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SUMMARY

The space shuttle program at Kennedy-Spaqe Canter will involve the use and
handling of large quantities of hypergolic propellante including hydrazine (H),
monomethylhydrazine (MMH), and unsymmetrical dimathylhydrazine (UDMH). Hydrazine.
compounds (H, MMH, and UD¥H) are highly toxic, and threshold 11m§t values (TLV)
have been established by OSHA at 1.0 ppm H. 0.2 ppm MMH and 0.5 ppm ﬁDMH.

Original inve;tigations (see references 10 aad ll)ifdcused upon the adaptation
of existing Energetics Science technology (U.S. Patents #4,001,103, 4,042,464) for
hydrazines monitoring. .This cooperative NASA and Energetics Science effort resulted
in successful commercial instrumentation for monitoring hydrazines at the PPM 1evel
(Energetics Science U.S. Patent appln. {916,296, NASA case f## KSC-11082). This .
instrumentation however does not meet the current need for a ﬁpb level detector for
MMH.

There are not toxic level hydrazine vapor monitors commercially availablé
meeting KSC's requirement for a low cost, accurate, reliéble and simple to operate
and maintain instrument which can read in the parts-per-billion range.

The objectives of NAS 10-9492 are: 1) to develop electrochrmical sensor
technology capable of PPB level hypergolic vapor sensing, and 2) to design, faﬁricate
and deliver to KSC one portable instrument capable of meeting the degign goals.

A report of the completion of this contract is the subject of this final
report. ln summary, the following tasks were completed within the scope of this

work.



TASK I Development of Electrode/Electrolyte/Potential conditions
for the ppb level Hydrazine Sensing Reaction.

TASK II Development of the Electrochemical Cell Design.

TASK. 111 Complete Dagign of Instrument Electronics.

TASK IV Conmplete Dasign of Imstrument Hardware.

TASK V ) Pabrication and Evaluation Testing of Hydrazines Instrument.
TASK VI Bvéluation of Instrument Calibration and Hydrazine Handling

» Techniques for Low Concentration (ppb) of Hydrazine.

TASK VII Delivery of Instrumentation and Documentation.

The prototype toxic level analyzer is the first instruﬁent'of its kind that
is capable of performing cost-effective and reliable measurements for PPB level
hydrazine vapors. The prototype toxic level'analyzer eithervmeets or exceeds this
prograumb required design and performance goals fqr every category except response
time at the lowest levels.

The permeation tube method of preparation of low concentration of hydrazines
were evaluated and reliability for this technique was established by comparison
with accéptable colorimetric and electrochemical methods.

Results indicate that the electrochemical method is more selective than the
colorimetric method towards MM degection and can be used at lower levels. Cali-
bration of the p?o:otype instrument is recommended to be done with hydrazine mix-
tures in nitrogen as oxidative decomposition of hydrazines in air’ﬁad been shown
to océur; Further appiications of electrochemical sensing technology can be made

in the development of analytical {instrumentation for dosimeters and safety moni-

toring of hypergolic vapors.
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- 1.  INTRODUCTION

The Space Shuttle program at Kennedy Space Center will involve the use and
handling of 15!30 quantities of hypergolic propellants including hydrazine (R),
monosethylhydrazine (M991), and unsymmetrical dimethylhydrazine (UDMH). The toxicity
of these compounds is well known and current recommended exposure levels (1LV) are
0.1, 0.2 and 0.5 ppm V/y in air for H, MMH, and UDMH, respectively (1). Skin and
respiratory exposure can yield a vide.variety~of effects, from nausea to carcincmas
(2).

Methods for determinstion of thesc three hydrazines (H, MMl and UDMH) imnclude
color1m§try (3,4), titration with standard potassium iodate aoiutlon (5), an acid-
\.aa pethod (6), gas chromatography (7), derivative chromatography (8) and cher-
iluninescence (9). However, these methods are not widely used, since they suffer
fron‘varioua drawbacks such as coazplexity, insufficfent sensitivity or lack of
" portability of the instrumentstiosn (making them not easily adapted for use in a
field instrument).

An electrocheaical cell has been developed which, when coupled with.an instru-
ment system, can provide fast, accurate, sensitive and reai-time determination of
W, H and UDMH vapors at ppb levels.

This final report covers work performed under contract NAS 10-9492 for the
period October 25, 1978 to Novembetl30. 1979. The objectives of NAS 10-9492 are::
1) to develop electrochemical technology capable of PPB level hypergolic vaper sen-
sing and 2) to design, fabricate and deliver to KSC one portable instrument meeting
the design goals. The objective of this report is to summarize the major findings

of this work.



Two prior reports (10, 11) deteil the electrochémical technology which was
used to develop tha f£imed inctallation and pcrtable instrumentation for hydrazines s
sénains. A eisilsr approach has been taken in thic program for the development of
{instrucentation capable of censing in real-time at the ppb level.

In summary, the following tasks were completed vlthih the scope of this work:

TASK 1 Davelopzent of Electrode/Electrolyte/Potential conditions
for the ppb level Hydrazine Sensing Reaction,

TASK 11 Davelopazent of the Electrochemical Cell Design.

TASK III Complete Design of Instrument Electronics.

TASK 1V Complete Deaign of Instrument Hardware.

TASK V Fabrication and Evaluation Testing of Hydrazine Instrument.

TASK VI Evaluation of Instrument Calibration and Hydrazine Handling

Techniques for low Concentration (ppb) of Hydrazine.
" TASK VI; : Delivery of Instrumentation and Documentation.

The design and performance goals for the portable PPB instrumentation for N are
given in Tadble I snd Table 11 respectively.

The following report dlacuéaes the effort necessary to meet these instrument
design objectives and guccessfully complete the major tasks of ;his work.
11. EXPERIMENTAL

The fundamental design of these instruments include an clectrochemical cell
as the vapor detector. A complete description of this technique has A
been reported (10, 11) and therefore only a summary of the experimental techniques

used for davelopment of the {nstrumentation is discussed here.
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TABLE 1

DESIGR GOALS
PORTABLE HYPERGOLIC VAPOR DETECTICN INSTRUMENT

GOAL

INSTRUMENT TYPE: . Portable, Single Readout of
Hydrazine Vapor Conc. in Alr.

SPECIFICITY Sensor responds to all Hydrazine
: types (H, KMH and UDMH), but need.
not differentiate between them.

RANGE: : ' 0-2 PPM with 1 PPB resolution.

SENSITIVITY: .05 PPM minimum detectable conc. |
readabla to t 1 PPB. : {

TEMPERATURE RANGE: . 0-40°C.

RELATIVE HUMIDITY: | 10-95%.

DIMENSIONS (Maximum): 8" x 8" x 16".

WEIGHT: < 12 1bs.

READOUT: . - biéital. readable in sunlight 3

digit resolution. Also provide a
recorder output.

CONSTRUCTION: , , Kuggedized, hazard prooted, inscn-
sitive to changes in position.

|

i

i

!

| | |
POWER: - » Battery, 8 hours continuous, with i
provision for 105-125V AC power/ i
recharge jack. !
|
ALARM: o Audible alarm and light alarm, ad-
justable trigger level. '




.- . ce e . bt e e ————— A— i ov o PR

TABLE 1I

INSTRUMENT PERFORMANCE GOALS

GCAL
RESPONSE TIME (to 90% of
reading change at 0.1 PPM
or above): 30 seconds
ACCURACY (at 0.1 PPM or
above): ¥ 10%
PRECISION: % 1% F.S.
ZERO DRIFT: : < 1X F.S. per day
| SPAN DRIFT: . < 1% F.S. per day
- NOISE: : t 1% F.S. per day
i
INTERFERENCES: The following gases will give the
interference ratio shown or great-
er:
GAS INTERFERENCE RATIO GOAL
NHj 100:1
NO, 100:1
FREON 1,000:1
co 1,000:1

Nzi ozo H2| Ar,
He, CH4 and CO, No Response

-y

. et e -
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A schematic azagran of the electr;chemical gensor design is shown in Figure 1.
The three electrodes are all Teflon-bonded diffusion electrodea.prepated by fabri-
cating the catalyst onto 8 hydrophobic Teflqn filﬁ. The platinum and gold catalyst
used were of high purity. These electrodes were sealed inaide a polypfopylene chamber
which was subsecquently -filled with electrolyte. The alkaline gel electrolyte was
ptepared from reagent grade materials and distilled water.

Cold and platinum leads from the sensor electrodes were attached to a potentio-
stat (Figure 2) and hydrazine sensing electrodes were potentiostatically controlled
at 0.000 V with respect to the Pt/Air reference electrode. The reference electrode,
Pt/Air was stable to % 0.0IV.at approximately 1.0 £ .010V in basic electrolyte with
respect to the normal hydrogen electrode.

The hydrazine cells used 0.25% gel, 23% KOH golution as electtoly:e. During
sensor evaluation, hydrazine mixtures were passed over the back (gas) side of the’
sensing eleétrode at constant flowrate, typically 400 cc/min. and the curreat pro=
duced by electrochemical reaction in the sensor flowing betwecen the sensing and
counter electrodes was monitored. The sensors currents were measured by monitoring
the voltage drop across a precision resistor (typically 1K) in seties with the
sensing electrode and displaying this voltage on & LCD. Background currents were
oeasured for the sensor in a *static' condition (no gas flow through the sensor)
and in a dynamic vs "gteady state" conditionm, {.e., with a constant gas flow of
Zero grade air (79% Nz, 21% 02) through the scnsor. Signals for the various yas
mixtures (< 2 ppm MMH) were obtained directly from the permeation device gas out=
let or from a sample bag for higher M concentrations by usihg an air sanmpling
punp, drawing the gas into the sensor at flowrates which were constant for each
analysis. In this nanner the sensor signal (current) was measured as the differen

in sensor output at steady-state between 2ero air and the pollutant gads mixture.

FL 2827
WSMC/PMET TECHNICAL LIBRARY
VANDENBERG AFB CA 93437-6021
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A permeation tube calibration system (Model 670 Kin-Tek Precision Calibration
System) v;s ueed for continuoua geheration of hydrazines vapor mixtures between ~.
" 0.010 PPM and 2.000 PPM, The system operates by maintaining a coégfant tempera-
ture at which a permeation'tube emits a known weight of the vapor at a comstant
rate into a diluent stream of 99.9998% Np. Ny was most frequently used as the
di;uent since hydrazines vapors were found to be more stable in N2 than air..

A controlled flow of the diluent gas passes through a preheating chamber
which is used to warm the gas to the same temperature at which the tube is thermo-
statted. It then passes through the permeation tube glass chamber where it picks
up and mixes with the vapor. The blended vapor then-exits the syétem and 1is
connected directly to the analyzer via a manifold which allows venting of excess
calibtatiﬁn gas through a scrubber. By the temperature control, number of per-
meation tubes used, and by adjusting the flowrate of diluent gas, a variety of mix-
tures from 10 ppb - 2000 ppb can be generated. For a detailed procedure for the
set up and operation of the permeation tube calibration system, See Appendix 1.A

The dynamic dilution apparatus as described in a previous report (11) was
used to synthesize high concentrations (> 2 ppm) mixtures of Hydrazine, MMH and
UDMH in both N; and Air. For a detailed procedure for the oberation of the dilu-
tion apparatus, See Appendix II. Whenever possible available standard gas mixtures
were obtained, for NO/Nz, NO,/Air, Hp/Air, CO/Air, NH3/Ny, H2S/Ng, SOZIAir, CoHy/Adr,
Freon-12/N, samples, mixtures were obtaired commercially at various PPM level con-
centrations, while COp, Np, U and Air were obtained as pure gascs.

The permeation tube method of preparation of low conécntrnrinn o1 hedyoanines
was ovaluated for its reliability by comparison with the established specifiv

colorimetric method. Vapors cmitted from the perreation tube at 60°C were collected



%’aﬁew

~

for 2 hours into a midget impinger. Hydrazine vapors were céllected in O.1N ﬁCI.
MMH vapors in 0.1N H2S04 and UDMH vapors in a Citric Acid/Na2 HPO4 buffer solution.
As the detailed procedures have been reported previously (11); only a brief summary
will be dgscribed here. For the qetailed procedures, Seé Appendix I1I, A,B,C.

