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QH“y) Designation: D 6556 — 00a

Standard Test Method for
Carbon Black—Total and External Surface Area by Nitrogen
Adsorption *

This standard is issued under the fixed designation D 6556; 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 epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope nitrogen adsorption. The NSA measurement is based on the

1.1 This test method covers the determination of the totaB-E-T. theory and it includes the total surface area, inclusive of
surface area by the Brunauer, Emmett, and Teller (B.E.T. NSAJicropores, pore diameters less than 20 A. The external
theory of multilayer gas adsorption behavior using multipointSurface area, based on the statistical thickness method (STSA),
determinations and the external surface area based on tie defined as the specific surface area that is accessible to
statistical thickness surface area method. rubber.

1.2 The values stated in Sl units are to be regarded as thée

. ; . 5. Apparatus
standard. The values given in parentheses are for information . ) , )
only. 5.1 Multipoint Static-Volumetric Gas Adsorption Apparatus

1.3 This standard does not purport to address all of thewith Dewar flasks and all other accessories required for
safety concerns, if any, associated with its use. It is th&peration. _
responsibility of the user of this standard to establish appro- -2 Sample Celisthat, when attached to the adsorption

priate safety and health practices and determine the applica@PParatus, will maintain isolation of the sargéple from the
bility of regulatory limitations prior to use(The minimum atmosphere equivalent to a helium leak rate of £1n*/min,

safety equipment should include protective gloves, sturdy eyB€' atmosphere of pressure difference.

and face protection). 5.3 Balance, Analyticglwith 0.1 mg sensitivity.
5.4 Heating Mantle or Equivalentapable of maintaining a
2. Referenced Documents temperature of 30@& 10°C.
2.1 ASTM Standards: 5.5 Oven, Gravity Convection, capable of maintaining a
D 1799 Practice for Carbon Black—Sampling Packagedemperature of 125 10°C.
Shipment$
D 1900 Practice for Carbon Black—Sampling Bulk Ship- & Reagents - _ _
ment£ 6.1 Liquid mtrogep 98_% or higher punty.
D 3324 Practice for Carbon Black—Improving Test Repro- 6-2 Ultra-high purity nitrogen gascylinder or other source
ducibility Using ASTM Reference Blacks of prepurified nitrogen gas.

D 4483 Practice for Determining Precision for Test Method ©-3 Ultra-high purity helium gascylinder or other source of
Standards in the Rubber and Carbon Black Indugtries  Prepurified helium gas.

3. Summary of Test Method 7. Sampling

3.1 The total and external surface areas are measured by’-1 Samples may be taken in accordance with Practice
evaluating the amount of nitrogen adsorbed, at liquid nitroger? 1799 and Practice D 1900.
temperature, by a carbon black at several partial pressures gf

. ! : Sample Preparation Procedure
nitrogen. The adsorption data is used to calculate the NSA and P P

STSA values. 8.1 Dry a p_ortion of carbon black a_lt 125°C for 1 h If the
carbon black is known to be substantially free of moisture, or
4. Significance and Use subsequent preparation steps are known to be adequate for

4.1 This test method is used to measure the total anfloisture removal, then this step may be omitted.
external surface area of carbon blacks based on multipoint 8-2 Condition an empty sample cell for a minimum of 10
minutes at the same conditions intended for degassing the
sample. Weigh the empty sample cell to the nearest 0.1 mg and
* This test method is under the jurisdiction of ASTM Committee D24 on Carbonrecord the mass.
Black and is the direct responsibility of Subcommittee D24.21 on Adsorptive 8.3 Weigh approximately 0.4 g of the carbon black into the
Properties of Carbon Black.
Current edition approved Nov. 10, 2000. Published January 2001. OriginallysampIe cell.

ublished as D 6556-00. Last previous edition D 6556-00
P 2 Annual Book of ASTM Sta%da[dw 09.01. Note 1—For carbon black powder samples, add enough carbon black

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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to give a depth of approximately 2 in. in straight wall sample tubes, orthe 0.1 to 0.5 relative pressurB/P,) range. For some tread

approximately 0.4 g for bulb-type sample cells. carbon blacks, particularly N100 and N200 series, it is neces-
8.4 Flow Degassing sary to measure two additional data points, 0.05 and 0.075, in
8.4.1 Open the gas control valve and insert the delivery tuberder to increase the accuracy of the NSA measurement. A data

into the sample tube, and allow purging with either helium orpoint consists of the relative pressure of equilibrium and the

nitrogen for a minimum of 1 minute. total amount of nitrogen gas adsorbed by the sample at that
8.4.2 Place a heating mantle or other source of heat arourfélative pressure.
the sample cell and degas the sample at 3000°C for¥z h 9.6 Determine the mass of the cell with dry sample to the

or longer to ensure that all traces of moisture condensing in theearest 0.1 mg. This may be done before or after measuring
top of the tube are absent. The minimum degassing time thatitrogen adsorption. Avoid inconsistent use of helium, as a
gives a stable surface area (that is, a surface area that does hapyancy error of 1 mg/cinof cell volume can occur. As an
increase with additional degassing) may be used for degassinglternative, the carbon black mass may be determined directly
8.4.3 Once the typical degassing times have been deteby pouring it from the sample cell into a tared weighing pan,
mined, future samples can be degassed on the basis of tint@king care to remove all of the carbon black.
alone, if desired, allowing a reasonable margin of excess time. .
Some samples will be found to require less tiah, especially 10. Calculation
if moisture exposure has been minimal. In these cases, the 10.1 Most automated instruments will perform the follow-
minimum time that gives a stable surface area may be used f&g computations at the completion of the analysis. The user
degassing. must verify that the internal computations conform to the
8.4.4 After degassing, the sample tube may be moveépllowing method.
directly to the analyzer. Otherwise, remove the sample tube 10.2 Sample Mass
from the heat source and continue the flow of purging gas until sample mas@dried = (mass of celt- samplé — (mass of cell
it is ready for analysis.
8.4.5 Go directly to Section 9 and continue the remaining Record masses to nearest 0.1 mg.

