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FOREWORD

ARRADCOM's MMT Project 54114, "Method to Minimize Environmental
Contamination," incorporated Task 12 to develop technology for elimina-
tion of organic solvent wastes. The efforts under this task were
directed toward elimination of hydrocarbon emission in support of an
improved Forced Air Dry (FAD) design for the Continuous Automated Multi-
Base Line (CAMBL) at Radford Army Ammunition Plant (RAAP).

This report, which documents the results of a feasibility study
conducted at RAAP for the removal and/or recovery of NG and solvent
vapors, has been reviewed and concurred by the Special Technology
Branch, Manufacturing Technology Division, Large Caliber Weapons System
Laboratory, ARRADCOM.
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SUMMARY

Two methods for the removal of NG vapors from the processing solvents
used in the manufacture of multi-base propellants were investigated.

A Nafion semi-permeable membrane, used effectively to remove moisture
from a gas stream, was investigated. An air stream containing acetone,
ethyl alcohol and NG vapors of concentrations approximating those
exiting from the multi-base NG recovery system were passed through the
permeation tube. Analysis of samples exiting from the tube showed the
presence of NG, as well as dinitroglycerin (DNG).

The second method investigated provided excellent results in separating
the NG from the solvent vapors. This method, an adsorbent system, utilized
a styrene-divinylbenzene copolymer resin manufactured by the Rohm and Haas
Company. The resin, as recommended by Rohm and Haas and confirmed by
testing, was found to have a high adsorption capacity for NG with a low
capacity for acetone apd ethyl alcohol. It was determined that NG satu-
rated resin could be effectively regenerated with acetone.

Additional bench-scale studies should be conducted to more thoroughly
evaluate the RH-1601 resin for NG and solvent adsorbent capacities and
recovery techniques.
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INTRODUCTION

The drying of multi-base propellants results in the removal of the process-
ing solvent, acetone and ethyl alcohol, and small quantities of both water
and NG. Drying is accomplished on the Continuous Automated Multi-Base Line
(CAMBL) by flowing heated air through the propellant bed in a single pass
then exhausting directly to the atmosphere or through a scrubbing system.
The exhausting of the exit gases to the atmosphere is limited by EPA
Standards to 40 kg/day of hydrocarbons per unit for the new facility and
the dryers greatly exceed these limits.

There have been several methods tried in the past in the manufacture of
multi-base propellants to recover solvents during drying. Most of these
methods have been abandoned because of the excessive hazards that have
been experienced. A post dryer water scrubber has been 97 percent effective
in removal of the NG contamination in the exhaust air from the dryer.

The objective of Phase I of this project is to provide a satisfactory
methodology to remove the hydrocarbons from the CAMBL exhaust gases to
meet EPA standards. One approach is to chemically and/or physically
separace the NG from the solvent vapors so that the solvents could safely
be adsorbed and recovered.

A method is required which will remove the small amount of NG remaining
so that the solvents can be safely removed from the exhaust air. Two
approaches were to be evaluated: (1) use a permeation tube which will
allow the solvents to pass through the walls for recovery and reject the
NG vapors or (2) use an adsorbent material which will be selective for
NG and adsorb it while allowing the solvents to pass through.
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DISCUSSION

Laboratory Pernmeation Distillation Studies with NG Vapors

Studies un permeation distillation consisted o-.' detrmnin1g "Cher
NG with acetone and ethyl alcohol vapors penetrate Nafion permeation
tubing. Work consisted primarily of determining efficiencies of the
removal of acetone and alcohol vapors from moist air by permeation dis-
tillation. All work during this investigation with NG vapors was con-
ducted using a Perma Pure Dryer CCD-500-240. This dryer contained all-
plastic fittings and a single 6.9-m long, 7.62 mm OD Nafion tube inside
a plastic tubular shell.

