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or usefulness of the information contained in  this 
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method, or process disclosed in  this report may not 
infringe privately owned rights; or 
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or for damages resulting from the use of any infor- 
mation, apparatus, method or process disclosed in  
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TWELFTH QUARTERLY REPORT 

on 

ENGINEERING PROPERTIES O F  
POTASSIUM AND CESIUM 

Alexis  W. Lemmon,  Jr. 

INTRODUCTION 

Th i s  p r o g r a m  at Bat te l le  is being performed for  the National Aeronaut ics  and Space 
Adminis t ra t ion (NASA) to  investigate the engineering p rope r t i e s  of potassium and ces ium.  
Since the preceding quar te r ly  r epor t ,  the scope h a s  been enlarged to  include selected 
p rope r t i e s  of ces ium,  as well  as the work on potassium previously under  way. 
is being per formed under Cont rac t  NAS 5-584, and this  r e p o r t  is the twelfth quar te r ly  
r e p o r t  of p rogres s ,  covering the period f rom July 1 through September  30, 1963. 

All  work 

Many of the thermodynamic and t ranspor t  p roper t ies  of potassium, both liquid and 
Exper imenta l  

Curren t ly  the experimental  

vapor ,  have been measu red  in  the tempera ture  range f r o m  900 to 2100 F. 
values  f o r  vapor  p r e s s u r e ,  specific hea t  of liquid, t he rma l  conductivity of liquid, v i scos-  
i ty of l iquid,  and P-V-T cha rac t e r i s t i c s  have been obtained. 
p r o g r a m  f o r  measur ing  the the rma l  conductivity of potassium vapor  is i n  p rogres s .  
Expe r imen ta l  techniques for  the d i rec t  measu remen t  of the specific hea t  of potassium 
and f o r  the measu remen t  of the viscosi ty  of the vapor have a l s o  been of in te res t .  The  
la tent  hea t  of vaporization, enthalpy, entropy, and specific hea t  of potassium vapor have 
been computed f r o m  some  of the data obtained. 

J u s t  being s t a r t ed  a r e  measu remen t s  of the enthalpy, viscosi ty ,  and the rma l  con- 
ductivity of ces ium liquid. A t  a l a t e r  date,  it is expected that  the t h e r m a l  conductivity of 
ce s ium vapor  a l s o  will be determined.  I t  is anticipated that the information der ived will 
be useful i n  the design, testing, and operation of nuclear  
s y s t e m s  f o r  u s e  in  space ,  fo r  which ei ther  potassium o r  
fluid. 

SUMMARY 

electr ic-power generating 
ces ium would be the working 

Measuremen t s  of the viscosi ty ,  vapor p r e s s u r e ,  t he rma l  conductivity, and heat  
content of liquid potassium have been concluded. 
po tass ium vapor  has  been measu red  in  the P-V-T apparatus .  Also  concluded h a s  been 
the design study of equipment f o r  the direct  determinat ion of the specific hea t  of potas- 
s ium vapor .  The  vapor p r e s s u r e  and compressibi l i ty  data fo r  potassium were  used  to  
der ive  a virial equation of s ta te  which, i n  turn,  was  used fo r  the computation of enthalpy, 
entropy,  and  the specific hea t  of the vapor ,  Exper imenta l  effor t  on potassium is cu r -  
rent ly  l imi ted  to making the f inal  p reparaTons  of the bare-wire  probe appara tus  in  

In addition, the compressibi l i ty  of 
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anticipation of the measu remen t s  which will be made  during the next 3 months.  Activity 
on the newly begun ces ium phase includes prepara t ion  of exper imenta l  equipment previ-  
ously used  for  the potassium measuremen t s  and the procurement  of purified ces ium and 
the Nb-1Zr alloy needed fo r  the ces ium containment vesse ls .  

Equipment for measur ing  the the rma l  conductivity of potassium vapor has  been as- 
In the init ial  a t tempts  a t  operation with air, the values  obtained were  about 30 sembled. 

p e r  cent  low. 
These  difficulties have now been resolved to the point where  measu remen t s  will begin 
with purified nitrogen, fo r  cal ibrat ion purposes  , and then with potassium. 

However, many difficulties were  encountered with the electronic  c i rcu i t ry .  

Mater ia l s  procurement  for  the ces ium p r o g r a m  is under  way. The  commerc ia l  
Additional quality requi rements  for  suppl ier  for the Nb- 1Zr  alloy h a s  been selected.  

some  i t ems ,  consisting of u l t rasonic  and dye-penetrant t e s t s  to  a s s u r e  sur face  sound- 
n e s s ,  have been imposed. 
measu remen t s  a r e  being explored. 

