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INTRODUCTION

In the production of multi-base propellants at Radford Army :
Ammuniticn Plant (RAAP), volatile organic compounds (YCCs) are emitted
from the manufacturing processes. A reduction in VOC emissions s
necessary based on the requirements cited in the consolidated Virginia -
U.S. Environmental Protection Agency (EPA) permit granted to RAAP for the
construction and operation of the continuous automated multi-base line
(CAMBL) propellant manufacturing facility.! This permit controls VOC
emissions by limiting the production of multi-base propellants from both
the Green Line operations (batch propellant manufacturing facilities) and
CAMBL facilities; the permit also contains a condition that RAAP shall
investigate methods of controlling VOC emissions from the plant and shall
report yearly on the results of these investigations. Furthermore, RAAP
is currently operating under waiver of another EPA regulation prohibiting
the discharge of VOCs into the atmosphere unless the organic content has
been reduced by 85%.2 This waiver was granted because no safe,
economical technology presently exists for the abatement of RAAP's VOC
emissions; this project was initiated in order to achieve compliance in
the event that this additional EPA regulation is imposed.

Phase I of this project assessed state-of-the-art emission control
technology and its applicability to the abatement of VOC emissions in
multi-base propellant manufacturing processes.3 This engineering study
conducted an emission survey of multi-base propellant manufacturing
operations at RAAP. The VOCs emitted from multi-base operations include
ethanol (alcohol), acetone, diethyl ether (ether), nitroglycerin (NG),
and other organic compounds. The survey of the Green Line operations
during production of M30 propellant formuiation showed solvent losses of
37% in the mixing operations and 47% in the forced air drying (FAD)
operations based on propellant analyses. Therefore, recovery of these
solvent losses would permit approximately 85% VOC reduction required by
EPA.

i Wi Y Wiy i |

Previous Process Engineering (PE) studies at RAAP addressed the A
treatment of VOC emissions from the multi-base propellant manufacturing
facilities. One study concluded that the acetone and alcohol in the FAD
exhaust air were effectively removed for treatment in the biological
treatment facility by using a continuous addition of fresh water in a
three-sieve plate scrubber. A second study was successful in treating
FAD exhaust by NG destruction in a prototype _caustic scrubber, followed .
by water absorption of the solvent vapors. This system used large \
guantities of water to achieve 85% removal of organics but failed to
concentrate the solvents sufficiently in the absorber bottoms (effluent)
for economic recovery by distillation. It was, therefore, concluded that 2
the pollution abatement system should not be installed and that studies _
should continue to improve the efficiency and to reduce the operating :
costs of the pollution atatement system.

Another PE study evaluated the use of surfactants to enhance the A
removal of the solvent vapors.6 This enhanced absorbent system .
successfully removed the solvent vapors from the exhaust air stream and
met all pollution abatement standards; however, the cost of ~
facilitization was excessive in that the solvent recovery aspect of the 3
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system proved to be uneconomical. An improved _system for solvent
recovery in both the Green Lines and FADs 1is therefore required for
economical pollution abatement in the manufacture of multi-base
propellants.

Literature and vendor reviews of state-of-the-art technologies
symmarized in the Phase I study of this project and laboratory-scale
absorption studies showed compounds that generate bisulfite tons (HSO3™)
should prove to be the best absorbents. This project <(Phase II)
evaluated these HSO3~ absorbent solutions in the bench-scale absorption
unit used during the Phase I engineering studies, including optimization,
solvent recovery studies, and NG effects. The optimization study
included a review of previous work using HSO3~ compounds as absorbents to
obtain parameters for additional evaluation. The solvent recovery study
was a series of absorption/distillation tests conducted to determine
destgn criteria information for a pilot plant to recover VOCs and
recycle the absorbent solution. The NG effects study consisted of
testing various quantities of NG expected from the multi-base propellant
drying operations in HSO3~ absorbent solutions to determine {f the
presence of NG as a liquid and vapor interferes with absorbent solution
reuse.

Five additional evaluation studies were performed to assess alternate
methods of VOC treatment. These special studies included using glycols
and sulfuric acid (H2S04> as absorbents, Union Carbide’'s PURASIV HR and
Ceilcote's solvent recovery systems, and membrane technology. A detailed
economic study was conducted for a VOC treatment system using HSO3~; a
cursory study comparing the HSO3~ system with the most promising methods
assessed in the special studies was conducted.

OPTIMIZATION STUDY OF
BISULFITE (HSO3~) ABSORBENT SOLUTIONS

The Phase I engineering studies showed that compounds which generate
HSO3~ were the best absorbents tested. The mechanism of absorption is
sodium bisuifite (NaHSO3) combining with acetone to form a solid,
water-soluble crystalline compound known as addition product. The
application of heat or chemicals to the addition product reverses the
reaction to release acetone and HSO3~:

0 on 0
| ]
Sodium Acetone Sodium
bisulfite 503N| Heat or Acetone bisulfite
chemicals
Addition
* product

When used in a 3:1 recycle mode, >96% ethanol and 100% acetone were
removed from the recycle absorber column inlet gas stream, resulting in
0.51 wt % total solvents in the absorbent.
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AIAAN.‘,._L '.'.'-




In order to fincrease the concentration of solvents in the HSO3~
absorbent solutions, water quality, recycle and feed rates, and HSO3"
concentration in the absorbents were evaluated. Compounds that generate
HSO;' for the absorption of solvent vapors are oxidized from HSO3~ to

at

sulfate ion (S04%=) due to the air in the recycle column inlet gas
stream. Oxidation can be controlled by using inert gas as the solvent
carrier gas or by adding antioxidants to the HSO3~ absorbents. Since an
inert gas atmosphere for solvent recovery is not available to all RAAP
manufacturing areas, an evaluation of solution parameters that affect
oxidation of HSO3~ was conducted.

Furthermore, review of the literature indicated that an increase tin
both solvent absorption and absorbent reuse could possibly be
accomplished at neutral pH; therefore, tests were conducted to optimize
the pH level of the HSO3~ absorbent solutions.

A schematic diagram of the 4-in. diameter bench-scale absorber unit
used in both phases of this project is shown in figure 1. During tests,
air at ambient temperature is pulled through a cyclone scrubber and a
demister column to assure uniform fiow and humidity. The air is pulled
through the blower and preheated to 38°C (100°F) prior to entering the
recycle column. The solvent vapors are introduced into the gas stream by
bubbling part of the blower exhaust through a pre-weighed liquid solution
of acetone and ethanol and subsequently admitting the vapors generated
into the recycie column inlet gas stream. Gases are exhausted from the
recycle column at a rate of 9.2 cfm.

Gas and recycled absorbent solution samples were collected every
30 min and 60 min, respectively. Gas samples were taken at the inlet and
exit ports of the recycle column by using 100-mg coconut shell charcoal
tubes at a sampling rate of 0.5 L/min. The inlet gas was sampled for
2 min and the exit gas was sampled for 6 min. Absorbent solution samples
were collected in 1-mL gas chromatographic (GC) sampling vials. All
samples were analyzed by GC in accordance with Hercules Methods and tests.

»

Evaluation of Absorbent Solution Parameters

The concern with absorbent solutions containing HSO3~ s the
oxidation of HSO3~ to SO42' due to the oxygen in the air of the recycle
column inlet gas stream. The Jloss of HSO3~ results in decreased
absorptive efficiency of the absorbent solution for reuse (i.e.,
recycle). The quality of water used in preparing the HSO3~ absorbent
solution affects the oxidation potential in that less HSO3~ 1s lost when
softened or chemically treated water is used. This reduction is due to
the removal or chelation of the metal ions in the water which catalyze
the oxidation reaction.
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! Water Quality ‘ , :

Four 3:1 recycle/feed rate bench-scale absorber tests were
completed with HSO3~ absorbent solutions. Absorbent solutions of 5 wt %
sodium sulfite (NasSO3) at neutral pH (pH of 7) were tested at lower
recycle and feed rates than previously reported in the Phase I[
engineering studies. Each 5 wt % NajSO3 absorbent solution was prepared
fn a different quality of water to determine the effects of water quality
on the oxidation potential of HSO3~. The waters selected for testing
were plant process water, distilled water, softened water, and chemically
treated plant process water containing 5 wt % ethylenediaminetetraacetic
acid (EDTA), disodium salt, which is an antioxidant that forms chelates
with metal ions in the plant process water.

- J N

L

Test conditions and results together with a baseline water test
are summarized in table 1. The 5 wt % NaSO3 absorbent solutions
absorbed 79 to 85+% total solvents from the recycle column inlet gas
stream whereas plant process water absorbed 51% total solvents. Results
reported in the Phase I engineering studies showed that identical
absorbent solutions absorbed 98+% total solvents and plant process water
absorbed 82% total solvents from the recycle column inlet gas stream.
These differences are due to the changes in the recycle and feed rates.
It should be noted that the feed rate was 200 mL/min and the recycle rate .
was 600 mL/min in the Phase I engineering studies whereas the feed rate .
initially used in this project was 50 mL/min and the recycle rate was “
150 mL/min. The lowered feed rates decreased the amounts of solvents
absorbed; however, decreasing the feed rates increased the average
solvent concentrations in the absorbent solutions by 3.5 to 5 times.
The variations of average solvent concentrations in the absorbents follow
the trend of lower solvent concentration in the recycle column inlet gas
stream, i.e., lower solvent concentrations are obtained in the absorbents.

I

The effect of water quality is further demonstrated in table 2.
The results show less NaHSO3 loss when softened or chemically treated
(EDTA) plant process water is used in the 5 wt % NaySO3 absorbent

solutions. This is due to the removal or chelation of the metal ions in 3

the water which catalyze the oxidation reaction. The higher amounts of 3

NaHSO3 loss for absorbent solutions prepared with plant process water or Ny

tap distilled water (metal distillation equipment) are due to the greater .

amount of metal ifons present. ;

Comparison of the amount of NaHSO3 lost to sodium sulfate -

(NayS0Q4) formed for each of the four 5 wt % NapSO3 absorbent solutions in f

table 2 indicates that either the acetic acid, acetone, or ethanol .
fnterferes with the analytical tests. However, calculations to determine
the expected amount of NajSO4 formed in the test solutions were based on
the analytical results of NaHSO3 lost since acetic acid, acetone, and
ethanol exert minimal interference in this analytical determination.
These calculations indicated that softened water or chemically treated

(EDTA) plant process water forms less NapSOg.
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A review of the plant process water analyses showed 160 mg/L
metals present in the water. The amount of EDTA required to chelate
340 mg/L metal as calcium carbonate (CaCO3) is 1 g/L of water; therefore,
approximately 0.5-g EDTA/L of water is required to chelate the metals
present in the HSO3~ absorbent solutions (i.e., 0.05 wt % EDTA). This
reduces the EDTA chemical demand by 100 times (5 wt % to 0.05 wt % EDTA),
resulting in less EDTA usage and improved economics.

Neutralized 5 wt % NapSO3 in distilled water, softened water or
5 wt % EDTA in plant process water absorbed 82 to 85% total solvents from
the recycle column inlet gas stream compared to 51% absorbed with plant
process water without EDTA (table 1). The 82 to 85% total solvent
absorption is approaching the EPA requirement of 85% solvent removal.
The 5 wt % NaySO3 absorbent solutions contained an average of 1.04 wt %
and 0.98 wt % total solvent concentration in the softened water and
EDTA-treated plant process water, respectively, compared to 0.5 wt %
total solvent concentration in plant process water. Decreasing the
absorbent feed rate also increased the total solvent concentration in the
recycle column bottoms. To recover the solvents economically by
distiilation, 1.4 wt % total solvent concentration is required in the
recycle column bottoms. Analytical determinations of HSO3~ 1loss as
NaHSO3 showed less reduction in HSO3~ content in the S wt % NajSO3/5 wt %
EDTA-treated plant process water than other 5 wt % NayS03 absorbent
solutions prepared with different qualities of water.

Recycle and Feed Rate

A review of the literature indicated that a pH of 5 is required
for maximum HSO3~ concentration 1in the NazSO3 absorbent solutions
(fig. 2).7  The water quality bench-scale absorber tests using 5 wt %
NaySO3 absorbent solutions to generate HSO3~ were conducted at pH 7 which
kept the sulfur (S IV) species in equilibrium and may have reduced
absorptive efficiency. Therefore, one 10:1 recycle-to-feed bench-scale
absorber test was conducted using 5 wt % NayS03/0.05 wt % EDTA at pH S.
This selected 10:1 recycle-to-feed ratio should improve the absorption of
solvent vapors by providing a greater concentration of HSO3~ (more HSO3~
solution is recycled; therefore, more HSO3~ 1fons are available for
solvent absorption). The decreased feed rate should increase the total
solvent concentration in the absorber bottoms to possibly attain economic
recovery.

Test conditions and results are summarized in table 3. A total
solvent concentration of 1.7 wt %4 was obtained in the recycle column
bottoms by decreasing the feed rate and increasing the recycle rate.
However, total solvent absorption was only 66.1%. The 1.7 wt % total
solvent concentration in the recycle column bottoms met the engineering
estimate of 1.4 wt % total solvent concentration required for economic
solvent recovery by distillation. However, the percentage of total
solvents absorbed from the recycle column gas inlet stream did not meet
the EPA requirement of 85% solvent removal.
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HSO3~ Absorbent Solution Concentration

The results of the water quality and recycle/feed rate
bench-scaie absorber tests indicated that a dual-column system would be
required to meet the EPA and economic¢ solvent recovery requirements since
only 66.1% total solvent absorption occured in the previous test due to
acetone vapors being absorbed by the HSO3~ and ethanol vapors being
exhausted. The bench-scale absorber unit was modified such that the
recycle column was used for the absorption of acetone vapors and a
single-pass column using plant process water was added for the absorption
of ethanol vapors. A schematic diagram of the bench-scale absorber unit
is shown in figure 3. During the initial tests, air at ambient
temperature is pulled through a cyclone scrubber and a demister column to
assure uniform flow and humidity. The air 1is then preheated to 38°C
(100°F) prior to entering the recycle column. The solvent vapors are
introduced into the gas stream by bubbling part of the blower exhaust
through a pre-weighed 1liquid solution of acetone and ethanol and
subsequently admitting the vapors generated into the recycle column inlet
gas stream. The acetone-free gas is exhausted from the recycle column
and enters the single-pass column for the counter-current absorption of
ethanol vapors. Gases are exhausted from the single-pass column at a
rate of 9.2 cfm. A series of tests were conducted, using this
dual-column bench-scale absorber unit to determine the optimal HSO3~
absorption solution composition at two different recycle rates. The
first set of tests were conducted with low and high concentrations of
HSO3~ absorbent solutions to determine the effect of HSO3~ concentration
on solvent absorption.

Comparison of 5 wt % Na>S043/0.05 wt % EDTA and 15 wt % NasS0O3/
0.05 wt % EDTA. Four recycle efficiency tests for determining the
absorption rate of acetone were completed. The tests were conducted as a
closed system, i.e., fresh absorbent solution was not introduced into the
recycle column and the recycled absorbent solution was not removed from
the column bottoms except for sampling. Gas samples were collected every
30 min and recycled absorbent solution samples were collected at either
10- or 20-min intervals.

In the two tests using 5 wt % Naz803/0.05 wt % EDTA at pH 5, the
absorbent solutions were recycled for 3 h at 300 mL/min for one test and
1,000 mL/min for the other test. The results are shown in figure 4.
After 1 h of operation, the concentration of acetone in the absorbent
solution plateaued with the 1,000 mL/min recycled absorbent solution
containing 0.4 wt % more acetone than the 300 mL/min recycled absorbent
solution. After 2.5 h of operation, an increase of acetone concentration
was observed in the absorbent solutions for both tests, indicating that
the system probably did not achieve saturation. The ethanol
concentration in both absorbent solutions increased to 0.2 wt %.

Two additional tests were conducted wusing 15 wt % NapS03/
0.05 wt % EDTA at pH 5. Absorbent solutions were recycled for 6 h at
300 mL/min in one test and 1,000 mL/min in the other test. The results
are shown in figure 5. Between 80 and 260 min of operation, the
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300 mL/min recycled absorbent solution contafned 0.6 to 0.8 wt % more
acetone than the 1,000 mL/min recycled absorbent solution. Both
absorbent solutions continued to absorb acetone beyond 260-min until the
tests were terminated. (The system possibly did not achieve
saturation.) The ethanol concentration in both absorbent solutions did
not exceed 0.2 wt %.

The 5 wt % NayS03/0.05 wt %L EDTA absorbent solutions evaluated
earlier did not absorb greater amounts of acetone than the 15 wt %
NaS03/0.05 wt % EDTA absorbent solutions because of the decreased amount
of HSOq~ present for acetone absorption. In general, when the recycle
rate of the absorbent solution is increased, more HSO3~ is available for
solvent absorption per unit volume of gas stream to be treated; when the
recycle rate of the absorbent solution is decreased, greater contact time
of HSO3~ 1is provided (at the expense of decreasing the amount of
available HSO3~) to treat the same unit volume of gas stream. The
1,000 mL/min 5 wt % NazS03/0.05 wt % EDTA recycled absorbent solution
absorbed more acetone than the 300 mL/min 5 wt % NaS03/0.05 wt % EDTA
recycled absorbent solution because the greater recycle rate provided
more HSO3~ available per wunit time for acetone absorption. The
300 mL/min 15 wt % Na3S03/0.05 wt % EDTA recycled absorbent solution
absorbed more acetone than the 1,000 mL/min 15 wt % NaS03/0.05 wt % EDTA
recycled absorbent solution because the decreased recycle rate provided
longer contact time for absorption to occur.

The above series of tests showed that the highest concentrations
of HSO3~ absorbed more acetone. Further comparisons of the effect of
HSO3~ concentrations for acetone absorption were therefore conducted.

Comparison of 20 wt % Na»S03/0.05 wt % EDTA and 20 wt % NasS,0c/
0.05 wt % EDTA. Two additional dual-column bench-scale absorber tests
were completed. Acidified 20 wt % NaZSOg/O.OS wt % EDTA was used for the
first test and 20 wt % sodium metabisulfite (Na»S;0g)/0.05 wt % EDTA for
the other test. The NaSy05 solution has a pH of approximately 5 and
therefore does not require acidification in generating HSO3~ ions. Plant
process water was the single-pass column absorbent solution in both
tests. The recycle rates were identical in both tests; the plant process
water rates were varied in both tests. The test conditions and results
are summarized in table 4.

The results show 20 wt % Naz5705/0.05 wt 4 EDTA absorbent
solution to be a better absorbent for acetone than acidified 20 wt %
NapS03/0.05 wt % EDTA when the average acetone concentration in the inlet
gas and the recycle rates of the absorbent solutions were identical. The
ethanol concentrations in the single-pass column absorbent solution
(i.e., plant process water) were the same for both tests. These
concentrations were expected since the amount of ethanoi in the
single-pass column inlet gas stream was doubled from test | to test 2
with the flow rate also doubled.

A review of the NajS;05 absorbent solution coordination
chemistry confirmed that sulfur dioxide (SOz) gas can be present and
evolve from the solution. To alleviate the SO emissions, NapSO3 was
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added to the NapS;0g absorbent solution for SO, absorption and further
tests performed. Details of the coordination chemistry are presented in
a subsequent section (Coordination Chemistry by Ion Chromatography).

