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A high pressure electrical conductivity (EC) apparatus_ capable of operation 
at pressures from I to 170 atm in the temperature ran_ce from 25 to 500’ C, is described_ 
The effects of the sample holder ,oeometry. pressure. and sampIe packing r,n the 
resulting EC curves are @en. Operation of the apparatus is iIIustrated by- the deaqua- 
tion reactions of BaCIz -2_H20. 

I\FrRODUCfIOS 

The thermal analysis technique of electrical conductivity invoI\-es the continuous 
measurement of the electrical conductivity of a sample as a function of temperature_ 
This technique has been called electrical conductivity (EC)‘. amperometric thermal 
analysis (ATA)‘: and eIectrotherma1 analysis (ETA)3_ EsperimentaIIy. the method 
consists of placin 50 a pair of inert electrodes. with a potential applied across them, 
into a sample and recording the chancre in current 5s II function of temperature as the 
sampie temperature is linearly increased -The instrumentation. which is simpler than 
that for TG or DTA, consists basically of the following components: A d-c. or ax. 
voltage source to suppIy the potential across the electrodes; a heated sample container; 
a microammeter to detect the current ~-IOU-; and a X-Y reccrder to plot the tem- 
perature-current data_ A liquid or sohd sample may be empIo_ved for the measure- 
ments. 

InitiaI!y, this technique was applied to the study of the resistance of‘ thin metal 
wiresa. .4n early paper has been described in tvhich tw-o platinum wires were embedded 
in a pressed, fired, ceramic disc’ and the electrical conductivity of the material 
measured as a function of temperature_ Many other unifunctional mstruments 
capable of measuring the change in eIectrica1 conductivity of a solid sample as a 
function of temperature have been described6-‘o. Equipment for simultaneous DT.4 
and conductivity measurements has been reported”-‘” as well as for other concurrent 
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methods’_ The technique has &o been used at h&h temperatures to determine the 

irxnsformation tempcmturc of ZrOI and th t solid-state reactions in the SiO,-PbO, 

34 UO,-.%I systems”. Studies on the melts of alkali metal acetates have been 

eltxidated through the use of eiectricai conductivity methods’5. The application of 

this technique to the detection of liquid \vrktcr and or quadruple points in metal sait 

h_ccIrxtc s>-stems ha aiso been dewribed *_ Sumcrous other applications of this 

method are found in the literature”‘. 

_-\Ithnu_ch ciectricai conductkity mcasurcments have hccn made on man> 

chemicxi q--sterns and over a xide temperature range. almost ail of the data have been 

obtained :IL or beiow ambient atmospheric prrysure. The purpose of this investi_ra- 

tion is to d~act-ihs an ckctriczli conducti\ it- apparatus which can he used at pressures 

lion I to IX atmosphcrrx and in the tcmpcrnturc range of 35 to 500 ‘C. 

f3I’LRlSlE\T;\L 

.-\ xhsmatic diagram oi the xpparatu?; is illustrated in Fig_ I_ The apparatus 

consisted of a Kcithie>- Xlodci 160 di_ritai recording microammctcr CA)_ ;I O-15 V 

rcgu~~tcd DC power suppi_v (B).. ;I 3losricy Xlodci 13 S-Y recorder (C), a 3000 psi 

gs suppi- cylinder with ;1 reguIrttor and gauge (D, E). a hi& pressure chamber (F) 

holxsing the sample holder and probe_ and :I temperature programmer. 

jo 
G 

Fig_ 1. High prcssurc ckrrical conciuctixit~- zpp;~ratus. A. Kciihlry I\lodrl 160 digifal rcsording 
micro2mmrtcr: B. Q-25 V rsgdawd d_c_ porwr suppI>-: C. Icfosclry Model 135 X-Y rccordcr: D. 
3300 pi; ps sxppI>- +iinrfcrr E. _EZS prcssurc rcgul:tror: F. high prcturc chamber howinS rhc sample 
holcirr am! umpfc prober G_ T&T Controls Company \lodri So. TPC-2000 tsmpcracurc progrsm- 
mcr; H. prcscurc gaqc; J. relici vaI\c_ 

The complete pressure Lessel and sample probe are shown in Fig_ 1_ The pres- 

sure \-sssei consisted of tw-o 100 mm cylindrical pieces of type 3IG stainiess steel held 

tozethsr with six aGnicss steci bolts. each 13 mm in diameter. The upper portion of 

thlc vessel (A) consisted of a 22 mm id tube furnace (D) housed in ;L 50 mm o-d. 

in:<uiated boC>- (CL Heater wires were passed through a Conzls high pressure connec- 
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Fig_ 2 (Icft)_ Schematic dir?gram of furnxc rind sampk holder_ A. upper portion of pressure vessel 
x\irh heater \virc cnrry through a Conas high prcssurc connecror: B. hearer connector wire: C, 

llarinitc insulation: D. furnxc: E. sample holder and thcrmocoupic; F. Buns-N O-ring: G. base 

pkltc. 