Sources  for  the purchase  of purified ces ium suitable f o r  the 

Enthalpy measu remen t s  fo r  ce s ium liquid will be made  in  the Bunsen i c e  ca lo r im-  
e t e r ,  which is being cleaned and readied fo r  operation. 
s tandard A1203 is  planned p r io r  to the ces ium drops.  

Rechecking i t s  operation with 

The  liquid-thermal-conductivity appara tus  is being cleaned to  remove  contami- 
nating potassium which leaked out during previous measu remen t s .  
components are  being replaced. 
rial, to  be used  as  the re ference  heat-flow m e t e r ,  will be measu red  p r io r  to the meas- 
u r e m e n t s  on cesium. 

Also,  some damaged 
The the rma l  conductivity of the new Nb-1Zr alloy ma te -  

Readying of the l iquid-viscosity appara tus  f o r  u s e  with ces ium includes a review of 
the building-vibration problem. 
rece ip t  of the Nb-1Zr alloy and purified cesium. 

Measurements  a re  expected to  begin short ly  a f t e r  the 

EXPERIMENTAL MATERIALS 

(Joseph F. Walling) 

A decision has  been made  to fabr ica te  f r o m  the Nb-1Zr alloy the new t e s t  ce l l s  for  
The re fo re ,  the needed the var ious  i t ems  of equipment to  be used  fo r  the measu remen t s .  

i t e m s  of the Nb-1Zr alloy have been o rde red  f r o m  the m o s t  appropr ia te  suppl ier .  Han- 
dling and acceptance procedures  will be, in  gene ra l ,  the same as those used  previously 
in the potassium work. 
have been imposed fo r  the thermal-conductivity bar s tock to  help in  a s s e s s i n g  the s u r f a c e  
soundness of this  piece. 

Some ex t r a  requi rements  (ul t rasonic  and dye-penetrant  t e s t s )  

The preparat ion and ana lys i s  of the ces ium t o  be procured  is d iscussed  in a l a t e r  
sect ion of this  report .  
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DETAILS O F  INDIVIDUAL PROGRAMS 

At  present ,  mos t  experimental  and analytical act ivi t ies  on the potassium portion 
have been concluded with but one exception, the measu remen t  of the the rma l  conductivity 
of potassium vapor.  
here .  
topical r epor t s  l i s ted  in  the final section of this  repor t .  

Consequently, the concluded port ions a r e  no longer  being repor ted  
F o r  those who des i r e  information on previous r e su l t s ,  r e f e rence  is made  to the 

P h a s e  I - I t em 4. Measurement  of Viscositv of (Potass ium)  VaDor 

(E. H. Hal l  and J. M. Blocher ,  Jr.) 

Activity on this i t e m  has  been indefinitely suspended; no significant values have 
been obtained. 

P h a s e  I11 - Measurement  of The rma l  Conductivity of (Potassium) Vapor 

(Joseph Matolich, J r . ,  and H e r b e r t  W.  Deem) 

The  the rma l  conductivity of potassium vapor  is  to be measu red  over  a tempera ture  
A dynamic method using a bare-wire  probe is range  f r o m  480 to 1150 C (900 to 2100 F). 

being used  to make  the measu remen t s .  

During this  work per iod,  the vacuum-chamber h e a t e r s  and re la ted  appara tus  have 
been completed,  assembled ,  and tes ted sat isfactor i ly  to 1150 C (2100 F). 

The  e l ec t r i ca l  measur ing  c i r cu i t  as descr ibed and shown in  the Eleventh Quar t e r ly  
Measurements  have been s t a r t ed  using a s ta in less  s t ee l  

The f i r s t  measu remen t s  
Repor t ( l )*  h a s  been assembled .  
probe chamber  and boiler to check the response of the circui t .  
w e r e  made  with the probe filled with air, f o r  which thermal-conductivity values a r e  
reasonably well  known. 
30 p e r  cent  low. 

The  f i r s t  data taken yielded thermal-conductivity values about 

Seve ra l  operational difficulties contributed to the e r r o r .  The ma in  power switch 
used  to start the measu remen t s  proved t o  be "noisy" and e r r a t i c  and will  be replaced.  
Difficulty was  experienced with the t iming m a r k e r  in  which s tandard  commerc ia l  decade 
counters  w e r e  used. Th i s  c i rcu i t  proved to be too sensi t ive to changes of amplif ier  load 
with change in  gain. Difficulties with the t imer  will be co r rec t ed  because uncer ta in t ies  
i n  t ime  add to the e r r o r  of the measurements .  A malfunction of the d-c amplif ier  added 
to the difficulties. 
over -a l l  operat ion of the probe. 

