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ADSORPTION or ORGANIC ACIDS ON THORIA

Harold R- Bradford and Milton E Hadsworth 
Department of Metallurgy, University of utah

ABSTRACT
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The dsorption of acetc and oleic acids on the surface of thoria 
uas ntudied by —nw of infrared spectroscopy An infrared analysis of 
the adsorbates before and after adsorption using differential double 
methods indicated that the adeorption of organic acid* on thoria aurfaces 
occurs by an esterification reaction between the organic acid and the 
hydroxylated thoria surface. Ammonia vapor will not adsorb on thoria, 
indicating the basic chare ter of the hydroxylated surface.
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INIRODOCTION

The successful application of thoria slurries to the development 
of nuclear power depends largely upon a basic under st andns of the surface 

ptoperties of thoria. The results presented in this study cover the 

vartatons observed in the infrared spectra of a et ic and oleic ar ide 

before and after adsorpt ion on thoria Many organic and inorganic acida 

adsorb strongly on thoria surfaces and are diff i wit to remove To gain 

a ewali tat concert of the mechanism of the a id-thoria adsorption 

process , acetic acid was adsorbed free the vapor phase and olei acid wee 

adsorbed by direct liquid solid contact

ExperimentalPro =e du ■'
Pellets containing thoria dispersed in a potassium bromide 

matrix were used in this investigation Spec ial potaa~ium bromide pre 
pared for infrared studies by the Harshav Chemical Compamy uas used. 
Treated thoria samples, carefully weighed, were added to a 1/2" x I* 
piastic vial contaning one gram of potassium bromide alone with a 1/4" 
diameter plastic ball to promote art King A presa fit plastic lid was 
immediately pet in place and the filled rial was rapidly agitated ir a 
"Uig-L-Bug" vibrating mixer for one minute. A weighed portion (~00 =g) 
from the ola was rransferred to an evacuable die fitted with a stainess 
•tool ring, evacuated for five minutes, then pressed for 5 minutes at 12 
tset/eq in. pressure. The resulting vindow pallet was then used to 
determine the infrared spectrum of the solid suspended in the KBr wet ria 
Bach pellet was kept in individual envelopes in a desiccator when not in 
immediate use. Alteration with age did not anew appreciable with properly 
made pel lot a.

Absorption spestra were obtained on a Perkin Elmer 21 Double Bean 
Be ordlng Infrared Spectrophotometer usins a eodium chloride priam 
covering the spectral range from 2 to 15 alare wavelength . Controi 
settings were speed A. response 1, resolution 1000 for differential -prctra
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and *27 for non-differential runs. The double beam instrument recorde only 
the differences between sample and reference, similartis being balanced 
out - When the reference bamm pellet contained untreated thoria and the 
semple be — contained a treated a—pie, the spectrum of bulk thoria was 
cancelled along with atmospheric inpur iti — (1.e- water vapor and carbon 
dioxide). This dfferential method provides a spectrum of the surface 
alette.

The thoria used in the study was the D 16-650- thoria prepared by 
ft riep thorium oxalate at 650"C. The surface area determined by nitrogen 
adsorption was 32.4 ♦ .6 m/g.

Adsorption of acetic acid free the gas phase uas carried out at 
ruse temperature in a clean evacuated container by exposure for approx- 
mately 12 hours. A clean gl—e desiccator was used for thia purpose. 
Betp—t srade acetic acid (19 al) in a SO nl uncovered besker was placed 
in the desiccator bottom and uncovered samples of thoria —re added. 
Evacuatin by an aspirator pump vas carried to the reduced pressure condi- 
tion where bubbles formed in the acetic acid, air being th— displaced by 

acetic acid vapor in the container. The valve —s closed for the required 
treatment time.

After exposure, certain smmples were evacuated for several hours 
to r— nue physically adsorbed acetic acid. Other sanpies —re used immed 
lately in makins infrared absorption window.

Oleic acid was adeo rbe4 by adding the liquid acid directly to the 
thoria which was then nulled by nixing in the "ig-L-Bug" mixer . Lore 
oleic acid than that — c — eery for complete surface coverage was added in 
all CBM e. This was based upon a surface area of approximately 20 A sur- 
face ar— for each acid —locale adourbed Following nixing the thoria
was washed with ethyl alcohol and dried under vacuum A KBr pellet vas 
then prepared and the absorption spectrum deterwined.

« ■'# 
Prepared by Carbide Muclear Co., Cb—teal Techno losy Dvson,
Oak Ridge, Tennessee =
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Experimentei.Resuitsend-Diecuesion
The infrared spectrum of 4 tag of ths D 14 450 thoria as received 

is houn in Fig. I. using a plain KBr reference window to cancel moie- 
ture in the KBr. The strong band at 2 9 u (>430 c= b is due to surface 

hydroxyl -ON st retching (-Th-OM) end cannot bo r eno vs 4 without increasing 
the temperature shew 650"C to siutering temperatures. Bands at 4 4.
7 >. 9 4 and 11 9 — result from adsorbed carbonates, and are invert*
ably present on the surface of thoria exposed to the atmosphere . The 
surface Oh bending at 4.2 u is obscured by the surface carbonates ,
Also included la Fl*. 1 in the spectrum of ace i acid The Ch
tn* frequencies occur at 3 U (2902 cm 

add it tonal bands to the region 3 to * a . 
strongly hydrogen bonded acid diners .2)

rb ana 38u (2872 cm
3
i,

stretch
- The

are on stretehing bonds of
The bond at 5.85. (1710 cm-)

results froa the carbonyl C • 0 stretching mode and is characteristic
of C • O when associated with the acid carboxyl coon group. zonization
of the COON to -COO shifts the associated C
-CH deformarion modes associated with the C -
6.9 M (1450 cm 
strong band at

b and 7.3 u <iiH> cm-h

" C bond drasticaily- The
CH normally prose t ar

) are almost obscured by the
I

7.1 H (1410 cm ) resulting from a C - 0 st ret chin* node
Additional C - O bands are in evidence in the 7 7 • (1 300 c= » to 0 
(1000 cm b region. The OH deformazion band of the COON group at 10.85 

