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ABSTRACT

There has been recent research indicating th: toxicity of NO, and
hydrazines (H, MMH, and UDMH) toward humans. This has led to the need
for fixed installation continuous measurement instruments providing a
realtime monitoring capability for hydrazines and NO, at ppm and sub-

ppm levels.

The objectives of this study were; a) to investigate the use of
an electrochemical technique for MMH and NO, measurement, b) develop
specific MMH and NO, electrochemical sensors, and c) to design and
fabricate two engineering prototype instruments capable of continuous,
specific, simultaneous and independent measurement of both MMH (H and
UDMH) in the ranges 0-2, 0-20, and 0-200 ppm; and NO, in the ranges 0-5,

0-50, and 0-500 ppm.

During this program experimental techniques for preparation, hand-
ling, and analysis ot hydrazines vapor mixtures at ppb and ppm levels
were developed. Two approaches to NO, instrument design were evaluated
including specific adsorption and specific electrochemical reduction.
Two approaches to hydrazines monitoring were evaluated including cata-
lytic conversion to NO with subsequent NO detection and direct specific

electrochemical oxidation.

Finally two engineering prototype MMH/NOZ monitors were designed
and constructed as shown on page iii of this report. The instruments
were characterized and delivered to NASA at the conclusion of this pro-
gram.
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INTRODUCT LON

Future space programs at Kennedy Space Center involve the use
of hydrazine, substituted hydrazines and nitrogen dioxide. Recent
research indicates that the hydrazine compournds are carcinogenic
and it is necessary, therefore, to monitor the concentration of
these gases in the vicinity of the fueling, handling, and storage
locations and wherever worker exposure may occur. There are no
hydrazine monitors commercially available meeting KSC's requirement
for a cost effective instrument which is accurate, reliable, and

simple to operate and maintain.

Many approaches have been taken to measuring the nitrogen
oxides in the atmosphere (1-3). One of the earlier techniques is
chemiluminescence (4-7). However, this suffers from limitations
such as: 1) the need to convert NO; to NO prior to aralysis (3),
2) NO; is measured by difference introducing additional uncertainties
(7), 3) the need to pre-filter other interferirg nitrogenous com-
pounds (e.g., NH3) (8), 4) interference from water vapor and car-
bon dioxide (9), and 5) high power requirements which limi% the

ability to make the instrument truly portable (10).

Presently, the analysis of hydrazines in air is at best a diffi-
cult problem. A variety of techniques have been investigated in-
cluding the earlier methods of colorimetry and sophisticated instru-~
mental analyses involving chromatography, mass spectrometry, spectro-
scopy and electrochemistry (11, 12, 13). All of these methods ex-

cept the electrochemical (11) lack either the simplicity, reliability,



sensitivity, continuous measurement capability, or the cost-effective-
ness necessary to meet present requirements. Within the scope of this
program several of these techniques including colorimetry and gas chroma-
tography were evaluated for potential application as a reference ana-

lytical method for the electrochemical analysis technique.

During this program a Hydrazines/NO, monitor was developed and
tested in order to overcome these limitations and meet the needs of
Kennedy Space Center. It was modeled after the 7000 Series NO/NOZ
ECOLYZER produced by Energetics Science, Inc. This technology (14, 15)
is an electrochemical technique using a proprietary three electrode
sensor and Teflon-bonded diffusion electrodes which offer significant
advantages of improved accuracy, stability, selectivity, and reliability

over other conventional electrochemical systems.

The following report describes the major technological findings
of this study in detail and the development, design, fabrication, and
laboratory testing of the two prototype hydrazines/NO; monitors which
were capable of direct continuous measurement of hydrazines (H, MMH,
and UDMH) at ppb levels. The application of the electrochemical tech-
nique for analysis and gas monitoring have resulted in a significant
advance in the state of the art of analytical measuring techniques for
hydrazine (H), monumethlyhydrazine (MMH), and 1,l-dimethylhydrazine

(UDMH) vapors.
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1) Program Goals

The overall@)ective of this study was to develop and test an
engineering prototype hydrazines (H, MMH, and UDMH) sensor and sub-
sequently to fabricate two instruments which contain both an hydra-
zines and a nitrogen dioxide sensor system. The instrument package
will provide a reliable, sensitive, accurate, rapid, cost effective,
and operationally simple method for the continuous and/or intermittant
simultaneous and independent measurement of NO, and hydrazine vapors

in air or a diluent gas.

The initial specific design goals are summarized in Table I.
Item 9 was modified during contract performance and these instru-
ments were designed to utilize AC source power only., Portable

battery operated units are under development independently.

The following sections of this report detail the work performed
from June 8, 1976 to February 8, 1977 and the characteristics of
two engineering prototype instruments (ECOLYZER Model 7630 MMH/NO;

Analyzers) construc.ed under NASA contract NAS 10-8982.



Function

TABLE I

PROTOTYPE INSTRUMENT DESIGN GOALS

Design Goal

Operating
Principle

Specificity

Sensitivity

Accuracy

Resolution

Zero and Span
drift

Response Time

Stability

a)

b)

Electrochemical sensor for

specific NO2 analysis.
Electraochemical sensor for

specific hydrazine vapor analysis

or quantitative catalytic conversion
ot hydrazines to NO with subsequent
analysis using a specific NO
electrochemical sensor.

NO, instrument does not respond

to hydrazines and hvdrazines section
of the instrument does mot respond to
NO;. Neitner instrument restonds to
Nz, 0. Hy, He, Ar, CO, C02, CHg, or
Freon.

Instrument ranges are:

NO) - 0-5, 0-50, 0-500 ppm NO,
NoH4; - 0-1, 0-10, 0-100 ppm H
MMH - 0-2, 0-20, 0-200 ppm MMH
UDMH - 0-5, 0-50, 0-500 ppm UDMH

Instrument iccuracy is:

NOy - $50Z at 0.5 ppm NO2 and %52 at

500 ppm NO,

H - #50Z at 0.1 ppm and %5 at 100 ppm
MMH - $50Z at 0.2 ppm and *5% at 200 ppm
UDMH - +5C% at 0.5 ppm and *5Z at 500 ppm

+ 50 ppb
10 ppd

™MH - ¢ 20 ppb
UDMH - + 50 ppb

[ i ]

< *t 10% of full scale over 60 days

30 seconds to 90% of signal

Performance of above specifications within:

Temperature of 0-35°C
Relative Humidity of 10-95Z%
Pressures of 29-31 in. Hg



10.

11.

Function

TABLE I (continued)

Design Goal

Power Requirements

Cutput

Size and Weight

AC/DC operation 8 hours on batteries
16 hours recharge at 115 VAC
30 days continuous operation

Indep>ndent panel meters for NO, and
hydrazines.

Analog 0-5V recorder output schunted by
0.25 uf into > 100 KQ Isolated output.

8" x 8" x 16" and < 20 1bs.



2) ECOLYZER Instrument Design

Successful completion of these design goals demand that a
selective continuous electrochemical analysis scheme be developed
for NO~ and for hydrazines. The approaches to each analysis are

now discussed.

a) Selective NOj; Analysis

A successful scheme for the continuous analysis of NOp/air mix-
tures is part of ESI's present gas monitoring technmology (14, 15)
and it it illustrated in FIGURE 1. It consists of an air sampling
pump, particulate filter, sensor specifically responsive to NOy,
potentiostatic control and amplification circuitry and readout
device. This system was found to meet all specificity requirements

(Table I, Function 2) except that of hydrazine interference.

FIGURE 1:  SELECTIVE NOp ANALYSIS SCHEME

NO2
INTARE PUMP FILTER SENSOR EXHAUST
METER POTENTIO-
STAT




Two approaches were investigated to increase the selectivity
of this method prior to final instrument design; 1) develop a select-
ive NO, sensor and 2) develop a selective filter for removal of hydra-
zine prior to analysis in the NJy sensor. Clearly either method
is suitable, however, the former is preferred since it has signifi-
cant advantage over the use of _onsumable filters. 3oth procedures

were evaluated during the test program.

b) Selective Hydrazines (H, MMH, and UDMH) Analysis
The planned approach to instrument development included the in-
vestigation of two schemes for hydrazines analysis and their evalua-

tion for poteantial instrument design.

