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1.0 INTRODUCTION

This report documents the results of Phase I of NASA Contract
NAS8-32200. The first phase‘of this effort involved gathering the
available information about state of the art procedures for the
liquefication and analysis of nitrogen and oxygen. This literature
study involved locating the information regarding the safety limits
of hydrocarbons (HC} in T1iquid and gaseous oxygen, the steps taken for
hydrocarbon removal from liquefied gases and the analysis of the

contaminants.

Very Tittle recent 1{tefature was tTound about the desired informa-
tion. 'Most of the work ana information was done in the 1950's and much
of that was by Rdssian authors. The work ﬁrimari1y involved means of
preﬁenting explosions of LOX plants. It appears that safe, workable
HC Timits were found and that recent work has not been required to
try to raise the safety Timits. Very 1little infOfmation could be found
about systematic studies of HC compatability with LOX and the explosion

Timits.

Recent literature was surveyed to find the state of the art in
analysis and collection procedures for HC in gaseous samples. Based on
that informatjon,_a detailed sampling and analysis plan is proposed

to evaluate the MSFC high pressure GN, and-LOX systems.



This study has been limited to the safety of hydrocarbons in -
gaseous systems. HC Timits imposed because of various design criteria

are beyond the scope of this project.



2.0 SUMMARY OF NASA & DOD GAS SPECIFICATIONS

The documents applicable to the specifications for nitrogen,
oxygen and compressed gases have been reviewed to determine
the maximum allowable concentration of selected impurities. The results
of the document survey have been summarized in Table 1. Only the im-
purities that’may be of interesp in future study have been included in

the table since extraneous data would serve no useful purpose.



TABLE 1

SUMMARY OF NASA AND DOD GAS SPECIFICATIONS

Standard Purity
Gas_Type Class or Use Number Percent
Nitrogen Grade A MIL-P-27401C 99.5
Type I & II*® Grade B MIL-P-27401C 99.99
Grade C MIL-P-27401C 99.995
Instrument " ’
Grade MSFC-SPEC 233A 99.99
Space Vehicle
Grade MSFC~SPEC 234A 99.99
Oxygen Grade A MSFC-SPEC 3998 99.99
~ Type T & 11 Grade B MSFC-SPEC 399B 99.60
Grade C MSFC-SPEC 399B 99,60
Gas Bearing, MSFC-PROC T95A NR
Supply &
Slosh Measur-
ing System
Drying &
Preservative
Gases - MSFC-PROC 404 NR
Compressed Gases MSFC-PROC 245 NR

*Type I is gaseous and Type II is liquid

NR signifies no requirement for the particular parameter.

Maxi-
Max imum Max imum mum
Maximum Maxi- C3Hg Alkynes Halog- Conden-
Total mum Higher as enated sable
Hydro- Max imum CoHg  HC CoHp HC Hydro-
carbon CHg (ppm. (ppm  (ppm  (ppm  carbons
(ppm v/v) (ppm v/v}  _v/v) v/v) _ v/v) _ v/v)  (ppm v/v
58.3 MR - NR NR NR MR NR
5.0 NR NR NR NR NR NR
5.0 NR -NR NR NR NR NR
3 NR NR NR NR NR 0.1
5 NR NR NR NR NR NR
20.0 16.0 2.0 1.0 0.05 1.0 NR
. 29.0 25.0 2.0 1.0 0.05 1.0 NR
0.0 NR NR NR 0.25 NR NR
.NR NR NR NR NR NR 0.2
5.0 MR NRONR MR NR NR
NR NR NR NR NR NR NR =~



3.0 SELECTED GAS SUPPLIERS SPECIFICATIONS

Each supplier of compressed gases normally uses his own grade
designation which is not necessarily standard for the industry.
The specifications for the different suppliers' grade may also vary
.even 1T the grade name happens to be the same. In order to obtain
a better understanding of the suppliers' grade specifications and
methods of verification, a visit was made to the Airco research
taboratory and telephone calls were made to the research facilities
of several other companies. The results of the visit and the discus-
sions with the suppliers’ technical personnel will be discussed in-

directly in the remaining sections of this report.

The data contained in Tables 2 and 3 Qere extracted from suppliers'
catalogs and from conversations with technical representatives of the
companies. The five suppliers listed are representative of those that'
routinely supply gases to NASA. The many blanks in the tables are due
to the different ways that the gas ;uppliers report the specifications
about their productg. The blanks does not necessarily mean that a given
gas is not analyzed for a parameter, but that the company hés not reported
the maximum concentration of the impurity that it will éccept. Discus-
sions with suppliers’ fechnica] representatives revealed that in most
cases only semi-quantative work is done to maintain quality control in
the Tower standard gases. In most cases, the gas is only checked on

a periodic basis to insure that the gas remains within their self-imposed



Supplier
MG Scientific

Linde

Airco

Air Products

Matheson

t

TABLE 2

SELECTED GAS SUPPLIERS' SPECIFICATIONS FOR NITROGEN

Grade

MG5

oxygen free

ultra zero

Zero

MG 4.8
prepurified

Research )
ultra-high purity
prepurified
high purity

. extra dry

oxygen free
Zero

4 (Prepurified)
4.8 (ultra-pure)
5 (Research)
Zero gas

Zero
ultra pure
Research

Research .
Matheson purity
uitra~-high purity
zero .
oxygen free

Purity 02 Ho Ar H20  THC ppm Dew
Min % (ppm} ppm  ppm ppm as CHg ~ Point
99.693 . <2 <1 <4 <T. <0.4

- - <O.2 - - - -

- - - - - <0.1

- - - - - <0.4
99.998
99.998 <1 <1 <20 <3 <1
99.999 <] - - <3- -
99.997 <5h - - <3 -
99.99 - - - <3 -
99.7 - - - <8 -
99.99 <0.5 - - - -
99.9 <0.5
99.99 <5 - 76°F
99.998 - 97°F
99.999 -105°F

<0.5 - 90°F
99.998 <0.5
93.993 <] <] <5 <] <0.5 -105°F
99.9995 <1 <2 <b <0.5 <0.5 -112°F
99.9995 <] <1 <1 <0.5 ~105°F
9G.99395 <10
99.99% <0.5
<0.5

99.998 <5 <10



Supplier
MG Scientific

Linde

Airco

Air Products

Matheson

Grade

MG 5.0,
Scientific
UTtra zero
MG 4
MG 2.6
Extra dry

Research
Ultra high
purity

Extra dry
HC free UHP
Zero

USP
4 (Ultra-pure)
4.5 (Research)

Zero
usp
Research

Research
UHP
Extra dry

TABLE 3
SELECTED SUPPLIERS' SPECIFICATIONS FOR OXYGEN

Purity
Min %

ppm

99,

99.
99.

999

99

.995
.99
.99

.99
.995

.994
.996

.99
.99
99.

6

<3

<15

<15

10-40
<15

<20

Ar

<5

, <50

<10

15-20
<15

<20

THC Dew
HZO (as CHg) Point
ppm ppm °F
-<0.5
‘ <0.2
<] <12
<3 <3 .
<3
<10
<3 <0.5
<0.5
-.76
- 97
- 97
<0.2
<] <] -105
<0.5- <] =112
<20 - 85
<20
<2h



standards and it is not routinely checked to know the quality of

individual Tots.

