128

Hydrazine Synthesis in A Silent Blectrical
Discharge.

Thornton J.D., Charlton W.D., Spedding P.L.

Department of Chemical bngineering, |
University of Newcastle-upon-Tyne, Merz
-Court, Claremont Road, Newcastle-upon-
Tyne 2. bngland.

o INTRODUCTION.

The synthesis of hydrazine from ammonia using the
gilent electric discharge was first demonstrated by Besson
in 1911 (1). Subsequent investigation showed that both
the electrical energy yield and percentage conversion
obtained were very low (2,3) and interest in tue process
waned. Further work was introduced in the early 1950's
enabling substantial improvements in yields to be obtained
in certain circumstances and a better understanding of the
kinetic mechanisms in the discharge to emergs. Devins and

- Burton (4) showed that significant hydrazine formation only

took place in the positive column of a D.C. discharge. -
Moreover, they found that yields could be substantially
increased if the atomic hydrogen concentration in the dis-
charge could be reduced by recombination. These general
observations were later confirmed by Rathsack (5). 4As a

result mechanisms were proposed for hydrazine synthesis based

on the underlying premise that the hydrazine was first

formed in the discharge and then degraded by back reactioms.:

Ouchi (6) snowed that yields could be increased by reducing
the residence time of the hydrazine in the discharge in
agreement with the general premise of hydrazine dagradation
in the discharge. Subsequent work nas not been at variance
with this finding (7,8).

Recently, I.C.I. of the U.K. have reported (9) that
removal of product hydrazine in a liquid absorbent gives a
substantial increase in yield and an improvement in per-
centage conversion. This is, of course, a modification of

the general premise of hydrazine degradation in the discharge
_proposed by Devins and Burton (4) and Ouchi (6). Furthermore,

following on the pioneering work of Ouchi (6), and others
(10), I.C.I. apparently were able to achieve even better
yields by suitable modification of the waveform character-
istics of the discharge. In order to confirm their claim
and to help clarify the mechanisms teking place in the dis-
charge, work was commenced on this system at the University
of Newcastle-upon~Tyne in 1965. This is & preliminary-

' statement of the results obtained to date. :

BXPERIMBENTAT. ;
The main aim of this work was to attempt to increase

-hydragzine yields by reducing the residence time of the

product in the discharge. A concentric barrier discharge
reactor was employed with and without tae use of a liquid
absorbent. Reactant flow rate was increased up to the
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waximum vumping cavacity of thne apparatus after w.ich tue
dlscrar&e .%o, e wi.3 reduced’ by changing the electrode area
in oruer to give a_further- reduction in product 1es1dence
tlme.v Flrally a U.C." narallel electroae reactor was used
in w.ich t.e di scharge waveéform characteristicg wer
altered so that only & short activating pulsé was: supplled

. Yo the reactant in tae electrode gap as it pas ed through
__the reactor. ]

The apparatus con81st°d esseatlally of a dlscharge

" “reactor Set b-tween measur ing and analysing secvions in a

flowing gas train. Commercially ‘pure aumonia wWas fed 1nto
the measuring section of the apraratus via a’ reductlon :
valve and-a regulating needle ‘valve. The flow rdte: was

" measured on a rotaueter wiich had been vreviously calibrated

under operating conditions by using a soap film manometer.
tas teuperatures and pressures.also were measured before the
dischare reactor. The hydrazine formed in the discharge
wag absorbed in ethylere glycol either in situ or in a
separate absorwntion truin. Hydrazine was determined using
the spectroohoietric -method of Watt and Chrisp (11).
Vacuum control ‘'was acuieved by a carte51an manostat located
before the vacuuim: puap.-

The A.C. radio frequency power (1. 2meg c/s) to
the A- and B-type reactors was supplied by a modified C-12
Radyne generator of 1«KW rated output. Heasurement of the
power dissipated.in the. discharge was acnieved by firstly

“lietermining the vower factor directly. oﬁ%%ultable oscillo=-
‘scope. This value in conjunction with the direct

‘readings of an W.i.S. voltmeter (Airmec 314) and a radlo
:frequency ammeter (Cambriuge Unipivot).enabled a reasonably:

accurate determination of the power in the discharge to be

-achieved. The D.C. power for the C-type reactor was

provided by a specially engineered 8KW generator. ' Measure- .

