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T H E W L  BEHAVIOR OF DAIJSONITE 

by 
1 2 3 

Franc2s: 3. ~eenan , John Howatson , and John Ward. Smith 

ABSTRACT 

Evfdence for the dawsontte decomposition reaction sequence 

is presented. Synthetic dawsonite was heated at temperatures from 25O0- 
800°C and studied by X-ray powder diffraction and infrared spectroscopy. 
From 350"-550"~ sodium carbonate and a "low temperature form" of alumina 
were the main products. Hydrolysis experiments showed that this heretofore 
unidentifi'ed alumina product is rho-alumina. At temperatures of 600°C 
and above, the sodium carbonate and rho-alumina react in an incomplete 
solid state reaction to form crystalline sodium aluminate. 

The aluminum-containing mineral dawsonite [NaA1(OH)2C03] occurs in 
massive amounts in association with Green River Formation oil shale of 
Colorado's Piceance Creek Basin (Smith and Xilton, 1966; Smith -- et al, 
1972; Beard -- et al, 1974). The dawsonite is accompanied by smaller 
amounts of an aluminum hydroxide mineral tentatively identified as 
nordstrandite. These mherale could provide a source of extractable 
alumina in excess of six billion tons (Beard et al, 1974), enough to 
supply the total United States alumina requirements for hundreds of 
years and to free this country from its current almost total dependence 
on forergn sources (Nielson, 1969). 

Piceance Creek dawsonite occurs almost exclusively in microcrystalline 
form ih intimate mixture with the other components of oil shale rather 
than as discrete beds. Consequently the extraction of alumina can best 
be accomplished by base extraction of the porous spent shale remaining 
after product3on of the shale oil by retorting (Smith and Young, 1975). 
Optimizing such a process requires detailed knowledge of the thermal 
behavior of dawsonite. 

1 
Graduate Research Assistant, Department of Chemistry, University of 

yyomi.ng, LaramTe, Wyoming. 
Professor, Uepartment of. Chemkstry, University of Wyoming, Laramie, 
Wyomi.ng . 
3 - 
Divfsion Manager, Di.vision of Resource Characterization, Laramie 
Energy Technology Center, DOE, Laramie, ~yoming. 



Support for the thermal decomposition reaction sequence I 

has resulted from the research of a number of investigators. Beck 
(1950) first stud2ed the decomposition of natural dawsonite using DTA 
but did not mention the identity of the solid product formed during the 
release of C02 and H20. Loughnan and See (1967) on the basis of DTA and 
TGA proposed reaction 1) as the correct pathway at temperatures between 
290-330°C. Since they were working with dawsonitic sandstone, reaction 
2) was not observed. Smith (1972) and Smith and Young (1975) studied 
African Olduvai Gorge dawson2te using DTA and TGA and agreed with reaction 
1)- but reported 360°C as the decomposition temperature. They also 
stated that sodium carbonate peaks were found in X-ray diffraction 
patterns until sodium aluminate formed at 700°C according to reaction 
2). Harri:s -- et a1 (1971) reported the formation of an X-ray amorphous 
product at 375'C followed by sodium aluminate crystallization at 700°C. 
These results were based on X-ray diffraction and thermal analysis of 
synthetic dawsonite. Huggins and Green (1973) working with both synthetic 
and natural dawsonite also found that an X-ray amorphous product forms 
at 400°C but the IR spectrum of this material contained sodium carbonate 
peaks. By 700°C, NaA102 was I-ray detectable. 

In contrast to the thermal behavior observed by the above researchers, 
several investigators have proposed different reaction pathways. Savage 
and Bailey (1968) applied DTA to natural dawsoaite and reported the 
formation of sodium aluminate at 370°C. Kim and Ishikawa (1974) studied 
synthetic dawsonite and reported the formation of an X-ray amorphous 
sodium aluminate gel [NaA10(OH).2] at 360°C which crystallized at 650°C. 
They based thei'r results on X-ray diffraction, infrared spectrocscopy 
and thermal analysis. However, inspection of their presfnted IR spectra 
reveals the presence of a carbonate ion peak at 1450 cm- even from 
dawsoni'te heated to 1000°C. Haas and Atwood (1975) proposed that synthetic 
dawsonite decomposed directly to NaA102 at 300°C with only a slight 
amount decomposing according to reaction 1). Their conclusion was based 
on carb-onate ion analysis of the calcined material. Finally, Szczepanik 
and Rudnicki (1978) stated that dawsonite decomposed according to the 
follow2ng reaction scheme: 

300°C 3) 2~aA1 (OH) CO + H20 - Na20 C A1 0 + 2C02 + 3H20 
2 3 2 3 

320°C 
4) Na20 + A1203 - 2NaA102. 
In summary,. there appears,to be little agreement as to the identity 

of the initial thermal decomposition product of dawsonite. However, the 
va1fdi.t~ of the above reports is difficult to assess due to the lack of 
suffi'cient experimental detail and proper characterization of the starting 
materi'.al. 