The analyses of aqueous samples of hydrazire and M involves the reaction with
p-dimethyl aminoseuzaldehyde‘co forn a yellow dye, for U, reaction with trisodium-
dimethylauinopentacyanoferrate to form a red aélutiod. The concentrations of the’
hydrazines were deterﬁinedAcolorimetrically at & wavelength of 457 nm for NoM, and
MMH, and at 500 nm for UDMH. Standard gsolutions of H, MMH and UDMH were prepared
gravimetrically from the appropriate salts of the hydrazincAcompounda. Calculation
of the emission rate in nanograms ser minute from the colorimetry yields results in
excellent agreement with those specified by;the permeation tube manufacturer.
RESULTS AND DISCUSSIONS

For the purpose of clarity, this section of the report is divided into the -
followiﬁg gectionas: A. Membrane

B. Electrolyte
C. Sensors
D. Optimum Operaticn Ceaditions
i. Temperature Compensation.
{i. Response Time
411. Saturation

E. Analysis and Handling of Hypergolic Vapors

F. Prototype Instrument

- v s - ey



A. MEMBRANE

The initial phase in the development of this instrument was the evaluation of
the differcnt types of diffusion ua@btaﬁea. Electrochemical cells were constructed ~
using different types of diffusion membrane nuﬁbera éx-lzz. EX-Ql, EX-10 and their
suitability determined. A diffusion membrane must possess the following properties
in order to optimize the MMH sencors response:

a) Ruggedness, b) compatibility with electrode, c¢) high pemeahi).ity. d) 1w
evaporation, i.e., little water loss from the electrolyte.

An experimental sensor membrane electrode was evaluated for ruggedness by
manufacturing several HF design sensors filling them with free KOH and gelled KOH,
piacing them at -5°C and subsequently dropping them from heights of 8 ft. None of
the Qenaora included in this test failed due to rupture of the membrane. Increas-
ing the dropping height to 15 ft, the EX-122 membrane electrode failed the rugged-

néss test and the membrane was ruptured. Further tests to evaluate the suitability

of the membrane indicated that the EX-Ql membrane gave the optimum overall perfor-

mance; hence all further electrodes were made using the EX-Ql membrane. The results
on the meﬁbrane evaluation are summarized in Table III.
B. ELECTROLYTE

An electrolyte must possess the following properties to be useful in our ppb
_level MMH detection sensor: a) stability - biological, chemical, b) compatibility
with electrode, c) non reactivity at potential employed, d) conductivity.

In the initial phase of this program, ten electrolytes were prepared and
evaluated as potential electrolytes for the sensor system. A special conductivity
cell was constructed for evaluation of the electrolytes. Their contribution to
the electrochemical cell coaductivity was measured using a YSI Model 31 conduc-

tivity bridge. All chemicals were reagent grade where possible and all solutions

10
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TYPE

(Z2ITEX)
G-Ql1
G~-10

606-122

TABLE III

EVALUATION OF MEMBRANE PERFORMANCE

TENSILE STRENGTH

(1bs/inch width) pA/PPM MMH
3.1 - 4.1 12.0
‘5«6 6.0
6 - 1.2 8.0

11.

WT. LOSS on 0% RK
(GRAM/DAY)

0.60
0.30
0.86



wefe made using triply distilled water. “Table IV shows the approximate con-
tributions using a Model 69S§ type electrochemical cell of vg}igus electrolytes
. to the overail cell impedance. Halide salts were not stable for even short
periods but K2C03, KHCOj, and the usual KOH exhibited the most promising be-
havior. | ‘ - . 4
These electrolytes were further tested fqr selectivity towards MMH detectipq.
KOH exhibited the most favorable behavior in terms of signal stability and
specificity towards MMH. KyCO3 electrolyte does not offer good.selectivity with
respect to NO, KOj, Nﬂ3 or SO0,, and signals obtained for MMH with H250, electro-
lyte deteriorated to less than 10% of their initial value within 24 hours. Table V
summarizes the electrolyte evaluation in terms of signal stability and specificity
towards MMH. |
In order to develop attitude insensitive HF design sensors, gelled KOH elec-
trolytes were used. These sensors were evaluated by operating them in various . i
positions while sampling MMH. No change in signal magnitude or:tesponse character~
istics were obgerved over the 15 minute sampling period used in the exneriments.
The short ﬁetm stability of two 102 KOH gel senso~s was determined aftet one month
of intermittent use. MMH signals did not change appreciably but respons‘e. times and
seleétivity improved vitﬁ time ¢s8 shown in Table VI.
However, 1n concinuous monitoring for 8 hours, the sensor with 107 KOH, 2%
gel electrolyte lost its sensitivity due to 'skin' formation on the eiectrode sur-

face. This is mainly due to the drying up of the gel at the elecrrode .hizh then

causes the conductivity between the electrode and electrolyte to drop significantly.

In order to bypass this gvhporation problem, a 23% KOH with 0.25% gel electrolyte
was used. Its 'superior' improvement as referenced to long-term stability 1s in-

dicated in Table VII. For approximately 100 hours of continuous monitoring, the

MMH signal has only varied by less than 107%. From the long-term stability under con-

tinuous use and its attitude Iinsensitive response, the 25% KOH with 0.25% gel was

chosen to be the electrolyte used for the ppb MMH analyzer.

12
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. TABLE IV

. EVALUATION OF RLECTROLYTE IMPEDANCE

CONTRIBUTION TO THE IMPEDANCE OF A

ELECTROLYTE KODZL 6956 egzmcgnommcm CELL
5.0 N KOH <2
1.0 N KCL 15
2.0 N H380; 2100 -
1.0 N KBr 15
1.0 N NaCl 20
1.0 N Ky005 21
1.0 § LiCl 26
0.4 N NazB,0, 87.4
1.0 N KNO3 19
1.0 N NaNO5. 23
1.0 N NaNup 22

13




TABLE V

o e o rr———— —— T —— WET €, TR K ———— e ...

ELECTI'OLYTE EVALUATION ON H.P. GOLD @ 0.000 VOLTS VS. Pt/AIR ﬁEéERENCE

GAS

Zezo Alr (Static)

Zero Aiy (Dyramic)

N2
6.15 pyﬁ M
1000 ppm 70
12 ppm NO,
50 ppm Nli3
‘> 23.5 ppn NO

20.5 ppn 50,

. 23% KOH ; 207 Kp((1 28% H,50.
|- SIGNAL OR 4 SIGNAL OR GICNAL  OR -
LT RFEREICE EQUIV. INTERFIRUNCE EQUIV. INTERIREN E KQUIV.
0.1 par 1.6 pA 0 LA
0.1 ua 1.8 uA 0 uA
0.1 pA 1.5 uA (VIRTR
11.8 pA/ppm 4.7 yr/ppm *3.3 pA/ppm

15,500:1
1,200:-1
3,278:1

NONL GLETECTED

“ONL DETECTED

14

25,253:1
193:~1
332:1
4.3:1

0.3:1

* MMH signal drops to 0.1 pA/ppm after 24 hours.

NONE DETECTED
233:-1
£,081:1
65:1

6:1



TABLE VI

STABILITY OF 10% KOH, 2% GEL LLECTROLYTE

o
Y

GAS ‘ EHPG-1 - MPG-2 _
SICHAL OR INTSRFERENCE EQUIV. SICNAL OR INTERFERENCE EQUIV.
3-19 4-19 3-19 a-19
Zero Afr (Static) 0.9 vA O uA . 0.2 uA 0 u\
2ero Air (Dynaaic) - 0.9 A 0 uA 0.2 A 0 uAV
Ny : _ 0.9 WA 0 uA C.2 ¥A 0 uA
0.15 ppa WG 6.7 uA/ppa 7.5 uA/ppa 3.7 ulppa | 3.5 uA/ppa
1040 ppa €O 5,098:1 16,250:1 's,728:1 20,222:1
38.4 ppm NOQ 927:-1 1,309:-1 939:~1 1,315:=1
50 ppm NHjy 3C3:1 5,357:1 ia1:1 2,188:1
23.5 pp=a KO NOT DETECTED NOT DETECTED 288:1 MOT DLTECTLD
20.5 ppm SO 350:1 NOT DETECTED NOT DETECTED| MOT PUTECTEY
0 ppm Freon-12 NOT DETECTED NOT,_DETECTED NOT DETECTED| NOT DETECTLD
50X 003 NOT DETECTED NOT DETECTED |  NOT DETECTED| NOT DETECTED
2931 ppm H2 NOT DETECTED NOT DETECTED |  NOT DETECTED| HOT DETECTHD
TIMNE TO 90X SIGNAL ‘ TIME TO 90X SICNaL
3-19 | 4-19 l 3-19 t 419
0.15 ppm MMH 180 Sec. [ 80 Sec. [zzo Sec. l 109 S,
* Jntermittent use for )} Munth @ 0,000 Voles wvs. Tt/Air Reterence
N

15



"TABLE VII

LONG TERM ZERO AND SPAN STABILITY TOWARDS M¥H
USIKG 23X KOH, .25& GEL AS ELECTROLYTRE

. ) , 1.CD DISPLAY
HOURS ZBRO (DRIFT) (ppd) MH (ppd).
0 , 0 291
24 - . 13 322
8 : 4 S 295
96 8 290

16



c. SENSORS

In the initial phase of this program sev:ral types of experiaedtai ¢lectrode
materials were fabricated and tested for improved background and signal specificity
charactatla;tcn. Table VIII sun#atgaes the performance of these cells. Rhodium,
alckel and ailver electrodes did not exhibit good selectivity towards N02. Further,
the high uA/pp= oW eignal, high signal to background ratio, ease of fabrication,
and extensive prior experience with the gold electrode; lead us to choose gold aé'
the electrode material.

Gold Electrodes

Two types of gold electrodes were used to test electrode performance, naﬁelf.
atancard (as in previous semsors) (10,11) and high purity. Table IX shows the re-
sults of these cello.Aone vith a stendard Au electrode and two axperimental elec-
trodes of high purity Au. The two high-purity gold experimental cells were more
selective under the experimental conditions then corresgonding standard gold elec-.
trode as indicated by their much irrger interference ratios for Cb. NO2, and NO.

To determine if the selectivity racio observed with the high purity gold electrode
is veproducible, several samples of the experimenial high purity Au uséd for the
experiment were prepared. Results are summarized in Table X for an electrp&e po~
tentiostated at 0.00V vs the Pt/iir reference electrode. Excellent selectivicy is
agaln observed for all gases except HS, which always gave an equivalent signal to
MMH.

Since hlgh purity goid electrédes-fabricuted onte a rugped Teflon membrane Bave
been established to offer the most promising results for usc'asvppb level MM scaséré.
later efforts have been plaéed on optimization of this system. In an attempt to
{mprove the response characteristics of the electrochemical senscer tcwards low
level hydrazine deteciion. a study of the effect of the catalyét loading was un-

dortnken with special emphasis upon response time. Electrode catalyst loadings of

17
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EVALUATION OF DIFFERENT TYPES OF ELECTRODES
MATERIALS FOR SERSOR PERPORMANCE

TABLR VIII

Electrolyte: 23X KOH

.Potential (vs Pt/Air): 0.000V
GAS/VAPOR ELECTRODE
CONCENTRATION TESTED MATERIAL: Bi Rhodium Gold Silver
7.0 ppm MMH/N,
(uA/ppm) 6.97 14.79 15.7 2.2
Zero Alr Static (pA) 9.6 13.5 -0.8 7.2
Zero Air Dynamic (uA) 9.4 12.0 — -——
Pure Ny (uA) 9.2 15.5 2.4 7.2
SO ppm NH3 (ppm:tedi) NOT DETECTED 135:1 1>3.6:1 55:1
1000 ppm CO NOT DETECTED | 1842:1 303:1 2157:1
40 ppm MO, C a3 -4.5:1 -8.3:1 | -6.9:1
26 ppm uzslkz 0.67:1 1.1:1 0.98:1 _—
23.5 ppm NO/N; NOT DETECTED 37:1 180:1 -—
20.5 ppm SO2/N, NOT DETECTED 5.5:1 386:1 -—
Rise Time (90X at 7 12 sec. 81 sec. 9-11 -—

ppn MMH)

sec

18



ELECTROCHEMICAL
HIGH PURITY GOLD ELECTROD

TABLE

IX

CELL SIGNALS!