The information in the above cited tables is generally self-
explanatory. The impurities listed are a combination of the suppliers’
maximum Timit and the reported typical amount found by analysis. It
is difficult to decide whiéh way a supplier reports his specifications.
The main item that should be emphasized from the suppliers!' Tnformatién
is the-range of the impurity concentrations for the different grade -

gas. -

The information supplied is for compressed gases rather than
liquefied gases. This presents no real problem since the Tiquids
were evaporated at the separation plant and the volume contaminant:

volume gas ratio will remain very nearly the same upon vaporization.



4.0 REVIEW OF LATEST HYDROCARBON TEST EQUIPMENT AND METHODOLOGY

4.1 General Information

A survey was made of the latest instrumentation available for
hydrocarbon analysis and of the methodology for sample concentration
techniques. As a general rule there have been no major advances in
hydrocarbon analysis inétrumentation during the past ten years.
There have been some improvements in the electronics, but the two
types of instruments that are used are still gas chromatographs and
infrared analysis. However, there have been major improvements and

discoveries in trace contaminant concentration techniques.

4.2 Hydrocarbon Analyzers

Information was found on two hydrocarﬁon analyzers, the Beckman
Model 400 and the AID Model 550. The Beckman has a range of 0-1 ppm
as methene for low Tevel monitoring. It operates in the same manner
as a gas chromatograph with a short capillary column and a flame
fonization detector {FID). The AID instrument is portable and has a
min{mum detectable concentration of .1 ppm. A copy of the manufacturer's

literature is given in Appendix I.

4.3. Gas Chromatograph

A Targe number of manufacturers supply gas chromatographs equipped
with FID's that may be used for hydrocarbon analysis. The packed column
is simply replaced by a short capillary column that does not separate

the mixture. A second column is used many times to separate the
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comﬁounds into different components. The price of the instruments
varies from approximately $1000 to greater than $15,000 depending'
on the number of options and the complexity of the electronics.

The sensitivity of these instruments with the FID is in the range

12

of 107 '“ moles of hydrocarbon in a sample. This will normally

be less than 1 ppm of the hydrocarbon .when measured as methane.

4.4 Infrared Analyzer

" Infrared analyzers may be used to measure high concentrations
of hydrocarbons, generally in the range of 1-100 ppm. Several
companies -manufacture infrared instrumehtati0n3 but the two that
appear more oriented toward hydrocarbon contamination monitoring are
Beckman and Wilkes. With a 127 mm cell the Beckman Medel 365 can
detect methane in the range of 0-2000 ppm, and with the 381 mm cell
n-hexane may be detected in a range of 0-200 ppm. The Wilkes instru-
ments have an optional gas cell with a series of mirrors to give a
20 meter path length. This Tong path length permits hydrocarbon de-
tection to the 1 ppm range. It is, however, rather cumbersomé to take
sampies from-a high pressure gas line in the field. It is more suited
for monitoring ambient conditions. Neither of these instruments

appear satisfactory for extremely tow level monitoring.

4.5 Concentratidn Techniques

Severa1‘studies have been made in hydrocarbon contamination concen-
tration techniques in recent years. Absorption techniques have not been
improved to any great extent since absorption equipment of this type,

with gas-liquid contact efficiencies greater than 90 percent, usually
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has the‘disadvantage of relatively low flow capacities. Also when
trace organic gases have been collected in the form of a very dilute
solution in an organic solvent, the problem of recovery and analysis

by GC techniques is still formidabie.

4.5.1 Low Temperature Condensation

The collection of vapor-phase organic air poliutants by condensa-
tion at tow temperatures has at Teast two distinct advantages over
other collection methods: {1) the collected organics are 1mmediate1j
available for ané1ysis, without reguiring either removel of so]vents_
or désorption from an adsorbent; and (2)-condensation is the most
reliable method for preserving the organics without further occurrence
of cﬁeﬁica] reactions.- The main disadvantages of collection py con-
densation are that Targe quantities of water will condense in the trap
and the reqqirement for a -cooling methed in a field environment presents

1ogistics problems.

4.5.2 Cold-Surface Trabs

Simp]e cold-surface traps have peen used-to condense organic
gases. During the early investigatory‘period in the Los Angeles air
pollution episodes, Cadle et al. (1), Haagen-Smit (2), and others (3, 4)
reported that many volatile contaminants could be efficiently collected
from the atmosphere with simple cold condensation surfaces. These
simple open-bore, cold surface traps are now seldom used in air pol-
Tution studies unless there is’a need to freeze out the water from the

air to examine the organic materials dissolved in the water.
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4.5.3 Cryotraps

Rasmussen (5} reported the development of a portable air saﬁp]er
that can -collect and enrich large representative sampies of atmosphere.
. The principle of the operation is the cryogenic technique of 1iquefying
ajr. This straightforward approach is useful to obtain large samples

of ambient atmosphere, but it does require Tiquid nitrogen'for cooling.

4.5.4 Packed Cold-Surface Traps

Packed cold-surface traps have made use of charccal, silica gel,-
glass beads, stainless steel washers, pérous polymers, and GLC substrates
coated or bonded on refined solid support.materiaT. The proper selec-

tion of the packing material can give extremely good results even though
some methbd of cooling the sample chamber is required. The details of
some of these concentnatiﬁg traps have been reported in the open .

Titerature (6-9).

~4.5.5 Adsorption Technigues

At ambient or subambient temperatures, gases adhere variably to
solid surfaces; this‘phenomenonon is called adsorption. The degree of
adsorption depends on the relationship.between pore structure and the
size and shape of the contaminant molecules, as well as on the strength
of molecular attractive forces. Some of these solids - activated carbon,
silica gel, act%vated alumuna and the porous organic polymer sorbeﬁts
(Chromsorb and Porapaks)} used in gas chromatographj - are practical ad-

sorbents.



Recently, Kaiser (10) reported the use of a new type of porous °
cérbon black (Carboseive) produced by thermal degradation of polymeric
polyvinylidine chloride. This carbon black has both adsorbent and
molecular seive properties and an extremely non-polar surface.
Graphitized thermal carbon b]ack has also been reported by Kalaschinikova
et al. {(11) to have excellent adsorption properties for C1-C6 alkanes,
alkenes, alkynes, alkadienes, cyclanes and cyclenes. Charcoal has also
been used, but desorption is extremely difficult. Treated carbon such
as Carboseive B has proven to be an efficient adsorbent, yet the con;

taminants may be readily desorbed with heat.

Hydrocarbons with more ‘than five (5} carbon atoms have been very
successfully adsorbed on Tenax GC, poly (p-2,6-diphenylphenyleneoxide).
Bertsch and Zlatkis (12) have obtained a high degree of success using
this adsorbent for a variety of organic volatiles (12-15). - Ferguson (16)
also obtained excellent results in concentrating voiatile organic from

industrial atmospheres on Tenax and then desorbing them for GC analysis.