Comparison of 15 wt % NasS->0s/0.05 wt % EDTA and 15 wt %
NayS205/6.5 wt 7%Na»S03/0.05 wt % EDTA. Two additional tests using the
duai-column bench-scale absorber unit were conducted using absorbent
solutions that were 15 wt % NapS705/0.05 wt % EDTA for the first test and
15 wt % NaySy05/6.5 wt % NaS03/0.05 wt % EDTA for the other test. These
tests were designed to test the effects of gaseous SOz in solution. As
in the two previous tests, plant process water was the single-pass column
absorbent solution in both tests and both the feed and recycle rates of
) the HSO3~ absorbent solutions were identical. Test conditions and
results are summarized in table 5. The results show 85% and 81% total
solvents were absorbed for tests 1 and 2, respectively.

The test 1 recycle column absorbent solution (15 wt %
Na3S205/0.05 wt % EDTA) contained 0.85 wt % solvents in the recycle
column bottoms and 0.19 wt % solvents in the single-pass column bottoms.
This was due to the test being stopped after 2 h of operation since SO;
was emitted in the absorber off-gas, thereby not permitting steady-state
operation. Test 2 used NazSO3 in the recycle column absorbent solution
to absorb any SO formed. The absorbent solution (15 wt %
NaS205/6.5 wt % NaS03/0.05 wt % EDTA) contained 1.4 wt % solvents in
the recycle column bottoms and 0.14 wt % solvents in the single-pass
column bottoms. The percentage of inlet gas solvent absorbed increased
as operating time increased; however, the efficiency of the single-pass
column decreased with increased operating time as ethanol was exhausted
from the recycle column absorbent solution.

Operating Temperature

Four additional bench-scale absorption tests were conducted tin
the dual-column bench-scale unit to evaluate the effect of temperature on
solvent absorption (table 6). The recycled HSO3~ absorbent solutions
were 15 wt % NaS205/6.5 wt % NayS03/0.05 wt % EDTA; plant process water
(both ambient and <chilled) was the single-pass column absorbent
solution. Tests 1 and 2 had solvent vapors generated by bubbling a
specified air flow through a known solution of 1liquid solvents. Tests 3
and 4 had solvent vapors generated by vaporizing a specified rate of a
known solution of liquid solvents. This technique was wused to )
investigate if a more constant solvent solution could be obtained.
Tests 1 and 2 had 1,500 mL/min HSO3~ absorbent solution recycled with a A
feed rate of 100 mL/min in the recycle column whereas tests 3 and 4 had
300 mL/min and 50 mL/min, respectively. All tests had 100 mL/min of .
plant process water fed into the single-pass column with tests 2 and 4 .
waters peing chilled. N

More acetone was absorbed in the test 2 recycle column bottoms '
in the HSO3~ absorbent solution whereas test 1 absorbed more ethanol in '
the single-pass column bottoms in water. It was expected to have more .
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ethanol in the test 2 single-pass absorber column bottoms since the water
was chilled. Neither test 1 nor 2 absorbed 1 wt % total solvents in the
recycle absorber column bottoms; on the other hand, even less solvents
were absorbed in the bottoms in tests 3 and 4. Apparently the manner in
which the solvents were vaporized for tests 3 and 4 caused less
absorption. No conclusive reasons for this anomaly were found. Mass
balances on all tests indicated that either sample acquisition, sample
preparation, or sample analysis was in gross error. Trend analyses of
gas and absorbent solution samples also showed upsets fin the system,
indicating that steady-state conditions in the tests were not achieved.

Based on discussions with experts in gas sampling and analyses
(EPA and Research Triangle), there are apparently no specified EPA
methods or standards for gas sampling which are directly applicable to
RAAP's VOC exhaust streams. Previous results of gas vs liquor sample
analyses indicate more accuracy in liquor analyses. Two tests were
therefore initiated to determine where discrepancies in gas and liquor
sampling and analyses occur. To determine if the HSO3~ absorbent
solutions were interfering in GC analyses of the solvents, known
concentrations of solvent mixtures were prepared in HSO3~ absorbent
solutions and water. These mixtures spanned a large solvent
concentration range to determine if solvent concentration also affects
the analyses. The results (table 7) show there is a slight discrepancy
betwee~ the expected concentration of solvents vs the GC analyses;
however these discrepancies are minimal and indicate there are no
interferences in the liquor analyses.

25 Fractional Factorial (1/2 Replicate) Experiment Design

The experimental design of the optimization study is a fractional
factorial experiment in which several factors are _controlled to
investigate their effects at each of two or more levels.8 These factors
were selected based on the results of the earlier evaluations of
absorbent solution concentrations, recycle and feed rates, and operating
temperatures. The plan consists of taking an observation at each one of
all possible combinations that can be formed for the different levels of
the factors. The analysis of factorial experiments yields the main
effects of a given factor and the presence of interactions. Furthermore,
the use of planned grouping (i.e., blocked factorial) improves the
precision of estimation of experimental error and allows estimation of
the main effects free of block differences.

The 25 fractional factorial (1/2 replicate) experimental design for
the optimization study is listed in table 8. The VYates' method for
obtaining estimates of main effects and interactions for two-level
factorials was used in accordance with the Army Material Command AMCP-706
Series.8 The experiment was conducted as a fractional factorial (1/2
replicate) to reduce the number of tests from thirty-two to sixteen. The
sixteen tests were those treatment combinations listed for block 1 (the
treatment combinations for observation). It should be noted that the
factors (i.e., A, B, C, D, and E) will be confounded (will fail to be
discerned) with block effects; in this case the ABCDE interaction is
confounded with block effects.

------

t A o & _ v # ¢ @

» "“'.‘\‘."

"2 %




.....
g

PRI

rog kg - [ . vy ary ‘ NN EREN NN AN OO O O IO IO SO IOV RO

The dual-column bench-scale absorber unit was used to conduct the 29
fractional factorial (1/2 replicate) experiment. The recycle column
absorbent solutions were 5 wt %L NazS»05/2.5 wt % Nap$03/0.05 wt % EDTA
and 15 wt % NapS205/6.5 wt % NazS03/0.05 wt % EDTA. Plant process water
(ambient and chilled) was the single-pass column absorbent solution.
Both low and high recycle rates (i.e., 300 and 1500 mL/min) and feed
rates (i.e., 25 and 100 mL/min) were evaluated in the recycle column
whereas only low and high feed rates (i.e., 80 and 130 mL/min) were
evaluated in the single-pass caolumn. The results of the sixteen
individual tests conducted in the 25 fractional factorial (1/2 replicate)
experiment are presented in table 9.

Tests 1 and 2 were conducted under the same conditions for debugging
purposes. The percentages of inlet gas solvents absorbed for tests 1 and
2 were 79 and 90, respectively, with the solvent concentration being
greater for test 1 than test 2. This discrepancy is due two factors.
Problems were encountered in delivering the absorbent solution feed for
test 1 resulting in low amounts of solution fed. The decreased absorbent
solution feed rate resulted in a higher solvent concentration in the
absorbent solution and less recovery of the inlet gas solvents due to the
solvents being more readily exhausted with increasing solvent
concentration in the absorbent' solution. The other factor for this
discrepancy occurred in test 2. The solvent concentrations in the
absorbent solution for test 2 suddenly decreased after 2 h of operation.
This decrease s not fully understood since no major upsets occurred
during this test. This decrease is possibly the result of salts in the
absorbent solutions accumulating in the automatic sample injection
syringe in the GC thereby causing low analytical analyses of the
absorvent solutions. Figures 6 and 7 show the solvent concentration in
the absorbent solutions for test 1. Figures 8 and 9 present the solvent
concentration in the absorbent solutions for test 2.

The first test conducted in the 25 fractional factortal (1/2
replicate) experiment was the bcde interaction. The results show 95% of
the inlet gas solvents were absorbed with 0.73 wt % and 0.12 wt % solvent
concentration in the absorbent solutions for the recycle and single-pass
columns, respectively. Figures 10 and 11 show that the solvent
concentrations in the absorbent solutions for this test also decreased
suddenly after 3 h of operation. Again, this decrease is not fully
understood since no major upsets occurred in the system; however, salts
in the absorbent solutions apparently interfered with the analytical
analyses.

The abcd and abce interactions resulted in 86% and 91% solvent
removal, respectively, which meet the EPA requirement of 85% solvent
removal. However, the engineering estimate of 1.4 wt % total solvent
concentration in the recycle column bottoms for economic recovery was not
achieved by either set of interactions. The ad and (1) interactions did
concentrate the solvents in the recycle column to 1.88 wt % and 2.0 wt %,
respectively, meeting the engineering economic recovery requirement.

The de and be interactions resulted in 85% and 93% solvent removal,
respectively, which also meet the EPA requirement of 85% solvent
removal . The engineering estimate of 1.4 wt % total solvent
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concentration in the recycle column bottoms for economic recovery was
achieved by the de interaction but not by the be interaction. The ab
interaction also failed to achieve the engineering estimate of 1.4 wt %
total solvent concentration in the recycle column bottoms. The ce, cd, .
and ae interactions did concentrate the solvents in the recycle column "
bottoms to 2.2 wt %, 3.1 wt %, and 4.0 wt %, respectively, meeting the
engineering economic recovery requirement. 4

The bd, acde, abde, and bc interactions resilted in >85% solvent h
removal, meeting the EPA requirement of 85% solvent removal. The ac D
interaction failed to meet the >85% solvent removal EPA requirement. The :
engineering estimate of 1.4 wt % total solvent concentration in the
absorber bottoms for economic recovery was achieved by the acde and ac .
interactions. The only interactions that meet both the EPA and '
engineering estimate requirements were the de and acde interactions shown
in table 10. The ce interaction was the next best in meeting these
requirements.

25 Fracttonal Factorial (1/2 replicate) Experiment Analysis

- ¥ ¥

The 25 fractional factorial (1/2 replicate) experimental design for
the optimization study is listed in table 8. The Yates' methods for
obtaining estimates of main effects and interactions for two-level
factorials was used.8

The first step in the Yates' procedure is to prepare a table with n+2 J
columns, where n is the number of factors in the factorial experiment. -
For the fractional factorial experiments, n is replaced by n' where n' =
n-b, with b determining the fractional replicate tested. For this
particular experiment, five factors (n=5) were studied with one-half
replication (b=1) having sixteen observations. Therefore, tables having
six columns (n'+2) were generated. The first column contains the
treatment combinations listed in a prescribed standardized order. The
second column contains the measured response for the corresponding
treatment combination listed in column 1. Columns 3 through 6 contain
the systematic procedure of sums and differences between consecutive
pairs of data. The entries in column 6 correspond to the ordered effects
(g) listed in an additional column, column 7, as the estimated effects of
the treatment combinations 1listed 1{in column 1 for the fractional
factorial (1/2 replicate) experiment. Tables 11, 12, and 13 contain the
results obtained by using the Yates' method of analysis when the
responses are percentage of total solvent removed from the recycle column
inlet gas stream, weight percent of solvents concentrated in the recycle
absorber column bottoms, and weight percent of solvents concentrated in
the single-pass column bottoms, respectively.

The second step in the Yates' method test for significance of main

effects of the evaluated factors and interactions is to choose a level of )
significance, o , and compute the main effect(s) or interaction(s), w. :

For this particular fractional factorial experiment, the significance of W
any main effect was determined based on the second-order interactions. P

These interactions were used as an independent estimate of error since no
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experimental data were available for estimating purposes. The results of '
main effects for the responses (individual results presented in
tables 11, 12, and 13) are summarized in table 14. These results show
the recycle and single-pass column absorbent solution feed rates affect
the percentage of solvent removal from the inlet gas streams. The
results also show that the recycle column feed rates affect the solvent
concentration in the recycle bottoms and the single-pass column bottoms.
The solvent concentration in the single-pass absorber column bottoms is
also affected by the percentage of HSO3~ in the recycle column and the
single-pass column feed rates.

SOLVENT RECOVERY STUDY OF
HSO3~ ABSORBENT SOLUTIONS

Solvent recovery studies were conducted wusing S5 wt % NaySy0g/
2.5 wt % NapS03/0.05 wt % EDTA (i.e., 5 wt % HSO3™) and 15 wt % NapSy0sg/
6.5 wt % NayS03/0.05 wt % EDTA (i.e., 15 wt % HSO3") absorbent
solutions. Five bench-scale absorption/solvent recovery by distillation
evaluations on the same (i.e., recirculated) 5 wt % HSO3~ absorbent
solution were completed. Additional efforts to increase the solvent
concentration in the recycle column bottoms for solvent recovery using
5 wt % HSO3~ absorbent solutions were wunsuccessful. Six similar
evaluations using the 15 wt % HSO3~ absorbent solution were, on the other
hand, successful.

Evaluation of 5 wt % NazS;05/2.5 wt %4 NapS03/0.05 wt % EDTA Absorbent
Solution

The dual-column bench-scale absorber unit was used for the 5 wt %
HSO3~ absorbent solution evaluations. Plant process water was the
single-pass column absorbent. The test parameters selected were those of
the de interaction of the fractional factorial (1/2 replicate) experiment
which met the EPA requirement of 85% solvent removal and the engineering
estimate of 1.4 wt % total solvent concentration in the absorber
bottoms. These parameters included 5 wt % HSO3~ absorbent solution fed
into the recycle column at 25 mL/min and recycled at 300 mL/min. The
ambient temperature plant process water was fed into the single-pass
column at 130 mL/min. Operating times were 4 h instead of 6 h as for the
fractional factorial (1/2 replicate) experiment.

The 5 wt % HSO3~ absorbent solution from the bottoms of the recycle
column was batch distilled using a 1-in. diameter Snyder distillation
column. The column contained twelve sections, each of which contains a
floating ball valve. Rising vapors 1ift the valves off the seats,
allowing condensate to flow down. At the same time, condensate washes
the vapors of the heavier water fractions back into the distilling pot.
The distilling column was operated in a 3:1 reflux mode, allowing the
acetone and ethanol solvent vapors to be enriched as they were condensed
as overhead product. The temperature of the distilling pot was 100°C
(212°F). The overhead was collected between 56°C (133°F) and 78°C
(172°F), the boiling points of acetone and ethanol, respectively.
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The test results (table 15) show the EPA VOC removal requirement was
met in trial 3 only. When the system had constant absorbent solution
feed, steady-state was usually accomplished in 2 h; however, shorter
operating times affected system stabjilization. The engineering estimate
was met in all five trials. The percentage of total solvents recovered
by distillation ranged from 40 to 60% due to the low concentration of
solvents in the recycle absorber bottoms. The_ percentage of NapS0g
decreased with each trial as the percentage of 5042' increased.

To assure that steady-state conditions and system stabilization were
met, a sixth trial was conducted as described above. This test was
conducted for 16 h. The total amount of solvents removed from the
recycle column inlet gas stream was 88%, resulting in 2.36 wt % total
solvent concentration in the recycle bottoms. The percentage of NajL;0s
loss was 2%. The percéntage of solvent recovery by distillation was 40%
with the remainder in the 5 wt % HSO3~ absorbent solution.

To improve upon the percentage of solvent recovered by distillation,
two additional trials were conducted. Two liters of 5 wt % HSO3~
absorbent solution were recirculated in the recycle column at 300 mL/min
for each test. One test recirculated the HSO3~ absorbent solution with
no makeup for evaporative losses while the other test used plant process
water as makeup in the HSO3~ absorbent solution. Tests were monitored
with an organic vapor analyzer (OVA) to determine total solvent
concentrations in the inlet and exit recycle column gas streams. When
75% of the solvents in the inlet gas stream broke through into the exit
gas stream of the recycle column, the trials were stopped. The trial
with no water makeup ran 4 h while the trial with water makeup ran
3.5 h. The concentrations of the solvents in the recycle bottoms were
3.94% and 2.67% for the trials with no water makeup and water makeup,
respectively. The evaporative losses of water from the first trial
increased the NaSy0g content from 5.0 wt % to 9.3 wt % whereas the water
makeup in the second trial resulited in the NazS;0g content decreasing
from 4.2 wt % to 3.2 wt %. The increase in solvent concentration in the
recycle bottoms resulted in the 83% and 66% solvent recovery by
distillation for the trial with no water makeup and the trial with water
makeup, respectively.

These above trials indicated that increasing HSO3~ content increases
solvent removal by absorption from the recycle inlet gas stream, thereby
increasing the quantity of solvents available for recovery by
distillation. According to the results of the fractional factorial (1/2
replicate) experiment, HSO3~ concentration did not influence the solvent
concentration in the recycle column bottoms but slightly influenced the
solvent concentration 1in single-pass column bottoms. Since these
findings were based on indiscernable second-order interactions and not
the main effects, trials were conducted using 15 wt X HSO3~ absorbent
solutions.
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. Evaluation of 15 wt % NazSy0g5/6.5 wt % NayS03/0.05 wt % EDTA Absorbent
1 Solution

The dual-column bench-scale absorber system was also used for the
15 wt % HSO3~ absorbent solution evaluations. The 15 wt % HSO3~ solution
b was cnosen for evaluation since the previous tests had indicated that
\ increasing HSO3~ content increases solvent removal from the recycle
column inlet gas stream which in turn enhances solvent recovery by

b distillation. The trial parameters were identical to those used in the
« 5wt % NapSp0g5/2.5 wt % NapS03/0.05 wt % EDTA  absorbent solution

evaluations, i.e., the de interaction of the fractional factorial (1/2
! replicate) experiment with the exception that the operating times ranged

from 4.5 to 6.5 h. The results of the six trials are summarized in
d table 16.

Trial 1 utilized 2 L of 15 wt % HSO3~ absorbent solution recirculated
in the recycle column at 300 mL/min. Plant process water was added as
makeup for evaporative losses. The solvent concentration in the recycle
column bottoms was 3.39 wt % which resulted in 86% solvent recovery by
distillation. The percentage of NazSy0g loss was 3%. The single-pass
column was not in operation during this trial; therefore, total solvents
removed from inlet gas stream was not calculated.

SIS NN

Five additional trials wusing this same absorbent solution were
compieted. The results showed 96% of the solvents from the recycle
column inlet gas stream were removed yielding 4.5 wt % total solvents in
the recycle column bottoms for trial 2. The results of trials 3 through
6 show that the EPA requirement was not met. The results also show that,
as the NapSy0g solution is recycled, SO42- concentration increases due to
oxidation of NayS;0s.
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,‘ Figures 12 and 13 show the relationship of NapSy05 and $042-
) concentration trends before absorption, after absorption, and after
) distillation testing, respectively, for each trial. As acetone reacts
with HSO3~ during absorption, the concentration of NajSy0Og5 decreases
(fig. 12). After the acetone is distilled from the HSO3~ absorbent
solution, the NaySy0g concentration increases but does not return to the
original concentration for the start of the trial (fig. 12). At the end
of trial 6, no NaSy0g was present after absorption and distillation
showing that the absorbent solution was spent (fig. 12). The S042-
; concentration in the absorbent solution increased throughout testing
(fig. 13) due to oxidation of NayS;0s.
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EFFECTS OF NITROGLYCERIN (NG)
; ON HSO3~ ABSORBENT SQLUTIONS

A review of the literature showed NG vapors were successfully removed
tn three different ways. One technique for removing NG vapors used a
sieve plate column with recirculated water as the absorbent medium and a
reservoir of dibutylphthalate (DBP) to act as an inert diluent in the
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bottom of the column to absorb and desensitize any NG which precipitated
from the absorbent water.* A second method evaluated was an adsorption
system using a styrene-divinylibenzene copolymer resin that effectively
adsorped the NG vapors and allowed the solvent vapors to pass free of ary
NG contamination.d Another method was passing tne FAD exhaust air
througn a caustic absorber containing six sieve plates which successfully
removed 99% of the NG from the air.>

Based on the literature review and the VOC emission survey conducted
in the Phase [ engineering studies, the maximal NG concentration that
could be removed by the bench-scale absorber unit was calculated. For
this NG concentration, the effect of HSO3~ absorbent solutions on NG was
studied.