Fig. 3 (right). Schematic diagram af furnace assembly. A. ceramic insulator tube: B. mnrinitr insula- 

tion: C. aluminum cyiindcr: D. heater wire clcmcnt: E. asbestos paper. 

tor (B) attached to the top of the chamber. The top part of the chamber was sealed to 
the base by means of a Buna-N O-ring (F) contained in a groove cut in the base: 
the base plate (G) was machined from the same bar stock as the top and was threaded 
to accept the high pressure _gas and Conas \vire connectors_ The sample probe (E). 
which consisted of a 5 mm in diameter four-holed ceramic tube containing two 
platinum electrodes. a sample thermocoupk. and a furnace control thermocouple_ 
was covered by a removable machined aiuminum cap to insure even heat distribu- 
tion to the sampIe_ Different types of probes \vere studied and they \viII be discussed 
in a later section. 

A schematic diagram for the furnace is shown in Fig. 3. A cavity CC) was 
machined into a piece of aluminum bar stock to form a one-open-end cylinder having 
the indicated dimensions_ The outer surface of this q-Iinder was co\-ered with a 
70.0 mm thick Ia_ver of asbestos paper (E). The heater element, xvhich consisted of 
So. 26 ,oauge Nichrome V lx-ire (D) evenly spaced over the asbeston. had a tot31 
resistance of 55 ohms. Both tht- tube and heater element were cemented into a cylin- 
dricai layer of .Marinite insuiation (BJ. Heater wires lvere connected to No. 2-l 
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gauge S_\-clad copper xvires tvhich were housed in ceramic tube (A) and passed through 
the v-1 hod>- r-ix 3 Cows high pressure connector- 

0,wruring proccdio-~ 

For aII pressures the operating procedure \vas basicalI_v the same and consisted 

of the folIowing: From 20 to 150 mg of a 100-200 mesh powdered sample, depending 
upon the sampie hoider used_ \vas placed into the sample container and was packed 
unti1 the two platinum wire electrodes were uniforml- covered. The outer aluminum 

cap was then placed over the sample and the furnace hod>- boIted to the base plate. 

The vessel WJS then purged with the pressurizin 2 gas and the system pressure adjusted 
to a prcdctermined level. Once the system pressure was stabilized. the furnace heatin? 
c+k was begun and the output of the recordin= 0 ammeter recorded as a function of 

temperature on the recorder. A furnace temperature heating rate of 5 -C per min 

W;IS normalI>- employed. Due to the elect of tcmperrtture on the sample pressure, 

:I slight purse of _ms was used to maintain a constant pressure in the chamber. 

RFSELTS AZD i~ISCL;‘SSIOS 

Scvcr;lI types of sampIe holders ivcre used to invcsti_rate the effect of sample 

packing and sample holder Seometc on the EC cun’es. The four sample holders. as 

sho\vn in Fig_ 1_ \\-ere a11 constructed of the same diameter ceramic tubins. In holder 

(_-t). the sample is conxained in a @ass sleeve \\-hich surrounds the electrodes and 
zhermocouplc. Sample sizes of 50 to 300 m, - rend 5 to IO mm in depth \vere normaIl>! 

used. The changes in the numbt. r xnd size of the peaks obtained from the dehydra- 

tion of BaCII -ZH,O are shown in Fig. 5. Th: < Y-X-C in Fig. 5-A is for a loosely packed 

sampk in an>- of the thrrL 19 glass enclosed j:::i,i.iz containers. In this curve, only one 
peak is obsen-ed which is due to the loss of one mole of \yater per mole of salt in the 

reaction: 

BKI ,-2H20 + BaCI,-H,O+H,O 

The presence of water as a liquid and vapor is responsibIe for the abrupt increase in 

the ctcctrica1 conductivity of the szlmpIe_ It should be noted that visual observation of 

the BaCI, -LH,O sampIe Indicates that it remains in the solid stste during the dehydra- 

tion_ Thus. the s+tem is heterogeneous and the aqueous solution of BaCI,-H,O 

which is formed is responsible for the eIectrica1 conductivity changz. If the sampIe is 

moderatei- packed in the holder and enclosed b>- a ~1as.s sIeevc (FiS_ 5B) or ;L solid 

trip (F&L SC). a second peak is alsva~s obserl;ed (Fiz. 5B). This second peak is due to 
the second dehydration reaction. or 

SaCI, - H,O - B&I, f H,O 

The appearance of a small second curve peak is thouht to be due to the effect of 
decreased difiirsion of the evolved water vapor by the ciosed sample container_ A 
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Fig. 1 (kit). Typcz+ of wmpfs holders. X. ceramic tube with open glass siccvc: B. ceramic tube with 
closed glass tube: C. ceramic tube with glass slecvc closed with removable aluminum cap: D. platinum 
pan rtttachcd to thcrmocouplc. 