The first scheme illustrated in FIGURE 2A consists of tlow con-
trolled continuous sampling of the ambient, its particulate filtra-
tion and subsequent catalytic conversion of hydrazines in a catalytic
reactor to NO, detection by a specific NO sensor and readout of the
concentration of NO which is directly proportional to the concentra-

tion of input hydrazine.

The second analysis scheme illustrated in FIGURE 2B consists of
direct electrochemical detection of hydrazines in a similar scheme to
the NOZ analysis (FIGURE 1). The sensor developed for this purpose is
specific for hydrazine and linearly responsive to hydrazine concentra-

tion in the sampled gas mixture.
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II.

EXPERIMENTAL TECHNIQUES

1) Electrochemical Sensors and Test Procedures

A schematic diagram of the electrochemical sensor design is shown
in (FIGURE 3). The three electrodes are all Teflon-bonded diffusion
electrodes prepared by spraying a catalyst-Teflon dispersion onto
a hydrophobic Telfon film. The catalyst materials were all purchased
as high surface area powders and include Platinum, Gold, Palladium,
Iridium, Ruthenium, Rhodium and Carbon. These electrodes were sealed
to a polypropylene chamber which was subsequently filled with electro-
lyte. The aqueous electrolyte, either 28Z H,S0, or 23%Z KOH, was pre-

pared from reagent grade materials and triply distilled water.

The gold and platinum leads from the sensor electrodes were
attached to a potentiostat capable of variable bias (FIGURE 4). The
reference electrode was Pt/air and even though it was not thermo-
dynamically reversible it was stable to *0.0l1V at approximately 1.0

$+.030V in acid electrolyte vs. the normal hydrogen electrode.
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During sensor evaluation, gas mixtures were passed over the back
(gas) side of the sensing electrode at comstant flow rate, typically
700 cc/minute, and the current produced by electrochemical reactfion

in the sensor flowing between the sensing and counter electrodes was

monitored.

The sensors currents were all measured by monitoring the voltage
drop across a precision resistor (typically 1K) in series with the
sensing electrode and displaying this voltage on a strip chart re-
corder. Background currents were measured for the senscr in a "static"
condition (no gas flow through the sensor) and in a dynamic or '"steady
state" condition i.e., with a constant gas flow of "zero" grade air
(797 Nz, 21Z 02) through the sensor. Signals for the various gas mix-

tures were obtained by filling gas sample bags with the desired mix-~

11



ture and, by using an air sampling pump, drawing this gas into the

sensor at flow rates which were constant for each analysis. In this
manner the sensor signal (current) was measured as the difference in
sensor output at steady-state between zero air and the pollutant gas

mixture.

2) Catalyt tudies

To evalua.e the potential of the catalytic conversion scheme for
hydrazine analysis instrumentation a series of catalysts were prepared
which are listed in Table II along with the technique used for their

preparation.

A portable catalytic reactor (16) illustrated in FIGURE 5 was
used to evaluate the conversion technique. It consists of several
layers of selected insulation to minimize heat loss and allow battery
operation at elevated temperatures and temperature control and measure-
ment circuitry (FIGURE 6) to facilitate operation over a wide range of
temperatures. The reaction chamber is a quartz tube wound with a
nichrome heater wire with temperature control and indication provided
by a calibrated chromel-constantan thermocouple positioned in the in-

sulation near the center of the heated zone.

The rate of the catalytic reaction is temperature dependent and

therefore, the reactor tube temperature profile was studied. A tem-

perature gradient of only 20°C was found across the reactor (with the

12
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temperature and center of the tube being 710°C). Since this gra-
dient was constant to within *2°C, it is well within the temperature

control required for high temperature catalytic reactions.

During a experimental evaluation a catalyst charge was placed
into the reactor system showr in FIGURE 7 . A typical catalyst charge

was 25 mg and it was positioned in the center of the heated reactor

zone.

TABLE 11
CATALYSTS FOR HYDRAZINE CONVERSION STUDIES

CATALYST METHOD OF PREPARATION

Pt wire Used as supplied - 30 mil wire

10Z Pt on A1203 Evaporation of Chloroolatinic acid
solution with subsequent reduction
in H, at 300°C.

2Z Ru on Asbestos (2%) Physical mixture of Ru black and
Asbestos

0.01%Z Pd on Copper PdCl, solution evaporated to dry-
ness on high surface area Cu prepared
by decomposition of a carbonate pre-
cipitate.

Iridium Black High Surface Area-Englehard Chem. Co.

Cu0 Commercial (Harshaw) Preparation

Zinc-Chromium Oxide Prepared by precipitation of carbon-
ates from a nitrate solution with

Cobalt-Nickel Oxide subsequent decompositicn of the car-

(Spinel) bonate by roasting in air.

Ga doped ZnO

Li doped NiO

15
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The pressure drop across the reactor was monitored only periodi-
cally to be sure it was within the range for practical imstrument design
and during sampling was isolated frum the system. The syringe sampl-
ing ports at A (FIGURE 7) could be used to withdraw samples during an
experiment for amalysis of reactant or product gases. ‘The gas mixtures
were attached to the rea-tor using a sarpling bag and drawn through
the heated reactor at constant flovw rate. The gas mixture could easily
be changed using a manifold arrangement from hydrazine vapors to zero
air to room air to various gas (NHj, NO,, NO) mixtures by changing the

sample bag or inlet gas mixer concentration.

During evaluation of hydrazine conversion to NO, the exit stream
was sampled continuously using the selective scheme for NO analysis
illustrated in FIGURE 8 . In this scheme a triethanolamine/firebrick
filter is used to remove any NO, or NpH, prior to NO amalysis in za

LYZER NO Analyzer. In this manner the practical utility of the
poffable catalytic reactor for nydrazines to NO conversion was evalu-

d along with its practical interface with a NO analyzer.

FIGURE 8 SELECTIVE NO AN--YSIS SCHEME

METER POTENTIO
STAT

| FILTER NO

SENSOR
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Either method is feasible for instrument design the former being
dependent upon gas phase oxidation catilyst development while the
latter depends upon electrochemical sensor development. Both tech-

niques were evaluated during the scope of this program.

3) Preparation of Gas Mixtures

Wherever possible commercially available standard gas mixtures
were obtained. For NO/Nj, NOy/air, H;/air, CO/air, COz/air, NH3/N2, and
CoH4/N2 samples, mixtures were obtained at various ppm level concentra-

tions while CHg4, Nz, 0, Ar, and He were obtained as pure gases.

To obtain mixtures of gases at intermediate concentrations and
for linearity studies a dynamic dilution scheme was used. It consisted
of the pure gas or gas mixture and the diluent gas being continuously
blended through two calibrated flowmeters (* 1Z). This allowed di-
lu.ion mixtures over aprroximately one order of magnitude to be pre-

pared to approximately #2Z.

For ppm level dilution of pure gases such as 1000 ppm CH,/N;, the
preparation used included collection of a specified amount of diluent
(e.g. 5 liters of Njy) in a sample bag of vinyl, nylon or Teflon (depend-
ent upon the mixture constituent reactivities) and syringe injection
(using a Hamilton gas-tight <syringe) of the pure gas during diluent
collection. In this manner 5.00 cc of pure CH; could be syringe injected
into 5000 cc of pure N; while it wre being collected from a 1000 cc/min
Ny stream and this resulted in a 1000 ppm CH4/N; mixture in the sample

collection bag.

18



4)

Preparation of Hydrazines (H, MMH, and UDMH) Vapor Mixtures

Hydrazine vapors im air or nitrogen diluent pose a special problem
in both preparation and handling. The nature and surface area of cou-
struction materials which are in contact with the vapors have a severe
effect upon mixture stability. Further, the toxic and hazardous nature
of these substances require special precautions to be observed during

their use.