From all Titerature-thus far it appears that E& selection of the
proper adsorbent, or adsorbents, a wide range of volatile organics
may be trapped and condensed for later analysis. This approach has
the obvious advantage of not requiring any electrical power or LN2
for field sampling, and it will be extremely simple when compared to

other availabTe techniques.
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5.0 REVIEW OF NASA COMPRESSOR AND DISTRIBUTION SYSTEMS
FOR POSSIBLE TYPES OF HYDROCARBONS PRESENT

Nitrogen is received at the MSFC in the form of a Tiquid delivered
by insulated tank trucks. The tank truéks are not dedicated to the
délivery of nitrogen only, so the nitrogen could become contaminated
by. 1iquids remaining in the tank trucks as a result of their use in other’
services. However, only liquid nitrogen and liguid oxygen are normally
transported in these tank trucks, and the trucks are thoroughly purged

between deliveries.

Liquid nitroéen is Toaded into the tank trucks with centrifugal
pumps equipped with mechanical seals, so no contamination should bg
introduced by the use of such pumps. During transport to the MSFC,
the‘vapor space above the Tiquid nitrogen is maintained at a positive
pressure of about 40 psig to prevent extraneous material from being
introduced into the n%trogen during shipment, At MSFC, the contents
of the tank truck are partially vaporized to maintain a positive
pressure in the truck while the'remaining nitrogen is pumped into storage
tanks with centrifugal pumps equipped with mechanical seals. The storage

tanks are maintained at an internal preséure of approximately 40 psig.

The 1iquid nitrogen is vaporized for use at the various Jocations
in the MSFC. Positive displacement pumps increase the pre;sure of the
1iquid nitrogen to a value approximating that required for its use,
pass the pressurized liquid through steam-heated vaporizers and deliver

the vaporized material to storage tanks located at individual use points.
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In general, nitrogen is delivered to use points at pressures
of 200-8000 psig. The positive displacement_pumpé are fabricated from
stainless steel, with .Tylon seals, so the liquid nitrogen is in contact
with only inert materiais. The vaporizers are fabricated from stainless
steel, and the vaporized nitrogen is pumped into storage tanks fabri-

cated from carbon steel.

Oxygen is received at the MSFC in the form of a 1iquid delivered in
the same type of tank trucks used for liquid nitrogen, as discussed
above. -The tank-trucks are loaded by gravity flow from the manuchturer's
sforage tanks or with centrifugal pumps equipped with mechanical seals.
The tank trucks are maintained under an internal pressure of 5—25.psig
during transport tb the MSFC. The tank trucks are unloaded by the pres-
sure createﬁ by vaporizing a portion of the liquid oxygen. This pressure

is used to force the remaining oxygen into a storage tank(s) which is

generally located at the point of its use.

A review of the above information reveals that nitrogen can become
contaminated during a number of operations:

1. Transfer from manufacturers' storage tank to
tank trucks.

2- During loading of the tank truck, by materials re-
maining in the tank truck from other services.

3+ Transfer from tank trucks to NASA storage.



16

4., By contact with contaminated pressurization gases.
.5. By contact with-]ess than perfectly clean component
parts of the oxygen system.
Both products are anaiyzed by the suppliiers to insure that
pﬁrchase specifications are being meﬁ, but no sampling and analysis
are performed dﬁring the delivery process to determine possible sources

of contamination.

It is interesting to specuiate that droplets of liquid or particles
of solid h&drocarbons‘intrqduced into the nitrogen system during the
loading and unloading o% tank'trqcks or by contamination of the vaporizer
system could be carried into the 3000~Psig storage ﬁank by entrainment.,
Using pumping rate data, information on the pipe size in the vaporizer
system and the physical properties of nitrogen at 8000 psig, the mean
Meloéity in the pipeline between the compréssor station and the 8000-psig
. storage tank has been calculated to have a mean value ofl1135 ft/sec.
Using the same imput data in Soo's correlation (17), the minimum
entrainment velocity was calculated to be 23.2 ft/sec, so the possibility
. of hydrocarbon transport into the storage tank by physicail entrainment

was ruled out.

Another interesting possibility to consider is whether hydrocarbéhs
might be accumulating in the 8000-psig storage ténk. The vapor-pressures
of the normal hydrocarbons from ethane through nonadecane were divided
by system pressure and the quotient was multiplied by the number of

carbon atoms contained in the hydrocarbons to obtain ‘the vapor phase
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content {as'methane) of the hydrocarbon if it were present in the tank
as a iiquid at equilibrium conditions. (Methane was excluded from the
paiculation because its critical temperature'is -82.10C, and it there-
fore cannot exist as a'11quid.in this system.} The results of these

calculations are presented in Table 4.

Of all the anaﬁyses of the nitrogen in the 8000-psig tank cver the
pagt 1 1/2 years, only three have shown values of hydrocarbon content
greater than 0.7 ppm, and these values wege 0.11, 0.714 and 0.18 ppm.

This information, considered together with the calculation results con-
tained in Table 4, indicates no norma1‘hydrocarbon lower than pentadecane
can-be accumulating in the storage tank. Octadecane has a freezing point
of 28°C, and therefore normal-hydrocarbons heavier than this would usually
be present as solids, if at all. On the other hand, branched-chain
hydrocarbons have Tower mé]ting points thaﬁ the corresponding normal
hydrocarbons, so some branched hydrocarbons heavier than octadecane

could be present as Tiquids.

McKinley (18) has stated the following about the liguefication

"procedure of oxygen:

To generalize, nearly all hydrocarbons up through
"butane and butylene (excluding butadiene and methyl
acetylene) would enter the high pressure column, as
would .NO, N,0, CO, ozone and hydrogen. Of these,
hydrogen an% some of the CO would leave the high
pressure column with the relatively pure nitrogen
overhead and the remainder leave in the crude oxygen
bottoms which proceed to the low pressure column.

Thergfore, the hydrocarbons which could be present in liguid oxygen
and their vapor pressure) are compouﬁdsA1~4 and 20-37 listed in

Table 5. -
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TABLE 4

EQUILIBRIUM VAPOR PHASE CONCENTRATIONS AT 8000 PSIG

Vapor Phase Content

Vapor Pressure - @ 8000 psig
Compound . @ 25°C, psi Volume Fraction
Ethane . 606 ' 0.151
Propane 139 0.0520
Butane 41.3 0.0206
Pentane 10.7 6.68 X 1073
Hexane 2.81 2.10 X 1073
Heptane 0.83 . 7.25 X 10-4
Octane 0.25 2.50 X 1074
Nonane 0.09 1.01 X 10-4
Decane . 0.03 3.74 X 10-5
Undecane 1.22 X 10-2 1.67 X 107°
Dodecane 4.61 X 10°3 © 6.90 X 10-6
Tridecane . 2.13 X 10-3 3.45 X 10-6
Tetradecarie 6.78 X 1074 1.18 X 106
Pentadecane 2.37 X 1074 4.43 X 10-7
Hexadecane .8.86 X 1075 1.77 x 1077
Heptadecane 4.79 X 10-5 : 1.02 X 1077
Octadecane 3.70 X 10~ 8.31 X 10-8
X 10°5 2.89 X 10-8

Nonadecane 1.22
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6.0 REVIEW OF BACKGROUND DATA FOR THE ESTABLISHMENT
OF PRESENT HYDROCARBON SPECIFICATION LIMITS

Although we had access to the computer-based information-retrieval
system at the Redstone Scientific Information.Center during this study,
we were not able to uncover any basic documents on the rationale

used in establishing the present hydrocarbon specification Timits.

