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a4 ABSTRACT

o A study of the amounts of specific contaminant. present in propellant
L grade (Mil Spee) hydrazine obtained from a aumber of isevrs has been carried

3 out, A totgl of twenty-four samples from twelve user groups was analyzed,

El B . The cuntaminants examined included particulate materials, organic impurities,
E - water, carbon dioxide, metals and chloride., The level of particulate con-
varination, the particle size distribution and approximate identificaition of
chemical lypes were esteblished by appropriate techniques. HMajor metal cor-
taminants were determined oy atomic absorption and trace meta’ contaminanic
were determined by emission spectroscopy. Other contsminants rere assayed ty
gas chromatographiec, ultraviolet spectroscopic or colorimetric techniques.

L
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E SECTION I o
P INTRODUCTION o
o
Problens asscciated with catalyst contamination effecisz in catalytic de- -
composition engines using hydrazine-based propellant systems are encountered
) throughout the industry. The loss of catalytic activity as a function of bed
. size, duty cycle and total propellant mass flow throughout the life of the engine e
- can be caused by spallation, sintering, crystaliite formation, or true catelytic o
’ poisoning. The latter factor has been shown to be responsible for many instances
L of failure of loug life engines, Impurities in hydrazine are the most probable =G
§ N ceuse for these poiconing effects; however, a systematic study of these effecis :
§ as a function of specific contsminants with varying concentrations has yer o S
be performed. -
e In order to =2ffect such a study,rwhich is the purpose of the present con-
i tract, it is necessary to define the nature and conecentration levels of con~
e taminants most prevalent in hydrazine. Thesc contaminants can be introduced
£ ) duering the hydrazine manufacturing process, during handling and transfer of -

g ! hydrazine or by reaction of hydrazine with container materials. 7 : :
* This special report is a summary of a survey of the amount snd nature of -
2 contaminants found in hydrszine as supplied Uy & large number of users, both 7
25 government and industrial. : :
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SECTION I
EXPCRIMENTAL PROGRAH

The experinental program for the Air Force Rocket Propulsion Laboratory
(AFRPL) Hydrazine Impurity “urvey consisted of both chemical and physical
analyses of imﬁhrities contained in twenty-four samples from twelve user groups.
A compiete list of the suppliers is ineluded in Appendix A along with the sample
designations for each container received.

The analytical scheme (Figure 1) was deszgned to determine the level of
soluble impurities inclviing waber, carton Jdicxide, hnll*ne, nonorethyl hydrazine
(:171), msynmet ical dimethyl hydrazine {UPME), isopropyl alechol (IPA) and
chloride., In .u«dition, the amounis of metallic irgurities vere determined.
Particulate matter was also examined after Pfiliration of the hydrazine samples.
Particle size distribubtion, qualilative chemical analvsis for the elements
precsent, and particle ror phalsgy were defermined.

Th most cases samples w~ere receiveaiin both one gquert and one-half pir.
glass bottles. Eaéh bottle was numbered;in the order in which it was received.
Vhere two sample numbers are listed together, both were the sume composition
from the same lot from a single supplier. They represent different bottles of
otherwise identical materials. E :

The sample handling procedures were as folxox¢.

i;hgpm'tqg;ééhic Analxgis:

Approx1ma£e1y 250 md (lf?‘nt ) of’hyﬁrazzne sample recervpd,ln glass -
bottles with polvseal closure, was transferred, through an air-lock, inio z
dry-box purged with dry nitrogea. Cleaned and dried 50 ml septum bottles
eyuipped with "I nlnert“ valves vere already contained in the dry box
These valves are all teflor wiz h,D—Plng sesls and are fitted with qeptums znd

o apond a. e Dammmeek =
a2 walws whioh must he "F"“‘“. ke ore 2% (g e eetan mic SYTifig€ T4l o8 In3STuvEG 7o |

cshromatographic samples. After 2L hours of conditioning, the sarple bottle
was openad, part of the contents was transferred o & septum bottle and the
closure valve was inserted. The filled septum bottle was renoved through -
the =zir lock and served to provide samples For chromauog“anhlc analvs;s Of
Hs0, CGQ, UDMH I"ﬁ; and isoprcpyl alcoh01

Sagples for Chemlcal Analv51s of Pé*all;v Haterlals and ueterrlnatzon

e p— T — — . —— — — — . — — p—

cf_?gyz}gyggggg. - - _

The cutside surface of the gless bottle containing approximately 1000 ml
(1 qt.) of & hydrazire sample was carefully washed to remove any perticulate
material, Specizl attention was given to the region of the bottle neck and.
the closure, This hydrazine was used for determination of partlnulates, non-
volatlle residue, metale, cnlcr*de ani arilirne,
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1, ANALYTICAL PROCEDURES FOR WONFII TERABLE IMPURITIES

For convenience the impurities analyzed in this survey have been divided

into two groups; filterable and non-filterable impurities,
there was a further suhdivision into metallie and non-metallic impurities.

In the latter case

The

metallic impurities were analyzed after filtration an?® eve~-ration of a larpge

(500 ml) sample of hydrazine (Figure 1).

In addition to «u. gbove, parameters

such 2s non-volatile residue (NVR) and ash were determined in en attempt to
differentiate between materisls with high boiling points and inorgenic residues.

A brief statement of

below:

the nature of the type of impurities determined is indiecsted

Ho0, CO», UDMH, IT3H, Isopropyl Alcchol: These compounds were determined-

by gas cnromatography.