NG Calculations

Calculations were performed for the maximal NG concentration expected
to be considered for the NG effects study. The main assumption for the
calculations is that the majority of the NG is lost as VOC when a FAD is
on cycle. The basis for these calculations is the existing FADs which
use an air flow of 5,500 cfm per bay. The propeliant considered in the
calculations is M30, a major RAAP production item.

Two sets of calcuiations were conducted to determine the quantity of
NG to be expected in the FAD exhaust air. If 2 1b of NG is added per mix
for line loss, the expected concentration of NG in the FAD exhaust is 4
to S ppm. Figure 14 shows 2 to 3 ppm is exhausted from a FAD bay drying
M30 prooellant.5 If 1line loss is 1 wt % NG, which occurs with certain
M30 propellant formulations, the expected concentration of NG in the FAD
exhaust is 14 ppm. Using the worst case of 14 ppm NG exhausted from a
FAD and scaling down to the bench-scale absorber unit, the maximal amount
of NG expected to be absorbed by an absorbent solution feed rate of
100 mL/min is 850 mg/L.

The theoretical solubility of NG in water 1{s around 1,800 to
2,000 mg/L. Since most M30 propellants exhaust 2 to 3 ppm NG while
drying, the representative quantity of NG absorbed in the absorbent
solutions would be 350 mg/L NG.

NG Effects

Based on the above discussion, NG effects were studied with neat NG
being added to the HSO3~ absorbent solutions and NG vapors being absorbed
into HSO4~ absorbent solutions.
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Liquid NG Effects

The effect of HSO3~ absorbent solutions on neat NG was studied
with absorbent solutions containing an initial concentration of 350 mg/L
NG. In the initial study, liquid chromatographic (LC) analyses of NG in
the HSO3~ absorbent solutions showed NG decomposition in the 15 wt %
HSO3~ absorbent solution but not in the 5 wt % HSO3~ solution. After one
week, the NG in the 15 wt % HSO3~ solution was reduced to only 14 mg/L NG
in one sample and no NG was detected in the two other samples. The
5 wt % HSO3~ absorbent solution contained 250 mg/L NG. Inspection of the
5 wt % HSO3~ absorbent solution showed NG droplets in the bottom of the
samples which could explain these low results. These results, after one
week, are summarized below:

Sample (mg/L)
NG in water 334
NG in 15 wt % HSO3~ absorbent solution 14
NG in 5 wt % HSO3~ absorbent solution 247

Based on the LC analytical results, the 15 wt % HSO3~ absorbent
solution might be more desirable for controlling NG even though the
5 wt % HSO3~ absorbent solution was selected as a good solvent absorbent
for economic reasons. The fractional factorial (1/2 replicate)
experiment showed there was no significant difference in solvent
absorption capabilities between the 5 wt % and 15 wt % HSO3~ absorbent
solutions. (Fresh HSO3~ absorbent solution was used for each trial of
the experiment.) Therefore, either concentration could be used for
solvent absorption.

A second study to further delineate the effect of HSO3-
absorbent solutions on 1liquid NG was conducted. Absorbent solutions
containing an initial concentration of 350 mg/L NG were monitored over
time by LC. NG decomposition occurred in the 15 wt % HSO3~ absorbent
solution but not in the 5 wt % HSO3~ absorbent solution in the first set
of tests. A review of the data coupled with additional testing showed
the soluble NG in the 5 wt % HSO3~ absorbent solution was slowly
decomposed to dinitroglycerin (DNG) in one week. The insoluble NG in the
5 wt % HSO3~ absorbent solution remained as NG droplets in the bottom of
the samples. When methanol was added to the NG in the 5 wt % HSO3-
absorbent solution, the NG was solubilized and decomposition to DNG began
to occur. Test results are in table 17.

No NG or DNG was detected in the 15 wt % HSO3~ absorbent
solution after one day (table 17). Droplets were observed in the second
testing of NG decomposition in the 15 wt % HSO3~ absorbent solution
whereas no droplets were observed in the first test. Ambient temperature
differences are believed to be the cause of droplet formation. When
these droplets were solubilized by the addition of methanol to the
15 wt % HSO3~ absorbent solution and analyzed by LC, no NG or ONG were
detected after approximately 20 min, indicating that the nitrate esters
were decomposed.

............................
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Vapor NG Effects

A 4.5-h laboratory-scale study was completed to determine the
effect of HSO3~ absorbent solution on NG vapors. The 15 wt % HSO3~
absorbent solution was selected since NG decomposition had occurred in
absorbent solutions containing an initial concentration of 350 mg/L NG.
Solvent vapors were generated by bubbling 0.4 L/min air through a
solution of ethanol and acetone in water. This gas stream was preheated
to 30°C (86°F) and entered a gas washing bottle containing heated N-S
propellant to generate NG vapors. The solvent/NG gas stream was
introduced into a 15 wt % HSO3~ absorbent solution which was contained in
a second gas washing bottle. Figure 15 shows the laboratory-scale unit
used for this study.

Samples of the gas washing bottle inlet and exit gas streams
were analyzed by GC for ethanol, acetone, and NG concentrations.
Figures 16 and 17 show the inlet and exit gas streams' NG and solvent
concentrations, respectively. The percentage of NG absorbed was 99+%.
A1l of this NG was destroyed in the 15 wt % HSO3~ absorbent solution
according to LC analyses. Decomposition of NG to DNG was not observed
since neither component was detected. The percentage of acetone absorbed
was 97+% with most of the ethanol being exhausted (i.e., 65% as shown in
fig. 17]1. This resulted in 1.2 wt % total solvent concentration in the
gas washing bottle bottoms.

PROCESS DESCRIPTION OF HSO3~ ABSORPTION SYSTEMS

Information from the optimization, solvent recovery, and NG effects
studies directed the selection of the HSO3~ system processing equipment
for VOC recovery/reuse and abatement. Preliminary design considerations
and criteria, including general safety gquidelines <(appendix A), of
conceptual designs for the pilot-scale mixing operation and FAD exhausts
were developed.

Preiiminary Design Considerations

Several concerns in the process design were given consideration.
These concerns are the treatment of Na;S0O4q that is formed in the HSO3~
absorbent solution and the disposal of the residual solvents in the
singie-pass column bottoms.

Disposal of Residual Solvents

A biological treatment facility for treating the solvent
restduals obtained from the single-pass absorber column was selected as
part of the preliminary design for the FADs. However, the fugitive
emission of solvent vapors from the absorber stream would be expected to
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be significant, 1.e., a large percentage of the solvent would be lost to
the atmosphere on pumping and_ circulation of the water in the biological
treatment equalization basin.3 Other methods of potential treatment of
the low solvent concentrations in the absorber bottoms were, therefore,
investigated. These methods are activated carbon (AC) and carbonaceous
absorbents for solvent recovery.

The adsorption of solvents from simulated green propellant
manufacturing wastewater onto AC has been tested.!4 The simulated
wastewater contained 950 mg/L ethanol, 303 mg/L acetone, and 293 mg/L
diethyl ether. This wastewater was processed through a_400-cc AC column
at an average flow rate of 16.8 mL/min (2.1 gal./min/ft3 of AC). During
this test, 25 L of wastewater was processed with effluent samples
collected every 1 L for analyses. Results of this test are presented in
table 18. The results show that ethanol, acetone, and diethyl ether can
be removed from wastewater by AC adsorption. However, the capacity of AC
for adsorbing the solvents is small whereas the required capacity for
solvent recovery by AC is 55 to 70 wt %. This study did not address the
presence of NG and NG incompatibility with AC; however, an earlier study
on carbonaceous adsorbents concluded that a total systems safety risk
analysis would be required before additional testing with NG and other
nitrate esters can be performed (appendix B).13

Coordination Chemistry Monitored by Ion Chromatography

Coordination chemistry of the HSO3~ solutions was completed in
which standardization curves were generated according to Hercules test
methods as is done for other chromatographic evaluations, e.g., GC and
LC. These curves were for % NasSO4 vs % NapSy0Og made-up, % total solids
vs % NapSy05 made-up, pH vs % NapSp0g made-up, % total solids vs
% NapSy0g titrated by iodine, and % NazSy05 titrated by fodine vs
% NayS)0s made-up. These solutions were evaluated in the RAAP laboratory
by a Dionex 20001 series ion chromatograph (IC). The Dionex 2000i series
IC was evaluated as a potential analytical tool to determine its
capabilities for analyzing HSO3~ absorber solutions wused for the
absorption of acetone and ethanol vapors in the bench-scale absorber unit.

IC is the separation of ionic species using the appropriate
chromatographic conditions and the detection of these separated species
via the appropriate detection scheme. The basic principles of IC and a
flow diagram showing the IC operation is presented in figure 18. An
example of an anion standard chromatogram including analytical conditions
is shown in figure 19. The purpgse of the IC evaluation is to quickly
assess the concentration of S042- accumulation in the HSO3~ absorbent
solutions and obtain a profile of the more stable sulfur oxide species
present in the solution. The capability of monitoring $S04%- determines
when the absorbent solution is spent and cannot be recycled in the
apsorption process. A Erofile of the more stable sulfur oxides (i.e.,
$03%=, $7034-, and S$7052-) will aid in determining the availability of
HSO3~ present in the absorbent solution for reuse.
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Data reduction of absorbent solution IC chromatograms used in
bench-scale absorption testing for solvent recovery and standard
solutions of HSO3~ showed S$042- was readily separated from the sulfur
oxides present in the solutions. The IC anion standard and operating
conditions are shown in figure 20.

Initial HSO3~ absorber solutions used NajSO3 to generate HSO3~
when neutralized to a pH of 6 to 7. Unneutralized solutions of NaySOj3
are shown in figures 21 and 22. The ICs of the solutions show that 1.5%
of the 6.5 wt % HSO3~ solution (fig. 21) and 5.6% of the 15 wt % HSO3~
solution (fig. 22) consists of S032~ and SO42- anions. The other sulfur
oxides and HSO3~ were not detected under the IC operating conditions.

Past absorber tests with HSO3~ showed NaySy05 to be a better
absorbent than neutralized NaSO3. Additional bench-scale testing with
NaS,0g absorbent solutions also showed that NazSO3 is required in the
NapSy05 solutions to absorb any SO; emitted in the absorber off-gas.
Therefore, a 15 wt % NaS205/6.5 wt % Na5503 solution was analyzed by IC
(fig. 23). The analysis showed 6.7% SO4<~ was present in this absorbent
solution with no sulfur oxides present. Past absorber tests also showed
that the addition of EDTA, an antioxidant, inhibits the oxidation of
HSO3=. A 15 wt % NapSp05/6.5 wt % NapS03/0.05 wt % EDTA_ solution was
ana?yzed by IC (fig. 24). This analysis shows 3.4% 5042‘ and 6% SO3~
present with no other sulfur oxides present. This analysis also
indicates that the addition of EDTA reduces sulfur oxide oxidation by
approximately one half (6.5% SO042- compared to 3.4% SO42- in figures 23
and 24, respectively).

Analyses of absorbent solutions used in a bench-scale test were
conducted on the 15 wt % HSQO3~ absorbent solution and plant process water
before and after the test trial. The before and after analyses of
15 wt L HSO3~ absorbent solution in plant process water are shown in
figures 25 and 26, respectively. An increase in SO4Z° from 1.8% to 2.5%
was observed with a decrease in 5032' from 5.9 to 5.1% in figures 31 and
32, respectively. No other sulfur oxide species were detected. The
before and after analyses of plant process water used in the single-pass
absorber column are shown in figures 27 and 28, respectively. The 5042'
increased from 17 mg/L to 140 mg/L in figures 27 and 28, respectively.
This increase is due to a portion of the HSO3~ solution being carried
into the single-pass absorption column.

The IC is capable of determining the concentration of S$S042-
present in HSO3~ absorbent solutions. However, determining the presence
of HSO3~ and sulfur oxides other than 5032' requires additional IC
capabilities. NaS;05, when added to water, acts as NaHSO3 as shown in
the following reaction: NazSy0g + Hp0 —> 2NaHSO3. However, solutions
of NaHSO3 appear to have four species of the thionate-thionite fion
(S205~) shown in figure 29. At low concentrations, the tautomers (A) and
(B) exist. When the concentrations increase, the tautomers interact by
hydrogen bonding to form (C) which is in equilibrium with the disulfite
ion (D) as shown in figure 29. These tautomers require different IC
conditions to establish their presence ($S032- and $042- are determined
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using the IC conditions in figures 20 through 28). The tautomer
conditions, including dithionate and tetrathionate analyses, are shown in
figure 30.

The IC evaluation showed that concentrations of S042- can be
rapidly determined to establish 5042~ accumulation in HSO3~ absorbent
solutions. The HSO3~ needs to be determined using the IC column and
conditions presented for the thionate-thionite tautomers shown in
figure 30. It is concluded that the IC is capable of monitoring 5042' to
determine when the absorbent solution is spent and cannot be recycled in
the absorption process. Also, a profile of the more stable sulfur oxides
as thionate-thionite tautomers can be established to determine the
availability of HSO3~ present in the solution for absorption reuse.

Sodium Sulfate (NaSO4) Treatment

The treatment of NajySOq4 that is formed in HSO3~ absorbent
solutions by oxidation may be effected in three ways: removal by purge
crystallization, the formation of calcium sulfate (CaSO4q) for reuse, or
NapSO4 reduction in a multiple-hearth furnace (MHF).

Removal of NaySO4 from the HSO3~ absorbent by the purge
crystallization method used in the Wellman-Lord SOy recovery system could
produce a potentially marketable by-product.!O The purge crystallization
method wuses high temperature separation of the sulfate (HTSS).
Previously, a low temperature sulfate separation (LTSS) system
precipitated NapSOq from the solution by cooling in a
chiller-crystallizer. Advantages of the HTSS process are simplicity,
savings in annual energy and operation costs, and few equipment
requirements. A disadvantage is the production of a less pure NapSOg
product.

- -

NapS04 can be converted to CaSO4. Decomposing CaSOq for reuse
in HySO4 manufacture and lime generation has been studied. A final
report_ _describes the current status and design criteria for CaSOq
reuse.!!  However, a literature review did not reveal a simplistic
technology for converting NazSO4 to CaSOg4.

The reduction of NazSO4 in furnaces having a reduciﬁg atmosphere
for process reuse is documented by the papermill industry.!Z.13 One of

these processes, the Sulfite Recovery Process (SRP), was selected and

modified for future NaySO3_ recovery/reuse in the RAAP trinitrotoluene

(TNT) purification process.‘3 During part of the RAAP SRP operation, ;
excess NaySO4 is converted to hydrogen sulfide (HpS) and sodium sulfide .
(NaS) in a MHF having a reducing atmosphere. The HpS is then oxidized
to SO2 in an afterburner and subsequently removed via a NapSO3 solution
forming NaHSO3. The NaHSO3 is further processed to NaySO3 in the ash
precipitation step of the process. The minor amount of NajzS from the
reducing zone of the MHF is oxidized to NapSO4 which becomes a minor
impurity in the ultimate NaySO3 product formed in the ash precipitation
step.
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Preliminary Design Criteria

Two conceptual designs were developed for solvent recovery of acetone
and ethanol emissions from the mix operation in the Green Line multi-base
propellant manufacturing area during the Phase I engineering studies.
Previous M30 propellant analyses showed 37% of the processing solvents
are lost in the mixing operation. Based on the propellant analyses, this
is the point of greatest loss in the Green Line area. The designs
tncluded an absorber or a condenser in each of the individual mixer
bays. Of these mixer designs, the absorber design was selected for
solvent recovery using the HSO3~ system.

Two conceptual designs were also developed for solvent recovery of
acetone and ethanol from the FAD exhausts during the Phase I engineering
studies. Analyses of M30 propellant showed that 47% of the processing
solvents are lost in the drying operation. The destgns, which include
absorption of the solvent vapors from the FAD exhaust followed by
distiliation for solvent recovery, were modified for the HSO3~ system.

Mixer Design

The conceptual absorber design selected for solvent recovery
from a mixer bay is shown in figure 31. The concept is based on solvent
recovery during the mix dry-down cycle. The propellants are generally
oversolvated to obtain proper mixing. In order to achieve the
consistency necessary for press extrusion, heat is applied to the mixer
shell to remove the bulk of the solvents during the mix dry-down cycle.
The inert gas stream used to remove the solvents from the mix is diverted
to a recycle absorber containing a 1iquid absorbent. The absorbent would
remove the solvent vapors and the absorber off-gas will be exhausted to
the atmosphere through the existing ventilation system in the mixer bay.
The absorber bottoms containing the spent absorbent and recovered
solvents would then be transported to a central reclamation area for
solvent recovery and absorbent regeneration.

The proposed conceptual placement of the solvent recovery units
in the 1individual mixer bays for a typical mix house 1s shown in
figqure 32. Mixer design criteria information are listed in table 19.
The size of each 1individual absorber column required for solvent
absorption was based on engineering calculations of the inert gas used
during a mixer dry-down cycle and information obtained from bench-scale
testing (appendix C). The conceptual mixer absorber design for solvent
recovery consists of a recycle column 10-ft high by 0.75 ft in diameter
containing eighteen theoretical stages of Koch-Sulzer
polypropylene-polyacrylonitrile packing. The 15 wt% HSO3~ absorbent
solution recycle-to-feed ratio of 12:1 is 1.4 to 0.1 L/min to treat 35
standard cfm of solvent-laden inert gas.
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Forced Air Ory (FAD) Design

The conceptual FAD design consists of a dual-column system for
solvent absorption, two distillation towers for solvent recovery, and an
abatement facility for treating residual solvents. The FAD design
criteria information are listed in table 20. The two columns for solvent
absorption are a recycle absorber and a single-pass absorber. The
recycle column requires a 12:1 recycle-to-feed ratio using 15 wt % HSO3~
- absorbent solution to treat a liquid-to-gas ratio (L/G) of 1.28 to absorb
acetone. The single-pass column for removing ethanol with plant process
water requires an L/G ratio of 0.46. The solvent recovery unit consists '
of two distillation towers for the separation of the solvents from the
HSO3~ absorbent solution. The abatement facility is a biological
treatment facility for treating the solvent residuals obtained from the
single-pass column.

FAD Solvent Absorption System. Individual solvent absorption
units are proposed to be placed on each individual FAD bay resulting fin
80 units required (i.e., 4 bays/FAD building, 20 FAD buildings total).
The absorption units were modeied by the Flowtran system, a proprietary
system of digital computer programs which provide a generalized approach
in simulating the steady-state operation of a process by a mathematical
model. The simulation of the prototype absorbers assumed a 6 in. height-
equivalent-theoretical-plate (HETP) involving nine theoretical stages of
Koch-Sulzer packing for the maximum flow of components expected.
Figure 33 depicts the flowsheet simulation. The overall results showed
2 ppm acetone and O ppm ethanol in the off-gas. This Flowtran model of
the prototype absorbers is in agreement with the actual data obtained for
the off- ag from pilot plant test trials (3.9 ppm acetone, 4.1 ppm
ethanol).3.3.6 Since Flowtran will not model <chemical reactions
occurring in absorption units, the use of water as the absorbing liquid
was therefore utilized in the solvent absorption design with
compensations made for the 15 wt % HSO3~ absorbent solution. The
compensation calculations for the HSO3~ absorbent solution show 9 ppm
acetone and 150 ppm ethanol in the single-pass prototype absorber off-gas.