'ment of the actual discharge power was made using a
.combination of an oscilloscope trace and the appropriate

meter readings.’ .

The various types of dlacharge reactors used ‘in thise
work are illustrated schematically in Fig.l. Other essential
geometric details of these reactore and their operatirg data .
are .given in Table 1. The A-type series of reactors
consisted of a precision silica tube (whlch acted as the

capacitive barrier) with the high tension electrode attached -

around the outside. The inner electrode was a spinning
cylinder so constructed that absorbent liquid could be
sprayed onto the inside of the tube to flow down through the
annular diacqarge £8p-. Co-ourrant gas and liquld flow was

employed. .

The B-typo series of reactors were of simllar conatruction
except that a central wire electrode was used and the

vabsorbent liquid was fed into the incoming gas as a spray.
‘Dispersion of the liquid was achieved ultrasonically using a

vibratory genprttor. The spray was fed into the gas stream

~ through an annular orifice placed at a suffieient distante
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‘ downétream from the discharge to ensure proper dispersal of

spray in the electrode gap. The C-type reactor employed a
pair of rectangular'electrodes so set in the gas flow as to
avoid reactant by-passing. The use of D.C. pover,

.necessitated stabilization of the discharge by means of a

resistive load in the electrical circuit. Provision was
made to admit liquid spray into the inlet gas siream using
the same aerosol generator used in the type-B reactors.

Table 1.
Reactor units employed.

Reactor FlowaArea Dlscharge Dlschalge Dilectic

" Type Coue cm iiidth Volgme Barrier
. em Thiciness

Tubular. Al 2.203 1.270 2.798 0.15875
Centrifugal A2 " 0.254 U.560 "
Film Reactor 43 : " 0.127 0.280 M
vy . 0.040 0.089 "
© Tubular Bl - 1.089 1.270 1.383 "
Spray Reactor B2 " 0.254 Ue 277 "
rulsed - 1 1.411 © 0.635 0.896 0

Reactor
RESULTS.

Hydrazine yields for the various reactor geometries and
the operating variables employed are given in Figs. 2 fo'6,
Prom the data presented in r'ig 2 to 4, it is evident that the
yield varies inversely -as an exponential function of the
nower density at pressures under 100mm of mercury. The effect
of pressure also follows a regative exponential variation
therefore a general equation of the form.

Y = a exp (~-bP-cTr)

adequately describes the results. Of course this correlation
of the results does not in any sense give a complete
description of the underlying pnysical chemistry involved in
the synthesis. Ideally,it would have been preferable to
develop separate rate equatlons in terms of the partial
pressures of the various components in the overall hydrazine
synthesis. This would have necessitated a complete product
analysis and since,in the present case,these data are lacking
the phenomenoloégical approach had to be used. The constants

,in the equation for the various reactors and operating

conditions used were evaluated using the method of least
squares (12). These are tabulated in Table 2. It should be

. noted ‘in this Table tnat cert:iin pressure exponential values
were bracketed. - Here the relevant data were lacking for

calculatjion and,therefore, the dependence.of energy yield upon
pressureyieactors A2 to A4 and B2 were assumed to be ‘the
samne as those found experimentally for Reactors Al and Bl.
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Table 2.
Derived c nstants for the equation ¥ = a exp(-bf-cr)
. a b_l e liqyid
Aeactor  _a/LWH riHg ce/Kwatt absorbent
Al 13.14 0.0087 T3.61 film
Al 6.3% 0.0256 118.74 none
A2 _ 10.70 (0.0087) 19.43 film
A3 9.56 " 12.93 "
A4 T.28 m 3.73 "
Bl 12.99 0. 0098 7%.58 " spray
B2 9,26 (0.0098) 13.69 "
" B2 8.88 (U.0236) 35.15 none

This is a reasonable procedure within any one
varticular series of reactors such as Al %o 4, but it is
only ziproximate with differing reactor series(e.g. Reactor
series A and B)due to dissimilarities in discharge _eometries.

