ﬁplw Designation: D 3663 — 03

—~yl’
INTERNATIONAL
Standard Test Method for
i 1
Surface Area of Catalysts and Catalyst Carriers
This standard is issued under the fixed designation D 3663; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope Py, = helium pressure after equilibration, torr
1.1 This test method covers the determination of surfaceln, = temperature of manifold at initial helium pres-
areas of catalyst and catalyst carriers that have Type Il or IV sure, °C

temperature of manifold after equilibration, °C
initial N, pressure, torr

manifold temperature at initidil, pressure, K
manifold temperature at initiall, pressure, °C
pressure after equilibration, torr

liquid nitrogen vapor pressure, torr

liquid nitrogen temperature, K

relative pressureR,/P,

volume of manifold, cri

extra volume bulb, crh

dead-space volume, ém

nitrogen adsorption isotherms, and at least Zgnof area. A Th,
volumetric measuring system is used to obtain at least four dat&1
points which fit on the linear BETline. L}

1.2 The values stated in Sl units are to be regarded as thg1
standard. The values given in parentheses are for informatiorbi
only.
1.3 This standard does not purport to address all of the ;I;S
safety concerns, if any, associated with its use. It is the\/d
responsibility of the user of this standard to establish appro- v/
priate safety and health practices and determine the applica-v

’

bility of regulatory limitations prior to use. W, mass of sample, g
W, tare mass of sample tube, g
2. Referenced Documents W, sample + tare mass of tube, g
2.1 ASTM Standards® Vys volume of nitrogen in the dead-space,®m
D 3766 Terminology Relating to Catalysts and Catalysis Vi1 see 10.4.4
E 177 Practice for Use of the Terms Precisions and Bias inV2 see 10.4.6
ASTM Test Methods Vi see 10.4.7
E 456 Terminology Relating to Quality and Statistics Va 222 1839

E 691 Practice for Conducting an Interlaboratory Study to _-m

T initial extra-volume bulb temperature, K

i ici 1x
Determine the Precision of a Test Method Ty, (1) initial extra-volume bulb temperature, °C
3. Terminology Toy Extra—volume bulb temperature after equilibrium,
3.1 Consult Terminology D 3766 for definitions of other T,/(i) = extra-volume bulb temperature after equilibrium,
terms used. o
3.2 Definition:

3.2.1 surface area of a catalystthe total surface of the 4. Summary of Method

catalyst. It is expressed in square metres per gram. 4.1 The surface area of a catalyst or catalyst carrier is
3.3 Symbols: determined by measuring the volume of nitrogen gas adsorbed
at various low-pressure levels by the catalyst sample. Pressure
Py, = initial helium pressure, torr diff_erentials caused_by intro_ducing the catalyst surface area to
a fixed volume of nitrogen in the test apparatus are measured
and used to calculate BET surface area.

1 This test method is under the jurisdiction of ASTM Committee D32 on 5, Apparatus4
Catalysts and is the direct responsibility of Subcommittee D32.01 on Physical-

Chemical Properties. 5.1 Aschematic diagram of the apparatus is shown in Fig. 1.
Current edition approved Oct. 1, 2003. Published October 2003. Originallylt may be constructed of glass or of metal. It has the following
approved in 1978. Last previous edition approved in 1999 as D 3663—99. features:

2 Brunauer, Emmett, Telledournal of American Chemical SociegACS, No. P - . .
60, 1938, p. 309. 5.1.1 Distribution Manifold having a volume between 20