During the laboratory evaluations, the concentration of acetone,
ethyl alcohol, and NG vapor entering the center of the Nafion permeation
tube was adjusted to approximate the maximum concentrations found exit-
ing t1;e automated multi-base NG vapor recovery system (0.2 percent by
volume for each acetone and ethyl alcohol, and 0.1 to 1.0 ppm NG).
This was accomplished by passing air through the following equipment-,

1. A carboy of water containing 0.5 percent by volume acetone
and 2.5 percent by volume ethyl alcohol.

2. A coil of copper tubing in an oil bath at 750C to heat the
air.

3. A bed of propellant at 750 C to produce NG vapors.

The air was then passed into the center of the permeation tube at
a flow rate of 0.32 I/min. A counterflow of ambient air was drawn
through the outer shell (along the outer surface of the permeation
tube) at 42 I/min and a pressure of 355.6 mm of Hg for two hours prior
to sampling.

Samples of air entering and exiting the center of the permeation
tube and exiting the shell were collected and analyzed quantitatively
for NG per standard Hercules Procedure A-33-2, the diphenylbenzidine
method. Collection of NG vapor by this method is accomplished with
two adsorption tubes in series. Each tube contained an aqueous solu-
Lion of 0.3 percent potassium chloride. The method has a sensitivity
of detecting 0.01 ppm NG in five liters of gas. The results from
Procedure A-33-2 are shown in Table I. Runs I and II were conducted
using crushed, dry M30 p.apellant in the NG vapor generator. For Run
III the propellant was 1/3 by volume chopped, partially dried M30,
and 2/3 by volume chopped, dry M8 rolled propellant.
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TABLE I

PERMEATION DISTILLATION
NG EVALUATION

Gas Flow Volume Collected NG
During Sa-pling For Testing Concentration
(liters/min) (liters) (ppm by Volume)

Run I
In 0.32 5 0.42
Out 0.32 5 0.25
Shell Exit 2.00 30 0.02

Run II
In 0.32 5 0.37
Out 0.32 -
Shell Exit 2.00 20 0.01

Run III
In 0.32 5 1.0
Out 0.32 5 0.76
Shell Exit 2.00 250 0.01

NOTES: (1) Tests conducted using Perma Pure Dryer
CCD-500-240 at 30 0C.

(2) NG vapors tested per Standard Hercules Procedure A-33-2.
Detectability equals 0.01 ppm for 5 liters. Oxides of
nitrogen will interfere.

(3) Results may be slightly high due to oxides of nitrogen
interference.
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These data suggested that NG was penetrating the Nafion tubing.
Subsequent analysis of generated NG vapor, however, indicated that oxides
of nitrogen (NOx) were simultaneously being emitted from the generator.
Since NOx will also react with the coloi-producing reagent in the NG
analysis, this placed some suspicion on the results presented above. A
positive method was then developed to confirm the existence of NG vapor
in any gaseous stream. This method, although qualitative at this point,
consisted of adsorbing NG vapors in an aqueous solution, concentrating it
by methy~ene chloride extraction, and making positive identification by
a sensitive thin layer chromatographic (TLC) separation and detection
technique. After a positive method for detecting NO was developed, the
permeation distillation apparatus was reassembled and samples for TLC
were collected Iy two means: (1) bubbling shell exit gas through dis-
tilled water and extracting with a small volume of methylene chloride, and
(2) washing the shell area with methylene chloride. Nitroglycerin was
present in both solutions. Dinitroglycerin was also found to be p'esent
in the aqueous solution. These results show the use of the permeation
distillation technique to be inadequate for the separation of the NG from
the solvent vapors.

Laboratory Evaluation of Adsorption Techniques

Adsorption materials and techniques have been investigated in
addition to the permeation tubes. These materials were grouped into two
categories:

1. An adsorbent for removal of the NG vapors remaining (0.1 to
0.5 ppm) from the moist gas stream exiting the automated
multi-base NG recovery system.

2. An adsorbent for collection and concentration of process
solvents (acetone and ethyl alcohol) after the NG vapors
are removed.

