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1. Scope ecule yields an approximation of the total surface area of the

1.1 These test methods cover a procedure to measure tRelid. ] )
surface area of precipitated hydrated silicas by, a single point 3-2 These test methods measure the estimated quantity of
approximation of the Brunauer, Emmett, and Teller (B.E.T.) hitrogen in the monomolecular layer formed by adsorption at
theory of multilayer gas adsorption. These test methods specififuid nitrogen temperature and at a fractional saturation
the sample preparation and treatment, instrument calibrationBressure of 0.3@ 0.01. o .
required accuracy and precision of experimental data, and 3.3 Before a surface area d_etermlnatlon can be made it is
calculations of the surface area results from the obtained datgecessary that any material which may already be adsorbed on

1.2 These test methods are used to determine the Singqge surface of the silica be removed. Removal of adsorbed

point nitrogen surface areas in the range of 10 to 58kgr(10  foreign material (by heating under vacuum or in a steam of
to 500 nf/g). non-adsorbing gas) eliminates two potential errors. The first
1.3 The values stated in S| units are to be regarded as tHfiTor is due to the mass of the foreign material. The second
standard. The values in parentheses are for information onlye'Tor is due to interference by the foreign material to access by
1.4 This standard does not purport to address all of thenitrogen the silica surface.
safety concerns, if any, assqmated with its use. It is thez,f_ Significance and Use
responsibility of the user of this standard to establish appro- .
4.1 These test methods measure the approximate surface

priate safety and health practices and determine the applica- o i~ . .
bility of regulatory limitations prior to useThe minimum &rea of precipitated hydrated silicas that is available to the

safety equipment should include protective gloves, sturdy ey8ifogen molecule using an approximation of the B.E.T.
and face protection. method. While the multi-point version of the B.E.T. method is

generally accepted as being less prone to errors arising from
2. Referenced Documents the varying surface properties of individual samples, the
2.1 ASTM Standards: single-point approximation is often adequate due to the shorter

D 1799 Practice for Carbon Black—Sampling Packageopme per test and relative simplicity of the instrumentation
Shipment3 needed. Quality control applications and comparative tests on

D 1900 Practice for Carbon Black—Sampling Bulk Ship- near-identical samples of close chemical and micro-structural
ment$ composition are likely to be the applications of greatest value.

D 1993 Test Method for Precipitated Silica—Surface Areag AsTM D-11 Standard Reference Silicas

Multipoint BET Ni A ioh . . . .
by Multipoint itrogen Adsorptio 5.1 None Required-This test method is used to determine

3. Summary of Test Methods surface area of candidate silicas. Reference silicas are avail-
able for determining agreement with data obtained in the

3.1 Solids adsorb nitrogen and, under specific conditions,t laboratorv test dqf lti-noint dure Test Method
the adsorbed molecules approach a monomolecular layer. T jpreriaboratory test used for muiti-point procedure fest Vietho

guantity of gas in this hypothetical monomolecular layer is 1993.
calculated using an approximation of the B.E.T. equation. TEST METHOD A — SURFACE AREA BY
Combining this with the area occupied by the nitrogen mol- STATIC VOLUMETRIC APPARATUS

6. Apparatus

1 This test method is under the jurisdiction of ASTM Committee D-11 on Rubber 6.1 Static-Volumetric Gas Adsorption Apparatusvith

and is the direct responsibility of Subcommittee D11.20 on Compounding Materials . . .
and Procedures. dewar flasks and all other accessories required for operation.

Current edition approved June 10, 1996. Published July 1996. Originally
published as D 5604 — 94. Last previous edition D 5604 — 94. -
2 Brunauer, Emmett, and Tellefpurnal of the American Chemical Socigtpl 4 Precipitated samples are available from Forcoven Products, P.O. Box 1556,

60, 1938, p. 309. Humble, TX 77338. Samples are available in three surface areas: A138; B.57; and
3 Annual Book of ASTM Standardgol 09.01. C.168 X1G m?kg.
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6.2 Oven vacuum-type, capable of temperature-regulation 7.3 Liquid Nitrogen 98 % or higher purity.
to = 5°C at 110°C. Pressure should be less than 13.5 Pa (0.17.4 Ultra-High Purity Nitrogen Gas cylinder, or other
mmHg). source of prepurified nitrogen gas.