Hp0, COp, UDMH,

TArough the use o1 two chromstographic columns in series,

12 and Isopropyl Alcchol were determined simultaneously.

oince

well-defined chromatographic peaks are produced by wuater with each colurm, two
independent measuremenis of water were obtained with =ach sample of hydrazine

injected into the system.

Citloride:

“a hydrazine aliquot to drvness.
'»1on to ensure retention o* chloride.

Aniline:

lion-Volatile Re:m.e (1) :

Aniline wés determinediby w.tra~-violet spectropha;ométry.

Trn 2ll cases samples were analyzed in duplicate.

Chloride was determined colorimetrically after evaporation of
A small armount of da0H was audeu before. evapora=

Duplicate samples of filtered hydrazine of
- 250 ml volume were evaporated to suall volume in Teflon beakers. .

Contents of .

“the beszkers were trensferred to weigheﬁfulatinum crucibles (usirng small amounts
of pure, filtered 1soPropvl aZeohol for rinsing the beekers) and further evaporated

LS

*I 49 syrupy residue.

This residue 3

was then heeted for 1 hour at

~The residue ﬁeight was used as a measure of NIVR.

Ash:

*raa ohit AP nmaddan
il =

Sk e R VA MRS u-l-vc.h

}:stances.

Trace ﬂétals:

195°C in an oven.

”hﬂ matprlals in the cruclbles from the Q’R determlnatlon were
“hested to A50°C for one hour to des stroy any organic residues present.

The

tu&o treavment TEpresenta nul.-vu.x.ub.l. X LBOI‘S{&HLC sub-—

A semi-quantitative rieasurement of trace elements present

in the hydrazine was carries out by the use of emission spectrography on one
Elements found to be present in sufficiently large

of the ach residues. )
" quentities {major metallic impurities) were determined on a gquentitative basis.

}ajor ﬁétallic Irpurities:

These elements were determined by atomic
' abqorptlon using a solution prepared fvnm,one of the ash residues.

A nore

_detailed discussion of the analyticzl prccedures is given in the folowing -
secf;ons of the report. )
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8. Gas Chromatography

The gas chromatographic procedure for ihe analysis ol weter, carbon
dioxide, mononmethyl hydrazine, unsyrmetricel dimethyl hydrazine and isopropyl .
alcohol was based on the use of a dual column chromatograph. The chromatographic
equipment is illustrated in Figure 2. The chromatograph may be operated using
two detectors simultaneously oxr in seriszs with two columns to give added versa-
tility in difficult separations., The response of e.ch detector is displayed
independently.

Liguids or gases may be introdueed into the wnit through a heated inlet
by mears of preecision syringes for separation, quelizative identification, or :
quantitative measvrements. Alternatively, gases may be admitted from static Doz
or dynanic systems via e solenoid-operated gas sarmpling valve, :

Gas concentrations in the part per million tc part per hundred range may
be determined. Isothermal or programmed temperature modes of operation up to . :
L00°C yield sufficient vapor pressures to allow samples w1th,nolllng points )
over SOO°C to be analyzed. Provisions have been made to allow trepping of b
separuﬁed fractlons for 1nfrarei identification.

U e

In the ccurée of the chromatograpﬁic work, i% was found that vhe columns - y
specified in the military specifications (Pefs. 1 & 2) were not sufficient for :
complete separation of all ﬁhe filtereﬂfimpurities noted above. . . ;

A ras “h*omatograunlc colwmn nvstem,wds develnped consisting of two separate
coWumn" of two sections each. In one sy tem 2 section containing Carbowax L0 ;-
(polyethyiene glyccl L00) liquid phase is followed by a secticn containing Dewfax .
ol9 (ncnyl phenyl polyethylene glycol ether). The second system centains & Porapar - i
PS section followed by a section containing Dowfax 9I9. iiHg, €0p, lp0 and ITH
are resolved on the first system and N3, COp, Hp0, IPA, and UDMH on the second.
The Carbowax 400 colurmn daseribed in the military specification (Ref. 1) wonld
not resolve URM-IPA and HpO-MM; the Dowfax 9N9 cclurn described in the military

s ¥

[T O NIy SN T 5 B et Yeanr e P
specitivations (nef, 2} wondd aoh effect HoO-UDiHl and “TH-ITA separaiions.,

[ VUV U

The three primary gas chromatographics colurms used veras

A = one reter x 1/B" length containing 337 Cerbowax Lao (polyethylene glycol
Loo} on,90/100 resh Anakrom AB (fnghrom B used in the military rphcification is
no longer availzble); _ 3

B - 6 ft x 1/4" length containing 105 Dowfax 9N9 (nonyl phenyl uolvéhhwlene B L
glycol sther) on 60/89 resh 76 (Teflon V used in the military sneclfxcatlon is
no langer availahle)

C-61ftx ;/k" 1engthi§ontaining'50/80 mesh Porapak ?Sg

All eslunns were made of 316 or 321 stainless steel. The carrier gzs was helium

L
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and the flow rate was set to 80 ml/min. These coluwrns were tested ani uted in

a Beckran GC T72-5 with two hot wire thermal conduelivity detectors and heated ;
inlets. With this systen two independent chromatograsphic sysiems were sel up . ¢
to facilitate more rapid total analysis. The procedure used in the military :
specifications (Refs. 1 % 2) was fbllowed and gave satisfactory resulis. The " T
procedure is as follows: ’ '