A literature and vendor search revealed the following adsorbents
may be of use:

1. Amberlite RH-1601, a styrene-divinylbenzene copolymer manu-
factured by Rohm and Haas Company.

2. XFS-4256 and -4258, styrene-divinylbenzene copolymer manu-
factured by Dow Chemical Company.

3. Tenax-GC, a 2,6-diphenyl-p-phenylene oxide porous polymer
developed by AKZO Research Laboratories and marketed by Enka
N.V. of the Netherlands.
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4. Porapak P, a styrene-divinylbenzene copolymer developed by Dow
Chemical Company for Water Associates, Inc. for gas chromatog-
raphy.

5. Porapak Q, an ethylviuylbenzene-divinylbenzene copolymer
developed by Dow Chemical Company for Water Associates.

6. Activated carbon, various types are available.

All of the above materials were found to be compatible with NG
except activated carbon. Taliani tests indicated that all types of
activated carbon are very probably incompatible with NG.

Of the above materials, the styrene-divinylbenzene copolymers
appeared to be best for the initial laboratory investigation. Amberlite
RH-1601, XGS-4256, and XFS-4258 can be obtained in production quantities.
The availability of Tenax-GC is questionable since it is a new product and
is manufactured in the Netherlands. Porapak P and Q are specially
prepared for gas chromatography and their costs may prohibit usage.

Both Rohm and Haas and Dow Chemical are leading manufacturers in
polymer adsorbents, and each independently recommended styrene divinyl-
benzene type polymers for the application, i.e., both stated that this
type of polymer should have a high adsorption capacity for NG, but may
have a lower capacity for acetone and ethyl alcohol. This polymer was
selected for more extensive ±aboratory investigations.

Adsorption of NG Vapors

Three tests using Amberlite RH-1601 as the adsorbent were conducted.
Due to possible high NG adsorption capacity and long breakthrough time,
small packed tubes were used during the investigation. A preliminary test
was conducted by passing a 0.32 1/min flow through a small plastic tube
containing 0.42 g of Amberlite RH-1601. The air stream was saturated with
moisture and contained approximately 0.2 percent by volume each of alcohol
and acetone and approximately 1.0 to 1.5 ppm NG. After six hours the tube
was dissected to determine the distance NG had penetrated into the bed.
Although the detection of NG was difficult since Amberlite RH-1601 itself
turned a pale red, the results indicated that NG was only located on the
initial portion of the material. Therefore, a second test was conducted
to determine NG breakthrough time by monitoring the effluent air for NG.
The test was conducted in a glass column containing 0.276 g of Amberlite
RH-1601 (50.8 mm long by 4 mm diameter). The column was in a vertical
position directly above the NG generator with the air entering tl'e bottom
at a flow rate of 0.32 1/min.

Various methods were used in attempts to detect NG vapors of

approximately 0.5 ppm concentrations; but because of NOx emission from the
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propellant in the NC generator at ambient conditions, none proved successful.
Therefore, after seven days the experiment was discontinued. The NG which
had been adsorbed by the Amberlite RH-1601 resin was extracted with methy-
lene chloride, and the extract titrated by the TiCI 3 method. The average
NG loading was found to be 5.45 percent by weight.

Before further work could be accomplished, an adequate method for
identification of NG breakthrough was necessary. The following approaches
were considered:

1. Chemiluminescent analysis for NOx after thermal decomposition
of NG.

2. Hercules Standard Procedure A-33-2, the diphenylbenzidine
method for monitoring NG vapors in ambient air.

3. Adsorption of NG by a second column containing a small amount
of Tenax-GC. Tenax-GC had been recommended by Southern
Research Institute of the Occupational Safety and Health
Administration (OSHA) as an excellent adsorbent for nitrate
esters.

Because of the moderate NOx levels from the NG generator, the chemi-
luminescent and Hercules procedures definitely could not be used. Use of
Tenax-GC was questionable at times due to possible NOx adsorption. This
led to the development of a positive method to confirm the existence of
NG vapor in gaseous streams. This method, although qualitative at this
point, consistcd of adsorbing NG vapors in an aqueous solution (three ml),
concentrating it by methylene chloride (MeCl 2 ) exLraction (0.5 ml) and
making positive identification by a sensitive TLC separation and detection
technique. The test will easily detect 0.1 ppm NG after passing the gas
through the aqueous solution for only two minutes and spotting 50 micro-
liters (A1) of the MeCl 2 portion on a TLC plate. The TLC plate was
developed with benzene, and NG was identified with NG detector. For check-
ing the column effluent for NG, the air was passed through the solution
for 30 minutes and 100 .41 were spotted, thus providing a method capable
of detecting at least 0.005 ppm NG.