CHARACTERISTICS OF STANDARD AND
E SENSOR

GAS/VAPOR
CONCENTRATION ‘
TESTED Au-1? Au-2? Au-3"

' BIAS MV BIAS MV BIAS MV

0.00 0.00 0.00
7.0 ppm MMH/N2 15.7 1.9 8.5
uA/ppm

ZERO AIR - LA -0.8 1.3 0.52
PURE Ny = WA +2.4 1.3 0.51
50 PPM NH3/N, 13.6:1 32:1 64:1
1000 ppm CO/Air 303:1 94,500:1 47,333:1
40 ppm NO/ALr -8.3:1 -1,456:1 -1,639:1
8 ppm NO/Ny 180:1 NO SIGNAL NO SIGNAL
25 ppm SOa/Air 386:1 33:1 NO SIGNAL
25 ppm HgS/N, 0.98:1 0.9:1 - 1.6:1

£ w N =

Au-1 = Membrane:
Au-? = Membrane:
Au-1 = Membrane:

19

ALL THE RATIOS IN THE TABLE ARE: PPM GAS/PPM MMH
606-122, Electrode:
606-122, Electrade:
606-123, Electrode:

S'D. Au
E.\ P—Hl'-:\u
E)P-HI'-Au




PERFORMANCE OF A HIGH PURLTY GOLD WORKING ELECTRODE (EXP-EHP-1) SENSOR

GAS

Zero Air (Static)
Zero Air (Dynamic)
7 ppo MH

0.15 ppm MMH

206 ppm CO

23.5 ppn NO

38.4 ppm NO,

| 50 ppm NHj3

20.5 ppm S0

26 pra BZS

1160 ppn Freon
502 CO,

2931 ppm Hy

TABLE X

SIGNAL OR
INTERFERENCE RATIO

3.3 1A ‘.(-0.5)‘
3.4 A —
71 ppm
0.15 ppm
14,237:1 (12500:1)*
219:1  (not detected)’®
-1,196:1 (1450:1)*
142:1 (945:1) !

18:1 (not detected)!

0.8:1  —-—emmmmm—e-
——— (not detected)’
—— (not detected)’

"emm=  (mot detected)’

1) Performed at potential 150 mV lower.

20
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1.2, 2.5 end 5.0 wg/cm? were evaluated. The tesults in Table XI indicate that the
resp&nse to 1.1 ppm MMH was optimized at 45 s;conds to 902 with 2.5 mg/cm? catalyst
loadings.

To further establish the optimum operating conditions for‘the ﬁigh purity gold
electrode, the electrochemical specificity was studied as a function of potential
gsettings. Table XII is a summary of the results based on the typiéal response of
eight eenscrs. Cotimum specificity ie ob;ained at a potential of 0.000 Vélts vs the
Pt/Air reference in our gel electrolyte. This potential has then been selected for
use in all subsequent prototype inatrumentation ;estings.

In order to improve the sensors' lifetime, i.e., minimize the rate of evapora-
fion. and to impzrove the response characteristics of the electrochemical sensor, a
new>configuration of the electrodes is employed. Figure I illustrates the new con-
figuration. This new'configuration minimizes the distance between electrodes and
therefore maximizes response parameters. In addition, the new sensor configurations
will be virtu&lly attitude insensitive. It i3 also observed that improved response
characteristics are obtained when the sample is pulled through the sensor and
plumbing before the sensor is as short as possible. (See Table X111 for results).
Figure 3 is a modified flow diagram of the flow scheme which is incorporated into
the final instrument design.

The steady-state current respoﬁse of the high purity gold clectrode was measured
at various flowrates between 0 and 700 cc/min for MMH/N2 for two different elec-
trode sizes. Results are summarized in Table XIV and shown in Figure 4. It is ob-
served that the sensitivity of the device diminishes rapidly at flowrates below 400

ml/min as does the instrument response time, (See Table XV and Figure 5), therefore,

400 ml/min was selected as the operating flow of the instrument.

21



0.000 VOLTS vs Pt/Air REFERENCE IN GEL ELECTROLYTE

GAS

.

. TABLE §I
ELECTRODE L.OADIKG STUBY

RS S

ZERO (SYATIC)

.

ZERO (DVRAHMIC)

.

N2

1.1 ppm M
1040 ppm CO
9 ppm K0,
23.5 ppm 0
50 ppm N3
21.5 ppm’ 502

-

RESPONSE TO
90%

Lt e i oty
INTERFERENCE | TRTERFERENCE. INTERFERENCE
EQUIVALENT EQUIVALENT EQUIVALENT
0.05 1A 1 0.10 WA 0.90 WA
0.10 A 0.20 pA 0.45 1A
0.20 4 o.sdiuA ..1.00 VA
14.3 uA/ppm 12.69 wA/ppm 16.56 uA/PPm-
28,000: 1 15,917:1 9,383:1
N5 659:-1 923: -1 |
NOT DETECTED NOT DETECTED NOT DETECTED
3,750:1 1,684:1 358:1
NOT DETECTED NOT DETECTED 211
75 SEC. 45 SEC. 90 SEC.

22
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TABLE XII
SPECIFICITY AS A FUNCTION OF

ELECTRODE POTENTIAL®™

e

+0.100 VOLTS

+'0.200 VOLTS

» potentials are listed with respect to the Pt/Air reference electrode.

T o 4o+ Bt b i+ o e+ =

-0.200 YGLTS  -0.100 YOLTS  0.000 VOLTS
SIE:AL OR SIGHAL OR SIGNAL OR  |SIGHAL OR SIGNAL OR
: INTERFERTHCE | INTERFERENCE | INTERFEREWCE |IWTERFEREWCE | INTERFEREWCE
GAS ECUIVALEHT  |EGUIVALENT | EQUIVALENT _ IEQUIVALENT | EQUIVALENT
' ZERO |
(STATIC) - 2.08 1A - 0.30 1A 0.01 A 0.55 1A 1.08 1A
ZERD |
(DYNAMIC) - 2.20 1A - 0.30 1A 0.03 1A 0.59 LA 1.24 A
N2 . - 0.0 JA - 0.20 A 0.17 4A 0.69 WA LM
1.10 PPH 9.63 LA/ 13.97 W 15.96 WA/ |+ 18.21 w/ 13.63 W/
MH o poa ppm ppm ppm
1080 PPH CO | 79,561:1 66,961:1 " 35,519:1 | 57,0160 61,602:1
QM NOp 102:-1 37:-1 1,460:-1 | 9,919:-1 NOT DETECTFD
50 PPM NH3 | BOT DETECTED | 31,475:1 4,187:1 533:1 1,398:1
23.5 PPH KO | NOT DETECTED | WOT DETECTED | NOT DETECTED |  463:1 101:1
21.5 PPM SOp | HOT DETECTED | KIT DETECTED | NOT OETECTED |  74:1 N



FIGURE I  SCHEMATIC OF ELECTROCHEMICAL SENSOR

o B —— . P———————a) i Wt o a

INSULATOR
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"TABLE &Il

. EFPECT OF FLOW SCHEME ON INSTRUMENT RESPONSE

FLOW SCHEME .

Push thtu sensor
(Pump before)

Pcal thru sensor
(Pump after)

(A1l response times noted aro

1at 100 ppb MMH SAMPLE

> 600 seconds

130 seconds

as time to 90X of final signal).

25

2nd 100 ppd AR SAMPLE

150 seconds

95 seconds
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FLOW DIAGRAM FOR THE TOXIC LEVEL INSTRCMENT

FIGURE 3
FLOW INDICATOR
| ZERO FILTER
Q FLOWMETER
7 A
i L
2ERO L
DISTRIBUTION POSITION § ¥
VALVE SENSOR 9
OPEKATE
POSITION
INTAKE
BY-PASS
ADJUSTMENT

PUMP

EXHAUST
FILTER
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TABLE XIV

(. HYDRAZINE SENSOR RESPONSE MAGNITUDE AT VARTOUS FLOWRATES

ELECTRODE GEOMETRIC AREA

FLOWRATE 0.50 cun? : 1.33 cm?

(cc/uin) (LA/PPM) * (uA/PPM) *
50 , 2.0 | : 4.2

100 2.2 ‘ 5.9

200 2.5 ' , 6.7

400 2.6 8.6

700 - 2.8 ’ 9.5
Response Time (90% Rise) 72 Sec. 105 Sec.

) Electrode: Kigh Purity Gold.
~Elec;rolyte: 10% KOH, 2% Gel.

* Average of two separate measurements.
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FICURE &4  HYDRAZINFE SENSOR RESPONSE AT VARIOUS FLOWRATES
10 ELECTRODE AREA
e 1.33 o
0.50 Ci4?
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TABLE XV
HYDRAZINE SENSOR RESPONSE TIME AT VARIOUS FLOWRATES

RESPONSE TIME
FLOWRATE (cc/ain) SIGNAL () (903 R1SE)
30 28.2 6
100 ‘ ‘ 9.1 - 3.5
200 48.2 ‘26
400 | : 56.3 14
800 61.4 n

1000 62.4 12
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In order for this dévice to be uaefui for field measurements the instru-
ment must be able to possess envircamental stability. That {s, the instrumeant nust
retain its sensitivity and accuracy over lohg periods ofktime and exhibit miniﬁum
gensitivity to fluctuatione in ambient conditions. The zero and sp#n drift of a
typical ppd 1e§e1 MM analyzer was wonitored over a 23 test day period and the re-
sults are sumaarized in Figure 6. Por breadboard instrument prototype, the zero

and span was monitored intermittently for the first 12 days, both zero and span

Vdrift by no more than % .02 ppm. At dsy 15, the instrument was put on continuous .

testing for zero and span drift, after 72 hours of continuous monitoring, again

" the zero and span did not drift by more than * .02 ppm for MM concentration of

.288 ppm. Short term fluctuations have ﬁot.been wonitored in this experiment but
the short term effects of the instrument zero can always be minimize& by adjusting
the instrument zero immediately prior to measurements by admitting a sample‘of pure
air or séitching valve to zero position to remwove the electro;hemiéally active gases
from the inflowing sample.
D. OPTIMUM OPERATION CONDITIONS
i. Temperature Compensation

A Tenney'anironmental Chamber was used to evaluate performance as a functien
of terperature. 4

The first breadboard prototype qodel ppb level hydrazine analyzer based on the
electrochemical oxidation of the vapor was evaluated for the effects of *emperature
over the range of 0 to 40°C. The sensor and instrument output were monitored using
0, 0.23 and 0.66 ppm of MMH. When cycled between 25°C and 40°C zero shifted up 0.023
ppm and span was 5% higher with both concentrations tested. Hhen cycled between 25°C
and 0°C zero shifted down 0.016 ppm and span was 152 lower with both concentrations
tested. After cycling, room temperature (25°C) zero was within 0.005 ppm and |pan
was within 2% of their original values. These results indicated the need rfor miaa-
mal electronic temperature compensation in fhis instrument, (Sec Figure 7). Hvu§VQr
sfter further development of the sensor, this experiment was repeated and different v
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SENSOR  ZERO

SENSOR SPAN mV/PPM MMH

oV

FIGURE 7 INSTRUMENT RESPONSE MAGNITUDE AND ZERO DRIFT AT
VARIOUS TEMPERATURES

- SENSOR é JO& ppm
250
I STANDARD CE/REI@® .13 pnrm
SENSOR I1 A4
200 !
HIGH PURITY O-245
CE/RE
150
100
N
2 ) \ . I
0 10 20 10 0 "
TEMPERATURE °C
20 -
15 STANDARD  CE/RE
HICH PURITY Q
" CE/RE
t.
0 '
e 20 30 40 50

TEMPERATURE °C
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wults. were obtatned which

tt. Raspunse Time

An obs;rvation made in the coursc of a

response was more rapid to changes of 100 to

Figure 8).