The hydrazines dilution apparatus is shown in FIGURE 9 and it
was placed inside a large fume hood with a rocf exhaust. It comsists
of a Sage Model 355 syringe pump (A) capable of delivering low flow
rates of the liquid (neat) hydrazines contained in a Hamilton syringe
(F) and injecting them through a septum-sealed port (C) into a con-
trolled flow (H) diluent gas stream. The system was all glass except
for the TFE valve stems (E) and the section G was used to prewarm the
diluent such that complete vaporization of the hydrazine was accomplish-
ed at the syringe needle tip. This temperature was varied between am-
bient and 80°C and was utilized to supply heat to the hydrazine liquid
without causing any decomposition or degradation. By adjusting the
flow rate of diluent and hydrazine liquid a variety of mixtures from
< 1 ppm to > 100 ppm could be synthesized in a continuous fashion.
These streams were fed directly into a sensor or test apparatus
(both ralves at E adjusted to a desired level) or coliected in a Teflon

sample t:g (vent closed) for rewote mixture sampling.

19
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5) Analysis of Gases and Hyd-azines (H, MMi, and UDMH) Vapor Mixtures

For the gas mixtures obtained commercially and gas mixtures pre-
pared by dynamic dilution, the stated and calculated concentrations
wvere taken as correct and wherever possibly the mixtures were analyzed
by comparison to standard mixtures (e.g. CO). However, for hydrazinme
vapors, the special problems of mixture preparation and handling
necessitated the development of precise procedures for vapor mixture
analysis. Indeed, in order to calibrate the hydrazine analyzer it is

necessary to accurately know the hydrazine councemtration.

Three techniques for analysis and two sampling procedures were
evaluated for hydrazines. The first sampling procedure involves
collection of an airborn mixture of hydrazines on sulfuric acid im-
pregnated silica gel and elution with triply distilled water to obtain
an aqueous hydrazine sample for further amalysis (17). The second
sampling method involves direct collection of hydrazine vapor by
trapping it in a midget impinger apparatus as shown in FIGURE 10.

Here the sample is collected in aqueous acid solution using 0.1N

HC1 for N2H; vapors and 0.1R H3S0; for MMH vapors.

Analysis of these aqueous mixtures was performed using three
methods. First, the aqueous sample was derivatized using 2-furalde-
hyde and the derivative hydrazone and azine products (18) analyzed
chromatographically using a Varian Model 2800 Gas Chromatograph.

The chromatograph was equipped with 3 ft., 2 mm i.d., silanized glass

silicone OV-7 column and a flame ionization detector. Second, aqueous

21
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samples of H and MMH were reacted with 2,4-pentanedione (19) cb-
taining the derivatives 3,5-dimethylpyrazole and 1, 3,5~-trimethylpyra-
zole, respectively. These derivatives were again analyzed chromato-
graphically using the silicone OV-7 column at 130°C, a 30 cc/min UHP
Ny carrier gas with a flame ionization detector. Third, the colori-
metric analysis consisting of reaction of hydrazine and monomethly-
hydrazine with p-dimethylaminobenzaldehyde to form a dye was evaluated.
Several modifications of this technique have been reported (20) and we
have adopted essentially the ASTM procedure given in Appendix I using
HCl1 solutions only during hydrazine analyses and only HyS04 solutions
during MMH analyses. All colorimetry was performed with a Bausch and
Lomb Spectronic 20 at 457 nm after 20 minutes of reaction of the
derivative. Standard solutions of the aqueous hydrazines were pre-
pared from neat H, neat MMH, hydrazine dihydrochloride and monomethyl-
hydrazine sulfate, using both gravimetric and volumetric dilution

technicues.
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ITYI. DISCUSSION

1) Hydrazine Analyses

a) Stability Considerations

In order to effectively calibrate our hydrazine vapor mixture
preparation apparatus and to detail our instrument sensor performance
it was necessary to know (absolutely) the hydrazine concentration.
One of the major problems associated with any vapor mixture is sample
losses associated with sorption interactions with apparatus walls.
In addition for hydrazines, stability problems occur when they are in
the presence of oxidants or in contact with catalytic surfaces, es-

pecially metals, which can promote molec<lar decomposition reactions.

During the program, H and MMH mixtures were prepared using both
air and nitrogen as a diluent gas. However, it became evident that
the hydrazine was decomposing during the time necessary to collect the

sample in the sample bag.

Gas mixtures were continuously prepared in the syringe pump sys-
tem using first air then nitrogen and once again air as the diluent.
The mixture was then alternately passed directly into an electrochemical
sensor (using a gold catalyst with alkaline electrolyte) and collected
in a myla: sample bag (polyester coated aluminum). The sample bag was
then analyzed by the same electrochemical sensor under identical con-
ditions except that the vapor sample, due to collection in a bag, is
4-7 minutes old. The results are shown in Table II1 where these sensor
signals are compared and it is clear that concentrations using nitrogen

as a diluent are higher than those using air as a diluent (comparison
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TABLE III

STABILITY OF H AND MMH VAPOR MIXTURES

Experiment No. Gas Mixture Sampling Sensor Respounse

Technique (uA)

1 NoHgz/air Direct 13.5

2 NoH,/air Bag 3.5

3 MMH/air Direct 1.7

4 MMH/air Bag 0

5 Nyl /N, Direct 33.9

6 NoH, /N, Bag 11.5

7 MMH/N, Direct 2.2

8 MMH/N, Bag 0

9% NoH, /air Direct 29.3

10* NoH4/air Bag 8.3

11* MMH/air Direct ! 3.6

12*% MMH/air  Bag 0

* H and MMH concentrations measured by a Drager tube were 2.8 ppm

and 1.3 ppm, respectively. The syringe pump setting was twice as

high as that used in the experiments 1-8.
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of experiments 1 with 5, 2 with 6, and 3 with 7). A comparison of ex-
periments 5 with 6 and 7 with 8 shows that the hydrazines concentration
decreases when it is collected in the same sample bag using nitrogen
or air as the diluent exhibiting approximately 66~75Z degradation over
the same time span. Also indicated is that a larger fraction of the

MMH disappears than H.

Subsequently, we evaluated vinyl and Teflon sample bags in order
to determine the contribution of wall reactions and gas phase reactions
to the observed instability of MMH mixtures. Vinyl sample bags resulted
in similar stability characteristics as those observed with Mylar.
Improved stability was observed with Teflon and the results are illus-
trated in (FIGURE 11). For MMH/N; mixtures (using 99.9995Z Ny, dry)
no significant degradation was observed over 30 minutes of storage at
the 10 ppm level, while approximately 7% loss of the MMH was observed
in 30 minutes using dry air as the diluent. An earlier study (21) has
reported a half life of 34 minutes for 4.67 MMH vapors in a glass chamber
while complete degradation was observed in 10 minutes in a polypropylene
bottle. This is consistent with our results which show a 12% difference
in the initial concentration of MMH produced for the same dilution sys-
tem preparative setting. Our dilution system is glass and contains a
dead volume of approximately 2.2 liters. Since mixtures were prepared at
700 cc/min, the residence time of the mixture in the glass chamber was
three minutes and this would account for the observed 127 initial de-

gradation of MMH/air mixtures. The noted stability of Teflon along
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with the preparative stability of nitrogen diluent leads us to recommend
that stable mixtures and hence those for calibration and testing should
be prepared using a nitrogen diluent and stored in Teflon containers.
Further, it is apparent that instability of MHH/N2 mixtures in glass,
polyester and vinyl is due to wall reactions while the instabiliiy of
MMH/air mixtures is due to both wall reactions and gas phase reaction,

the former being more important than the latter in Teflon vessels.