After the establishment of a suitable method for detecting NG
vapor breakthrough, a third test was conducted to determine NG loading
capacity on Amberlite RH-1601. The test was conducted with a Bio-Rad
glass column 150 mm long and 9 mm ID packed with 1.4493 g of Amberlite
RH-1601 (50O8 mm x 9 mm). A glass disc provided with the Bio-Rad column
secured the packing at the inlet and a small piece of glass wool was used
on the outlet. The packed column was placed in a vertical position
directly above the NG vapor generator with vapors entering the bottom of
the column. Concentrations of components in the air stream were created
to duplicate the effluent reported exiting the automated multi-base pilot
line.
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An air cylinder was used as the air supply and was regulated at
14.5 kPa., The air was passed through a rotameter to control the flow,
then through a carboy containing an aqueous solution of 2.5 and 0.5 percent
by volume of ethyl alcohol and acetone, respectively. This created a gas
saturated with moisture and containing ethyl alcohol and acetone of
approximately 0.22 and 0.24 percent by volume, respectively. The gas
stream was then passed through a bed of propellant (approximately
.227 kg of chopped M36) at 21C to generate NG vapor for the adsorption
column. The laboratory equipment and arrangement is shown in Figure 1.

Flow rate during the run was 0.65 1/min. The average NG concen-
tration entering the column was 0.465 ppm as calculated by analysis of
the adsorbent after termination of the experiment and comparing it to the
total volume of air passed through the adsorbent.

After 27.5 days, no NG breakthrougb had occurred through the 2.0
inch bed. To estimate the adsorption capacity of NG on Amberlite RH-1601,
the column was disconnected and the Amberlite RH-1601 carefully removed
in two sections: (1) the first 3.6 cm (0.9058 g) on the inlet side,
and (2) the final 1.9 cm (0.5435 g) on the exit side. Each was extracted
overnight with MeCI 2 . The latter 1.9 cm section contained no NG by
either TLC analysis or TiCI 3 titration. The first section contained 0.1213 g
of NG, thus indicating a loading capacity of 13.4 percent or higher since
the exact distance of NG adsorption is unknown. The above experiment showed
that Amberlite RH-1601 is an excellent resin for adsorption of NG vapor.

After determining that the RH-1601 resin was effective in the
adsorption of NG, methods for the regeneration of the resin were studied.
Steam treatment was the first technique investigated. A laboratory test
was conducted by passing a very high flow of steam for 1/2 hour through
0.41 g of Amberlite RH-1601 coated with 5.4 percent NG. Qualitative tests
showed that a large quantity of NG still remained on the resin. During
the analysis for NG the presence of DNG was also detected, indicating
possible degradation of NG.

Since the RH-160' resin could not be regenerated with steam, solvent
treatment was investiga.-.. Removal of NG from 25 grams of Amberlite RH-
1601, coated with approximately 5.4 percent NG, was achieved by the
following means:

Acetone was introduced into tle column in an upflow direction to
flush the air and make complete contact with the particles. When the
acetone level reached the top of the resin bed, the flow was stopped and
fresh acetone was introduced in a downflow manner, maintaining a 1.27 cm
solvent head above the bed. During the regeneration, a total of 375 ml
of acetone exited the column. The acetone entering the top was then
replaced with water to remove the acetone from the bed. A total of 375 ml
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of water was passed through the bed followed by an air purge to remove the
moisture. The solvent exiting the bottom of the bed was collected on 25 ml
cuts for analysis. The results are shown in Tables Ii and III.

The results ia Table II show that 150 ml of acetone was sufficient
for NG removal. A total of 1.3277 g of NG was collected in the first six
cuts. Analysis of the Amberlite RH-1601 after completion of the experi-
ment showed only 2.08 mg (0.0083 percent) NG remaining. This accounted
for 1.330 g of NG as compared to an initial theoretical value of 1.346 g.
The difference may be attributed to a small loss on the beaker surface
during the coating process, plus undetected traces in the other cuts and
experimental errors. The recovery was better than 99 percent.