1) Condition columns a«t 150°C for & hrs with 50 mi/min He Jlow

< .~ 2)  Colum temperature for analysis - 110°C; He flow rate — 80-120 ml/min
3) Detector and inlet temperature - 150°C S

? 7 L) Saturate colurns by injecting 3 successive 19 microliter samples of
propellant, (If’more than 30 minutes elapse between elution of the hydrazine
and the next 1n1e»twon, re=saturate the colwin with a 10 nmicroliter znjﬁctlon
of hydrazlne. - - - - -

5) Using a cleen, dry 10 m.croliter syringe, =arefully fill and set B
plunger to 3 microliters, wipe tir fith tissue witkou* touching the open end . &
of the needle. QOuickly inject the sample intc the instrument and irmediately )
w1thcram the needle.” ] St <

First ut temnts teo aceonmplish component sepdratzon were made nszng the
military specification methods prer se, Figures 3 and L show typical chromato-
grans using these methods ., t can be seen that the Carbowax 100 colunn did not
separate UDMH-IPA and Ho0-I1LHH and the Dowfax 919 coiwan did rot separate L 0-UDMH
sad I0H-IPA, From the separation data obtained on these 20lumns it was concluded ‘
that some advantege might be rained by using these two colum.s in series. This B \
p:acedurp gave better results as can be seen on the chromatogranm in Fipure 5; 7 )
however, UD'H and IPA are not seperated. Porapak PS {columnn €) resolves 0s, ]
Ho0 and IPA from the nydrazines, Iiph), I2H and UDMH elute from this column -

affoar the TDPA in that arﬂc.r’ but ara not wall rnen’husr‘i (“:‘s'ggre 6}_ ) Thig nrder .

"‘T I ‘:, “'\“‘;""“r““ o

)
i

b

4
i)

of elutzon for the hydrazines is the reverse of that cbt a'ned using colimns A :
and B, BSince colurm B gave vhe same hp0-IPA eluticn order as column € and gave -
=5 clean sharp peaks, the approximaite length necessary to place elution time for 7
- IPA zhead of the UDMH was caloulated from retention data. Thiz calceulation
’ indicated a length of 6 £t for colurn C which when combined with columm A, o
resulted in the chromatopgram shown in Figure 7. These column systems_hzve - ot
. proven valuable in analyzing many propellant samples which were found to con-
i tain frenm <0.01 w/o to over 1 w/o of these various components.

The corbination of colums B and C (Figure 7) was used for the analysis
of zll impurity components with the exception of!”ﬁi _which was analv &1 using
a ccmhlnztlon of colurns A and B (Figure 5).
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Standards vere prepare’ by adding weipghed ammounts of each impurity specified
shove to weighed hydrazine samples and extrapolating the resulis to determine the
original amounts of these constituenis in the hydrazine by caleulating pesk height
ratioss,

D. Uliraviolet Spectroscopy

3 Aniline in hydrazine was determined by wliraviolet spectroscopy ising a
Hodel 1k Cary Recording Specirovhotometer, set at 287 microns. The atsorbance
of aniline in the samples was measured against doubly distilled water in = 2.7

- e 2ell. Standards contaiaing known srounts of azniline in doutly distilled water
were used for calibration. This calibration resulted in a factor of one (1)
sbsorbance unit per 90 microgrezms aniline/rl of 2 svlution which was 4iluted by

- a factecr of 100. This absorbonee X(90) x (100} is eguivalent to ppr aniline in
tne original serple.

n

c. Colorimetrie Analysis for Chloride

Hydrazine samples were analyzed for chloride using a portion of the samples
retained (wmfiltered) for chromatographic and aniiine analysis (Figure 1).
Duplicate ten milliliter samples were taken and analyzed according to AST!
zethod D512-6T7 (Fef. 3). This procedure is & colorimetric method tasea o the
reaction of chloride ion with 2 mixture of ferriec armonium sulfaie and rercuric
thiocyznate to form the colored ferric thiocyanate campiex, tsorbance is
measured at LEQ nillimicroas znd conp pared to stanuards coﬁtaznlng‘knoﬁn arounts
of chloride. : - -

N . .

Chem;cal 4n¢l'Sls ﬁ‘ ¥ ‘alilc Iﬂnur1t;es

d.

Metallic impurities were determined in hydrazine afier dete;minatian}of
the non-volatile residue, Samples heated to 650°C were analyzed for both mejaor
and rinor metallic impurities by atomic absorption and emission spe.troscopic
procedures. In the former case the heated samples were dissolved in KC1 and
diluted to 10 ml with de*onlyed water using atomlc-abscrnt¢on procedures election
of the liquid samples into a flane conialnlng fuel and oxidizer ¢nnronr16te £0
thg perticular metal impurity in question, The major impurities gna;yzed,;n
this fashion included sodium, ircn, chromium, nickel, zihc and cadmium. The
atomic ebsorption appesratus is & Perkin-Elmer Model 303 shown in Figure 8.