With these remarks in mind we have evaluated three techniques,
two chromatograrhic and one colorimetric, for hydrazines analyses and
the results are now reported.

b) Chromatographic Analysis

The initial experiments were performed by collecting impinger
samples of H and MMH, preparing derivatives with 2-furaldehyde and
reacting for exactly 3600 seconds at room temperature with subsequent
cooling to 0°C for storage. The hydrazone reaction product (18) was
then analyzed chromatographically. The results for this technique werc
erratic especially at higher concentrations (10-100 ppm) of the sampling
stream. It 1s suggested however that improvements in sampling, handlins,
and analysis are necessary to achieve reasonable *10% accuracy and pre-
cision using this procedure. At present, the technique is complex re-
quiring sophisticated amalytical instrumentation and a highly skilled
operator for preparation of the derivatives and for their analysis bv

gas-liquid chromatography.
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A second chromatographic scheme for analysis of H and MMH (19)
was evaluated by diluting neat H and neat MMH to ppm levels with 0.1N
HC1 and 0.1N HpS0; solutions. An aliquot of this mixture was then re-
acted with an excess of 2,4-pentanedione for at least one hour obtaining
the derivative products 3,5-dimethylpyrazole (DMP) and 1,3,5-trimethyl-
pyrazole (TMP) from NoH, and MMH, respectively. Several different con-
centrations were prepared from the 952 hydrazine and 95%Z MMH reagents
(assumed 95Z purity) and analyzed with the results shown in FIGURE 1..
Each datum point is the result of 3 or more analyses and it is clear
that linear analysis is obtained with this chromatographic technique.
The derivative mixtures were stable for periods longer than one day
offering the potential for storage and/or tramsportation of standards
and samples. However, the repeatability of the determination was at
best $102 for 1.0 pl samples. While increased sensitivity could be
obtained and better precision realized with larger samples, *his tech-
nique also requires a skilled operator for its precise application.

c) Colorimetric Analysis

Calioration curves were determined for the colorimetric method
using hydrazine dihydrochloride, neat hydrazine and neat MMH which were
quantitatively diluted to ppm and sub-ppm levels in acid solution.
These samples were reacted with p-DMAB and the product dye determined
after 20 minutes of reaction with a Spectronic 20 (Bausch and Lomb)
colorimeter at 457 nm. The results are given in FIGURES 13 and 14
where typical day to day precision is illustrated for hydrazines and

monomethylhydrazine analyses, respectively.
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FIGURE 14  COLORIMETRIC CALIBRATION CURVE FOR MMH
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Vapor samples from the dilution system were prepared for analysis
by collection on sulfuric acid impregnated silica gel and subsequent
elution with triply distilled water and aiso by using 25 cc of acid
solution in a midget impinger apparatus. In this phase of the program
the performance of the dilution system was also evaluated. The colori-
metric procedure involving the reaction of hydrazine or MMH with p-DMAB
with subsequent measurement of the per cent transmittance was used to
calibrate the syringe pump dilution svstem. Samples of the H and MMH
vapor mixtures were collected on 200 mg of 20X HyS0; impregnated silica
gel. Typically one or two liters of vapor were passed through a filter
tube containing the acidic silica gel. The collected sample wJas eluted
with triply distilled water for one hour with subsequent addition of
the p-DMAB reagent to an aliquot of the supernatant. Results in
FIGURE 15 represent vapor samples collected at various speed settings
of the syringe pump in the diluticn system. FIGURE 15I is illustrative
of diluter performance in the preparation of high concentrations while
FIGURE 15I1 shows low concentration collections on acidic silica gel
and FIGURE 15111 represents vapor samples collected using a midget im-
pinger appiaratus. Results cshow that the syringe pump is linear in vapor
output for NyH4 mixtures and good agreement between the silica gel and

impinger collection technicues is observed.

For the various syringe pump dilution system conditions a theore-

tical concentration (i.e. assuning 1007 efficiency of the diluter) can be

calculated. This ideal concentration has been compared to the analysis of
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vapor mixtures which were collected in an impinger and analyzed colori-
metrically with the results shown in Table IV. It is noted that good
agreement is obtained for H and MMH mixtures prepared in nitrogen and
the repeatability of the syringe pump dilution system is similar to
that of the colorimetric analvsis scheme although absolute concentra-

tions are somewhat lower than predicted values in most cases.
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TABLE 1V

HYDRAZINES MIXING APPARATUS PERFORMANCE

Syringe Pump Diluent Liquid Theoretical Actual Concentration
Setting UHP-N2 Delivery Concentration  (Colorimetric)
cc/min ul/min
1/1000,
602 700 0.0155 11.2 ppm MMH 9.2+ 1.6 ppm MMH
10 uf
15.9 ppm H 10 2 ppm H

1/1000,
302 700 0.00775 5.6 ppm MMH
10 uf

7.9 ppm H
6z,
1/1000 700 0.00155 1.12 ppm MMH
10 uf

1.59 ppm H ~ 2 ppm H
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2)

NO2 Sensor Development

The NO2 analysis scheme utilized in the final instrument package
was determined by evaluation of the following criteria for a variety of
electrochemical sensor systems: response time, zero and span drift,
sensitivity, reproducibility (precision), linearity, power requirements
(portability), background, and specificity. The two schemes evaluated
for the analysis of NO; are shown in FIGURE 16 and scheme B depends upon
development of a selective adsorbent filter while scheme A depends upon
development of a selective NO; electrochemical sensor. Method A is
preferable since filters add additional maintenance and cost to the
instrument while adding to the internal volume of the sensing system

and thus affecting instrument rise and decay performance characteristics.

The selective reduction of NO, was studied on a series of electro-
chemical sensor electrodes at various potentials. Responses for the
most promising systems are reported in Table V at the electrode bias
(electrode potential vs. a Pt/air reference electrode in acid electro-
lyte) for which the maximum selectivity was achieved. The sensors con-
structed from these electrode materials were tested using a sample flow
rate of 700 cc/min and .ypical responses are shown in FIGURES 17 and 18
for the Au/H' and Ru/u* systems, respectively. The graphite electrode

system also exhibited a well behaved response and is shown in FIGURE 19.
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FIGURE 18  NOp RESPONSE FOR Ru/H+ SENSOR
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FIGURE 19  NOp RESPONSE FOR GRAPHITE/H+ SENSOR
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TABLE V

NOy Sensor Performance

Gas Mixture Au Au-Graphite Ruthenium
' -200 mv* -400 mv =200 mv
{uA/ppm] (ua/ppa) (uA/ppm)
Hydrazine 0.94 0.7 < 0.2
Monomethyl hydrazine 0.83 2.0 < 0.2
NOy/Air 0.7 1.6 3.0
NO/N, 0.02 1.9 < 0.04
CO/Air 0.009 0.002 < 0,01
NH3/Air 0.036 0.1 < 0.01
Background 2.5 yA 25 pA 15 pA
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The signals obtained with the ruthenium electrode sensor were
irreproducible and spurious span changes were observed for NO; analyses,

therefore no further work was carried out on this systenm.

The rise time with the Au sensors was fast and the signals due to
NO, were stable and reproducible being 0.59 yA/ppm * 0.01 (FIGURE 17).
However, 10 ppm hydrazine gave the same signal as -1 ppm NO, ( a nega-
tive signal means that the interferent signal was in the reverse di-
rection). This interference varied between 10 and 30 for a variety of

Au electrodes.

The characteristics of the graphite catalysed sensors (FIGURE 19)
depended on the pre-treatment of the graphite sensing electrode. The
best selectivity was obtained with a sensing electrode which had been
pre-treated by potentiostatting at +0.20V for 2 days (i.e., under con-
ditions where the graphite surface is oxidized). With this treatment,
there was no inte..erence at low hydrazine concentrations, but at high

hydrazine concentrations the selectivity ratio of NOp/H was -1.

In none of these cases was the hydrazine/NOj selectivity considered
to be satisfactory for a practical instrument. As a result the scheme
FIGURE 16B was investigated ror NOj analysis using a standard NO,
ECOLYZER filter. It consisted of a combination of mercuric chloride
and glycerol absorbed on firebrick. The filter was capable of removing
100 ppm hydrazine for at least 6 hours (the duration of the test). This

scheme offe.s excellent selectivity in a practical instrument design.
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3)

Hydrazines Sensor Development

a) By Gas Phase Oxidation of Hydrazines to NO
The first proposed analysis scheme is the oxidation of hydrazine
to nitric oxide and subsequently analyzing the nitrogen oxide by the

appropriate electrochemical analysis technique.

Hydrazine may be oxidized in the presence of oxygen to either
nitric oxide (high temperatures) or to nitrogen dioxide (low temperatures).
The former is preferred since although it will require a higher weight
of batteries per unit operating time the latter .°il)l cause interference
in the selected electrochemical analytical technique. Before discussing
the selection of the catalyst for this process, we will consider some of
the possible re;ctions which may occur in the catalytic reactor. He, Ar,
and CO, cannot ,oxidized and will not cause any interference. Also the
reaction between Ny and 07 is thermodynamically unfavorable (22) at the
probable catalyst operating temperatures of 400°C to 800°C, and therefore,
no nitrogen oxides will be formed by this reaction. H,, CO, CHg4, and
Freon can be oxidized in the catalytic reactor to various degrees (23)
but these oxidized products will not cause any interference on the electro-

chemical sensor.

