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\ ABSTRACT

A reusable training canister, OBAT, is being developed for use with the
Navy Oxygen Breathing Apparatus, OBA, during training exercises within the
controlled environment of the 19F1 Fire Fighter Trainer. Unlike the closed
system of the standard OBA, the open OBA system in the 19F1 trainer applica-
tion requires both gaseous contaminant and particulate removal. The gaseous
contaminants of concern are carbon mcnoxide, carbon dioxide, propane, and
nitrogen dioxide. The particulates to be removed are butylated triptenal

ig phoaphate used as simulated smoke and sodium bicarbonate used as a simulated

o dry powder extinguishant. A feasibility model filter canister was designed
and built for use in verification testing of the entire OBAT concept. The
canister was tested against various levels of the gaseous contaminants at the
anticipated extremes of temperature and humidity. The particulate filters
were tested under training conditions in the 19F1 Fire Fighter Trainer.
Additionally, the total system, OBA and OBAT, was tested for air flow resis-
tance, and the temperature transient in the facemask was measured with the
system operating at various high ambient temperatures.
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SUMMARY

A development program was conducted to prove the feasibility of a cost effec~-
tive, filter-type reusable canister, OBAT, for use with the standard oxygen
breathing apparatus, OBA, in the controlled environment of the Navy Device
19F1 Advanced Fire Fighter Trainer. The OBA, in conjunc-ion with the OBAT,
operates as a lung-powered open system unlike the standard OBA, which is a
closed system with its expendable oxygen liberating canister. In the 19F1
trainer application, the open system requires that acceptable oxygen levels be
present. and provides both gaseous and particulate contaminant removal. Pre=
iliminary phase iesis were conducted to investigate two critical issues: the
performance of Hamilton Standard's carbon monoxide oxidation catalyst under
the expected range of temperature and humidity conditions and the air flow
resistance of the entire system, OBA and OBAT. Based on the successful
results of these tests and analyses of other system components, a design for a
feasibility model canister was also completed during the preliminary phase.
The remainder of the development program invelved building and demonstrating
the performance of the feasibility model canister assembly.

A plexiglas breadboard canister, which closely reflected the cross-sectional
area and flow characteristics of the OBAT design, was constructed for the
preliminary phase tests. The breadboard canister was loaded with a layer of
3M Company filtrete particulate filter, a 0.168 lbm (76 gm) bed of activated
charcoal, and a 0.293 1bm (133 gm) bed of 10 percent platinum—on-alumina
carbon monoxide oxidation catalyst. The catalyst tests were run for a range
of gas inlet temperatures from 30°F (-1.1°C) to 140°F (60°C) and for relative
humidities from approximately 30 percent to near 100 percent at each temper-
ature. Carbon monoxide concentrations tested correspond to the steady state
and transient levels measured in the 19F1 trainer during simulated bilge
fires. The steady state level tested was 700 ppm for a 20 minute duration,
and the transient level tested was 6000 ppm for a 2 minute duration. The flow
rate used for tests was approximately 3.0 ft3/min (85 1/min), which corre-
sponds to the peak inspiration flow during breathing at a high metabolic rate.
Air flow resistance tests were conducted on all of the canister components and
on an OBA without -a canister installed to obtain an estimate of the total
system pressure drop.

During the preliminary tests, the CO catalyst performed well for all condi-
tions. Complete conversion of CO to COy was achieved for all steady state
tests. Complete conversion was also achieved for all transient tests at high
temperatures for both high and low relative humidity conditions. During low
temperature and high relative humidity transient tests, the breadboard canis-
ter outlet CO concentration typically increased to approximately 40 ppm after
2 minutes. This is well within the 200 ppm limit for the 2 minute transient
conditions. During low temperature and low relative humidity, 25 to 30 per-
cent, transient tests, outlet CO concentration exceeded 200 ppm after about
1.75 minutes. However, when relative humidity at this 30°F (~1.1°C) temp-
erature was raised to 35 percent, the 2 minute test was completed prior to
exceeding the 200 ppm outlet CO concentration. Also, when 30°F (~1.1°C) flow
at less than 30 percent relative humidity was pulsed, 2 seconds on at 3.89
ft3/min (110.2 1/min) and 2 seconds off, outle: CO concentration reached only
S ppm after 3 minutes. Since this tvne of test more accurately reflected
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actual canister usage, the catalyst bed showed acceptable performance at all
required conditions. Preliminary phase air flow resistance tests demonstrated
a total system pressure drop of 1.94 inches (49.28 mm) of water at a flow of
3.0 ft3/min (85 1/min). The results of the preliminary tests were reviewed by
Mr. Christopher Coffey, Supervisory Chemist for the National Institute for
Occupational Safety and Health (NIOSH). A copy of his letter discussing this
review is provided in Appendix A.

Foir feasibility model canisters were built, ore for use in program testing
and three for delivery to the Naval Training Equipment Center for evaluation.
Additionally, a set of replacement internal hardware was built for each of the
delivery canisters. Each feasibility model canister has three intermal beds
contained within their own individual cans. These cans have a kidney-shaped
cross—-section to conform to the standard OBA canister‘s shape. The first bed
has a layer of Kimre Incorporated polypropylene mist eliminator, a layer of 3M
Company filtrete particulate filter material, 0.110 1bm. (50 gm) of activated
charcoal, and retaining screens. This bed acts as a particulate filter and
reduces hydrocarbon contaminant concentrations. Additionally, testing showed
that the activated charcoal is an affective adsorbent of NOy when normal
moisture levels are present. The second bed contains 0.366 1bm. (166 gm) of
10 percent platinum~on-alumina CO oxidation catalyst and retaining screens.
The final bed contains 1.256 1bm. (570 gm) of sodasorb absorbent material with
filtrete antidusting filters and retaining screens. A bypass is previdec
around this bed, so that only 30 percent of the total flow passes through the
bed. This bed reduc2s COy and NO7 concentrations. The inlet mechanism oa the
canister is designed to simulate the activation of a standard OBA canister.
Prior to activation, it provides a higher than normal air flr - resistance,
which is typical during use of a standard OBA canister.

An extensive series of tests was conducted to provide a successful performance
demonstration of the feasibility model canister. Tests included measurement
of the system's air flow resistance, performance verification against gaseous
and particulate contaminants, measurement of the OBA facemask temperature
transients a' high ambient temperatures, .gserational checks of the firing
mechanism simulator, checks for dusting, settling, and channeling ia the
canister's beds, and a catalyst life test.

The air flow resistance test verified that the total system, OBA with feasi-
bililty model canister installed, air flow resistance is less than 3.0 inches
(76.2 mm) of water at 3.0 ft3/min (85 1/min). The pressure drop at this con=-
dition was 2.76 inches (70.1 mm) of water. This is greater than the pressure
loss measured during the preliminary tests due to the increased percentage of
flow through the sodasorb bed and the cmaller granule size resulting in denser
packing of the sodasorb.

Gaseous contaminant tests verified the feasibility canister's performance
against carbon monoxide, carbon diuxide, nitrogen dioxide, and propane at
levels measured in the trainer and at temperature and humidity extremes anti-
cipated in the trainer. As in the preliminary tests, the carbon monoxide
catalyst converted essentially all of the carbon monoxide to carbon dioxide at
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I' all conditions tested. Carbon dioxide levels are reduced in the OBAT canister
EAH R by absorption in sodasorb, which is an expendable. Two ranges of sodasorb
%i:; . granule sizes and two 3jrades of sodasorb were tested. The best performance
Eﬂﬂ e was achieved with 8 to 14 mesh, high performance grade sodasorb. Over the
3] 74 rangs of temperature and relative humidity conditions tested, approximately 25
bt to 45 weight percent carbon dioxide loading was demonstrated. The highest
loadings were achieved at high temperature aid high humidity conditions.
2 X
i Ei Batged on these results, a canister will be usable for a week of typical train-
ing before so.'asorb replacement is necassary. The indicator in che sodasorb
L 5] provided a distinct color change when the absorptive capacity was exhausted.
Qﬁ In ragard to nitrogen dioxide, a literature search revealed that it comprises

less than 1 percent of nitrous oxides produced by combustion of gaseous hydro=
- carbons. Thus, based on the peak measured levels of nitrous oxides in the
tﬂ 19F1 trainer during bilge fires of approximately 17 ppm, the levels of nitro-
gen dioxide should be less than 1 ppm. A nitrogen dioxide concentration of 5
ppm wa; used during the gaseous contaminant tests, and it was completely
£ removed by the combination of full flow through the activated charcoal and 30
;S percent flow through the sodasorb. Activated charcoal for hydrocarbon adsorp-
tion was relatively ineffective sgainst propane. However, since peak propane

o levels in the trainer are less than the eight-hour permissible exposure limit,
2% this is not a problem for the OBAT canister concept. Based on the overall
B.C performance during the tests and upon inspection of the canister between

tests, dusting, settling, and channeling were not present.

ii Two candidate particulate filter systems were tested in the 19F1 Fire Fighter
Trainer in Norfolk, Virginia. This provided the most realistic challenge of
both thie simulated smoke and sirulated dry powder extinguishant. The two
filter systems differed only in the method of filtering the dry powder parti-
cles. One system utilized 400 mesh stainless steel screen, and the other used
Kimre Incoporporated polypropylene mist eliminator filter media. Both systems
demonstrated greater than 99.7 percent filtering efficiency, but the system
with the 400 mesh screen clogged quickly. Thus, the system with the mist
eliminator was selected for the feasibility canister.

1”'; o
X

=5

High temperature transient tests were conducted to insure that an open system
£ilter~type canister will not result in excessive facemask temperatures if an
individual is expcsed to an extreme temperature for a short period. Test
results showed that the plexiglas viewing window in the facema: k melts before
semperature at the mouthpilece reaches 140°F (60°C) at extreme ambient temp-
'% eratures.

el

To verify the physical integrity of the firing mechanism simulator, it was
successfully operated through 100 cycles for each of the feasibility can-
isters.

X ,I 3 ' :“.

Endurance tests on the carbon monoxide catalyst were conducted after the
gaseous contaminant tests to accumulate 250 hours. No measurable degradation
of the catalyst's performance was detected.

(9]
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4 ] Based on the program's results, the feasibility of a filter-—type oxygen
1$§ breathing apparatus training canister has been proven. The OBAT canister can
fﬁ‘ be used with an unmodified oxygen breathing apparatus and provides protection
Q}j for an individual against the gaseous and particulate contaminants present in
X9 the 19F1 Fire Fighter Trainer. Based on a minimum catalyst iife of 250 hours

and lives for sodasorb, charcoul, and filter media expendables of 25 hours,
the OBAT canister will provide a cost effective alternative to the use of
expendable OBA canisters for the 19F series Fire Fighter Trainer application.

JArere

ey
.

A
-~

-’

"s%‘:ﬁf’ﬂ )

Pk e

LS

A

B

¢

ISR AN A A A ANA AR AL LA Tl G il bl G )]



T ; T T W W T T Min' Bt A ke e A% B A W e N
WA b s bk P LR P RN D SRA BRSNS S S R ARty
- o

L

NN

g

,

I\{b

v

UNITED
v ﬁ

CHNOLOGIES
8‘?&!}3% SVHSER 8918

M %
gLk

K o4

INTRODUCTION

A reusable, cost effective training canister, OBAT, is being developed for use
with the Navy Oxygen Breathing Apparatus, OBA, during training exercises
within the controlled environment of the 19Fl Fire Fighter Trainer. The OBA,
in conjunction with the OBAT canister, operates as a lung powered open system
unlike the standard OBA, which 18 a closed system with its expendable oxygen
liberating canister. In the 19F1 trainer application, the open system re-

L/
Vo

PO

!s quires that acceptable oxyge: levels be present and provides both gaseous and
V] particulate contaminant removal. The undesirable gases originate in the
combustion process at the propane burners utilized for simulating shipboard
i fires. These are carbon monoxide, carbon dioxide, oxides of nitrogen and
zg hydrocarbons. The particulates are sodium bicarbonate from the training
) extinguishing agent and butylated triphenyl phosphate from the training smoke
& o used to simulate a shipboard fire environment.
¥
ié At the start of the development program, two areas were considered critical to
the successful design of a reusable training canister; the performance of the
=5 platinum-on-alumina CO oxidation catalyst at the anticipated temperature and
iﬁ humidity extremes, and the air flow resistance during inspiration through the
training canister and OBA. A preliminary phase test program was conducted
;E addressing these two concerns.
4 ;‘!-
o

Based on the favorable results of these CO catalyst tests and air flow resis-
tance tests, a design of a feasibility model canister was completed. The
feasibility canister design includes a particulate filter to remove the solid
matter from the artificial smoke and sodium bicarbonate extinguishant, an
activated charcoal layer to reduce hydrocarbon concentrations, a catalyst bed
to convert CO to CO;, and a sorbent bed to reduce the concentrations of COj
and NO;. Additionally, the training canister with the OBA provides a complete
simulation of the standard OBA with respect to donning, activation, and usage.

"%
(x>
iz

A feasibility test phase was conducted to demonstrate the performance of the
feagibility model canister. The fearibility tests included an air flow resis-
tance test, performance tests agairst various concentratione of CO, CO,,

N0y, and propane at anticipated temperature and humidity extremes, particulate
filter tests, OBA mask inlet temperature transient tests, firing mechanism
simulation tests, checks for dusting, settling, and channeling, and a CO
catalyst 250-hour life test.
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OBJECTIVES

The Feasibility Evaluation of a Reusable Contaminant Filter Canister for use
as an Oxygen Breathing Apparatus Trainer program was divided into three phas:s,
the Preliminary Test Phase, the Feasibility Model Canister Design Phase, and
the Feasibility Test Phase.

The primary objectives of the Preliminary Test Phase were to evaluate the CO
oxidation catalyst performance and to establish the total system, OBA and

KLY
;‘}} OBAT, air flow resistance. Specific goals of the CO catalyst tests are
R listed below:
ii:ﬁ d Verify the catalyst's performance at the extremes of temperature and
~ relative humidity anticipated in the 19F1 Fire Fighter Trainer.
%&éi i Verify the catalyst's performance at the steady state and transient CO
-'% concentrations anticipated in the 19F1 Fire Fizhter Trainer.
s

Generate design data for the CO catalyst bed in the feasibility model
= canister.

3‘3? The primary objective of the Feasibility Model Canister Design Phase was to
ig' utilize the test data and analyses from the proposal effort and the Prelim-
ikgk‘ inary Test Phase to perform a detailed design of a feasibility model canister
§§i§ for use in the subsequent program tests.

. The primary objective of the Feasibility Test Phase was to evaluate the per-.
%ﬁp formance of the feasibility model canister. Specific goals of the tests are
¥, listed below:

. Measure the airflow resistance for the total system, OBA and OBAT.

Verify the canister's performance against gaseous contaminants including

?Q%% carbon monoxide, carbon dioxide, nitrogen dioxide, and propane at con-

ﬁﬁg‘ centrations and temperature and humidity extremes anticipated in the 19F1

ECN Fire Fighter Trainer.

e

uhis,

53;1 ° Verify the particulate filter system's performance against the simulated
. smoke and simulated dry powder extinguishant at concentrations typical of
4§f§ the 19F1 Fire Fighter Trainer.