A detai]eq search of the Chemical Abstracts from 1906 through 1975
revealed that Russian scientists have long been concerned with hydro-
carbon limits; e.g. work on the solubility of acetylene, ethylene and
propylene in 1%quid nitéogen, liquid oxygen and mixtures of the two Qere
described 1n‘the late 1930's and early 1940's (19-21). 1In the United
States, the American Institute of Chemica1‘Engineers has been dgep1y
involved in matters pertaining to air-plant safet&; béginning with
individual articles of interest and a detaiied reporting of question-and-
answer sessions on air-plant safety held at annual meetings.. The
Institute now holds annual symposia on "Ammonia Plant Safety (and
related facilities)" and publishes the papers given at these symposia
in a series of CEP technical manuals. A1tﬁough the series primarily
deals with ammonia plants now, it was formerly entitled "Safety in Air
and Ammonia Plants," and early (late 1950's and early 1960's) issues
dealt almost exclusively with air plants and their operation. The
search of the Chemical Abstracts also seemed to indicate that the

interests of engineers and sc¢ientists today have taken a turn similar



20

to that of the AIChE, i.e., not much work is presently being published

on air-plant safety, hydrocarbon-ligquid oxygen systems, etc.

Perhaps the most authoritative and informative publication we
found on-hydrocarbon—1iquid oxygen systems was a paper by Karwat of
the Linde Company of Germany (22). In the work described in -this
article, Karwat determined that : (1) the solubility of hydrocarbons
in Tiquid oxygen at 90°K decreases as the number of carbon atoms
increases; (2) the solubility of hydrocarbons with the same number of
carbon atoms decreases as the hydrocarbons become more unsaturated;
(3) the solubility of compounds with the same number of carbon atoms
decreases as the number of double bonds in the compounds increases;
and (4) compounds with triple bonds are less soluble than the cor-

responding compounds with double bonds. For example,

Solubility in

Hgdrocafbon ' LO?pﬁm?O ‘
Acetylene " 5.6
Ethylene _ 20,000
Ethane 128,000
Propane . 9,800
Butane 175

Karwat also determined that unsaturated solutions (of hydrocarboﬁs
in Tiquid oxygen) containing Tess than 1 mole percent of methane, ethylene
or ethane could fnot be made to explode, even with primer caps as ini-

tiators, but rich solutions, especially stoichiometric mixtures, react
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with velocities equaling explosion. _Acetylene, the C3, Cq and higher
hydrocarbons could not be made to explode as long as their concentra-
tions did qot exdeed the Timit of solubility. However, all two~phase
systems liquid-solid or‘Tiquid-1iquid brought about violent exp]osiéns.
So]{d or liquid hydrocarbons moistened with unsaturated liquid oxygen

were just as dangerous as the two-phase systems,

Views presented in other papers by members of the air-separation
industry are of interest. The hazards associated with acetylene are

universally recognized and have been since the late 1930's and early

1940's,

r

ﬁethane is considered reiative]y harmless. Kerrg (23) stated that
"Methane, because of its higher solubility 1imit, has little, if any,
effect on the operation of oxygen plants."® - McKinley (18)-indiéated
oxygen plant tolerance for ﬁethane is high indeed, since oxygen contain-

ing as much as several percent of methane is not explosive.

As for hydrocarbons heavier than ﬁethane, Kerry (?3) indicated that
suéh materials have been found in éir plants but they were never analyzed
qugntitative?y with any degree of accuracy. McKinley (18) hypofhesized
that, using the approximation that the lower flammable limit, expressed
as méthane or carbon atom equivalent; is reasonably constaﬁt at about
5 mole percent, a value such as 500 ppm (Safety factor = 100:1) may
be adapted as a tolerable Tevel for soluble contaminants. Karwat (22)
stipulated ". . . as a general safety rule, that at né place in an air-

~ separation plant should it be possibie to form solutions that contain
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more than one third of the solubility Timit i.e., 6,600 ppm CoHg or more
than 1 vol % CoHg.” Hugill (24) specified that ethylene concgntration
could be permitted to rise to 300 ppm_befotg it was necessary to6 shut

the plant down. An explosion in a p}ant.in which the presence of
sufficiently Targe quantities of acetylene was definitely excluded led -
Karwat (25) to a renewed investigation of the behavior of C, and Cg
hydrocarbons. This investigation Ted to the conclusions that " , . . it
would be best to keep CsHgaway from Op-rich Tiquids;” that CgHjp would
be “.l. . in the same class as CsHg relating to its safe handling,” but
"focussing attention on C3H8 does not mean we classify it as the number

two enemy behind CyH,."

Perm{ssib1e concentration of .hydrocarbons in air-plant streams
‘was also discussed. Kerry (23) recommended that acetylene content

in the main vaporizer be kept Be]ow 2 ppm.— Hugill (24) indicated that
"Some plants use a maximum allowable acetylene of 1 ppm, at which point
. they must carry out excessive purging. At 2 ppm, they must be shut
down." Bollen (26) stated that "Our shutdown Timit (for acetylene)

at that time was set at 3 ppm" (the plant had an explosion). As for
allowable total hydrocarbon concentration, MéKin]ey (18) states "A
total hydrocarbon level of 200 ppm is safe only if no hydrocarbons with
a solubility below 200 ppm are present in excess of their individual
solubility Timits." Matthews (27) suggested that hydrocarbons con-
centrations of 30 ppm were "normal" while a concentration of 200 ppm

would be "the shut down point."
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McKinley (18), Karwat (22) and Reynolds (28) all stated that
two-phase mixtures of hydrocarbons and liquid oxygen are explosive.
It is conceivable that Karwét‘s work led to the formulatign of the
present specificatibn Jimits for hydrocarbons in Tiquid oxygen. An
acetylene concentration of 0.25 ppm in Tiquid oxygen sygtems'is acceptable
by current purchase specifications; this concentration, coupled with
Karwat's value of 5.6 ppm for the solubility of acetylene, ]eaas to a
safety factor of about 22:1. Similarly, butene at 109 ppm was the
Teast soluble of the other hydrocarbons Karwat studies; considering
the specification 1imit of 50 ppm of hydrocarbon (as methane), and
considering butene to be the equivalent of foﬁr methanes, leads to a

safety factor of about 9:1.
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7.0 PROPOSED SAMPLING AND ANALYSIS PROGRAM
TO BE GONDUCTED IN PHASE I1

7.1 Introduction -

As indicated in ea}1ier sections of this report, the major
contaminants expected to be preesnt-in the Tiquid oxygen (LOX) and
the Tiquid niérogen (LNo) from the disti]]at{op process are low (Cé
aqd Tess) molecular weight hydroca}bons. Virtually all higher molecular
~ weight compounds enter the ;ystem from contaminated connections, valves,
pipes and other hardware. The proposéd sampling and analysis for
Phase IT will mainly be concerned with the'iow molecular weight com-
pounds that could possibly reach explosive concentrations but provisions
will be made to analyze the higher molecular weight fraction to determine

contaminant build up.

Table 5 Tists the compounds that are knoﬁn to be present in LOX and
LN as well- as those that could possib]y-be present. The vapor pressure
data shows that methane is the most Tikely to be present, Also methane
and acetylene are most likely to be present from the abundance in
the atmosphere which is Tiquefied. The éxotﬁc multiple double and
triple.bonded compounds are possible but not expected due to their
rareness and greater‘heactivity.