This indicates that changes nedr TLV will he detected more

appears later in the text. -

linearity study was that the
200 ppb thun from 0 Lo 200 ppb, (See

rapidly than

uould be predicted by the responsc time specificaticn since it {s moasured as a

change from zero ppm MMH. Therefore,
problemn conditions is better than tha

The size of the electrode also round to affe

gponse time is found to decrease with the si

nal/concentration rativ (uA/ppm} sleo decrea

size, therefore a compromise of the

trode area of 1.0 cm? was chosen (o use

yesponse

fwa TRCIOTS must be weipghed and

thhe abiltry of the unit to erpnud to changing

time svecification would indicate.

.ot the respense time (Table X1V). - Re-

zo of tho electiode; however, the sig-

sed with the decrease in the clectrode
an optimum elec-

sanser,

The response time as ludicated hefore is also dependent on the flowrate of pas

through the sensor(Figure 5.)
characteristic; (1) difterent cntes for hve
in the electrochemical sensov
position in the sampling systow priov te

decomposition can be minimized by use of an

system volume.  However even with the

sor, response times are pleadly o

Live v

ples. Further, hydrazine has buen shes i

therefore an inert matervial, Jeflen or toly

tem cumponents that come inte contict i

T™wo mechanlsms

and (2 losses of

anavsis. Lo

eptiaum

ey of

can account for the responsca tire

ostablishment of »tcudv~u!1.“ conditions

wamylo by andsor docvm-

adsorption

seny due to adsovption and

optimum flowrate and amallest sample

gecmotry wnpioyed In the oph MMH seon-

Lol necounds for (L I00 ppm Same

i ghenjueaily active on ceviain materials,

areprione. ds weed it th. censtrn tien of

wos-

ety At
SUredn .
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TARBLE X1V

FLOWRATE

2
7.50 em”

(cc/min)
50
100
200
400

700

- ELECTRODE CEOMETRIC AREA

(pAlPeM) *

2.0

Response Time (90% Rise) 1% See.

\er Electrode: "High Purity Coid.

Electrolyte:

10% KoY. 2% Gel.

* Average of two separiate measarements.

REPRODMUCHL (Y OF THE
ORIGINAL P..i iS POOR

HYDRAZINE SENSOR RE#PONSR MAGNITUDE AT VARTOUS FLOWRATES

e LW em?

UA/PPM) *

105 Sec.

-
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iii. Saturaticn

To determine the effects of saturating the analyzer with a high concentration

of hydrazine, a spill was slmulated by preparing a 70% H2H4/30% Ho0 mixture in a
closed vessel and drawing the vapors above the mixturs into the futake of the instru-

ment. The instrument became instantancuusly saturated upon introduction-of the sam-

ple and could not be used for further analysis of ppb levels of hydrazines for approxi-

mately wvo hours after removal cof the sample. The characterisifes of the fustrument
were the same after recovery as they were prior o Lts saturation, Iindicating that
if the analyzer were exposed to a apill it could be reused with good relfability
after a two heur recovery pertod.

The magnitude of the sonvar vesponse (s dependant on the vapors cencentration
and the type of the vapor flow through the scnsor :himher; Tae relative vesponse of
hydrazine, MMH and UDMH ou pph level! instramecn vhich hoas been calibrafcd with 0.288
ppm of MMH is summarized in (Table XVIi.

E. ANALYSIS AND HANDLING OF BYPERGGLLO VAPORS

One of the most essantial phases lo the dovelepmy

of new recimolegy iz the
development of a successful ifmplementation schene for the technoiopy. In the case
of the hypergolic vapors, the reguircient ds tor doburatory callbration procedures,
field functional testing and fleld carlibration,

The calibration of itho M analvsar regulios the véneration awd analysis o€ H,
MMH and UDMHM vapor mixture and 'y snalvels Droowrandavd analyvical techaique.

A dynamic dilution system haos pﬁcn doscribed fa oo sievioss repere {(1L) to penerate
vapor mixtures of hydrazione, wotome thvihvdvazine and ansvomecr teal dimathy thydrvazine.
The dilution system and its opevatfon are sumearized an Appendix 11,

However for ppb level hydrazines wenoration, the dvnamic difution system was
found Lo be inadequate. To date tne oebe o Piable wenvee of dow Toved b)Y hivd e
zines has been Kin-Tek's permeative tobes vhen ved cem thed e mecision caiivrativn
system in an operating mede whore the vancr proces e tiv o into the analveer,

Geresey e e

[ . vl -'s. (R ‘I’{’J:

RN D PR AR 11 14



GAS

UDMH

TABLE XVI

THE RELATIVE INSTRUMENT RESPONSE RATIO FOR H, MMH, AND UDMH

Egggi SIGNAL (uA)
.288 . .288
.254 . 269
.250 .108

RATIO®
(GAS :MMH)
1.0:1.0
.944:1.0

2.315:1.0

* Ratio is defined to be the PPM of g8as equivalent to the signal of 1 PPH.MMH.
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The permeation tube method of preparation of low concentrations of MMH was Y

evaluated. Over seven days the device output concentration was between 1.2 and 1.8
ppm at 400 cc/min of Né and short term stability wag'much better as shown ir (Table
XVIil). For comp;rison, gag emitted from the permeation tube at 60°C was collected
for 2 hours into a midget impinger containing 25 ml of 0.10N H,S0,4 ;nd analyied
colorimetrically fof MMH. Calculation of the emission rate in nanograms per minute
: yielded results in fair agreement with those spe-i{fied by tha tube manufacturer.
Table XVIII shows the étability of the permneation tube over a two month period.
Utilizing the permeation tube with varied N9 flows passing over the tube, differ-
ent PPM concentrations of !MMH were generated from the Kin-Tck‘slptecision calibra-
tion system in an operating mode whe;e the hydrzzines proceeded directly 1nto.che
analyzer. Five concentrations were prepared by using the thermostatted Kin-Tek per-

meation tube calibration system. The instrument was calibrated with a 115 ppb mix-

\., ture and measuremeats were recorded with the more concentrated sample. Y (ppb MMH

found) was fitted to th; foilowing least-squares line as a function of X (ppb MMH
measured by the instrument): 4
| Y = 101.9 X 43 ppb

The standard deviation-nf the points from the line was only * 2.5 ppb which
includes the uncertainties in sémple preparation. These rﬂsﬁlts confirm ghe iinearicy
of the instrument during low rﬁngu MM detection.  Single point'callbration is,
therefore, possible without loss in accuwracy (See Figure 2). in this range.
F.  PROTOTYPE INSTRUMENT

With the optimum operation conditious, most sensitive sensors, and stable cir-
cuitry established, the prototype iustrument was asspmﬂled. Tts sensor exhibited a
typical background current of 0.7 uA and a senuitivite to MM of approximately 16

wA/ppm.  This indicates a backpreund sipnal equivaient to appreximately b0 ppb.

REPROUNTLISILITY OF Tl
ORIGIAL P 18 POOR

ez Adin

ey ok it (e %
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TABLE XVII

SHORT TERM STABILITY OF THE PERMEATION TUBE

400 cc/Min N,
PPM READING DJN
HOURS MMH ECOLYZER SENSOR
0 _—
1 ' ' 1.83
2 _ 1.87
3 1.88
4 1.88
5 1.88
10 1.89
14 1.91

41



NO. OF DAYS

14
28
42
49

63

-

TABLE XVIILI

LONG TEKM STABILITY OF THE PEPFMEATION IUBE

JIEMFERATURE °C fro] 2Py
62 | 5,35
62 6.94'
61 &, 50
62 : , 7.80
62 . £.85
61 6.7

Emission Rate (ng/min) = [MMH] PPM x 25,000

Minurtes Collecred

Rate as specified by manufacturer = 1,130 ng/min @ 60°¢C

EMISSICN RATE
Sng/min.)
1,115
1,646

937.5



FIGURE 9 LIREARITY OF THE 2R PPB LEVEL ANALYZER
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o LCD
DISPLAY
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0 200 200
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The sensor, PEMR-OD0A, hat o rise time of 2% sSecomnds e 9T of simal and a

decay time of 30 xecvands o 9% W Signal vhen tested ar 2 aph MH and A0 cofrinT Yo
of sample gas flow. A typtcal'\esquSu Is showm tn (Flaure W) oheve the arnow in-
dicates axposure of the senzer o the BN mixture and then oxposure to oo air.
The inftial signal from the sensar ts nearly fnstantaneons vhile the attainment of
steady-state occurs anly attvr several minutes.

A picture of the resulting pph leved hvdrazine analvser is shm‘\'n in Figure i},
By reference to Tahle XIX. the coatroi (unction§ of the Dastreexat can be wderstood.
The analyzer {s contalned tn a durabie metal case.  All cocrating adjustaents are
mounted on the front face of the instrument. Tuw tevels of controls to the left ot
the LCD display readouty the Grpet level comtaing switehes ror PORER u'mi BATIFRY ~usT
while the lower lavel comtains FUNcTion TESTL VL0 THOUYINACION and HORN o N
switches. Directlv ahote @ el oON/OVF SWIten Geoa ned ALARN LIGHT,  Seloe tive

display readout are calldratiwg wustments oar SEAN R nd ALARM SEG. To e

»2

ar
;

o

right of the dispiav 1eadvout ix Aoanltiopin, D opacred, chet pecepder connee
Jack. A recepracie teluw and to the IRt of e et Vol L eents 1w fine Yyam
the battery charger to Fvenarpe 3o welfer o i - Nrteart e paeer paci AT the
extreae right of the 1vent o v ote 4 twe el 18 o §ae ., S tee mwahe U
and a flow fndicator,

The flow adjustesut amd ©5 . coop pe ey - ) e e oo e hotranm qide nf oo

analyzer.  The le¥t and softaer o5 congase o~ o .. Tl hern and 1he exe
ha;mt ATIOTL The Ear e L L it g e S I LN N
ure 12 iliustrates how tha fanlru-cre: SUPSIEAT s e env s ve bt e Inteased
structure and lavour. UV mAOr coammanaenty foam ety DOt cont sined i thae Y-
half ave the Teflon sampiv in: by | i leg toag eon s L T O o
lower halt contaius Tvan o3y - SO ke e wor - R I N

battery pack, pump andt sk v nile diare.
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1.

2\

3.

13.

14.

15.

16.

TABLE  XIX

OPERATING CONTROL§ AND INDICATORS OF THE
PROTOTYPE HYDRAZINE ANALYZZR

CONTROL, OR INDICATOR

Powar

Battery Tester

Alarm Light
Function Test
Display Illuminatiog

Horn "ON/OFF" Switch

Gas Level LCD Readout

Span Adjustment

Alarm Set

Zero

Recorder Output Receptacle
ZERO

Intalke Valve QPER.

Charging Receptacle

Flow Indicator
MME L take

Flow Meter
Flow Adjustment

Case

FUNCTION

Turng pump on and off. Supplies powe:
to all circuits except potentiostat.

Checks battery condition on LCD readout.

Illuminates when an alarm condition is
reached. . :

Checks electronic circuitry, alarm light,
and horn.

Brightens LCD readout for easier viewing
in darkened areas.

Used to gilaence or aétlvate audible alarm,

Indicates the level of hydrazines in
parts per mjillion (ppm). (See note below).

Used to calibrate the detector with known
concentration of hydrazines.

Used to set the level at which the audible -
and visual alarms will activate.

Used for the precise setting of instrument
zero. .

I'rovides power and analog signal to strip

chart recorder on 0-i volt full scale vutput.

Allows "ZERO" Air to pass through sensor to
establish instrument zero.

A.lows for sampling amblent MMH and cali-
bration.

Used for receiving plug from charging unit.

Creen marker pops up to show flow through
sensor is activated.

Couples with the prode to sample ambient
air and remove particulates.

indicates flow past sensor.
Kegulates tlow past sensor.