Minor metallic ;mpurltle” were analyzed us:ng ash sample ﬂe from each
filtrate. These filtrates were evaporated in two portions for determination
of ¥R and subsequently sshed for analysis of ma;or metailic impurities by.
atomie 2050rpiion and minor metallic impurities by emission spectroscopy. . A
Jerrel Ash-Ebert lfark IV, 3.k meier spectrograph vas used for the latter &nalvols.
This instrument is illustrated in Figure 9.
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2. ’AHALYTICALVPROCEDUBES FOR FILTERABLE IMPURITIES

 Insoluble impurities were characterized after filtration from hydrazine -
as follows. ’ -

-

a. Optical micros capy for particle size distribution and particle

e i p T
g \m<-vmwm}’mwwmqu“‘WM‘W'FWMWW " “'“w'r""'"‘m"'l""": [

, .
features of selected perticles ‘

morphology. - : :

B. Eleciron oprobe analysis for the elements present in specific ) f

= particles. : - . |

3 c. Scamning electron,microséapy to determine the topographicsal !
.

"

Particulates from nydrazine samples were collected by filtration through 2 l
Teflon filter medium which refained particles larger than § microns (u). Using :
the procedure in MIL-P-26536 the particulate residues were lifted from a one- :

.. guerier section of the filter medium by z stripping technique and optically - B
' photographed. The strippings were then coated with a thin layer (several hundred

Angstrons) of nure graphite and subjected to Eleciron nieronrobe analysis

N

é

Szrippings from an unused FTilter werp‘t”eated ln,the Szme manne. dnd,served as- ; -
. & blank control specimen.- ) P
! i
-- ‘éhe size éiétribution of the persticulatss removed from the hydrazine sariples f ;
were obiained by photographing at 100X, five randemly chosen fields of the re- - I 3
maining 3/4 section or the filters containing the particles from 500 ml. of i
hydrazine sample. The particles in the size ranges 6-10u, 11-25y, 26-50p, 51- f&'
100p, a2nd »100u were counted in each field and the data reduced and reported zs E
particles per 109 mi. hydrazine, The area of each field was 1.015 cr? and the i
total filter area was 9.62 cn? 7 ’7 - 1
. 7 ) = i .
“he Electroﬁ Probe Microanalyzer {(Figurs 1) was used to qualitatively ;2
determine the elements present in the various particulate types found in each B
sarmple. This instrument combines techniques from electron riicroscopy snd Yeray— %5;,;;

spectrcsceopy in one instrument to achieve exacting analysis in the miecro range.-

With this instrument it is possible to make direct chemicel analysis of a sanmple
approxinately one microrfin area and o.e micron in depth, representing approxi=

mately one micro-microgran of material. The test is nondestructive and the

= sample may he retained for further experimentation. . - -

ety A St
H

T

s o ety
S
i

The Electron Probe chroanalvzer erploys an electron optical systen using
two magnetic lenses which produze an electron foeus of approxinately one micror. - - -
» ir dismetver. This focused electron beam is used to excite characteristic XY-rays N
2 from the specimen. The X-rays are then sorted by means of curved crystal spectyo- -
k. graphs, and presented on recorders or scalers as in conventional X-ray spectro- - B

y - scopy. This instrument provides both qualitative and quantitative information -
- of the elemental composition on any specimen arsa from 1 to 200 miecrons, frem -
atomic number 5 {boron) up through the remainder of the periodic chart.
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Selected particles from some of the hydrazine samples were also examined ! ;
using @& Scanning Electron lMicroscope (3SCM) (Figure 11) in order to determiae by
their topographical features. The AMR-900 I~nge1 SEM has a megnification range * 3
from 5% tc 100,000%, and a resoluticn of 250A. g "«3
- .
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SECTION Iil
EXPERIMENTAL RESULTS

The experinental results of the hydrazine survey are presented below.
The chemical analysis and particulate snalysis are presented in separate
sections; however total particulates are included in the chemical analysis

section,

1. CHEMICAL ANALYSIS OF HOU-FILTERABLE IMPURITIES

The wesults of chromatographic analysis of twenty--four hydrazine samples
are swirmzrized in Table I.. Water content varied congiderably from 0.3 to 1.0
weight percent, while carhon dioxide levels were found to be in the range 0.1
to 0.6 percent. Ilo detectable amowunts of UDMH (<0.01 percent) were found in
eny of the samples. Iine (9) samples were found %o contain from 0.01 to 0.08
percent iLH, and four (b) of these nine (9) also contained 0,02 tu 0.0k percent
IPA. The Il and IPA are probably present as result of successive use of
containers and plumbing for M and hydrazine followed by inadeguste cieaning
with IPA, which in turn may not be "chofoughly_eliminéfted before use.

The results of analysis for aniline (the third major impurity in hydra-
zine) are summerized in Table If. Aniline levels are remarksbly constant and
renge from 0,17 to 0.36 vercent. Aniline is vsed in the hydrazine purirfication
step during menufacture of the latter and the data reflects the fact that a2
fairly consistant fraction of aniline remains in the rroduct. h

The non-volatiie residue (lIVR) and ash levels found iz the hydrazine
samples zze summarized in Table III, The non-volatile rasi due reflects the
vresence of high boiling compounds. Aniline has a relatively low vapor pres—
sure at the evaporation temperature ¢f 105°C. It iz also probable that products -
resulting from the interaction of C0; with hydrazire elso have *elativelyrlow
vapor pressure at this temperature. The lIVR is believed to contain such mat.erlals
in addition tc-any hydrazine hvdrochloride normally sresent in the hydrazme.