Thfs study was undertaken to decide which of the reported decompo- 
sition pathways is correct. Identification of the thermal decomposition 
products of well-characterized synthetic dawsonite over a range of 



temperatures was carried out using a combination of X-ray diffraction, 
infrared spectroscopic and chemical methods. Particular emphasis was 
placed on determining the nature of the low temperature X-ray amorphous 
aluminum contahing product. 

EXPERIMENTAL 

Synthesis of dawsonfte 

Dawsonfte was prepared by a new synthetic method. A solution containing 
0.00347 moles aluminum nitrate, 0.175 moles sodium hydroxide, 0.500 
moles sodium carbonate and 0.333 moles urea in one liter of water was 
heated at 93°C for about 24 hours. The urea slowly decomposed to produce 
C02 leading to homogeneous precipitation of microcrystalline dawsonite. 
After filtration the product was washed several times with hot water and 
then dried at 110°C for two hours. 

This synthetic dawsonite compared well with natural dawsonite, 
including that occuring in Green River Formation oil shale, when studied 
using X-ray powder diffraction (Smith and Milton, 1966; J.C.P.D.S. 
Powder Diffraction File-Card 19-1175) and infrared spectroscopy (Jackson 
et al, 1972; Estep and Karr, 1968). Table 1 lists the measured X-ray -- 
powder diffraction peaks of this starting material along with their 
relative intensities. The top spectrum in Figure 1 depicts the infrared 
spectrum obtained on the synthetic dawsonite. Listed in Table 2 are 
peak widths of the 5.681 peak measured at half-maximum taken from powder 
diffraction diagrams of both synthetic and natural dawsonite. For 
comparison similar data collected by Jackson et a1 (1972) are presented. 
These data indicate that this synthetic is of comparable crystallinity 
to that of both oil shale and Olduvai Gorge dawsonite but is much better 
crystallized than the commercial dawsonite studied by Jackson et a1 
(1972). 

2 FJitrogen B.E.T. 
surface area measurements yielded a surface area of 2 

30 m /g as compared to 107 m /g for dawsonite prepared by Kim and Ishikawa 
'(1974). SEM micrographs revealed that this material consisted of needle- 
like particles ranging from 0.3-2.0 microns in diameter and up to 10 
microns in length. This is similar to material made by Jackson et a1 
(1972). Chemical analysis,of this synthetic dawsonite revealed that it 
contained 18.58 percent aluminum as compared to the theoretical value of 
18.74 percent. 

Thermal decomposition 

One hundred milligram samples of dawsonite were heated in air- kn a 
nichrome wirewound tube furnace. The samples were held in shallow 
platinum pans. The furnace temperature was .controlled to + l.O°C. 
Hydrolysis 

Hydrolysis experiments were performed on samples decomposed at 
400°C for thirty minutes. In a typical experiment, decomposed dawsonite 
was washed with five 25 ml portions of hot water. The remaining solid 
was divided into several portions. One portion was immediately dried at 



Table 1. Powder X-ray diffraction data 
for synthetic dawsonite 

hkl 28 1/10 
' -  - d,l - 

110 15.60 100 5.68 
200 26.34 17 3.38 
121 26.83 15 3.32 
130 28.77 8 3.10 
211 32.03 81 2.792 
040 34.25 28 2.616 
112 35.76 2 6 2.509 
231 40.51 7 2.225 
202 41.94 2 7 2,152 
240 43.62. 8 2.073 
150 45.37 2 6 1.997 
051, 46.31 15 1.959 
042 47.62 3 1.908 
013 49.55 4 1.838 
312 52.74 2 4 1.734 
4 00 54.06 2 0 1.695 
242 55.18 23 1.663 
152 56.55 8 1.626 
2 60 59.76 7 1.546 
062 62.77 6 1.479 
422 66.92' 12 1.397 
352 69.70 9 1.348 
044 77.32 3 1.233 



Frequency, ~ r n  

Figure I. Infrared spectra of dawsonite heated at various 
temperatures for 25 minutes. 