The ambient concentrations of NO in the vicinity of the analyzer
will be between 20 ppb and 50 ppb, and this is sufficiently low that it

will cause errors in the accuracy only at very low levels of hydrazine

which can be compensated for by inclusion of a specific NO sensor if required.
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The nitrogen dioxide levels may be greater than the hydrazine con-
centiation and hence some consideration needs to be given tc the effect
of this gas. If hydrazine were to be analyzed by gas phase oxidation to
NOZ then the ambient NOZ levels must be corrected for by either: 1) se-~
lectively pre-filtering NO, from hydrazine prior to the catalytic reactor,
or 2)electronically subtracting the NO, reading on the NO, sensor from
the NO, reading on thc hydrazine sensor. This again suggests rejection

of this scheme for hydrazine analysis due to its complexity.

Since hydrazine is to be measured by gas phase oxidation to NO,
there may still be a possible interference caused by NO, since the re-
actor operating conditions mav be such as to thermodynamically favor the
conversion of NO2 to NO. However, the kinetics of this reaction is not
known. If it occurs at an insignificantly slow rate, it will pose no
problems in the hydrazine analysis. If the conversion of NO, to NO does
occur at a significant rate, it will be necessary to either: 1) selectively

pre-filter the NOZ’ or %) electronically subtract the NOZ concencration from

the apparent hydrazine reading.

The catalyst selected will be such as to give the maximum conversion
etficiency, highest stability and lowest reactor operating temperature.
There have been a large number of studies of hydrazine decomposition to
ammonia, nitrogen, and hydrogen (24--30) which suggests possible hydrazine

oxidation catalysts. This has shown that the general sequence of reactivitv
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of the hydrazine decomposition catalysts is: metals > semi-conductors >
solid bases > solid acids > solid salts. Studies of the catalyst electri-
cal conductivity and work function during NoHg adsorption and decomposi-
tion using semiconductors demonstrated that NpHg is an electromic donor
molecule and an increase in catalytic activity is observed with decreas-
ing width of the semiconductor forbidden'gpne (31). It is understandable,
therefore, why transition metal oxides with their low forbidden energy
gaps make good Njh; decompusition catalysts, and doping of NiO and Li20
results in an increase in NyHg4 decomposition rate. There has been much
less work on hydrazine oxidation to the nitrogen oxides. However,

studies at NRL (32) showed that NjH, is oxidized to NO with a 607 con-
version efficiency with a steel wool catalyst heated to 850°C in a

stainless steel tube reactor.

There have been many more studies of ammonia oxidation (33, 34)
and these aid in the nydrazine oxidation catalyst selection since ammonia
is one product of hylrazine decomposition. Ammonia is oxidized to NO
with yields of 80-1002 with a platinum gauze catalyst maintained at
750°C-950°C in a tube reactor {33). In addition, the transition metal
oxides are also active catalysts with the maximum activity being ex-

hibited by MnO, Cu304 and CuO (35).
Each catalyst tested was placed in the portable catalytic reactor

shown in FIGURE 5. A usual charge of 25-100 mg of catalyst was us-d.

The reac. r was then placed in the apparatus illustrated in FIGURE 7
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where it was evaluated. In a typical experiment the catalyst was
slowly heated in an air stream. The temperature was held coastant at
a series of temperatures for example, 100°C, 1i50°C, 200°C, etc. as the
sample was heated. At each of these isothermal points a stream of
NoH;/..r was introduced and the output of the reactor was sampled and
analyred for NO content. The results utilizing the various catalysts
is feported in Table VI. The flowrate through the catalyst bed was
maintained constant in all cases until a comnstant conversion (steady
state) was obtained. Typical flowrates were 400 cc/min since this is

practical from an instrument design view.

Th: major problem associated with all of the results reported here
was the poor reproducibility of the conversion from catalyst charge to
catalyst charge and with time. For most samples a continuous deterior-
ation of activity with time was observed. Maximum conversions obtained
are given in Table VI. It should be noted that while practical de-
velopment is not attained here the feasability of the approach is
clearly demonstrated. A combination of higher temperature (> 400°C)
and lower flow rate (5-10 cc/min) will produce entirely different
catalytic specificity, however this would also necessitate considera-

tion of instrument redesign not within the scope of “his program.



TALLE VI

CATALYTIC CONVERSION OF HYDRAZINE TO NO

CATALYST MAXIMUM CONVERSION #
Pt wire 10X at 200°C
Pt on alumina (102) 10-122Z at 300°C and 650°C

50Z at 803°C (for 100 mg catalyst)
Cu0 16-20Z at 250°C
Ru on asbestos (22 Ru) 70Z at 450°C

°

e R LR Y
Zinc~-Chromium Oxide 602 at 500°C
Cobalt Nickel Oxide Spinel 702 ac 450°C
Iridiva black 352 at 300°C
Ga doped ZnO 30% at 250°C
Li doped NiO 302 at 400°C

# Counversion is defined by 1 ppm Hydrazine yielding 1 ppm NO
being 1002 conversion. An Hydrazine instrumen: in this
case would respond as an NO analyzer.
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b) Hydrazine Analysis by Direct Electrochemical Oxidation

The second analysis scheme is measurement of the current pro-
duced by the direct electrochemical oxidation of hydrazine in a three-
electrodr electrochemical sensor. In order to optimize this technique
it is necessary to select the combination of electrode catalyst, elec-
trode potential, and electrolyte to maximize the signal (i.e., curreant)
due to hydrazinme electro-oxidation and to minimize the signal due to
other potential atmospheric constituents (e.g., NO, NOy, CO). Further,
the electrode catalyst must be stable (i.e., non-corrosive) at the
electrode operating potential. This restricts the selection of the
catalyst to the noble metals such as Pt, Rh, Au, Ru, Ir, Pd, and Carbonm.
Each of these metals was obtained commercially as high area metal

blacks for evaluation with the carbon being in graphitic form.

The selection of the electrode potential is restricted to a range
of approximately 0.7V to 1.9V vs. the reversible hydrogen electrode in
acid depending on the nature of the catalyst. This potential range is
determined by the requirement that neither oxygen reduction nor water
oxidation occurs at a significant rate. With some catalysts this range
is further restricted either due to the catalysts high activity for
oxygen reduction and water oxidation (e.g., Pt) or to corrosion of the

metal (e.g., Pd).
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The electrochemical oxidation of hydrazine has been previously in-
vestigated by a number of people (36, 37) due to its applicability as a
fuel for fuel cells (38). It is readily oxidized in alkaline electrolyte
according to the equation

NpH; + 40 —————> Ny + &4H,0 + 4e .

Hydrazine eleciro-oxidation in acid electrolyte has been less through-
ly investigated since it is protonated in acid electrolyte (i.e., forms
N2H5+\ which precludes the obtaining of power in a fuel cell. However,

it was evaluated in both acid and alkaline electrolyte during these studies.
Twelve systems (electrode catalyst, electrolyte) were evaluated for

use in the selective direct analysis of hydrazines at a series of bias

potentials and the results are reported in Table VII.
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TABLE VII

ELECTROCHEMICAL SENSORS FOR N,H, ARALYSIS

Sensing

Electrode

Catalyst Electrolyte Comments

Pt R,S0, Non-selective responses at all
positive potentials.

Au 1,50, Non-selective responses at all
potentials.

Pt KOH Non-selective.

Au KOH Non-selective at potentials
>+100 nv. Low potential re-
sponses selective for hydra-
zine vs 502.

Pd HyS0, Low reactivity and non-specific-
ity.

Ru “2501. Non-steady state response at all
potentials 0 mv.

Ir #,S0, Some H, MMH response at low po-
tential, non-steady state re-
sponses at high >+100 mv potentials.

Rh “2504 Non-steady-state responses at
>+100 mv; selective hydrazine and
MMH responses at 0.0 mv potential.

Vitreous Carbon HyS0, No steady-state signals observed.

Au on graphite “2501. Larger responses for NO, than H
or MMH.