Purable, impact: resistant protective "in-
strument housing,

NOTE: Since the instrument can analvze H, MH, or UDMH, the LD reading refers to
the councentraticn of the gas for which {t is calibrated.
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The csseatial parts of the instrument are the electrochemical sensor {11
Jucer), a pump, clectronic control and amplifications circuitry and are f1la.e - i
schematically in Figure 13. The pump draws the sampled vapor mixture Lﬁrnuu“
intake and into the electrochemicai scnsor constant flowrate. The sensor the
analyzes the vapor mixture producing an electric current which is proportionai .»
concentration of hydrazine in the Qapor mixtures. That electrical current ¥s b. i °
amplified and displayed on an LCD display showing the level in parts per milliou, o
schematic electfonic block diagram for the PPB level MMH detection is shown 12 1
ure 14. A detailed description for the electroﬁic clrcﬁit block diagram zaa *-
found in Appendix IV. Representative responses at rcom temperature are shown
Figure 10 for 250 ppb of MMH in Nj. The circles mark the 907 rise and decay ¢ .. re
and thiese are within 50 seconds of vapor mixture exposure. The precision nf SR
analyses was * 1% (Figure 15) and both precision and response times were found 0 b
improved at higher concentrations.

The instrument response was determined for several MMH concentrations and the

results are shown in Figure 16. A linear least-square analysis of the data sl iae
dicates that the ifastrument response is linear in MMH concentration within thv o ocery:
mental uncertainties in the measurcments and vields a correlation ceetfticient 7 Y v

the 0-2 ppm range. The noise level on the instrument was less than | pph MME

Studies of the effects of temperature upon the performance of the ECoLY.S. @ -
r~"r_ument for hydrazine analysis were carried out in an envireamental chamber.
observed previously (11) at temperature below 10°C, water vapor and hvdraedan:
condensed in the instrument intake tubing and it was very difficult to obtain e
rate and representative results. Special precautions were taken to utilice cal -
dry gas mixtures and exclude room air from the environmental chamber ad the

level analyzer. The results of these experiments are reported in Figure 7. 1%
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FIGURE 7 INSTRUMENT RESPONSE MAGNITULCE ANb ZERO DRIFT AT
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sor output (Figure 17) oxhlb(cs‘only sllght.vnriatinn ixo$.0;20°c hut shows a span
variation of 25-35% over the t;mperutnru region of 20-40°¢, ‘Mure Lastrument to, -
ings and data has té be cbtained before a proper temperature compensation can he
incorporated into the instrument.

Instrument zero changes (Figure 18) of % 100 ppb are observed usiog this in-

strument but this poses little problem since the instrument can easily be zerced ¢

the field immediately prior or suhsequent to vapor measuvements,

The zero and span drift measurvemonts are complicatoé efince there is-a simni-
taneous time dependence for zero and span drift occurvring along with the tewpura-
ture measurements. The zero drift of an intermittently operated ppb analyzer wwas
4 ppb over a period of 7 days and the span drift was 5Z over the same period.
These drifts are necessarily included in the reported tewperature neasurcaeents.

From the descriptive inztrumeat data collected, the general Instrument spo i

fications are given in Table XX and XXi. By comparison with Table ' and L1 {1nve

DUCTION), we note that the design goals of the program except the ro-gense time

have been achieved., It iz alse fapoartant to point <ut that the zers and spon ssaci-

fication given in Table XXJ n.e wvalid under typical ambient air tomderature vwioia-

tions. At extreme temperature condltions zere asd snan Govidiiors wiil be exae ted

as no elecironic temperaturs tompeincation hos heoa incorporated dn e ansloaent
this time.
In any {icld use. the sefectizity to detect e wosis vaper 0 et tons 0

presence of olher atwespherfe coagsituenrs Je oaboobaie b omamy ol e e e

ment. ‘The interferences due to selected podlutants for this specif il tndvesieg oo

zor are glven in Table XXIi. Tho major interfcreonce da foond to

constituents of ambient alr aamsdvl Wa, Q0o 00 Al 0, 2 o e it i

sensor and hence do not interte-o wid

pipito el el Y 'ux_" '1‘1'11:,
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_TABLE XX

PROTOTYPE TOXIC LEVEL iﬁS‘l‘RUHEN‘I DESIGN SPECIFICATIONS

Description

INSTRUMENT TYPE: ’ Portable, Single Readout of MMH (H or
: UDMH) Vepor Concentration in air or
diluent gas. .

SPRCIFICITY: Sengsor responds to all Hydrazine types
(4, ¥MH and UDMH), but does not differ-
‘entiate batween them. The unit is
calibrated for the particular gas of

interest.
RANRGSE: : ' 0-2 pp= with 1 ppb ;eaolutlou. '
smxuvm: ' Readablg to 1 ppd.
ALARM: | Audidble horn and visible light, adjust-
able trigger level. '
TEMPERATURE RANGE: - 0-60; c
RELATIVE HUMIDITY: ' 10-95X RH (can oéera‘:e at 0-100% RH but

is designad for extensive service between
10 and 95% RH). ‘

DIMENSIONS (Maximum): : : 2l.cm 30.5 @ x 10 cm (8.27 in x 12.0 {a.

WEIGHT (includes case and atrap): 5.0 kg (11 1lbs. .4 oz.)

READOUT: . LCD DPM with 3¢ digits. Recorder outputs

provided.
CONSTRUCTION: Ruggedized, hazard pruvofed, insensitive to

changes in position.

POWER: . ' Battery, 8 hours continudus, with pro-
vision for recharge. For an hour total.

CURRENT DRAIN-NOMINAL: OFF, 0.002 A; ON, 0.i10 A on (with full
alarm 0.310 A).
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PROTSTYPE TOXNIC LEVEL INSTRUNEN

RESPONSE TIME {(to 901 of realing
change at 0.1 ppe or shove:

ACCURACY (at 0.1 ppm or

FRECISION:

ZERQ DRIFT:

SPAN DRIFT:

NOISE:

INTERFERENCES:

«l ]
=

o e e e g ament

REPRONUCIPIITY OF TUE
ORIGINAL T'ATY i3 POOR

PORMANCE CHARAULERISTIUS ~

Pescription

PR,

33,5 minutes. Vivcually twemcdiate
response Lo 29X xianal and & toe g
winutey to 99-100T slgnal. . t

:
¢ 10X (Mependent upon aocun.acy vl
cajitvration method and withi proctaion
af fnstrimaent).
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TABLE 1

DESIGN GOALS

PORTABLE HYPERGOLIC VATOR DETECTION INSTRUMENT -

GOAL

INSTRUMENT TYPE:
SPECIFICITY
RANGE:
SENSITIVITY:

TEMPERATURE RANGE:
RELATIVE HUMIDITY:
DIMENSION§ (Maximum):
WEIGHT:

READOUT:

CONSTRUCTION:

POWER:

ALARM: |

Portable, Single Readout of
Hydrazine Vapor Conc. in Air.

Sengor responds to all Hydraziwe
types (H, MMH and UDMH), but need
not differentiate between thea.

0-2 PPM with 1 PPB resolution.

0.05 PPY minimunm detectable conc.
readable to ¢t 1 PPB. '

0-40°C.

10-952.

8" x 8" x 16",

< 12 1bs,

bigital, readable in sunlight 3

digit resolution. Also provide a
recorder output.

Ruggedized, harard preofed. insen-:
sitive to changes {n position.

Battery, 8 hours continuous, with
provision for 105-125V AC pover/
recharge jack.

Audible alarm and light alarm, ad-
Justable trigger level.
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CTARLE 1Y
INSTRUMENT PERTORMALGE (0AD S

GLAL

-—— —— et emmesi smie time e e e

RESPONSE TIME (to 90% of
reading change at 0.1 PPM
or above): . i . I seconds

ACCURACY (at 0.1 PPM or !
above): i

PRECIS10N: f LA

1]

ZERQ DRIFT: ! 1 FLs. per day

SPAN DRIFT: . © U EUSL per day

*

NOTSE: S T 1T FLSL per day ' !

INTERFERENCES: Teliaeing pasen will sive the
Trerterence fatio shown ar preat-

vope

CAS ' ' INTRREERUNCE RATIO GOAL

FREON - , G RE

<o R S T '
i : .
i
. Na. O, Ha, Ar,
Hey Gy and Go, ’ o Mo Heapogee
1

REPiy O,
ORIGINAL Pasp 1
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TABLE XX11

INTERFERENCE EQUIVALENTS OF SELECTED POLLUTANTS

READING DUE T0
INTERFERENT ON MMH

INTERFERENCE RATIO
PPM INTERFERENT =

63

GAS_MIXTURES IN PPM PPH_MMH
288 ppm MMH .288 1:1
46.3 ppm NO/Alr .008 5787
2931 ppm H, .002 1465500:1
© 1015 ppm CO/Air .012 84583:1
50 ppm NH3/N, <.019 2631>:1
46.6. ppm NO/Np -.004 11650
21.5 ppm 503/Ny ‘ -.004 . . -11650
902 ppm HjS .860 1.049:i
= 10° ppm X, -.004 -11650:1
1060 ppm CO2/Air 0.00 o |
1160 ppm Frecon-1Z .002 580000:1
Afr 0.000 0
19.4 ppm CoH,/Air 0.000 0



In order to sample apecific locatlons at a distance from the instrument in- -

-

take, a remote sampling probe (Figure 19) déveIOped and described in a previous re- ®
port (1l) was used and cvnluaked for Ehg instrument. The response of the ppb level
analyzer 1s shown in Figure 20 for 200 ppb MMl with the 5 foot Teflon probe attached
to the instrument inlet. The response i{s the same magnitude as the instrument withe
out the probe except a slightly longer time is required to achieve the steady-state
signal. This means that calibration of the 1nstrlmwht'wlthnut.the probe, will not
cause error in the field when sampling with a prob¢; Howvever f{t {s recormended ro
calibrate with the probe in place since this wiil also ensure proper probe performance.
The activity of the MM senzor for all the hydrazives f.e., H, MU, and UDMH are
measured. Results are snmmmr}:ud tn Table XNI'1. A keowledpe of this activity will
allow one to calibrate the instruwment for elthor H, MM, or UM and by fatroduction
of an appropriate scale fracticn abtaining an accurate ﬁnasuremcnr for oaéh of these
vapors. The ppb analyzer tvhen calibrated for MK will be calibrated for H by mnlvi-
plying the observed MMH reading by 1.06, and vil} he caltbrated for UBMI by multi-
plying the observed MMH readings by 0.37. Those calil:ratlon factors are accurate o
* 107 at present and are appirable in the lincar “ange of rhe iastrement. Hows ver,
long term drift and temperature che-ccteristics o: these an-ivaes have not been & oo
pletely verified. Continufag effects have been nder taken te refine the érnss*rsli—
bration fractio: 1a ovder to be able to eortfiv car sach (nstresent and allow aceornte
field measurcments of all the hvdrasidges with onlyv 3 sic ela cadlibhratton,

lHydrnzines (H, MMHE, BN fend Tena beon estab?isliod o mndereo oxidat bee Je-
composition in air (12,13,14,1%). Recently, we have observed that the toxic jevei
analyzer does not give the same response to HSH in Air and in Nyoin the =ampling

system. llldt"Pi‘l\(](".ltly HASA (16) Lod abserved v virme tesu'ts, tu ordevr o ver{ sy

Voo,
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To ANALYZER
PROBE RECEPTACLE

S FT. EXTENDER _______.)”.’
SECTION (3 NEEDED
FOR 20 FT. PROBE)

FIGURE 19

REMOTE SAMPLING PROBE ASSEMBLY
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FIGURE 20 BPFECT OF REMOTEZ SAMNPLING PRORE ON MMH RESPONSE

AIR

| N0 PROBE LANPLE ON

-t
4
1 L i 1 1 ! ! i N
10 8 6 2 2 ‘
AIR S FEEY PReaz M
| |
o SAPLE opi -
i
s |
Siae -~ -
oy ?
/ "
| A0 SECONDS \‘ -
Ty ugon
-
! i
{ ‘ h
¢ 1
/ | ‘
H .
, } !
- . }
nw’/ ! ) '
e e i {
——— ' }
, e g
i 1 O SR - - —— — e T Rt NN S .-«‘i
i ) n{ t
T MY,

240
PPB
200
100

120

80

4G

240

0!