The flow rates of acetone and ethanol in the FAD exhaust N
for the Flowtran model were 8.47 1b/h and 10.60 1b/h, respectively. This :
equates to 688 ppm acetone and 1,102 ppm ethanol, which is the largest

amount of solvent vapors exiting the FAD bay during the first 18 h of D,
operation (fig. 34). The Flowtran analyses were performed for the
maximum concentration of solvents: the Flowtran system is not capable of
adjusting to the decreasing concentration of solvents. Flowtran analyses oy
were also performed at half the concentration of solvent vapors, with the
results3 %?Q;eing with the actual data obtained from pilot plant test

trials. , 21
™

The following prototype absorber models are proposed. The -

recycle absorber column will use a 12:1 recycle-to-feed ratio of 15 wt % N
HSO3~ absorbent solution. The recycled absorbent will enter the fourth y
theoretical plate and the feed will enter the ninth plate. The recycle o
absorper coiumn is to recover 60% of the solvents (i.e., 100% acetone and %
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20% ethanol) with a solvent concentration of 1.6 wt % in the bottoms for
recovery by distillation. The recycle column will be 19-ft high by
2.2 ft in diameter. The single-pass absorber column will utilize plant
process water as the absorbent to remove 33% of the solvents as ethanol
resulting in 0.25 wt % solvent concentration in the absorber bottoms.
The single-pass absorber bottoms are to be treated in a biological
treatment facility. The single-pass column will be 19 ft high by 2.0 ft
in diameter.

FAD Distillation System. The development of preliminary design
criteria for distilling the recycle column bottoms are based on the
percentage of solvents recovered by distilling the 15 wt % HSO3~
absorbent solution that was reused five times and information obtained
from the Flowtran simulation.3:5.6 The bench-scale tests showed that 40
to 85% of the solvents absorbed in the 15 wt % HSO3~ absorbent solution
could be recovered by distillation (table 16). However, the total number
of times (i.e., 6) that the 15 wt % HSO3~ absorbent solution was used
showed that after the third usage additional makeup s required to
effectively absorb acetone for recovery by _distillation. After the HSO3~
absorbent solution is spent due to S$SO042- accumulation, this solution
could be environmentally discharged without violating the RAAP 5042‘
discharge requirements. The Flowtran modeling of distilling the recycle
column bottoms could not be accomplished directly since chemical
reactions could not be utilized in the recgcle absorber model. However,
previous Flowtran results are described.® This Flowtran model would
improve the lesser percentage of solvents recovered by distillation
demonstrated in the bench-scale solvent recovery studies. The
preliminary design criteria information for the proposed distillation
system is in table 21. It should be noted that this design is over-sized
for the recycle column bottoms since the model utilized the physical
properties of water absorption and not the physical properties of HSO3~
absorbent solutions. The physical properties are different due to
chemical reactions occurring in the HSO3~ absorbent solution.

The distillation process obtained from the Flowtran
analyses consisted of two distillation columns, each sized to accommodate
the bottoms from twenty FAD absorbers. The absorber bottoms are fed to
the first column from which acetone and the ethanol-water azeotrope are
taken overhead and solvent-free water discharged from the base. The
overhead is then fed to the second column from which acetone (maximum
ethanol content of 0.06 wt %) is produced as an overhead product, with
ethanol (maximum 0.3 wt % acetone and 8.9 wt % water) being produced as
bottoms. The actual flow of the components obtained from the Flowtran
absorber models and bench-scale data are also shown in figure 35.

The first distillation column contained thirty-six sieve
trays with downcomers having a tray efficiency of 48% and a reflux ratio
of 10:1. The column height was 72.5 ft. The column diameter required
was dependent upon the vapor rate and was estimated to be 2 ft. Thus, a
2-ft diameter column has sufficient capacity to accommodate the solvent
from twenty operating FAD's when the dryers are exhausting maximum
solvent concentration for 2 h. When the dryers are exhausting the
average solvent concentration for 17 h, the turn-down ratio is not
affected and the 2 ft-diameter column can be used.
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FAD Biological Treatment Facility. The biological treatment ' %
facility to treat the bottoms of the single-pass absorber column was ' 2.
sized to accommodate the bottoms from twenty absorbers. The amount of
chemical oxygen demand (COD) determines the size of the biological
treatment facility. Therefore, to treat 7.2 lb/h of ethanol, the COD )
would be 18 1b/h for each FAD. For a FAD system containing twenty units, h
the facility would treat 18 1b/h x 24 h x 20 FAD units = 8,640 1b N
COD/day. To treat 8,640 1b COD/day would require an additional twelve X
25-ft rotating biological contactors (RBC). This is the same size plant o
previously reported in the modernized FAD studies.> Figure 36 shows the ‘
facility size and costs that were reported in the modernized FAD studies h
to treat 9,312 1b COD/day; identical facilities are required to treat .
8,640 1b COD/day from the single-pass absorber columns. 3

PROCESS ECONOMICS OF HSO3~ ABSORBENT SYSTEMS

The economic analyses were performed for the installation of HSO3~
absorbent systems on the mixer bays and on the FAD bays. These solvent
recovery systems meet the Virginia Air Quality Standards of 85% solvent
removal and the 1.4 wt % solvents in the recycle absorber column bottoms
necessary for economic recovery by distillation. The official inflation
factors used for Production Support and Equipment Replacement (PS&ER)
projects [AMSMC-BP(R)] were wutilized in generating rough order of
magnitude (ROM) costs in CY86 dollars. The ROM estimate does include the
Corps of Engineering costs.

e DWWy Y ov e

Mixer Absorption Equipment i

An economic analysis of installing and operating thirty-six mixer "
absorbers (12 bays/mixer building, 3 buildings) with ambient temperature k-
15 wt % HSO3~ absorbent solution in a 12:1 recycle-to-feed rate was :
performed. Appendix D contains the ROM estimate and complete cost .
analysis. )

The column shell costs were estimated for three 4-ft sections of 316
stainless steel as described by Hall, Matley, and McNaughton.16 The
packing costs were obtained from previous Flowtran analysis. The
installed costs were estimated by the Lang method mentioned by Hall,
Matley, and McNaughton.!® These costs were for CY82 and were updated
using the PS&ER inflationary factors.

The operating costs were based on one operator per shift with
maintenance occurring every two weeks. The chemical costs of the 15 wt %
HSO3~ absorbent solution considered solution usa%e of three times before
makeup is required or the solution is spent.!/.18 The assumption of N
S5-min dry-down cycles per mix was made. The average number of mixes per ~
shift, based on the Green Line emission survey described in the Phase I o
engineering studies, is 30. Utility costs were calculated for the )
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absorber recycle pump and absorber feed pump.'? Solvent savings assume a
minimum of 1.6 wt % total solvents in the absorber bottoms which can be A
recovered at the proposed FAD distillation site.

The ROM estimate <(appendix D) for the installation of 36 mixer !
absorbers per 3 mixer buildings was $5,592,000 (CY86 dollars). Operating
costs for the facilities would be $69,300 per year. d

FAD Solvent Absorption, Distillation, and Treatment Facilities

Economic analyses were performed for the installation and operation 4
of eighty recycle absorbers (i.e., four bays/FAD building, twenty FAD
buildings total) and eighty single-pass absorbers for the solvent
absorption system, a distillation system to recover the solvents from
twenty FAD recycle absorbers, and a biological treatment facility to
treat the residual solvents from twenty single-pass absorbers.

FAD Solvent Absorption System

P AR

An economic analysis of installing and operating eighty recycle
absorbers with ambient temperature 15 wt % HSO3~ absorbent solution and
eighty single-pass absorbers with ambient temperature plant process water
was completed. The 15 wt % HSO3~ absorbent solution is 12:1
recycle-to-feed ratio for the recycle absorber to treat a L/G of 1.28 to
absorb acetone. The single-pass absorber will treat a L/G of 0.46.
Appendix D contains the ROM estimate and complete cost analysis. >

The recycle and single-pass column shells and packing costs
(capital costs) and installed costs of the dual-column absorption process Y
were obtained from Flowtran analyses.6 b

The operating, maintenance, and utility costs were based on

actual field data obtained from the modernized FAD study.5 These costs ‘
were based on CY83 rates and were inflated to CY86 rates. The chemical g
costs of the 15 wt % HSO3~ absorbent solution considered solution usage
of three times before makeup is required or the solution is spent. The
assumptions of 8.5 1b/h acetone and 2.) 1b/h ethanol are recoverable in
the recycle absorber and that 7.2 1b/h ethanol 1is removed by the
single-pass absorber were made (refer to process description section and
fig. 33). These assumptions result in 1.6 wt % solvents concentrated in
the recycle absorber bottoms.

The ROM estimate <(appendix D) for installing eighty soivent
absorption units per 20 FAD buildings was $24,452,700. Operating costs
for the solvent absorption units would be $3,186,200.
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FAD Distillation System

The existing distillation facilities at RAAP that were utilized
in the manufacture of diethyl ether were not investigated for the
distillation of the bottoms from the proposed FAD recycle absorbers. The
material of construction of these facilities is copper which will erode
in the presence of the HSO3~ absorbent solution. However, an economic
analysis for distilling the absorber bottoms from the Flowtran recycle
model was conducted. This analysis s for the distillation system
described in the process description section of this report. The
economics are presented in appendix D.

The column shells and packing costs <(capital costs) and
installed costs were obtained from Flowtran analyses. The condensers,
reboilers, and utility costs were also obtained from Flowtran analyses.

In order to estimate distillation costs for recovering acetone
and alcohol from the exhaust of 20 FAD buildings assuming 50% downtime,
one system containing two 2-ft columns is required based on the vapor
rate and turn-down ratios.

The ROM estimate for installing one distillation system to
accommodate the bottoms from eighty FAD recycle absorbers was
$4,223,000. Operating costs for the facilities would be $1,092,240 per
year. Annual savings of $166,690 would result from the recovery of
solvents. Therefore, the net operating costs would be $925,550.

FAD Biological Treatment Facility

The biological treatment facility to treat the bottoms of the
single-pass absorber column was sized to accommodate twenty absorbers.
The plant size is twelve new 25-ft RBCs. This is the same size plant
previously reported in the modernized FAD studies.d Figure 36 shows the
costs in FY82 dollars. This cost would be $7,813,000 in FY86 dollars.

Operating costs require 25 man shifts per week resulting in
$232,860. Maintenance cost would be $18,000.5 Chemical costs would be
$21.640.5 Electrical costs would be $24,000.5 This results in an annual
operating cost of $296,500 (FY86 dollars).

Summary of Process Economics

The HSO3~ solvent recovery systems designed for intallation on the
mixer bays and on the FAD buildings were analyzed for process economics
as applied to RAAP's production facilities. The following summarizes the
economic analyses of the HSO3~ solvent recovery systems wnich will meet
the Virginia Air Quality Standards of 85% solvent removal:
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Facilities costs Annual operating
Installation location (ROM %) costs (ROM %)
Mixer process
36 mixer absorbers 5,592,000 69,300
FAD process
80 recycle absorbers 24,452,700 3,186,200
80 single-pass absorbers
Distillation system 4,223,000 1,092,240
Facilities costs Annual operating
Installation location (ROM $) costs (ROM $)

Biological treatment 7,813,000 296,500

Recovered solvents -166,690*

Total 42,080,700 4,477,500

*\falue of recovered solvents.
SPECIAL STUDIES

The solvent recovery/reuse deficiencies of the HSO3~ absorbent system
are two-fold. Ffirst, the recycle absorber column removes acetone but not
ethanol for recovery/reuse. Second, the single-pass absorber column
removes ethanol but not sufficiently for recovery/reuse. The economic
deficiencies of the HSO3~ absorbent system are four-fold. First, two
columns instead of one are required for solvent absorption. Second, the
recovery of acetone from the recycle column by distillation in RAAP's
existing ether manufacturing facility may not be suitable due to HSO3~
eroding the copper in the towers. Third, the costs of chemicals to
prepare HSO3~ absorbent solution are excessively high. Fourth, the costs
of additional facilities for ethanol treatment would also be
prohibitive. Due to these required improvement for the HSO3~ absorbent
system, five separate cursory studies were conducted in order to define
possible alternatives to the HSO3~ absorbent system.

Glycols as Absorbents

Previous laboratory studies (Phase I engineering studies) indicated
that diethylene glycol (DEG) and triethylene glycol (TEG) were borderline
absorbents. The dual-column bench-scale absorber unit was wused to
evaluate DEG and TEG absorptive capabilities for acetone and ethanol
vapors. Both the recycle and single-pass columns used the same glycol as
the absorbent in each test to obtain recycle and single-pass column
absorption information on each glycol.
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Test conditions and results are summarized in table 22. The results
show that the DEG absorbent solution absorbed 80.5% of the total solvents
indicating DEG could possibly be used to meet the EPA requirement of 85%
solvent removal. However, the DEG total solvent concentration of
0.21 wt % does not meet the economic recovery requirement of 1.4 wt %.
The results for TEG absorbent solution show TEG is a poor absorbent since
none of the solvents were absorbed. The row labeled "Inlet gas solvent
absorbed (%)" in table 21 shows <-100%, indicating that all solvents were
exhausted in the absorber off-gas after a small level of solvents from
the absorber inlet gas stream was concentrated in the TEG absorbent
solution. The TEG total solvent concentration of 0.22 wt % is therefore
based on the maximum amount of solvents that were absorbed by TEG before
being exhausted; the TEG total solvent concentration does not meet the
economic recovery requirement.

Union Carbide PURASIV HR Solvent Recovery System

Union Carbide's PURASIV HR solvent recovery system wutilizes the
unique physical properties of beaded activated carbon (AC) to perform a
continuous, indirectly heated solvent recovery via carbon adsorption.
Figure 37 contains Union Carbide's description of the system.

The AC adsorption system provides an efficient method of removing
small quantities of organic solvents from gas streams. However, its use
for solvent recovery from multi-base propellant manufacturing operations
has been rejected in the past due to the incompatibility of NG with AC.
The earlier systems were fixed-bed batch systems, incorporating long
contact times between the NG and AC and regeneration of the carbon bed.
The PURASIV HR solvent recovery system is a fluidized bed operation that
presents several advantages, e.g., short contact time, short regeneration
process, and inert atmosphere, etc.

A Preliminary Hazards Analysis (PHA) determined that the proposed
concept for using the PURASIV HR fluidized carbon bed solvent recovery
system is not safe for solvent recovery from solvent vapor/air mixtures
laden with NG as described in appendix E.

Membrane Technology

A membrane process for the recovery of solvents from gas streams was
developed by Maombrane Technology and Research, Inc. [(MTR), Menio Park,
CA]. The proposed process and process description is  shown in
Figure 38. An abbreviated compilation of membrane terminology s
presented in table 23. The field unit is a 100-ft2 membrane area unit of
spiral-wound membranes that treats 100 standard c¢cfm of feed. The
mempranes have an active layer of silicone rubber supported on a
polysuifone compound. The average solvent concentration in the treated
gas streams was 0.5% [5,000 ppm (v/v)] of chlorinated hydrocarbons. This
average solvent concentration in the gas streams is also the average
concentration of solvents that are emitted as VOCs from the multi-base

28

O A U N SR ARG (AR N
A d . p )



propellant manufacturing operations at RAAP. Furthermore, two of the
solvents screened by MTR are acetone and ethanol, solvents which are
emitted at RAAP.

Two membrane systems were screened in MTR's laboratory for the
recovery of 1,500 ppm acetone vapors, the most difficult solvent to be
recovered with membranes. Experimental testing of a 4-u thick silicone
rubber membrane module (2,000 cm? active membrane) was conducted. The
feed contained 1,500 ppm acetone in nitrogen (N;). The pressure drop
between the feed and residue was 0.8 psi. The permeate pressure was
17.9 mmHg  (vacuum). These conditions resulted in a permeate
concentration of 8.0% acetone when the residue stream was recycled into
the feed stream. The separation factor (8) was 53.3 and the selectivity
factor ( a) was »>52.2. The membrane flex (J) for this small
laboratory-scale unit was 1.22 L/mé-d.

Another membrane module underwent experimental testing. This module
was a composite spiral-wound membrane consisting of three membrane
layers: silicone rubber, Kraton, and silicone rubber. The membranes
were 4-u thick having 2,300 cmé of active membrane. The feed for this
test contained 1,400 ppm acetone in Nz. The pressure drop between the
feed and residue was 0.9 psi. The permeate pressure was 14.3 mmHg
(vacuum). The residue stream was recycled into the feed stream resulting
in a permeate concentration of 14% acetone. The B was 100 and the 2 was
>38. The J was only 0.36 L/mé.d.

The NG compatibility testing of the spiral-wound membrane supplied by
MTR produced a pressure of 19] mmHg with HEN-12 propellant. Any
substance is considered incompatible if a pressure of 200+ mmig 1is
ootained; the spiral-wound membrane is therefore borderline in this
test. The basic membrane material was subjected to NG compatibility
testing to determine if other components in the spiral-wrapping of the
membrane caused the high results. The NG compatibility testing of the
basic membrane material detected O mmHg with HEN-12 propellant; the basic
membrane is therefore compatible with NG. The NG absorptivity on the
pasic membrane was 76.19% absorbed (4.89 mg/cm?). NG absorptivity is
conducted with neat NG to allow maximal absorption. If this technology
were further evaluated for the recovery of solvent vapors from gas
streams, the presence of low NG vapor concentrations would require
Hazards Analysis investigation.

Ceilcote Solvent Recovery System

The Ceilcote solvent recovery system [The Ceilcote Company (Berea,
OH)] is a continuous, closed-loop absorption process for removal of
VOCs. The absorbent fluid for the VOCs is a proprietary high-boiling
point organic liquid. This fluid is inexpensive and does not deteriorate
«ith age or use. Ffurthermore, due to the fluid's high boiling point and
'ow vapor pressure, small amounts are required for makeup to the system.
The principle of cperation is described in figure 39.
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A proposal for the recovery of VOC from one FAD bay was prepared by -
Cetlcote. Part of the proposal 1is contained 1in appendix F. The
equipment cost for one solvent recovery unit is $195,000. The operating
cost is $4.45/h for electrical wusage or $2.10/h for steam usage for
heating. However, the system uses high-pressure (400-1b) steam which is
not available in the FAD area. Also, the total plant does not have the
steam capacity to support this type of system. In addition, the NG
vapors may be condensed on the internal condenser; therefore, the process
may not meet safety requirements.

Sulfuric Acid as a Potential Absorbent

A cursory literature search to determine a more effective absorbent
than water for ethanol absorption resulted in HySO4 being identified as
an absorbent for combined vapors of ethanol and diethyl ether from
air.20 Ormandy also described a process for the recovery of acetone from
air by using chilled HySO4 as an absorbent.?2!

HySO4 was first used for the absorption and recovery of ethanol and
diethyl ether vapors in the manufacture of artificial silk by the
Chardonnet process. The technology was then applied in the manufacture ‘
of propellant in Germany and Austria before and during World War 1.22
The methods of solvent absorption were passing the solvent-laden air up )
through tanks that were cooled from the outside by spraying with water ;
and by counter-current absorption in the lead towers.2Z The solvents :
were distilled at 120°C (248°F) for recovery resulting in partial
conversion of ethanol to diethyl ether and low solvent yields.20.22
These disadvantages plus the corrosive nature of HySOg4 rendered the
process to be discontinued after World War I.

Figure 40 contains the conceptual design described by Ormandy in
1929, for recovering acetone vapors in H2$04.20.21 Three major changes
in Ormandy's design make the wuse of HSO4 a possible absorbent
candidate. One change is the temperature requirement of the acid to be 5
to 25°C (41 to 77°F) to avoid solvent decomposition. A second change is
using 76% H2SO4 for handling purposes and also avoid solvent
decomposition. A third change i< the addition of dilution water to the
bubbler bottoms prior to solvent recovery by distillation to further
reduce solvent decomposition.

