
ELECTRICALCONDL6CTION MECHANISMS IN GREEN RIVER OiLSHALE 

Rcsuhson !hcdiclcc!ric khwior of Green River oil shale in altematins current 
liclds arc report&_ Oil shale samples with oil yields in !hc ranse 1040 gallons per con 
haw been obtained by corin_g of !he rock perpendicular to the bcddins planes- Trends 
in !he varia!ion of AC conductivity, diclcctric constan! and loss factor arc studied 
with frcqucn~ and !cmpcra!urc as the variable pjramc!cn Mcasurcmcnts have been 
carried ou! in the range of frcqucncics I Hz-l MHz and tcmpcratures Z-500 ‘C_ 
increases in the conductivity of scwu-ai orders of magritudc a& obsenTd for the 
samples hea!ed from room !cmpcra!urc !a 500 ‘f. The abnormally high wlucs of 
diclcc!ric constant and loss factor point toward the importance of Maw-ell-Wagner 
interfacial polarization in clcc!rical conduction mechanisms in oil shale_ Striking 
varia!ions in [he conduc!ivi!y-!cmpcra!urc cur-vcs are found ‘bcforc and after dccom- 
posi!ion of !hc orsnic matter in thcshale- The results of [he present study indicate 
that measurement of electrical conduc!ki!y could be u!ilizcd to monitor the prosrcss 
of retort fronts in oil shale beds_ 

Characterization of the thermophysical properties of oil shale and related fossil 
fuel materials has assumed increasing imporrancc in recent ~-cars in view of their 
a!trac!iwncss as viable energy sources- Thermoanaly!inl methods such as Diffcrcntial 
Thermal Analysis (DTA) and Thermogravimetric Anal>ris (TGA), have been applied 
to varying dcgrccs of success for the study of oil shale; !hcsc studies have ran@ from 
rou!inc idcnrifcation of the various constituent minerals to invcs!iga!ions on the 
kin&c and mechanistic aspcc!s of the thermal dc_crada!ion of the orgnic ma!!cr in 
!hc ~hale’-~- Knowlcd~ of the !hcrmal behavior of oil shalt, how-cvcr, must be 
rcgardcd as being far from conclusix Hc!ero,rrmci!y of composition, the compfcx 
nature of chemical reactions and the scnsitivily of the hydrocarbons present in oil 
shale to atmospheric cfkcts, have all conlributed to inconsistencies in the literature 
data- These probIems rue xcentuawd by the limitafions inhercnl in tcchniqucs like 
DTA and TGA. namely that the informa!ion a!tainablc by the application of thcsc 
thermoanaly!ical methods r&ec!s only the gross macroscopic nature of the rcadions 



taking place in the material, On the other hand, the extreme sensitivity of electrical 
methods of anal>*-* to ph@zaI and chemical &an_= provides information on a 
mokcuiar Ieve!_ in view of this, it is surprising to note OWI vay far wmples for the 
application of such techniqw to the study of solid fuels exist in the current literature, 
Direct cuwrcnt mcasu rements on &aks and coals ha\= been r~ported~~-~*; the data 
obtained in these W&S Is, hortlnprt Iimited on account of the fact that onIy ohmic 
conduction is monitored- The variety of information provided by polarization cffkcts 
nwnifets itself in alternaf in= current mcjurnrmrs and adds a ucw dimension to the 
thermoph~)rical picture of the maferial of interest, Thk paper, thelrcfore. repofts 
rcsul~ of an inwstiption on the dickctric hchavkw of Grm River oil shale in 
akmating turrcnt fic?ds Trends in the xwiation af diffcrmt par;imetcrs such ils 
dickxtric constant s** 1~ factor F* and conductivity G are uudied with frequency and 
temperature js the \rarkbl~ 

The cspmimcnta1 arrangement for the measurcmcnt of cfcctrical eonductiwity ia 
reported ekcu-here’=-“, 

Sampks of Green Rixr oil shak in the prcsnt in\-c#ti,c;ition wxuz obtained 
from Rit’k~ Colorado- Care was taken to sekct samples which wzc crack free_ Right 
circukw cylindrical specimens (7L%in diameter. I/Sin thick) were cored perpendicular 
to the b&ding plants, Oil yiefd of the shale samples was calculated from measured 
dcnsitks usins correkstion tabk@_ Sampkr u-i th oil >7cfds in the range IO-40 gallons 
per con WCS-C chosen for the p-t study_ 

Go& ekc+caI contact bc~ecn the sampfe surfkc and the electrodes was 
ensured by appropriate loading of the ckctrodc contact pljtcs onto the sampk Sikcr 
paint wan emplo@ in a fmv irdtancrr to reduce contact rasiuancr: but subsequent 
inw&&on prowd this effkct to be ne@i@e_ 