:)$

:%Q& * Measure the temperature transient in the OBA facemask with the OBA and

OBAT subjected to various ambient temperatures up to 1000°F (537.8°C).

Verify that the feasibilty model canister's firing mechanism provides an
accurate simulation of the initiation of a standard OBA canister.

Verify that no dusting, settling, or channeling problems occur within
the beds of the OBAT canister.

Verify the carbon monoxide catalyst's performance over a life of at
least 250 hours.
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I' * Generate data on the OBAT canister's expendables, including sodasorb,
N A activated charcoal, and the particulate filter media, to allow projecting
bﬁ . the replacement intervals of these materials under actual 19F1 Fire

3o

Fighter Trainer conditions. This data is valuable for determining the
cost effectiveness of the OBAT concept for the 19F1 Fire Fighter Trainer
appiication.
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RESULTS AND CONCLUSIONS

A reusable, filter-type training canister for use with the Navy Oxygen
Breathing Apparatus during training exercises within the controlled
enviromment of the 19F1 Fire Fighter Trainer, which contains sufficient
breathable oxygen, has been proven to be a viable concept.

The feasibility model canister performed well during the feasibility
tests, and it will provide an excellent basis for a production design.

The expendables in the OBAT canister are sodasorb for carbon dioxide
absorption, activated charcoal for hydrocarbon adsorption, and the parti-
culate filters. Under 19F]1 trainer conditions, the most limiting expend-
able is sodasorb, which will have a minimum life .. one week, based on

25 usage hours per week.

The total system, OBA and OBAT canister, air flow resistance at peak
inhalation flow conditions of 3.0 ft”/min (85 1/min) is 2.76 inches
(70.1 mm) of water.

A 0.331 1bm (150 gm) bed of 10 percent platinum—on-alumina CO oxidation
catalyst provides excellent nerformance for the CO concentrations mea-
sured during bilge fire simulations in the 19F1 Fire Fighter Trainer.

No measurable performance degradation was detected during the 250-hour
carbon monoxide catalyst life test.

The particulate filter system selected corsists of a laycr of Kimre
Incorporated polypropylene mist eliminator and a layer of 3M Company
filtrete filter media. These filters, along with the activated charcoal
bed, provide a filtering efficiency of greater than 99.7 percent against
the simulated smoke and dry powder extinguishant.

The thermal mass of the OBAT canister and OBA protects an individual from
breathing hizh temperature air during short duration exposures to extreme
temperature conditions.

The OBAT canister's firing mechanism provides an accurate simulation of
the activation of a standard OBA canister.
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" ‘ ! RECOMMENDATIONS
(§Y
.j-,:; - 1. Prototype oxygen breathing apparatus training canisters should be de-
s “ signed and built for evaluation in the 19F1 Fire Fighter Trainer in
‘E:E} N Norfolk, Virginia,
Bays =3
A 2. A test stand to test the prototype OBAT canisters after refurbishment
" ﬂ; should be designed and built.
povd
. 4 ) 3. Further development testing on the carbon monoxide catalyst should be
. conducted tc optimize the cataiyst in regard to cost. Cost reduction
:&} may be possible if testing reveals that catalyst with less precious metal
) b content provides satisfactory performance.
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g DESCRIPTION
Y R

AN

.>éﬁ Preliminary Phase Test System

if:‘ The test setup for the preliminary phase tests was located in Hamilton Standard's
, Envirommental and Space Systems Advanced Engineering Laboratory. A photo-

§§§ ) graph of the test rig is given in Figure 1, and it is shown schematically in

Figure 2. The rig provided the capability of supplying the test article with
a controlied gas flow, preconditioned to the desired temperature and relative
humidity. Instrumentation, as listed in Table 1, allowed accurate monitoring
of test conditions including flowrate, temperature, pressure, dew point, and
carbon monoxide concentration.

WP

W ayr doa r!";ﬂ,';o",'
P

Conditions for a specific test, except CO concentration, were established
using the dry nitrogen supply to the test rig. This allowed stabilizing gas
temperature and relative humidity prior to switching to the certified premixed
gae supply c¢f CO in air. Gas flow rate for either nitrogen or the premixed CO
in air was controlled by adjusting pressure regulators (PR1) or (PR2), respzc~-
tively. The primary flow measurement was obtained from venturi (V1) in con-
junction with manometer (Ml). Backup flow measurement was provided by flow-
meters (FM1) for nitrogen or (FM2) for the CO in air mixture. Gas temperature
was controlled by four tube-in-tube heat exchangers. Heating or cooling was
supplied tc the heat exchangers by two constant temperature baths, each sup-
plying two of the heat exchangers. Additionally, cooling or heating was
provided as required from one of the constant temperature baths to the hygro-
meter sensor. This was necessary to be able to read the extremely low and
high dew points required by the test specification. Humidification of the gas
stream was accomplished by directing part of the flow through a humidifier. A
sample of the recombined flow was passed through the hygrometer sensor. While
- test conditions were being established, the gas flow could be directed through
' the test article or could be bypassed around the test article through valve
.(14). The gas flow could be sampled for CO concentration either upstream or
downstream of the test article. The CO analyzer was calibration checked with
certified calibration gas each day prior to testing. Manometer (M2) provided
a differential pressure reading across the test article.

s
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Breadboard Test Canister

-~e breadboard canister for the preliminary phase tests is shown in Figure 3.
It was designed to accurately reflect the shape and size of the standard OBA
canister. Also, the inlet and outlet tubes were sized and positioned simi-
larly to the anticipated design of the feasibility model canister.

10
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TABLE 1

INSTRUMENTATION LIST

PRELIMINARY PHASE TEST SYSTEM

NOLOGIES
, HAMILTON
o STANDARD
pd
ha
X
N
w
Parameter Units
:‘3
) Total Dry Flow ft3/min
4
3

% N, Flow ft~/min
Iy,

Certified Gas ft3/min
g Mixture Flow
é? Venturi Inlet psia
A Pressure
"%
l Canister Inlet psia
i Pressure
=
,g Temperature °F

Venturi Inlet
Canister Inlet

g Canister Outlet
: Tubing Wall (2)
% Canister Inlet °C

Dew Point
b Canister Inlet and PP™M

Outlet CO Conc.
i

Canister inches of
&3 Differential veter
N Pressurs

-2

Instrument

Venturi/Manometer

Flow Meter

Flow Meter

Gage
Gage
Type T Thermocouples

with Doric Readout

General Eastern
Optical Hygrometer

Ecolyzer 2000 Series

Energetics Science

Manometer

13

SVHSER 8918

Range
0 to 5 CFM

0 to 3.5 CFM

0 to 3.5 CFM

0 to 30 psia

0 to 30 psia

=382 to 752°F

=35 to 70°C

0 to 250 ppm

0 to 4 inches of
water
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FIGURE 3

BREADBOARD TEST CANISTER ‘
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?ﬁu . The breadboard canister was constructed from 0.25 inch (6,35 mm) thick plexi-
5 3 glas. The canister's sides were made from flat sheets, and the semicircular

&%t 3 edge pieces were made by cutting a 2 inch (50.8 mm) inside diameter tube into
IR halves logitudinally. After machining their edges to provide smooth surfaces,
> the pieces werc glued together to form the main body of the canister. The

_ gﬂ inlet and outlet end plates were rectangular in shape and were oversized

N1 WPG compared to the cross-sectional area of the canister body. This allowed the

5g§ long retaining screws to be located externally to prevent interference with

Jx? ~ the catalyst bed. The inlet, bottom, end plate was glued to the canister body.

5Q£ A The ontlet, top, end plate was removable to allow loading the canister. A

By rubber gasket, glued to the outlet ernd plate provided a tight seal with the

canister body. The outlet plate was drilled and fitted with a 1.5 inch
(38.1 mm) inside diameter outlet tube. The inlet plate was drilled and fitted
with two 1.0 inch (25.4 mm) inside diameter inlet tubes.

Preliminary Phase Test Beds

The activated charcoal and carbon monoxide nxidation catalyst beds used during
the Preliminary Test Phase can be seen in Figure 3. Their arrangement is
shown schematically in Figure 4, A 0.25 inch (6.35 mm) plexiglas spacer at
the inlet of the activated charcoal bed helped to provide even flow distribu=-
tion. Referring to Figure 4, the test bed components from inlet to outlet
were a 40 mesh stainless steel retaining screen, a 100 mesh stainless steel
screen for coarse filtration, a 0.25 inch (6.35 mm) layer of polypropylene
filter material, a 40 mesh stainless steel retaining screern, a 0.168 lbm

(76 gm) bed of activated charcoal, a 40 mesh stainless steel retaining screen,
a 0.293 1bm (133 gm) bed of 10 percent platinum-on-alumina CO oxidation cata-
lyst, and a 40 mesh stainless steel retaining screen. The screens were held
in place by adhesive backed, closed-cell foam strips attached to the inside of
the canister.

The filter material used was 3M Company Filtrete Brand Type G particulate
filtering media. This is a polypropylene material formed into a fibrous
blanket. The Type G-0130 filtrete used has a weight of approximately 0.0614
1bm/£t2 (300 gm/m2) for the standard 0.25 inch (6.35 mm) thickness.

Company type CR2762, 8-14 mesh, coconut shell, activated charcoal. The char~
coal was washed with pure water to remove dust and was dryed in a vacuum oven
prior to loading the canister.

=

sk v o
e

X
K

§§ The activated charcoal bed consisted of 0.168 1bm (76 gm) of Bainebey Cheney

e
7

.ot

The carbon monoxide oxidation catalyst bed consisted of G.293 1lbm (133 gm) of
10 percent platinum on 14 to 18 mesh alumina granules. With a cross—-sectional
area of 11.9 inches? (7677 mm2) and a depth of 0.75 inch (19.05 mm) the space
velceity was 35,000 hour‘l, and the residence time was 0.103 second at a gas
flow of 3.0 ft3/min (85 1/min).

i5

. Y 2 YOS 4 A T T e TR T T T 8 Tl e A N AL P s T TR -”,,-v,.-".‘ N AR
% *?é%?"sli?&‘?&s’ ‘8.1 S R T Y N G S S A IR S TR RS A A R AL S ALY Vo

P

D



TECHNOLOGIES
HAMILrON :
STANDARD SVHSER 8918

BED SUPPORTS

40 MESH SCREENS
(3)

100 MESH SCREEN

40 MESH SUPPORT SCREEN

PLEXIGLAS SPACER

TN b, 5
. ea-\t\g'?.{e\' \(ﬁ 3/4" BED
;§$§Gﬁ?§ﬁ$ﬁ$é?

1/4" FILTER

\

1/2" SPACER

3M FILTRETE PARTICULATE FILTER

PLEXIGLAS

BED CUTAWAY

FIGURE 4

: o - BREADBOARD TEST CANISTER SCHEMATIC
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L
g5 BA
i;ﬂ * Breadboard Canister Flow Distribution Test
b
’?* ﬁ; Prior to the start of preliminary phase testing, the flow distribution through
A I the breadboard canister was tested. The canister was loaded as described
b above for the preliminary phase tests, except the CO catalyst was replaced by
.y " indicating silica gel dess’ .ant. As room air was drawn through the bed, the
Y] é} uniform color charge in the dessicart indicated even flow distribution through
'%” the canister. The clear plexiglas construction of the canister allowed easy
.gg iﬂ viewing of the dessicant.
SRS
RESER Feasibility Test Systems
%? gﬁ The feasibility tests consisted of eighteen separate tests, designated Fl to
ﬁ£3 gﬁ F18. Due to the signficant differences in the various test requireuments,
Py three separate test systems were used. The air flow resistance test, Fl, the
Jay = gaseous contaminant tests, F2 to F13, the dusting settling/channeling test,
;? %g F17, and the carbon monoxide catalyst life test, F18, were conducted in
B Hamilton Standard's Environmental and Space Systems Advanced Engineering
s,

Laboratory. The test setup utilized during the preliminary phase tests was
upgraded to provide control and monitoring of additional gaseous contaminants.
The particulate tests, Fl4, were conducted within the 19F] Fire Fighter Train-
er in Norfolk, Virginia. The OBA mask inlet temperature transient tests,

F15, were conducted utilizing a large heat treating oven in Hamilton Standard's
manufacturing facilities.

= e ot
oy

A photograph of the test system utilized for tests Fl to F13, F17 and F18 is
given in Figure 5, and the system is shom schematically in Figure 6. The rig
provided t... capahility of supplying the test article with a controlled zas
flow, preconditioned to the desired temperature and relative humidity. Instru-~
mentation, as listed in Table 2, provided accurate monitoring of test condi-

o e
R 2 R

.ﬁﬁ tions including flowrata, temperature, pressure, dew point, and gaseous con-
‘Q taminant concentrations, including carbon monoxide, carbon dioxide, nitrogen
g dioxide, and propane.

Y N

!-"' ] ';.‘

Temperature and humidity conditions for a specific test were established prior
to adding contaminants to the air stream. During this period, the air flow
was bypassed around the test article through valve (14). Air fiow rate was
controlled by adjusting pressure regulator (PR1). The primary flow measure-
ment was obtained from venturi (V1) in conjunction with manometer (Ml).

Backup flow measurement was provided by flowmeter (FMl). Gas temperature was
controlled by four tube-in-tube heat exchangers. Heating or cooling was
supplied to the heat exchangers by two constant temperature baths, each sup-

G
s 25

gg plying two of the heat exchangers. Additionally, cosling or heating was

‘i, S§ provided as required from one of the constant temperature baths to the hygro-

EN R meter sensor. This was necessary to be able to read the extremely; low and

3&2 high dew points required by the test specification. Huuidification of the gas
3 stream was accomplished by directing part of the flow through a humidifier. A
o ii sample of the recombined flow was passed through the hygrometer sensor. Once
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FEASIBILITY GASEOUS CONTAMINANT TEST RIG
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Parameter
Total Dry Flow
Air Flow

Certified Gas
Mixture Flow

Co in COy
Propane in N,
NOy in Ny

Venturi Inlet
Pressure

Canister Inlet
Pressure

Temperature
Venturi Inlet
Canister Inlet
Canister Outlet
Tubing Wall (2)

Canister Imnlet
Dew Point

Canister Inlet and
Outlet CO Conc.

Canister
Differential
Pressure

Canister Inlet and
Outlet CO Conc.

Canister Inlet and
OQutlet Propane Conc.