A cursory study performed in the RAAP laboratory using a gas washing
bottle showed cold [8°C (46°F)] 95% HpSO4 to be an excellent solvent
absorbent. Treatment of a gas stream containing approximately 1,000 ppm
each of acetone and ethanol vapors with 100 mL of acid was compared to
past laboratory results using the same gas stream as follows:
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Breakthrough Absorber inlet gas
Absorbent time (min) removed (%)

IO

100 mL cold HaSO4 (95%) 320 100.00
100 ML 10 wr % HSO3" 150 88.0

[ A ]

100 mL water 34 86.3

Breakthrough time in the above data is defined as the length of time g
before solvents were detected in the exit gas stream.

A second laboratory study consisted of bubbling air through a 100-g
solution of 10 wt % ethanol, 10 wt % acetore, and 80 wt % HySOg4 (95%) at
ambient temperature for 165 min in a gas washing bottle to determine if
the solvents would strip from the acid. Laboratory aralyses of the exit
gas stream and of the solution showed no solvents were lost, indicating
HySO4 retains solvents extremely well.

LY T v e

Four additional laboratory-scale absorber studies were conducted with
the gas washing bottle using 95% HpSO4 (100 g). The results of these
studies are shown in table 24. The first trial used HySO4 at ambient
temperature since no solvents were detected in the exit gas stream when
chilled HyS04 was utilized. This trial (trial 1) was stopped after 17 h
of operation resulting in no solvents detected in the exit gas stream.
The initial absorber inlet gas concentration was increased from ppm
concentrations to percentage concentrations for the second trial
(trial 2) to determine if solvent breakthrough would occur at a faster
rate. The results showed solvent breakthrough did occur at a faster rate
than in trial 1. Even though the breakthrough time was 4 h, it is 2.5
times greater than the 10 wt % HSO3~ absorbent showing HySO4 to be a
better absorbent even when treating high concentrations of solvent
vapors. Trial 3 was a duplicate of trial 2 with Jlower solvent
concentrations in the iniet gas stream. This reduced inlet gas stream
concentration allowed for an additional 2.5 h of operation before solvent
breakthrough occurred. Trial 4 utilized cold HySQ04 to treat high solvent
concentrations from the inlet gas stream to determine if chilling the
acid would increase the operating time. The results show that chilling 4
the acid did not influence operating time for the laboratory test A
conditions.
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The above cursory laboratory studies show H2SOs4 to be the best
absorbent screened to date for solvent absorption. A review of the .
literature states HZSO$ absorbs acetone, ethanol, and diethyl ether X
(approximately 20 wt %).20.21.22  Thig absorptive capability would allow
a recovery system to consist of a singie column for solvent absorption.
Facilities operated at RAAP are the oleum manufacturing plant where HS04 <
regeneration (SAR) occurs and the nitric acid (HNO3)/H2SO4 concentrators
(NAC/SAC) where weak HpSO4(73%) is converted to strong H3S04(95%). The X
existing ether manufacturing facilities, where ethanol is converted *o '
diethyl ether (under proper conditions) in the HSO4, are also available 2
at RAAP for stripping the VOC from the acid and recovery by distillation ~
in the rectification equipment. ’
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The presence of NG vapors poses minimal problems since NG s
destroyed by concentrated H2SO4 under controlled conditions. Nitric
oxide (NOy), which is formed when NG is destroyed, is absorbed by the
49504. DOuring solvent absorption in H3SO4, the main side-reaction of
concern is ethanol conversion to diethyl ether which only occurs under
proper conditions. For this reaction, no peroxide formation would likely )
occur. The advantages and disadvantages of using H2SO4 as an absorbent
are summarized in table 25.

B~

One of the advantages listed in table 25 is total abatement system
costs. The capital costs are less for the HySOq4 system than for the
HSO3~ system since a single column is required for the solvent absorption
process for each FAD bay. The HySO4 for absorption can be obtained from
the NAC/SAC or SAR. Solvent recovery could be accomplished by
distillation in the existing ether manufacturing plant. I[f solvent
recovery is not desired, the absorbed solvents could be a fuel supplement :
tn the existing SAR.

CONCLUSIONS

1. The bisulfite (HSO3~) absorption soiution can effectively remove
the volatile organic compounds (VOC) from the exhaust air to meet the
Virginia Air Quality Standards.

2. Nitroglycerin (NG) decomposition occurred in the 15 wt % HSO3”
absorbent solution but not in the 5 wt % HSO3~ absorbent solution.

3. In order to attain sufficient accumulation of acetone in the
recycle absorber column for economic recovery, the HSO3~ absorbent
solution must be recycled; however, no effective recovery technology has
been developed for economical recovery of ethanol.

4. The conceptual forced air dry (FAD) design of the HSO3~
absorption system consists of a dual-column system for solvent
absorption, two distiliation towers for soivent recovery, and an
abatement faciliity for treating residual solvents.

5. The economic deficiencies of the HSO3~ absorbent system are
four-fold. First, two columns instead of one are required for solvent
absorption. Second, the recovery of acetone from the recycle column by -
distillation in Radford Army Ammunition Plant's (RAAP's) existing ether “
manufacturing facility may not be suitable due to HSO3~ eroding the K
copper in the towers. Third, the costs of chemicals to prepare HSO3~
apsorbent solution are excessively high. Fourth, the costs of additional
facilities for ethanol treatment would also be prohibitive.

R RRAANRN

6. The conceptual HSO3~ absorber design selected for solvent .
recovery from a mixer bay consists of a recycle absorber column 10-ft =
high by 0.75 ft in diameter containing eighteen theoretical stages.
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7. Bench-scale testing of glycols as absorbents showed them *o be
poor absorbents.

8. A Preliminary Hazards Analysis determined that the proposed
concent for using the PURASIV HR fluidized carbon bed solvent recovery
system is not safe for soivent recovery from solvent vapor/air mixtures
laden with NG.

9. A membrane process for the recovery of solvents from gas streams
developed by Membrane Technology and Research, Inc., was screened in
their laboratory for the recovery of 1,500 ppm acetone vapors. The
cursory results showed acetone vapors could be concentrated to 8% and 14%
for additional solvent recovery treatment.

10. The theoretical calculations of the Ceilcote solvent recovery
system based on their laboratory-scale evaluations showed the system to
economically remove the VOC to meet the Virginia Air Quality Standards;
however, the system will likely not meet safety or steam availability
requirements.

17. A cursory study performed in the RAAP laboratory showed cold
(8°C (46°F)] 95% sulfuric acid (HpSOq) to be an excellent absorbent.
RECOMMENDATIONS
1. Continue to investigate innovative approaches to VOC recovery or
abatement in RAAP's propellant manufacturing areas.
2. Conduct a more thorough engineering study on the Ceilcote

solvent recovery system as related to hazards analysis and steam
requirements.

3. Conduct comprehensive studies on the HSO4 absorption system and
perform an economic analysis on the design found most applicable to the
Green Line and FAD areas.

4, Implement an economical system to meet the 854 VOC reduction
¢criteria.
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Table 3. Bench-scale 10:1 recycle-to-feed absorber test using
5 wt % NapS03/0.05 wt % EDTA in plant process water

pH
Initial 5.1
Final 5.5
Avg solvent conc in inlet gas (ppm)
Acetone 842
Ethanol 858
Avg solvent conc in exit gas (ppm)
Acetone 195
Ethanol 383
Inlet gas solvent absorbed (%)
Total solvent 66.1
Acetone 76.8
Ethanol 55.4
Avg absorbent solvent conc (wt %)
Total solvent 1.7
Acetone 1.5
Ethanol 0.2
Test conditions
Absorbent solution temperature Ambient
Acid for pH adjustment Acetic
Inlet gas temperature 38°C (100°F)
Avg air flow of exit gas 262 L/min (9.2 cfm)
Avg absorbent flows
Feed (mL/min) 30
Recycle (mL/min) 300
Test time (h) 6.5
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Table 8. Fractional factorial (1/2 replicate) experiment design

Factors Description Levels

A HSO3 absorbent 5 wt % NayS;05/2.5 wt %
solutions Na,;5037/0.05 wt % EDTA

15 wt % Na3S5;0¢/6.5 wt %
Na,S03/0.05 wt % EDTA

Recycle absorber column low (25 mL/min)
feed rates
high (100 mL/min)

Recycle absorber column low (300 mL/min)

rates
high (1,500 mL/min)

Single-pass absorber ambient*
column feed temperatures
chilled*

Single-pass absorber low (80 mL/min)
column feed rates
high (130 mL/min)

The following figure illustrates the five factors (A,B.C.D, and E)
to be evaluated. The thirty-two possible experimental conditions
(full factorial experiment) are presented by the 32 cells: the
sixteen experimental conditions which were evaluated are
underscored and are designated Block 1 (i.e., ABCDE interaction
confounded with block effects):

Eq
ey
Eq
3

*Refer to table 9 for temperatures of individual trials.
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Table 11. Analysis of percentage solvent removal from
absorber inlet gas by Yates' method

Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 Col. 7
Treatment Response [solvent Estimated
combination removal (%)] g effect

bcde 95 ) -AE
abed 86 -39 -E
abce 91 -7 -DE
ad 81 21

(1) 83

de 8% 11

be 93 69

ab 81 -17

ce 84 1

cd 75 ~-11

ae 79 =27

bd 91 1

acde 86 -1

abde 90

be 91 15

ac 76 15

Total 1,367

Sum of squares 117,343 1.877.,488
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Table 12. Analysis of weight percent solvent in recycle column
absorber bottoms by Yates' method

Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. & Col. 7

Treatment Response [absorbent Estimated

combination solvent conc. (wt %)] q effect
bcde 0.73 -0.91 0.75 2.06 -1.97 -AE
abcd 0.58 -0.1%5 0.76 0.01 -2.0% -E
abce 0.64 1.31 -1.06 1.51 2.07 ~DE
ad 1.91 -0.07 -2.65 0.37 -3.23 AD
(1) 1.96 5.98 8.39 14.06 26.69 T
de 2.57 2.06 -3.57 -2.72 ~1.43 D
be 1.24 4.16 6.13 1.60 -12.93 B
ab 1.17 1.51 6.50 -1.63 -0.69 AB
ce 2.16 4.48 1,99 -6.22 -2.3% Cc
cd 3.05 -0.66 -2.13 0.92 3.09 CD
ae 4.02 2.41 5.67 12.63 -0.03 A
bd 0.78 -0.16 -2.83 -2.38 -0.49 BD
acde 2.14 0.09 -0.07 ~1.05 1.89 -BE
abde 0.87 -0.23 -3.88 -0.49 3.711 —CE
be 0.87 5.19 -0.57 -2.20 -0.13 BC
ac 2.00 1.65 -0.39 -6.71 -2.87 AC
Total 26.69

Sum of squares 59.1103 945,7648
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Table 13. Analysis of weight percent solvent in single-pass
column absorber bottoms by Yates' method

Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col. 6 Col. 7 -
Treatment Response [absorbent Estimated :
combination solvent conc. (wt %)] g effect
bede 0.12 -0.05 -0.20 -0.24 0.14 -AE
abed 0.25 0.13 0.18 0.38 0.62 -E
abce 0.13 0.37 0.08 -0.02 0.14 -DE
ad 0.36 0.13 -0.17 0.10 0.12 AD
(1) 0.30 0.58 1.01 1.74 3.40 T
de 0.16 -0.02 -0.15 -0.28 -0.08 D
be 0.15 0.45 0.78 0.16 -0.72 B
ab 0.28 0.28 0.88 0.28 0.04 AB
ce 0.19 0.52 0.11 -0.32 -0.18 C
cd 0.28 0.20 0.15 -0.02 0.38 CD y
ae 0.28 0.43 0.73 1.66 0.44 A
bd 0.13 0.07 -~0.26 -0.06 -0.08 BD
acde 0.23 0.00 -0.09 0.12 -0.06 -BE
abde 0.13 -0.02 -0.14 -0.12 -0.08 -CE
bec 0.15 0.51 0.20 0.06 0.10 BC
ac 0.26 0.26 0.05 -0.40 -0.18 AC
Total 3.40
Sum of squares 0.8096 12,9536
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Table 14. Testing for significance of main effects by Yates' method

Single-pass column

Solvent removal Recycle column absorbent solvent
from inlet absorber absorbent solvent concentration
__gas_stream (%) concentration (wt %) (wt %)
Level of significance, © 0.05 0.05 0.05
Estimate of experimental
error, sum of 92 of
two factors 1,666 54.453 0.2584
Standard deviation
estimate, s 3 10.4125 0.3403 0.001615
t 9.975.10 ° 2.228 2.228 2.228
Main effect, wC 28.76 5.20 0.3
Effects different B and -E B A, B, and -E

from zero |effect| >w
from tables 11,
12, and 13

a 32 = gum of g2/2B'V where n'=4 and V (degrees of freedom) = 10.
t 1 - (q/2), v Where t is obtained from a distribution of percentiles using
s as the estimate of the standard deviation.

c w:(zn.)l/Ztl-(wz) s.
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Table 15. 5 wt % NajS;05/2.5 wt % Na3S03/0.05 wt % EDTA
reuse absorption/distillation tests '

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

Total solvents removed

from inlet gas stream (%) 78 82 90 54 70

Total solvent concentration in

recycle absorbent solution (wt %) 1.43 1.56 1.80 1.74 1.36
Total solvent in :e
recycle absorbent solution (g) 140 159 146 169 119 -
Total solvent recovered N
by distillation from

recycle absorbent solution (g) 70 70 81 68 73

Total solvent recovered -
by distillation from !
recycle absorbent (%) 50 44 55 40 61 .
Na,;S;05 (wt %) 5.51 4.82 4.46 3.77 2.97 ;
S0§~ (wt %) 1.56 2.74 2.91 3.56 4.48 X

2 4

Operating time (h) 4.0 4.0 4.0 4.0 4.0
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Table 16. 15 wt % NapS,05/6.5 wt % Na,S03/0.05 wt % EDTA
reuse absorption/distiilation tests

Trial 1 Trial 2 Tr3al 3 Trial 4 Trjal 5 Trial 6

Total solvents removed

from inlet gas stream (%) -8 96 79 67 69 64
Total solvent concentration

in recycle absorbent solution 3.39 4.46 4.29 3.64 3.20 0.90
(wt %)

Total solvent in recycle
absorbent solution (g) n 92 107 89 72 21

Total solvent recovered
by distillation from recyle
absorbent solution (g) 61 58 44 63 48 7

Total solvent recovered
by distillation from recyle

absorbent solution (%) 86 63 41b 70 67 33
NazS7205 (wt %) 17.73 14.87 10.35P 14.62 12.32 5.66
503’ (wt %) 1.24 2.80 3.93 3.73 4.83 5.33
Operating time (h) 6.5 4.5 5.5 6.0 6.0 5.0

4Gas samples were not collected for this trial.

DLow result 1ikely due to an analytical error.
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Table 17. Effect of HSO3 absorbent solutions on neat NG

NG in IS wt % HSO3 NGinSut'LHSOg A
Day NG in water (mg/L) absorbent solution (mg/L) absorbent solution (mg/L)
NG NG NG DNG NG ONG
!
| 357 Np3 5 ND 253 ND
2 348 ND ND ND 152 ND
3 354 ND ND ND 132 202 :
8 376 ND ND ND 55 229 "
9 359 ND ND NO 52 219 .
10 b - -~ - N 204
2 ND = Not detected. .
b _ - sample was not analyzed. ‘
pe
NOTE: NG droplets were present in the 15 wt % and 5 wt % HS503 absorbent ;
solutions for day 1. Methanol addition on day 2 solubilized the NG :
droplets in these samples. e

WA AN AT AT A AL B LA
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Table 19.

Parame*er

NG constraints

Solvents in gas stream

Flow of gas stream
(inert gas for dry-down cycle)

Inert gas temperature
Operating pressure
Absorbent

Absorbent recycle-to-feed
rate

Liquid-to-gas ratio (liquid
downflow, gas upflow, wt/wt)

Materials specifications

Safety considerations

P f“. . RPN

o . . L.
AU PV PRPGTETE T VY N, PR PE ST

- '.,'"

o ade A s

Mixer design criteria
Description
1S wt % HSOJ absorbent solution destroys
NG vapors
Recover 85% of solvents emitted in the

following concentrations:
Ethanol < 900 ppm
Acetone < 450 ppm

Ether € 200 ppm (HSO3 absorbent
solution requires hazards
analysis)

1,000 standard cfm (calculations in
appendix C)

50°C (122°F)
Atmospheric
15 wt % HSO3 absorbent solution

12:1

1.32

Presence of NG vapors restricts materials of
construction and must be in accordance to

Hercules Incorporated Standards 5CS-2A1 and
5CS-3T3
Complete hazards analysis of selected

technology must be performed
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Table 20. FAD design critaria

Parameters

NG constraints

Solvents in gas stream

Gas temperature
Operating pressure

Absorbent

Recycled absorbent recycle-
to-feed rate

Liquid-to-gas ratio (liquid
downflow, gas upflow, wt/wt)

Materials specifications

Safety considerations

A A AN T

.J'\

LA.::L'.“A:L.'

Description

15 wt % HSO3 absorbent solution destroys
NG vapors

Recover 85% of solvents emitted in the
following concentrations:

1,200 standard L/min for modernized FAD
4,300 standard L/min for regular FAD
60°C (140°F)
Atmospheric

1S wt % HSO3 absorbent solution in
recycle column for acetone absorption

Plant process water in single-pass column for
ethanol absorption

12:1

1.28 for recycle column

0.46 for single-pass column

Presence of NG vapors restricts materials of
construction and must be in accordance to
Hercules Incorporated Standards 5CS-2Al1 and
5CS~-3T3

Complete hazards analysis of selected
technology must be performed

58

N NN




8, 0" 2ad " Mak $a0 0 8D #7500 Vab EoB 2B Fad uB MaB P2k o8 Sab U B Vak Vop 4

Table 21. Pilot plant design parameters for distillation process

Parameter

Solvents in absorber bottoms
to be distilled, wt %

First distillation column containing
sieve trays with downcomers

Operating temperature of first
column

Operating pressure of first
column

Overhead product of first column
Bottoms product of first column
Second distillation column
containing sieve trays with

downcomers

Operating temperature of second
column

Operating pressure of second
column

Overhead product of second
column

Bottoms product of second
column

NG T, I G J';-r AL .-,;.'_:.r_.-.“-',:'- CACARNC AT ACRERE T

&

Conditions
0.89 to 1.70
36 trays with absorber bottoms
entering theoretical stage 22

16 - 102°C (60 - 215°F)

18.8 - 29.7 psia

Acetone and ethanol-water azeotrope
Water

49 trays with first column overhead
entering theoretical stage 8

51 - 79°C (123 - 175°F)

14.8 - 29.7 psia

Acetone (maximum ethanol content of

0.06 wt %)

Ethanol (maximum 0.3 wt % acetone
and 8.9 wt % water)
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Table 23. General membrane terminology :
Term Definition \
Feed Gas stream to be treated by membrane 1
unit
Residue Gas stream that has been treated by
membrane unit
Permeate Gas stream from membrane unit
containing highly concentrated
solvent vapors (the stream separated ;
from the feed stream)
Separation factor, «a Concentration of solvent in permeate :
Concentration of solvent in feed :
Selectivity factor, 8 8 , A
where g
1- (Vi"/vi') <
1- (Vi"/v3') )
Vi" is partial pressure of solvent in \
permeate .
Vi' is partial pressure of solvent in :
feed
Vj" ig partial pressure of air ;
Vj' is partial pressure of solvent X
Note: Want an a >100 to 200 ‘
Membrane flex, J, -Ddec, where
in om (STP)/cmyS* dx

D is the diffusion coefficient of the )
solvent(s) )

de/dx is the concentration gradient
of the dissolved solvent in the
membrane

* STP - standard temperature and pressure.
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Table 25. Advantages/disadvantages of H,S04 as an absorbent

Advantages

*Absorbs ethanol, acetone, ether -
20 wt % levels

*Readily available from NAC/SAC
or SAR

*Regenerate or reuse acid in SAR

*May recover most of solvents in
ether manufacturing plant

*Fuel value of solvents can reduce
fuel requirements for the oleum

*Requires one absorber column
*HoS04 1s not volatile

*Concentrated H,504 destroys NG
under controlled conditions

*Costs seem favorable for acid usage

*NG is soluble in concentrated
HaS04 (26%)

Disadvantages

*Absorbs water
*Corrosion problems

*If recover solvents for reuse, may
need cooling equipment

*Transportation of acid throughout
plant

*Need safety measures to assure actid
does not contact propeillants
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Conditions: 0.02 M Na2503, 40°C (104°F)

Figure 2. Effect of pH on sulfur (S IV)

species

*0). B. Nurmi, et al, "Sulfite Oxidation in Organic Acid
Solutions," Flue Gas Desulfurization, American Chemical

Society, 1982, pp 173-189

Figure 2. Effect of pH on sulfur (S IV) species
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Figure 4. Recycle efficiency tests using 5 wt %
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NapS03/0.05 wt % EDTA at pH 5
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Figure 5. Recycle efficiency tests using 15 wt % :
Na2503/0.05 wt % EDTA at pH 5 :
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Figure 7. Solvent concentrations in single-pass column
absorbent (plant process water), test 1 of
fractional factorial (1/2 replicate) experiment

. ) \..“‘.‘\‘_'v'.\.r\h-\-*\..\--‘--.\-‘\‘.\-‘n...-_J._ .