200

120

L%



TABLE XXIII

THE PROTOTYPE TOXIC LEVEL ANALYZBR RELATIVE
RESPONSE RATIOS FOR H, MMH AND UDMH

cAS CONC. (PPM) SIGNAL yiA/PPM RATIO (GAS:tH)
wa 250 16 1:1
u .254 7 0.94:1
“uov .250 6 RS

* Ratio is defined to be the PPM of gas equivalent to the signal of 1 PPM of MMH.
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that the diffarence in Aif/Ng reading is dué to a éampllng decomposition problem

v

rd

rather than an artifact due to the electrochemical seasing approach, the following gx:'
perimer ts were undertaken., In one set of experiments, the MMH permeation device is
allowed to equilibrate in air overnight, the MMH/Air mixture is then introduced into
the electrochemical sensor directly from the permeation systeﬁ. The e#periment was
then repeated with Nz(aa the diluent gas. For comparison, colorimetric determina-
tion of the MMH concentratibn 1s alno recorded. Reaults for this set of expériﬁents
~ are summarized in Table XXIV. |

It can be seen that both colorimetric and elect:échemical measurements give
significantly lower MMH concentrations In air than in Ny. ‘The lar;e concentration
difference observed in air can be attributed to the fact that a high temperature for
the permeatioﬁ device (60°C), long equilibration time wich afr and low concentration
of MMH usad all, maximfzed the decomposition process. To further support this hy-
pothesis, another experiment was performed where the }ﬂﬁlptrexm in Né from:thc out-
let of the permeation system was ulxed with either air (20% oxygeﬁ) or Ny through
a Teflon T-}oint before it entered the electrochemicsl senser. At all concentrations
studied, no difference was ocbhserved for fhe MM concentratiom feadcut in air ov in:
Nittoﬁen (Table XXV and Figure I1). These experiments clearly support the ldeas
that: |

1) Significant oxidative decomposition had occurrad in.the permeation device
at the expérimental condltions if alr was uséd as the diluent gpas.

Z)F Colorimctric.mcch;ds éor detection of MMH Lack specificity and are penerally
not sensitive to coﬁcenrrntinns < .25 ppm.

3) The eloctr&chemicul seusor 1 selective towards I8, and only MMil, whether
in Nz or Alr, and aot s air decomposition preducts,

R!':PR(;'\“.-,‘..
M 3pars L
CIGR A

¢+

[HO-T2) ll‘lE
IS Poog
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TABLE XXIV
CCMPARISON OF ELECTROCHEMICAL AND COLORIMETRIC METHOD FOR
THE DETERMINATION OF HYDRAZINES IN AIR AND IN NITROGEN
CONC. ANALYZED
CONC. (PPM MMH) LCD READOUT
COLORIMETRIC ELECTROCHEMICAL
.288 (AIR) .0575 .0275
.288 (N2) .288 .288
S1IGNAL SIGNAL
MMH (AIR) MMH (Nj) 0.2:1 0.08:1
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TABLL XXV

COMPARISON OF THE YRUTOIUYPY TONIC LEVEL ARALYZER RES 5vIE

Vil

TO MEH LN AR AND IN i PROGEN

L0 REABCUT
CONC. MMH (PPY) (PPM 10u)
{FROM PERMEATICN) WA

DEVICE _ ATR . K2 LAtng /O

.309 LD : L2326
447 L4608 by SNSRI
.577 : LRIl .55 PP

.565 L6320 L0322 ' L6

Pevmeation flowrate: 0.5 Limia.

\or Alr or Na flowrate: 1.8 Jrmin. > 208 Jledn,
2

o



4 FIGURE 21 COMPARISON OF THE PROTOTYPE TOXIC LEVEL ANALYZEK VESEUNY
T . IN AIR AND [N NITROGEN
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4) Reliable calidzration of the MU procotyps fusivasent should be done using
hydrazires/in nitrogen sixrures

CQUNCLUSTONS AND RECOMMENTATIONS

A prototype electrachamical famitiewent capable o PR level aveergolic vapor
A ¥ A E

genaing haa been .evelened, dosigned, fabricatad and tesied., Aciessery hardeaie and
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that the instrument 48 bde’ -3 cajihrated with the gRe o1 Leroxtoand o the absence

9f Interferences from the other vises during maasuredmeris.  F1 000 the fesporse tisme

vequivemant, whicn regurea further dove

requived Jdesipn gosin tyadic XM, NuTU TN
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TABLE XXvi®

DESIGN GOALS

PORTABLE HYPERGOLIC VAFCR DETECTION SENSORS

GOAL SPECIFICATION
INSTRURENT TYPE: Portable, Single Resdout of Accocplished
: Hydrazines Vapor Conc. in Alr. )
SPECIFICITY: Sensor respanda to all Hydra- Accorplished
sine tyvpea (H, MSH and UDMH) , The unit is call-
but need not differentiate brated for the
between them. particuler hydra-
gine of interest.
RANGE: 0-2 PPM with 1 PPB resolution. Accomplished
SENSITIVITY: 0.05 FPM munizmu= detectadble
conc. readable to * 1 PPB. Aczonplished
TEXPERATURE RANGE: 0-\0°C Accoxplished
RELATIVE HUMIDITY: 10-95% Accomplished
DIMENSIONS (Maximum): 8" x 8" x 16" Accomplished

WEIGRT:

READGUT:

QONSTRUCTION:

POWER:

ALARM:

. vide a recorder output.

t
1
!
i
H
i
1
]
'
1
{

< 12 ibs,

Plaital, readadle dn sunlight
3 digtr resolutiea. Aiso pro-

Rupgedized, hazard proofed,
fusensitive o changes in

posfuion,

Ratterv. R hours continucus,
with provision for 103-1233V AC
sowerirecharse Jack.

anﬁeame&miimhtxhnm

adjustacie trigpet levedi.

8.27 » 3.94 x 2.0%

Accomplished

11 lhs. 4 cz2.

Accomplished

Accomplished

\ceorplished

Acvemplished

P
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TARLE XXVIL
INSTRISENT PORPORMANCE GOALS

GOAL SPECIFICATION
RESPONSE TIME (to 90X 30 eeconde 1-3.5 minutes
- of reading chamge at Virtually femediate
0.1 PPt or abova): vasponse to 25% signal
and 4-7 minutes to 99-
100% sigasal.
ACCURACY (at 0.1 PPM t 10% Accomplished (Dependent
or above): upon accuracy of celf-
oration mathod and within
precision of instrument.
PRECISION: -2.1X F.S. Accomplished.
ZERO DRIFT: < 1% F.S. per day Accomplished.
SPAN DRIFT: < 1X F.S. per day Accomplished.
NOISE: 2 1X F.S. per day Accomplished.
. NTERFERENCES : The following gases will give the interference ratio
shown or greater:
GAS INTERFERENCE RATIO COAL MINIMUM TYPICAL
NH4 100:1 150:1 1,000:1
| N0, 100:1 15021 1,000:1
i .
* FREUN 1,000:1 NOT DETECTED NOT DETECTEN
; CC 1,000:1 3,000:1 75,000:1
NO 5,000:1 NOT DETECTED
SO: 200:1 NOT DETECTEDR
Hy 500:1 NOT DETECTED

Nz. ﬂz‘ Ar, He,

HaS

NO RESPONSE

NOT DETECTED

1:1

NOT DETECTED

1:1

’
]
t
|
]
t
|
i
'
i
f

o ———— o . . .

;,, Ty N e e
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Present limizations of the sensing techniqua arv. speci ficirf. reaponse ilme,
seﬁsor lifetime, and expanded detection ranges. These characteristics can be {m-
proved by further sensor developments, and more fiuia tesed ngd along with faprove-
ments in accuracy, envirormentsl stabil .:y. sensftivity and attitude insensitvivity,

Tha permeation tube wethed of pr eparation of low con tration cf hydrarines

was evaiuated and its veliability was cecadblished by cowparison with both celori-~

wetric and electrochemicsil methods. The el ectracnenical method 1s further vstobliched

~

to be more selective than the colorimetr rie mechod towirds W dertection. Caltbration

of the prototype toxic level analyzer 15 thus recemnonded to be duone with hvdrazine

afixtures in nitrogen, as cxidative decompogltion of Mvirs:iine has heen showm " to vecur

in the preeence of ajc. The pretotype fastriment ale~ shows na J{ference in re-
Sponse to commercial hydrazines or atr fovce arada proreslant ndrazinen.  Yuryre

applicatiors of electrochenicel sens sing techoniogy <Ll to made in the deve brpment

of analvtical inetrumentaticn, desimeters and safe’ . moriisns 1ar hupergaidt s vagors.

-
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APPENDIX I
0§BRATIOR or P!BH!ATION TU3E CALIBRATIOﬂ SYSTEM

A permeation tube calibration system is necessary for continuous generastion
of hydresines vapor mintures between 0.010 PPM end $.000 PPM. The properation
of accurate ond precice low concentration vapor blende using secled parmeation
tubes requircs accurate control of the sbsolute toeparature of the permeation tube,
procise control and accurate eeasurcmen® of the dilusnt flowrate and cereful
oelection of matorials im contact with the low coacemtration blend. Figure 1 is o
flow achematic of s Hodsl 670 Kin-Tek Precision Calibration System uced for thie
purposa.

The syoten operates by maintaining a constant temperature at which a permea=
tion tude emitts & known weight of the vapor at a constant rate into a diluent
strees of 99.9998% Nj;. N was most frequently used as the diluent since hydrazince
vapore were found to be more stable in N2 then Air. A controlled flow of the di-
luent ges pssses through a preheating chamber which is used to werm the gas to the
sans temperature st vhich the tube ia thermostatted. It then passes through the
perzeation tube glass chamber where it picks uo and mixee with the vapor. The
blended vapor then exits the system and ig connected directly to the enalyzer via
8 manifold vhich allows venting of excess calibrution gas through a scrubber -

See Pigure 2,

To set up the calibration system, the diluant gas source at 25 poi (in the
case of N2, a gas tenk) ieé connected to the intake of the calibration aystem markad
Diluent In and the flow is set to & point wvhere tlhe float of the 1 to 5 liter/min.
flowmater i@ raiced just above zero. The tesperature of the system {a set to 60°C
and allowad to warm-up for 1 hour., A 10 cm. H, M¥H, or UDMH permeation tube which
hes been certified at 60°C is inserted into the system and alloved to cquilibrate
overnight.

The diluent flowrate ia then adjusted to some rate equal to or greater than
2.0 liters/min. and the vapor mixture is ready to be sampled.

The concentration of the vapuc can be determined by knowing the emission rate
of the tube at 60°C and the flowrate of the diluent. The equation giving the ppm
vapor concentration by volume {s: N

s L SRR
c= 5——2—5 x 10° ppm

C = concentration of vapor leaving the system in PPM (volume).
- P = emisasion rate of permeation tube in grams/minute.

K = unit C(‘version factor peculiar to the particular permeant vapor
(24.45/mo0l wt. of permeant).

. F = diluent flowiate measured in liter/minute at 25°C and 1 atm.
(For example using 10 cm. MMH tube at.60°C whose certified rate = 1,086 ng/min.

and N; diluent flowrate of 2.5 liters/minute.

[MMH] = 1086 x 10 _hP /min. x 0.531 liters/gm.

0®
.S liters/min. x 107 ppm

= 0.23] ppm

Concentration can be changed by altering flowrate, varying temperature, or using
varfed quantities and/or lengths ot permeation tubes.

19
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APPENDIX 11-
OPERATION OF TUE HYDRAZ[NES DILUTION APPARATUS
7

A. The Hydrazine Dilutfon Apparatus is used to make hydrqzinss vasor mixtures of
+ 1 ppm to > 100 ppm in a continuous manner.  The dilution apparatus is shown {n
FIGURE I-A-l, which {8 contajued {n a large fume hqod. since the hydrgziﬁos are of
a tonic end dangerous nature. Alsu, 4ny bottles or vials of neat hvdrazincs are kept
in the hood.