Mcam remems were carried out in the rans of f~ucncies I Hz-i MHz and 
tem~twcs 25-500 ‘C_ A continuous rans of frcquencics was facilitated by the 
automatic recording technique dewzfoped in this iabontory8”; consequently the 
;kz:kaI conduction behavior at a large number of frequcncti could be conveniently 
studied- Conwntional bridge measurement techniqw’s, on the other hand, arc 
timctonsrnming and Iaborious; the frequency ran-s in thw techniques is al- scvcrely 
limited by the riced to use different I~JWZS of brid-gzs in the vmious frequency domains. 

fn view of the cxtrmme senGti\rlty of oil shalt h,ydrocarbons ta atmasphcric 
oxidation3, all cxpcrimcn& wtxc car&d out in a rapidly flowing atmosphere of prc- 
purified nilrm ,e owr thcsampfcr The _a also scows to s\\rep out the thermal 
dwdation products from the reaction zone- 

Figure 1 shows the ckcfrical conductivity of a 19-S gallons per ton oil shale 
sample as a function of frequency and tcmperatunr, The conductivity is sefn to exhibit 
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a smooth increase in its magnitude with frcqucncy and !cmperaturc- The peaks in the 
conductivity curws at higher tcmpcrarures arc imcrprctcd to arise from polarirwion 
ctTixts discuswd below, Similar bchrrvior is charactcriuic of other oil shale sampks of 
varying grades- The trends obrcn-cd in rhc present study for the dcpcndcncc of the 
ekcrricn1 conductivity on frequency arc consistem with previously published work on 
the &ctrical propcrks of limcstonc. marl and dolomite’*, which show that the lower 
the W&Y content and& the higher the rcsistivity of the materizA the greater is the 
incrcasr: in fhr: conductkit)- with incrcasin~ frcqucnq. The ~11cr ccvtlcnt of oil shalt 

is twi~blc: howcwr. it strldsm exceeds 6-W D ,A. which is weIl within (he limits obscrwd 
for sedimentary rocks exhibiting simiIar diclccfric beha\-ior_ The tcmpcraturc range in 

which the wager is driven off from the oil shale matrix is quite broad R IOO- ~:300 =C. 
The &xnce of welldefined endothermic dchydrxtian peaks in the DTAr-’ and the 
cgyadual weight loss abscrvcd in TGA of oil shale at rhcse rempcnwrc? suggest that 
the water molcculcs trapped in Ihc oil shalt mairis are probably rrolitic, 

The increase in thr electrical conductivity with temperature r;ln be rclatcd 10 
ohmic conduction which follo\~s the wS-known rchrionship”. 

ur9&aicB ==q,acgsf-FQ’RT) (11 

whenz & is the ackkon encr_q for the mobility of the current carriers and be the 
pre-exponcntisl factor rclatcd CO the lattice ibnlion frcqucncy, The ohmic contribu- 
tion to the electrical conductivity of oil shale presumably arises from ionic conduction 
of the mineral constituents present in it_ Conductivity in alternating current fields, 
honzunr_ is the sum of the ohmic and polxiation componcnu c~prcsscd as 



wh E- k the loss faor, Lp epJs rpprcscnts the contribution of polarization curfcnts 

to the tOtal wnductibity Q twuC, and r is the Qpexating ficcpcnc)= The frcqucnq and 
temperature +ndezftce sf the ekctrical conductivity in alternating current ficrlds is 
then%= given by 
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dcvdence of thcsc paramctcrs is sho=n in FiF 2, 3 and 4_ The strong dispersion 
ShOwI by F= (F&S_ 2 and 3) is indicatiw of an intcrfacial polarizalion mechanism’ r_ 
Additional cvidcnce is also prwided by the occurrence of loss tzqynt &m3) peaks 

aI low frcqw3xics in oil shale I’ It is sigSxanf that orcJnic pol?mcr s)-stems silh _ 

inorgnic filkrs exhibit analogous dielectric bchzwio?‘: this is rusonablc in view of 

the fad that both oil shale and these materials rcprcscnt hcrcrogeneous sysrems wifh 
organic and inoqanic compoundr interspersed in Ihem_ Polarization at the intcrfaeial 
boundaris in the?e q==tcms is expected ta predominate their dielectric behavior, 
cspccia!ly at low frcqucncies and high tcmperatures8P_ Oil shales with low orgnic 

cunlent t-C 30 ,~~llonr per ton) un be regarded as a Maxwell-Wagner spzcm of highly 
rcsisliw organic parficks dispersed uniformly in a fairly conductive mineral matrix; 
F; )‘p f E;, 61 < TG, where E’; is the didectric constant o,f the orpnic fraction and 
frI is the campsite dielectric constant representins the tnrious mineral consti- 
tucnts*, or is the electrical conductivity of the or_rrnic matrix and F a, is the toga1 
conducGvity of all the mineral particles in the oil shale matrix- Richer sh;llcs with 
high organic content, on the o~hcr hand, can hc rcprcscntcd by the orpnic mzwcr as 
the continuous phase and the mineral particles as the disperse phase 