\om o

N
) ]

N

[ ]
AN

./n

24 j 7 ?
' /! \\ l
22 4 .4 \ :
| : \ {
20 4 \ i
£ | ; \ ‘
A ! B J /' Y 5
3‘? a 7 3 !
g3 1
32 A \ |
53 1a- \ 4
- g H /' B !
- /
oe 2 a \
2 \
3 104 ‘ a, |
n : 5 . ‘
3 ~. - AN !
) 1 ~5\~\~€( 5\\\ ‘
~
4 s\\i
‘__—'_—‘_hx\\
2 _ I
Q + - — mem— + h
1 v R Bl
2 = 4 3
tirna, R
a ozetore in HSON - zthagre!l ‘m =303

Figure 8. Solvent concentrations in recycle column
HSO03 absorbent solution, test 2 of fractional
factorial (1/2 replicate) experiment
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Figure 9. Solvent concentrations in single-pass column
absorbent (plant process water), test 2 of
fractional factorial (1/2 replicate) experiment
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Figure 10. Solvent concentrations in recycle column
HSOg absorbent solution, bcde interaction
of fractional factorial (1/2 replicate)
experiment
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experiment
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inlet and exit absorber gas streams using heated N5

Gas chromatographic results of NG concentrations in
propellant to generate NG vapors
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Regardless of the element or compound of
interest, all Dionex Chromatographs operate
according to the same basic principles.

By selecting the appropriate colum for
separating the ions of interest in a sample,
chemists can now separate and a4analyze the
oxidation state of many metals, determine Group
I and II metals, metal complexes, and a complete
range of inorganic and organic ions in a sample
with excellent speed and sensitivity.

A liquid sample is introduced at the top of
the ion exchange analytical column (the
separator column). An eluant is pumped through
the system. This causes the ionic species to
move through the column at rates determined by
their affinity for the colum resin. The
differential migration of the ions allows them
to separate into discrete bands.

As these bands move through the column, they
are delivered, one at a time, into the detection
system. The bands can then be detected by the
appropriate detection mode. In the case of
anion complex detection, a conductivity cell is
emp loyed.

The detector is set to measure the complexed
ionic band at a pre-selected conductivity. The
results appear in the form of a chromatogram,
essentially a plot of time the band was retained
on the column versus the signal it produces in
the detector. Each ion in the sample can be
identified and quantified by camparing the
chramatogram against that of a standard solution.

"The Alternative to AA and ICP" Dionex pamphlet LPM 32631 7/85, Dionex,

Sunnyvale, CA

Figure 18.

82

TN AR o s St il SN i 2 S

Principles of ion chromatography

RSN | T T, v _w e =

v, 2y twew oy

]

N, . .



Dlenes Carp lon Chiramatographe + Amitie Acid Anetyzers - Ragid K Oystems “
30010 Greerwres Esscutrve Campus, Aoute 73, Mamon, NJ 0803), USA Teepnone (609 5960000 Teiex 348-347

APPLICATION REPORT \
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5’;‘5 bg S Elyent: 0.75aM NaHCO .
. =5 — A
a8 2 =z -
o 4 N 3 2.20M N 1
@ - Separation HPIC-AS4a :
2 eoR Mode: HPIC-AG4s -
S 0~ ] Detecticn
n L]
Mode: IonChrom/Cond, ‘
— - - [
S g Range: 30uS Full Scale .
2N ™~ = Flow: 2al/min, 3
— L] w f
L Chart_Speed: 0.5cn/min. ®
z 7 . Misc: N
- T ‘.
W 123 S
: g . :
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3 T w .
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Figure 19. Anion standarc
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Figure 20.
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Eluent: 0.75 mM NaHCO3
2.2 mM Na2C03
Separation mode: HPIC-AS4a

HPIC-AG4a
Detection mode: Ion Chrom/Cond.
Range: 30 uS full scale
Flow: 2 mL/min
7 Sample Loop: 50 ul
Chart speeg: 1.0 cm/min
2. 3 ppmCl1” 3. 10 ppm NOZ'
5. 5 ppm Br~ 6. 10 ppm N03'
[on chromatograph anion standard
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Eluent: 0.75 mM NaHCO3 }
2.2 mM Na2C03 .
Separation mode: HPIC-AS4a )
2 HPIC-AG4a :
Detection mode: Ion Chrom/Cond.
Range: 30 uS full scale
3 ow: 2 mL/min
Sample loop: 50 ul
Chart s eegz 1.0 cm/min
1 y isc: 1:500 dilution
1. 71 ppm C1° 2. 6,809 ppm S03° 3. 7,750 ppm SOF” .
i

Figure 21. IC analyses of 6.5 ¢ Na2503 in 93.5 g
defonized H20
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Eluent: 0.75 mM NaHCO3
2.2 mM Na2C03
Separation mode: HPIC-AS4a
HPIC-AG4a
Detection mode: Ion Chrom/Cond.
Range: 30 uS full scale
ow: 2 mL/min
Sample loop: 50 ul
Chart speed: 1.0 cm/min
- Misc: 1:500 dilution
3
4
12 :
_v» J
1. Unknown 2. 71 ppm Ci~ 3. 34,977 ope

4. 21,250 ppm SO2°

Figure 22. IC anaiysses >* "% | “a

defonized ~o7
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Eluent: 0.75 mM NaHCO3
2.2 mM Nazco3
Separation mode: HPIC-AS4a
HPIC-AG4a
Detection mode: Ion chrom/Cond.
Range: 30 uS full scale
ow: 2 mL/min
Sample loop: 50 ul
Chart speed: 1.0 cm/min
isc: 1:500 dilution
ot J
1. 71 ppm C1° 2. 67,000 ppm SO’

Figure 23. IC analyses of 15 g "aZSZOS +6.5¢9 Na2503
in 78.5 g deionized HZO
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3. Unknown
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Figure 24.

Eluent:

Separation mode:

Detection mode:

Sample loop
amplie 100p:
vhart speed:

Misc:

2. 308 ppm F~
4. 59,541 ppm

5. 34,000 ppm S03"

+ 0.05 g ECTA in 75.5 g defonized H,0
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0.75 mM NaHCO
2.2 mM Na2C03
HPIC-AS4a
HPIC-AG4a

Ion Chrom/Cond.
30 uS full scale
2 mL/min

50 ul

1.0 cm/min

1:500 dilution

3

2.
503

IC analyses of 15 g NapSp0s + 6.5 g NapSQj3

T TG T
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Eluent: 0.75 mM NaHCO3
2.2 mM Na2C03
Separation mode: HPIC-AS4a
HPIC-AG4a
Detection mode: Ion Chrom/Cond.
Range: 30 uS full scale
Flow: 2 mL/min
Sample 1005: 50 ul
2 Chart speed: 1.0 cm/min
18C: 1:1000 dilution
1. 462 ppm C1~ 2. 59,274 ppm S05”
3. 18,000 ppm SO
J 3

Figure 25. IC analyses of 15 wt % Na25205/6.5 wt %
NapS03/0.05 wt % EDTA in plant process water
before testing
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Eluent: 0.75 mM NaHCO, 3
2.2 mM Na2C03 g
Separation mode: HPIC-AS4a

HPIC-AG4a
ggﬁection mode: Ion ChroT{Cond.
ange: 30 uS full scale
F1 2 mL/min

ow:
Sample loop: 50 ul \
Chart s eegz 1.0 cm/min 3
Misc:

1:1000 dilution

3 .
4 .
1. 154 ppm F~ 2. 1,429 ppm C1” 3. 50,864 ppm SOZ- :
4. 26,500 ppm SOf" ]
Figure 26. IC analyses of 15 wt ¥ NapSz0g/6.5 wt % iHapS03/ \
0.05 wt . FDTA in nlant nrocess water after testing
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Eluent: 0.75 mM NaHC03
2.2 mM Na2C03

Separation mode: HPIC-AS4a
HPIC-AG4a

ggtection mode: Ion Chrom/Cond.

ange: 30 uS full scale
Flow: : 2 mlL/min .
1 Sample loop: 50 ul :
3 Chart speed: 1.0 cm/min
1. 5 ppmC1~ 2. 0.3 ppm Br~ 3. 17 ppm S02°

i\, M Bt

Figure 27. IC analyses of plant process water before testing
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Eluent: 0.75 mM NaHCO3

2.2 mM Na2C03
Separation mode: HPIC-AS4a .
HPIC-AG4a 3

Detection mode: Ion Chrom/Cond. 3
Range: 30 uS full scale A

ow: 2 mL/min
Sample loop: 50 ul

art speed: 1.0 cm/min

A48 N YIES

J
¢

- - 2-
1. 5 ppm C1 2. 0.8 ppm Br 3. 140 ppm SO,

Figure 28. IC analyses of plant process water composite after
testing
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0-S — H-S 0

(A) 0 (8) 0 :
Tautomers (A) and (B) eaxst at low

concentrations (3 x 10~ ,

‘0 //O-H \\ ‘///0
AN N ‘

s 0 p———— S=Se, "M
//// \\\ | _-0 0//// \\\\\0-
0 H-———-S\\\
(c) 0 (D)

Tautomers (C) and (D) exist at high
concentrations (7 x 10-2 M)

“Sodium Bisulfite Anhydrous", Virginia Chemicals Inc. technical data
Bulletin 704 (76-502683V), Virginia Chemicals Inc., Portsmouth,
Virginia 23703

Figure 29. Four species in NaHSO4 solutions
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Dithionate and Tetrathionate Anslysis

4/23/8%

In the past, & fev of you have expressed interest in determining
dithionate snd tetrsthionate. The chemicals market and power
sarkets are vgry .interested in these snalyses.

The conditions are as follows:

Separator :

Detectioa ¢

Ruant

Rlow 3

Standard

MPIC-¥C]
MPIC-NS1

IoaChrom/Cond.

AFS-2

2uM TBAOH  20Z% scetonitrile
ldl llzm

lal/min.

20ppe thiocsulfate
SOppa dithicnate
100pps tetrathiccate

Figure 30.

hwommmmmnwmm
Telsphone: 598-0800

Dithionate and tetrathionate IC analyses
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SECTION A - A

MIXER BAY (TYP)

-t A

ABSORBER
* RECOVERY UNITS

PARTIAL
FLOOR PLAN

Figure 32. Placement of solvent recovery units
in mix house
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N 1100

1000

900
O . alcohol

u
' 800 © - Acetone
30 for 105 mm, M735S propellang.
R 700 Alr flow approximately 2500 ft~/min durin

bay loading and during drying cycle.
Temperature rise from approximately
80° F, at 5° F/t started at zero hour
after bay loading, to 140° F. Anti-
freeze at 30 to 35 gal./min and 160°F
circuiated co bay pauel coils siatiing
at zero hour.
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Solvents, pwa

: 500,

400~

Joo—
2 200
10— | g

5 o
o 0
N R N S S TN AN Y T T T -~ B N

-

. 2 4 6 8 10 12 14 16 18 20 22 2% 26 28 30 3T 3 J6 33
Modifled Bay, 4912-32, Hours On Drying Cvcle, 8-13-5S0 DDP

Figure 34. Solvent concentration vs time of FAD cycle
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Membrane

Hot
solvent-laden "9::"!'(!05
eoxhaust
sveam Compressor

Solvent L Oven

Blower,

Condenser

S T T =
Condenser
bleed stream

[ @

Recycled hot air

Liquid
solvent

Process Description

Hot solvent-laden exhaust streams from solvent drying ovens are passed
over the surface of a membrane much more permeable to organic vapors than
to air. The‘organic vapors pass through the membrane and are condensed
to recover the solvent. The air and remaining solvent are recycled to
the oven.

Figure 38. MTR's prooosed membrane system for solvent recoverv
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Safety is port of your job.
HERCULES
‘E Memorandum

RAOFORD ARMY AMMUNITION PLANT
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March 2, 1987

HI-87-M-19
General Safetv Guidelines for a Bisulfite Scrubbing
Column_Plant_Concept for_Volatile Qrganic_Carbon_Emissions

aummary_and_Conclusions

This safety review provides general safety guidelines for a Bisulfite
Scrubbing Column concept for volatile organic carbon emissions. These safety
guidelines provided design criteria for scaling up this Bisulfite Scrubbing
Column to the pilot plant level.

Table 1 lists these safety guidelines for several categories including
equipment, materials, operations, procedures, and maintenance. These, along
with safety guidelines issued in references 2 and 3 will provide enough design
criteria for the pilot plant scale-up. Further Hazards evaluation including a
Preliminary Hazards Analysis (PHA) and a risk analysis must be performed
during the design, installation, and proveout phases of this project.

Material_Response

The three combustibles capable of introducing potentially hazardous conditions
are the volatile solvents, ethanol and acetone, and the liquid explosive
ingredient, NG. Concentrations of ethanol and acetone vapors entering the
svstem are less than 1%, which are below their lower explosive limits (LEL) of
3.3% and 2.6%, respectively. Therefore, the electrostatic initiation and
sustained burning potentials of these two solvents are considered as minimal.

RA-173 REV. 8-84 .
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HI-87-M-19 2 March 2, 1987

NG vapors in air within the scrubber equipment could range in concentrations
from 2-14 ppm. Even though its concentration is low, NG is the most impact,
friction, and thermally sensitive compound present in this scrubbing unit.
Future quantitative safety analyses should therefore be based upon initiation
data for NG (see Table 2).
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CARBONACEQUS ABSORBENTS
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MEMORANDUM T

January 11, 1982

b

BA-82-M-4

Thermal Decomposition Behavior of Nitrate Esters
Absorbed on Carbonaceous Resins in Denitration Tests

SUMMARY AND CONCLUSIONS

PR R

Several samples of nitrate asters sbsorbed on Amberlite XAD-4 carbonaceous
resin vere denitrated remotely in exploratory Sazards tests. Temperatures in-
creased to approximately 90°C in these tests. Boiling of the demitratiom solu- A
tion wvas indicated vhen one sample speved from the colum. Increasing resin :
bed size increased the rate of temperature rise during denitration. Denitration .
solutions used were concentrated above those necessary in the process to investi-
gate the_rapid reaction in abnormal process situations. It is concluded that
positive contTols would be required on ethanol, caustic, and NG conceantrations

to ensure adequate safety in processing.

.I .l " '.

A sample of Ambersorb XE-348 resin containing nitrate esters was maintained at
elevated temperatures for one week to investigate its stability. Ko exothermic
reaction vas observed. This indicates that, with further testing verificationm,
the XE-348 resin might be used in propellant operations. This resin failed the
tigorous Modified Talliana compatibility test.

L5

FUTURE WORK

The initial testing performed indicates that destruction of nitrate esters
absorbed on carbonacecus resins by deanitration on the resin to be viable.
Hovever, a total systems safecy risk analysis and a thorough evaluation of
resin sensitivity and denitration reaction characteristics is required to
establish safe operating conditions before a pilot operation is established.
Positive system controls to eliminate excess ethanol and caustic in the de-
pitration solution, and free NG in the resin bed, are a memeded safety feature.
Sensitivity initiation levels as well as investigation of burning/explosion
characteristics of the wet and dry resin i{s necessary to provide information
.to assess safe handling methods and personnel safety protaction in the
operation.

= "W W,
4 .
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BA-82-4-4 -2 e January 11, 1982

: INTRODUCTION

Vastevater from the NG area contains nitrate esters which are undesirable
environmental contaminants. Oue scheme for removing them from the vaste-
vater {s being investigated by PE-598. Nitrate esters dissolved inrn the waste-
vater are rexoved vhen the watsr is circulated through a carbonaceocus resin
bed. Denitration of the nitrate ester is performed on the resin bed dy
‘edrculating an ethanol/water/caustic solution through the bed. The echanol
extracts the nitrate esters from the resin, and the caustic (NaOH) acts to
break thez down. Investigation is being performed to see if the resin can

be reused.

Exploratory sensitivity testing was performed to investigate the thermal
decomposition behavior of nitrate esters absorbed on these resins. The effect of
heat of denitration on samples vas investigated in limited testing, and lomg-
ternm stability of the nitrate ester absorbed on the resin was investigated in
one test.

EXPERTMENTAL

Several samples of Amberlite XAD-4 and Ambersorb XE-348 resin were denitrated
in the apparatus depicted in figure 1. Thermocouples in the resin bed pro-
vided a time/temperature profile of the denfitration reaction  as {t progressed.
‘The apparatus vas located remotely in the bazards test pit. Flow rate through
the column was approximately eight bed volumes per minute.

Oue test was perforned using ambersorb XE-348 resin to iuvestigate its thermal
stability when mixed with NG. A one-inch diameter by eight-inch deep resin

bed vas maintained at a temperature of 100°F for 48 hours, 150°F for 48 hours,
and 200°E for 24 hours. Thermocouples in the resin monitored the temperature.

All samples were prepared by flowing NG-contaminated vastewater through the
resin. NG concentration was determined by analyzing input and exit NG
concentration. Table 1 summarizes the results obtained from four demitzration
tests. In the trial using a two~inch diameter bed (all other tests wvere cne~
g inch diameter), the top two to three inches of the resin spewed ocut. No
damage to the containing glass column occurred. Figures 2, 3, and & graph
the tine/temperature relationship during denitration.

o

¢
¢
$

o~

f* The test in which XE-348 resin vas maintained at increased temperatures for

T 8 veek showed no visible signs of reaction. The thermocouples did mot

i::j indicate any increase above the maintained temperatures.

‘\_.

- DISCUSSION

£ XAD~4 Denitrations

A

r

R Three saxples of nitrate esters absorbed om XAD-4 resin wvere denitrated. The

-:.'f ethanol and caustic concentrations used were above those plauned for a pro-

:\; duction operation, in order to investigate the behavior -of the resin at !

j:} elevated process temperatures. In all three denitrations, the columm
temperature approached 90°C, the approximate boiling temperature of the

o

"

Y
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denitration solution. In the trial ia vhich the resin spewed from the column,
the condition of the column could be explained by the denitration solution
boiling and speving out of the column. These cbservations suggest that the
denitrstion reaction may be halted when the denitration solution begins to
boil at the resin/solution interface. Removing NG into solution may be

halted or slowed down. It does asppear that boiling may act as a relief in

the process, and process equipment should be designed to allow boilover without
pressurization.