fitempts to utilize infrared spectroscopy for demonstraﬁmb the presenw in

et

.ﬂ}R of compounds derived from Lvaraz,,.:;e, coa and EC1 were unsuccessf

- The zsh samples were aral,'.z 1 lor 'hnth rejor umetallin 1mur1t1e.= and for
metals present in trace quantities. ‘ae : . ..s of thes- ana zlysrFs are summe.rized
in Table IV end V. The major metallic impurities ineclude sodiur, iron, chromium,
nickel, zinc and cadmium. The quantities of sodium and ircn were in general in
the range .0k to 0,5 ppn which is about in order of magnitude grester than tae
other "major” impurities. Iron, chrcmi'm and nickel are probably from the stain-
.‘Less steels used in cortziners, transfer tubing end valves, and may be precenf
ither in noluble form ot as components of par*:.culaues.
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Sodium may be introduced as & constituent of soluble salts that are ﬂ
introduced by exposure of hydrazine to the atmosphere, however the majoriiy of ¢
the sodium content is probably present due to the use of sodium hydroxide in =
the manufacturing process for neutralization of hydrochloric scid and chlorine. ﬂrf’i

The hydrochloric acid is a product and the chlorine a reactant in the manu- )
facturing process. ,;
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The chloride levels found in the samples (Table IV) are guite large com- P
pared to the metals and range from 0.3 to 4.6 ppm. These levels are such that f -
thsy are much greater than the sum of 2ll the metal concentrations. These . -
- results indicate that chloride is associated with either hydrazine, ammonia
é; or possibly aniline in zddition to its association with sodium or other metallic
. jons. The mgjor portion of chloride is probably introd.csd Quring the manu- . L=
facturing process as hyd-uchiorie acii as noted above.

IO T T

NI
" \\‘ B

Ralt formation of nit rogenovs bases with hydrochloric aeid alsc may account
for .. high levels of IIVR since these salis would not be volatile at the tem- B
perature used in the test. These materials would volatilize at the high fempera- b
ture {650°C) used for determining the ash content and the large differeuces -
cbserved hetween VR and ash are thus explsinea. :n & similar manner, -the
interaction between nydrazine aﬂu,CQn cowdd lead to a:e&lt—ilﬁé produnt which -
alsoc could have a relhtzve¢v low vavor pressur. and yhnre ore produce a high -. ’
UVB. - - - -

2. _ CHEMCAL AUD PEYSICAL ATALYSIS OF T .L""m:s.ﬁ INMPURITIES B )

The particulate level in each sample is sunnarized in Table III along with !
the results for nor-volatile residue and ash. The particulate levels ranged » !
from a trace (<0.1 pom) to as high as 2.2 ppm in sample 23-2k, In most cases |
the nbserved particulate level was below 0.h ppm. The particulates were examined {
to determine particle size distribution, chemical eWements present and partlcle

E marphalogy. S . - ; B -

&, sriicie Size Distritation

Particle size distribution data for twelve (12) samples is summarized in
Table VI. The size distribution is such that in cases where a large number of
particles was found, the majority were less than 25 microns in size. Vith the -
exception of sarples 23~2k, very few particles greater than 50 microns were - f
preseni.. The particle size distribution was determined from randonm samples as .
prﬁvzoualv described. The samples could only be analyzed as received so the ~ : -

ize distribution sad the total particulate count (Table ITI) will not necessarily =
reflect actual particle Ievels in a given drum unless the contents were thoroughl;
stirred and samples were tazken befors any set tling could occur,
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b. Chemical Analysis and torphology

The spectral analysis of the particulater in all +twenty-four samples
analyzed gre swumarized in Tables VII through XI. The analyses are segregated
according to the general type of particulate found. These types include:

(1) Agglomerates: Dark in appearance and apparently composed of
multiplie components (size: 5-100u); two basic sub-types:

A. Low~-melting variety (sintered when exposed to electron bean)
k. table variety (unchanged when exposed to electron beam)

(2) Glassy Plates: ILarge, flat and similar in appearance to thin
sheets of rmica (size: 20-100u, generally 100-300n).

(3) 1letallics: Small metallic chips (éize: 20-100v).

"~ Representation photomlcrographs of the particulates are illustrated in
Figures 12 through 15. The three general types of particles are labeled in
Figure 12, Alsc included is identification of Teilon filaments which were.
transferred from the filters used to trap the rarticuiates, . -

- o specific analysis was performed for oxygen, nitrogen or carbon.
ence with the snalytical characterlstlcs of small particvlates, however, does
indizate that the agglomerates and glassy plateS‘would be oxygen-inch. The
major metal elements observed suggest the presence of metal oxides, sand and
clays. Electron beam scan photographs of repres.niative particles of each hype

_ Experi--

of conteminant are illustrated in Figures 16, 17 and 18 for a glassy plate phase,-
z stable agglomerate particle and ametallic particle respectively. It is appavent

from these vhokos that the "glassy" plafes contain primarily potassium and
silicon, while the agglomerates are silicon and iron and the metals are probably
particles of pure iron. :

" Particulates were also examined using the Scanning Flectron Micioscope
(SEM) to determine their topographical features. The particles were zZenerally
rlate-like or rough textured, irregularly shaped. :

75Figure 19 shows particles from Sample § (Bell Aeroépace, S/ 929)., A few
flat particles, (9A) and a few granular particles, (9B) were  bserved. The

majority of the parvxculates from this sample were of rough, irregular shape
similar to those shown in C & D. :

‘Figure 20 shows particles from Sample 12 (China Lake, 2037). The parti-~
culates are sbout equally divided between the irregularly shaped particles shown
in A 2nd B and those with a more block-like shape as in C & D.
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In Figure 21 are particles from Sample 14 (JPL, H-3155). Two rather un- i
usual types of particles are shown in A & B. This type was not observed in the
other samples reported here. Sharply cleaved and irregularly shaped plate-like
particles were also observed snd are shown in C & D, respectively.