LUioCuSSI. N,

The most nutable overall fezture of the results is the
orogressive increase in hydrazine yield obtained by the use
of a liquid absorbent and oy pulsing tne discharge. The
hignest averaze yield was obtained witi tne pulsing
tecnnique with or w1tuout llquld absorbent and was approx-
imately 15 gms i /KWH. Isolated values as hign as 20 gus/
KWn were obtaineg ﬁut further experimental work is required
before these values can be made reproducible. It is
noteworthy that a yield of 15 gmus/KWH is beginning to look
commercially attractive although it must be remembered that
the finel product cost will depend to a great extent on the
cost of the product purification process downstream of the
reactor.

There are several interesting features shown by this
work which bear discussion, From the results set out in
Fig. 2 to 4 it is evident that the hydrazine yield decreases
with increasing discharge power intensity despite a corres-—
ponding increase in the decomposition of ammonia. The only
reasonable explanation for this which nas been advanced is
that hydrazine is formed in the discharge by a complex
reaction mechanism and is subsequently decomposed by -electron
bombardment or other collision phenomena (4,6).

The use of a liquid absorbent results in a decrease in
the slope of the energy yield-power density plot. This is

. well illustrated in both Fig. 2 and Fig.4 by comparing the

gslope of the plots with and without the use of liquid absorb-
ent. This indicates that hydrazine is being removed from the

- discharge by the liquid absorbent instead of being degraded.
"If the hydrazine were completely removed s0 that degradation

did not occur the slope of this plot would be w@ither
independent of discharge power or possibly positive. The very
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fact that the slope is still negative with the use of liquid
absorbent may indicate that a significant amount of hydrazine
is 111l being degraded in the discharge in this case.
‘herefore,the use of a more efficient absorption process would
reasonably be expected to recover more of tie hydragire being
degraded and thus increase yields still further. Moreover, the
observed decreasing effect of pressure on the yield with the
use of liquid absorbent (shown in Fig.2)adds weight to this
suggestion.

As tine pressure was decreased below 100mm of mercury the
yield of hydrazine increased steadily while the slope of <the
vield-power der~sity curve remained coastant for similar reactor
operating condivions such as tue use of a liquid absorbent.

A rezsonable explenation Tor this behaviour is that at the
lower pressures the eiectrons passing into the discharge are
less. likely to suffer collisions in the immediate vicinity of
the electrode so that the average ener.y of thne electrons will
be high just prior to the required activating collisions.
Theretfore, activating collisions are more likely to occur and
yields to increase correspondingly. Degradation of product by
electrons is,by the same arguement,K more likely under these
conditions but other product degrading discharge collisional
phenomena e.g. the reaction with hydrogen atoms, are reduced
because of the greater mean free path at the lower operating
pressure. The overall result is that hydrazine yields increase.
Secondary effects become increasingly important at higher

' pressures and it is likely that other variztions in the effect
of vressure on yield may well occur. One such variation is
reported to occur at about S5mm pressure where the energy yield
passes through a maximum (8).

Product yields were increased by removing hydrazine in a
liquid absorbent and it was considered that a more efficient
absorption technique should lead to even greater yields. In
order to obtain a more intimate gas liquid disperslon a spray
reactor was used of the general design dhown for Reactors
Bl and 2 in Fig.l. The results (Fig.4) show that yields were
slightly below that of the film reactor. In practice there
were difficulties caused by dissimilarities in the construction
of Reactors A and B which led to radically different discharge
conditions being obtained. The film reactor (A1) had a more
uniform discharge density because it was of an annular
construction where the annulus width was small compared to the
reactor diameter. The spray reactor, on the other hand,
employed a central wire electrode and consequently there was .
a non-uniform field in the discharge gap with a higher local
‘discharge density in the vicinity of the wire electrode.
Because the yield is known to depend on an inverse functiom
of the power density, it is only reasonable to expect that the
reactor design ‘Bl would give somewhat lower yield than the
‘Reactor design Al under similar operating conditions.

This means that the more intimate gas-liquid contact in the
spray reactor had no measurable effect on the product yield. .