TABLE 2

INSTRUMENTATION LIST

FEASIBILITY TEST SYSTEM

Units Instrument
ft3/min Venturi/Manometer
ft3/min Flow Meter
ft3/min Flow Meter
psia Gage
psia Gage
°F Type T Thermocouples

with Doric Readout
°F General Eastern
Optical Hygrometcr
ppm Ecolyzer 2000 Series
Energetics Science
inches of Manometer
water
Z of COy Infrared Industries
Model 705-341 CO2
Analyzer
ppm Foxboro Analytical
Miran~lA CVF Gas
Analyzer
20
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Range

0 to 5 CFM

0 to 3.5 CFM

to 0.06 CFM
tv 0.065 CFM
to 0.15 CFM

OO0

0 to 30 psia

0 to 30 psia

=382 to 752°F

~35 to 180°F

0 to 250 ppm

0 to 4 inches of
water

0 to 3.67%

0 to 1000 ppm
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| ! the required temperature and dew point were established, the appropriate
« concentrations of contaminant gases were metered into the air stream. Carbon
~] monoxide and carbon dioxide concentrations were controlled by adjusting meter-
Qg ing valve 3, and their flow rate was measured by flowmeter FM2. Since all of
" the required test conditions included only two ratios of carbon monoxide to

carbon dioxide, only two different mixtures of these gases were needed to

!ﬂ provide the desired concentra.ions. The propane concentration was controlled
-~ by adjusting metering valve (23) and its flow rate was measured by flowmeter

(FM3). The nitrogen dioxide concentration was controlled by adjusting meter-
ing valve (24), and its flow rate was measured by flowmeter (FM4). The nitro-
23 gen dioxide was added to the air flow downstream of the humidifier, since
nitrogen dioxide 1s soluable in water. The concentrations of the contaminant
. gases were checked prior to the start of a test by sampling at the test arti-
%g cle inlet. Once all conditions including temperature, humidity level, and

: contaminant gas concentrations were established, a test was started by opening
valve (15) and shutting valve (14). The cirbr~ monoxide and carbon dioxide
= concentrations in the air flow leaving the test article were monitored con~
%3 tinuously during each test. Outlet propane and nitrogen dioxide concentra-

tions were moun.tored periodically. The gas analyzers were calibration checked

: prior to each test. Manometer (M2) provided a differential pressure reading
Eg across the test article.

The test system for the particulate tests, Fl4, is shown schematically in

o Figure 7. The system wcs designed to be portable and two identical systems
ii were assembled in the 19F1 Fire Fighter Trainer in Noriolk, Virginia. This

allowed testing two candidate particulate filter systems simultaneously.

o Performing the particulate tests in the trainer provided the most accurate and
1 Eﬁ practical method of determining the particulate filter systems' performance.
%

The breadboard canisters from the preliminary test phase were utilized as the
test articles for particulate filter testing. The canisters with their partic-
ulate fiiter systems are shown schematically in Figures 8 and 9. Each test
system had its own air pump, throttle valve and flowmeter, which allowed
drawing a fixed air flow through the test articles. To evaluate the filter
systems' performance, 0.45 micron Gelman metricel filters were positioned near
each canister and inside each canister downstream of the canister's partic-
ulate filters. A constant flow of 0.071 ft3/min. (2.0 1/min.) was drawn
through each Gelman filter by a Gilian model HFS 113 sample pump. These
positive displacement pumps were flow calibrated prior to the tests and pro-
vide a constant flow over a significant range of differential pressure. The
Gelman metricel filters used during the tests were weighed prior to and after
the tests by Envirommental Health Laboratory of Hartford, Connecticut. Thus,

HIER

e
LAy A

%? a comparison between the weight changes of the Gelman filters exposed to
ambient particulate levels and the Gelman filters downstream of the test
article filter systems provided a measurement of the filter systems' perform-

§§ ance. Also, the differential pressure across each filter system was measured.
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STANDARD
BED SUPPORTS
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FIGURE 9

PARTICULATE TEST CANISTER SCHEMATIC
FILTER SYSTEM #2

24

Sty Ty i € T, . 4 Pl M “adh Mkl Tail et e W2 T 31 S S L ) I G . v , | - -
R T T ey AN Y L, M Y S e " 0



av k'l A 0 e vur?}_"f'i"'v\i" AR AT DA I il R R Tire il A il Frw ALV NTTIT WA s {-\.\‘:_\Fw.»\:'i

O
&Ez.vﬂ:i ,‘-‘!
T
pi SVHSER 8918
oy
«tﬁq Lk
b !ﬂ
‘&}N
s
hisy o
if? 3 The two particulate filter systems were tested in the breadboard canisters,
A Lé used in the preliminary tests and shown in Figure 3. The breadtward canisters
A were constructed of plexiglas, and the details of their construction were
‘q described previously. Each filter system contained a 0.154 lbm. (70 gm.) bed
d Ll of 8 to 14 mesh activated charcoal and a 0.25 inch (6.35 mm.) layer of 3M type
wd G0130 filtrete brand filter media. This filtrete layer provided the filtra-
_ tion of the 0.5 to 2 micron butylated triphenol phosphate cimulated smoke.
] g One filter system had a 400 mesh stainless steel screen for filtering the
= coarge sodium bicarbonate simulated dry powder extinguishant. The alternate
system had a layer of Kimre Incorporated polypropylene mist eliminator style
: 4/96 filter media instead of the 400 mesh screen. Both filter systems were
2 retained by inlet and outlet 40 mesh stainless steel screens.

H The OBA mask inlet temperature transient test, F15, was conducted utilizing a
Papd ﬁ heat treating oven in Hamilton Standard's manufacturing facilities. Photo=-
graphs of the test system are shown in Figures 10 and 1l. The sliding door on

2 the oven ard the quick-disconnect on the tube leading to the pump allowed the

o = mannequin and OBA to be rapidly positioned in the preheated oven prior to the

: J Eﬁ start of each test. The three thermocouples for monitoring canister and face
! mask temperatures could also be quickly connected. Thus, a test could be

g%% started before the mannequin and OBA had been heated significantly above

ii ambient temperature. Figure 10 shows the mannequin and 0BA in the oven just

) prior to closing the oven door. Immediately after the door was shut, the pump
and tempera:ure recorder were starteds The flow was preset with a throttle

B vaive at 1.0 ft3/min. (28.3 1/min.) and was monitored with a flowmeter.

53 Temperatures were monitored in the oven, in the activated charcoal bed, at the

canister outlet, and in the facemask. When the temperature in the facemask

reached about 140°F (60°C), the pump was stopped, the oven door was opened,

and the mannequin and OBA were removed. A large fan was used to cool the

mannequin and OBA to room temperature after each test. Figure 11 shows tta

test system outside of the oven including the mannequin and OBA being cooled.

2

SR SO

N A
i
s

5% |
3V

WRAE d
%
S

2
B

N
Gt 25

’ g
K -

A R e '\.P. A R N e AR ﬂ.‘\'x‘\\.’ G

TSR % Hh "kh“*‘l q“h‘ - s A
*Q‘i: . % %3, “" 1 *.i'ﬁiq.'a‘< ~"\\‘ AP ‘(L Lo ". PN AR




g

(NIAO NI NMOHS NINDINNVW)
, WILSAS 1S3IL INJISNVHL IJUNIVYIdWIL HYIH

0T 3¥n9I4d

At

T

«
' -

»

i

- T T e e

e A

SVHSER 8918

oy

LIPS
¥

R R T R P
Y J‘.ﬁ"?ﬂ?‘i\'i‘{-ﬂ_»

iy

-
N

>
W I Il Sl |

v

-~
-
-,
Ay

w3

26
RS EN

X

-
oK
OX

o

AT
R 3 ,"uk.*-")‘

o

~

%
o

e o
o

o

M}?sﬁ’} e

X
ol ToANe

s A




(YOLINOW 3¥NLVYIJWIL ONV dWNd ¥IV €S1S3IL NIIMLIE @31002 9INIIF NINDINNVW)

*r

2e
.
AT

W3LSAS 1S31 INJISNVYL IUNLVYYIdWIL HOIH
IT 340914

N

-

\f*’.:"

SVHSER 8918

A

(555

LA
n

P
Ol Y

P

.

S NG
K

27

TN

P g 9% MW
KA ‘n,

"\"& [

55

3

'1::%3‘ .?‘ 5'

{7
AR

X
13

)

o
HEd BES 3 B P RS MR X

TR T

| SRNIENS FEEAES . TOEUE A




TSV 2SS —% R AT A P 2R L e PN, G SV ST W T LN W, Y I AT R R R T T T W T
T ok A AR AR Bt S P SRS R« e P A B AP AT S RS ER AL AT A SR el A A O i o oA LN ARG

i -

VQ
| % A

% T ORy e

el

Xk SVHSER 8918

2 STANDARD

3N

i

g&l

b

{’R Feasibility Model Canister Design

s

A To provide the ability to test the entire OBA training canister concept, a
feasibility model canister was designed and built. All feasibility tests,

S except for the particulate filter tests, were conducted utilizing a feasibil-

iﬁg ity model canister. The assembly of the feasibility canister is shown in

%éﬁ Figure 12 and pictures of the canister and its components are provided in

jEJ Figures 13 and 14. The components are packaged within the shell of a standard

OBA canister. This gives the training canister the same size and shape as the
standard canister and provides the same mating interface with the O0BA. The
components added to the standard canister shell iInclude the bottom cover
assembly, the particulate filter and activated charcoal container, the CO

catalyst container, the CO2 and NO sorbent container, and the exhalation
tube.

i)

5

74

D
R Sy

VA Tae hl G
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KA

Feasibility Canister Components

e t
L8 A :
2%

The bottom cover assembly is shown in Figure 15. It retains the beds within
the canister and provides accurate simulation of the activation of a standard
OBA canister. The chlorate candle cover from the standard canister is used as
the cover for the training canister's activation mechanism. Activation is
achieved by rulling the cover away from the canister, which removes a cotter
pin. Prior to activation, the inlet ports are covered by the slide plate
which provides the high air flow resistance characteristic of the standard OBA
prior to canister activation. Upon activation, the slide plate is pulled by a
spring, and the inlet ports are uncovered to reduce the system's peak pressure
drop to less than 3 inches (76.2 mm) of water. Prior to the next use of the
training canister, the slide plate can be moved to its preactivation position

and held there by reinstalling the cotter pin attached to the mechanism's
cover.
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The three beds, charcoal, catalyst and sorbent, in the canister are each
packaged in their own aluminum cans, shown in Figure 16. The cans are color-
coded for identification. The particulate filter and charcoal can is black,
the carbon rioncxide catalyst can is grey, and the sodasorb can is white. The
three cans have a common cross--sectional shape, which closely conforms to the
inside shape oi the standard OBA canister. This arrangement allows optimal
utilization of the available volume and provides for easy replacement of
individual bed materials. The cans' covers, shown in Figure 17, are easily
removable. The individual cans are loaded into the canister from the bottom
and are retained by the bottom cover assembly. Neoprene gaskets between the
cans prevent air from bypassing the beds. The CO catalyst bed size is based
on the preliminary phase test results. The activated charcoal and CO3/NO2
absorbent bed sizes are based on analyses discussed in Hamilton Standard's
technical proposal, HSPC 82T13 of 15 October 1982, titled "Development of a
Reusable Type Training Canister for use with Navy Oxygen Breathing Apparatus
(OBA) Type A-4". These beds were tested during the canister's feasibility
tests as discussed in this report.

The bottom can in the canister contains the particulate filter and activated
charcoal bed. The particulate filter consists of a layer of Kimre Incorporated
polypropylene mist eliminator style 4/96 filter media for the larger sodium
bicarbonate particles and a 0.25 inch (6.35 mm) layer of 3M filtrete brand
filter media, type G-0130, for the 0.5 to 2.0 micron size artificial smoke
particles. The activated charcoal bed has approximately 0.110 1lbm (50 gm) of
Barneby Cheney type MI, 12 to 20 mesh, coconut shell activated charcocal,
primarily for the adsorption of hydrocarbon contaminants. The activated
charcoal was also found to be an effective adsorption of NO3. A layer of
filtrete type G-0110 filter media is placed on the outlet of the charcoal to
act as a dust filter. The particulate filters and charcoal bed are retained
in the can by a 10 mesh screen on the inlet side and a 40 mesh screen on the
outlet side. The 10 mesh inlet retaining screen was selected to prevent
clogging due to sodium bicarbonate dry powder extinguishant.

The middle can in the training canister holds the carbon monoxide oxidation
catalyst, which is 10 percent platinum on 14 to 18 mesh alumina subtrate. The
bed is 0.75 inch (19.05 mm) deep and contains approximately 0.368 1lbm (165 gm)
of catalyst. The catalyst is retained by 40 mesh screens on the inlet and
outlet.

The upper can in the training canister contains the COj and NO absorbent
chemical. The absorbent material is 8 to 14 mesh, high performance sodasorb,
manufactured by W.R. Grace and Compary. Sodasorb is a mixture of hydrated
1lime, Ca(OH)7, sodium hvdroxide, NaOH, and potassium hydroxide, KOH. The bed
contains approximately 1.257 1bm (570 gm) of absorbent retained between 40
mesh screens. Layers of type G-0110 tiltrete at the inlet and outlet provide
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The absorption of COy, or any acid gas, by sodasorb is a chemical and not a
physical process. The action is quite different from adsorption, by activated
carbon, for example, where there is physical entrapment of gases. In sodasorb
absorption, the CO; is chemically converted, the gas first going into solution
and forming carbonic acid, which then reacts with the hydroxide to form sodium
carbonate, at the same time regenerating the water consumed earlier. The
sodium carbonate then reacts with the hydrated lime to form calcium carbonate
and regenerate caustic soda and caustic potash.

\
Th¥
e UNITED
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il
oy
A
g‘
o
E»
§*A dust filters. The sodasorb bed has a partition on one end to form a bypass
ai flow channel which is sized so that nnly approximately 30 percent of the flow
; passes through the absorbent. This arrargement results in extending the bed
R life while still reducing COy and NO2 concentrations within acceptable limits.
- With 30 percent of the flow through the sodasrob bed, the maximum average
}3 COy concentration of 1.24 percent is reduced below the time weight average
o limit of 1.0Z for COj. Although it was initially intended to pass only 20
.%3 percent of the flow through the COy absorbent, 30 percent was selected to
: S provide a conservative performance margin. The sodasorb used in the canister
& is indicator type, containing ethyl violet which changes in color from white
e to purple as its powers of absorption are exhausted. A viewing window is
j€§ provided in the side of the canister adjacent to the end of the sodasorb bed
g% to allow seeing the color change withcut disassembling the canister.
i)

3

oA

The chemical neutralization of COy by sodasorb may be expressed by the follow-
ing equations:

4
g

(1) €Oy + Hp0 == HCO03

(11) 2H2CO03 + 2Na* + 20H™ + 2K' + 20H =

i 2Na* + CO3™ + 2K* + CO3™ + 4H90

EN

3‘&; (111) Ca(OH)p + Hp0 === Catt + 20H™ + H90
%

e
P

(iv) 2Catt + 4OH™ + 2Na*t + CO3= + 2K+ + CO3= =
2CaC03 + 2Na* + 20H™ + 2K* + 20H~

In (i) the C0y.dissolves at a rate governed by a number of physical chemical
factors. The rate is not proportional to the partial pressure of the COy
which is in contact with the film of moisture coating the sodasorb granules,
but greater, because some of the CO9 combines chemically with the water to
form carbonic acid. The rate is directly proportional to the rate of removal
of dissolved CO;, or HyCO3, from solution, by reaction with hydroxyl ioms,
reaction (ii). Thus the rapidity of removal of dissolved CO9 is directly
related to the availability of hydroxyl ions. Since the reaction between Ht
and OH™ is instantaneous, forming water, reaction (ii) is extremely rapid, and
available OH™ ions are quickly exhausted. Hense equations {iii) and (iv) must
. supply additional hydroxyl ions to keep the absorption of COj progressing.
I The latter two reactions are, therefore, rate limiting.
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LYY Exhalation flow from the OBA face mask is directed from the exhalation breathing
-_;.:-i = tube to ambient via the canister exhalation tube shown in Figure 12. This

-;:-i % arrangement extends the sodasorb bed life by not passing the metabolic COp

ey through the sodasorb bed.
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DISCUSSION

Preliminary Test Phese

Background

In the feasibility evaluation of a reusable training canister for use with the
Navy OBA during training exercises within the controlled environment of the
19F1 trainer, two critical design issues needed to be addressed at the start
of the program: the catalytic CO conversion performance at temperature and
humidity extremes and the total system air flow resistance at the peak in-
spiration flow rate. Additionally, it was necessary to generate design data
for the CO conversion catalyst bed for the feasibility model canister.

