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Abstract 

X-ray diffraclion. infrared spcctro 'copy, and thrrmal mClhoLls o f ~n.dysi~ wcre useJ 10 
re o lve connicling slatcl11cnt~ in the li te ralure on Ihc therma l d~eol11r()~ition C'f d awso nile 
I N a AI(OH hCO.l, By 3 -O'C thc da l'<oni te slrUClurc co ll a pses anLl \later equiva le nt to the 
hydroxyl group and a Inrgc pOll ion of the carbonnte OJ a re l o~1. 1 hi s dlcomposilion product 
then gradua ll y lose. Ihc rCl11ai nLle r o f Ihc CO, and remai ns amorpho liS unli l cry. I"!l ine NaA!O. 
is for mcd a l app rox im a lc ly 670 ' 

Introduction 

Oaw onite as ociated with oil shale is being inves
tigated at the College Park Metallurgy Research Cen
ler as a pot ntial source of aluminum. The cITect of 
heat on dawsonite is of special interest bec,lU<e the 
reco'very of aluminum will probably fo!lew the re
covery of oi l from these s halc~ by ret orting. Previous 
investigators proposed connict" ng equal iOlls fo r the 
thermal decomposition f dawsonite. Savaf,e and 
Bail ey ( 1968), using diITerential thermal analys is, 
concluded that dawsonite d composed at 370" C ac
cording to cquation I . 

NaAI(OH),C03 Eq. ( I ) 

Loughnan and See (1967) , using thermogra\ imetric 
analysis, concluded that between 290 and 330 ~C the 
dect.'l1position was 

Eq. (2) 

mith and Johnson ( 1967) agreed with Equ at ion 2, 
but gave a reaction peak of 370°C. Ha rr i~ et af 
( 1971) applied DTA, TGA. and high temperatu re X
r.ly difTrac lioll to fim'-I' r<lilled sY llllll:ti c da l\' anite. 
Thcy round Ih ;l!. 0 11 ht';l tifl1,!. d aw~tllli l C dceoill poset/ 
tn a matni ;J1 Ihat is IHlll-CI'ys lalliliC Ulilil s(ldium ;J1u
minale fOflll S at a tempcl ature abovc (IO(),'(' They 
also suggested th:!t OIl1C carbon dioxide and/ or 
water i retained in the m:!teri al in the 'l on -c r~<~alline 
range. The pmpo e of our tudies is to rc~oJo. c these 
connicting statements on the thermal decor"rnsition 
u ing both synthetic and natural dawsonite . 
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Sample Selection and Ex perimental Conditions 

Three samples were chosen for investigation. The 
first was an extremel) ~ ne grained synthetic dawson
it e supplied by American Chicle, The econd was a 
synthetic dawsonite cf extremely high purity pre
pared at the College Park Mccallurgy Re earch Cen
ter by Jackson ('{ at ( 1972). This sample was similar 
in cr)sta llite size to the dawso nite founel in the Colo
rado oil hale clepo~ ils. The third is a n ~\ tu ra ll y oc
cu rring, well-crys tall ized dawso nite from Olduvai 
Gorge. East Africa 1 he purity of the Olduvai daw
sonit e t be tt er than 9·1 percellt, and the material was 
not purified bcfNe usc. X-ray diffraction was per
formed on samrJcs Ihat h:!d been hea ted in air at 
50 ~C interva ls frol11 room temperature to 1000°C. 

wide-:!ngle dirrr:lctoJneter ':Ias used for diflraetion 
t: ing CuKa raol :ltion. 

r nfrnred spectroscopy was also perforn1l'd on sam
ples th at had been heated in air at 50 C intervals 
from room temp r;'tul e to 1000°C. using disks which 
weighed 175 mg, 1 hese di ks were prepared by mix
ing 5 llIg of the prc\'iousty heated daw onite sample 
with I gram of K13 r alld briquetting 175 mg portions 
of this mixtu re u ing an ev~,u a ted die and 10,000 
psi pressure. 