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, orand 35 crm, (Vy), known to the nearest 0.05 énThis volume
contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM
Standardssolume information, refer to the standard’s Document Summary page o
the ASTM website. 4 Automated equipment is commercially available.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Schematic Diagram of Surface Area Apparatus

is defined as the volume between the stopcocks or valves aradl reagents shall conform to the specifications of the Commit-
includes the pressure gage. tee on Analytical Reagents of the American Chemical Society,
5.1.2 Vacuum Systentapable of attaining pressures below where such specifications are availab@ther grades may be
10~* torr (1 torr = 133.3 Pa). This will include a vacuum gage used, provided it is first ascertained that the reagent is of
(not shown in Fig. 1). Access to the distribution manifold is sufficiently high purity to permit its use without lessening the

through the valvev. accuracy of the determination.
5.1.3 Constant-Volume Gage or Mercury Manometea- 6.2 Helium Gas—A cylinder of helium gas at least 99.9 %
pable of measurements to the nearest 0.1 torr, in the range fropure.
0 to 1000 torr (1 torr = 133.3 Pa). 6.3 Liquid Nitrogen of such purity thaP, is not more than
Note 1—See, for example, the article by Jofpr a description of a 20 torr above barometric pressure. A fresh daily supply is
recommended.

constant-volume manometer. 6.4 Nit G A lind f it £ t
. T .4 Nitrogen Gas—A cylinder of nitrogen gas at leas
5.1.4 Valve (H) from the helium supply to the distribution 99.999 % p?ure 4 gen g

manifold.

5.;f.5|3/alve (N) from the nitrogen supply to the distribution 7 procedure—Sample Preparation and Degassing
manifold. . .
. 7.1 Select a sample tube of the desired size. A 8sample
|5'1'6 Thbe contnetzjtlor(; tbetweeln the _s?mplel tubte arllé‘thet be is preferred for samples not exceeding about 1 g, to
valve can be a stanaard-taper giass Joint, a glass-10-91ass S€gi,imize the dead-space. However, a 253cample tube may

or a compression fitting. be : S
preferred for finely powdered catalysts, to avoid “boiling
5.1.7 Extra Volume Bulp(V,), should be 100 to 150 cin when degassing is started.

known to the nearest 0.05 énV, includes the volume of the 7.2 Fill the sample tube with nitrogen or helium, at atmo-

stopcock bore in the glass apparatus. : . . . .
. spheric pressure, after removing air by evacuation. This may be
5.2 Sample Tubeswith volumes from 5 to 100 cilepend- done on the surface area unit, or on a separate piece of

ing on the application. Markings should be placed on theequipment

sample tubes about 30 to 50 mm below the connectors to 7.3 Remove the sample tube from the system, cap, and
indicate the desired liquid nitrogen level. weigh. Record the mass &,.

5.3 Heating Mantles or Small Furnaces 7.4 Place the catalyst sample, whose mass is known ap-
5.4 Dewar Flasks ; : .
55 Laboratory Bal ith 0.1 107-k iivit proximately, into the sample tube. Choose the sample size to
5' 6 Tﬁ ora oryt a an_(r:ﬁw' : -mrgg (10"-kg) _sent?: '\f[' Y. provide an estimated total sample surface area of 20 to 00 m
.t erl}n?rr;ne g_r ?r'b tgrmocoug ldrTr‘r)e_asurln_lgr e tem- 7.5 Attach the sample tube to the apparatus. If other samples
perature of the distribution manifoldT{'()) or T,'()] in are to be run, attach them at this time to the other ports.

degrees Celsius.
. . 7.6 Open theéSvalves where there are samples.
5.6.1 It is preferred that the manifold be thermostated at a 7.7 It may be necessary to close thé valve system

particular temperature, a few _degrees above ambient, to 0.b\”abeeriodically to protect the diffusion pump fluid from exposure

the necessity of recording this temperature at each reading. to pressures above 0.1 torr for periods of more than 30 s. Close
5.7 Thermometer for measuring the temperature of the the valve off for 2 min

liquid nitrogen bath ()] in kelvins. This will preferably be @ 2 g% 51211 3 heating mantle or furnace around each sample

nitrogen vapor-pressure thermometer, often re_ferred to in @nd raise the temperature to about 300°C (573 K).
commercial instrument as a pressure saturation tube, from
which P, values may be derived. Note 2—Take special precautions if the moisture content exceeds

6. Reagents

6.1 Purity of Reagents-Reagent grade chemicals shall be °Reagent Chemicals, American Chemical Society Specificatiomerican

used in all tests. Unless otherwise indicated. it is intended th hemical Society, Washington, DC. For suggestions on the testing of reagents not
' ! isted by the American Chemical Society, sAanual Standards for Laboratory

Chemicals BDH Ltd., Poole, Dorset, U.K., and thénited States Pharmacopeia
and National FormularylJ.S. Pharmacopeial Convention, Inc. (USPC), Rockville,
5 Joy, A. S.,Vacuum Vol 3, 1953, p. 254. MD.