Inlet CO concentration levels for the preliminary tests were to be consistent
with the ambient levels measured during simulated bilge fire conditions in the
19F1 trainer. Bilge fire data was recorded in the Fire Fighter Trainer
Environmental Considerations Phase II report of 31 July 1981 by Booz, Allen

and Hamilton, Inc.
A summary of this data for carbon monoxide is given in .able 3.

TABLE 3 - BILGE FIRE CONCENTRATION DATA FOR CO

T e
LA o

Carbon Monoxide
Concentration (%)
Transient Steady
Phase II Maximum Duration State
Run No. (sec) Average
3 0.40 45 0.04
4 0.27 20 0.04
5 0.60 20 0.06
6 0.21 20 0.04
9 0.58 20 0.07
10 0.25 30 0.04
Maximum 0.60 45 0.07
Ove:ail 0.05
Avera - :
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The usz of this data for generating the test specification is compliant with
the requirements defined in the Naval Training Equipment Center Requirements
Specification N-731-102 of 4 May 1982, as modified by Specification Amendment
000! of 4 October 1982. From the bilge fire data, the inlet CO concentration
to the OBAT for all steady state testing was selected as 0.07 percent CO, 700
ppm, based on the steady state maximum average value. The inlet CO concentra-
tion for all transient OBAT testing was selected as 0.6 percent CO, 5000 ppm,
based on the transient maximum concentration.

The performance goals for the OBAT canister outlet CO concentration levels are
based on the recommended NIOSH limits. The maximum outlet concentration limit
applied to the twenty-minute, steady state tests with an inlet CO concentra-
tion of 700 ppm is 35 ppm, which corresponds to the NIOSH 10 hour weighted
average permissible exposure limit. The maximum outlet concentration limit
applied to the twenty-minute, transient tests with an inlet CO concentration
of 6000 ppm is 200 ppm, which corresponds to the NIOSH ceiling exposure limit.

Table 4 defines the carbon monoxide catalyst performance test matrix for the
Preliminary Phase of the program. A total of 24 tests, 3 at each of the 8
test conditions, were planned to demonstrate acceptable catalyst performance.
However, to further investigate performance at certain conditions, a total of
46 tests were conducted. A detailed list of all tests run is provided in the
following test results section.

1ABLE 4 - CO PERFORMANCE TEST MATRIX FOR PRELIMINARY PHASE TESTING
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Relative co Test Number
Test | Temperature Humidity Concentration Test Duration of
No. (°F) (%) (PPM) Condition (Min.) Tests
P1 30
30
P2 140 STEADY
700 20 3
P3 30 STATE
~ 100
P4 140
PS5 30
30
P6 140
6000 TRANSIENT 2 3
P7 30
~100
P8 140
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, The air flow rate through the test canister was chosen as 3.0 ft3/min (85 1/min).
E\ This corresponds approximately to the peak inspiration flow rate for an individual
2 at a high metabolic rate, 1510 Btu/hr (380 kcal/hr). Refer to the Figure 18
data, which is based on testing performed by Hamilton Standard in the develop-

ment r the Space Shuttle Portable Oxygen System under NASA Contract NAS9-15246

and presented in test report TER 3156 of 10 February 1981. The average inspira-
tion rate for this person is about 1.90 ft3/min (54 1/min), and the total
inspiration flow in one minute is 0.95 £t3 (271). The choice of 3.0 ft3/min

(85 1/min) builds comservatism into the testing, since meeting CO conversion
performance at this flow represents a more stringent requirement than the

normal cyclic inspiration flow. However, it proves that the peak flow rates
experienced during inspiration do not result in breakthrough of the catalyst

bed.

Air flow resistance tests, designated test series P9, were conducted to
establish the total system air flow resistance. The breadboard test canister,
loaded as described earlier and shown in Figure 4, provided the air flew
resistance data for the particulate filter, activated charcoal, and CO
catalyst. A COy absorbent bed was tested separately in a breadboard canister, and
an OBA, without a canister installed, was also tested to est-blish the OBA
pressure loss value. An analytical summation of these pressurc losses estab-
lished the expected air flow resistance for the feasibility model canister
mated with an OBA. The performance goal for this test was to verify that the
total system air flow resistance is less than 3 inches (76.2 mm) of water at a
flow rate of 3.0 ft3/min (85 1/min).

40
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TEST RESULTS

Preliminary Test Phase

The carbon monoxide oxidation catalyst tests were run for both steady state

AL, and transient CO concentrations with four basic sets of inlet conditions:

f'x cold and hot at both low and high relative humidities. The actual inlet

N conditions and the results for the eight test series, designated tests Pl

e through P8, are summarized in Table 5 and are discussed separately below. The
%& "flow at venturi” column of Table 5 is the 70°F (21.1°C) dry gas flow through
R the test rig venturi. The actual flow through the test canister in the

P ad jacent column has been corrected for temperature and moisture content.

50

b ) Steady State Tests

%% Test series Pl was run at low temperature and relative humidity for the

steady state, approximately 700 ppm, CO concentration. The duration of each
test case was about 20 minutes. Three tests were run in this series. The
canister outlet CO concentration was 0.0 ppm during this entire series,
indicating complete conversion to COj.

Test series P2 was run at high temperature and low relative humidity for the
steady state CO concentration. Again, three twenty-minute cases were run in
this test series, and complete conversion of CO to COy was achieved.

RS
&
3: X Test series P3 was run at low temperature and high relative humidity for the
%gé' steady state CO concentration. As in the above series, three cases, each of
%ﬁﬁ about twenty-minutes duration, were run; and complete CO conversion was
R achieved.
b Test series P4 was run at high temperature and high relative humidity for the
‘€? steady state CO concentration. For cases P4~1 to P4~4, test conditions of
\ 3 temperature and humidity were established with the nitrogen flow passing
Qﬁi through the canister. Complete CO conversion was demonstrated in case P4~1.
=7 However, in cases P4~2 and P4-3, which were performed after case P4-1, a

R detectable CO concentration was measured in the canister outlet stream.

h Although the results of these cases were within the 35 ppm limit, further

testing at these conditions was conducted to investigate the sudden per-
formance degradation. Case P4~4 showed further performance degradation and
was terminated after 12 minutes. During tests P4-2, P4-3 , and P4-4, the peak
outlet CO concentration was measured at the start of the tests, and CO con-
version performance improved as the test continued. Also, due to nearly four

A% hours of hot, moist, dew point greater than 125°F (51.7°C), nitrogen flow
5% through the canister, free water was visible in the catalyst bed. To deter-
§§~ mine if this water was restricting CO transport to the catalyst sites, the bed
. was partially dried with warm, dry nitrogen flow for 1 hour. The subsequent

N test, case P4-5, was run at high temperature with no moisture added, and

o complete CO conversion was achieved. For the final test, case P4-6, in this
series, the conditions were established with flow bypassing the canister, and
the catalyst bed was at room temperature, 78°F (25.6°C) at the start of the
test. Complete conversion of CO was achieved.

S 42
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! TABLE 5
1

5” PRELIMINARY PHASE CO CATALYST TEST DATA
/
939; -~
3!" '(-Sh‘ﬁ STEADY STATE TESTS
3 . ~ -
iy
AJ( -
Test Flow At Flow At Test Avg. Inlet Avg. Inlet Avg. Inlet Inlet CO Max. Outlet Avg. Canister Applicable
Number Venturi Canister Duration Temp. Dew Point Relative Conc. CO Conc. Differential Notes
(Fe3/min)  (Ft3/Min)  (Min) “F) &) Humidity  (PM) (PPM) Pressure
(2) (in. water)
Pl-l 2.95 2,74 21,0 31.54 5.24 28.50 685 0.0 1.075
P1=2 2.96 2.74 20.0 30.56 ~1.89 20.16 680 0.0 1.071
Pi-3 2,95 .13 20,0 30.51 4.64 28.45 680 0.0 1.0sw
&;L I P2-] 2.97 3,57 20.0 139.56 97.21 30.62 656 0.0 1.591
;3:*‘ E P2-2 2.97 3.59 22.0 142,60 97.27 28.36 703 0.0 1,690
%2 P2-3 2.95 .57 22,0 140.81 99.25 31.60 656 0.0 1,634
t?;‘ o 3=} 2.92 2.75 20,0 36.41 30.80 79.60 672 0.0 1.130
g . . P3-2 2.92 2,73 21,0 33.11 30.31 81.20 674 0.0 1,063
) P3~-3 2.95 2,75 22,0 32.15 26.80 79.28 703 0.0 1.085
Py Ph-1 2.92 4.17 20.0 157.41 137.80 61.07 656 0.0 1.830
ik Ph-2 2,95 423 20,0 159.84 137.86 57.56 672 1.0 1.918
: Pé-3 2,96 3.88 20.0 140.91 125.87 67.16 672 20.0 1.784 1
i Ph=4 2.98 3.89 12,0 142.23 124.48 62,50 672 155.0 2.02% 2
28
% Pé~S 2.97 3.46 2.0 143.50 < 0.0 < 10.00 672 0.0 1.380 k]
B < Pé-6 2.96 4.13 20,0 150. 14 135.55 68.86 107 0.0 1.938 4
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TABLE 5 (Cont.)
PRELIMINARY PHASE CO CATALYST TEST DATA
TRANSIENT TESTS
Test Flow At Flow At Test Avg. Inlet Avg. Inlet Avg. Inlet Inlet CO Max, Outlut Avg. Canister Applicable
Number Venturi Canister Duration Temp. Dew Point Relative Conc. CO Conc. Differential Notes
(Fe3/Min)  (Fe3/Min)  (Min) (G 3] ¢ )] Humidity  (PPM) (PPM) Pressure
(%) (in. water)
P5=1 1.54 1.44 3.00 33.75 5.09 25.89 5702 1.5 0.520
Pi~2 1.99 1.85 2.70 32.70 5.60 27.70 5702 250.0 — 5
F5=3 2.18 2.03 2.9 32,34 6.98 30.09 5/02 290.0 0.760 6
PS~4 2.93 2.72 1.35 32.25 5.72 28.33 5702 250.0 1.110 7
P5=5 2.97 2.74 1.25 29.15 2.57 27,34 5702 190.0 1.058 3
P5~6 2.98 2.76 1.50 32.90 3.38 26426 5702 220.0 1.073 9
P57 2,97 2.77 1.75 33.20 13.52 39,46 5762 250.0 1.09¢ 10
P5~8 .97 2.79 2.25 36.83 18.28 42.99 5762 145.0 1.122 11
P59 3.14 2.95 1.80 36,55 3.29 21.03 5762 25C.0 1.157 12, 13
?5-10 3. 14 2.96 2.00 38.50 5.9 22.36 5762 250.0 1.167 12, 14
PS-11 3.14 2.98 2.08 42,50 9.50 22.88 5762 202.0 1.185 12, 15
P5-12 .14 3.01 2.58 46,10 16.52 28.05 5762 200.0 1.226 12, 16
P5-13 3.10 2.9 3.00 35.20 1.13 18.40 5762 56.0 1.240 17
P5~14 3.10 2.87 3.00 31.47 < =22 0 5762 3.6 1.490 18
P5-15 1.85 1.72 .00 30.80 1.97 33.75 5/02 3.5 — 19
P3=16 2.09 1.9 3.00 32.18 3,02 24.38 5702 5.0 ~— 20
P5~17 2.94 2.78 2,25 28.10 — — 5702 180.0 1.052 21
P6-1 2.9 3.5z 2.5 139.02 94.60 28.73 5762 0.2 1.657
P6-2 2.9 3.57 2,00 141.90 95.54 27.- 6 5762 0.6 1.694
P6-3 3.01 3.64 3.33 142,13 97.40 28.82 5762 0.0 1,733
PP 1.51 1.40 3,00 28.6, 21.20 70.05 5702 1.0 0.490
P?-2 1.98 1.85 3.00 33.86 23.36 62.43 5702 11.0 0.703
P7-3 2.93 2.74 2.3 32.05 30,38 92.53 5702 200.0 1.102 22
.ﬁ 'j‘:“ T4 2.93 2,73 2.50 31.70 31.32 100.00 8702 120.0 1.106 23
-' g‘:‘ P7-5 2.97 2.77 2.50 31.88 3L.73 99.33 5702 120.0 L11s’ 24
% P76 2.08 1.94 3,00 22.50 31.64 96443 5702 5.0 -— 25
}‘ 7= 2.9 2.85 2.50 51.68 34.52 51.68 5702 200.9 1.164
- P7-8 2.9 .83 3.00 52.20 48.06 85.61 5702 55.0 1,204 26
"ejé“:‘;;: P8-1 2.98 4.28 2.50 157.70 138.65 62.09 5762 1.0 1.480
%‘4 P8~2 2.93 4.03 2,50 146,93 134,00 n,37 5762 2.5 1,595
%éfg P8-3 2.98 4,18 2.50 153.30 135.86 63,99 5762 0.5 1.568
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TABLE 5 (Cont.)

PRELIMINARY PHASE CO CATALYST TEST NOTES

T 1. The bed was subjected to kigh temperature, ~140°F (60°C) and

fﬁg' i high relative humidity (65-70%) nitrogen flow for 2-3 hours prior
;g% to the test. :
j§ i% 2. High temperature and high relative humidity flow through the bed
- ) was continued between tests P4-3 and P4~4, The bed was probably
; o - saturated with moisture, causing the degraded CO performance.
,3‘i 4 CO performance improved as tests P4-3 and P4-4 progressed.
P <f

5 3. The bed was partially dried with warr dry nitrogen flow for

approximately 1 hour between tests P4~4 and P4-5. CO performance
completely recovered. Flow was dry witn no moilsture added.

,
BE

SR 4, Test P4-6 was run with the bed initially at rcom temperature,
%ﬁ? ES 78°F (25.6°C) and dry. Test conditions were established with flow
i-; :ﬂ bypassing the bed.

I

5. Differential pressur: across the canister was not recorded.
Qutlet CO concentration at 2.0 minutes was 8C ppm.

6. Outlet CO concentration at 2.0 minutes was 32 ppm.

7. Outlet CO concentration exceeded 200 ppm at approximately
78 seconds.

DNERIMAESRLG ST Lt
T f?ﬁ%gﬁ;‘ R
S

“Q >¢

§§§ o 8. Outlet CO concentration exceeded 200 ppm at approximately
é&a 80 seconds.

iy

M

9. Outlet CO concuntration exceeded 200 ppm at approximately
85 seconds.

—_
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ry

10.  Outlet CO concentration evceeded 200 ppm at approximately
100 seconds.

e

Outlet CO concentration at 2.0 minutes was 65 ppm.

