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INTRODUCTION

Activities on our dense cold gaseous plasma program during this
reporting period have centered around two aspects, the preparation
of gascous plasmas of higher electron densities, and the measurement

of electron concentrations in both the liquid and gascous states.

1. PURIFICATION AND LIFETIME

The objective of this phase of the program is to enable us to attain

higher operating temperatures and/or longer lifetimes than attained
to date, i.e., 190°C for short periods and 52 minutes at 145°C,
respectively, in order to obtain more gaseous data on the cold plasma.
Two approaches have been taken in the past reporting period. One is
a modification of the ammonia purification system to improve the
purity of the ammonia as well as to make it easier to prepare the
sodium-ammonia solution. The latter is accomplished by splitting the
time-consuming purification of ammonia over a period of two days with
low temperature storage over metallic sodium overnight.

A second approach is being initiated, namely, an independent method
of determining the effects of (i) the various purification procedures
for sodium and ammonia, (ii) the glass cleaning procedures, (iii) the
compositions of the various glasses, and (iv) the seal-off. The
method chosen, that of 1. !!'awshawsky, measures the hydrogen liberated
at low temperatures by, e.g., traces of water adsorbed in the glass
surfaces.  The presently cmployed procedure of testing effectiveness
of purification, etc., by behavior at high temperaturcs is more time
consuming; in addition, it is more difficult to assign the sources of
failures to particular causes. For this reason, we have designed and
are setting up a modification of Wawshawsky's procedure. In this

system, we shall evalunte, independently of the present conductivity
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technique, the effects of the various procedures, treatments, and
compositions on the stability of sodium ammonia solutions.

The revisions of the method of purifying the ammonia during the latter
part of the reporting period follows: The initial purification is now
accomplished by passing tank ammonia of 99.9Y percent purity through a
U-tube containing activated charcoal to absorb organic matter (e.g.,
hydrocarbons, aromatics, and their derivatives). The zmmonia is then
condensed over sodium in a dry box and kept there overnight at -780.
The purpose of the sodium is to reduce oxidizing impurities (mostly
water). Even at -78°C, there is always some reaction between the
sodium and the ammonia, a process which liberates hydrogen. With
rcasonably good ammonia as = starting point, a minimal amount of
hydrogen will be formed. It is possible that dangerous amounts of
hydrogen may be built up if impurities are present which can catalyze
the sodium-ammonia reaction. Therefore, as a safety mcasure, we have
installed a trap containing 60 grams of spongy palladium to absorb the
hydrogen as it is formed. This amount of palladium is sufficient to

>

absorb the hydrogen liberated from about 10 em” of sodium. Before ai
new batch of ammonia is purified, the palladium is heated to about

(o) . . -
100 unuer vacuum, and in this manner, rejuvinated. To date, our
experience has been that the amount of hydrogen build-up overnight,

using the palladium, is ncgligible.
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2. ELECTRICAL CONDUCTIVITY MEASUREMENTS

Conductivity measurements have been cxtended to the concentrated

solutions in an attempt to produce gaseous plasmas with much higher
conductivity than obtaincd previously, namely, greater than 100 mhos/cm.
In addition, studies of the cffects of pressure on clectrical conduc-
tivity of liquid solutions at constant temperature have been initiated.
Also, conductivity-temperature data are now being measured at constant
pressure throughout most of the liquid range. A theoretical study of
rhe clectrical conductivity measuring technique has been carried out,
and the behavior of the conductivity measuring system has boen accounted
for quantitatively. The method therefore has been reduced to an
absolute method of measuring resistance so that, in principle at least,
it is no longer necessary to standardize by comparison with known
recsistances.

Measurments of conductivity vs temperature along the vapor pressure
curve have been extended to the more conceéntrated solutions and the
results are shown in Figure 1. The temperaturc cocfficients of
conductivity of these soiutions are smaller than thosc of the more
dilute solutions. In all cases, there was a puak at about 160°¢.

/. possible explanation for the peak is evaporation of NH5 into the
volume of gas above the liquid solution, this making the solution

mor¢e concentrated. Either decomposition of decrease in volume of

the liquid due to further cevaporation of NHj, thereby opening up the
toroidal circuit, may account for the finz! drop in measured conduc-
tivity., We¢ did not produce conductinggises even at 190°C for the
concentrated solutions. It 1s for this reason that sur procedures

are being modified to gut to the higher temperatures rore rapidly

since w2 would like to produce gaseous plasmas of the concentrated
solutions. To do this, wc have modified not only the purification

procedure but also the cxperimental conductivity system to reduce

..5-
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oncrat;ona] difflcultiu at higher temporatures.A s
In tho casa of mcasurcmonts of ronduct "N"‘vs prulsuro at conltunt
tomperature, a hystorasl ‘offoct has been obsorved ay shown in