Very small aﬁbunts of the C5-Cg hydrocafbon~ are expected to be found
in the system'sincegthéy_do not normally go- through the distillation

process at the iiquefication plant and they are too volatile to remain
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PHYSICAL PROPERTIES OF HYDROCARBONS
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Vapor
Boiling Pressure Boi1ing Pressure

Point - {psi) Point (psi)

_Compound {oc) @ 25° C Compound {oc) @ 25°C

1 Methane -161 4730 20 Ethylene -104 1623
2 Ethane - 88 606 21 Propylene - 47 236
3 Propane - 45 139 22 2-Methyl propene * - 66 53
4 Butane -1 4] 23 1-Butene - b 52
5 Pentane "36 17 24 Cis 2-Butene 4 37
6 Hexane 69 3 25 Trans 2-Butene 1 39
7 Heptane 98 0.8 26 . Acetylene l - 84 3163
8 Octane 126 0.3 27 Propyne - 23 118
9 Nonane 150 Oz09 28 I-Buéyne 8 30
.10 Decane ‘174 0.03 29 2-Butyne 27 16
11 Undecane 194 1x 1072 30 Allene -3 173
12 Dodecane 215 5 x 1073 31 1, 2-Butadiene 18 . 20
13 Tridecane 234 2 % 1073 32 1, 3-Butadiene . 48
14 Tetradecane 252 7. X 1074 33 Butadiyne 10 37
15 Pentadecane 270 2 X 10-4 34 1-Buten-3-yne 5 36
16 Hexadecane 288 9 X 10-5 35 Cyclo butene. 2 36
17. Heptadecane 303 5 X 10-5 36° Cyclo propane - 33 189
18 Qctadecane 317 4 X ]0“5 37 Methyi-cyc]oproéane 5 36

19 MNonodecane
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on parts if the system were coritaminated with a mixture of hydrocarbons

in some type oil.

7.2 Evaluation of the Present Sampling System

At present the LOX is not being analyzed for hydrocarbon content
after it arrives at MSFC. The fi]ters'%n the incoming and ocutgoing
LOX 1ines are periodically removed and washed with a soIQent to remove
any collected oils (higher molecular weight compounds) an& then-an
-ana1ysis is made by infrared spectroscopy to determine the status of
the system (clean or dirty). Analysis data sheets are supplied with
each lot of LOX that arrives but the analysis was performed before load-
ing for transport. Typical resu1té indicate an extremely Tow total hydro-
carbon content which will not explain the hydrocarbon accumulation in

the filters over a period of time.

The GN, is being routiﬁe]y checked for total hydrocarbon content
at several use points and frqm the 8000-psig storage tank. Only three
results for the 8K tank have been greater than.0.1 ppm (0.11, 0.74, 0.18).
The 0.1 ppm value is the 1imit of sensitivity on the instrument so
the actual THC is not known. Two of the high readings were obtained in
July - as would be expected if the actual hydrocarbon. concentration
was at or aproaching instrument sensitivity level, but.the highest
reading (0.18 ppm} was observed in January so it is possible that the

three elevated values were really just erratic readings.

The actual sampling procedure used does not nacessarily lend itself

to obtaining representative results of the THC of the system. Before
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sampling from a valve, the sﬁregm is allowed to flow for several minutes'
to purge the Tine, This will blow out any condensed hydrocarbons that
-may be present near the outlet, This is especially important on the 8K
tank since the sample part is Tocated near the bottom of the tank where
hydrocarbons might possibly condense, If droplets were present during
analysis it would not reflect the gas phase concentration, but the

high results would indicate the presence of the condensate.

.‘Another important factor in the present analysis scheme is thé
volume of sample taken. A 1 m1_§amp1e Toop is being used to determine
the'THC.concentra£ibnt Two factors should be noted here: (1) the 1 ml
sample does not contain enough THC to be above the minimum detectable
Timit an§ (2) the sample analyzed is not repreéentativé of the concentra-
tion in the tank. The first factor could be s¢lved by taking a 10 or 100
h] sample, at which time analysis by GC becomes impractical, An instrument
with a Tower detection Timit could be used, but instrument portability
prevents optimization of all parameters of analysis and also movement re-
duces the stability of the electronics package. Some method of contami-

nant concentration is needed,

The second factor discussed above (representative sample) requires
somé thought and discussion ét this point, The method of measuring
concentration as ppm {v/v) as methane is extreﬁely misTeading. The term
‘ppm {v/v) is defined as-the ratio of parts contaminant per million parts
sofvent. That is, a 1 ppm THC in nitrogen is ]0'6 Titer THC in 1 Titer

of nitrogen. _fn the .case where a high bressure gas is being'aha1yzed
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at a low pressure the ppm concentration calculated at the low pressure
is not representative of the actual concentration in the 8000 psig

tank.

" Assume that a 1 ml sample was analyzed and found to contain 0.1 ppm
THC as methane. Then the instrument was able to detect 4.1x10712 moles
or an appareﬂt concentration of 4.1x1079 moles/Titer with respect to the
fixed 1 ml volume at RTP. But since the gas in the tank is compressed
to approximately 533 atmospheres the concentration. of THC with resbecf

to fixed volume is 3,2x107 moles/Titer - almost a factor of 103 difference

. -9 1it Tatm y 1 -39 -6 .
4.1x10-7 moles/ ﬁ er X 533 atm X a7 x107° moles/Titer

where 1.42 = Compressability factor of_N2 @ 533 atm

Therefore a concentration analyzed at 0.1 ﬁpm @‘RTP would be approximately
100 ppm at 8K. The fact is important because the contaminant vapor
pressure ﬁnd the amount of hydrocarbon in contact wifh the LdX and the sur-
faces are not dependent upon the pressure of nitrogen present, but simply

- the partial pressure of the THC. The pértial pressure of the THﬁ is de-
pendent upon temperature and not on the partial pressure of other gases

_present. More detailed calculations are given in Appendix Ila.

7.3 Determination of Required Volume of Gas for Analysis

The situation of saying that the THC concentration is less than the
detection Timit of the instrument still does not exactly define the
concentration. The obvious solution is to take a larger sample and

concentrate the THC to get a quantity Targe enough to determine the
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concentrations of the individual hydrocarbons. Assuming that an
instrument can detect absolutely 5x10-12 moles of a hydrocarbon, in
order to have enough material to detect the different éompounds we
estimate that 1077 moles will be required. Methane will probably be
*more than half this amount, but as much as 10710 motes of other hydro-
carbons should be available for analysis, Appendix IIb gives a calcu-
lation of the amount of Gﬂﬁ:that will be required to give the necessary
amount of THC. On the assumption that the incoming LN has a THC con-
centration éf 1 ppm, for the desired accuracy at least a 60 ml sample

@ RTP should be taken for analysis. If.the THC concentration in the 8K
tank is in the 1076 mole/liter range as indicated by the calftlations
in Appendix IIb, this means that a 60-100 ml sample at RTP should be

analyzed.

The same procedure must be followed td determine the sample size
of the LOX to take for anaiysis. The calculation has been made to find
what volume of LOX must be trapped and then allowed to expand at RTP
for analysis. Again if 109 moles of THC is required for a GC analysis
and a 10 ml sample of LOX is taken then the minimum concentration
- detectible in the LOX would be 1077 moles THC/1iter LOX; or if the THC
was all acetylene with a density of 0.62, the minimum detectablie con-
centration would be 0.04 ppm (v/v}). This 1imit would be sufficient to

identify and quantitate the individual hydrocarbons that might be present.