>

i




T e )

135

On the otner hand, if hydrazine is formed and degraded
unifornly in the activating section of tne discharge this
result is difficult to explain. It ig suggested from thls
that under these conditions, the absorption process is no
longer the controliing factor since an incresse in kae
overall potential absorption rate,taroush an increase in the
interfacial area ,produces no corresponding rise in hydrazine
yields. It may be that 1liquid surface activation phenomens,
are taking place and the increased hydrazine yield which is

" observed with the use of an absorbent liquid is caused by

hydrazine formed by otner mechanisms in which the liquid
surface plays an important role. If this were the case the
liquid film, wnich presents a complete barrier to the discharge,
would naturally give maximal yield and tne spray reactor
would only tend to tais value in tie limit.

It was found experimentally that a decrease in the

. residence time of the reactant in the discharge is accompanied

by an increase in energy yield of nydrazine and a corresponding
fall in percentage conversion. ' The results are detailed in
Pig.5 and appear to be in ‘general agreement with those of
Ouchi (6). When a liquid absorbent is used the change of
yield and percent conversion is steady but without the use of
an absorbent thne effect becomes very marked at low residence
times. Ouchi (6) has concluded from his results that some of
the hydrexine formed in the discharge is preserved from

.degradation by rzapid physical removal out of the discharge.

This would adequately explain,in general terms, the increase
in energy yield with reduced residence time. The degree of
activation of species in the discharge must fall as the
reactant throughput is increased. This would result in a
decrease in percent conversion as residence time was reduced.

. Purthermore, as the concentration of hydrazine governs the

rate of the degrading reaction the smaller percent conversion
achieved at high flow rates will result in a higher overall
energy yield being achieved. With the use of a liquid
absorbent soue effect on tne yield may well arise because
of changes in the absorbtion rates due to ilicreased turbulence
and a decrease in the gas liquid contact time.
Another noint which .must be borme in mind is that physical
removal of the product or even,for tnat matter, the use of
the pulsed uischarge tecnnique cannot give better conversions
than that dictated by tne equilibrium concentration of
hydrazine for the basic reactions t:king place in the discharge.
The use of the liquid ebsorbent, on the otiier hand, permits
higaer conversion to be achieved because of the inability of
tne discharge reaction to reach equilibrium as hydrazine is
being continuously remcvel afier it is formed in tine discharge.
The negative slove of tne energy yield-residence tinme.
nlot (Fig. 5) when liguid absorbent was used, implies that it is
nossible. to 1ncreaue yields still furtner by so:ue otuer
suitable modification of technloue.
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vne resulis,ior tue ca.e wien liquid absorbent was uot

usel, siov 2 very .aried incrcase in _ield with reauction of

residence time. This abnormal behaviour su gests iaat the
nsrocess resulting in increwnsed nydrazine yielas is not just
the -physical removal of nroduct alone but a cnaase. may also
be occurring in the basic reéaction mec.anisus.

- In an endeavour to reduce tihe residence tiwe below the
level dictated by tue capacity of tne vacvum system tone

~electrode area was steadily reduced (Reactors Al to 4).

The results obtained (Fig.5) show that tine yield fell and the
discharge itself altered radically due to tne increased
influence of electrode edge effects.

Discharge pulsiug gave a substantial increase -in yields
over tne otiier methods employed. As tihe auration of the
discharge pulse was snortened the yield was found to rise
and become indevendent of power density. Furthermore, the
yield wee not affected by the use of a liquid absorbent. Up-
to this point the usual viriations with these two variables
were ouserved. Indications are that nydrazine yields can be
increased well beyond 15 . ms/iWH by suitable modification of
the pulsed discharge teciunique. ‘

" It is clear from these results that tue yield of hydrazine
from ammonia using the silent discharge can be increased if
the residence time of the product in the discharge is reduced
by the use of liquid absorbent, physical flow rate of '

'reactant or discharge pulsing. Several aspects of the results

seem to imply that the underlying mechanism involved is not
entirely that of physical removal of product but other
factors, such as cnanges 1n the basic reaction mechanisms, are

"also 1nvolved
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