Graphite H2$0 4 Non-selective.
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Non-selective responses are indicative of those semsors which
responded to a number of gases inciuding NH3, Hp, CO, NO, and NO;.
These sensors were screened at potentials of OV, +0.1V, +0.2V and
40.3V versus the Pt/Air reference electrode. From Table VII it is seen
that three systems offer potential application to hydrazine/air analysis
and they are Au/KOH, Rh/H3SO, and Ir/H2SO4. Representative responses
for these systems are shown in FIGURES 20-23 and these illustrate re-
sponse/time characteristics of the sensors. The selectivities of these
systems is given in Table VIII and the Rhodium catalyst is the most
selective of all the electrodes while the Au/KOH system was the most
repeatable and stable (background and noise). The signals for the Rh/H+
sensor were irreproducible and the rise and decay times were long. There-
fore, work with this sensor was discontinued. Similar findings were ob-
tained with the Iridium system in addition to its extreme seasitivity
to slight pressure changes. Therefore, optimization of sensor re-

sponse and instrument design proceeded with a Au/KOH hydrazines sensor.
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TABLE VIII

SELECTIVITY OF HYDRAZINE SENSORS

Rhodium: +20 mv bias Iridium ~100 mv bias Gold/KOH: +11 mv bias
Gas Mixture Signal Selectivity* Signal Selectivity Signal Selectivity
{pA/ppm] [ppm H/ppm] (pA/ppm] [ppm H/ppm] [uA/ppm]  [ppm H/ppm]

Hydrazine/air 2.1 1.0 68 1.0 1.7 1.0
MMH/air 2.8 0.75 53.3 1.3 1.5 1
NO,/air -0.03 70 ~2.1 32 < .05 34
NO/Nitrogen 0.005 420 <.02 3400 .09 19
CO/air <0.002 1050 <.N1 6800 .14 12
NH4/air 0.009 233 .05 1360 .30 5.7
Hp/air 6x10~>  3.5x10" - - 0.025 680

*Selectivity is defined as the gas concentration required to give the same signal
as 1 ppm hydrazine.
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Iv.

INSTRUMENT DESIGN AND CHARACTERIZATION

During this phase of the program all design modification to the
7000 Series ECOLYZER were made including chassis modification, special
mounting brackets, sensor endplates, special Teflon pump and plumbing,
and front panel meter modifications. Internally, %“e electronics were
modified to accomodate the sensor, instrument, and .eadout specifica-
tions. All instrument changes were documented for presentation in the

instrument manual.

For hydrazine analysis, the sensor will consist of a Au catalvsed
sensing electrode biased at +0.1V vs. the reference Pt/Air electrode and
contain 23% KOH electrolyte solution, and the electrode will be fabri-
cated with the membrane used to obtain the results in FIGURE 20. The
reasons for the selection of this system are: 1) high sensitivity,

2) fast response time, 3) high selectivity, 4) ESI's previous ex-
perience in fabricating Au elzctrodes, 5) reproducibility, and 6) Au

black can readily be obtained comrercially.

For NO, analysis, the sensor will consist of an Au catalysed
sensing 2lectrode biased at -0.20V vs. Pt/Air electrode and containing
28% HpS04 solution, and a filter will be used to achieve ligh instrument

selectivity.

FIGURE 24 is a picture of the front instrument face and control
panel of the ECOLYZER MODEL 7630 prototype instrument. FIGURE 25 and
Table IX can be used to determine the utilization of the instrument func-

tional controls. The two proto ype instruments constructed were ECOLYZEXR
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FIGURE 25

ECOLYZER OPERATING CONTROLS
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TABLE Ix

FUNCFION OF THE ECOLYZER CONTROLS

CONTROL FUNCTION

1) Selector Switch

“on" Instrument 2ower is "on".
*off" Instrument Power is "off".
2) Zero Provides precise setting of instrument

eiectronic zero.

3) Span Provides for calibrating the instru-
ment response with known MMH and NO2
span gas mixtures.

4) Flowmeter Provides for reading the sampling gas
flow rate through the sensor in s.c.f.h.

5) Intake Provides %" TFE Teflon compression
fitting for connecting gas samples
or ambient gas probes.

6) Flow Adjust Provides a needle valve for adjusting
gas fiow through MMH and NO2 sensorc<.

7) Range Selector Switch Provides for selection of the instru-
ment ranges of 0-2, 0-20 and 0-200 ppm
full scale for MMH sensing and 0-5, 0-50
and 0-500 ppm NO2 full scale for NO?
sensing.

8) Panel Meter Zero Provides a means for setting the
mechanical zero of the front panel
mete,S.

9) Exhaust Provides %" compressing fitting for
remote exhausting or sampled gas
mixtures.

10) Recorder Inputs Provides plug terminals for connection
of a C-5V full scale recorder.
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Model 7630, Serial Numbers 1281 and 1282.

In order to estimate field performance of the developed instru-
went, the span and zero drift of the NO, instruments is given in
FIGURE 26. Long term zero and span drift tests are in progress but it
is anticipated that results will be similar to those reported here.
Similar data for the MMH sensor are reported in FIGURE 27 where the
span drift was evaluated at approximately 5 ppm MMH/N; and 0.2 ppm MMH
corresponds to 10Z of full scale on the most semsitive range. This test
was performed on a production type sensor and the useful life of this
sensor was evaluated under most severe conditions (02 R.H. and con-
tinuous 24 hr/day operation) to be ten work weeks (8 hr/day). Further
tests are designed to determine and extend the maximum useful life

possible for a typical production grade MMH instrument sensor.

FIGURES 28 and 29 show sample irstrument responses for NO, and
MMH, respectively for prototype instrument Number 1282. The circles
mark 902 rise and decay points being less than 12 seconds for NO, at
two concentrations and approximately 36 seconds for 7.2 ppm MMH/N;. The
response for MMH is concent-ation dependent requiring up to three minutes
to attain 100Z response (21 minutes to 9CY) at low levels (<1 ppm) and
similar response is observed for 100% instrument decay. Maximum rise
and decay times are achieved by using inert (Teflon) analyzer parts
which contact the gas stream which minimizing the surface area in
contact with the vapor mixture. Similar results for instrument 1281

are shown in FIGURES 30 and 31. The 237 ppm NOj and 5.24 ppm Nﬂzlair
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FIGURE 29  MMH RESPONSE FOR PROTOTYPE INSTRUMENT #1282
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FIGURE 31 ~ MMH RESPONSE FOR PROTOTYPE INSTRUMENT #1281
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mixtures are separate preparations each accurate to *2%Z of full value

and the instruments were spanned using the 237 ppm Nozlair mixture.

Temperature dependence of the instrumeat response is given in Table X.
FIGURE 32 reports this data for a hydrazines and an NOZ sensor. For the
NO; sensor little or no variation is seen over the range 0-35°C, while
for the MMH sensor the variation noted is difficult to determine precisely
since much scatter is found in the data due to the difficulty in the pre-
paration, calibration, handling, analysis, and the stability of the MHH/NZ
gas mixtures (*10%). At the low temperature (<10°C) results of the MMH
analysis were erratic. This was attributed to condensation of the vapor
in the instruwent tubing, pump, and sensor. It is apparent that for
most precise and accurate results at low temperatures a heated sampling
and analysis system is preferable, especially if the sample is trans-
ported over a long distance. This problem, however, is not inconsistent
with the fact that hydrazines in the ambient air will also be condensed

on cold surfaces.