A8y D 3663 - 03
“afl

approximately 5 % to avoid “bumping” of powdered catalyst, and to avoid 9.2 Recheck the zero setting of the pressure gage.
surface area loss by self-steaming. It is recommended that the heating rateg 3 Admit nitrogen gas, and record the pressurePg4)
not exceed 100 K/h under these circumstances. (torr) and the temperature @5’ (1) (degrees Celsius) and read
7.9 Continue degassing at about 300°C (573 K) for athe temperature of the extra-volume bulb and record it as
minimum of 3 h, at a pressure not to exceedl@rr. T, (1). It is desirable, but not necessary, to choBs@) such
Overnight degassing is permissible. that the first equilibrium adsorption pressuf®(l), will be
Note 3—Certain materials will decompose at 300°C (for example,abOUt 40 torr, equwalgnt teZ(l)/PO(.l) of abOL!t (.)'05' If the
alumina hydrates) or will sinter (for example, platinum black). Lower surface area is small, it may be desirable to eliminate use of the
degassing temperatures are permissible for such materials; however, tBXtra-volume bulb by closing theV valve.
degassing temperature should be specified when reporting the results. 9.4 Open theS valve to admit nitrogen to the catalyst.

7.10 Remove the heating mantles, and allow the samples to 9.5 Allow sufficient time for equilibration, readjusting the

cool. liquid nitrogen level when necessary. Equilibrium shall be
7.11 Close théEV valve, if open. considered as attained when the pressure change is no more
7.12 Close thes valve. than 0.02 torr/min.

7.13 It is permissible to exercise the option of preliminary 9-6 Record the equilibrium pressure &s(1), manifold
degassing on an external unit. In such a case, follow th&&MmperatureT,'(1), and the extra volume bulb temperature
procedures of 7.4-7.11 and then repeat on the surface area urfig<(1)- L
except that the degassing time in 7.9 should not exceed 1 h. 9-7 Record the liquid nitrogen temperaturg(l)] or the

7.14 If it is desired to weigh the sample after preliminary Nitrogen vapor pressur@f(1)]. _ _
degassing on an external unit, backfill with the same gas used 9-8 Close theS valve and close th&V valve; then admit
in 7.2 to above atmospheric pressure. CloseShalve. nitrogen gas to increase the pressure by 100 to 200 torr,

7.15 Detach the sample tube from the apparatus, recap wiffePending upon surface area. Record the pressig(2)s the
the stopper used previously, and weigh. Record the masg.as Manifold temperature as,'(2), and the extra-volume bulb

7.16 Remove the backfilled gas by evacuation to less thaffmperature asy,/(2).

107 torr at room temperature. 9.9 Open thé&valve to admit the new increment of nitrogen
to the catalyst.
8. Procedure—Dead-Space Determination 9.10 Allow sufficient time for equilibration, readjusting the

uid nitrogen level as necessary. The criterion for equilibrium

. . . 'q
8.1 From this point on, each sample being tested for surfac!é defined in 9.5.

area must be run on an individual basis. Thus each Stelﬁ I
8.2-9.17 must be carried out separately for each tube in testT ?(-Zl)lastﬁot‘zzt)he equilibrium pressure Bg2), and record
8.2 The “dead-space” is the void volume of the charged'2 2 \=J-
SP 'S vold vou g 9.12 Again recordi((2) or Py(2).