At low, Iemperatur~ the conductivity of the mineral malrix is probably the 
dominant farlor in the total conducfivily of oil shalt, i.e., ot_r,#r) P q,,&r,T) in 
cqn- (3)- Examination of the conductivity curves in Fis 1 sho\\r that this is indeed the 
cazt; the dispenion exhibited by the clcc@ical conductivity is seen to increase with 
temperature as the second fcrm in eqn- (3) becomes more and more important 
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Tk init’cal dfxrcasc in cc vak5 with tcmperaturc shown in fig. 2 is correlated 
6th the lass of p&r w3tcr mokcuk from thr matrix- The subsquent increase in E’ 
with tcmpuxrture seen in Fiw * 3 gwcsum3bly arise.5 from the Maxwell-Wagner polar- 
izttion effii d-kuscd abow, Changes in the oricnrational freedom of the swious 
mokculcs and ions brought about by the decomposition of the organic matter are 
also Iikeiy to cause swiation in thcdi&ctric constank An added factor in rhe cwmnciy 
high 8alucs of P’ found at tkvJted kmperatures (Fi= = 3) could be the carbon which 
forms as a r&due from the decomposition of the organic matter in the shjlc- The 
situation is similar to tlse hi@ d-kkcftic ctm!anU efwrartcrzstic of car&m-filkd rub 
bcr wslcan-~tcs-‘=_ 

‘The armme sensitivity of the ckctrkal eondutiiuity to the chemical reactions in 
oil sbak is depicted in Figs_ 5 and 6 which show semi-log plots of e vs IjXTk is the 
resi5tiGty and E the Bokmann constant) at sekcted fi-equcncies for two dilfcrcnt 
,mdes The curws exhibit a sharp minimum in the resistivi~y wlues in the DQO-250 “C 
ran* fd!owd by a peak in the tempesaturc ran~corrqxmdin,c to the decomposition 
oi the orsnk matter_ Simihr behavior is chanctcristic of all the oil shak samples 
ewmincd in the mt study- The prtscn~er of such pks in n vs_ I!? curves is 
indicative olfchangzs in polarization behaGor arising from the phykal and chcmiul 
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transfkwmations in the material’)_ The resistivity curves for the umc sampk. after 
dccompMition of the oqanic matter artz shown in Figs- 7 and 8; the ditTkrcncc in the 
shape of the curws is striking The clcctrical conductixitp of the “spent” shalt arises 
from the mincol constituents prcscnt in the shale* and the carbon residue from the 
thermaldcgradationof the ownic maftcr. 3%~ absence of any thermal reactions in the 
material is indicated by the non-occurrwce of sharp maxima or minima in the con- 
ductivity curwx The small peats in the conductivity curves at rhc lowest frcqucncy in 
Figs 7 and 8 arise from polarization cfkcts superimposed on the ohmic contribution 
to the conductivity (cf. of Fig 1)- 

It is possible to extract activation ener@s for mobility of the current carriers 
from the sJope of the above plots (SEC cqn- I), In materials as hctero~ncous as oii 
shale. however. such values are of limited rignificancc, The presence of a variety of 
mineral par-ticks in the system and the complicating cfikct of thedccomposition 
pmduc~s arising from the organic matter, make it difkult IO pinpoint the exact nature 
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aCthelrurreartcarriesOnthc basis of the above re5uit.s a transition Corn an ionic con- 
duction me&ani.sm to smi-condwting behaviw at ct@~cd tcmpwaturcs alsa tannot 
bc rukd Qui. 

1 
cl-cxws 

The nsults of the prszcnt Enucdiption show that E 

(1) The ekctricai conductiuity OF Green Riuer oil shake in akmating current 
fieks incwass vaith increasing frqscncy and temperature Increass in the con- 
ductivity of’sera orders ofma@tude are commonly observed for the samples heated 
from room femprrntuis to3 SO “C, 

62, ‘l’he abnwmalIy hiti values of 8 and L- paint toward the importance of 
Maxw-cB-Wa_m intcrkial polarization in ckctiieal conduction mcchankms in oil 
shak Inte#&ia~ pobizatian efkcts arc more pronounced at low frequencies and 
high tcmpesatum 

(3) The various diiric parameters are extremely sensitiw to the pm of 
water nwkub in the c3il sh2k matrix. 

{4) The ekdrkai conductivity is extrcmeIy scnsitise to the physic.sI and chemicai 
&an,sea in the mateGaL The resub of the prcscut study indicate that twasurement of 



365 

this parameter could bc utilized ta monitor the progress of retort fronts in oil shale 
kds. Stri)iing ~~riaM~s in 2 vs. I~fcu~w arc found More and after decomposition 
efthc oq+c rrwttcr En oi! s#dt 

(5) l%e trends okxwd in the rrzsults af the present study should bc typically 
characttisGc of analogous finsit fuel syskms and in general, any system with organic 
and inorganic c6nstituents inuxsperscd in it. 

Thi5 resejrch pr~~@m ww carried out with financial suppart from NSF 
(RANhq Grant AERIS-18650 and Lwamie Energy Research Center, US_ ERDA 
Grant C-@92)-3564. 
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