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CONDITIONS CHIMIQUES HE SURFACE DE FOUDRES MINERALES

I. DÉTERMINATION RAPIDE DE FAIBLES SURFACES DE POUDRES MINÉRALES

À L'AIDE DE LA CALORIMÈTRE PAR APSORPTION

par

P.P.S. Saluja, J.C. LeBlanc, R.L. Watson et D.W. Oscarson

RESUME

On a fait la détermination de faibles surfaces de poudres d'oxyde

minéral non poreux à l'aide de la calorimétrie par adsorption avec une

précision de ±5%. On a examiné cinq étalons d'une surface de 0,64 à

24,3 m 2^" 1 pour vérifier la conformité interne de notre méthode. Nos va-

leurs de surface sont conformes à ±10% près des valeurs obtenues par la

technique d'adsorption d'azote de Brunauer, Emmett et Teller (BET) à -196°C

(J. Am. Chem. Soc. 60_, 309 (1938)). Notre technique prend moins de temps

que les systèmes commerciaux et ne nécessite que des petits échantillons

(< 1 g par examen). En outre, cette technique fonctionne à 25°C, plutôt

qu'à -196°C et elle peut être adaptée à des opérations de routine. Enfin,

cette technique semble être préférable à la méthode relativement longue de

la Chromatographie des gaz-solides qui nécessite des échantillons importants

(200 â 300 g) et donne des valeurs peu conformes aux résultats obtenus par

BET (P. Trentaine et al., Can. J. Chem. jjO, 2859 (1982).
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ABSTRACT

Low surface areas of non-porous mineral and oxide powders have

been determined by adsorption calorimetry to a precision of ±5%. Five
2 -1

standards with surface areas in the range 0.64 to 24.3 m *g were

examined to check the internal consistency of our method. Our surface

area values agree within ±10% with supplied values, obtained by the

Brunauer, Emmett and Teller (BET) nitrogen adsorption technique at

-196°C (J. Am. Chem. Soc. 60_, 309 (1938)). The present technique is

less time consuming than commercial systems and requires small sample

size (< 1 g per run). Also, the technique works at 25 C, rather than at

-196 C, and can be adapted for routine operation. Finally, the

technique appears preferable to a relatively tedious gas-solid chromato-

graphic method, which uses large samples (200 to 300 g), and yields

values in poor agreement with BET results (P. Tremaine et al., Can. J.

Chem. 60, 2859 (1982)).
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1. INTRODUCTION

Investigations of mineral or waste-form dissolution, and

radionuclide sorption onto rock surfaces, require a simple and reliable

technique for measuring low surface areas. These investigations, which

are part of the Canadian Nuclear Fuel Waste Management Program, often

require measurements on particles with diameters in excess of 10 urn,
2 -1

i.e. with surface areas (SAs) less than 0.5 m *g [1].

Low SAs can be measured by gas adsorption in either static

systems [2,3] or commercial flow systems using special cells [4,5].

These methods, however, require dedicated and rather specialized equip-

ment because one has to measure the very small amounts of adsorbate

required to form a monolayer on low SA solids [6]. Thus, for nitrogen
2

adsorption, formation of a monolayer on a 0.1 m surface reduces adsorb-

ate volume by about 0.03 ml at 25 C and 101 kPa. For adsorption of
2

stearic acid from solution, the 0.1 m area Is covered by 0.3 mg of

stearic acid [6]. These small amounts cannot be determined precisely,

even using several grams of solid sample [6,7].

An alternative approach to determine the small amounts of

adsorbed material involves measuring the heat of adsorption. This

report discusses the use of adsorption microcalorimetry to obtain low

SAs of powders to a relatively high degree of precision.

2. EXPERIMENTAL

2.1 MATERIALS

In this work, five solid powders with certified surface areas

were used as standards [1]. The surface areas had been determined by

volumetric measurements of nitrogen adsorption at -196 C, after



outgassing the sample powders at elevated temperatures. A short

description of each powder is given below.