sample tube, including th&valve, when the tube is immersed . .
in liquid nitrogen to the proper depth (see 5.2). . 9.13 Repeat Steps 9.8-9.12 untll thgre are at least four points
in the linear BET range. This will normally be from
Note 4—The dead-space may be determined after the nitrogen adsornD/po =0.04 to 0.20 or 0.25. Designate the pressure®,3
tion, if more convenient, as long as adequate degassing precedes it. In that 4 p (i), manifold temperature aE (i), and the extra-volume
case, replace the liquid nitrogen bath after Step 9.14 before proceedir{%mpéra&ures ag, (i) and T, (). (i = 3' to n. wheren is total
ith Steps 8.3-8.9. X ZAA '
Wit >ieps o number of points.)
8.3 Place a Dewar flask of liquid nitrogen around the sample g 14 Sjowly open th& valve, remove the Dewar flask, and
and adjust the liquid level to a fixed point on the sample tubegjiow the sample flask to come to room temperature.
Maintain this level throughout the test. 9.15 When frost has disappeared from the sample tube, wipe
8.4 Zero the pressure gage. it dry.
8.5 Admit the helium gas into the manifold to a pressure of g9 16 Backfill the sample tube with the same gas used in 7.2
pressure a®,;;, and the manifold temperatur@,,;. 9.17 Detach the sample tube from the apparatus, recap with

8.6 Open theSvalve to admit helium to the sample.  the stopper used previously, and weigh. Record the ma#k.as
8.7 After about 5 min of equilibration, readjust the liquid

nitrogen level, and record the pressurePag, and manifold  10. Calculations
temperature as,,,.

. 10.1 Calculate the mass of samplg, as follows:
8.8 Repeat 8.5-8.7 for each sample on the manifold. ) Mg W

8.9 Open allS valves; then slowly open th¥ valve to We =W, = W, @
remove the helium gas. 10.2 Calculate the dead-spatk,as follows:
8.10 When a pressure less than 0.01 torr has been attained, TV, P, P,
close theSvalve. This operation should take 5 to 10 min. Ve = (PS_HZ><(TH1 - 2173-2_(TH2 T 2273_3> @
9. Procedure—Nitrogen Adsorption Note 5—The user should consult IUPACfor the latest value of
9.1 Close theV valve and open th&Walve if the extra-
volume bulb is to be used, when the surface area is knownto—
be high. TIUPAC Secretariat, PO Box 13757, Research Triangle Park, NC 27709-3757.
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absolute zero to use in these calculations, as 273.2 was current for this 10.4.8.1 The deviation from the ideal gas law of nitrogen at

revision. liquid nitrogen temperature is 5 % at one atmosphere, propor-

10.3 For each poini,=1, 2 . . .n, the following measure- tional to pressure. Although the non-ideality constant should be
ments will have been recorded: appliedonly to the volume of nitrogen within the section of the

10.3.1 For pressure? (i) andP,(i), see 5.1.3, 9.3, 9.6, 9.8, sample cell that is immersed in the liquid nitrogen, the added
9.11, and 9.13. complexity to the experimental procedure needed to determine

10.3.2 For vapor pressurBs(i), or liquid nitrogen tempera- 'the fraction of the volume at liquid nitrogen temperature is not
tures, T(i), see 5.7, 9.7, and 9.12. justified by the mcre_ased accuracy.

10.3.2.1 IfP.(i) is not measured directly, the valuesTafi) 10.4.9 The quantity of gas adsorbed {c8TP/g):
can be converted tB(i) by the following equation for 76= V. (i) = VA(i) = Vi) = Vigdi) (11)
T4i) = 80: @ Wy

P(i) = — 107293+ 4269.71Ts(i)] — 57.3616TS(i)]? See 10.1 fols, _ _
1 0.261431T,() @) 10.4.10 The BET function, wheX (i) = 0.04:

10.3.3 For manifold temperaturd@s’(i) andT,'(i), see 5.6, BET(i) = <J<L('|))> (ﬁ) (12)
9.3, 9.6, 9.8, 9.11, and 9.13. 2 _ .

10.3.4 Determine whether val&V is open. If not,V, = 0, 10.5 Construct the BET plot, by plotting (i) as the
see 5.1.7. abscissa, BET] as the ordinates.