T T T————— W W e -

NG loading on the resins and denitration solution strength was altered slightly
in the three tests, but no significant difference was noted in the three trials.

Rate of the temperature rise in the larger ( two~inch diameter) columm was double
that of the maximm rate of rise in the smaller (one-inch diameter) column.

This suggests that remote testing is required for the proposed four-inch
dianseter pilot columm, in order to establish safe operating paranmeters and

| reactions in the columm in abnormal operating conditions. Increasing teop-
erature rate of increase in a larger colutn may result in a runaway exothermic
NG reaction.

XE-348 Denitrations

The single sample of XE-348 resin on which NG was absorbed was denitrated with
no observed temperature rise. Samples taken of the fesin after the denitration
process was performed showed that all NG was not removed from the resin. The
laboratory analysis could not conclusively ascertain whether any denitration
had been performed. Therefore the lack of a tewmperature rise in this resin
wvhen tested is most likely due to there being no actual denitration reactiom
occurring. Changes in the process to correct this should be tested remotely.

Compatibility of Resins

Abbersorb XE-348 resin did not pass the standard Modified Talliana compati-
bility test with HEN-12 propellant or NG casting solvent. This rigorous
screening test is operated above the expected operating temperatures for this
resin. A single test of a resin bed loaded with 46 weight percent NG, and main-
tained at texperatures between 100 and 200°F was performed to evaluate this
resin's reaction in situatiouns approaching the operating eanvironment. No re-
action was observed, as noted in the results section, indicating relative
stability in the operating range of interest. The resin was water-vet
inicially in the test. In the process, it is a reasonable safety precaution
to maintain the resin wvater-wet at all times. Further testing is required to
define the safety of long~term maintenance of NG on this resin,

Reactivity of Water-Wet XE-348 Resin

A controller malfunction subjected water-wet XE-348 resin to temperatures
exceeding 300°C. The resin reacted sufficiently to blow out of the top or
burn {n the one-inch diameter glass columm in which it was held. No damage
occurred to the glass column. This indicates that NG may be sufficiently
dound to the resin to burn more as {n a propellant formulation than explode
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as in free NG. Further testing is mandated 4f this 1s to be verified.

Differential Thermal Analvses

Table 2 lists differential thermal analysis (DTA) results for various samples
of XE-348 and XAD-4 resins. Most of these samples were used as a verification
of NG presence in samples tested. A potential area of concern was the onset
of an exothermic reaction at 110°C with the single XAD-4 resin sample tested.
This 4s below the 160°C minimum onset temperature of NG decomposition. A
IAD-4 blank was not run, and the sample of XAD-4 blank was loaded with

~602 NG, which is above the 302 maximum loading previously observed. This
condition could result in an unusually sensitive combination of resin and

NG. This should be investigated in future testing.

In all of the tests performed, as shown in table 2, decomposition occurred
below the 150°C onset of decompostion for nitrate esters. This suggests

that either NG or other contaminants in the wastewater are interacting with
the resin. Contaminants may also be interacting with NG. Further investi-
gation should be performed to identify hazards associlated with this behavior.
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APPENDIX C

MIXER ABSORBER CALCULATIONS
(SOFTWARE ARTS, INC., TK! SOLVER (R) PROGRAM)




"Calculations of inert gas (IG)
. Basis: 1l in.
" Temperature reading 40F
Pressure reading 72 psig
"Assumption: IG is 100% nitrogen (N2)

flow for

”

i)
o
=
Pt
L

process line reduced to 4 -.25 in.

propellant dry down

"Volume flow of Inert gas.,
ref.2

polyflow tubing (.

156 I

(Note: IG composition is 80-85% N

ref.

Name

sL=(Mx1000)/35.3145

Output

* Mi=128.5%KxY¥2*x(d"2)%((p2*hw)/(2xTxS))"~,5
* Y2=(A*BxC*E>". 5 "Gas expansion factor,
* A=r"(2/k)

* Bsk/(k-1)

* C=(l-r"((k=-1>/k))/(1-1)

* E=(l-beta"4)/( 1-(beta"4*r"(2/k)))

* hw=((pl-p2)*33.9%12)/14.7

* beta=d/D

* M=4%Mj

*x r=p2/pl

w

Unit

Comment

M 35.196260 SCF/min Standard cubic feet/min; flowrate
985 K Coefficient of discharge
Y2 .36437181 Gas expansion factor based on p2
. 15625 da in. Internal diameter of orifice
14.7 P2 psia Absclute pressure at downstream tap
hw 1992.4898 in., H20 Differential head (in. water (60F))
.99 z Gas compressibility factor, ref. 3
499.67 T R Absolute temperature at upstream tap
.96955017 S Specific gravity relative to air
A . 07924967 Part of gas expansion factor
B 3.5 Part of gas expansion factor
c .47891941 Part of gas expansion factor
E . 99945116 Part of gas expansion factor
r . 16955017 p2/pl
1.4 k Specific heat ratio,Cp/Cv
beta . 15625 da/D
86.7 pl psia Absolute pressure at upstream tap
1 D in. Internal diameter of upstream pipe
Mi 8.7990649 SCF/min Flow rate from individual nozzles
sL 996.65179 sL/min Standard liters/min; flowrate

T A |
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* Basis:9.2 CF/min

* PxV=pnxR*xT

x P=(28.5)%(1)/(29.921)
x T=1,8%38+32+459.67

x PgxVgz=nxRxTs

x A=pi()%*(2/12)"°2

x

G=Vs/A “"Gas load @ STP
St Input Name Output Unit

P .95250827 atm

9.2 \'} CEF/min
n .02142755 1b-mole

7302 R
T 560.07 K

1 Ps atm

492 Ts R
Vs 7.6980260 SCF/min
A .08726646 £t2

G 88.212880 ft3/ft2

2728 499, a0 44t v el "alorat. "

"Convert bench-scale gas flow to standard temperature and pressure (STP)
" to calculate gas load, G (£t3/ft2) @ STP
at 38C and 28.5 in. Hg

"Actual bench-scale conditions

"Convert pressure to atmospheres
"Convert degree C to degree R
"Bench-scale conditions @ STP

Comment

Actual pressure
Actual cubic feet/min
Actual lb-moles

Gas constant

Actual temperature
Standard pressure
Standard temperature
Standard volume

Area of bench-scale unit
Gas load




. o'y a8 a%h 2t atd a'd &% 20 a3 2’ 2') o 4 '3 ‘2 a%) B e T8 o' a¥h alf oV 2% %3 0% 2" .0%0 4" 4% *4 he'hat La¥ 4 att 04 Q) T 4 LY

“"Diameter of column for mixer absorber

ey Basis: 1 min
" Assumption: No pressure drop in Koch-Sulzer packing, ref.4

S Rule
x. - -
N * Aig=M/G "Column area for jinert gas flow @ STP
iy * Aig=pi()*r~2
? *x r=d/2
4 * din=dx12
L}
N St Input Name Output Unit Comment
& 35.19626 M SCF Standard cubic feet of inert gas
X 88.21288 G ft3/£ft2 Gas load @ STP

Aig . 39899230 ft2 Column area for inert gas flow @ STP
. r . 35637507 £t Radius of inert gas column
- d .71275015 £t Diameter of inert gas column
J din 8.5530018 in. Diameter of inert gas column
L
W
[)
X
A
¥
s
128
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"Height of column for mixer absorber, ref.S

" Basis: 1l min

* Assumption: No pressure drop in Koch-Sulzer packing, ref.4

Data: 4 HETP to scrub 85% acetone out of 7.7 SCF/min gas (Bench-scale)
" 1 HETP=6.75 in. Koch-Sulzer packing, ref.S5

St Input Name Output Unit Comment
H 10.287259 ft Height of inert gas column
. 5625 HETP ft Height eguivalent theoretical plate
7.698026 Vs SCF Standard cubic feet of gas

35.19626 M SCF Standard cubic feet of inert gas
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“Calculate liquid load.L as gpm/ft2 or lb/m/ft2
" Basis:300mL/min absorbent recycle rate (Bench-scale)

S Rule
* A=pi()=xgr 2
* gpm=mL/( 1000%3,785)
* lbm=(mL*spg)/453, 593
* Lgpm=gpm/A
* Lilbm=1bm/A
J
St Input Name Output Unit Comment :
A 08726646 ft2 Area of bench-scale unit
. 16666667 r ft Radius of bench-scale unit
gpm . 07926024 gpm Gallons/min of absorbent recycle rate
300 mL mL mL of absorbent recycled/min
1bm .79366304 1b 1b of absorbent recycled/min
1.2 spg sSpg Specific gravity of absorbent

Lgpm . 90825542 gpm/ft2 Liquid load
Libm 9.0947085 1b/m/ft2 Liquid load

+

TN

am
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S Rule \
“Calculate flowrate of absorbent recycled in inert gas column
* Basis:Liquid load,L calculations for bench-scale absorber
S Rule
* Aig=pi()*xr~2
* gpm=mL/( 1000%3.785) )
* lbm=(mL*spg)/453.593 1
* Lgpm=gpm/Aig
* Llbm=1bm/Aig
St Input Name Output Unit Comment
. 3989923 Aig ft2 Area of inert gas column
T .35637507 £t Radius of inert gas column
gpm . 36238691 gpm Gallons/min of absorbent recycle rate
mL 1371.6345 mL mL of absorbent recycled/min
1bm 3.6287185 1b l1b of absorbent recycled/min
1.2 Spg 5pg Specific gravity of absorbent
. 9082554 Lgpm gpm/£ft2 Liguid load in inert gas column
9.094708 Llbm 1b/m/£t2 Liguid load in inert gas column
.
.
’
i
ll
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APPENDIX D
ECONOMIC ANALYSIS OF HSO3~ ABSORBENT SYSTEMS
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MEMORANDUM

September 30, 1985

BI-85-M~69
Razards Evaluation of Systems to Reduce
Volatile Organic Carbon Ezissions

Summary and Conclusions

A Preliminary Hazards Analysis (PHA) determined that the proposed concept
for using the PURASIV® HR fluidized carbon bed solvent recovery system is
not safe for recovery of solvent vapor/air mixtures laden with NG. The
activated carbon adsorbant is not compatible with NG. Selection of the
PURASIV® HR recovery system would require replacing the activated carbdon
with a compatible material and fabrication and maintenance of the cperation
to Army and Corporate standards for equipment in contact with NG.

Industry has used the PURASIV® HR recovery system for 10+ years to remove
acetone and alcohol from solvent laden air. A literature search reveals
no accidents involving the recovery system; therefore, the PURASIV® HR
recovery system would appear to be safe for removing acetone and alcohol
vapors from solvent laden air, providing it is free of liquid expliosives.

The final design for the solvent recovery system selected for this project
(PE-694) will be quantitatively risk assessed to ensure compliance with
Army safety criteria in MPBMA OSM 385-1.

Recommendations

Safety design considerations for the PURASIV® HR operation are given in
table 1.

® Registered trademark of Union Carbide Corporation, USA.
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Future Work

No sdditional work is planned on the PURASIV® HR system unless it is modified
to handle NG vapors or selected for vapor streams free of liquid explosives,
Hazards Analysis studies are integrated into this project to support and ensure
equipment designs and procedures (operation and maintenance) that will provide
adequate safety for personnel and facilities and ensure compliance with

MPBMA OSM 385-1.

Introduction

The original technology for solvent recovery by carbon adsorption was developed
in the 1930's and used a fixed bed batch system. The PURASIV® HR continuous
fluidized bed system developed by the Union Carbide Company was introduced in
the mid-1970's and is shown and described in figure 1.

The PURASIV® HR solvent recovery system is being investigated by Process
Fngineering for reducing acetone, alcohol, and NG vapors being emitted to the
atmosphere during multi-~base green propellant manufacture. The PURASIV® HR
system is being investigated as one concept to comply with Virginia clean air
regulations and to reduce propellant manufacturing cests.

Discussion

The PHA evaluation (table 1) of the PURASIV® HR solvent recovery concept
revealed noncompatible activated carbon beads and NG vapors in the incoming
solvent laden air as unacceptable. Activated carbon is not compatible with
NG in the standard taliani test. Pressure readings exceeded the limitations
of the test.

NG condensate is also not acceptable in the proposed PURASIV® HR operation.
Equipment construction and all welds in the system must be capable of
preventing NG from collecting in crevices. The operation must be easily
cleaned and contain no ledges, cormers, etc., where NG can be trapped.

Safety design considerations must also include interlocks and controls for
flows and temperatures in the desorber and cooler systems, NG neutralizing
capability in the solvent recovery tank, NG analyzer and alarm in the solvent
line going to the still, system cleanup, and a water wetting system for the
operation if some event occurs and the operation stops.

Industry has used the PURASI™ HR solvent (acetone and alcohol) recovery
system for 10+ years. A literature search does not mention any accidents
in the operation. Therefore, many of the potential hazards including
flammable vapor/air mixtures, electrical, heating, back flows, temperature,
pumps, etc., associated with this system must have been addressed. A
detailed assessment of system components will be made if the PURASIV® HR
operation is adopted for solveat flow stream without liquid explosive or

if modified for handling NG condensate.

1f the above safety design considerations could be implemented and the
activated carbon beads replaced with a compatible material, the PURASIV® HR
operation could be assessed for compliance to Army safety criteria.
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APPENDIX F
CEILCOTE PROPOSAL ;
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PROPOSAL RO. SME-8652 BUDGET

December 1, 1986

Hercules, Inc.
Radford, Virginia 2u4141-0299

We are pleased to submit our proposal to furnish a Ceilcote VOC control system
in response to your meeting with Art Ehrler and our representative, Meredith
Winn, of Daco Technical Sales.

DESIGN BASIS

Exhaust air flow: 5,000 CFM

Air flow temperature: 140° F. max

Solvent usage: Unknown

Expected Average
Individual Hydrocarbon Concentration Resoval Efficiency*
Acetone 675 ppm max. 90%+
Ethanol 1,100 ppm max. 90%+

$ For all concentrations greater than 100 ppm.
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. Proposal SME-8652 Budget b
. December 1, 1986 .
Hercules, Inc.

Page 2 of 6

SYSTEM DESCRIPTION

LRI

Removal of the hydrocarbon vapors is carried out in a scrubber using Sol-Vol-X,
a proprietary high boiling point organic 1liquid. Recovery of the solvents is
achieved in a stripper column equipped with a fractionation section and a con-
denser. After stripping, regenerated Sol-Vol-X from the stripper column bottom
is recycled for re-use in the scrubber. The complete system functions as fol- .
lows: (See Bulletin No. 12-18 which shows a schematic arrangement of the
equipment.) .

“w_u

{
The scrubber (;) absorbs organic vapors from the airstream using Sol-Vol-X as a
scrubbing solution. Clean air exits the scrubber at the top. \

A scrubber transfer pump <;? transfers Scl-Vol-X containing absorbed VOC's from
the bottom of the scrubber through the heat exchanger to the stripper column.

A plate and frame heat exchanger <§> heats cold Sol-Vol-X transferred from the
scrubber sump with hot stripped Sol-Vol-X being recycled from the sump of the K
stripper column. This heat recovery process is critical to the energy ef-
ficiency of the system.

WL I P

Heated Sgl~Vol-X from the heat exchanger is then heated further in an auxiliary
heater (f) to maximize VOC stripping and thus overall system efficiency.

A stripping column <;>, using ceramic packing, strips VOC's from the heated :
Sol-Vol-X. The stripPer colump is operated under vacuum which is supplied by a

liquid ring seal vacuum pmnpua .
A stripper transfer pump §:> then transfers Sol-Vol-X stripped of organic com-
pounds from bottom of stripping column to hot side of heat exchanger and from
there to liquid distributor of scrubber.

A single pass shell and tube condenser <:> condenses stripped organic vapors to
liquid state. :

The stripped and condensed VOC's are then collected in two cylindrical tanks <:> k
for subsequent return to process or reclamation. .

Instrumentation and Control - A single control panel contains all of the neces-
sary equipment needed to monitor and control the total automatic operation of
the system including sequential startup and shutdown. Temperatures are moni-
tored and controlled to the scrubber and stripper. Flows to and from these
units are also controlled automatically. The panel also contains annunciator
alarms on all temperatures, flows, liquid levels, and pressures necessary for
the automatic startup, operation, and shutdown of the system. The control sys-
tem also provides all necessary safety interlocks to prevent any damage to the
equipment or personnel in the event of loss of electrical power, cooling water,
or Sol-Vol-X.
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Proposal SME-8652 Budget
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Hercules, Inc.

Page 3 of 6

SCOPE OF SUPPLY

The proposed Ceilcote VOC control system will consist of the following basic
component parts integrated into a fully automatic system.

Scrubber - One standard Ceilcote VTS-35-6 tray scrubber complete with inlet
transition and outlet exhaust stub stack. The tray scrubber incorporates ad-
Justable inlet and outlet weirs on each tray for total liquid flow control ad-
Justment and maximum scrubbing efficiency. The scrubber contains integral sump
and entrainment separator sections.

Scrubber Transfer Pump - Horizontal gear type pump equipped with TEFC motor for
transferring Sol-Vol-X containing absorbed organic vapors from the bottom of
the scrubber through the heat exchanger to the stripper column.

Heat Exchanger - Plate and frame design for preheating the Sol-Vol-X from the
scrubber sump with the hot recycling Sol-Vol-X from the stripper column.
Designed for maximum energy recovery.

Stripping Column - Standard Ceilcote SPT packed bed design using ceramic pack-
ing. Unit includes integral Sol-Vol-X storage sump and reflux condenser for
maximum separating efficiency.

Stripper Transfer Pump - Horizontal gear type pump equipped with TEFC motor for
transferring Sol-Vol-X stripped of organic compounds from the bottom of strip-
ping column to the hot side of heat exchanger and from there to the liquid dis-
tributor of scrubber.

Stripping Column Vacuum Pump - Liquid ring seal type vacuum pump for maintain-
ing vacuum on stripper column. Unit equipped with mechanical seals and TEFC
motor.

Condenser - Single pass shell and tube design using cooling water transferred
from owner source to condense stripped organic vapors to liquid state.

Recovered Solvent Tanks - Two (2) cylindrical tanks with storage capacity equal
to a minimum of one day of recovered material. Automatic discharge and venting
can be provided if required.

Instrumentation and Control - The control panel will contain a programmable
controller to monitor and control the total automatic operation of the system
including sequential startup and shutdown. Temperatures and flows to and from
the scrubber and stripper will be monitored and controlled. The panel will
also contain annunciator alarms (with first out indication) on all tempera-
tures, flows, liquid levels, and pressures necessary for the automatie startup,
operation, and shutdown of the system. The control system will provide the
necessary safety interlocks to prevent any damage to the equipment or personnel
in the event of loss of electrical power, cooling water, Sol-Vol-X, etc., that
might occur during operation.

A non-refrigerated air dryer capable of supplying approximately 15 CFM of -300
D.P. instrument air is provided.

.....

)
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MATERIALS OF CONSTRUCTION

All components including process vessels and piping in contact with Sol-Vol-X
will be fabricated from carbon steel, stainless steel, or brass as appropriate.

HEAT SOURCE

The heat input requirements for the system based on a 20°F heat exchanger ap-
proach temperature are listed below. Closer approach temperatures can be se-
lected to lower power consumption. However, additional capital expenditures
would be required. The proposed system is designed to use electricity as the
source of heat. Alternate sources such as steam or natural gas can be used.
We would be pleased to modify our proposal accordingly if you wish.