'  x5

453

T 12. For tests P5-% to P5-12, the bed was preconditioned with nitrogen
5%{ - at the dew point used during the individual test.

:“ E o 3

Outiet CO concentration exceeded 200 ppm at 105 seconds.
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TABLE 5 (Cont.)

PRELIMINARY PHASE CC CATALYST TEST NOTES

Qutlet CO concentration exceeded 200 ppm at 111 seconds.
OQutlet CO concentration exceeded 200 ppm at 125 seconds.

Outlet CO concentration exceeded 20U ppm at 155 seconds.

The bed was subjected to 76°F (24.4°C) air flow at 50 percent

relative humidity for six hours prior to the test. The bed

was at room temperature, 78°F (25.6°C), at the start of the

test.

The bed was subjected to ' , ft3/min (42.5 1/min) of moist,
142°F (61.1°C), air flow for 15 minutes prior to *he test.

Flow was pulsed, 2 seconds on and 2 seconds off, with an
average flow while on of 3.43 ft3/ain (97.14 1/min).

Flow was pulsed, 2 seconds on and 2 seconds off, with an
average flow while on of 3.89 ft3/min (110.16 1/uin).

Dew point was not recorded due to instrument problems.
Outlet CO concentration at 2.0 minutes was 58 ppm
Outlet CO concentration at 2.9 minutes was 40 ppm.
Outlet CO concentration at 2.0 minutes was 37 ppm.

Flow was pulsed, 2 seconds on and 2 seconds off, with an
average flow while on of 3.89 ft3/min (110.16 1/min).

Outlet CO concentration at 2.0 minutes was 13 ppm.
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In summary, for all steady state, 700 ppm inlet CO concentration tests,
complete conversion of CO to COy was achieved. The degraded performance
during scme test series P4 cases was due to saturating the catalyst bed,
including having condensed water droplets in the bed, which resulted after

3 to 4 hours of nitrogen flow with a dew point in excess of 125°F (51.7°C).
This continuous and extended period of extremely woist flow is unrealistic fer

the 19F1 Fire Fighter Trainer application, and the bed recovered completeiy
when partially dried.

Transient Tests

Since the low temperature and low relative humidity test condition was antici-
pated to be the most limiting, these tests, series P5, were the first tran-
sient cases, 6000 ppm CO concentration, conducted. The first few tests, P5-1
to P5-3, were run at lcss than the nominal 3.0 ft3/min (85 1/min) flow. Case
P5-1, with 1.44 ft3/min (40.8 1/min) flow, shows essentially complete CO
coanversion for its three minute duration. Cases P5-2 and P5-3 were conducted
at 1.85 ft3/min (52.4 1/min) and 2.03 ft3/min (57.5 1/min), respectively. Al-
though still within the 200 ppm limit, outlet CO concentration rose to 80 and
32 ppm, respectively, at the two-minute point of these tests. During cases
P5-4, P5~5, and P5-6, run at flows of approximately 2.75 ft3/min (77.9 1/min),
outlet CO concentration exceeded the 200 ppm limit at about 80 seconds into
the tests. These cases, P5~1 to P5-6, were run with the catalyst bed purged
with dry nitrogen prior to each test. Thus, iittle moisture was present on
the bed at the start of each run. Since testing had shown that increased
moisture improved the catalyst's conversion performance, cases were run at
higher inlet dew points to determine the minimum dew point necessary to main-
tain outlet CO concentration less than 200 ppm for 2 minutes. Cases P5~7 and
P5~8 were run at inlet dew points of 13.5°F (~10.3°C) and 18.3°F (~7.6°C),
respectively. Carbon monoxide conversion performance is shown in Figure 19
for cases at various inlet dew points and with other conditions being con—-

. stant. For all of these tests, the bed was preconditioned, with dry nitrogen

flow. Extrapolating between the curves shows that an inlet dew point of
approximately 15°F (~9.4°C) is required to meet the 200 ppm maximum outlet CO
concentration limit for 2 minutes of 3.0 ft3/min (85 1/min) flow. A more
realistic situation is to have the catalyst preconditioned at the dew point
to be tested. Cases P5~9 to P5-12 were run using nitrogen flow for moisture
precorditioning. Figures 20 and 21 show the CO catalyst's performance for
these tests. Extrapolating between the curves of Figure 20 or reading the dew
point corresponding tr 120 seconds on Figure 21 shows that for a bed pre-
conditioned at the test condition dew point, an inlet dew point of only ap~-
proximately 8°F (-13.3°C) is required to meet the 200 ppm maximum outlet CO
concentration limit for 2 minutes of 3.0 f£t3/min (85 1/min) flow.
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;ﬁi To dramatize the effect on CO conversion performance of moisture on the bed,
:kf} .- two tests were run with higher levels of moisture on the catalyst than would
R be adsorbed from the test condition flow. For case P5-13, the bed was pre-
f{i? }1 conditioned for 6 hours with air at 78°F (24.4°C) temperature and a 56°F

(13.3°C) dew point. After 3 minutes of 2.9 £t3/min (82.1 1/min) flow with a

" . 1.1°F (~17.2°C) dew point, outlet CO concentration had increased to only 56
N }{ ppm. Carrying this point to an extreme, for case P5-14 the bed was precondi-
I tioned for 15 minutes with nearly saturated 142°F (61.1°C) flow. After 3

~’t : minutes of 2.87 ft3/min (81.3 1/min) dry flow at a temperature of 31.5°F

(-=0.3°C), outlet CO concentration had increased to only 3.5 ppm. Both of

these tests were run with the transient carbon monoxide iniet concentration of
5762 ppm.

[T

Cases P5-15 and P5-16 were run at low temperatures and relative humidities

for the transient CO concentration, but flow was 2 seconds on and 2 seconds
off, to simulate actual canister usage conditions. When fiow was on, the flow
rates for the two cases were 3.43 ft3/min (97.1 1/min) and 3.89 ft3/min (110.2
1/min), respectively. After 3 minutes of the cyclic flow conditions, outlet
CO concentration was only 3.5 ppm for case P5-15 and 5.0 ppm for case P5-16.
For both of these cases, the bed was dry prior to the tests. These results
clearly show that under cyclic inspiration flow the catalyst bed can easily

Tkt handle the low temperature and low relative humidity transient test condi-~
tions.
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Test series P6 was run at high temperature and low relaiive humidity for the
transient CO concentration. Three cases, P6~1 to P6-3, were run, and complete
conversion of CO to CO; was demonstrated. Although the relative humidity was
only near 30 percent for these tests, this corresponds to a dew point of
approximately 97°F (36.1°C). Thus, the complete conversion of (O was ex-
pected, based on the previous transient condition tests at low dew points.

o
e

7

Test series P7 was run at low temperature and high relative bumidity for the
transient CO concentration. Cases P7-1 and P7-2 were run at less than the
nominal 3.0 ft3/min (85 1/min) flow. Test P7-1 with flow of 1,40 ft3/min
(39.6 1/min) resulted in nearly complete CO conversion. After 3 minutes
outlet CO concentration was only 1.0 ppm. For case P7-2, run at 1.85 ft3/ min
(52.4 1/win) flow, outlet CO concentration was only slightly higher a2fter 3
minutes. The results of cases P7-3 to P7-5 with flows of about 2.75 £t3/ min
(77.9 1/min) were well within the specifications. Outlet CO concentrations at
the two-minute point of the tests were 58 ppm, 40 ppm, and 37 ppm, respec~
tively. The final test, P7-6, of this series was conducted with pulsed flow,
2 seconds on and 2 seconds off, to simulate the actual use of the catalyst
bed. Average flow rate during the on portion of the cycle was 3.89 £t3/min
(110.2 1/min). After 3 minutes outlet CO concentration increased tc only 5.0
ppm, which demonstrates that the catalyst bed can easily convert the tran=-
sient CO concentration under actual use for the low temperatare and high
relative humidity conditiors.
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'gl The final CO catalyst test series, P8, was at high temperature and high rela-
’Qa tive humidity for the transient CO concentration. Three 2.5 minute tests,
N P8~1 to P8-3, were conducted. As expected, based on previous test results,
kA nearly complete conversion of CO to COy was achieved.

?§: In summary, for all transient, 6000 ppm inlet CO concentration, tests, the

'\; catalyst's performance was well within acceptable limits. Only in test series
Ezi PS5 was the conservative limit, 200 ppm outlet concentration for 2 minutes of
71% 3.0 £ft3/min (85 1/min) flow at 6000 ppm inlet CO concentration, exceeded in
o some test cases. When inlet dew point was above 8°F (-13.3°C), which cor-

responds to 35 percent relative humidity at a 30°F (-1.1°C) temperature, the
catalyst bed's performance was within this limit. Also, when the flow was
pulsed, which is representative of the actual canister's usage, nearly com-
plete CO conversion was achieved.

Preliminary Phase Air Flow Resistance Tests

To establish the total system, OBA and canister, air flow resistance, tests
were conducted on separate parts of the system, and the results were added.
Individual tests were performed on an OBA without a canister installed, a
breadboard canister loaded with a particulate filter, activated charcoal bed,
and CO catalyst bed, and a breadboard canister loaded with a sodasorb bed.
Data for the OBA and the breadboard canister with a filter, charcoal, and
catalyst is displayed in Figure 22. At 3.0 ft3/min (85 1/min) the air flow

o

:ﬂ% resistance for the OBA without a canister is 0.67 inch (17.02 mm) of water and

53 for the breadboard canister with a particulate filter, charcoal bed, and

%?, catalyst bed is 1.18 inches (29.97 mm) of water. This particulate filter,

3@5 charcoal bed, and catalyst bed data was measured on the same material that was
- used in the catalyst performance tests. Thus, it is for a 0.168 1lbm (76 gm)

ﬁﬁ% activated charcoal bed and a 0.293 1bm (133 gms) CO catalyst bed. Data for a

1.237 1bm (561 gm) sodasorb bed 1s displayed in Figure 23. The total system
air flow resistance, based on a summation of the three components, is shown
in Figure 24. However, the sodasorb portion of the total resistance is
adjusted assuming only 20 percent of the total flow is passing through it.

At 3.0 £ft3/min (85 1/min) of total system flow the air flow resistance is 1.94
inches (49.28 mm) of water.
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FIGURE 23
SODASORB AIR FLOW RESUSTANCE
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Feasibility Test Phase

Background

The major objective of the Feasibility Test Phase of the OBAT program was the
successful performance demonstration of the feasibility model canister as--
sembly. Eighteen tests, designated Fl to F18, were planned in this seriles as
outlined in Table 6.

The first test, Fl, was to verify that the total system, feasibility model
canister assembly mated with an OBA, air flow resistance is less than 3.0
inches (76.2 mm) of water at a flow of 3.0 ft3/min. (85 1/min). This test was
conducted with room temperature air.

Tests F2 to F13 provided performance verification against gaseous contaminants
including carbon monoxide, carbon dioxide, propane, and nitrogen dioxide.
These tests were conducted for the contaminant concentration levels tabulated
in Table 7. At each set of contaminant concentrations, tests were performed
at both 30°F (~1.1°C) and 140°F (60°C) and at low, 30 percent, and high,
nearly 100 percent, relative humidities for each temperature. The first four
tests, F2 through F5, specified 100 percent of the highest average carbon
monoxide and carbon dioxide levels that were reported for the bilge fire data
in the Fire Fighter Trainer Environmental Considerations Phase Il report of 3l
July 1981 by Booz, Allen, and Hamilton, Inc. These are representative of the
worst average environmental conditions that occur in the 19F1 trainer during
bilge fires. The other eight test conditions were for 50 percent and 100
percent of the maximum carbon monoxide and carbon dioxide levels that oc—
curred during bilge fires. The propane and nitrogen dioxide concentrations
for all tests were 1000 ppm and 5 ppm, respectively. This propane concentra-
tion was selected to conservatively correspond to the maximum level of 700 ppm
recorded during bilge fires. The nitrogen dioxide concentration was also
selected conservatively based on the maximum levels of less than 20 ppm of
nitrous oxides. N,0 measured during bilge fires. A literature search indi-
cated that nitrogen dioxide levels in combined nitric oxide, NO, and nitrogen
dioxide, NOy, measurements are typically about one percent of the total nit-
rous oxides created by high temperature combustion of hydrocarbon gases. All
tests against gaseous contaminants were conducted at 1.0 ft3/min (85 1/min)
flow. This conservatively corresponds to the total inspiration flow in omne
minute of 0.95 ft3 (26.89 1) by an individual at a high metabolic rate, 1510
Btu/hr (380 kcal/hr).

Originally, twelve tests, F2 to Fl3, were planned against gaseous contam—
inants. These tests were to be conducted with 80 percent of the flow by-
passing the sodasorb bed and 20 percent of the flow passing through the bed.
Each test was to be completed when either outlet carbon monoxide or carbon
dioxide concentration exceeded its limit or when 6 hours had elapsed. How-
ever, the outlet carbon monoxide concentrations stabilized at levels well
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TABLE 6
FEASIBILITY TEST SUMMARY

L
¥
Lt

+ -
TEST TITLE TEST DESIGNATION TEST ARTICLE
i Performance
l i CO Conversion
) CO, Absorption F2 through F13

NO, Absorption
HC™ Adsorption

i

MODEL CANISTER

fg Firing Mechanism Simulator F16 ASSEMBLY

- Dusting/Settling/Channeling F17
) E Life Tests
?»;% CO Catalyst F18
%
2
% Particulate Filter ,
o % Sodium Bicarbonate Fl4 BREADBOARD TEST
’:&’i Triaryl Phosphate Smoke ITEM
2%
‘ % Air Flow Resistance Fl
LW <

Temperature F15 MODEL CANISTER

"’ A
& {ﬂ Ambient Temperature ASSEMBLY MATED
X M High T WITH OBA
2 igh Temperature
25
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¥ TABLE 7
’A; PERFORMANCE TEST MATRIX FOR FEASIBILITY DESIGN PHASE
fo 2ot

" JAEE)
I
Fay v L 306

%‘: CONTAMINANT
T CONCENTRATION (PPM)
N
4 RELATIVE
s TEST | TEMPERATURE | HUMIDITY TEST
5 NO. (°F) (%) CONDITION co co, | o, HC
$¥‘
X F2 30
B 30 1007
3 F3 140 Bilge Fire
4 Maximum 700 | 12,504 s | 1000
Wt Average
N, CO & COg
A'(
%%? F4 30 Concentrations
el 100
% F5 140
B
s,%.";ﬁ F6 30
.- 30 502
Y Bilge Fire
R g% F7 4
s 140 Maximum 3000 | 17,500 5 |1000
AF4 CO & COy
iﬁ% F8 10 Concentrations
Pl 100
%;‘?ég; F9 140
5
F10 30
30 100%
i Bilge Fire
Fil 140 Vo um 6000 | 3s,00q 5 | 1000
Co & COp
F12 30 Concentrations
100
F13 140
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within the specified 35 ppm limit for the 700 ppm tests and 200 ppm limit for
3000 ppm and 6000 ppm tests. Therefore, sodasorb performance was the con-
trolling parameter for these tests. With the anticipated sodasorb carbon
dioxide absorption capacity, passing only 20 percent of the flow through the
sodasorb would not have exhausted its capacity after 6 hours fcr most tests.
Thus, to fully map the sodasorb's performance, the majority of tests were
conducted with all of the flow passing through the sodasorb. This addition-
ally provided conservatism, since the residence time in the sodascrb bed was
less than will exist with partial bypass flow. A total of 22 tests were run
against gaseous contaminants, including some at room temperature. The final
test was conducted with 25 percent of the flow through the sodasorb and 75
percent bypassing to reflect actual anticipated usage of :‘he OBAT canister.
Additional .-riatles tested in~luded two ranges of sodasorb particle sizes, 4
to 8 mesh ard 8 to 14 mesh, and two types of sodasorb, medical grade and high
performance grade. A detailed list of all gaseous contaminant tests is pro-
vided in the following test results section.