The acetone remaining on the Amberlite RH-1601 after NG removal
may be flushed off during the next drying cycle into the solvent adsorption
section, without resorting to a water wash.

Adsorption of Acetone and Ethyl Alcohol Vapors

Since it was demonstrated that NG vapors can be removed preferen-
tially from the air stream by an adsorption technique, adsorption of the
process solvents on a second resin bed was investigated. The Amberlite
RH-1601 and Dow's XFS-4256 adsorbents were evaluated and compared to a
sample of Filtrasorb 400 activated charcoal from Calgon Corporation. The
laboratory bench-scale equipment arrangement is shown in Figure 2.

All laboratory tests were conducted with a moist air stream con-
taining approximately 0.22 and 0.24 percent, by volume, ethyl alcohol and
acetone, respectively, which was generated as previously mentioned. The
air was then passed down through the adsorption bed while monitoring the
effluent for solvent vapor breakthrough. The loading capacities were
calculated from breakthrough times, solvent concentration, flow rates,
and weight of adsorbent.

The results in Figures 3 and 4 and Tables IV and V were obtained

by monitoring the effluent concentration by gas chromatography. These
results were obtained for a 61-cm deep bed of Amberlite RH-1601 and
provide a typical picture of solvent breakthrough. The experiments were
conduzted at flow rates of 4.2 and 1.48 1/min. For styrene-divinylbenzene
polyme!rs, ethyl alcohol breaks through before acetone.

During the run in Figure 3, the effluent was monitored until the
acetore had reached approximately maximum concentration which occurred in
three hours. Air without acetone and ethyl alcohol was then passed
thrcugh the loaded bed at the same flow rate to determine the desorption
rate. The results showed that the adsorption rate was greater than the
desorption rate.
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TABLE II

NG ADSORPTION STUDIES
ANALYSIS OF THE ACETONE CUTS

FROM REGENERATION OF AMBERLIJE RHi-1601
ADSORPTION BED

NG Analysis
Acetone TLC Methods TiCi Titration,
Cut No. Method 1 Method 2 gram of NG

IA Present present 0.1954

2A Present Present 0.7773

3A Present Present 0.3190

4A Present Present 0.0326

5A Present Present 0.0031

6A None detected Present 0.0003

7A None detected None detected

8A None detected None detected

9A None detected None detected

10A None detected

11A None detected

12A None detected

13A None detected

14A None detected

15A None detected

Notes: (l) Method 1 of TLC - 50 ua1 spotted of, TLC plates for testing.

(2) Method 2 of TLC - 100 4l spotted on TLC plates after con-
centrating the samples from 25 ml to 2 ml
by evaporation

(3) Each cut originally consisted of 25 ml.
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TABLE III

NG ADSORPTION STUDIES

ANALYSIS OF WATER CUTS FROM
REGENERATION OF AMBERLITE RII-1601 ADSORPTION BED

Gas Chromatographic Analysis

Water Wash 1 0, Acetone
Cut No. % by•eight % by Weight

16W 13.01 86.99

17W 57.95 42.05

18W 74.83 25.17

19W 85.41 14.59

20W 92.66 7.34

21W 96.70 3.30

22W 98.07 1.93

23W 98.68 1.32

24W 99.02 0.98

25W 99.27 0.73

26W 99.43 0.57

27W 99.55 0.45

28W 99.62 0.38

29W 99.70 0.30

30W 99.73 0.27

Note: (1) Each water wash cut contained 25 ml.
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TABLE IV