-1H (920 cm ) is very weak la acetic acid
Fig. 2 is the spectrum of acetic acid adsorbed on the surface of 

thoria. The dotted curve is the spectrum obtained immediately after 
adsorption without evacustion. The solid curve of Fl* 2 is the spectrum 
after evacuation for 20 hours. Only slight differences occurred, 11 Iva 
tracing the rapid and strong attachment of acetic acid to the thoria sur­
face. A comparison of the acetic acid spectrum of Fig. 1 with the Fig. 2. 
however, illustrates great differences following adsorption. The 5.85 u 

(C - O) band is almost completely missins. Indicating only a small amount 
of COOH or acetic acid. Two now strong bands appeared at 6.45 (1350 ca b 

and 6.85 (1460 ce= » corresponding to ionised carboxyl group ( COO » and 

represent the anti symmetrical and the symmetrical vibrations respectively.
re ■' ■
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Aleo, it is noticeable chat rhe -ON bands in the 12 to 4 region are 

missing, leaving only the 3-37 3.48 -CH, hand. This is consistant with 
the appearance of the ionised carboxyl bands. The acetic acid C-O 
vibration at 7.78 Hissing after adsorption with two new bands 
appearing at 7.94 u and 9.19 u, indicating an appreciable variation
la the C-O vibrational ■Biles

Figure J is a differencial spect 
thoria. The sample pellet contained *•

• of acet Ic ac id adsorbed on 
mg of thoria vich adsorbed acetc

acid and the reference contained mg of thoria with no acetic acid
adeerbod. Both thoria samples were treated identically except for the 
adsorption step. In one teat the thoria with and without adsorbed acetic 
acid was dried wider vacuum for 9 hours to remove physical ly adeorbed 
acetic acid and water resulting ia the spectrum shown by the solid curve 

of Fig. 3. The dotted spectrum of Fis- 3 is the differential spectrum 
obtained immediately after adsorption without evacuaton. The differ­
encial spectrum clearly illustrstes reverse ON bands at 2 97 a and 
6.2 a indicating an excess of surface OH in the reference sample 
having no acetic acid adsorbed. These results are consistant with the 
esterification model of acid adsorption and casters with results obtained 
by Eyring and Haduworth-- for the adsorpttom of hexanethol on sine minerals. 

The adsorption of the organic acid results ia the spltting out of water 
from surface Th-ON groups by esterification or simple ac id ■bane reaction 
forming a surface thorium sal*. These roewits may be explained by the 
equation:

-o-Th *ON * ROOCR (1)

Stellar results were obtained for oleic acid adsorption ea thoria.
The spectrum of oleic acid lquid by itself is illustrated by the dotted 

curve of Fig- 4- Frequency assignments are essentially the same as those 
for acetic acid with the ezception of the presence of the CH,- stretch- 
ing (3.53 u) and deformation (6.83 a) modes. Also the broad head at 10.7 u. 
corresponding to an -OH out of plane def erect toe of the COOH group, is much
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stronser in the case of oleic acd than for acetic acid. The band at
13.8 u is caused by « -(CH,), * skeletal vibr scion

ine solid curve of ris 4 is a differential spectrum of oleic 
Acid adsorbed SMI thoria. Again strong reverme -ou penks are evident at
2.95 and 6-2 a indicating the splitting out of water Ths -OH suh ima
in the 1 to 4 micron range are missing leaving the strong CH, end -CH, 
stretching bonds between 3.45 and 3.55 The C • O head of oleic acid 

at 5.85 is missing forming two new bands cor responding to carbonyl ion
at 6-5 • and 6 85 u- The 6 85 u band super imposes the deformat ion
band at 6 83 H but the Incrensed depth of this band illustrates the 
mdditive effect. Also the strong OS deformation of the C - O vibra- 
tion at 10.7 u is Missing after adsorption These variations are con- 
sistant wich the esterification sail! proposed according co equntion (1).

It is interest ins to note the slight reverse bands in the dtffer- 
ent lai epectrum for oleic acid adsorption at 7 5,9 6, and 11.9 u. Those 

correspond to the bands €Flg. 1) for carbonates adsorbed os thoria shov- 
ing that oleic acid also displaces carbonates upon adaorptton.

The basic character of the thoria surface was illustrated by 
attempts to adsorb sems ria vapor on the thoria surface We adsorption 
was found to occur. An acid surface much as silicic acid with tree s-ou 
surface groups will adsorb ===onia"*5 by donating a proton and forming 

the ammonia 1m according to the react 1m

sio WB* (2)

The inability of NH3 to adsorb on thoria is indicative of ita besic 
character -

SUMARY

1. Organic acids such as acetic and oleic acids adsorb rapidly and 
strongly on thoria

I I
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2. Acetic acid cannot be removed appreciably by evacuating the sample for 
periodo ae long as 20 hours.

3- Organic acids adsorb on thoria by an esterification process forming 
- surface ioaieod carboxyl groups withan assoc lat aS splitting out of 

water accordins to the reaction:

*

-O

Ammmonia vapor will not adsorb on thoria indicating the basic character 

of its surface.
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