The two grades of sodasorb, medical and high performance, are nearly identical
chemically, but high performance grade is specially processed into porous
granules to expose more absorbent surface. These porous granules permit free
inter-granular circulation of gases. Both the medical and high nerformance
grades are manufactured by Dewey and Almy Chemical Division of W. R. Grace and
Company. Manufacturer's tests have shown the high performance sodasorb to be
a gignificantly more efficient carbon dioxide absorbent than the medical
grade. High performance sodasorb has been used extensively for industrial and
undersea appiications for absorption of carbon dioxide.

The particulate filter tests, Fl4, provided performance data on two candidate
filter systems. The tests were performed in the bilge fire area of the 19Fl
Fire Fighter Trainer to provide the most realistic challenge of both butylated
triphenol phosphate simulated smoke and sodium bicarbonate simula‘ted dry
powd:r extinguishant. The air flow through each filter system was maintained
at 1.0 ft3/min (28.3 1/win) during the cest. The smoke generator in the
trainer was run in a manner similar to no.mal fire fighting training. It was
cycled on for about 5 minutes and off for abcut 5 minutes. This cyclic opera-
tion was continued throughout the test. A full dry powder extinguisher was
discharged in the vicinity of the filter systems every one-half hour during
the test. Each extinguisher contained about 30 1bm (13.61 kg) of sodium
bicarbonate simulated extinguishant.

The OBA mask inlet temperature transient tests, Fl5, were conducted to measure
the temperature rise at the face mask for various ambient temperatures. Tests
were run with ambient temperatures from 150°F (65.6°C) to 750°F (398.9°C).

Alr from the oven was drawn through tiie OBAT canister and OBA at 1.0 £t3/min
(28.3 1/min). The initial canister temperature was approximctels 80°F
(26.7°C), and the temperature rise was monitored at two locatioms in tle
canister and in the facemask. ‘The test facility provided the ability to
preheat the oven to the desired temperature, rapidly open the door and posi-
tion the fiberglass mannequin upper torso with a donned OBA in the oven, and
then shut the door dnd start the air flow through the system. When the tempera-
*ture in the [acemask reached 140°F (60°C), the air flow was stopped, and the
~dnniquin and 7BA were removed from the oven.
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The firing mechanism simulator test, F16, was performed to verify the physical
integrity and workmanship of the firing mechanism. The test simply consisted
of exercising the firing mechanism through 100 cycles. Each cycle consisted
of moving the slide to its shut pusition, installing the cotter pin to retain
it, and pulling the cotter pin out to let the slide be pulled to its open
position by the spring.

The dusting and settling/channeling test, F17, was performed in ccnjunction
with the gaseous contaminant tests to show that these problems do not exist.
By monitoring the outlet carbon monoxide and carbon dioxide concentrations
during the gaseous contaminant tests, evidence of settling or channeling in
the canister's beds could be detected. When the canister was disassembled
between tests toc change the sodasorb and activated charcoal, the inside of the
canister was inscected for dusting, and the beds were inspected for settling.
Also, since the sodasorb had an indicator, which turned purple as the bed
became exhausted, inspection of the color throughout the bed provided addi-
tional information on channeling.

The carbon monoxide catalyst life test, F18, was performed to verify that the
catalyst retains its activity for at least 250 hours. Since the same batch of
catalyst was used throughout the test program, all of the time on the carbon
monoxide reactor prior to the life test was credited toward the 250 hours.

The remaining portion of the test was conducted at an inlet carbon monoxide
concentration of 700 ppm with 70°F (21.1°C) and approximately 60 percent
relative humidity air. The flow rate for the life test was 1.0 ft3/min (28.3
1/min} and wz3 occasionally increased to 3.0 fe3 /min (85 1/min) for two-minute
intervals.
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TEST RESULTS

. Feasibility Test Phase

4

Oy

Ay

3 Air Flow Resistance Tests (Fl)

!E To establish the air flow resistance of the total system, OBA and OBAT can~
>3 ister, tests were conducted with various air flow rates up to 4.0 ft3/min

(141.5 1/min). Two tests were performed, one with only 25 percent of the flow
< through the sodasorb bed and one with all of the flow through the sodasorb
53 bed. The pressure drop was measured between the canister inlet and the face
- mask. Pressure drop versus flow for both cases is shown in Figure 25. At
3.0 ft3/min (85 1/min) the air flow resistance for the case with 25 percent of
the flow through the sodasorb is 2.76 inches (70.1 mm) of water, which is
within the specified limit of 3.0 inches (76.2 mm) of water. For the case
with all of the flow through the sodasorb, at 3.0 ft3/min (85 1/min), the air
flow resistance is 4.42 inches (112.3 mm) of water. Interpolation between the
curves shows that about 40 percent of the flow could be passed through the
sodasorb without exceeding the 3.0 inches (76.2 mm) of water limit. These
differential pressure tests were conducted with 8 to 14 mesh sodasorb. If it

§§ were desirable to pass a larger percentage of flow through the sodasorb,
WX larger grain size sodasorb, such as 4 to 8 mesh, could be used.

Gaseous Contaminant Tests (F2-F13)

The gaseous contaminant tests demonstrated the OBAT feasibility model canis-
ter's performance against carbon monoxide, carbon dioxide, propane, and nitro-
gen dioxide. Test canister inlet condition variables included temperature,
dew point, carbon monoxide concentration, and carbon dioxide concentration.
Additionally, two grades of sodasorb, medical and high performance, and two
ranges of sodasorb granule sizes, 4 to 8 mesh and 8 to 14 mesh were tested.
Individual tests were designatid by letters A through V. After being ex-
hausted, sodasorb, due to its chemical composition, recovers part of its
original absorption capacity after a rest period. Thus, to determine the total
absorption capacity of sodasorb for carbon dioxide, most tests were restarted
after the sodasorb bed had been allowed to rest overnight. Each restarted
test was designated by its original letter and the number (1). For example,
the designation for the restarted portion of test B is test Bl. A complete
summary .of all gaseous contaminant tests is provided in Table 8. Breakthrough
curves, outlet COy concentration versus time, are provided for all tests.in
Figures 34 to 71 at the end of this section.
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The came 0.362 1bm (164 gm) bed of ten percent platinum—on-alumina carbon
monoxide oxidation catalyst was utilized during all of the gaseous contaminant
tests. This bed consisted of 0.293 1bm (133 gm) of catalyst that had been
used during the preliminary phase tests and 0.068 1bm (31 gm) added to fill
the catalyst can. The carbon monoxide catalyst performed well during all of
the feasikility tests. Essentially complete conversion of carbon monoxide to
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TABLE 8
GASEOUS CONTAMINANT TEST DATA
Average
Average Average Inlet Average Inlet €O, Sodasorb
Sodasorb  Total Sodasord  Test lalet Inlet Relative Inlet CO  Outlet CO Conc. €0, Loading
Test  Type & Flow Flow  Duration Tempercture Dewpoint Humidity Conc. Conc. (Vol. %) (Weight %)
Mumber  Mesh  (Ftd/min) (Ftd/atn)  (Hrs) [§32) *F) €3] (ppM) (PPM) Conulative®
A Medical 1.0 0.20 2.33 32.0 6.5 29.75 6000 50
4-8 mesh 3.50 6.722
3 Medical 1.0 1.0 0.82 29.7 2.4 36.08 6000 1
4-8 mesh 3.50 8.127
13.789
Bl Medicsl 1.0 1.0 2.50 29.1 5.8 32.05 6000 48 3.50 50662
4-8 mesh o .
c Medicsl 1.0 1.0 1.66 68.5 43,0 39.56 6000 24
-8 mesh 3.50 20,259
23.341
€1 Medical 1.0 1.0 0.25 74.7 46.6 37.03 6000 30 .50 3,001
4-8 mesh * .
] Madical 1.0 1.0 4,00 28.6 8.5 38.03 3000 %
-8 mesh .75 25.037
[ 1 Medical 1.0 1.0 1.66 27.1 6.2 36.00 700 15
48 nesh 1.25 7.882
9.672
El  Medfcal 1.0 1.0 0.91 26.7 7.6 39.74 700 15 125 1.7%
4-8 mesh . .
r Medical 1.0 1.0 1.09 26.7 7.0 38,44 700 9
4-8 mesh 1.25 6.278
12.152
¥l Medical 1.0 1.0 1.33 33.2 28.9 82,95 700 8 125 s.87
4=-8 mesh * *
G Medical 1.0 1.0 1,75 13.0 41.0 31,75 700 4
-8 meeh 1.25 9.597
19.512
€l Hedical 1.0 1.0 2.56 73.0 41.0 31.75 700 3.5 L2s 9.915
4-3 mesh . .
" Madicel 1.0 1.0 3.25 73.5 40,0 30.00 700 2.5
814 mesh 1.25 15.164
21.096
HI  Medical 1.0 t.0 1.17 7.6 41,5 31.78 700 1.25 L2s 932
8-14 mesh . 5o
1 Hedical 1.0 1.0 7.0 138.8 87.3 23.04 700 2
816 mesh 1.25 37.458
43,7
11 Medteal 1.0 1.0 1.66 138.0 85.6  22.28 700 1.5 Las 6.298 3.736
814 mesh . .
I Medical 1.0 1.0 3.00 137.0 92.5 28.63 3000 10
8-14 mesh L.75 25.038
34,964
31 Medicel 1.0 1.0 1.50 142.0 90,0 22.80 3000 9 1S 9.926
8~14 nes* . .
x Madical t.0 1.0 1.66 136.6 9.4 29.60 6000 5
814 mesh 3.50 19.395
Kl Medical 1.0 1.0 147 139.4 102.3 35.93 6000 55 250 0. 702 30.097
8=14 mesh . 10.
L Medical 1.0 1.0 2.00 130.7 114.0 63.28 6000 18
816 wesh 3.50 28.979
35.889
Ll Medica) 1.0 1.0 0.60 122.9 107.1 55.81 6000 19 .50 910
814 mash . 6.
STHE CUMMULATIVE SODASORS LOADING MAS CO, LOADING VALUES FOR BOTH PARTS OF INDIVIDUAL TESTS. FOR EXAMPLE,
THE TOTAL CO, LOADING FOR TESTS B AXD 81 IS 13.789 PERCENT,
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Teat
Number

Ml

Nl

o1

2l

LY

s1

T

ul

Sodasord
Type &
MHesh

H.P.
8-14 wesh

H.P.
814 mesh
H.P.
$=14 mesh

H.P,
8~14 mesh

1.7
8-14 mesh

’].P.
8-14 mesh

HP.
8-14 msesh

HoPe
8-14 mesh

H.P.
8-14 mesh

H.P.
8~14 mash

H.P.
§-14 mesh

’P.
$-14 mesn

HePo
8~14 mesh

HP.
8~14 mesh

H.P.
8-14 mesh

H.Pe
8-14 mesh

P,
814 mesh

H.P.
8-14 mesh

Total
low
(Ft3/ain)
1.0

1.0

1.0

S‘F’A[N]IAIPB@

Sodasorh
Flow

(red/atn)
1.0

1.0

0.25

Test

Duration

(Hrs)

417

4okl

7,33

1.50

3.92

1.66

3.08

2,08

5.33

3.00

1.00

.17

1.00

1.50

0.58

1.38

0.50

22.50

GASEQUS CONTAMINANY TEST DATA

Average
Ialet

TABLE 8 (Cont.)

Average
Inlet

Teaperature Dewpoint
°F)

124.1

120.#

122.2

124.2

28.9

34,5

28.9

3.2

29.8

33.8

3.1

6.3

29.5

3.7

7.9

29.7

4.1

*TiHt QNOKLATIVE SODASORB LOADING MAS CO; LOADING VALUELS FOR
THE. TOTAL Oy LOADIXC FOR TESTS 8 AND S1 1S 13.789 reeCunT,

(4431
119.8

117.1

117.0

12.8

26.5

3L2

2.5

23.6

28.8

26.2

10.5

7.2

27.6

26.6

9.1

8.3

52.5

POTH PARTS OF INDIVIDUAL TESTS,

Average

Inlet

Relative

Humidity

(x)

91.75

91.75

87.00

73.00

89.88

87.15

38.07

24,70

74.52

80. 50

73.85

46.61

34.15

83.65

79.10

40,40

35.92

47.60

Average
Inlet CO  Outlet CO

Conc. Conc.

(PPM) (PRM)
3000 9
3000 7.5
700 3
700 4
700 23
700 1.5
700 1
700 1
3000 4
3000 ]
3000 8
3000 21
3000 2%
6000 55
6000 60
6000 32
6000 88
700 10
FOR EXAMPLE,

lnlet COy
Corc.
(Vol. 2)

1.75

1.75

1.25

1.25

1.25

1.25

1,25

1.25

1.75

1.75

1.75

1.75

3.50

3.50

3.50

3.50

1.25

Sodasorb
C0y Loading
{Weight 1)
Cunaulative*
27.972
48.003
20.031
36.836
43,223
6.387
19.131
27,234
8.103
15.873
25,207
9.334
25.963
18.080
22.204
4,124
15.022
22.216
7.19%
18,822
25.366
6.544
20.197
26.572
6,375
33.483
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§§W - carbon dioxide was achieved. The average canister outlet carbon monoxide
%g 2 concentrations listed in Table 8 are attributable to small fractions of the
{2 Eg flow bypassing the catalyst bed via the feasibility canister's internal gas=-
ﬁg\ y kets. However, the outlet carbon monoxide concentrations were well within the

limits of 35 ppm for the steady state, 700 ppm inlet concentration, and 200

53 5% ppm for the transient, 6000 ppm inlet concentration. With no catalyst can-
_3} A ister bypass flow, which is achievable in a production design canister,

:#; outlet carbon monoxide concentrations under the feasibility test conditions
oL & would be near zero.