6.3 Sample Cellswhich, when attached to the adsorption 7.5 Ultra-High Purity Helium Gascylinder, or other source
apparatus, will maintain isolation of the sample from theof prepurified helium gas.
atmospheric pressure equivalent to a helium leak rateldf > )
standard cubic centimeters per minute, per atmosphere & Sampling

pressure difference. 8.1 No separate practice for sampling silicas is available.
6.4 McCleod Gage or equivalent means to measure theHowever, samples may be taken in accordance with Test
pressure. (May be part of the adsorption apparatus.) Methods D 1799 or D 1900, whichever is appropriate.

6.5 Pressure Gage or Transducdmnown to be accurate to . S I .
0.25 % of reading ot 0.067 kPa 0.5 mmHg). whicheveris 9 Preparation and Verification of Calibration of Static-
greater and covering the 0 to 101.3 kPa (760 mmHg) pressure YOlUMetric Apparatus
range. (May be part of the adsorption apparatus.) Note 1—Perform this procedure for initial calibration, periodically for
6.6 Analytical Balancewith 0.1 mg sensitivity. quality control, and following repairs or adjustments. If a commercial
6.7 Glass Vials small (30 Cn’?l) glass vials with caps for apparatus is used, consult the user's manual for specific instructions in
oven drying samples. carrying out the following steps.
6.8 Heating Mantle or equivalent, capable of maintaininga 9.1 Attach the very low and atmospheric pressure gages or
temperature of 16& 5°C. transducers (see 6.4 and 6.5) to the apparatus and evacuate it,
6.9 Volumetric Calibration Apparatyswith valve or stop- the manifold, and all internal pressure/vacuum sensors to 2.7

cock and 6.4 mm tubing adapter to gas adsorption samplBa (20 mHg) or below.
connector. See Fig. 1. 9.2 Verify that the internal vacuum sensor(s) are reading

correctly and that the internal pressure sensor(s) are reading

7. Reagents correctly in the vicinity of zero pressure subject to the expected
7.1 Purity of Reagents-Reagent grade chemicals shall be resolution and stability limits. Make adjustments as needed.

used in all tests. Unless otherwise indicated, it is intended that 9.3 Close the vacuum path and admit nitrogen gas to build
all reagents shall conform to the specifications of the Commit101.3 kPa+ 1% (760 mmHg=+ 7.6 mmHg) of pressure.
tee on Analytical Reagents of the American Chemical Societyerify that the pressure sensors read the correct pressure to
where such specifications are availabl®ther grades may be within +0.25 %. Make adjustments as needed.
used, provided it is established that they are of sufficiently high 9.4 Thoroughly clean and dry an empty sample holder.
purity to use without lessening the accuracy of the determinaAttach it to the apparatus and evacuate it to 2.7 Pa (20 umHg).

tion. Apply a 160°C heating mantle and continue evacuation for at
least one hour and until the rate of pressure rise upon
— SamgletPOrt temporarily closing off the vacuum path is under .4 Pa (3

Adaptor UMHg) per minute.

9.5 Perform a sample analysis on this clean empty sample
tube at 0.3& 0.01 P/R. Use a R of 101.3 kPa (760 mmHQ)
and a sample mass of 1 g.

9.6 Examine the volume adsorbed quantity obtained. Ideally

t"‘“ 3/16" or 1/4" metal tubing

~2— Vacuum tight valve it should pe zero._An error amount exceed!ng 0.25 st:_:mdard
or stopcock cubic centimeters is unacceptable and requires correction. An
error amount of 0.125 standard cubic centimeter or less is

acceptable.