SOLVENT ADSORPTION STUDIES
EVALUATION OF AMBERLITE RH-1601

FOR ACETONE AND ETHYL ALCOHOL LOADING CAPACITY,
4.2 1/min FLOW RATE DATA

Run Time, Gas Chromatographic Analysis
Hours Acetone," pm- Ethyl Alcohol,ppm

0.50 trace None detected

0.75 trace None detected

1.00 3 12

1.20 trace 380

1.50 trace 1110

1.67 3 1550

1.75 3 1790

1.92 1 2030

2.17 197 2200

2.28 521 2110

2.35 819 1990

2.50 1340 2000

2.83 1990 1830

3.00 Desorption Started

4.75 1670 455

5.00 1710 100

6.17 730 None detected

6.33 620 None detected

6.83 380 None detected

7.17 230 None detected

7.50 140 None detected

Notes: (1) Test col~un was glass consiting of a bed 2 ft (61 cm)
deep x 1-7/16 in. (3.65 cm) OD of 251 grams of
Amberlite RH-1601 at 300 C.

(2) Influent gas concentration: Alcohol = 0.222 % by vol.

Acetone = 0.235 % by vol.

"(3) Bed was air dried overnight prior to conducting the
"experiment.
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TABLE V

SOLVENT ADSORPTION STUDIES

EVALUATION OF AMBERLITE RH-1601

FOR ACETONE AND ETHYL ALCOHOL LOADING CAPACITY
1.48 1/min FLOW RATt DATA

Run Time, Gas Chromatographic Analysis

Hours Acetone, ppm Ethyl Alcohol, ppm

0.83 1 None detected

2.25 trace None detected

2.63 2 None detected

3.08 trace None detected

3.28 trace None detected

3.55 trace trace

3.60 1 31

3.65 None detected 60

3.72 None detected 140

3.83 4 299

3.92 1 407

4.05 None detected 656

4.17 None detected 879

4.45 1 1140

4.97 3 1660

5.63 trace 1950

5.88 None detected 2310

6.10 None detected 2490

6.40 53 2650

6.50 185 2650

6.70 596 2300

7.03 1590 2070

7.25 1910 2020

Notes: (1) Test column was glass consiting of a bed 2 ft (61 cm) deep
x 1-7/16 in. (3.65 cm) OD of 251 grams of Amberlite RH-1601
at 31C

(2) Influent gas concentration: Alcohol - 0.223 % by vol.
Acetone - 0.237 % by vol.

(3) Bed was air dried overnight prior to conducting the experiment.
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The loading capacities for the two runs on the two-foot (61-cm) deep
bed of Amberlite RH-1601 are shown in Table VI. Loading capacities were
calculated at initial breakthrough and at 0.02 percent, by volume, break-

through (10 percent of the maximum concentration). The loading capacities
increase slightly wiLh decrease in flow rate. The total loading capacities
at initial ethyl alcohol breakthrough were 1.07 percent arid 1.33 percent
at flow rates of 4.2 and 1.48 1/mmn, respectively. During the two runs
it was determined that the initial ethyl alcohol breakthrough could be
detected with a Miran IR gas analyzer equipped with a 20-meter sample cell.
Therefore, all other experiments were conducted with the Miran analyzer
monitoring the effluent for ethyl alcohol at a wavelength of 9.5 microns.

Laboratory data collected by Rohm and Haas for another application
are shown in Table VII. Results were collected under two conditions:
(1) no flow, and (2) 0.50 1/min flow. The results show that the loading
capacity is a function of the solvent concentration and that maximum load-
ing capacity is almost double that at initial breakthrough. The literature
data received from Rohm and Haas for their adsorption tests with low
acetone concentrations agree with the studies conducted at RAAP.

When comparing the loading capacities of acetone and ethyl alcohol
on Dow's XFS-4253 with Rohm and Haas Amberlite RH-1601, testing had to be
conducted with a 1,5-foot (45.72-cm) bed depth due to insufficient quantity
of XFS-4256. The results are shown in Tables VIII and IX, The loading
capacities of acetone and ethyl alcohol on XFS-4256 were much lover than
those found for Amberlite RH-1601. Part of this may be attributed to
particle size and surface area of the material. The XFS-4256 is of 8-10
mesh size where the Amberlite RH-1601 is of smaller size material.