Particles from Sample 18 (Sundstrand, H-110) are shuwn in Figure 22, They
consist of the typical plate (A & B) end rough textured, irregiiarly shaped (C &
D) particles, }
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SECTION IV
SUMMARY AND CONCLUSIONS

From the data presented in the preceding section of this repori several
general observations may be made regarding the nature of impurities found in
the twenty-four samples analyzed.

The major soluble, non-metallic impurities in hydr521ne are water, carbon
dioxide, aniline and chloride, The smount of aniline was remarkably constent
in all the samples anslyzed. It is evident that this contaminant is present in
the manufactured hydraszine and is not introduced by handling or exposure. Vater
and carbon dioxide are introduced by exposure to air. The variations in the
levels of carbon dioxide and water are such that they constitute a good measure
of tr. -z.csure of the specific samples o the atmosphere prior to receipt for
anaiysis at UARL., The range of concentrations of carbon dioxide and water,
which are 0.1 to 0.6 percent and 0.3 to 1.0 percent respectively, are not .
large whgn one considers the large affinity of hydrazine for these constiﬁuents.

Chlorlde concentratlons whlch ranged from O. 3 to b, 6 ppm, are much larger
than the sum of the metallic ion concentrations., Of the major metallic ‘ons -
sodium, chromiur, iron and hickel - scdium and iron are th wost concentrated,
Iron, nickel and chromium are probably introduced by reaci.un of hydrazine witl:
the stainless steels used for containers and associated plumbing. The sodium
is primarily introduced during the manufacturzng process when sodium hydroxide
is used to neutralize the hydrochloric acid produced as a product along with
bydrazine. The chloride which is introduced from the hydrochloric acid in this
process must be present, not only as metallic chloride salts, but also in com- .
blnatwon with hydraalne, ammonla and possibly anlxine.

The non-volatile residue (IVR) is a result of high b0111ng constituents
such as aniline aad reacticn products of hydr~sine with carbon dioxide, and
chlorlde. A1l of these sali-forming compounds have voiling points greater than

- e o 0 % - T enon -+,
una EVaPCra.u.A.vu u::myc:;.avure Loy 1“ (', but le-:a i3 wac O ~ UG a el ?""‘"uce

ash samples,

The ash samples are primarily metallic residues; principally iron and sodium.
These metallics mey be present in solution as hydrazine complexes, or in the form

of small particulates less than 5 microns in size.

“he remzining non-metallic soluble impurities ere monomethyl hydrazine
(1), unsymmetrical dimethyl hydrazine (UDMH) and isopropyl alcohol (IPA).
UDMH was not present in any significant amounts in any of the samples analyzed
MM and IPA were found in nine and four of the samples analyzed respectively,
and are probably the result of successive use of containers and plumbing for

hydraziﬁe and MHH and subsequent cleaning of these containers with IPA, accompanied

with insufficient flushing of the IPA. Proper cleaning pro:edures should mini-
mize these probleme. ’
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e An additional and major problem in propellant contamination is the pre-
% sence of insoluble particulate materials. Although the vast majority of these
F

3
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particles ere less than 25 microns in size, they are still large enough to '
cause plugeing in the small fuel lines used for propellant delivery to small
thrust engines., In many cases the maxinum particle size was less than 10 microns,
but these particles would still cause clegging in the catalyst bed itself unless
line filters of less than 10 microns capability are used in the fuel lines. -
The types of particles analyzed were found to be very similar to metal oxides,
3 sand, clay and individual metallic particles (basically iron). The sand and
clay are probably introduced from air suspended dirt during exposure of the
hydrazine to the environment. Some of the sodium may also be from this scurce.

*

i -

Wt

o

Metoal oxides and metallic particles are probably introduced as stainless !
steel corrosion products {(due to exposure to oxygen vhen containers are enpty)
and as metal chips from galled threads on container fittings.
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In general it appears that many of the contaminant problems including |
particvlate sand and clay, MH and‘IPA, may be minimized by more stringent !
2 “¢leaning and handling procedures. The presence of iron, .ch»cmium and nickel o
1 ) ‘indicate that better procedures for passivation of stainless steels must be 2
’ ‘developed to ensure mininal dissolution of these materials.,
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; " Table I , . o
g GAS CHROMATOGRAPHIC ANALYSES OF
E AYDRAZINE CONTAMINANTS 3
L UARL SAMPLE Ho0 £0p MH UDMH ipa
I.D.# USER - 1.n, g(we.) B a % #
1.3 ROCKET RESEARCH  H-1799 - 0.5 0.2 <0.01 <0.01 <0.01

5,6 SHELL H-h670 0.k 0.2  0.08 <0.01 <0.01 1
7,8 " CHINA TAKE H-2002 0.6 0.5 <0.01 <0.01 <0.01
] 10,11 BELL S/ 929 - 0.5 0.3 <0.01 <0.01 <0.01