The apparatus operstes by supplviag a4 uniform jow floe of llquidluydrnzine.
MMH, or UDMH conta!ned in a iC pf Hamilton syringe with a Sape Médél L syriﬁge pnp
through a aeptum gealed port into A custom fahricated plass mixing>4ppnra:ﬁ3_}hrouxh
vhich a diluent gas floua., 99.9998% Ny vas mast frrquent}y uend as a diluanc wince
hydrvazines vapcré were found t- be more stable fu H) than alr.  A conurslled flow of
the diluent gs§ passes thyough 2 frc-;ﬂnd]tinning cﬂamber, wﬁlrh mav be used to warm
the gas stream when relarively high cencentrations Cro0) opm) éf Hydrazlines ate desir-.
ed. 1t then passes Lhé syrioge needle, picking up the vapuer aad inte a 1 liter bul
which mixes the Qapnr and diluent pas. The vaper mixtoce then miv be dividsd by‘run
teflon glass valves ond the sampline stvean pasees ; a7 Matheson ficvanter.  The
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directly from the sample oxat nirecr.
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put on a ﬁigh epeed until the carriage is ju:t pushing the syringe plunger. The pump
is then adjusted .o some lower delivery rate (for example settings 60X flow X TE%E’.
Afrer allowing 15 minutes for the system to reach oteady state, the vapor mixture-is
ready to be sampled.

The theoretical concentration of the vapor can be found by knowing the delivery

rate of the liquid and the flowrate of_the diluent. The equation giving the FpPm vapor

concentration by volume is: : : ml '
: AD X 24450 mole X 10° ppm
(MH, H, or UDMH] = MF
where: A = the delivery rate Hydrazines liquid ( min ). pw s rerre
gIII?GRODbCL-'H,! Yy op 1y
D = the density of the liquid (g/ml). INAL PaGi: 15 pogg

B __
M = the molecular weignt of the 1iquid (mole).
F = the flowrate of the diluent (ml/min).

Since the syringe pump delivery 0.024 ml/min for a 10 UL sy:inge at pump setting 100%

Flow X 1, A is given by: . o
BC (2)
A= 0.024 ml’min 100% .

where B = Z Flow

| S N .
C"XI, X‘l—(‘)‘. xl00» or : 1000 . .

Substituting equation (2) into (1) gives:

0.024 ml/min BCD X 24450 ml/mole ¥ 10° ppm
(MMH, H, or UDMH] = M F 100% (3)

(For cxample MMH at pump settings 60% X I%ﬁa and diluent flow of 700 ml/min yields

0.024 ml/min x 0.866 g/ml x 60% x _ 1 x 24, 450 ml/mole x 10° ppm
[MMH] = 1000 = 9.4 ppm
x 46 g/mole x 100% x 700 ml/min :

Bag samples are collected by disconnecting the sample stream from the flowmeter
and connectingﬂa Teflcen bag to the sample strcam. The ag is left on until it i1s 95%
full. The bag is then removed and its valve is closed. The sample stream is replaced

on the flowmeter. The bag may tnen be calibrated colorimatrically or electro-.nemically

and used for rcmote sampling.



For direct sampling the sample stream is connected to a 500 ml plastic bottle
with a sample exit and a vent. A portion of the sample stream is then drawn for

testing.

-
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APPENDIX IlI-A

DETERMINATION OF GASEOUS MONOME THYLMYDRAZINE

A. Preparation of PDMAB Dye Solution

1) MIX:

' 1.6 g. dimethylaminobenzaldehyde
15 ml concentrated HCL
200 m1 Methanol

2) Store the dye asolution in en amber bottle in a dark place.
Shelf 11f: two weeks. o .

B. MM Stock Soluiion, 100 ppm
1) Carefully weigh 0.156 g. of MMH. H,504 salt on an analytical balance.
2) Completely transfer the MMH . H2S04 to a 500 ml volumetric flask con-
taining about 100 ml 0.1 N H350,. Shake the flask, dissolving the M.
H;S04. Fill to the mark with 0.1 N H3S04. :

C. Use of the Spectronic 20 Colorimeter

1) With the instrument of f, ensure that the “"hlue" phototube, number
. CE-AS9RX (gray internals), for wavelengths less then 650 nm 1is installed.

2) Turn the instrument on by rotating the Power - Zero control clockwise
and allow the instrument to warm up at least 30 minutes before use.

P

D. Sampling

1) Pipet 25 nml of O.1N Hp504 into a midget impinger with a bubbler attachment.

2) Connecct the inlet of the impinger to a female fitting to allow easy bag
sampling. Connect the outlet to a flowmeter and the flowmeter to a valve
and the valve to a pump with tygon tubing (See Figure 111-A-1).

3) Turn the pump on and adjust the flowrate between 700 and 200 cc/min with
the valve. NOTE the flowrate.:

4) Cal:ulate the time needed to collect the desired volume of MMN/NZ or MMH/Air
by the equation: __Volume
Collection time (Minutes) = F.R. (cc/min).

Connect the bag sample or other source of MMH vapor to the impinger inlet
aud start stopwatch.

5) After collecting for the desired time, remove bag or other source of MMH,
stop stopwatch and turn of f pump.

6) Collect 106 liters at 0.1 ppm MMH, 10.6 liters at 1 ppm MM, and 1.06 liters
at 10 ppm MMH. This volune nceds to be determined by trial and error for
unknown vapor samplies.
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J)

&)
S)
6)

)]

8)

9)

- Anelyods
1) Turn on the Spectronic 20 and allow it to warm up. ‘ i
. ok
2) Prepare & blank by pipeting 5 @l of O.IN HgS0, to one of the test tube i

cells supplies with the colorimeter.

Pipet 5 ml of the sample aclution .in the impinger to a colorimeter test
tube.

Pipet 2 ml of the PDMAB dye solutien to each of the test tubes.
Stop per the test tubes and allow to stand for 30 minutes.
After 30 oinutes, read the I as fcllows:

a) Set the Spectronic 20 waveleagth dial at 457 nm and
adjust the zero control 8o that the meter reads OAT
with the cell holder emp:y and the cover clesed.

b) Ensure that therc arc no bubbles in the blank sample
and wipe the outside of the cell clean with a tissue.
Open the cell holder cover and ineert the tent tube
cell, aligning th. wmeck on the cell with cthe line on
the holder.

¢) Cleose the cover and adjust the LIGHT control until
the meter reada 100XT.

d) Remove the blank and save for future use.
e) Ensure that the sample cell contains vo bubbles and
wipe the outside ciean with a tissue. Insert the

cell in the holder, aligning the mark on the cell with
the merk on the holder.

£) Close the covetr and read %2T. NOTE the results.

g) Repeat, steps b.c,d,e, and f three times and take
average AT value,

Remove sample from colorimccer. 1f sdditioual samples have been pre-
1 p
pared for measurcwent, repeal stirs to through bf for each sample.

Convert the average #T of the sample o A (2bsotrbance) by the formwula:

Log

A e icz (2T)

Obtain the MME value from tho calibration curve.
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G.

Calculation
The concentration of gaseous MMH in Ny or air is found by the equation:

ppm MH = A 13.3
A

A ® ppm 188 1in the solution aample.
V = volums HHH/N: or MMH/Air collected in cc?

Calibration Curve

1) Prepare a 10 ppe MM standard solution by pipeting 10 ml of the stock
solution to a 100 ml volumetric flask and diluting to the mark with
0.1N HyS0 4. Repeat for standard solutiona of 8,5,2 and 1 ppm MMH by
pipeting 8,5,2, and 1 ml respectively instead of 10 ml.

2) Follow steps E1 through E8 in the analysis using the standard solutions
_as samples. Plot A, abasorbance, va. ppm MMH on graph paper. Draw the
best straight line through the points and extrapolate to O ppm.

3) A separate curve shall be prepared for each colorimeter. A new curve,
shall be prepared if it is necessary to change the colorimeter lamp or
phototube.

4) Standard samples should be run periodically (i.e., one with each days

calibrations) to check the accuracy of the calibration curve.

NOTE: This procedure may be modified to fit the individual operators
needs.



W

L

ITFNIIWI 12

w

¥

Vg ted
B T

REPROUCIBLLITY OF - .f.tE
ORICINAL PAGE IS POOE

d2L3W
MO1d

JHNd w

]

JATYA

b
. - ——— ¢ -wmmn -~ G



),

C.

APPENDIX IlI-B

DETERMINATION OF GASEOUS HYDRAZINE

Preparation of PDMAB Dye Solution

1) Refer to Section A in the Determination'of Monomethylhydrazine
Appendix II-A.

NoH, Stock Solution, 100 ppm

1) Carefully weigh 0.152 g. of N2Hg4.(HC1), salt on an analytical balance.

2) Completely transfer the NaH4.(HC1)z to a 500 ml volumetric flzak
containing about 100 ml O.1N HClj. Shake the flask, dissolving the
NaH4.(HC1l)3. Fill to the mark with O.1N HCl.

Use of the Spectronic 20 Colorimeter

1) Refer to Section C in the Determination of Monomethylhydrazine; -
Appendix II-A.

Sampling

1) Pipét 25 ml of 0.1N HCl into a midget impinger with a bubbler attachment.

2) Refer to Sections D 2-5 1in the Determination of Monomethylhydrazine,
Appendix II-A.

3) As a guide, collect 19 liters at 0.1 ppm H, 1.9 liters at 1 ppm H, and
0.2 liters at 10 ppm H.

Analysis
1) Turn on the Spectronic 20 and aliow it to warm up.
2) Prepére a blank by pipeting 25 ml of 0.1N HCl into a small vial.
3) Transfer the entire impinger sample to a small vial.
4) Pipet 1.25 ml of the PDMAB dye solution to each of the vials.
5) Cap the vials and allow to stand for 20 minutes.
6) After 20 minutes, read the ZT as follows:
a) Set the Spectronic 20 wavelength dial at 457 nm and
adjust the zero control so that the meter reads OXT
with the cell holder empty and the cover closed.
b) Rinse a test tube cell twice wita the blank and fill
halfway with the blank. Wipe the outside of the cell
clean with a tissue. Open the cell holder covcT and

insert the test tube cell, aligning the mark on the
cell with the line on the holder.

B s IR
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c) Close the cover and a#fust th: LIGHT control
until the meoter ready 100%T,

d) Remave the hlank =ad save for future use.

e) Rinse a vell twice with the sample and fill
halfway with the sample. Wipe the outside
clean with tigsue. Inser the cell in the
holder, aligning the mark on the cell with
the mark on the holder. :

£f) Close the cover'and read XT., NOTE the ré-
- sult.

g) Repeat, steps b,c,d,e, and f three times
and take average %T value.

7) Remove sample from colorimeter., If additional samples have been prepared
for measurement, repeat steps 6b through 6g for each sample.

8) Convert the average %T of the sample to A (absorbance) by the formula:

A= log (100)
AT

9) Obtsin the NyH, value from the calibration curve.

Calculation

The concentration of gaseous N2H; in N or air is found by the equation:

ppm NoHs = A 19,1
\

A = ppm NoH, in the solution sample.
V = volume NaH,/Nj or NoH,/Air collected in cc?

Calibration Curve

1) Prepare a 10 ppm NoH, standard solution by pipeting 10 ml of fhe stock

solution to a 100 ml vclumetric flask and diluting to the mark with 0.1N
HCl. Repeat for standard solutions of 8,5,2, and 1. ppm NoHg by pipeting
8,5,2, and 1 ml respectively instead of 10 ml.

2) Follow steps E1 through E8 in the analystis using the standard solutions
as samples. Plot A, absorbance, vs. ppm NoH, on graph paper. Draw the
best straight line through the points and extrapolate to 0 ppm.

3) A separate cover shall be prepared for each colorimeter. A new curve,
shall be prepared it if is necessary to change the colorimeter lamp or
phototube. i

4) Check calibration oftep by analyzing a standard sample.

ok
e
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APPENDIX 1II-C

DETERMINATION OF GASEOUS UNSYMMETRICAL DIMETHYLHYDRAZINE

Preparation of Buffer Solution

1) MIX: 9.6 g Citric Acid

15.7 g NaHPOy
2 liters distilled water.

2) Adjust the pH to 5.4 (with a pH meter)? with citric acid?

UDMH Stock Solution

1) Fill a 500 ml volumetric flask with buffer solution to the line.

2) Transfer (63 x (purity of UDMH) ) ul of neat UDMH with a 100 uf syringe
to the flask. Shake the flask.

‘Use of the Spectronic 20 Colorimeter

1) Refer to Section C in the Determination of Monomethylhydrazine Appendix
II-A. .