Fig. 5 iright). Electrical conduc:ti\iry curves of BaCI- -‘H-O. X. open glacs sleeve. sample iooscl~ 
packed; B. glass slcr~c closed \vith aluminum cap. sample moderately packed; C. glass sk\-e closed 
with aluminum cap. sample firmly tamped. 

third change in the curve is obtained by firmly tampins the sample and covering it 
with a closed sleeve or cap: both the height and area of the peaks in thtl cun-c (Fig 5C) 
\vere observed to increase_ The peaks were aIso affected by the depth of sample at 
constant packiq; this \\\-ould decrease the dif‘fusion of vqxr km the solid sample_ 
The decreased diffusion retards the vaporization of the lvater and hence increases 
the relative amount of the -wductins phase present. 

To observe the effect of pressure, the sample container in Fig. -ID was used, 
lvhich consisted of a platinum cup, 2 mm in depth by 5 mm in diameter; a thermo- 
couple was attached at the bottom. The electrode system consisted of two platinum 
wires. one of w,hich was attached to the cup while the other was held inside the cup at a 
distance of about 0.5 mm above the bottom and parallel to it. The curves obtained 
from this sample holder are shown in Fig. 6. _4 moderately packed s3mpIe of BaCI, - 

2H20 (curve A) showed no chan_ge in conductivity during heating at one atmosphere. 



As the prrwure increased_ ;I slishr chan_cc in the cunc near 100 -C vas observed. \Vith 

increasin_c system pressure. the m:l+tude of the peak height and also the area in- 

creawd 3s did the tcmperzture ranse ofconducti~ity. The increase in the peak height 

and area is thought to be due to the decrease in ditTusion of \vater vapor from the 

sample ;ls the pressure is increased. A second pcrlk was not ohseKed because the hsJt 

transfer throyh the mcM sampIe cup \valI was rapid enough to vaporize the liberated 

xvater and the short ditlusion path w-;1s not as cffcctive in retarding the rscspe of the 

vapor ;lj in the previous sample holders 

The combined effects of an extended diffusion path. increased sampie depth_ 

tirml_v packed sampI e. closed top. and system pressure are seen in Fi_g. 7. At one 

atmosphere of pressure. both peaks are obsewed because the water vapor difTusion 

i:s rapid enoqh to allow a11 of the water to escge betu-een the ttt-0 dehydration steps. 

As the sgtem prcasure is increased. three changes in the curves are observed. Firstly-, 

rhe separation bet\\-een the deh_vdration steps is decreased because the second reac- 

tion begins before the inirial reaction is completed_ Secondly. the magnitude of the 

electrical conductivity is increased due to the presence of water vapor from the 
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overlappin? reactions_ The final dificrence in the curves is the shift in the peak maxima 

to higher temperatures: this is probably due to the presence of lvater vapor from the 

first step retarding the second reaction. The effect of gas pressure appears to increase 

the sample electrical conductivity by decrcasin g the \vater vapor diffusicn through the 

sample hence increasing the relative amount of liquid phase present. 

The heating rate \vas also found to alI-ect the size and shape of the EC curt-es at 

a11 pressures_ 4s the heatin 2 rate is increased. the temperature at which conductivity 

beSins and the temperature at \shkh the maximum conductivity occurs both increase. 

The temperature at which the conductivity begins is not affected as much as the 

temperature of maximum conductivity. This is perhaps due to the fact that heat 

transfer to the sample and sensin: thermocouple is so rapid that the reaction is 

initiated at essentially the same temperature. As the reaction proceeds_ hoxvever. the 

heat transfer through the container xvails and sample may not be rapid enough to 

maintain the reaction: this results in a shift in both the peak maximum and rhe final 

reaction temperature. The effect of heatin= ~7 rate on the shape of the peaks cannot he 

predicted due to the complicating factors of sample packit+ etc.; in general, hotvever 

as the heating rate is increased_ the curve peaks are broadened. 

The examples illustrated here show the operation of the apparatus and its 

application to the dcaquation reactions of the BaC!2-2H20 svstem. The apparatus 

is simple to use and furnishes information ivhich can supplement DTA or TG data. 

These data can often be used as an aid in the interpretation of D-T.4 data. c~peciall> 

at elevated pressures_ 
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