12,13 CHINA LOKE 2037 1.0 0.3 <0.01 <0.01 <0.01
1,15 JPL H-3155 0.3 0.2 <0.01  <0.01 <0.01 E

é -17,18 SUNLSTRAID H-110 6.3 0.3 0.03 <0.01 <0.01
. ©19,20 CHINA LAKE Lot 681 1.0 0.k <0.01 <0.01 <0.01 . 3
21,22 CHINA LAXE H~3139 0.6 0.5 <0.01 <0.01 <0.01 k!
23,2k CHINA LAKE H-3k56 0.9 0.k <0.01 <0.01 <0.01
= 25,26 CHINA LAKE - H-T9k 0.6 0.6 -<0,01 ~ <0.01 <0.01
27,28  CHINA LAKE H-260k 0.7 0.6 <0.01 _ <0.01 <0.01
'k - . LOCKHEED A 3937 0.3 0.% <0.01,  <0.01 <0.0L =
16 SHELL « H-ko03 T 0.b 0.5 =<0.01 <0.01 <0.01
29,30 - - ROCKETDYIIE PRA Tank #5 0.5 0.1 0.0k <0.01 0.0k =
31,32 EDWARDS Prum 3103 0.k 0.2 0.0k <u.01 0.02
33,34 . EDVARDS H~1993 - 0.k 0.2 - 0.02 <0.01 0.02

- 35,36  EDVARDS Prur 2763 0.3 0.2  0.01 <0.01 0.02

E : 37,38 TRW lone G.h c.2  0.02  <0.01 <0,01

E . Lo - HAM. STAND. 4313 0.7 0.5 <0.01 <0.01 <0,01

E‘ b1 " HAM. STAND, 2556 0.4 0.6 =<0.01  <0.01 <0.01

k6,47  FDUARDS Drum 1810 0.3 0.5 -0.06 <0.01 <0.01

- 8,49  ROCKY @H. ARS.  DODX 1707k  O.b 0.2 <0.01 <0,01 <0.01 =
50,51  ROCKY MTN. ARS. DODX 17067 0.3 0.5 0.03  <0.01 <0.01
T )
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" Table II
AITLINE CONTENT OF HYDRAZINE SAMPLES
] . MIILTNE
UARL I1.D.# SER SAMPLE I.D. ]
- 1,3 ROCKET RESEARCH H-1799 0.27+.02
5,6 SHELL H-h670 0.25
7,8 CHIUA LAXE E~2002 0.332
- 10,11 BELL S/t 929 0.26
3 12,313 CHIUA LAKE 2037 0.36
14,15 JPL H-3155 0.17
17,18 SUNDSTRAUD H-110 0.26
19,20 CHINA LAKE Lot 681 0.3h
21,22 CHI!IA LAKE H-3139 0.3k
23,2k CHINA LAKE H-3L56 0.36
25,26 CHINA LAKE H-Toh 0.3
= 27,28 CHINA L&XE H~-260k 0.23
% L LOCKHEED A 3937 0.30
16 - SHELL ~ H-4903 0.23
29,30 ROCKETDYIE DRA Tank #5 0.25
31,32 EDVARDS Brum 3103 0.30
33,3k EDWARDS 4-1993 0.29
35,36 EDWARDS Brum 2763, 0.2k
37,38 TRY. lione 0.32
ko HAM. STAND. 1318 0.32
kY - HAM. STAID. 2556 : 0.27
. L6 L7 EDWARDS Drun 1810 0.27
L8 ko ROCKY MTH. ARS. . DODX 1707k 0.31
50,51 ROCKY *ffti. ARS. DODX 17067 0.2k
i i

e e — e e _

e
[ LSy
Ut s bl




T m i R ks Tt S A 3 am nSSTSRTSET sk A Tia e

T APRPT-TR-T3-2k
Table III
PARTICULATE, NVR AND ASH IN HYDRAZINE SAMPLES
IVR 4SH
PARTICULATES (105°C)  (650°¢C)
UARL I.D.# USER SAMPLE I.D. ppri ppm oI
1,3 RGCKET RESEARCH K-1799 0.2 8.8 1.8
5,6 SHELL H-LoTo . 0.3 3.0 2.0
7,8 CHINA LAKE H-2002 0.1 12.2 1.9
10,11 - BELL g/1 929 0.3 21.0 <1.0
12,13 CHINA LAKE 2037 0.3 9.5 3.6
1k .15 JPL H-32155 <0.1 13.2 <1.0
17,18 SINIDSTRAID H--110 0.2 19.k 1.7
i 19,20 CHINA LAXKE Lot 681 0.3 12.L 1.0
; 21,22 CEINA LAKE E-2139 <0.1 12.5 <1.0
; 23,2k CHINA LAKE =356 2.2 2k.5 1.0
| 25,26 CHIUA LAKE - E-T9h - 0.2 9.0 <1.0
27,28 CHINA LAKE . - He260k <0.1 7.8 <X.0
Lo LOCKHEED A 3937 ~0.12 15.9 <1
} 29,30 ROCKETDYNE - PRA Tank #5 - 0.35 k6.9 1.0
3,32 . EDJARDS Drum 3103 - 0.25 17.9 <1
q 33,34 EDVARDS ~ H-1993 -<0,1 20.9 <1L
B 35,36 - ELWARDS . Drum 2763 - <0.1 17.9 <1
i 37,38 - TRY 7 ~ done T <0.1 28.5 <1
t Lo . HAM. STAUD, - k318 T 0.11 11.3 <t
g | 15 R f. STAID. 2556 - 0.37 18.7 <1
g | BELT - EDWARTG ~ Drun 1810 - <0.1 10.5 <1 -
= 48,k9 ROCKY MIH, ARS.  IODX 1707k <0.1 11.6 <1
| 50,51 - ROCKY MTi. ARS.  LODY 17067 o1l 13.0 <1
g |
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T eI lY vy P TR SO TR Y codeas Sadesoo k-t At
e T TRy T ISR TUIT Tt s memem RS T T Rl S e E == 2 il et = = o
gz"’ T = i , o -
3
b
E
&
£
EE
4
2

