sample coupon between the hack up
plate and the retaining plate. Centered in both plates were 4-inch circular
openings that regulated the area of the coupon that would be exposed to the
atmosphere of both chambers. The sharp edge design of these openings
prevented the buildup of liquids on the coupon surface.

The back up plate was constructed from a 7-inch square, 1/4 inch
thick plate. Eight holes on the edges of this plate when aligned with the
bolts welded to the back chamber wall served to attach the holder to the
chamber. A flat Gortex® gasket placed hetween the wall and the plate provided
a leakproof seal when the holder was in place. The backup plate also con-
tained a groove for a Gortex O-ring gasket to provide a seal between the plate
and the coupon. Four 1/4 x 2 inch bolts were welded to this plate to permit
attachment of the retaining plate.

The retaining plate was constructed from a 5% x 3/32 inch thick

" plate. Four hecles, one in each corner, aligned with the 1/4-inch bolts

attached to the back up plate. Tightening these bolts serves to hold the
coupon in place while compressing the C-ring gasket and sealing the chamber.

3.2.4 Thermocouples

To provide measurement of the temperatures of interest, Chromel/
Alumel thermocouples were located at strategic sites within the chamber. The
exposure chamber was monitored by a thermocouple inserted through the pipe in
the center section of the front wall of the chamber. The collection chamber
temperature was monitored by a thermocouple similarly inserted into the side
wall port of this part of the chamber. In addition, thermocouple leads
entered this port for thermocouple that were attached to the rear of the test
coupons. These thermocouples provided monitoring of the critical coupon
temperature parameter.
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. r.
"JEE 3.3 Gas Delivery System E{
o fz In field application of the hot gas concept, the hot gases will be ;jﬁ
T produced through the combustion of natural gas in air. In a worst case &,.
‘ és scenar o, complete combustion of a stoichiometric mix of natural gas and air &15
: ;; produces an atmosphere containing 71 percent nitrogen, 10 percent carbon L,;
' Ei dioxide and 19 percent water vapor. Allowing for normal heat losses, such an f@ )
. t atmosphere would most likely enter the buiding at a temperature of aporoxi- Zﬁ'i
. ;EE mately 800-82C C. The gas flow rate would be sufficient to deliver enough ii;
- sensible heat to the building to achieve the desired temperature (~300 C) in _ :
o less than 3 hours. R
; \i The gas delivery was designed to supply a comparable atmosphere to E.j
| &; the test chamber. As can be seen in Figure 4, this system consisted of gas E'
. suppiies, flow metering hardware, a gas heater and a heated chamber iniut ="
o pipe. | R
. The gas supply consisted of bottled nitrogen and carbon monoxide L.ﬁ
T and air from the laboratory compressed air supply. The nitrogen, the major {Q}
f, - constituent of the chamber atmosphere, was passed through a charcoal fiiter ;%i
‘igi prior to use to remove any trace organics. The city water service in the E i
. laboratory was used to supply water in a liquid state to the svstem where it Zi:l
o was vaporized in the furnace. gif
3 A constant and measured flow of 56.6 liters/min (2 scfm) of these
.Ej gases was assured through the use of Dryer Rate Master Flowmeters. The E;;:
L control valves on these meters were adjusted to provide 40.1 liters/min of N, tjgz
- gas and 9.4 liters/min of COZ gas to a common manifold. This manifold was fﬁi
. attacked to the gas heater inlet. The water flow rate was adjusted to supply -~
”_;E: 8 ml/min of 1iquid water which was then introduced into the gas heater via a B
. 0.02 inch ID rozzle.
EZ The water was vaporized and the resulting gas mix was brought to the
.- desired temperature by passing it over a hed of alumina chips that was con-
;i: tained in a 1% inch diameter stainless steel pipe. Heat was supplied to this N
N init by a 2500 watt tube furnace. The heated gases ieft heater and passed E;:i
If. into the chamber via a 24 inch long 1 inch diameter pipe. A heating tape F&fl

controlled by a 10 amp Variac® provided heat to the inlet pipe and trim
v contrel of the chamber inlat gas temperature.

Lf 241
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3.4 Effluent Sampling System

The effluent sampling system, which is represented graphically in
Figure 5, was designed to sample approximately 1/15 of the chamber effluent,
or 2.6 liters/hour. The first stage of this system consisted of two standard
500 ml impingers with fritted gas sparging tubes. These impingers were fi1led
with solvent (usually acetonitrile) and chilled in an ice bath. As such they
served to collect most of the explosive and other high molecular weight
organics that were contained in the gas sample.

After the impingers, the gas sample passed through two moisture
traps that were chilled in a solid carbon dioxide/acetone bath. The first
trap, an empty 500 ml impinger with the fritted sparging tube removed, served
to collect any solvent that was carried over from the impingers. The second
trap, a cold finger, then chilled the gases sufficiently to remove any
remaining water vapor by freezing.

The driving force to pull the sample gas through the impingers and
traps was provided by a stainless steel bellows pump. A bypass line with a
needle valve in line regulated of the sampling flow rate while permitting the
pump to run efficiently at full capacity.