COOLING WATER

Cooling tower water can be used in the heat exchanger, if necessary. Normally,
plant service water is used. The amount of cooling water required is shown
below.

UTILITY REQUIREMENTS

Normal operating requirements are as follows and apply only during full scale
system operation. During system shutdown, no energy is consumed. The system
can be brought to full operation in as little as 30 minutes after a 24 hour
shutdown. "Cold start™ of the system requires no more than 90 minutes.

System CFM 5,000 CFM
Electrical power for pumps 20 H.P.

Heat source 450,000 Btu/hour
Cooling water 15 GPM

EQUIPMENT SIZE AND WEIGHT

System CFM 5,000
System Length 10!
System Width 21"
System Height 22"
System Operating Weight . 32,500

DRAWING AND DELIVERY SCHEDULE

The shipping date for the above system is 20 weeks after purchaser's approval
of Ceilcote drawings. Approval drawings would be submitted 6 - 8 weeks after
receipt of written purchase order. A site visit will be made immediately after

order placement to insure that no unforeseen site conditions delay the approval
cycle.
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Proposal SME-8652 Budget
December 1, 1986
Hercules, Inc.

Page S of 6

STARTUP ASSISTANCE

Ceilcote will provide one qualified factory engineer to assist the customer in

equipment startup and debugging at a charge of $ 500.00 per day plus living and
travel expenses at cost.

SAFETY ISSUES

The buildup of nonstripped VOC's in carbon beds represents a serious fire
hazard when the system is placed back into operation. No residual buildup oe-
curs with the Ceilcote system thus eliminating this hazard. Sol-Vol-X has a
flash point of over 300°F. Liquids with a flash point of over 200°F are clas-
sified as Class 3 flammable liquids. Class 3 liquids are relatively safe.
They are slow burning and fires are easily extinguished. Where the Sol-Vol-X
is heated, it is under vacuum. Therefore, no air is present for combustion.

PREVENTATIVE MAINTENANCE

Preventative maintenance is limited to bearing lubrication and periodic visual
inspections.

YEARLY DOWNTIME

Twice a year, for a 1-2 day period, the system should be shut down, inspected,
and serviced.

PRICING (BUDGET)

To furnish the proposed system, we are pleased to quote as follows:

Equipment Cost® $195,000

® May vary with heat source supplied, +10%

The above pricing is F.0.B. point of manufacture, freight collect, and does not
include any state or local taxes should they be applicable.

The above prices are valid for 90 days from date of this proposal.

The attached "Standard Contract Terms and Conditions of Sale" and "Terms of
Payment™ are made a part of this proposal and shall apply in the event of an

order.

We trust this information is complete and will enadble you to evaluate our §
system. j
i
§
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Should you have further questions or we may be of other service to you, please

contact us. ;
()

Sincerely, \
(

THE CEILCOTE COMPANY !
(

(]
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TERMS OF PAYMENT

1. 10% of contract price on submission of shop drawings for customer's
approval. This to cover costs we have invested in engineering, initial
work on tooling, jigs, fixtures, and inventorying of raw materials.

2. Monthly billings based on certification of percentage of completion of
80% of pro rata share of contract price.

3. 10%, 30 déys after delivery.

4. These Terms of Pavment are in lieu of Paragraph 4 of our Standard Terms
and Conditions sheet which is also attached.

This page is made an integral part of our proposal and shall apply in the
event of an order.

FOR ORDERS OF $50,000 AND OVER
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OIVISION OF OENERAL SIGNAL INDUSTRIES INC.

STANDARD CONTRACT TERMS AND CONDITIONS
GENERAL TERMS OF SALE

1 Construchon and Lege! Eftect Seiler' s sale 10 Buyer is imited to end expressly
Mage congtong! on Buyer 8 a58en 10 the typed. hendwritten and printed terms snd con-
@ions of paie on the 1ace and reverse side hereo!. sH of which torm o pert of this order
ONd Superesde end reject &l prior writings. repr and neg: with reep
Mereto ang any " Q terme and of Buyer Uniess Buyer now eapressly
conditiong Buyer & purchase documents. in ¢ typed or handwritten portion of Buyer's
chase forma. upon sasent 10 8dditional or different terms and conditions of Buyer. o un
Buyer otherwrse COMMUNICAlES SUCH AN axpressly conditioned 0blection 10 Seler within
fifteen {15) days from receipt of this documaent. the sending of 8 purchase order tor the
goods refer~ed to herein. whether of not signed by Buyer. sny pninted statement 10 the
contrery notwithetanding. or Buyer’'s acceptance of goods of payment operstes es AC.
CEPTANCE BY BUYER of Seiler ¢ terms and canditions of ssle

Any wnting 00 expressly conditioned by Buyer ehail be construed as an scceptence
of ait terms and conditions on which the Parties egree on which sppesr only i Seller's
ssles documents. & rejection of !ho terms md conditions of Selier wiuch sre different
trom those of Buyer. end a ¢t to v by Selier n resp
of thoee snd any saditions) lunv umu and conditions.

Selier will lurnish only the quantities and itsms specifically Nsted on the tace hereol.
Seller sssumes no responsibility for turmishing other equipment or material shown in any
plans and or specitications for a project to which the goods ordered hersin penan

Anty sction for breach of contract Mmust be commanced within One (1) yeer sfter the couse
of schon has sccrued
2 Prices Uniess otharwise noted on the face hersot. prices are net F.O.8 Seller's
poimt of manutfacture Service ume of 8 factory-irsined serviceman is not included any
may be cherged extre Yh.mmo'myngplmonwcmtuﬁnmu-uurmw
ment charge upon the product: or use of goods ordered or sold will
be agded to bilkng unbu buyer pmvmo Seller with en 8pPropnate exemplion certificate.
3. Defectve Goods Providing Buyer notitiss Seller pr .n 9. N, within
one (1) yeer from date of shipment, goods or parnts mcnu!umroc by Seiter fail to function
property unoer normal end proper yse end service bacsuse of defects in matens! or

ated 10 Selier's faction 10 have d 8t the time of delivery,
Solter. ru-mng the right 10 either ingpect them in Buyer s hands or their retum
10 Seller_ will st Seller's option repair or replace st Selier's expense F.O.0. Sefler's cm
of manutacture. or give Buyer proper credit for wch goods of pann oouminod by
to be defectrve wrth il diamantling snd g and transpor.
1ation costs to be sssumed Dy Buyer. The lovogolng shalt not -ooly 10 gooon that shait
have been eltered or repaired after shipment 10 Buyer Dy anyone except Seller s suthonzeg
empicyses and Seller will not be ltadie in eny event f0r aiterstions or repars. excep! those
made with its written consent Buyer shall be solely responuidie lor determining suitatih.
ty tor use end Seller shail n N aven! De Labie in thig regspect The goods of parts manutse.
tured by others but tumished By Seiier will De repaired o replaced onty to the extent of
the onginsi manutacturer's guaraniss.

Setlier ¢ obhge and hereunder shall not be enforceable until such goods
of parts heve been fully paid tor. Buyer sgrees Lhat if the QoOds or parts soid hareundaer
sre resoid by Buyer. Buyer will include In the contract for resale provisons which kmit
recovenes sgenst Seller in sccordance with this section. in the case of Selier s failure
10 tuttii sny pert: repr . R is & .dquod that Seller may st Seller s option
remove and recisim the of parts cwof l.lhu Agreement st Selier's own ex-
pense and dacharge eli lability by repsymaent 1o the Buyer of alt sums recerved on ac-
count of the gm'.hul price.

THE FOREGOING OBLIGATIONS ARE IN LIEU OF ALL OTHER OBLUGATIONS AND
LIABILITIES INCLUDING NEGLIGENCE AND ALL WARRANTIES OF FITMESS OR MER.
CHANTABILITY OR OTHERWISE EXPRESSED OR IMPLIED IN FACT OR BY LAW, AND
STATE SELLER'S ENTIRE AND EXCLUSIVE LIABILITY AND BUYER'S EXCLUSIVE REMEDY
FOR ANY CLAIM OF DAMAGES IN CONNECTION WITH THE SALE OR FURNISHING OF
GOODS OR PARTS OR SERVICES. THEIR DESIGN. SUITABILITY FOR USE. INSTALLA.
TION OR OPERATION s.mr will in no cnm be lable for any direct. indirect. special.

o q o , and Seller's kability under no

b witi d the Meohrlmmumblmwmyb
m

No empioyee or sgent of Seller is suthorized 1o make any warrenty other then that which

is specihcally set forth heren. The pr in sny sp or chart saued by Seller

of sttached hereto are descnptive only and are not warranties o representations. Seller

will coruty 10 a reted capacity in any particulsr goods upon request.

4 Credit snd Payment. hym(laMtMllNMM).nnﬂm

payments shall Decome due with partisl

cont (1'4%) per month, nmooﬂolgm'o«m(ﬂ%)pum ummmm

mitted by lsw, whichever is less, will be imposed on all past due invoices. Seiler reserves

the right st sy time 10 Suspend Credit or 10 chenge credit lerms herein, when
‘s financisl condition 30 warrants. Fallure 10 POy ivoices St Meturh-

due and paysbie

!

count is settied, and Seller may termi this Ag t. Aecep by Safter of lees
Mmuwtwumtulwmvudmyd&lm Buysr respesents by sen-
ding mmmlw«mmluwhn« 88 thet term is detined in

tats of i in the event tvent before y
of any goods purchesed hersunder, Buyer will Seiler in . A fallure 0 notity
mdmuvnmu y shefl be dess Buyer's

y ot that Qoods pur [ ] d
|olvnv or to & customer of Bu ovl.mdmmtndmtmdhwpv
shail have the nght to stop delivery of the by u betiee # Buyer becomes
nsotvent, repudiates. or fails 10 make & paymaent due before delevery, or if for -vym'
resson Sefter has 8 right 10 withhoid or recieim goods under the applicable state end feders(
mn Where Buyer is responsible for sny delsy n mm-um
of goods may be trested by Seller sa the date of shipment um peyment. Com-
rn:«-mnumnum-mnumwmmlnonmm!ouu

and ineu of price
will oo " the t of $50.00

on ore dates only, and
of data

;:

1

-
4
>

>

|
|
I
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i

tl-mgl-wcﬁmyu . in

nor shatl Seller be Neble directly or indi for

i . strikes or Stoppages of any sort, fires, socidents,
at
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to Buyer and therestfter De at Buyer's fek. A clewm 10¢ 10ss Or daMEQe in trensit must be
ontered with the carrier end prosecuied by Buyer Acceptence of goods from a common
SBIMEr CONBLItULes 8§ Walver of sny claima oganel Selier tor delsy or demege or lass
7. Assignment. Seiler reserves the right 1o subconirect all or sty pert of the work
o be performed undet this order. without obtaining the approval of Buyer No notice to
Buyet of sny subcontracting by Beiler 1 required in Ihe event of any subcontracting by
Selier, Selier will remain srily responsibie to Buyer tor e obligationa ana respon-
sidilities under thie order

8. Cencellation, Agturmed or Rejected Goods Buyer may cancel orders only by wri-
ten notice and only upon condition that Buyer make full paymaent to Selter tor sil goods
which, ul receipt of such notice by Seller. sre within thirty (30) calendar days of com-
pietion Partial payment for eil g:ocl not within thirty (30) calendar days of compietion
shel! be made by Buyer on the Basis of ectual costs of . matenais and supplies 2p-
plisd 10 the produciion of such goods. pius overhead expenses. Snd plus fifteen percent
(15%) of such costs and expenses may be retumed onty when specifically suthoriz-
od and Buyer will be charged for placing returned s in saleable congition. any sales
eoxpenses then incurred by Seller, ﬂq’u 8 restocking charge and sny oulgoing snd incom-
ing transportation costs which Satier pays 1 Buyer rejects sny goods supphed pursuant
to Buyer s purchase order. Buyer must notity Setier of wch rejection within thirty (30)
days of delivery Any fallure 1o make such plance of the goods
9. Termination Seller may by written notice to Buyer terminste the whole or any part
of this contract in any one of Jn following circumstances (1) it Buyer tails to remit pay-
ment within the time specified herein or any wlhonud extension thereo!. or (2) if Buyer
fails to perform any of the other pr of thi a8 10 endanger performance
of this contract in accordance with its terms; nnd s-nm sheil not by fuun of such ter-

mination be lisbie to Suyer for sny Qes Including
in particular, but not limited to eny girect, Mnﬂ P 1, b or quentia:
damages or 108ses whatsoever, on account of expenditures, In or

10. Patents: Trademarks snd Propristary Dets Suyer shall be solely adle for ail
claimsg related to patent infringement except for claims rnum solely from the domestic
use or resals of Sellar's in the manner prescribed not resulting in any way
from the modification of t s OF their Combination with other goods. and then only
it Buyer promptly advises Seller of any such claim and permits Seiler to detend against
or settie such claim, and if the goods were not designed 10 um'y the luyov [} .pocmu
tions, Seiller s liabitity M der ban, fed 10 the
but not more than the selling price of the goods i an m’uncllon " tuuod mmn IM
further use of ol y infringing . Seller shall have the option of pracuring for Buyer
the right to use the goods, or upncmg them with non-infringing goods or of removin,
them and refunding the purchase price Buyer s not kcensed to use the goods with othe’
900ds that are not Manufactured by Selier t0 1orm 8 comiunation that s covered by Seiler s
tents. Selier shail not use Buyer's trademarka of rade Namas sxcept on Seiler s goods.
the torm .gv'ucnbod Any invention made by Seller in the performance of 8 contract
with Buyer num-ncummds.lm Suyer 897803 10 mainiain in confidence
any technical dets, hew? .thatm d by Seller and labet-
#d 10 be proprietary or con bdomml Saller ao“ not vurnm nny Qoods which are sitered
by Buyer wit Seller s written approvsi. mciuding data ing software The forego-
? expresses Seller's entire and exclusive warmenty end iability as to patents. and Seiler
ml not be lhblo m sny demages of losses whatsoever suftered Dy reason of any intr-
a8 provided hermn. Buyer will hotd Seller harmiess and in-
domnlmd against any and au | Jemands. labil COsts and expenses
g from or d with any claim of patent Manamom ansing out of the
manutecture by Seiler of goods in accordancs with a design or speciiications which Buyer
fumighes to Seiler.
11, Specisl Jigs. Fixtures and Patterns Any |igs. Hixtures. pettems snd like tems
which may be inciuded in an order will remain Seller s property without credit 1o Buyer
Seller will the e eng ¢ of such items. but shell
have the right to discerd and scrap them after they have been insctive tor one (1) yesr
without credit to Buyer.
12. Records, Audita snd Proprietary Dets. Uniess otherwise specificaity sgreed to
In writing signed by an suthorized officer. neither Buyer nor any representative of Buyer,
nor any other person, shail heve any right to examine or sudit Seiler's cost sccounts.
books or records of any kind o on sny matter. or be entitled to ov have control over,
wnnmmuﬂn'. angineering or p prints. o h | data which
S in Selter’s sole discretion, mveenwmmumponprmqu&mv
13. wmmuwumwm Wleadmm-m
comply (uniees exempt) with olf spplicadie isws, ruiss, reguistions, and orders of the United
States end of any state snd potitical thereot, . without limiting the
genersiity of the foregaing, laws and reguistions to . wages, hour snd
other conditions of employ and head ce cellings, and mo goods deitvered
heraunder will be produced in compiunea wrth (1) the requirements of the Feir Labor Stan-
ums Acl as amondod (2) Eueumo omu Noo 11248 & 11375, 88 amended. and all
“Non-Discrimination Equat Opportuntty

9 Buyer an d certheate of ted facilives. com-
‘Equal employmom Opportunity Clause'’ which E mede of part hereo!,
krnm mmg sil required reports trom EEQ-1 and m Al
ion Program; snd (3) Executive Order No. 11454, se , rega! the
wllauon of minority business omorg-
Uniess specifically sgreed in writing \er does not warrent or represent that any of s
goodl by thomulvn or in & system whch other will contorm 1o of comply with
of the Occup ) Satety and Heeith Act of 1970 and the standards and
d ther def. o¢ any other Federsi, State or Local Law or reguiation ot
m same or similar neture.
14.  Assignment. mmmomdoﬂzm jons of Buyer hereunder may not de assign-
od without the prior written consent af SeNer.
19 Non-Walver. Sailer's failure st any time to require strict performance by Buyer
of the provisions herein shail not waive or diminish Sonov s nght thovnnu to de-

mm compliance therewith or with eny other pr of any gefautt shail
noi waive any other detault.
18. Law. The rights and duties of the parties shall be governed by the

lsws of the State of Ohio.

17. MHoid Hermiess/Nuciesr Energy. In the svent this purchase order is for work to
be :::ﬂmd or Qoodl in the nature of or conceming nuciesr Materiais to be delivered

or the ols of the Buyer, which premiuses
mumumﬂuum.m ot hereby ssaumes the entire responsidility end
Habitity for, and indemnities and hoids Mmbu m any off dmuqo of injury ot
sy tind and sny and sf} SasOCsted ioenes. ciaims, s of caus
od by, mtngmumummwmmmthwommMnueMr
materis! or arising out of (he furmnishing by Setier of goods In CONNECtion with the ezecyu-
tion of the work provided for in thus contract. Buyer sgrees 10 Carvy property dampge and .
dodily iInjury insursnce 8t ts own expense with s recognized underwriter with Hmns suth.
cvent by ressonsbie commercia! standsrd to cover any and Al of the adove neks. 10 name
Seller 88 an insured party. and sasume Seller s defenses Buyer Neredy werves any end
sl claimas of any kind against Seller snd warves fis own Bnd Ns MBuTer § AGht Of suDroge-
tion ageinst Seller for eny iosa resulting from any such riexs.
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EPA
FAD
GC
HETP
HNO3
H2S
H2S04
HSO3~
HTSS
IC

Lc
L/G
LTSS
MHF
MRT
N2
NAC/SAC

NaHSO3
Nap$s
NazS03
Na;S04
NaS705
NG

NOy
HNO3
OVA

PE

PHA
PS&ER
RAAP
RBC
ROM
SAR
S0z
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GLOSSARY
Identification

Activated carbon

Army Material Command

Calcium carbonate

Calcium sulfate

Continuous Automated Multi-Base Line
Chemical oxygen demand
Dibutylphthalate

Diethylene gliycol

Diethylene glycol dinitrate
Dinitroglycerin
Ethylenediaminetetraacetic acid
Environmental Protection Agency
Forced air dry

Gas chromatography
Height-equivalent-theoretical-platee
Nitric acid

Hydrogen sulfide

Sulfuric acid

Bisulfite ion

High temperature separation of the sulfate
Ion chromatography

Liquid chromatography

Liquid-to-gas ratio

Low temperature separation of the sulfate

Multiple hearth furnace

Membrane Research and Technology, Inc.
Nitrogen

Nitric acid concentrator/sulfuric acid
concentrator

Sodium bisulfite

Sodium sulfide

Sodium suifite

Sodium sulfate

Sodium metabisulfite

Nitroglycerin

Nitric oxide

Nitric acid

Organic vapor analyzer

Process Engineering

Preliminary Hazards Analysis
Production Support and Equipment Repliacement
Radford Army Ammunition Plant

Rotating biological contactor

Rough Order of Magnitude

Sulfuric acid regeneration

Sulfur dioxide
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S042-
S205~
SRP
TEG
TNT
voC

Sulfate iomn
Thionate/thionite ton
Sulfite Recovery Process
Triethylene glycol
Trinitrotoluene

Volatile organic compound
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