Figure 2.. Iho sourco of  this hystoresls has not yui Loan ua;.u..a"uu."
Ta d.torm!no uhether tho hystarosis is due to solu bilnty of.. nitrogen
in the Itquid(sodium nnnmnt1 solutions,’ wo have modifiod the cOnduc-
ttvuty culls; o, lncroasu thu diffusion path. longth.v in; tho naw -
_eolls, thn prnssuriztng 9a3 will hovu to diffu5a furthOr through llquld

vy [P B v

. o bufora affectlng conductav-ties. s
i L u‘,i S in Figure 5,Tthn rusult of o conductlv!ty vs tempurutur ticonstant
: e prcssurn maa5urement is comparcd to a simnlar moaSurumon t tha
vopor prossure.( rheso r05ults appuar to bo va||d, but wo are w!th-
holding. judgn :
ifhyntnra:u

nt{6 “this until we Iear “more about the- cause of the
oct notud abovo. S

;3 HALL srrecr’

'Importnncd'Jn“that lt ofFar. us -an Indopandcnt mothod of dotormlnlng
M)ulactrOn donsltlos and uluctron mobilltles. Attempts roportod In
;Iiterature to moasure thuso, uslng classlcal hom:cal tochnlques,

L

" heve cncountored unresol od dlfficultles. Thu H:II muasurcment, as

fwnolb luqu\d rango ns woll 28 into the gas. :
A Hull moasurlng tochnlquu compatlble wlth thn strungunt requnrements

Py

thr"hlﬁpréksu’Iiatlon%bomb;' Its rangu of
wa'frOm*chut 80 to: +20 c.; once the operntung

Ausofulness wfl’v
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5? Sunca tho nea coll wlll bu fabrlcotad fram*uloss, thc porpondlcular
alcgnmunt of the arms maaSurlng the output slgnal connot be controllcd
- occurately enough for. uscful .rosults. Therafore, ‘ Hhoath techntquu :
. will ba used to scparato tha Hatl slgnal from tho musclignmcnt voltago

I

and other background. . ; . . :
Tho megnutlc fiold g&vung rnso to the Hall &ffact wlll ba 5000 gauss
“in tho prototype systcm and nts froquency wtll bo 60 cas., The samplo

,fsample will rasu1t |5
' Thé thﬂht nf this: riso wlll bo chSurod by moans of

hhs oocn mado nnd on thus an oven has bccn fab-.
s saparatod from: the tabla by supv rtung legs and
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luss Jf the sample whila al J sorvln: es : 5 er shauld tho glass
tube cuntaining the snmplu ruptura. As furthur protoction, tha
uptical path is bont 90° to ko»p the cathetometcr knu thu opurano} cut
of dircet lina of sight.
A nicarome heating wirc VrJvndus tho hoat to ralso thc asven temperatura
’whllu a solonoid contrqlléd liquid co2 lnjectton systum provldcs cooling.
'hu_surruund'ng gns whjll t lsvbeing heatod or coolud

ﬂ fa >N corculate

éhltnough tha co2 COOlan ,yatem rcquires
n:cnq elumcnt can. be proertionally control]ed for accurato temporuturu

. McUntrﬁl.bf :
In ndd'tiun to densnty maasurement, a cond“"lvity hunu is also providcd
~su that 5|multonoous canuuc;|V|ty-u¢nslty-temporaturu maasuremonts can
bc mada. , ‘ '. ' ‘

'[_Thus unit is currently ouung tusted to dotormune hcating nnd cool-ng
Lrntos. An additnonal coﬁ aa'bnu|d valve Is be.ng adéed to provlde both ‘
“high and - low cooling rntcs. In addntion, 5 sucond huating cull Is bning

~2dded and. the Systbm is oo'ng cunnoctod to, 0 sourco vf 220 VAC to provide'
aa uuro rapnd haatnng rate, @. o %v>¢, o / S
'QThe pros;nt heatnng and. 351in :

Inutugiuf\hdntlng, the témpuraturu can be. rauscd from
b 50 C.while 200 c takesﬁabout 27 mnnutos. ’ .
» ‘ i Vhéatlng rate consudurubly.
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“PLAHS FOR_THE NEXT QUARTER
Evaluction of the effccts prcouced by the vorious surfacu trootments

EewR g

and glass composlnons wull bo mltlated, usmg warshawsky s tochncquo.’

, Basad wn thesa results and: tho use of a varluty of mutnal fracttonal

; ( fallings of thc conductuv:ty cclls, further attcmpts will ba made’ to
: ’ asurc thc electrical anducthItiQS of the moro co ncun;rp;pq‘gnsus.’

, Thu donsnty muasurlng ayatom will belusad initiully from -80 to +20 c

with’ “samp las das.gnod for uso unside tho bumb. Thc LlOCtrical conduc-
uvnty will ba’ measurcd cuncurrently. '_ A spccial sot of amples wull

“ba prcpared for mcasuring density as o functlor\ of t»mn»raturo abng ‘

thc vapar pressuru ‘curve to uluva;cd temperatun.s. In 2 dditton, our

*f’,pn.lamlnary thoory of th\. tc.mpx.rnturo cbefficiunt of u\.ns'ty will bo

o

‘camared mth the expurument | data. ‘

co:nplotc the fnbrncnticm of the Hall of fuct systcm

Thns systmﬁ 15 des!gnod for upcrntun frum-8
rhafhjgh tampuraturo Hall uffect systcm will Lo bullt at 3

RS
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