During the runs given in Tables VIII and IX, it was found that
moisture remaining on the bed af-ec regeneration aided the loading capacity.
The loading capacity increased from 2 to 2.5 times that found with air-
dried beds. The moisture on the Sed came from the steam regeneration.

rhe Amberlite RH-16CI had a total loading capacity of 4.05 percent
at a flow of 3.0 1/min. Filtrasorb 400 activated carbon tested under the
same conditions had a total loading capacity of 11.1 percent at initial
breakthrough (or 6.07 perc-nt for acetone and 5.04 percent for ethyl
alcohol). Although the 1, 'ing capacity on the Amberlite RH-1601 polymer
is not as high as that on :tivated ca:.on, the Amberlite RH-1601 is com-
patible with NG and less steam would be required for regeneration of the
RH-1601 than for the activated carbon.

Table X shows the composition of the effluent when steam is used
to regenerate the Amberlite RH-1601 bed. The concentration of. solvents
in the first two cuts appears to be sufficient for reclamation by
distillation.
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TABLE VTI

ACETONE LOADING CAPACITY ON AMBERLITE RH-1601
ROHM & IIAAS RESULTS

A. Test A - No Flow

Gas Concentratiorn% by Maximum Loading Capacities
Volume Acetone g. Acetone/g. Amberlite °' By Weight

14.9 0.312 31.2

12.56 0.219 21.9

1.23 0.048 4.8

0.22 0.023 2.3

"B. Column Work, 0.50 1/mir

100 cc of Amberlitc RH-1601
Gas Concentratiot. = 13.6 % by Volume Acetone
Breakthrough Loading = 11.3 % by Weight Acetone
r-aximum Loading = 20.7 % by Weight Acetone
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CONCLUSIONS AND RECOMMENDATIONS

Performing Organization's Summary

Conclusions

1. The laboratory studies have shown that NG and solvent vapors
cannot effectively be separated by a permeation column.

2. The polymeric adsorbent, Amberlite RH-1601, in laboratory
studies for 27 continuous days, proved to be an excellent
adsorbent for NG vapors of low concentrations (0.1 to 1.0 ppm).

3. A bed of the polymeric adsorbent saturated with NG can effec-
tively be regenerated with acetone without any deleterious
effect on the adsorbent.

4. Steam is a very effective method for desorbing acetone and
ethyl alcohol from the polymeric adsorbent., The quantity of
steam required to regenerate the polymeric adsorbent was ap-
proximately one-half the amount required to regenerate acti-
vated carbon.

5. The adsorbing capacity of the polymeric adsorbent for acetone
and ethyl alcohol was approximately 2.5 percent, but can be
increased to 6 percent by having the bed water wet before the
start of the adsorption cycle.

Recommendations

1. Additional studies should be conducted using the bench-scale
CAMBL dryer, approximately 15 pounds (7.0 kilograms) capacity,
to more thoroughly evaluate the RH-1601 resin for NG adsorp-
tion capacity and regeneration techniques.

2. The bench-scale studies should include solvent adsorption and
recovery using the polymeric resins to further evaluate a
wider range of temperatures and air flows.
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ARRADCOM's Summary

Of the two nitroglycerin (NG) removal methods described in this
report, permeation and adsorption, only adsorption using the styrene-
divinylbenzene copolymer resin (RH-1601) will be considered for the
large-scale removal of NG from the waste processing solvents used in
the manufacture of multi-base propellants. This method is preferred
because RH-1601 resin yields excellent results in separating NG from
solvent vapors and can be effectively regenerated with acetone without
any deleterious effect on the resin adsorbed. Any residual-adsorbed
acetone could be effectively desorbed from the resin using steam.

The benefits to the Government resulting from this study can be
realized on a large-scale plant system where several distinctive ad-
vantages can be gained:

1. It would provide for a practical cost savings through the
economic recovery of solvent mixea with acetone/ethyl alcohol.

2. The explosive and health hazards caused by NG in the solvent
vapors would be eliminated.

3. The pollution caused by exhausting the solvent vapors directly
into the atmosphere would be eliminated.

4. A practical and economical method has been developed for the
regeneration of adsorbing RH-1601 resin.

Further studies should be directed to testing this system on a
pilot plant scale.
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