7.4 Hydrocarbon - Liquid Oxygen Compatability

McKinley (18) is one of the several individuals who discussed the



30

acceptable hydrocarbon content in 1iquid oxygen as it comes from air-
separation plants. A]T'reports found discuss the hazards of hydrocarbons
in Tiquid oxygen during separation since numerous explosions have taken
place at these plants over the years. A hazard is normally produced |
when the hydrocarbon begins to separate from the solution as a solid.
Table 6 shows that only acetylene is likely to be present in'qugntities

that will produce such a hazard.

Table 7 gives more detailed 1nformat1on about the concentration
required for explosive propagat10n at -183°C for acety]ene ethylene
and methang. Hydrocarbons are removed in the a1r—separat1on plants
by thefr‘adsorpt10n on a s111ca—ge1 bed. It is not unusua] for the
Tiquid oxygen to contain as much as 200 ppm THC and up to 0.2 ppm
acetylene. The Government-standards undeé which LOX is purchased are
much more fsfringent than this and also thé lot analysis shows a -

very small amount of THC present.

7.5 Recommended Sample Roinps

The location of representative supply points will determine whether
.or not yqlid,‘usefu] results méy be obtained. The locations that are
proposed herein were selected wi?h the idea in mind of not only being
-abIe to know the status of the system. contamination, but also to determine
' the source of the coﬁtaminaﬁion. These tentative sample points have
been selected based on expected contamination sources and‘may require
'some cﬁanging in Phase II. These poin%s may a?so'be changed after
discussion w1th the COR if he fee]s ‘that more representat1ve samp]es

may be obta1ned at other points.
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. Compound
Methane

Ethane
Propane
Butane
Pentane
Hexane
Decane
Acetylene
Ethylene
Propylene

Benzene

Sotubility
in_ppm {1)

7.4 X 105
9.2 X 104
a.5 % 10
© 150 -
20
2
0.6
1.7
1800
2500

TABLE 6

SOLUBILITIES OF VARIOUS HYDROGARBONS IN LIQUID OXYGEN

SolubiTlity

Solubility
in ppm (3) in ppm (4)
5.6 X 104
:
1.3 % 104
6.6 X 103
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Solubility

in ppm (5)

1.3 X 105
9.8 X 103
175

5.6
2 X 104

(1) Air Products, Inc. Research Laboratory, as reported in (2) below.

(2) Chem. Engr. Prog., 53 (3), 112 (1951).

(3) J. Phys. & Colloid. Chem., 54 665 {1950).

(4) J. Phys. Chem., 14 422 (1940)" .

(5) . Chem. Engr. Prog., 54 (10).96 (1958)
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TABLE 7

PQS§IBLE CONCENTRATION OF -ACETYLENE,
ETHYLENE -AND METHANE IN LOX

- Possible
Concentration ’ Concentration
Required For. in LOX From
: . Explosive . Air-Separation
Hydrocarbon Propagation _ (Plant {ppm)**
Acetylene 5 ppm* g 0.2 (safe) .
0.005 gm/1 of LOX - 0.5 (doubtful)
4 x 10-5 1b/gal of LOX 2.0 {dangerous)
Ethylene 3000 ppm
15 gm/1 of LOX 200 (safe)
0.124 1b/gal of LOX
Methane ' 8000 ppm
40 gm/1 of LOX 200 (safe)

0.33 1b/gal of LOX

*ppm = parts per million

~ *%McKinTey, Chemical Engineering Progress; 53 (3), 112 (1957).
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The sampling will be divided into two distinct-parts - the high
pressure GN2 system and the LOX system. The combination of the results
from the two systems should indicate if contamination Tevels 1in the LOX

system could possibly reach explosive levels.

The GNp §ystem status can be monitored at the same point as it
now is, at the 8000 psig reservoir tank. If'11qu{d hydrocarbons are
collecting in the tank, the samp1é point at the lower end cof the tank
will {ndicate the worst possible conditions. The vapor phase hydro-
carbons will be in concentrations in this tank that will be representd—
tive of those that will be exposed to the LOX upon pressurization in.
the sphericé1 tank. If high hydrocarbon concentrati&ns are found
in the 8K tank, the sample points upstream will be se1écted to attempt
to isolate the problem. These points have not now been selected since

a contamination problem is not anticipated in the GN2 system.

The LOX system is known to accumulate hydrocarbons over a period of
time. The source is not known exactly, but it is anticipated that the LOX
is contaminated at the time of delivery. The sample points propdséd

shbu]d aid in the isolation of the source of the contamination.

The first sample point should be as the LOX leaves the truck before
it comes into contact with any Qa]ves or filters and after contact with
a minimum amount .of the Tines. Periodic sampling should be accomplished
here to determine the purity of the incoming LOX. This sampling would
not be.done each time a truck unloads, but simply on a random basis to

get a general jdea of the purity of the incoming product,
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The‘LOX storage tank should be routinely monitored to determine if
any buildup of hydrocarbons is experiénced and also to help pinpoint
any contamination 1nc}ease Tfrom dirty system hardware and components.

- This THC concentration should vary with the system contaminants until
such time that the hydrocarbons begin to become insoluble in the LOX

and form a two-phase system.

The GNo blanket in the spherical LOX pressurization tank will also
be éamp]ed before LOX is put into the tank. This Tow QPESsure GNo
sampling will indicate possible hydrocarbon accumulations in the tank..

LOX is added to the spherical tank for pressurization with the 8K GNs.

Other sampTing points may.be required as the second.phase progresses.
The sample points designated will also serve fo check the methods of
analysis that we propose so .no time will be lost by possibly not having

enough sample points designéted at this time.

7.6 Recommended Analysis Procedure

7.6.1 Introduction

The proposed method of analysis is modification of the technique
used by Zlatkis and his co-workers (13)., The basic method has since
been used by several investigators for a variety of applications and it
has been found to be extremely effective. This method uses poroﬁs
polymer solid adsorbents to trap organ%c volatiles at ambient temperatures.
Heat is then used to desorb the trapped vo1ati]es for analysis by gas '
chromatography. The modification for this work will require the

selection of 'the proper adsorbents that will be compatible with oxygen
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and yet adsorb a full range of hydrocarbon compounds.

7.6.2 System Hardware

A schematic drawiné of the basic hardware and system design is
sﬁown in Figure 1. The detection system makes use of a GC equipped with
a FID that has been modified with a heater to desorb the tfapped organic
compounds. The mass spectrograph shown in the system 1is optional and is
only needed to initially identify the components present. After initial
identification, the massspectrograph will be bypassed and the guantitative

ana]ysis:w111 be accomplished using the-FID.

The LN2 cold trap (Figure 1 {a) on ihe nitrogen supply Tine is
to remove all traces of moisture or other contaminants that would be
tnqpped‘in the Lio cold trap (b) on the column and then released when the
cold trap is removed and analysis begun. The regulator (c) is used
in conjunction with the restrictor (d) and the ﬁicrometer vaive (e)

to regulate the flow through the collector heater (g).