SiO2

This reference material powder (composed of silica spheres
2 -1

with a SA of 24.3 m *g ) W3s supplied by Duke Scientific Corporation,

California (catalogue number 209). Specified particle sizes are in the

0.2 to 1.5 urn range. This SA standard was used directly from the bottle

at room temperature, and also after outgassing at ' 250 C for 14 hours.

Graphitized Carbon Black

This reference material, a non-porous solid powder with SA of
2 -1

11.1 m 'g , was certified by the National Physical Laboratory,

Teddington, England, and obtained from the National Bureau of Standards,

Office of Standard Reference Materials, Washington, D.C. NPL certifi-

cate and NBS catalogue numbers for this powder are CRM No. M 11-01 and

Lot GM 8001, respectively. The sample WE

about 14 hours immediately prior to use.

TiO-

Lot GM 8001, respectively. The sample was outgassed at ' 250°C for

'2

2 -1
This reference standard, with SA of 10.3 m *g , is from the

Duke Scientific Corporation, California (catalogue number 203). The

particle size is 0.45 um.

Carbon Black Powder

2 -1
This reference standard, with SA of 6.6 m 'g , was supplied

by Duke Scientific Corporation, California (catalogue number 199).

ZnO

2 -1
This low SA standard, with SA of 0.64 m *g , has the sample

number 13-4 on a bottle obtained from Particle Information Service
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(supplier unknown). The sample was outgassed at •*• 235°C for about 70

hours immediately prior to use.

2.2 APPARATUS

Experiments were performed with a commercial sorption micro-

calorimeter (Model LKB 2107-122 from LKB-Produkter AB, Bromma, Sweden),

which is a heat conduction type calorimeter capable of operation in both

flov- and batch modes. Figure 1 shows the calorimeter system for the

flow mode. The microcalorimeter is contained in an air thermostat

(Model LKB 2107-210) maintained at 25°C, within ±0.005°c. The liquid

used, either pure carrier fluid (heptane in our case) or a solution of

adsorbate (e.g. 0.2% by volume n-butyl alcohol in heptane), was selected

using a three-way valve. Teflon tubing was used throughout except for

the microperpex peristaltic pump (Model LKB 2132), where viton tubing

was used.

2.3 PROCEDURE

The flow sorption cell, containing a weighed amount of solid

sample powder (typically 200 to 800 nig), is placed in the sample

compartment and the empty batch sorption cell is placed in the reference

compartment of the calorimeter (Figure 1). Pure heptane as a carrier

fluid is allowed to flow through the external and internal heat

exchangers for prethermostatting the carrier fluid to the calorimeter

temperature. Heptane then flows through the sample powder in the

sorption cell and out of the calorimeter. Equilibrium is reached within

2 hours at a typical flow rate of 0.16 cm 'min

Once a stable (centre zero) base line is established with

heptane, the three-way valve is switched to replace pure heptane with a

heptane solution, containing 0.2% (by volume) n-butyl alcohol (nBxiOH) as

adsorbate. The heptane molecules on the powder surface are continuously

displaced by nBuOH molecules, at a rate proportional to the concentra-

tion of adsorbate in solution, until a dynamic equilibrium is reached.
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The SA can be obtained from the measured integral heat of preferential

adsorption required to form a close-packed monolayer of alcohol on the

powder surface.

Figure 2 shows a typical thermogram. The first exothermic

peak is obtained during the above described adsorption experiment.

Alternatively, one can record an adsorption isotherm by measuring the

heat of adsorption as a function of the increase in the concentration of

nBuOH in the carrier heptane stream. The reversibility of adsorption

and desorption (an endothermic process) was tested simply by alter-

nating, several times, the flow of pure heptane and heptane solution

containing nBuOH as adsorbate. The peak area, in an adsorption

experiment, is proportional to the amount of heat evolved during prefer-

ential adsorption of nBuOH, which, in turn, is proportional to the

specific surface area of the sample powder. Peak areas are quantified

by an electronic integration method. To convert peak area to heat of

adsorption (AH), a calibration was performed using a heater of 49.76 0

embedded in the flow-cell compartment. An appropriate choice of

calibration current (I in mamp) and time (t in s) provides a simulated
2

exothermic peak (with AH equal to I Rt) similar to our adsorption peak

in an experimental run.