9.7 Obtain a cylindrical or spherical calibration volume

75 to 500 mL made of glass or corrosion resistant metal and having an
Volumetric internal volume between 75 c¢nand 500 cril. It must have a
Apparatus tubing connection and an in-line valve or stopcock as shown in
Fig. 1.
FIG. 1 Volumetric Apparatus 9.8 Determine the internal volume below the valve or

) o stopcock by the mass difference when first empty and then
7.2 Purity of Water—Unless otherwise indicated, referenceswnen filled completely with distilled water. Measure the water
to water (and ice prepared from it) shall be understood to meagmperature and correct for the water density to obtain the
distilled water or water of equal purity. exact volume of water contained. It may be necessary to
[ immerse the device in boiling water to ensure complete filling
SReagent Chemicals, American Chemical Society Specificatbmerican ~ and degassing. Repeat the procedure until the calibration
Chemical Society, Washington, DC. For suggestions on the testing of reagents ngtolume is known to better than0.1 %. Empty the calibration

listed by the American Chemical Society, sAealar Standards for Laboratory volum nd thor hi rv it overnight in the v m oven
Chemicals BDH Ltd., Poole, Dorset, U.K., and thenited States Pharmacopeia Oou _E aod thoroughly dry it overnight in the vacuum oven at
and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, 70°C = 5°C.

MD. 9.9 Connect the calibrated volume to a sample port of the
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gas adsorption apparatus, open the valve or stopcock, amity silica (less than 1 % moisture) is difficult to transfer due to
evacuate the volume to below 0.0027 kPa (20 pmHg). Constatic charge buildup.
tinue evacuation fol h more. Close off the path to the vacuum 10.2 Weigh a sample cell to the nearest 0.0001 g and record
source and note whether any rise in pressure occurs. Thee mass. Include the stopper.
pressure must remain below 2.7 Pa (20 umHg) with an increase 10.3 Into the cell, weigh a sample of the silica to be tested
rate of less than 0.4 Pa (3 umHg) per minute. When this hathat has been dried as required in 10.1, so that the cell contains
been achieved, close the valve or stopcock to retain the vacuuapproximately 50 rhof surface area for the silica including
within the calibration volume. stopper.

9.10 Leave the closed-off, evacuated calibration volume in N , .

. ote 2—When not measuring a standard reference silica, and the type
place. R§|se_a dewar flask around the YOIU_me and pack We&f silica is unknown, assume a surface area of Pgnand weigh out
crushed ice firmly around the volume as in Fig. 2. Remove anypproximately 0.5 g. Record the combined mass of the cell and silica
dewars or other equipment that might interfere with a sampléncluding stopper.
run. Start a sample run with atarget relative pressure of 8.30 10 4 With the apparatus at atmospheric pressure, place the
0.01 P/R. Use a 1 gsample weight and afof 101.3 kPa (760  gampe cell containing the silica onto the degassing apparatus.

mmHg). Upon the beginning of dosing open the valve or 10 5 Begin the degassing procedure as appropriate for the
stopcock on the evacuated volume and complete the Samp(lﬁ)paratus.

run. ) 10.6 Place a heating mantle or other source of heat around
9.11 Examine the volume adsorbed. The volume adsorbeg sample cell and degas the sample at +6&C for ¥ h or

should be withir- 1% of the gas volumey/, computed by the 546y a5 required to obtain and hold a pressure less than 1.3 Pa
following formula: (10 pmHg) if low pressure degassing is in use. If flowing gas

V= (i)v purging is used, all traces of moisture condensing in the top of
760/ "V the tube must be absent. Once the typical degas times have
- (P/Po)(%>Vv been determined, if desired, future samples can be degassed on
the basis of time alone, allowing a reasonable margin of excess

_ _ _ _ D time. Some samples will be found to require less than 30 min
where P/R is the relative pressure at which the point wasespecially if moisture exposure has been minimal. In these
actually equilibrated andl, is the internal volume determined cases, the minimum time which gives a stable surface area may
by weighing in 9.8. _ . _ o be used for degassing.

9.12 Successful completion of this series of tests indicates 10.7 Remove the sample from the heat source and allow the
that the gas adsorption apparatus meets the basic requiremesginple cell to cool to room temperature. Continue the flow of
of adequate vacuum level, compensation for free space errorgurging gas if that technique is in use.
linearity, and accuracy of nitrogen gas metering. 10.8 Go directly to Section 15 and continue the remaining

10. Sample Preparation Procedure procedures.

10.1 If the silica sample contains more than about 6 % TEST METHOD B — SINGLE-POINT SURFACE
moisture, it may be dried at 110°C to 2 to 6 % moisture. A very AREA BY FLOWING GAS APPARATUS

11. Apparatus

11.1 Flowing gas adsorption apparatusvith dewar flasks
and all other accessories required for operation.

11.2 Oven vacuum-type, capable of temperature-regulation
to +£5°C at 110°C. Pressure should be less than 13 Pa (0.1
mmHg).