The charcoal can was loaded with 0.110 1bm (50 gm) of Barnebey Cheney type MI,
12 to 20 mesh, activated charcoal prior to test A. Canister outlet propane
concentration was nearly equal to inlet concentration throughout the test,
which indicated that activated charcoal is an ineffective adsorbent for pro-
nane. Therefore, the can was not filled with fresh activated charcoal prior
to tests B through U, and outlet propane concentration was not monitored
during these tests. Prior to test V, a fresh 0.110 1bm (50 gm) bed of char-
coal was challenged with a 1.0 ft3/min (28.3 1/min), 74°F (23.3°C) air flow
with 1000 ppm of propane contaminant. The test was continued for 1.5 hours,
H during which the outlet concentration of propane increased from 850 ppm to 950
\ ppms Thus, a limited adsorption capacity for propane was demonstrated.
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The sodasorb can was refilled prior to each test. The can was vibrated as
- part of the filling procedure to settle the sodasorb granules. For tests A

‘§‘f through H the sodasorb weight varied between about 1.145 to 1.213 1bm (520 to
KR 550 gm). For test I and subsequent tests, a 22.046 1bm (10.0 kg) weight was
._5§ % placed on the sodasorb while the can was vibrated. This load was distributed

over the sodasorb by placing the weight on an aluminum plate, which matched
the cross—-sectional shape of the bed. Also, the bed was loaded and vibrated
in about four increments. With this packing procedure, the can was consis—

KA
L ’mi"

%& tantly loaded with approximately 1.257 1bm (570 gm) of sodasorb.
¥
f% { Based on manufacturer's data, approximately 28 percent loading of carbon
%g§ g% dioxide on sodasorb can be expected. This is defined as 0.28 1lbm (127.0 gm)
Jonf

of carbon dioxide per 1.0 lbm (453.6 gm) of sodasorb. However, the manu-

~ facturer's testing was at room temperature and moderate relative humidity
:3 conditions.
‘\
il

Gaseous contaminant test A was conducted at a carbon dioxide partial pressure
of 3.5 percent and at low inlet temperature and low relative humidity. The
sodasorb tested was medical grade with 4 to 8 mesh granule sizes. Only about
20 perceut of the total 1.0 f£t3/min (28.3 1/min) flow was passed through the
sodasorb bed. This flow split corresponds to that initially intended during
actual usage in the fire fighter trainer. The sodasorb performed poorly,
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indicating exhaustion with less than 7 percent carbon dioxide loading. Since
the cause of the poor performance was not yet known, and the exact flow split
was difficult to determine, it was decided that subsequent tests would be
performed with all of the flow through the sodasorb bed. This provided a
more accurate determination of sodasorb's performance. Breakthrough curves,
outlet carbon dioxide concentration versus time, for gaseous contaminant tests
A through V are provided in Figures 34 to 71 at the end of this section.

Gaseous contaminant test B was a repeat of test A, except all flow was passed
through the sodasorb. After only 15 minutes, outlet carbon dioxide concen-
tration had reached one-third of inlet, and nearly complete breakthrough had
occurred after about 40 minutes with only 8.127 percent loading. Since sodasorb
recovers part of its absorptive capacity if rested, without exposure to carbon
dioxide, this test was restarted on the following morning. Again, breakthrough
occurred quickly, and total carbon dioxide loading for tests B and Bl was only
13.789 percent.

Since it was suspected that the poor sodasorb performance of test B was caused
by the low temperature and/or the low humidity level, test C repeated the
carbon dioxide concentration of test B, but was performed at room temperature
and at a higher inlet dew point. Performance was improved with 20.25 percent
loading achieved on test C. It is of interest to note that with higher load-
ing achieved on the first usage of a sodasorb bed, test C, less recovery of
absorptive capacity was shown by test Cl. The total loading for tests C and
Cl was 23.341 percent.

Gaseous contaminant test D was performed at the moderate carbon dioxide level,
1.75 percent, and at low temperature and low relative humidty. The sodasorb's
performance was good with 25.037 percent carbon dioxide loading achieved. The
bed had a short mass transfer zone, as indicated by the visible movement of
the sodasorb's color change interface in the canister's window. This is
neces3ary for good absorbent utilization. Mass transfer zone is defined as
the finite length of an absorbent bed through which the concentration of the
absorbed substance is reduced from essentially inlet to outlet conditions.

The previous tests, A through C, did not exhibit a short mass transfer zone as
evidenced by nearly uniform sodasorb color change over the entire length of
the viewing window. The results of test D showed excellent potential for
sodasorb's performance at low temperatures and low humidity levels. However,
as discussed below for tests E and F, which were at similar temperature and
humidity conditions, these results were not repeatable with the 4 to 8 mesh
medical grace sodasorb.

Tests E and F were also run at the low temperature conditions, but for the
1.25 percent carbon dioxide concentration. Based on test D results, excellent
performance was anticipated. However, as with tests A through C, rapid break-
through occurred and poor carbon dioxide loading resulted. For test Fl, the
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dew point was increased to determine the effect of higher humidity while still
at low temperature. This approach was taken to an extreme by actually adding
a small quantity of water to the sodasorb bed at two times during the test

;j As shown in Figure 42, immediately after the water was addcd, the outlet
+4 carbon dioxide concentration was significantly reduced, which verified the
importance of moisture to the absorption process.
i A
%? - Tests G and H were run at similar inlet conditions of room temperature and
éi' approximately a 41°F (5°C) dew point with a 1.25 percent carbon d.oxide con-

Dol
!
~2

centration. The only difference in the tests was the sodasorb granule size.
The sodasorb mesh size for test G was 4 to 8 and that for test H was 8 to l4.
Both tests resulted in similar carbon dioxide loading, 19.7'” percent for
tests G and Gl and 21.096 percent for tests H and Hl. But, a significant
conclusion can be drawn from the results by observing the breakthrough curves
& of Figures 43 to 45. The outlet carbon dioxide concentration during test G
b2 rose continuously until the absorbent capacity of the bed was exhausted, while
§} that during test H remained relatively low and then rose quickly when the bed
R was expended. This latter case is indicative of a short mass transfer zone,
which results in better absorbent utilization. The longer mass transfer zone
of test G can be attributed to less surface area available for carbon dioxide
absorption, and potentially to some channeling through the bed. Based on

2! these results, the remaining tests were conducted with 8 to 14 mesh sodasorb
% granules. '
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Gaseous contaminant tests I, J, and K were the first tests conducted at high

5 temperatures, approximately 140°F (60°C), and low relative humidities, approx-
imatley 30 percent. Medical grade sodasorb with 8 to 14 mesh granules was

utilized with 1.25, 1.75, and 3.5 percent inlet car'on dioxide partial pres-

sures for tests I, J, and K, respectively. Excellent carbon dioxide loadings

were achieved at these conditions. The data in Table 8 shows that increased
loading was obtained at lower inlet carbon dioxide partial pressure. Specifically,
loading was 43.756 percent at 1.25 percent carbon dioxide, 34.964 percent at

1.75 percent carbon dioxide, and 30.097 percent at 3.50 percent carbon dioxide.

Pyt e
AT W,

[r 2
o

P n ol

Y Test L was performed at high temperature and high relative humidity and 3.5

] & percent inlet carbon dioxide partial pressure, with 8 to 14 mesh medical grade
sodasorb. With all other parameters similar to those of test K, the increased

SRy inlet dew point of tests L and Ll resulted in a higher carbon dioxide loading,

s 35.889 percent versus 30.097 percent for tests K and Kl.

%%

ng‘$§ Based on tests I through L, it was apparent that medical grade sodasorb per-

i g% formed better than anticipated at high temperature and high dew point condi~-

tions. However, at low temperature and low dew point conditioms, the carbon
dioxide loadings achieved were lower than expectei. Thus, 8 to 14 mesh, high
performance grade sodasorb was utilized for the remaining tests, primarily to
obtain better carbon dioxide loading at low temperatures and low dew points.
The final two tests, M and N, at high temperature and high humidity were con-
ducted with high performance sodasorb to provide comparative data to medical
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grade at these conditions. Carbon dioxide loadings for both tests were well
in excess of 40 percent, which compares favorably with medical grade soda-

S

K?} sorb's performance at similar conditions. Also, the high performance grade
o sodasorb exhibited a sharper breakthrough, which can be seen by reviewing
$53 Figures 52 to 57.

a3

All of the low temperature, 30°F (-1.1°C), test conditions were repeated as
tests O through U utilizing § to 14 mesh, high performance grade sodasorb.

Due to test system problems during test Q, it was repeated as test R. The
carbon dioxide absorption performance was consistant during these tests with
carbon dioxide loadings between 22.204 and 27.234 percent, which is a signi-
ficant improvement over the loadings achieved during low temperature tests
conducted with 4 to 8 mesh medical grade sodasorb. The breakthrough curves
for tests O through U are shown in Figures 58 to 70. 1In general, these curwcs
have a sharp rise as the sodasorb exhaustion is approached, which is indica-

X LK LA K YA
el s Pl
v R

ﬁg tive of a desirable short mass transfer zone.
e
iy The final gaseous contaminant test, V, was conducted to determine the soda-

sorb's performance under usage conditions anticipated in the 19F1 trainer.
Inlet conditions included room temperature, moderate relative humidity, and
the maximum average carbon dioxide partial pressure of 1.25 percent. The
bypass around the sodasorb was opened, so that only 25 percent of the flow
passed through the bed. The test was run continuously for 22.5 hours, and the
sodasorb was loaded to 33.483 percent. The breakthrough curve for the test is
given in Figure 71.

5ol

PR K X R

F 1
l"'

During all of the gaseous contaminant tests, the canister's inlet air stream
contained 5 ppm of nitrogen dioxide. The canister's inlet and outlet nitrogen
: dioxide concentrations were measured periodically with number 30001 Draiger

Sy tubes, which have a range of 0 to 10 ppm of nitrogen dioxide. Canister outlet
i concentration was undetectable on all measurements, including those taken when
e the sodasorb was nearing exhaustion. During test V, which had only 25 percent
w§ of the total flow passing through the sodasorb, outlet nitrogen dioxide con-
53 centration was still undetectable. This result was surprising, but a subse-

Vet
5

% quent literature search and a discussion with the activated charcoal manufac-
e turer revealed that with normal levels of moisture present, nitrogen dioxide
WY is strongly adsorbed on activated charcoal. Thus, the combination of the
- activated charcoal bed and the sodasorb bed provide effective removal of
3 nitrogen dioxide.

A

In summary, the gaseous contaminant tests demonstrated excellent performance
for the feasiblity canister at the range of contaminant levels and temperature
and humidity conditions measured in the 19F1 Fire Fighter Trainer. The carbon
monoxide catalyst provided essentially complete conversion of .carbon monoxide

‘ﬁﬁ to carbon dioxide under all conditions. With 8 to 14 mesh high performance
% grade sodasorb, carbon dioxide loadings between 25 and 40 percent were a-
e chieved with the highest at increased temperature and humidity conditions.
B The combination of activated charcoal and sodasorb provided complete removal
i3 of nitrogen dioxide. Activated charcoal was found to be relatively ineffec-

tive as a propane adsorbent. However, this is not a problem with respect to
the OBAT can’ster's use in the 19F1 trainer, since the peak propane levels are
less than the eight-hour permissible exposure limit.
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Particulate Filter Test (Fl4)

The particulate filter test provided performance data on two candidate filter
systems. As discussed earlier, the difference between the two systems was the
material for filtering the coarse sodium bicarbonate extinguishant. System #1
had a 400 mesh stainless steel screen for this purpose, and system #2 had a

layer of Kimre Incorporated polypropylene style 4/96 mist eliminator filter
media.

The efficiency of the filter systems was measured by gravimetric analyses on
0.45 micron Gelman metricel filters. By comparing the weight gain between a
Gelman filter positioned downstream of the filter system being tested to that
of a Gelman filter positioned near the filter system's inlet, the filter
system's performance was determined. The Gelman filters were in cassettes and
had a constant flow of 0.071 ft3/min (2.0 1/min) drawn through them. Pre-test
and post~test Gelman filter weights were measured by an independent labora-
tory. The laboratory's report is provided on pages 70 and 71. The analytical
results cclumn of the report gives the weight change in milligrams of the
twenty-one Gelman filters used.

A summary of the particulate filter test data is given in Table 9. Prior to
the filter systems' test, the simulated smoke concentration was measured with
no dry powder extinguishant in use. This measurement was made in the bilge
fire area during a twenty-seven minute period when actual advanced team train-
ing was in progress. The average smoke concentrations measured with filter
cassettes 76031 and 76041 were 128.48 mg/m3 and 115.0 mg/m3, respectively.

The particulate filter test was run for 168 minutes. The filter systems were
positioned in the 19F1 Fire Fighter Trainer bilge fire area at about waist
level three feet from the bilge fire propane burners. Simulated smoke was
continuously present during the test. The smoke generator was operated cycli-
cally with on and off periods of approximately five minutes. This operating
schedule is typical of that utilized during training. Approximately every
half-hour during th2 test a dry powder extinguisher, charged with 30 1lbm
(13.61 kg) of sodium bicarbonate dry powder extinguishant, was discharged in
the bilge fire area. A total of five extinguishers were expended during the
test. The Gelman filter cassettes for measuring ambient particulate concentration
were replaced between each extinguisher discharge, but after the dry powder
had settled from the previous extinguisher discharge. This provided the
average ambient particulate concentration for each half-hour period of the
test as shown in Table 9 by data for cassettes 76032 to 76036 and 76042 to
76046. After the first thirty-six minutes, during which one extinguisher was
discharged, the filter cassettes were changed, including cassettes 76032 and
76042 for ambient concentration measurements and cassettes “A011 and 76021 for
measuring concentrations downstream of the filter systems. Filter system #1
reduced the average inlet particulate concentration of 629.44 mg/m3 to 0.69
mg/m3, which is a removal efficiency of 99.89 parcent. Filter system #2
reduced the average inlet particulate concentration of 489.58 mg/m3 to less
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SVHSER 8918
ENVIRONMENTAL HEALTH LABORATORY
94 Murphy Rd. ® Hartford, CT 06114 No H?3G216
(800) 243-4903 ® IN CT (203) 522-3814 of 2
LABORATORIES IN MACON, GA AND HARTFORD, CT

LABORATORY ANALYSIS REPORT

SAMPLE
: con;'g.msn ANALYZED FOR 'ﬁl"&%g" ANALYTICAL RESULTS
76011 -0.13
L
% 76012 0.05
wa
0
] 76021 ~0.18
=N
a8 76022 0.03
A
&
S 76031 5.73 *
et
; 76032 45,14 *
N
o
3;,3 76033 27.50 *
i
i 76034 19.49 *
i
X 76035 13.91 *
e 76036 20.83 *
R
* SPECIAL REMARKS:
1
; * Filter became stuck to filter cassette and had to be scraped off. Actual weight
d could be higher than indicated.
x The filters were allowed to equilibiate at room conditions (72°F, 63RH) prior to
b . the initial weight. The filters were not initially desicated. After sampling,
the filters were desicated and then allowed to equilibiate at room conditioms
§ (73°F, 62RH) before the final weight was taken.
3
il
.1’_‘,‘
¢
'a;
o James A. Renny, Jr: : July 13, 1983
%‘i CHEMIST. (’—Sigmtuu) ] DATE ¥ * I
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SVHSER 8918
ENVIRONMENTAL HEALTH LABORATORY
94 Murphy Rd. ® Hartford, CT 06114 No._H83G016
[B0O) 243-4903 ® IN CT (203) 522-3814 2 of 2
LABORATORILC™ "N MACON. GA AND HARTFORD, CT