J n other te~t s. water and carbon dioxide evolved 
al v;t r i() u ~ tetll l'.-raltll (,s were determined by heating 
~all1 pl e~ for OIH ' hour in a stream of nitrogen using 
a cI (l~ClI ~:v~ t C lll ' I Itt' \\';I ter ;lIld carbon dioxide were 
co lle ted 11) Allliylirllfl e and by Ascarite plus Anhy
clrolle. res pecti' ely. fOI weighing. 

Results 

Thc data obt;line by collecting and weighing the 
wate r and carbnn dinxide evclved when samples of 
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Fr . I. H,O and CO, evolved trom Co llege Park uaw
~oni te on heating for one hou t a t various tcmperallires. 

College Park da\V~onile were heated fOi I hour at 
fix ed temperatu r'.! ( Fig. J ) how thar all the hy
droxyl water and two thirds of the ca rbon dioxide 
arc ra pidly given ofT below 350°C. The remaini ,lg 
carbon dioxide i then slowly evolvec-' between 350 
and 650 °C. Water evolved at temperJtu res below 
200 i ~ considered to be adsorb d Na teI'. Similar 
re~ ult s were obtained on Olduvai Gorge dawsonite. 
The above re ults were also supported by indepen
dent lYrA and TGA tes ts. 

X ray difTrnclion data taken on heated portions 
of the three dawso nite samples showed that the crys
tal st ructure coll apsed at approxi ll1 :ltl'ly 350°C. In 
the temperatu re ran!,; ~ between 4LO and 650°C. the 
re~ u lti ng materi al was amorpl1l'us. Above 700 ~C, 
crysta lline n 10~ was pre ent in a ll three sn mples. 

ig ure 2 shows 11e sa llle portion of infrared spec
tra (If three samples. The spect rum at the top is Col
lege Park dawso"i~e which II ncl been hea ted in a fur
nace at 300°C for one hou r. Thi . pectrum i ~ typicnl 
of unheated dawson ite. The middle ~pcctrum i the 
. ame sa mple after it had been hea tcd at 400 °C for 
one he ur, and the bottom sp ' ctrulll is from a snmple 
of a ~ 0 ,. It is evidc nt that a~ thc ~tr\lct\lre col
I;l p~ e~. carbonate ion is prc Cllt . <lnel it, <lb,or pt ion 
h;lIld~ are si mil ar to thll~C ,howll for a ~CO ,. The 
major carbOlwtc ion ab~orpti()1l h ; lIId~ at 144 0 :I/Id 
875 Clll ' arc very evidell t along wit h the Illinor ab
sClrption band at J 770 cm I. 

Conclusions 

We conclude that the therma l decomposition of 
daw onite to H20 , CO2 and a 10~ is a two step 

WAVELENGTH. microns 

5 6 7 8 9 10 II 12 

Dawsonlle heated I hI' 300·C 

Da'Nson i te heated I hr 4 0C,·C 

Sod ium carloonate 

1,200 80, 

WAVE NUMBER, cm-: 

FrG. 2. Infrared spectra C'f hea r trea ted daw unite and 
sodium carl'onate . 

reaction. In the first step, Ihc crysta lline d a \\'~onite 
dccomp~c;, between 300 al d :nS °c. In th is lep all 
the hydroxyl water and two- thi rds of the carbon di
oxide arc givC'n olT. leav ing ' 1 I l' ~id\le which show no 
crystal linc strllcture I y \ -1 :') diffraction but which 
does exhibit the infrared : :b~(l rp tio l1 bands resembling 
the ca rbonate ion band" in sodiu m ca rbonate. In the 
second , slow'.! r step, the bahnce of the carbon di
oxide is released over the range of 360 to 650°C, 
produci ng crystalli ne sodiur J alumin ate. Our work 
most clo ely agree~ wi h that of Harris et aI, but 



550 /1 /1 , EUtil "C /CA I . '07 rs 

~ho\Vs th;::t CO~ rather than H20 is retained by the 
materia! in the non-crystalline range. 
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