11.3 Sample Cellswhich, when attached to the adsorption
apparatus, will maintain isolation of the sample from the
atmospheric pressure equivalent to a helium leak rateldf >
standard cubic centimeters per minute, per atmosphere of

pressure difference.
) 11.4 Analytical Balancewith 0.1 mg sensitivity.
Insulating

Gas Adsorption Instrument
Under Test

Stopper 11.5 G]ass Vials small (30 cm) glass vials with caps for
oven drying samples.
7% ,.— Dewar Flask or 11.6 Heating Mantle or equivalent, capable of maintaining
Other Insulating a temperature of 166 5°C.
Container 11.7 Syringes precision, 1 chand 5 cni.
Crushed Ice
1/8" to 3/8" Granules 12. Reagents
k ~/ 12.1 Purity of Reagents-Reagent grade chemicals shall be
Adsorption Instrument Calibration Verification all reagents shall conform to the specifications of the
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Committee on Analytical Reagents of the American Chemical 5 ( Pa (2731

Society, where such specifications are avail&¢her grades (5 cm’) (m)< Ta 5) ®)

may be used, provided it is established that they are of |f the error exceeds 5 %, the instrument is unsuitable or in

sufficiently high purity to use without lessening the accuracy ofneed of repair. If the error is 1 % to 5 %, adjust the integrator

the determination. gain and repeat the process until the error is under 1 %. Note
12.2 Purity of Water—Unless otherwise indicated, the integrator gain setting.

references to water (and ice prepared from it) shall be 13.2 Many flowing gas instruments have selectable or

understood to mean distilled water or water of equal purity. variable length flow paths. The above tests must be performed

12.3 Liquid Nitrogen 98 % or higher purity. on all of the flow paths used for silica surface area
12.4 Ultra-high purity nitrogen gas; cylinder, or other measurements. Sample sizes or calibration volumes should be
source of prepurified nitrogen gas. adjusted to keep the respective gas quantities and peak heights

12.5 Flowing gas systems shall use helium-nitrogennyolved comparable.
mixtures of concentrations know t00.25 % nitrogen content 13,3 Successful completion of this series of tests indicates
or better and shall contain at the time of exposure to thehat the flowing gas adsorption apparatus meets the basic
sample, under one part per million by volume of gases ofequirements of leak freedom, gas mixture purity, cleanliness,

vapors having boiling points above that of nitrogen. detector linearity, and stability.
13. Preparation and Calibration of Flowing Gas 14. Sample Preparation Procedure
Apparatus

14.1 If the silica sample contains more than about 6 %

Note 3—Perform this procedure for initial calibration, periodically for moisture, it may be dried at 110°C to 2 to 6 % moisture. Avery
quality control, and following repairs or adjustments. If a commercial dry silica (less than 1 % moisture) is difficult to transfer due to
apparatus is used, consult the user's manual for specific instructions igatic charge buildup.

carrying out the following steps. _ _ 14.2 Weigh a sample cell to the nearest 0.0001 g and record
13.1 For the helium/nitrogen mixture representing theiha mass including the stopper.

desired P/Po target pressure of 0.300.01, perform the 14 3 |nto the cell weigh a sample of the silica to be tested,

following steps. _ _ that has been dried as required in 14.1, so that the cell contains
13.1.1 Establish a stable flow of the gas mixture in theapproximately 10 fhof surface area for the silica.

system through a clean, dry, empty sample holder of the size
that will be used for the samples on the analysis port(s). Note 4—When not measuring a standard reference silica, and the type

13.1.2 Perform an adsorption/desorption cycle on the empt§f Silica is unknown, assume a surface area of Pégnand weigh out
tube(s) as if a sample were present and record or note tl’] proximately 0.1 g. Record the combined mass of the cell and silica,

- cluding stoppers.

detector responses and the integrated results of each peak. g siopp n .