Table 2. ,Peak widths of synthetic and natural dawsonites 
at half -maximum of 5.68x peak. 

This study 

sample Peak width, degrees 28 

10% dawsonite oil shale 0.16 

Olduvai Gorge 0.28 

Synthetic 0.45 

Jackson -- et a1 (1972) Oil shale . 0.175 

Olduvai Gorge 0.300 

Bureau of Miaes, No 28A 0.150 

Commercial 1.263 



110"~ for one hour. The other portions were immersed in water and kept 
at a constant temperature of 25°C for variolis lengths of time. Thc 
slurr2es were filtered and the solid was dried at.llO°C for two hours. 

Analysis 

X-ray diffraction data were obtained using a Picker X-ray powder 
diffracti'on camera (114.'6mm d2ameter) and CuKa radiation with a Ni 
filter. Standard exposure time was eight hours. Intensity data and 
peak width measurements for both synthetic and natural dawsonite were . 
taken.on a Norelco powder diffractometer using C~K~radiation and a 
graphite monochromator at.a scan rate of 2" 28 per minute. Infrared 
data were obtaimed on a Perkin-Elmer model.621 infrared spectropho- 
tometer usfng a scan time of -15 mfnutes. Potassium bromide was used as 
the matrix material with, a ratio of 2 mg sample to 300 mg KBr. Surface 
area measurements were made using a,ni.trogen adsorbing gravimetric high- 
vacuum system incorporati" a Cahn microbalance. SEM photographs were 
taken by a JSM-U3 scanning electron microscope at 3000x magnification. 
Chemfcal analysis for aluminum was performed on a Instrumental Labora- 
torles model 25.1 atomlc absorptlon spectrophotometer. 

RESULTS AND D1:SCUSSION. 

Table 3 and Figure 1 contain complete X-ray powder diffraction and 
infrared spectroscopic data, respectively, obtained on the product 
resulting from the thermal decomposition of dawsonite on heating for 
twenty-five minutes at discrete temperatures up to 800°C. This'data is 
summarized in Table 4. The first crystallographic indication of change 
occurred at 300°C with the appearance of one new, unidentified diffrac- 
tion peak (d=1.891). At 350" decomposition was almost complete with 
only the most intense dawsonite peak (d=5.68i) detected. A second 
unidentified peak (d=1.65x) was observed at this temperature. At 400°C 
the dawsonite was completely decomposed. The disappearance of dawsonite 
peaks was accompanied by the development of sodium carbonate peaks 
(J.C.P.D.S. Powder giffraction File-Card 19-1130). However, no peaks 
were observed for the low temperature forms of alumina described by 
Tertian and Papee (1958) such as p ,  q, x and Y-A1203. 

Since the i'nfrared spectrum of the .carbonate ion varie's with its 
mode of coordination to other atoms, infrared spectroscopy also provided 
useful information about the decomposition of dawsonite to sodium 
carbonate. In addition, information about: the f&&ation of "low .temperaturew 
aluminas was obtained. The dawsonite structure contains chaiqs in which 
the aluminum atoms ar5 - linked by a combination of bridging OH and 
bridging bidentate C03 groups (Preuh and ~ o l i ~ h f i ~ ,  1967; Corazza 
al, 1977; Keenan, F.J. and J. Howatson,..unp.ub.lished work). As. the : - 
dawsonite decomposed on heating, the splitting of the doubly degenerate V ,-1 3 
ionic carbon te absorption observed for bidentate carbonate at 1575 cm -2 
and 1390 cm reverted to a single peak at 1450 cm . In addition the , 

carbonate absorption at 1090 cm- observed for dawsonite disappeared 
since it is forbidden for the more symmetric ion'c carbonate (Serna -1 - 1 
al, 1977). Also the A1-0 absorptions at 675 cm and Cn the 55.0-400 c q :  - 
region - disappeared with the appearance of a broad band in the 900-600 
cm region that is characteristic of the "low temperature" aluminas 



Table 3. X-ray data for dawsonitf thermal 
decomposition products.. 