LABORATORY ANALYSIS REPORT

Y METHOD OF
AN conzg.men ANALYZED FOR ANALYSIS ANALYTICAL RESULTS
AN
Ki s
W 76041 6.03 *
‘ %
oy 76042 35.07 *
- - ~
I
N E | 76043 25.29 *
P
AN 4 76044 19.80 *
q‘ S
N -
e ﬁ 76045 14.66 *
4 5 | 76046 19.73 *
B
B
K3 i 76051 -0.22
%?; 76052 -0.18
i 76053 ~0.53
" g Blk
1578 -0.15
s
N § Blk
2 1580 -0.16
% - SPECIAL REMARKS:
’5 S * Filter became stuck to filter cassette and had to be scraped off. Actual weight
=y * could be higher than indicatad.
2e =
%39
]
Py
gf%
4 &
:»31 CHEMIST James A. Kenny, Jr. oate__July 13, 1983
¢ g TSignatyry) [
&3?: o 71
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TABLE 9
| Particulata Filter Test Data
“,t Gelman Cassette Corrected Sample Volume Particulate
Cagsette Location Weight Duration Sampled Inlet Conc.
A Number Change (Mg) (Min.) (Liter) (Mg/M3) Notes
R 76011 Downstream 0.05 36 72 0.69 5
SN Filter
-.‘3 System #1
O 76012 Same as 0.23 132 264 0.87 7
4 Above
,?,i 76021 Downstream  <0.03 36 72 <0.42 6
‘ Filter
Y System #2
76022 Same as 0.21 132 264 0.80 7
2 Above
W 76031 Ambient 5.91 23 46 128,48 4
£ Outside
XAy Test
o Canister
By fl
A 76032 Same as 45 32 36 72 629. 44 5
3 Above
3 76033 Same as 27.68 29 58 677.24 8
05 Above
5&# 76034 Same as 19.67 38 76 258,82 8
35 Above
76035 Same as 14,09 37 74 190.41 8
5 Above
o 76036 Same as 21.01 28 56 375.18 8
E’?S‘ Above
A
D 76041 Ambient 6.21 27 54 115.00 4
- Outside
ek Test
:ogx Canister
ot #2
}‘%‘; 76042 Same as 35.25 36 72 489,58 6
,g; . Above
R 76043 Same as 25,47 29 58 439,14 9
P Above
‘fg 76044 Same as 19.98 38 76 262.89 9
"é“f’i Above
¥ 76045 Same as 14,84 37 74 200. 54 9
bl Above
e 76046 Same as 19.91 28 56 355,54 9
Above
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Gelman
Cassette

Number

76051

76052
76053
1578

1580
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STANDARD SVHSER &918
TABLE 9 (Cont.)
Particulate Filter Test Data
Cassette Corrected Sample Volume Particulate
Location Weight Duration Sampled Inlct Conc.
Change (Mg) (Min.) (Liter) (Mg/M3) Notes
Blanks - -0.22 0 0 - 1,3
Not used
in Parti-
culate
Tests
Same as -0.18 0 0 - 1,3
Above
Same ar -0.53 0 0] - 2
Above
Same as -0.15 0 0 - 1
Above
Same as -0.16 0 0 - 1
Above
73
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TABLE 9 (Cont.)

Particulate Filter Test Data Notes
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(1) The cassette was not used in the particulate tests. Its pre—-test weight
and post-test weight serve as a blank, and the average weight difference
of the four blanks, cassettes 76051, 76052, 1578, and 1580, was used to
correct the other filter weights. The average blank weight difference
was -).18 mg. Thus, all other filter weights were corrected by +0.18 mg.

(2) The filter in cassette 76053 was not used in the particulate tests.
However, it had 70 mg. of weter added to it. The laboratory performing
the gravimetric analyses was not told that this cassette had not been
used in the tests or that water had been added. The cause of the weight
loss of 0.53 mg from this filter is not known.

(3) The laboratory performing the gravimetric analyses was not told that
cassettes 76051 and 76052 were blanks and had not been used in the tests.

(4) Cassettes 76031 and 76041 were used to measure simulated smoke concentra-
tion. No dry powder extinguishant was discharged while these filter
cassettes were in use.

(5) Cassettes 76011 and 76032 were downstream of filter system #1 and in the
ambient near filter system #1, respectively, for the first 36 minutes of
:he test. One 30 lbm. (13.61 kg.) sodium bicarbonate dry powder extin-
guisher was discharged near the beginning of this period. Simuiated
smoke was also present.

(6) Cassettes 76021 and 76042 were downstream of filter system #2 and in the
ambient ne'r filter system #2, respectively, for the first 36 minutes of
the test. One 30 1lbm. (13.61 kg.) sodium bicarbonate Ary powder extin-
guisher was discharged near the beginning of this period. Simulated
smoke was also present.

(7) Cassettes 76012 and 76022 were downstream of filtcr systems #1 and #2,
respectively, for 132 minutes during the test. Four 30 1bm. (13.61 kg.)
dry powder extinguishers were discharged during this perioc, and eimu-
lated smoke was present.

(8) Cassettes 76033, 76034, 76035, and 76036 were used to measure ambient
particulate concentration near filter system #1. While each caszette was
in use, one 30 1lbm. (13.61 kg.) dry powder extinguisher was discharged,
and simclated smoke was present. The time-averaged particulate concen-
tration measured by the four cassettes was 312.16 mg./m3.

(9) Cassettes 76043, 76044, 76045, and 76046 were used to measure ambient
particulate concentration near filter system #2., While each cassette was
in use, one 30 lbm. (13.61 kg.) dry powder extinguisher was discharged
and simulated suoke was present. The time-averaged particulates - -2n=
tration measured by the four cassettes was 303.74 mg./m3.
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than 0.42 mg/m3, which is a removal efficienc, of 99.91 percent. For the
remaining 132 minutes of the test, the ambient particulate concentration near
filter system #1 was 312.16 mg/m based on a time-weighted average of the data
from cassettes 76033 to 76036. The average concentration downstream of filter
system #1 during this pericd was 0.81 m°/m3 which corresponds to a removal
efficiency of 99.72 percent. Similarly for the final 132 minutes, the average
particulate concentration near filter system #2 was 303.76 mg/m , based on a
time~weighted average of data frum cassettes 76043 to 76046. The average
concentration downstream of filter system #2 was 0.80 mg/m3, which corresponds
to a removal efficiency of 99.74 percent.

The differential pressure across the filter systems was monitored continuously
during the particulate tests. During test periods when only simulated smoke
was present, no measurable change in differential pressure across the filter
systems was noted. When dry powder was introduced, filter system #1 with the
400 mesh stainless steel screen began clogging immediately. After the first
dry powder extinguisher had been discharged, the pressure drop acrcss filter
system #1 had increased from its original 0.11 inch (2 70 rm) of water to
greater than 0.50 inch (12.7 mm) of water at 1.0 ft3/min (28.3 1/min) flow.
After the third extinguisher had been discharged, the (ifferential pressure
across filter system #1 exceeded 2.0 inches (50.8 mm) of water. Figure 26
shows top and bottom views of the elements of filter system #1 after the
particulate tests. A significant build-up of dry powder extinguishant can be
seen on the bottom side of the 40 mesh and 400 mesh screens. The increase in
differential pressure across filtur system #2, with the Kimre mist eliminator .
in place of the 400 mesh screen, was much more gradual. After the first dry
powder extinguisher had been discharged, the pressure drop across filter system
#2 had increased from its original 0.12 inch (3.048 mm) of wacer to only 0.15
inch (3.81 mm) of water at 1.0 ft3/min (28.3 1/min). At the .nd of the par-
ticulate tests, the pressure drop across system #2 was 0.76 inch (19.05 mm) of
water. This irncluded the dischavge of five dry powder extinguishers. Figure
27 shows top and bottom views of the elements of filter system #2 after the
particulate tests. The 40 mesh retaining screen had a build-up of extinguish-
ant, but the mist eliminator still had significant open volume. Aftecr the 40
mesh retaining screen was cleaned, filter system #2 was reassembled without
disturbing the dry powder on the mist eliminator or filtrete. Its pressure
drop was only 0.13 inch (3.30 mm) of water at 1.0 £f¢3 (28.3 1/min). Thus, the
majority of the differential pressure increase was caused by the dry powder
extinguishant on the 40 mesh retaining screen. 1f a lower mesh retaining
screen were used at the inlet, the dry powder would build—-up in the depth of
the mist -~liminator, and the increase in differential pressure woulid be more
gradual.

OBA Mask Inlet Temperature Transient {F15)

The OBA mask inlet temperature transient tests were conducted to determine

the time required for OBA facemask temperature to reach 140°F (60°C) at var-
ious ambient temperatures with an OBAT canister installed in the OBA. The
test procedure required placing a mannequin wearing an OBA and OBAT in an
oven, which had been preheated to the desired test temperature. A flow of 1.0
ft3/min (28.3 1/rin) was drawn through the OBAT canister and OBA to simulate
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FILTRETE

400 MESH SCREEN

40 MESH RETAINING SCREEN
(ON PLEXIGLAS SPACER)

TOP VIEW

--——FILTRETE

-400 MESH SCREEN

4G MESH RETAINING SCREEN
(01 PLEXIGLAS SPACER)

BOTTOM VIEW

FIGURE 26
FILTER ELEMENTS (POST TEST)
FILTER SYSTEM #1
76
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40 MESH RETAINING SCREEN

(ON PLEXIGLAS SPACER)

FIGURE 27
FILTER ELEMENTS (POST TEST)

BOTTOM VIEW
FILTER SYSTEM #2
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§f§ the ingpiration of a person at a high metabolic rate. The mannequin, OBA, and
ey OBAT canister were at approximately 80°F (26.7°C) prior to being placed in the

oven. Four tests were conducted as summarized in Table 10. The average oven
air temperature during each test was lower than the preheat temperature, since
some heat was lost when the door was opened to put the mannequin and OBA in
the oven. However, the oven's wall temperature remained near the preheat
temperature, which caused the test article to receive significant radiant heat
in addition to the heat by conduction and convection from the air. Figures 28
to 31 show the temperature transients in the canister and facemasks for tests
#1 through #4. During test #3, the facemask and charcoal bed thermocouples
failed, so only the canister outlet temperature is shown in Figure 30. During
test #4, the plexiglas viewing window began melting, which caused its seal
.with the facemask to be broken. Thus, tests at higher temperatures would not
have provided meaningful data on the temperature transient inside the face-
mask. Also, during test #4 the OBA's rubber hoses began deteriorating rapidly
and the harnesses began burning. A post-test photograph of the mannequin and
0BA is given in Figure 32. It can be concluded from these test results that
the OBA's Plexiglas viewing window would be destroyed under an extremely high
temperature condition before the facemask's air temperature would reach 140°F
(60°C) with an OBAT canister in use. Figure 33 shows the time for the face-
mask temperature to reach 140°F (60°C) versus oven temperature.

K

Firing Mechanism Simulator Test (F16)

The firing mechanism simulator test was performed to insure the mechanism
would operate smoothly for numerous cycles. Each cycle consisted of pulling
the glide plate to its shut position and installing the cotter pin. Then, the
cotter pin was pulled out with its lonyard, and the slide plate slia to its
open position. The mechanism for each of the three feasibility canisters was
cycled 100 times.

Dusting/Settling/Channeling Test (£17)

The dusting and settling/channeling test, F17, was performed in conjunction
with the gaseous contaminant tests to show that these problems do not exist.
By monitoring the outlet carbon monoxide and carbon dioxide concentrations
during the gaseous contaminant tests, evidience of sgettling or channeling in
the canister's beds could be detected. When the canister was disassembled
between tests to change the sodasorb and activated charcoal, the inside of the
canister was inspscted for dusting, and the beds were inspscted for settling.
Also, since tne sodasorb had an indicator which turned purple as the bed
became exhausted, ingspection of the color throughout the bed provided ad-
ditional information on channeling.

Carbon Monoxide Catalyst Life Test (F18)

The carbon monoxide catalyst life test, F18, was performed to verify that the
catalyst retained its activity for al least 250 hours. Since the same batch
cf catalyst was used throughout the teut program, all of the time on the
carbon monoxide reactor prior to the life test was credited toward the 250

78

R TR TR R AR SO S LAEAR A AL U SR 7 & A SRR A A LA A TP

2 5a




UNITED
TE ES
STANDARID SVHSER 8918
c . TABLE 10
OV S
A OBA Mask Inlet Temperature Transient Test
f{:.:"é A Data Summary
RN
Oven Preheat Average Oven Time for Mask
- Temp. °F (°C) Air Temp. °F to reach 140°F
A Test No. (°C) (60°C) (min.)
"
)‘ 1 154 (67.8) 154 (67.8) 14.8
' 2 256 (124.4) 245 (118.3) 3.75
— 3 491 (255.0) 430 (221.1) 1.65%
E;é 4 750 (398.9) 501 (260.6) 0.74%
<
i g *Time for canitster outlet temperature to reach 140°F (60°C). The facemask
thermocouple failed during this test. .
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FIGURE 32

OXYGEN BREATHING APPARATUS
(POST HIGH TEMPERATURE TESTS)
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'iﬁ' hours. The remaining portion of the test was conducted at an inlet carbon
»;?J monoxide concentration of 700 ppm with 70°F (21.1°C) and approximately 60
(e percent relative humidity air. The flow rate for the life test was 1.0 ft3/
384 min (28.3 1/min) with occasional increases to 3.0 ft3/min (85 1/min) for two-
' minute intervals. The cummulative test time on the catalyst at the end of the
§'* test program was 253 hours. No measurable degradation in catalyst performance
o was noted throughout the test program.
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Appendix A

2550

Letter from the National Institute for
Occupational Safety and Health, NIOSH, Concerning
Review of the Preliminary Phase Test Results

B o a9 Il 8 G B0 B 0L

g

f
]
(o)

N R A P PO A T N A U A ARG iRt AR L DA R Lt

. By



)
oo
¢ B SVHSER 8918
E‘":Nj § DEPARTMENT OF HEAI *H " HUMAN SERVICES Public Health Service
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L g Ceaters for Disease Control
gath ‘ Nationai !nstitute for Occupational
Safety and Health - ALOSH
A 944 Chestnut Ridge Roaa
] Morgantown, WV 26505
}' 4
&
i(‘r@ August 1, 1983
W

Mv. Art Colling

United Technologies

Hamilton Standard

Windsor Locks, Connecticut 06096

Reference: Your letter of July 1. 1y83
Dear Mr. Colling:

I have read and reviewed the "Prs .iminary Phase Test and Feasibility Design
Report" and "Test Specification for the Feasibility Evaluation of a Reusable
Contaminant Filter Canister for Use as an Oxygen Breathing Apparatus Trainer".

Your test rig set up is similar in concept to the test set up used by NIOSH in
teeting air purifying canisters against carbon monoxide. Your test
) specifications are about the same as NIOSH's and in some cases even more
( stringent. Overall, your test program is very good.

Sincerely yours,

Christopher Coffey
Supervisory Chemist
Air Purifying Respirator Section

Testing and Certification Branch
Division of Safety Research
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