13.1.3 Both the adsorption and the desorption peaks must 14-4 Seal the sample cell containing the silica onto the
integrate to less than 0.03 standard cubic centimeters 4€9assing apparatus. ,
nitrogen and the baseline must return to the starting position to 14-5 Begin the degassing procedure as appropriate for the
within 0.05 % nitrogen equivalent concentration within 5 apPparatus. _
minutes of the peak. Failure to achieve this may indicate leaks 14-6 Place a heating mantle or other heat source around the
to or from the atmosphere, contaminated sample tubes, atpmple cell and degas the sample at ¥66°C for 30 minor
impure gas mixture, or gas detector malfunctions. longer. Adequate degassing may be determined by degassing in

13.1.4 Fill a precision 1 cfsyringe from a pure nitrogen the analysis position and using the detector to indicate when
source, equilibrate both pressure and temperature witH1® Sample has ceased to evolve adsorbed gases. Once the
ambient, record the pressure and temperature, andza@es typical degas times have been determined, future samples can
interval smoothly inject the nitrogen into the flowpath at anyP® degassed on the basis of time alone, if desired, allowing a
point between the upstream and downstream detectdgasonable margin of excess time. Some samples will be found
filaments. Do not allow the syringe to be warmed by the handd© require less than 30 min especially if moisture exposure has

The instrument must yield a response of been minimal. In these cases, the minimum time that gives a
b 9731 stable surface area may be used for degassing.
(1 cm®) <Wf3>(T5> 14.7 Remove the heating mantle and allow the sample cell

@ to cool to room temperature.

. . . , ) 14.8 Go directly to Section 15 and continue the remaining
cubic centimeters of nitrogen where Pa (kPa) is amb'e”brocedures.

atmosphere pressure and Ta is ambient absolute temperature.

Adijust the integrator gain and repeat the process until the errgr>- Measurement Procedure

is less than+ 0.03 standard cubic centimeters. Note the 15.1 Obtain the user's manual or specific instructions for the

integrator gain setting. gas adsorption analyzer used and become thoroughly familiar
13.1.5 Fill a precision 5 cisyringe and repeat the injection with the procedures.

as in 13.1.4 except that it will be necessary to inject smoothly 15.2 Determine the saturation pressure of the liquid nitrogen

over a 10 s interval. The instrument must yield a integratedath.

response five times as great as before to withid % of the 15.3 Measure the amount of nitrogen adsorbed at the

value. relative pressure of 0.34 0.01 P/R. Note that variance in the
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exact P/R value attained will increase the variance of results 16.3.2 Determine the surface area of the silica using the

with more effect on some samples than for others. following approximation derived from the B.E.T. equation:
15.4 Determine th(_e mass of the F:ell vx{lth dry sample to theSingle Point Surface Area V,/g (1 — PIP,) X 4.35 micm¥g

nearest 0.0001 g prior to measuring nitrogen adsorption or

afterwards. Avoid inconsistent use of helium, as a buoyancy (6)

error of one mg per cfof cell volume can occur.
where:
16. Calculations P = equilibrium pressure over the sample in kPa,

16.1 Most automated instruments will perform the Po = saturation vapor pressure of nitrogen in kPa,

following computations at the completion of the analysis. The 4-35 = area occupied by one standard cubic centimeter of
user must verify that the internal computations conform to the nltrogenn?s a monolayer, each molecule occupying
following. 0.162 nn.

16.2 Sample Mass 17 R

Mass of samplédried) = (mass of celt- sample — (mass of cell - Report

(Record masses to 0.0001 g 4) 17.1 Report the following information:

16.3 Nitrogen Surface Area 17.1.1 Sample identification.

16.3.1 Calculate total volume of nitrogen adsorbed per gram 17.1.2 The data used to obtain the result.
of specimen to the nearest (0.00013%) as follows: 17.1.3 The nitrogen surface area of the sample reported to

_ Vups for each dosing in cth the nearest 0.1 ffg.

Vaos/0 = sample mass ®)
18. Keywords
where: : : . o
. 18.1 nitrogen adsorption surface area; precipitated hydrated
Vaps/g = total volume of nitrogen adsorbed per gram of ;... silicasg surface grea precip y
silica; in cn/kg ’ ’
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