Table XI gives a list of the instrument interferences. These are for
one typical sensor and, while results may vary with the individual sensor,
this data is representative of a production quality sensor. The interfer-
ences are listed as to the signal generated for the particular gas mixture
tested, i.e., for Hp in the NOj instrument 23,400 ppm H, was found to give
a negative signal of 1.35 ppm NO, this means that H, has an interference

ratio 0of-17333 to 1 on this instrument.
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TABLE X

TEMPERATURE DEPENDENCE OF MMH/NO, INSTRUMENT

GAS MIXTURE TEMP. ! NOISE ZERO SPAN
Mv Mv Mv/ppm
/N, 25°C t1 0 185
mm/uz 35°C t1 +1 182
HHHINZ 15°C 1 =45 187
NOZIAir 25°C 1 +85 8.82
NOzlAir 35°C L4 | +85 8.61
NOZIAir 12°C 1 - 8.44
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INTERFERENCE EQUIVALENTS OF SELECTED POLLUTANTS

TABLE XI

Reading Due to Interferent - PPM

Gas Mixture
MMH Analyzer NO2 Analyzer

MMH 5 ppm/N2 5 0.0
NO2 5 ppm/Air -0.3 A
H2 23,400 ppm/Air +4 -1.35
co 248 ppm/Air +0.25 -0.1
C0p* --- 0.0 0.0°
CHg 1000 ppm/N2 0.00 0.00
NH3 11 ppm/Mp +40 0.00
C2H3 2.27 ppm/N2 +0.1 0.0
Ny 10% ppm 0.0 0.0
07 +100,000 ppm/N2 0.0 +0.015
Ar - - 0.0 0.0
He 10% ppm 0.06 0.0
Freon TF(60% EtOH Azeotropé)

1000 ppm/N2 +0.2 0.0

* Fstimate
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From the reported data 3e developed the ir-: -ument specifications
given in Table XII for the ECOLYZER 7630. The minimum detectable sensi-
tivity is given as 1/2 of 1 division on the front paneil er readout.
The zero drift and span drift is estimated for thirty days from the long
term data determined for sensors, and the short term instrument data
which was performed during this program. Accuracy ~f 3% for MMH analysis
is feasible only if extreme care is taken in utilizati>n of the reterence
method for hydrazine analysis. The-precision of the eiectrochemical
sensor is better .han 2% F.S. and is normally limited by gas mixture
sampiing and®h@ndling techniques rather than instrument response. These
specifications compare favorably with the original program design goals
(TABLE I). These instruments have the capability to provide continuous
real time monitoring for H and MM" in ambient air at ppm and sub-ppm
levels. While these instruments were not designed for portable use the
low power requirements of this instrument allow redesigned to provide at

least 8 hours of continuous battery operation.

73



TABLE XII

INSTRUMENT SPECIFICATIONS

M ANALYZER NO2 ANALYZER

Mulli-ranges 0-2, 0-20, 0-200 ppm 0-5, 0-50, 0-500 ppm
Minimum Detectable Sensitivity 20 ppd 50 ppb
Rise Time 90% 36 seconds <12 seconds -
Fall Time 907 36 seconds <12 seconds
cero Drift* +10:/30 Days +10%/30 Days
Span Drift* +10%/30 Days +10%/30 Days
Precis:on % F.S. 2% F.S.
Accuracy ** 5% F.S. 2% F.S.
noise <1 F.S. <1% F.S.
Operating Temperatur2 Range 0-35°C 0-35°¢C
Operating Relative Humidity 10-95% 10-95%
Dimensions «— 8" x 8 x 16" ——
Weight <—-— 17 1bs. - 7.7 K9.
Readout Meter, 50 Divisions Meter, 50 Divisions

Mirrored Mirrored

Reccrder, 0-5V DC Recorder, 0-5V DC
Power —————— 105 - 175V AC Y

* Fstimrte using data reported .or short term studies

**  Using a refcrence >tandard gas mixture cof the same accuracy. HWith a
more accurate standird reference method an accuracy within the
specifieg prc-ision can be achieved tor Hvdrazinec.



CONCLUSIONS AND RECOMMENDATIONS

During the performance of this program the problems of the modern
day hydrazine analyst became readily apparent. While several methods are
available for sensitive hydrazine determinations they lack, for one reason
or the other, certain vital characteristics necessary for the solution of
environmental hydra.i1e problems. They are either insufficiently sensi-
tive, complex, or non-continvous. In this area the prototype ECOLYZER
MODEL 7630 represents a significant advance is the state-of-the-art of
hydrazine analysis. It is simple, sensitive, and can be used for con-
tinuous or intermittent hydrazine analysis requiring only minutes to

obtain accurate ppb level determinations.

Brought to light during the program was the extreme sensitivity
of the diffusion electrode and its potential application to continuous
and non-continuous analvtical tecimiques for hydrazines. Although only
H and MH were studied in detail during this program UDMH was observed

tn» behave similar to MMH in this instrument.

Some instrument limitations were encountered sucn as the shorter
lifetzimes observed for the basic electrnlyte-diffusion electrode svstenm
than for sensors with acid electrolvte. This 1s not surprising since
past fuel celi work has encountered similar problems. It appears that
the severity of this limitation strongly depends upon electrode-sensor
design and therefore is not fatal to invfrimrat design. Further, the
axcZiiments with acid systems -eveal that with future development these

could provide ' ‘ge solutions for hydrazine sensor longevitv problems.
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One uf the most basic implications of the studv is the present
state of the analytical chemistry of hydrazine. Methods available,
(it was necessary to choose one for a reference method for our electro-
chemical instrument calibration) are plagued by limitations of complexity,
precision, and absolute accuracy. This electrochemical sensor method
shows the promise of increasing hydrazine analysis preci ion by an
order of magnitude and accuracy by at least as much with an adaptation
of the technique. These concepts are important since new rewulation
is requiring measurement of hydrazines in the ppb range thus demanding
improved analytical methods. Effective worker and workplace protection
is placing even more stringent demands upon the utility of the analvtical

method in terms of real time mc- “toring capability.

While the instrument developed under this program can by no means
fill all of these requirements, improvements have becom: obvizus during
the performance of this program which will significantly broaden the
scop2 of this work. Of these improvements, some are easily implemented,
such as minimizing the sampling tubing within the instrument for faster
responses, and others, such as improved sensor lifetime and selectivity,

will demand further research and development effort.

We look forward to improvements in both instrirment design and in-
strument capabilitv as it is applied to its specific {unction, i.e. real
time monitoring of hvdrazines, while new inctruments using this electro-

chemical technologv will evolve to satisfyv other requirements such as
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portable monitors, laboratcry analyzers, leak testing equipment and
dosimeters. The technique also looks forward to improved methodology
that will provice increasing accuracy and precision to hydrazines
analyses and eventual application to the development of an absolute

an. lytical method for hydrazine analysis.

This instrument clearly demonstrates that it can be both analyti-
cally accuraote and cost-effective which makes it not only efficient but
also pract.cal in its real world implementation. This is its valuable
contribution to solving present techmica: iegal, and societal require-

ments concerning environmental hydrazine problens.
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APPENDIX I

AMERICAN SOCIETY FOR TESTING AND MATERIALS

1916 Race St., Philadelphia, Pa. 19103
Regprinted from Copsrighted 1963 Book of ASTM Standards, Part 23.

Standard Method of Test for
HYDRAZINE IN INDUSTRIAL WATER:

@

ASTM Designation: D 1385 - 67
This Standard of the American Society for Testing 20d Materials s issued under
the fixed designation D 1385; the aumber itncediately following the designa-
tion indicates the year of original 2doption or, ia the case of revision, the year
of hist rexision. A pumber in pareatheses inCicates the year of kst reapproval.

1. Scope

1.1 This method® covers the colori-
metric determination of hydrazine in
industrial water.
2. Summary of Method

2.1 Para.dimethylaminobenzaldehyde
produces a specific, yellow reaction
product with hydrazine. The intensity
of the ycllow color is proportional to
the amount of hydrazine in the water,
and follows Beer’s law.

3. Definitions

3.1 For definitions of terms used in
this method, refer to ASTM Definitions
D 1129, Terms Relating to Industrizl
Water and Industrial Waste Water.

3 Under the staudazdization procedure of the
Eaciety, this method is under the jurisdiction of
the ASTM Committee D-19 on Water. A
Jist of members may be found in the ASTM
Year Rook.

Current edition accepte] Sept. 8, 1967,
Originally iscued 1953, Replices 1D 1385 - 61.

3 Fer further information on this method, the
following refereaces may be of interest: Ware,
G. W., and Chrisp, J. D., “Spectrophotomertic
Metbod for tLe Determination of Hydrazire’
Analiticcl Chemistry, Vol 24, No. 12, 1952, pp
20062005 ; and Wood, P. K, "Determination of
Maleic Hyédrazide Residues in Plint and Animal
Tissue,” Analytical Chemistry, Vol 23, No 12,
1953, ¢ p. IRTO-1R83.