Figure 2 illustrates the usefullness of the 6-part valve to
- switch the gas flow away from the collector tube for analysis. The
restfictor‘on the 6-part valve reduces the carrief flow to the 4-10 m1/min

range for use with SCOT capillary columns.

Figure 3 shows a cross-sectional view of the .collector heateé
with a collector tube inside. The carrier gas flows beside the tube,
through the slotted-washer and through the collector tube. The system

at the top-allows injection of known volumes of gas for calibration purposes.
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Figure 1. Schematic Outline of Integrated AVC Heater System.
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Collector lieater
Inlet

Restrictor

Column Inlet

Colletcor Heater

Qutlet Gas Inlet
POSITION A
Collector Heater
Inlet
Re§trictor

Column Inlet

Gas Inlet
Collector lleater

. Qutlet

POSITION B

Figure 2. Schematic Diagram' of the 6-Port Valve.
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Figure 4 represents the arrangement of the sample collection
tubes in the sampling holder. Two different types of adsorbents will
be required to trap all the hydrocarbons, The first adsorbent will
trap all the high molecular weight compounds and the second tube will
adsorb those that pass through the first tube. This collecting tube
holder will be attached to different type devices depending on whether
GN2 or LOX is being sampled. The collection tube holder and the col-
tection tubes will ail be interchangeable for use with either the.LOX

or the GN2 system.

7.6.3 Adsorbents

The adsorbents that will be used to trap the hydrocarbons will
require evaluation to determine which are the most appropriate for use:
From results reported in tﬁe literature and supplier's brochures, several
adsorbents are promising for use. Severa1‘of these -adsorbents will
be purchased and adsorbent effiéiencies will be evaluated to select

the most efficienf ones for further testing.

Thé adsorbent to trap the high molecular weight will almost
certainly- be Tenax-GC, a porpus polymer that is based on 2,6-dephenyl-p-
.phenylene oxide. Several investigators have found this adsorbent to
bg extremely effective in trapping hydrocarbons with 5 or more carbon
atoms. This polymer will, of course, be evaluated for efficiency in This

application.

The choice for an adsorbent that will trap the C1-C4 hydrocarbons

is not nearly so clear cut. Several possibilities are available including
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Carbosieve-B, Carbosieve-S, Molecular Sieve 13X, Spherocarb, Carbopak Cs
Chromsorb 102, and Porapak Q, The carbonatious adsorbents will not work
on the LOX‘system since they are degraded by oxygen. If the Porapak or
Chromsorb is used, it may be necessary to use subambjent cooling to
cause compound adsorption, Further specﬁiation about adsorbent type or
conditions would be useless since only experimental results will define

the best choice.

7.6.4 Sampling Procedure

.The method of sampling will vary between the LOX and the high pres-
sure GNy system. The presently used sampling port on the GNz will be
modified by the addition of another valve to give a chamber of known
volume for sampling. Figure 5 represents a scﬁematic of thjs proposed
system. fhe syétem will be purged by opening both valves for a few seconds
before the collector tube holder is attached. After purging, both valves
are closed (#2 first) and the collector tube holder is attached, Valve
#2 is then opened and the known volume of gas trapped between the two
valves i; aliowed to bleed through the collection tube, The flow through
the tube will Ee regulated to between 50-and 200 m1/min‘by the critical
orifice. The known volume will be a function of temperature and pressure

of the gas énd, therefore, those values must be recorded each time.

'The LOX will be sampled with an apparatus similar to the one dia-
gramed in Figure 6. The apparatus will be attached to the valve on the LOX

storage tank and valves ¥1, #2, and #4 will -be opened to purge the system with

LOX before the concentrator tube holder is attached.” When the system has
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Figure 5. Sampling System on thec 8000 psi Tank.
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purged a few seconds, the valves will be closed in the order

#4, #2, and #1.to trap é known volume of LOX in the Tine. The #3 valve
will then be‘dpened to allow the LOX to vaporize and expand into the
bottle. After expansion, valve #4 will be opened to allow the expanded
gas to purge the system and leave pure 07 in the 1 liter v01ume Valve
#3 will be closed and valves #1 and #2 will be opened until the 1ine
cools and LOX is be1ng vented to the atmosphere, After LOX flows feeely,
‘the va1veé are closed in fhe:onder #4, #2, and #1. Valve #3 is opened
to allow the LOX to expand and the apparatus is-detached at point {(a)

and transported to-a convenient location to remove the gas. After all’ '
LOX has vaperized and the temperature has stabilized, the concentnater

" tube hojder isiattached at point (a) or (b) and the appropriate valve is
opened to allow the gas to pass -through the co?]eetor tubes 1in the

same manner as for the GNp samples. :
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8.0 LOX COMPATABILITY STUDIES

The samples of the GNo and LOX will reveal the hydrocarbon com-
poneﬁts that are excessively high or that appear to be concentrating J
in the systems. It would belpossib1e for the pT“CB hydrocarbons to -
accumulate slightly over the years simply from the replacement of
evaporation Tosses with fresh gases. This concentrating rate would
be a function of the evaporation rate and the use rate. The rate
shou]d.be extremely small since the gases are-removed in liquid form
from time to time aﬁd not allowed to just sit and evaporate. Fiqure 7
was faken from a study done by Arthur D. Little, Inc. (29) about the
long term storage of liquid oxygen. The graph indicates the rate of
accumulation of acetylene in LOX 'storage tanks at missile silos which

experience an evaporation rate of 0.4% per day. .

The higher mblecu?ar weight compounds'(CB-C18) could possibly
accumuldte due to contamination of the 1ines from induced contamination;
this means the HC's that are present on dirty parts installed, dirty
. hose connections, etc. These higher molecular weight compounds will not‘
.evaporate and since they are very slightly soluble in the LOX, will
tend to accumu1aﬁe on the surfaces. When this two-phase system forms

in thg LOX system, potential problems exist with explosions..

After evaluation of the systems, further discussion with the COR will
take place about the compounds present in the highest concentration.

If he feels that the concentrations are‘in the range that warrant further
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Figure 7. Accumulation of Acetylene in LOX Storage Tanks
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work, then samples of the pure hydrocarbon will be suppiied by Harmon
Engineering to the COR for LOX compatabf]ity studies. The HC will be
supplied in its normal staté at RTP in quantities necessary for a full

series of tests as specified in the ASTM.-

This part of Phase II wiTl be more or less a culmination of the
work and evaluation of the systems. It could possibly even be considered
another phase since no real decisions about the nature. of the HC to be
supplied can be made until the analysis indicates the specific problem
areas. It will be necessary to wait until nearer the end of the contract

to make recommendations and supply the samples.
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APPENDIX I

BECKMAN 400
AID 550
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® FULL SCALE SENSITIVITY 0-1 ppm (P/10%)

® ELECTRONIC STABILITY WITHIN 1%

* FAST RESPONSE, 90% WITHIN ONE SECOND
® SOLID STATE RELIABILITY
® LOW MAINTENANCE

The Model 400 has been specifically engineered to improve
the stability and speed of response capabilities of existing
units. High-level performance is attained in this temperature-
controlled unit with advanced, electronic circuit design and
rapid-response sample-flow system. The result: maximum sta-
bility for low-level ambient-air monitoring and accelerated
speed of response for automobile-exhaust analysis.

In addition, the instrument features solid-state reliability,
operational ease, and maximum safety devices.