150-daw 1.651 

051-daw 

unknown 

013-daw 

312-daw 

400-daw 

242-daw 

152-daw 

260-daw 
. . 
062-daw 

422-daw - 

110-daw 

00 2 -NaC 

020-NaC 

310-NaC 

112-FTaC 

202-NaC 

22i-~ac 

~ O Z - N ~ C  
unknown 

22 T-N~c 
unknown 

002-NaC 

020-NaC 

310-NaC 

112-NaC 

202-NaC 

2 2 i - ~ a ~  

221-NaC 

4 0 2 - ~ a ~  

unknown 

222-NaC 

203-NaC 

unknown 



1, : Table 3. Continued 

d , hkl-Assign d ,I hkl-Ass ign d ,A hkl-Assign d ,A hkl-Assign 

2.615 020-NaC 

2.543 310-NaC 

2.368 112-NaC 

2.262 202-NaC 

2.181 22i-M~C 

1.896 unknown 

1.649 unknown 

002-NaC 

,020-NaC 

310-NaC 

112-NaC 

202-NaC 

22i-Nac 

40Z-Nac 

2 2 Z - ~ a ~  

unknown 

22i-N~c 2.365 

unknown 2.262 

222-NaC 2.181 

unknown ' 1.961 

1.885 



1 0. 

Table 3. Continued 

1 
Heating rime=25 minuees 

2~oublet unresolved 

*hkl value not assigned 

NaC=sodium carbonate 

NaA=sodium aluminate 



Table 4.. ' Results of thermal decomposition 
of dawsonite* 

Temperature X-ray diffraction IR spectrum 

25°C 23 peaks dawsonite dawsonite 

250°C 28 peaks dawsonite dawsonite 

23 peaks dawsonite 
1: peak unknown 

8 peaks Na2C03 Na2C03 
1 peak dawsonlte 
2 peaks unknown 

alumina 

10 peaks Na C03 z Na2C03 
2 peaks un nown 

alumina 

6 peaks lTa C03 
2 2 peaks un nown 

Na2C03 

alumina 

8 peaks Na2C03 Na2C0 
1 peak miknown 

alumina 

7 peaks Na C03 
2 peaks unanown 

alumina 

12 peaks FJaA102 %A102 
3 peaks Na2C03 Na2CO3 

650°C 15 peaks NaA102 NaA102 
3 peaks Na2C03 Na2C03 

20 peaks NaA102 NaAIU2 
3 peaks Na2C03 Na2C03 

750°C 26 peaks NaA102 NaA102 
Na2C03. 

800°C 26 peaks NaA102 NaA102 
Na2C03 

*Time of heating = 25 minutes 



reported by Stegmann -- et a1 (1974). The observed changes in the infrared 
spectra are entirely.consistent with the formation of sodium carbonate 
and some form of alumina. 

No significant additional changes were observed with increasing 
temperatures up to 600°C. At 600°C both the X-ray pattern and IR spec- 
trum changed considerably. The X-ray pattern contained twelve peaks due 
to 8-NaA102 (Ampian, 1964) plus three peaks due to' sodium carbonate. 
The latter were the most intense sodium carbonate peaks that were not 
coincident with sodium aluminate peaks. Also, both unidentified peaks 
had van'shed. The IR spectrum showed several bands extending from 900- - 1 460 cm which were very similar to peaks rep'orted by Schroeder and -1 
Lyons (1966) for NaA102. In addition, the carbonate band at 1450 cm 
rem ined but it had narrowed significantly . A weak peak emerged at 1630 
cm-? which was not identified. 

The X-ray patterns of samples heated at 650-800°C showed continuous 
crystalline development of 8-NaA102 with 26 peaks found at 800°C. The 
IR spectra of samples heated above 600% changed only slightly except 
for continued narrowing of the carbonate ion band at 1450 cm- accom- 
panied by a small decrease in intensity. However, this peak is still at 
80 percent absorbance for the 800°C sample indicating the continued 
presence of sodium carbonate. 

These results agree most closely with the work of Smith and Young 
(1975) and clearly indicated that dawsonite decomposes in a two-step 
reaction. Dawsonite initially decomposed according to reaction (1) to 
yield Na2C0 and a "low temperature form" of alumina. At about 600°C 
reaction (2? proceeded to form FlaAIO However, reaction (2) was not 2 ' 
quantitative under the conditions investigated. We found no evidence of 
other reactions occurring in this temperature range as claimed by Savage 
and Bailey (1968), Kim and Ishikawa (1974) , Haas and Atwood . (1975) and 
Szczepanik and Kudnicki (1978). 