L
- } '4
Perticle Size Distribution (Particles/100 ml) 7 ¥
Size Range (in microns) } ?
- UARL : - Sarple Yo
2 1.D.4 User I.D. 6-10 11-25 26-50 | 51-100 | >100 D
e 1,3 |Rocket Research | H-1799 23 T 2 0 0 P
L 5,6 | Shell H-L6T70 32 13 10 1 0 o
g 7,8 | China Lake H~2002 3 4 2 1 0 Cod
, b
10,11 | Bell , S/t 929 31 1k 5 0 1 .
- | 12,13 | china Lake 2037 | 1 3 2 1 1 S
: 14,15 | JPL ’ H-3155 10 3 2 0 0 E
- i - -t - . - P 3
17,18 | Sundstrand H-110 21 10 7 1 0 1 %
19,20 | China Lake Lot 681 3 5 1 0 0 T
| 22,22 |China Lake H-3139 3 c 0 0 0 s
| 23,2 | China Lake H-3456 50 ) 32 17 10 R
- - N - - :i, N
. A M

25,26 | China Lake H-T9L - 10 6 1 0 0 !

e - ) : o i

127,28 |China Lake Heptok 13 & 2 1 0 b
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Teble VII B
Results of Spectral Scan Analyses ]
(Fig. 12) ;,
Particle furber Elements Observed [
1 Sample Type Analyzed Major Minor 3
% lo. 1 Glassy Piates 3 Fe,K,7i,8i  Al,Mn
E Metallic 1 " Fe . Mn é
Agglomerates: Stable 2 ¥e,8i,0a,P,K Cr,S5,lli.Al \,\
ilo. 5 Glassy Plates 2 X,8i,Fe,AL Ti,Mg ' ’9‘;
E Agglomeraterg ‘Unstafnle 1 ,;Fe’Cl ) Si:,l'!a 1
] Agglomerate: Stable 1 K,8i,Fe,Ti  AL,Ca,Cl,Mg %
E Smali-a-Orangg Fluorescent 1 : §i,01 - C;_,Ti 7
No. 7 Glassy Plates ~ 2 siFekTi A
; : / Ifetsg.lic - /7 | 2 Fe . Un,Cr :
F ) Agglomerates: Stable 2 Fe ,:éa,Si | AL ,’;C,I-{g - -
77 Aggiomerates:: Unstable 2 C;bjf‘e—,Si © Nea : ;-;
Z’ ~ IIGV; 23 Agglonmerates: Unstable : 2 Si ,%s‘e,Cl : Ca,Ai,K,Cr
| Metallic 1 . Fe T ,A1,C. 81,0 L f:,
. - - - - - - ] ) -
L 4 Glassy Plates ' 2 K,Fe,5i,Ti -~ Al,Ca,Cr 7 ii:;;
Agglomerates: Stable 2 FeSiCa AL V : - g
= Comtrol - Oxide Particle ! 75 oom ’ B i
F - Perticles: Unstable 3 Si,CeL,T K,S A
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Teble VIII
Results of Spectral Scan Ansiyses
(Fig. 13)
Humber Elements Observed
Sample Particulate Type Analyzed Major ~ Hinor
do. b Agglemerates: Stable 2 Ca P,5i
Glassy Plate 1 53 -
Mstallic 2 Fe,Cl Cr,Cl
fic. 16 Agzlomerates: Stdble 1 ] Ca. 8i,Ca
Agglomerates: Unsteble 2 IL,Fe,Si ,éa Ly A0 T
Glussy Plate -2 -~ %,Fe,Si i ,AL, Mg, Ca-
Agglomerates: Unstable -k "~ Ca,AlK,Cl $i,8,H0,Cs
Metallic S| Fe,Cr i -
Agglomerates: Stable it Ca,Si,Fe Fe,Cd,K,Cl,AL
hgglomerates: Unstable 1 - Ca Fe,Si
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Humber Elements Observed

g’ Sample Particle Type Analyzed Major HMinox
E» No. 9 Agglomerates: Stable 3 Ca,Fe,Si Cr,Fe,Ca,Al
1 : Agglomerates: Unstable 3 Si,Ca,Fe,Cr Fe,Al,Mg
é
i o. 12 Glassy Plate 2 Fe ,Cr,K,8i, i3

o . ) Al,Ca
Y Agglomerates: Stable 2 Ca,Fe 5i
: . Agglomerates: Unstable 2 Ca,P,Cl Fe,Cr,Ca
To. 14  Agglomerstes: Statle 1 C1,Fe,Ca Cr,Si
- égglomérates; Unstable 3 - Ti,Ba,Cl,Ca, Fe,&1,5,
3 Fe,51i,K,P - " C1,A1,Cr
Metallic : : 1 e —
3 flo. 18 Glassy Plate 1 — Si ——
ﬁgglomerates : Stable - 2 Ca,Fe - - Si,0r
i, f Agglome;ates; Unstable - -3 - 71,Ca;C0 5i,%e
E:*1
-
é,
1
27
E:’%; -
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Table IX

Results of Spectral Scan Analyses
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FIG. 3
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OPTICAL PHOTOMICROGRAPHS OF PARTICULATES FROM HYDRAZINE SAMPLES
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