3 Appear: in this publication
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4. Interferences

4.1 The substances normally present
in industrial water do not interfere with
the test; however, the hydrazine content
mzy be diminished by oxidizing agents
collected with the sample or absorbed
by it prior to testing.

4.2 Colors in the prescribed wave-
lenzths also in"erfere, 25 do other dark
colos or turbiditics that cannot be
overcome by the prescribed treatment.

S. Apparates

5.1 Colorimeter or Photometer—A Du-
boscg-type colorimeter, or a filter
photometer or spactrophotometer suita-
ble for measurements at 458 mp. Table 1
shoxs the ranges to which various
photometcers are applicable. The quan-
tities 2re based on 2 band width of 10
myu 2nd arc increased by epproximately
10 per cent for a band wiath of 40 mp.
FPhotometers and photometric practices
prescribed in this method shall confc-m
to AST)M Recommended Practice E 60,
Phozometric Mcthods for the Chemical
An2lysis of Metals;* spectrophiotometers
skz'l conform to the ASTM Recom-

§ 3557 Itook of ASTM Standards. Part 32.
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mended Practice E 275, Describing and
Mcasuring Performance of Specizo-
photometers®

5.2 Certain photoelectric filter pho-
tometers are capable of measurements at
425 my, but not at 438 . Measure-
ments may be made at 425 mg, with 2
reduction in sensitivity cf 2pproximately
S50 per cent of that possitile zt 138 my.

6. Reagents

6.1 Reagent grade chemicals, or equiv-
alent, 2~ defined in ASTM Methoed
E 200, Preparation, Standardizztion,
and Storage of Standard Solutions for

TABLE 1—APPLICATION RANGES OF

PHOTOMETERS.

Serle Solutica Razge, i vas of
e | o | PGEEES
Sratsmission me * £zal selciza
| VO 10 0.20 to 25.0
50 0.05¢t0 5.0
25..... 10 0.03 to 25.0
50 0.02tw0 5.0
590 ... ... 10 0.05tsr 25 0
50 60! te 3.C

Chemtcal Analysis,? shall be vard in 2l
tests.

6.1.1 The purity of hydrazne diky-
drochloride may be bt 1
todimetric mcthods, mahirg ce: that
2il water used is oxygen free and that
2ll flasks and pipets used are purgdd
with nitrozen. The water in7 thi- reagent
15 best prepared by boiling and then
cooling under a nitrogen blonket.

6.1.2 Pzra - dimethylariinobenzaide -
hyde reagents obtained frem different
manufazturers produce different in-
tensities of color in solution. It is neces-
sary that cach new supphy of reagent be
tested on standard soluiions  befor

TM &cr Lo Fzrt S0

31967 Kook * -

Test ror Hyprazize Ix Ixpustriar Warex (D 1383)

using vith previously determined calibra-
tion curnves.

6.2 Purity of WWater—VUnlcss otherwise
indicated, references to water shall be
understood to rezn reagent water con-
forming to ASTM Sp:cifications D 1193,
for Reagent Wazter?, referce grade. In
addition, water shall be freshly boiled
and free of dissolved oxygen.

6.3 Hydrezire, Sterdard Solution (1
ml = 0.1 wg N:H)—Dissolve 0.328 g
of hydrazine dihydrochloride (N:H,-
2HC1) in 100 n! of water and 10 ml of
HCI (sp gr 1.19). Dilute with water to
1 liter in a volumetric flask, and mix.

6.4 Hydrocklzric Acid (sp gr 1.19)—
Concentrated hydrochloric acid (HCY).

6.5 Hydrocklcric Acid (1:9)—Mix 1
volurae of HCI (sp gr 1.19) with 9 vol-
umes of water.

6.6 Hydrockloric Acid (1:99)—Alix 1
volumme of HCI (sp gr 1.19) with 99
volumes of water.

6.7 Para - Dimsthylan:ivobenzaldchyde
Solutiorn—Dissolve 4.0 g of p-dimethyl-
aminobeazaldchvde in 200 ral of methyl
alcvhol (CH;OH) and 20 ml of HCI
(sp ar 1.19). Store in 2 dark bottle out
of dircet sunlizht

7. Sampling

7.1 Colleci th: smaple in accordance
with the 2pp'icable mcthod of the
Am:iican Sodicty for Testing and Mate-
rials, as follows:

D 310, Sampling Industriel Water,?

D 860, Samplinz Water fzom Boilers,?

D 1056, dampling Steam,? and

D 1192, FEquip:nent for Sompling In-
dustrial Water and Steamd

7.2 Analv/: the somple 23 soon after
colluction &= practicabde, since hydrazine
undergess  puto-eniiion as well as
orvdation by ovdizing 2gents. Such
azints may bLe in the szmple or may
enter the sarple from the atmosphere.
Ii it i~ suspected tha oraidaetion of the
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hydrazine in the sample is occucring in
the interval between collection and
analysis, or if the sample is not to be
analyzed immediately, collect under acid.
Place 50 ml of HCl (1:9) in a 30!
volumetric flask, and collect sufficient
sample in the flask to bring the toial
volume to 50 ml.

8. Calibration

8.1 Prepare a seriecs of hydrazine
standards by making appropriate dilu-
tions of the hydrazine solution (1 ml =
0.1 mz N\-H,) with HCI (1:99), so that 2
500-m! aliquot of each dilution will
contain the desired quantity: of hydrazine
(0.2 10 5.0 i2).

8.2 Pipet 300-ml portions of the
hydrazine standards into 100-ml beakers,
flasks, or cylinders, and procecd a:
directed in 9. Procedure, except do Rt
add mare acid. Plot transmittance
against micrograis of hydrazine.

8.3 A separate calibration curve must
bhe made for cach photcmeter and 2
recalibzation must be made if it is neces-
sary to change the cell, Lmp, o flics,
or if any other alterations of instrunient
or rcazents are made. Check the cuive
for each serics of tests by running t-o
or more solutions of known hydrazine
concentrations.

9. Procedure

9.1 To 2 100-m! beakgr, flask, or
cylinder, add from a buret exactly 3.0
ml of HCl (1:9), unless the sample vz
collected under acid, in which c¢ase,
proceed directly as deswtibed in 9.2,
except to uze HCl (1:99) instead of
water for diluting to 50.0 ml.

9.2 By means of a graduated pipet,
transfer to the 100-ml bozker, flzsl or
cylinder a portion of the sample trat
will contain approximately 0.20 to 5.0
pg of NaH: . Add water from 2 graduated
buret or pipet to make a final volure
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of exzctly 300 ml, and mix. Add 100
m! of p-dinicthylaminobenzaldchyde
solution with a pipet, and mix. Let the
mixture stand at least 10 min and not
more than 100 min. Measure and com-
pare the color by means of any of the
colorimeters listed in 5. Apparatus. Make
photoetric measurements at approxi-
mately 158 mg (sce 5.2).

9.3 In photometric procedures, with
water showing no appreciable color,
prepare 2 blank containing no added
hydr2ziae in order to correct for the
color of the unrcacted p-dimethylamino-
benz:idchyde and any optical effects
involved in adjusting the photometer
for 100 per cent transmission. In the
case of hizhly-colored water, prepare a
blank by using the sample, after having
first exidized tie hydrazine in the sample
by stiable nicans. Deturmine the com-
pletencss of the oxidation of the hydra-
zire by making a plot of the percentage
tranz:itiance {compared to water to
which the reagents have been added)
versts wavelength for the spectral region
400 to 30 113, and noting whether the
charsciernistic dip of para-dimethyl-
anmirsbenzalszine occurs at 458 mp.

10. Calculation

10.1 Calculate the hydrazine concen-
teation. ia millizrams per liter, as follows:

112
Hydrazize, mg/liter (ppm) = 3

where:

I == microzrams of hydrazine found in
accordznce with 9. Procedure, and
milliliter> of sampie.

S =

11. Precision®

1.1 The p.ecision may be expressed
as follons:

Sarportis

heade 2 *le:-

2t have been filed st ASTM

40 95
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099X -+ 0.041 So = single-operator precision exprssed
= s in milligrams per liter of hydrazine,
S = over-all precision expressed in

. 108X + 0081 milligrams per liter of hydrazine,
s X = concentration of hydrazine deter-

mined in milligrams per liter, and
s = milliliters of sample taken for test.
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