The first exothermic (adsorption) peak on fresh and outgassed

sample powders provided SA results reproducible to within ±5%. This

conclusion is based on our results from many samples. For powders with
2 -1

SAs above 5 m *g , we found irreversible adsorption to be insignifi-

cant, so several runs could be repeated on the same starting sample.
2 -1

For powder with SA lower than 1 m «g , We carried out several independ-

ent measurements on different portions of the reference material. Out-

gassing of low SA powder at about 250 c for about 24 hours produced very

reproducible results. At a later date, we will carry out development

work to better define the optimum outgassing time and temperature for

low SA powders.
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3. RESULTS AND DISCUSSION

Surface areas of powders can be deduced from our saturation

adsorption experiment as follows. The powder SA Is proportional to the

total (integral) heat of preferential adsorption of nBuOH, to form a

molecular monolayer, by replacement of heptane molecules, on the powder

surface:

SA

where SA is the specific surface area (a measure of the adsorption sites

of the powder surface), k is a proportionality constant and can be

considered as an adsorbent/adsorbate calibration factor, and &H is

simply the total heat of displacement of heptane by nBuOH. Using the
2 —1

nBuOH/n-heptane carrier system and the SiO, standard (SA = 24.3 m *g >,
2 -I

our k value was determined to be 9.7 m *J , which Is in fair agreement
2 -1

with the literature k value of 11.5 m "J from reference [6]. Care

must be exercised in using such calibration constants since they may

vary with the solid adsorbent structure and with the choice of carrier

fluid and sorbate molecule- Use of an internal standard adsorbent

material, for which the surface area is well-known, overcomes this

difficulty.

Our SA determinations for all four reference materials are

reproducible to within ±5%. To compare our SA values with BET nitrogen

adsorption areas, we determined SA values using the S109 reference
2 -1

material as an internal standard (yielding k = 9.7 m "J ). The

specific SA obtained by nBuOH adsorption, at 25 C, and by BET nitrogen

adsorption at -196 C (as supplied with the reference materials) are

compared in Table 1. Our values for these reference materials j

the carbon black and ZnO) agree with the BET SA values to within ±10%.

Thus, the surface areas accessible to nitrogen and nBuOH in adsorption

experiments appear Identical for these materials.
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The above results can be compared to those obtained from the

recently reported GSC method [7] that has also been applied to oxide

powders. The GSC method yielded SA values In poor agreement (by a

factor > 2) with BET results. Moreover, the GSC method requires very

large sample sizes (200 to 300 g) per run.

In conclusion, we have developed a relatively simple and

reasonably accurate method for determining the low SAs characteristic of

mineral surfaces. The advantages are that (1) experiments can be done

at 25°C rather than at -196°C, as required for the conventional BET

method, (2) relatively small samples can be used, and (3) a larger

number of samples can be characterized in a given time period.
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TABLE 1

COMPARISON OF SURFACE AREAS DETERMINED BY n-BUTANOL ADSORPTION

USING A FLOW MICROCALORIMETER

AND BY NITROGEN ADSORPTION USING THE BET METHOD

Reference
Material

sio2*

TiO2

Carbon
Black
Powder

ZnO

Weight of
Sample

Powder in
Sorption Cell

(mg)

135-138

252

257

828

Graphitized
Carbon
Black** 404

Heat of
Preferential
Adsorption

AH

(mJ)

330-350

281

163

48.6

489

SA
De termined

from
AH

(mV1)

(24.3)

10.8

6.2

0.57

11.7

SA
Determined
by BET
Method

24.3

10.3

6.6

0.64

11.1

* Used as internal standard in this work.
** n-Dodecanol used as sorbate.
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