Listed in Table 5 are the IR and X-ray diffraction results of 
samples of decomposed dawsonite hydrolyzed for various periods of time. 
The X-ray pattern of the sample after washing with water yielded seven 
broad peaks which were consistent with the pattern for boehmite gel 
(Tertian and Papee, 1958). The IR spectrum showed the absence of carbon- 
ate ion and was similar to the spectrum published for boehmite (Stegmann 
et al, 1974). Heating of the boehmite gel at 500°C for 20 minutes -- 
resulted in Tl-A1203. 

The IR spectra taken on samples exposed to water for from one to 
twelve,days indicated splitting of the 0-H streching band after one day 
with more pronounced splitting as the exposure to water increased. 
After twelve days exposure, the 0-H eak was split into five peaks with -B 
additional peaks at 1015.and 970.cm . The resultant spectrum,was very 
sbilar to spectra presented for bayerite, Al(0H) (Stegmann -- et al, 
1974; Vivien -- et al, 1973). X-ray diffraction pai?erns, showed 16 peaks 
due to bayerite after one day'and 22 peaks after twelve days. 

Yamaguchi and Chiu' (1968'1 attempted to hydrolyze P, rl, and Y-A1203 
using pure water and various basic solutions; They found that only 



Table 5. Results of hydrolysis of decomposed dawsonite* 

Exposure to H20 X-Ray diffraction IR spectrum 

before wash 7 peaks Na2C03, Na2C03 

after wash 7 peaks bqehmite similar to 
gel boehmite 

1 day 16 peaks bayerite bayerite 

3 days 17 peaks bayerite bayeri t e 

7 days 18 peaks bayerite Gayer ite 

12 days 22 peaks bayerite bayer i te 

*Heated at 4000~ for 30 minutes 



p-A1 0 will hydrolyze under any of the conditions investigated. Rho- 2 3 alumina was found to transform to boehmite gel followed by bayerite when 
exposed to room temperature water. Tertian and Papee (1958) studied the 
entire alumina series and performed hydrolysis experiments with two low- 
temperature forms of alumina P and X-A1203. They found that P-A1 0 
will rehydrate quantitatively to bayerite when exposed to liquid 4azer 
at 25°C for 14 days. Chi-alumina possessed only a slight inclination to 
rehydrate under the same conditions. Rho-alumina also has a ver limited 8: X-ray diffraction pattern that consists of only one peak at 1.40 . 
Depending upon formation conditions even this one peak may not be present. 
Therefore, the presence of P-A1 0 would be very difficult to detect via 

2 3 X-ray diffraction. Kim and Ishlkawa (1974) also noted the formation of 
bayerite as the hydrolysis product of decomposed dawsonite. However, 
they believed that sodium aluminate gel was the source material rather 
than some form of alumina. 

Since p-A1203 is the only low-temperature form of alumina which 
readily hydrolyzes to bayerite, and since it has the most limited powder 
pattern of the aluminas, the X-ray amorphous alumina product formed from 
dawsonite at 400°C is p-A1 0 . Since P-A1203 does not become unstable 
with respect to 17-A120 unzi? 600°C (Tertian and Papee, 1958), the 
alumina product presen$ from 350-550°C is most likely rho-alumina. It 
was expected that u-AL2O would be found above 600°C. However, its 
presence was not detected, probably because of the solid state reaction 
with sodium carbonate. In trying to study the thermal behavior of this 
p-A1 0 phase as a separate compound, an attempt was made to dissolve 

2 3 out the sodium carbonate with water, but this led to the formation of 
pseudoboehmite as discussed above. In conclusion, it appears that the 
intermediate alumina compound is P - N  0 instead of X-A1 0 as originally 
postulated by Smith and Young (1975). 

2 3 2 3 

CONCLUSIONS 

The decomposition of dawsonite has been confirmed to be a two-step 
process. The first reaction occurs at about 350°C, producing a solid 
mixture. Sodium carbonate is one component of the mixture, and the 
heretofore unidentified alumina component is rho-alumina. The second 
reaction is a solid state reaction between sodium carbonate and rho- 
alumina at 600°C producing crystalline sodium aluminate. Because this 
is a solid state reaction, it does not proceed to completion. These 
results on synthetic dawsonite agree most closely with the results of 
Smith and Young (1975) on natural dawsonite with the exception of the 
identification of the X-ray amorphous alumina product as rho-alumina. 
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