Sampling

1) Pipet 25 ml of buffer solution into a midget impinger with a bubbler
attachment.

2) Refer to Sections D 2-5 in the Determination of Monomethylhydrazine,

Appendix Il-A, however the flowrate through the impinger should be
between 200 and 400 cc/min.

3) As a guide, collect 33 li.ers at 0.1 ppm UDMH, 33 liters at 1.0 ppm UDMH,
and 0.33 litevs at 10 ppm UDMH.

Analysis

1) Turn on the Spectronic 20 and allow it to warm up.

2) Prepare a 0.1% TPF solution by transfering 0.1 g of trisodiumpenta-
cyanoaminoferrate into 10 ml volumetric flask and filling to the mark

with distilled water.

3) Prepare a blank by pipeting 7 ml of the buffer solution to dne of the
test tube cells supplied with the colorimeter.

h)_ Pipet 7 ml of the sample solution in the impinger to a colorimeter test tube.
5) Pipet 1 ml of the TPF solution to each of the test tubes.
6) Stop the test tubes and allow to stand for 20 minutes.

7) After 30 minutes, read the %T as follows:

93
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a)

b)

c)

d)

. e)

£)

8)

Set tho Spectronic 20 wavelength dial at 500 nm and
adjust the zero control so that the meter reads OXT
with the cell holder empty and the cover closed.
Ensure that there are no bubbles in the blank sample w7
and wipe the outaide of the cell clean with a tissue.

Open the cell holder cover and ingert the test tube

cell, aligning the mark on the cell with tue line on

the holder. :

Close the cover and adjust the LIGHT control until the
meter reads 100ZT.

Reﬁove the blans and save for future use.

Ensure that the sample cell contains no bubbles and
wipe the outside clean with a tissue, Insert the
cell in the holder, aligning the mark on the cell
with the mark on the holder.

Close the cover and read %XT. NOTE the results.

Repeat, steps b,c,d,e, and f three times and take
average XT value.

8) Remove sample from colorimeter. If additional samples have b =0 prepared
for measurement, repeat steps Ob through 6g for each sample.
9) Convert the average XT of the sample to A (absorbance) by the formula:
A 10; (l%%)
. 10) Obtain the UDMH value from the calibration curve.
11) NOTE: UDMH impinger sample should be analyzed witﬁiu an hour of collectica. ’
Calculation 2

The concentration of gaseous UDMHi in Ny or air is found by the equation:

9.35
ppm UDMH = A ¥

A = ppm UDMH in the solutien sarple.

V = volume UDMH/Nj or UDIH/ALr collected in cc?
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Calibration Curve

)

2)

3)

féepare a 10 ppm standard solution by pipeting 10 ml of the etbck solution
to a 100 m1 volumetric flask and diluting to the mark with 0, 1N HyS04. Rejeat

for standard solutions of 8,5,2 end 1 ppm MMH by pipeting 8,5,2, and 1 ml
respectively ingtead of 10 ml.

Follow steps El through E8 in the analysis using the standard solutions as
samples. Plot A, absorbance, vs. ppm MMH on graph paper. Draw a curve
through the points and extrapplate to 0 ppm. '

A separate curve shall be prepared for each colorimeter. A new curve, should
be prepared if it is necessary to change the colorimeter lamp or phototube.
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Drawing CSC-852 is the electronic circuitry that describes the prototype
toxa> level aaalyzef's electronic components and design,“"' P

The following sections describe the function for each of the components

i{n the circuitry. . : _ e
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APPENDIX " 1V

ELECTRONIC CIRCUIT DESCRIPTION
Potential Circuit

The potentiostat'a function is to maintain a constant poteatisl difference
(Erw) between the working and reference electrodes of the sensor. Operational
amplifief IC-1 performs this task. The potential Etw between the refercnce and
working electrode is kept exactly equal, the voltage at the positive imput (pin 3)
of 1C-1. Variations in the resistance of the electrolyte have no effect on Erw.
Moreover any change in the.electrochemical potential of the counter electrode is
also compensated.

When gas is oxidized at the working electrode, the potentiostat provides
th~ power go susta;n the reaction. The output of IC-1 (pin 6) will swing nega-
ts e and the necessary current goes through R3 to the sensor. This current,
whi. i is proportional to the gas concentration, causes a voltage drop across R3.
This voltage drop is applied to the differential amplifier.

Differential Amplifier

1C-2, 1C-3 and IC-4 constitute the differential amplifier. Tﬁe use of three -

»Op Amps results in a "classic" instrumentation amplifier. This configuration re-
sults in high input impedance, low offset and drift, low nonlinearity, stable gain
and low effective output impedance. The gain of this section is 5.97. The outpul
of tﬁe differential amplifier (IC-4, pin 6) is applied to the temperature compeun-

sation amplifying circuit.
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Temperature Compensation Circuit

This circuit {s configured as a summing amplifie; with temperature depandent
gain. At 25°C the ﬁain.ia unity. To compensate for variations in theAeloctto-
;hemical reaction rate of the Senaor a thermistor (R4) is piaced in the feedback
loop of IC—S. The sensor typically has a positive temperaturs coefficient while
the thermistor has a negative tembetatu:e coefficient. The feedback resistance
of 1C-5 (R4, R23, R27) is acaled to counteract the sengors characteristica.

Since the gain is varied there is no dependence on gas concentration. Shorld
gero temperature compensation be required, prov;aiqnd have been made to use
ﬁhermlator R65 and resistors R66 and R67. The background current of the eensor
mulled out by the zero control R20. However, the background current ie tempera-
ture dependent resistor, current 1s'added or subtracted from the summing junction
of IC-5 thereby compensating for variations in sensor background current vith-
'temperature.

Vecltage Referenca Circuit

Various reference voltages are required thrcughout the instrument electronics.
Diodes Dl and D2 provide the basis for the reference voltages. Taey afe tempera-
ture compensated, low. ‘voltage reference diodes employing a band gas technique to
insure stability. The nominal voltage of these devices is 1.20 V.
Zero_Control | | |

The zero adjust potentiuvmeter (R20) is connected to the & 1.20Areference ot
voltages. The center tap voltage permits current to pass through R21 and into the

summing junction of IC-5. This technique allows the instrument to be seroed.
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SEén Control
The output of the temperature compensation circuit (IC-5, pin 6) 18 epplied

“to the span control putentiometer (R28). Amplifier IC-6 is & voltage follower .
vith gein. In this case tha gain is 6.6. Potentiomater R33 is used as a zero
offoat adjust. 1In practice, the span control potentiometer 1; rotatad countqr-'
clockwisa so that the ceater tep is at ground potential. RS3 is now adjusted
until :ye LCD display rcads .000. Capacitor C30 is used to pxévent 1C-6 from
osclllating. The output of this circuit ia applied to vafioua circuits through
res;etor R42. These circuits include the LCD display, alarm comparitor and

racorder output.

Alarm Circuitry
"~ IC7-A is used as a voltage follower with variable gain. The 1.20V reference

voltage is applied to the non-inverting input of IC7-A. In practice, R2§ is ad;
juated 80 that tha output of IC7-A (pin 1) vreads 2,00V. This 2.00V signal is

/ appltedlgo the~a1§rm set control (R43). Since 2.00V represents the full scale of
the instrument, rotating the slarm set control will provide comparitor IC7-C with
an input ranging between zero and 100X full scale. The other input to IC7-C 1is
the analog signal representing the parts per million of the gas being detected.
As long as the analog signal input is less than the alarm set voltage, the output
of 1C7-C will remain low. When the analog voltage input exceeds the alarm set
voltage, the output of IC7-C will be switched high.
Visual Alarm

When the output of comparitor IC7-C goes high, NAND gate IC8-D also goes

high pt§viding current to the base of Q2. Transistors Q2 and Q3 are arranécd in
a varlington configuration to provide sufficient current to'illuminate the GE44
laxp. This 1amg will remain 1liuminated until the analog signal falls below the

alarm set level.
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Audible Alarm

.Hhen the output of comparitor IC7-C éoes h;gh the audible zlarm is acﬁivated
throﬁeh the Horn OH/OFF switch (SW-3). Transistor Ql is used lo ensure that sufficient
current is available to drive the audible alarm. The aﬁdible alarm will be silencéd
1f the analog signal falls below the alarm set level or if the Horn ON/OFF switch
(SW-3) ie placad in the OFF position.
LCD Display

The LCD display i3 a modified DATEL Model 3100X digital panel meter. It has |
a full scale reading of 1.999. In positive over-range the diaplay'¥eady ;; with
the rémainder of the d;splay blank. In heggtive over-range the.displaf'shéus -1,
with the remainder of the display blank.  Positive over-range occurs when the analog>
voltage input exceeds 1.999V. Negative over-range occurs vhen the analog voltages
is less than -1.999V. The DATEL 3100X is modified by the addition of two lamps
(GB-1784) to provide illumination in low light environments. Putting the. display
{llumination switch SW-5 in the ON position will turn Bn these lamps to provide

viewing in dark areas. Lamp life is rated at 1000 hrs.

Recorder Output

The recordet output provides both analog signal and power to run a portable
recorder. The analog signal is 0-1V representing 2 ppm. The reéorder output cir-
cuit is designed to utilize the 1000 ohm recorder impedance. When connectéd td the
ECOLYZER. the recorder impédénce is in parallel with R60. This parallel combination
is in series with R59 and together act as a voltage divider, halvipg the 2V full
scale signal of the instrument.

NOTE: If a high input impedance voltmeter is used, a 1000 ohm, 1% resistor

must be placed across its input.

P e

g



Power ON/OFF ' %,
In order to eusure minimum warm-up time, the sensor is always kept under po- -
tentiostatic control., However, to minimize battery drain, power to the remainder .

of tha instrument is turned off. The power ON/OFF switch performs this function.

The power ON/OFF guitch also is used to turn on the pusp.

Battery Tast
Battery test svitch SW4 gamples both poéitive and negaﬁive battery supplies

AR bt

and diopiayo the sa=zpled voltége on the LCD display. Resistors R61, R69 and R62
ere used as voltage dropping resistors. The voltage drop’acroés R§9 is displayed -
‘on the LCD meter. Any voltege above 1.000V shows good batteries; any ieading below
. 1.000V 1nd1cate§ that the batteries reqxire,rechaigé. Readings'below ;,OOOvaill
occur when the Ni/Cd batteries reach an individual voltage of 1.22V.
- Low Battery Alarm Circuit _
1C7-B samples part of the battery voltage appearing across R36. The output of
 '167-3 is the input to comparitor IC7-D. As long as this output is above 2V the
batteries do not require recharge. Below 2V the compafitor output goes low turning
on an oscillator comprised of MAND gates IC8-A and I1C3-B. The oscillator frequency
is approximately 0.3Hz. Use of diode D3 causes the wavé form to be asymmetric.
The-ogcillator outpdt is apnlied to tﬁe base of Q1 which energizes.the audible Qlafm -
in a series of "beeps“; | ‘
" NOTE: An alarm caused by a high gas coricentration will errtide tﬁe low
battery circult ana the alarm will sound continuously.
Function Test v
The function test enables the user to check the instruments electronics except
‘for the potentiostat circuit. By depressing function test swlfch SW2, a current is
fed across R3. The additional vbltage drop is sensed by the differential. amplifier
[ and is applied throughout the various circuits to the panel meter. This injected

voltage should cause audio and visual alarms to energlize (depending on the positions
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of the Span control and Alarm Set control).

.

Batteriea &nd Battery Charger Circuit

The instrument is powered by six "D" size nickel cadmium rechargeable batteries
ehéh having a capacity of 4 Ampere-hours. Charging is accomplished by connecting
the charger to the charging jack. Résistor RS6 controls the cha;ging current gnd
diode D4 éreventa damage due to an accidental shorting of the charging jack. Cﬁatg-
ing time is overnight (16 hrs).

Pump Voltage Regulator

This circuit employs a LM317M voltage regulator (IC-9) to provide a constant
voltage to the pump regardless of load. It will supply sufficient current for the
starting torque and will adjust for varying load conditions and battery voltage.

The voltage is regulated at 4.3V,

TN
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