The final element of the sampling system was a dry gas test meter.
This totalizing flow meter gave a cumulative reading of the total volume of
drylgas sampled during the test.

3.5 Solvents

Acetonitrile was used to trap explosives in the gas sampling train
impingers, to wash down the chamber after a test, and to extract explos.ves
from coupons. It was also used as the base solvenl for stock solutions of
HMX. Acetone was used as the base solvent for the stock solutions of the
other five explosives. In addition, acetone was used in the gas sampling
train for the first few tests with 2,4 DNT. In all cases UV grade distiiled
in giass sclvents purchased from Burdick and Jackson Laboratories Incor-
porated was used. This grade solvent is commonly used in trace analysis by
HPLC and Gas Chromatography.

243

.{ R RO B




W3LSAS SNITdWYS LININT443 °S YA9IA

SAVdL F4NLSION

SYIONIdHI
HLv8
1 L13A 4319404 I
od 4
0 4394¥dS_
- Sv9
¥ISHYH)
1531
IATYA 38073
(hanr g

10 2v6-56) |0
AR
..\..u..n,.v P

e

dlhd
ERTL N

e

JATVA 37033N V

Y3LIW LS3L
SVO A¥0
IN

T g A

244

ANdNI
1£-G)

AL LU
v e

"nv -d .l.l\—x nn -n - {

R




Pamn ety
A v

el
.

e

——r -—
"
- . .

N )

T

b,
el

W

Lox suin T ror
oot o

o

et

o=,

-

¢

- T T T osSTwomemrs BeRLEIE R ARSIV ROUTIEMIORATEAR Y ATV N YY YRR YD

IIT-3-13

3.6 Analytical Hardware

Analysis of sample coupons and effluents from the chamber for
explosives was performed with High Performance Liquid Chromatography (HPLC).
Analysis of samples for decomposition products was performed using a gas
chromatograph/mass spectrometer (GC/MS) system. The equipment as well as the
procedure used for these analyses are described in Appendix B, Analytical
Methods.

3.7 Test Coupons

To evaluate the effectiveness of the concept on removing explosives
from stainless steel, explosives were placed on 5-inch square coupons sheared
from 18 gauge 304 stainless steel sheet stock.

4.0 EXPERIMENTAL PKOCEDURES

The approach used to implement the hot gas concept as well as the
ratiocnale behind the test schedule are detailed in the Subtask 5 Test Plan
which is attached to this report as Appendix A. Brief discussions of the
actual procedures are given below.

4.1 Coupon Spiking

The reported analytical detection limit for each of the six explo-
sives is approximately 2 mg/Mz.(l) Therefore, in order to be able to be
certain that >99.9 percent decontamination/removal of explosive were obtained
when a belo. detectable 1imit concentration of explosive was reported by the
post test analysis of the coupons, it was necessary to apply 2 gm/M2 of
explosive to the 10.16 cm (4 inch) diameter circle that was being exposed to
the hot gases. As described below, this was done by preparing stock solutions
of the explosive in an appropriate solvent, slowly applying a sufficient
guantity of the solution to the surface of the coupon, and allowing the

solvent to evaporate leavings crystals of the explosive on the coupon surface.
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V1w
B .
B 4.1.1 Stock Solution ;j
4
Ny Stock solutions used to spike coupons with the six explosives were ﬂ
?F?. prepared by weighing the proper amount of explosive into a volumetric flask, -
- ff adding enough solvent to dissolve the explosive, and then diluting the lﬂ
‘,ﬁ; resulting solution to the desired total volume with additional solvent. The ’
L;}f concentration of explosive in the stock solutions was then confirmed by sub- S}
- mitting an aliquot of the stock solution for analysis by HPLC.
:-: Acetone was used as the base solvent for five of- the explosives, ﬂ%
»hJ because of its rapid rate of evaporation at ambient conditions. TNT, Tetryl, 31
. 2,4 DNT and 2,6 DNT stock solutions were prepared at a concentration of -
5 grams of explosive per 100 ml of solution. Due to its lower solubility, RDX
was prepared at a concentration of 2 grams of RDX per 100 ml of solution.
» The solubility of HMX in acetone was too low to permit practicle use
| o of such a solution. In addition, the acetone solvent was found to contain an
‘,i unidentified specie which eluted in the HPLC analysis with the same retention
‘3: time as the HMX. While this specie would not interfere with the spiking
“; procedure, its presence did prevent quantitative analysis of the spiking
!jﬁj soluticn.. For these reasons, other solvents were used. The first HMX stock
E:f solution was prepared with cyclohexane as the base solvent. However, the slow
'._ rate of evaporation of this solvent made its use impractical for spiking.
TQq Subsequent HMX solutions were prepared in acetonitrile which, though
%Iﬁ providing a more dilute solutien and therefore the application of a larger
E;"' volume of solution, evaporated much more readily than did cyclohexane. The
g acetonitrile solution was prepared at 1.5 grams of HMX per 100 ml of solution