During these difficulties, however,  experience was  gained on the 

Pur i f ied  ni t rogen will next be used a s  a re ference  gas  to check the operation of the 
appara tus .  
appara tus  yields  good thermal-conductivity values  fo r  nitrogen, measu remen t s  will be 
s t a r t ed  on potassium vapor.  

Reliable l i t e r a tu re  values  a r e  available for  ni t rogen and, as  soon as the 

+See page 5 for references. 
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The  s ta in less  s t ee l  probe assembly  will be used  fo r  thermal-conductivity m e a s u r e -  
ments  to about 750 C on potassium vapor ,  during which t ime the Nb-1Zr alloy appara tus  
will  be assembled .  Measurements  will then be extended to  about 1150 C.  

Phase  IV - I t e m  1. P repa ra t ion  and Analysis  of Ces ium 

(Joseph F. Walling) 

The  m a t t e r  of obtaining pure ,  analyzed, and proper ly  s ized  ampoules  of ce s ium 
suitable for  d i rec t  loading into the var ious  appara tuses  is being explored. Commerc ia l  
suppl ie rs  now seem to  be m o r e  amenable  to accepting purity r equ i r emen t s  f o r  m a t e r i a l  
purchased than they were  2 y e a r s  ago when potassium was  needed for  these s tudies .  
Hopefully, the ces ium needed can  be purchased in  a pure  enough s ta te  that  fu r the r  puri-  
f ication will not be necessa ry .  

P h a s e  IV - I tem 2. Measuremen t  of Specific Heat  of Liquid Ces ium 

(Edward A.  Eldridge and H e r b e r t  W. Deem) 

The  enthalpy and specific hea t  of liquid ces ium a r e  t o  be measu red  to 1150 C .  
Enthalpy measurements  will be made  in  the Bunsen i ce  ca lo r ime te r  previously 
descr ibed.  (2) 

The Nb-1Zr alloy, f r o m  which capsules  will  be made  to hold the ces ium,  h a s  been 
ordered .  
and made  ready  for use .  

The  ca lor imeter  wel ls  and mercury-account ing s y s t e m s  a r e  now being cleaned 

Effor t  during the next work per iod will be d i rec ted  toward rechecking the operat ion 
of the ca lor imeter  by measur ing  the enthalpy of National Bureau  of Standards A1203 and 
machining and filling the capsules  with ces ium.  

P h a s e  IV - I tem 3. Measurement  of T h e r m a l  Conductivity of Liquid Ces ium 

(Joseph Matolich, J r . ,  and  H e r b e r t  W.  Deem) 

The  thermal  conductivity of liquid ces ium is to be m e a s u r e d  f r o m  100 to  1150 C 
(212 to 2100 F). 
fo r  liquid potassium, as  previously described.(3) 

The  method, appara tus ,  and techniques will  be the s a m e  as those used  

Work on this phase was init iated la te  in  this  qua r t e r .  During the potassium meas- 
u remen t s ,  the specimen container leaked and the appa ra tus  is now being cleaned. I t  will 
be necessa ry  to  replace the t i tanium guard  cyl inder ,  h e a t e r s ,  cooling coi ls ,  and the rmo-  
couple s. 

The  Nb-1Zr alloy and ces ium m e t a l  r equ i r ed  f o r  the determinat ion have been 
s pe cifie d. 
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During the next work per iod,  the appara tus  will be made  ready  fo r  measu remen t s ,  
and as soon as the Nb-1Zr alloy is received,  i t s  t he rma l  conductivity will be determined,  
s ince  it will  be used as the re ference  mater ia l  fo r  the ces ium measuremen t s .  

Phase  IV - I t e m  4. Measurement  of Viscosi ty  of Liquid Ces ium 

(Elton H. Hal l  and John M. Blocher ,  J r . )  

The  appara tus  used fo r  measu remen t  of the viscosi ty  of liquid potassium has  been 
readied f o r  the study of liquid ces ium.  

A review of the vibration problem is in  p r o g r e s s  to  de te rmine  whether another  type 
of mounting might  be m o r e  effective in  minimizing the effect of building vibrations on the 
osci l la t ion of the liquid-filled cylinder.  

The  Nb-1Zr alloy requi red  for  fabrication of the cylinder and the ces ium is on 
o r d e r  and work will be continued as soon as the ma te r i a l s  are received.  

P h a s e  IV - I t em 5 .  Measurement  of T h e r m a l  Conductivity of Ces ium Vapor 

(Joseph Matolich, J r . ,  and H e r b e r t  W. Deem) 

These  measu remen t s  a r e  being postponed pending the outcome of the corresponding 
m e a s u r e m e n t s  for  potassium vapor.  
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