10.3.5 For extra-volume bulb temperaturds,'(i) and 10.6 Using a straightedge, draw a line through the linear
T,/ (i); see 9.3, 9.6, 9.8, and 9.11. region. Deviations from the straight line, if any, should be

below the line at lowX (i), above the line at hig (i), but not
apparent within the linear region.
10.7 Determine the slop&)and interceptl( of the straight

10.4 For each poini,=1, 2 . . .n, calculate the following:
10.4.1 X (i) = relative pressure B,(i)/P(i)
10.4.2 Manifold and extra-volume bulb temperatures in

. line.
kelvins: 10.7.1 This is preferably done by a least squares calculation,
Ty(i) = Ty/(i) + 273.2 (4)  choosing only those points which fall on the straight line. If a
Ti) = T,/(i)+ 273.2 point in the linear region is not on the straight line, discard the
T, (i) = Ty (i) + 273.2 run. It will generally be clear by inspection of the BET plot

T ) = T} + 273.2 which points to choose to define the straight line. When the
(1) = Tp( (D) + 273. proper choice has been made, deviations of individual points
10.4.3 Extra-volume bulb volume at manifold temperaturefrom the straight line should not exceed about 0.6 % of the

T,(): value of the ordinate. A deviation as large as 1 % is excessive.
Vi = Toi) X VJToli) () 10.8 CalculateV,, the volume of adsorbate required to
complete one statistical monolayer E&TP/g)
: . Vo= 1S+ 1) (13)
10.4.4 Volume ofN, in manifold + extra volumes valve, _ )
closed to catalyst (cinSTP): 10.92 Surface area =4.358V,,. This assumes a valge of
_ 16.2 A%(1 A = 0.1 nm) for the cross-sectional area of a nitrogen
Vy(i) = (Vy + V) Puli)) (2782 (6)  molecule.
1=V + Vo {35 ) | 760
10.4.5 Extra-Volume bulb volume at manifold temperaturell. Report
To(i): 11.1 Report the surface area to three significant figures.
Vy, = Toli) X VidTpi) @) 11.2 The report shall include pretreatment, and outgassing
10.4.6 Volume ofN, in manifold + extra volumes valve, temperatures.
open to catalyst (chSTP): 12. Precision and Bias®
Vi) = (V, +V)(Pz_(_i)> <273-2) ®) 12.1 Test Program—An interlaboratory study was con-
¥A\Ty(i)) \ 760 ducted in which the surface area was measured on three
See 5.1.1 and 5.1.7 fofy and V. different materials in seven different laboratories on nine

10.4.7 Total inventory of nitrogen in the system {8irP):  different instruments. Each laboratory performed three repli-
cate analysis on each of the samples over a period of time. All

V(i) = V(i — 1) + V(i) — Vyfi — 1 9
(=W = D0 = Vo0 = 1) ©) samples were degassed at 300°C under vacuum and evaluated
Vi(0) =0 at nominal P/P, values of 0.08, 0.11, 0.14, 0.17, and 0.20.
Vy0) =0 Practice E 691 was followed for the analysis of the data.
10.4.8 Volume of nitrogen in the dead-space I&TP): Analysis details are in the research report.
) 273.2V, X Py(i) 0.05P,(i)
- (ZEBEPA) (1 B0)
° 8 Supporting data have been filed at ASTM International Headquarters and may
See 10.2 fol, be obtained by requesting Research Report RR: D32-1031.
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12.2 Precision—Pairs of tests results obtained by a proce- 12.3 Bias—This test method is without known bias.
dure similar to that described in the study are expected to differ
in absolute value by less than 2.772 S, where 2.772 S is the3. Keywords
95% probability limit on the difference between two test
results, and S is the appropriate estimate of standard deviation.
Definitions and usage are given in Terminology E 456 and
Practice E 177, respectively.

13.1 catalyst; nitrogen adsorption; surface area

Test Results 95% Repeatability 95% Reproducibility
Sample (consensus mean) Interval Interval m(%)
m?/g m2/g (%) °
RM8570 10.7 1.1 (10.4) 2.5 (23.0)
RM8571 160 8.9 (5.6) 9.8 (6.1)
RM8572 289 7.0 (2.4) 119 (4.1)

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