BECKVIAN-

ﬂow rate and the nature of the sample =

: .Imes Translstor packaging c

BULLETIN 4104D

-

S As its principle of operation, the Model 400 utlllzes 1he flame
- lonization method of detection to determine the concenlrallon g
of hydrocarbons present in a gas stream or ambient air. The i3
- flame formed when hydrogen bumns in air contains a negligible
. number of ions. Introduction of mere, traces of hydrocarbons. =
. into the flame results in a complex lonization, producing a’
Iarga number of ions. A polarizing voltage applied between the ‘,'_
. burner jet and the collector produces an electrostatic field in ~q'
-~ the vicinity of the flame. The electrostatic’ field results 'in an &

' ion migration whereby the positive ions are attracted to the :

. collector and the negailve lons to the burner jet. Thus, a small
4 . ionization current is established between the two electrodes. i
~ It is this small current that is measured by an electrometer & 5
amphfler circuit and is directly proportlonal to the hyd ocarbon 5
. concentration in the flame, ¥ ‘&;&3
~ ' The amplifier" circuit provides ‘the driving voltage for an |
Indtcatmg meter and recorder. The magmtude of the electrom-
. eter amplifier signal is indicative of the number of carbo
- atoms passing through the flame. The "carbon counting” char:
~actarist|c of the detector is propomonal lo. both, the sample E

< fy

- Air Pollution: Ambient air monnonng Measurmg combustion
englne eﬂ'mency relalwe to the control of vehicle exhaust

Ing for leakage in connection with aerosol packagmg Detect-
' ing hydrocarbons in drilling mud and in swamp seepage.
" Testing for refrigerant leakage. Analyzing brazing and anneal-

Safely Detectmg exploswa -level gas condltions in tunnels and
¢ garages.| Measuring concentrations® of thydrocarbons "in fuel &
L handling areas. Protecting against dangerous natural gas leaks. &

& Controlling solvent recovery,

systems rDetectmg hydrocarbons :
¥ in mlne atmOSpheres #ﬁ"_ : i TR :

Process Analysis: Momtormg pumy of mert gas streams Moni
toring controlled atmospheres in packaglng and production =
rystai growmg




SAMPLE —100 P/10° CH,

Sensitivity (1 P/10% CHa)

o W 20 30 40 50 60, 70 BO 90 100 110 120
Ambient Temperature (:F)

STABILITY VS AMBIENT TEMPERATURE B 3 Y

«—— Time (Sec)

DOWNSCALE RESPONSE TIME

FEATURES 3

Developed with the complex demands of the future in mind,
the Model 400 features:

(A) Sensitivity — Full scale ranges from 0-1 P/10* as CH, for
low level ambient air monitoring.

sensitive range over ambient temperature variations from
32°F to 110°F (0-43°C). Integral temperature control is
employed to eliminate ambient temperature effects upon
the flow control system.

(C) Response — 90% in less than 2-3 seconds for vehicle
emission systems monitoring.

Output—10 mV, 100 mV, 1 V and 5 V are standard. Optional
4-20 mA and 10-50 mA outputs provide compatibility with
any recorder.

Safety—To provide maximum safety, the Model 400 is
equipped with flame-out indicator, flame arrester and
optional automatic fuel shut-off.

Reliability— Solid state construction with modular plug-in
circuit boards provide reliability and ease of maintenance.

(D) Operation—Electronic span calibration, wide dynamic
range, large indicating meter, and conveniently located con-
trols provide ease of operation and maintain high accuracy.

(E) Ease of Maintenance — Front, top, and rear access provide
maximum accessibility. All flow controls, related gauges,
and the burner are mounted as a compact module which
can easily be removéd as a unit for maintenance or test-
ing. All electronics are modularized with plug-in circuit
boards and test jacks for easy troubleshooting and replace-
ment.

’"%W&‘ﬂl‘m QF THE
“WalAL PAGE-JS PR

| l (B) Stability — Electronic stability within 1% full scale on most




FULLY SELF-CONTAINED
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With Variahle Concentration Level Alarm
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MEASUREMENT
| Technique: Hydrogen Flame lonization Detector for total organic carbon
| Ranges: Digital Readout
0-200ppm (Sensitivity to 0. 1ppm)
0-2000ppm
Recorder
0-10ppm. 0- 100ppm, 0-1000ppm
Full Scale on 1 mv recorder
Minimum Detectable: 0. 1ppm as Methane
Response Time: 5 seconds
Noise: Less than 0. 1ppm
Sampling Rate: Approximately 600ml/min
OPERATION PERIOD
Fully Portable: Minimum 8 hours
With External Supplies: Indefinite
POWER REQUIREMENTS
Fully Portable: Self Contained Battery Pack and Hydrogen Supply
External Supplies: 105-130 vac (220v. optional) at 25 watts maximum including battery recharging.
Hydrogen Supply from 1800psi max to 30psi minimum at 20m|/min
PHYSICAL
Case size: 27.3cm (10%in) x 24 1em (9% in) x 12 1em (4 %in)
Gun size: 254cm (10in) x 20.3cm (8in) x 10.1cm (4in)
Total weight: 7.5Kg (16.5 Ibs))
ADDITIONAL FEATURES
Flame Out Indication: Visual on Digital Readout plus Audible Alarm
Concentration Alarm: Audible Alarm adjustable from 0-1000ppm by direct reading dial
' The Model 550 Total Hydrocarbon Analyzer is an effective tool for the {=) 133 Model 550 Description. Operation and Performance. This
measurement of orgamc vapors in both environmental and industnal Application Note, which is available from AID, describes in detail the
atmospheres. Several applications are illustrated below operating parameters of the instrument as well as its calibration and use

ANALYTICAL INSTRUMENT
DEVELOPMENT INC.

ROUTE 41 & NEWARK ROAD
AVONDALE, PENNSYLVANIA
TELEPHONE: (215) 268-3181

EPPRODUBIMLIEY O 1ul
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APPENDIX Ia

o Assuming .a Iml. Sample. was.analyzed from the 8000 psi.

e e o Xan K and Ras Loond . a contain O SR=TR THC as reethane.
- The .CQ}MDCE"‘ES&E?!“"(‘L,\ of _Nz. &t 2000 p.s.h. 15 42,
Then -
) ) _ 00 x 107 ml TTRC/ml sample
..... - Assur\qm(’) idesli ity and | atra pressure and 3o00°K
_—— O N=ERPY = latm o x ixioy®L .

RT 082 lLare vy 300 _
- — SRt AV ¥ =N . e e = e a————— s

CN= 4t xi1o meles. THC -

Thos A1 x 107" males_was_ in_ ol volume. Snd . . e

-+ +he concentrcation.. Was 4-[.)( iO_q rnolcs/ll+e(‘ Contsimerr \

Pouy the 41210 mples come. frora The &K tant where, the .

(-___Nz,_.b_!—"‘:s._.compr e =7 N

e i PVIiZERVY2Z . whetc & T complfessabiling .
e Ve=lxio3l =13 xicsl . | .
\.42_><&Ooo .
. - - 147 A

Therp {—"Dr«__ hn—” consentrahon of THC. In Yhe “dank w.c+.

i Lyed volure® Ns L R
- - . Aix1a!? =32 xlo™¢ rno\e-:.;/‘aii-c—;r
.3x 1 ™
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