steps of the procedure. 10.3 Volume of Nitrogen Adsorbed
8.5 Vacuum Degassing 10.3.1 Calculate total volume of nitrogen adsorbed per gram

8.5.1 With the apparatus at atmospheric pressure, place th# sample to the nearest 0.0001 ¥gnas follows:

sample cell containing the carbon black onto the degassing _ o
_ Volume of Nitrogen for each dosing in ¢m

apparatus. v, = | . @)
8.5.2 Begin the degassing procedure as appropriate for the sample massing
apparatus. 10.4 Nitrogen Surface Area

8.5.3 Place a heating mantle or other source of heat around 10.4.1 Determine the nitrogen surface area (NSA) using a
the sample cell and degas the sample at 3000°C for¥z h B.E.T. plot from the Brunauer, Emmett, and Tefleguation as
or longer as required to obtain and hold a pressure less than 1f@lows:
Pa (10 um Hg). P 1
8.5.4 Once the typical degassing times have been deter- V,P—P ~V,C
mined, future samples can be degassed on the basis of time
alone, if desired, allowing a reasonable margin of excess timeWhere:
Some samples will be found to require less thah, especially
if moisture exposure has been minimal. In these cases, th
minimum time that gives a stable surface area may be used for
degassing. c
8.5.5 Go directly to Section 9 and continue the remaining
steps of the procedure.

-1

c
*tv.Cc

p
“F (3)

manometer pressure in kPa,

saturation vapor pressure of nitrogen in kPa,
volume of nitrogen per gram that covers one mono-
molecular layer in standard ¢hy, and

a constant that is a function of average heat of
adsorption of the monomolecular layer,

P
10.4.2 PlotP/P, on the X-axis versu p—p On the

Y-axis, for data sets havinB/P, in the ranée of 0.05 to 0.30

inear region of B.E.T. equation).

10.4.3 The data points (three or more) that give the best

9.2 Fill the Dewar with liquid nitrogen and allow it to reach straight Ilng are used to calculate the slope gintercept. The
slope andy-intercept are used to calculate the surface area. For

temperature equilibrium, preferably 0.5 to 1 h. )
9.3 Accurately determine the saturation pressure of thgxamples of how to select the proper relative pressure range,

liquid nitrogen bath by running replicate determinations until>¢€ Table 1.

two consecutive saturation pressure values agree within 0.13 10.'4'4 As an alternative, the Interpretation of thg Proper
kPa (1 mm Hg). relative pressure can generally be simplified by specifying the

9.4 Determine the free space of the sample cell by measurégllowmg pressure ranges for the various carbon black types:
ment with helium or by calculation using an assumed carbon

black denSi.ty of 1.-9_ g/Cﬁ] ) ) ) 3 Brunuaer, Emmett and Teller, Journal of the American Chemical Society,
9.5 Obtain a minimum of five data points evenly spaced involume 60, 1938, p. 309.

9. Measurement Procedure

9.1 Refer to the user’'s manual or specific instructions for th
multipoint gas adsorption analyzer to be used, and becom
thoroughly familiar with the procedures.
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TABLE 1 Example of NSA Data Analysis 22400 = number of cthoccupied by one mole of
N121% gas at STP.
Raw Data Calculation 10.5 Statistical Thickness Surface Area
Vol. Ads., Rel. Press. Correlation NSA, 10.5.1 Determine the STSAf the black using a plot of the

P/Po cm®/g Range Coefficient m?/g volume of nitrogen gas adsorbed per gram of sample at STP
0.0500 26.716 . . - (V) versus the statistical layer thicknesk (

0.1000 29.753 - e e 10.5.2 Prepare th¥.-t plot by plottingt (A) on the X axis
0.1500 32.313 0.05-0.15 0.999981 1239 5 . .
0.2000 34.692 0.05-0.20 0999992 1240 versusV, (cm/g at S_TP) on the Y axis, for data sets having
0.2500 37.110 0.05-0.25 0.999990 123.6 P/P_equally spaced in the range of 0.2 to 0.5.

0.3000 39.641 0.05-0.30 0.999935 122.8 °
N326° where:
— H H — 2
Row Data Calculation t = statistical layer thickness of carbon black = OR¥&)
Vol. Ads Rel. Press Correlation NSA +6.45 (P/R) +2.98

P/Po cmdlg Range Coefficient m2lg _ 10.5.3 Dete_rmine the slope of thé-t plot using standard

0.0500 16.675 - A A linear regression.
0.1000 18.318 . . . 10.5.4 Calculate the STSA to the nearest 0.¥/gmas
0.1500 19.859 0.05-0.15 0.999960 75.6 follows:
ollows:
0.2000 21.426 0.05-0.20 0.999948 76.3
0.2500 23.035 0.05-0.25 0.999964 76.6 STSA=M X 15.47 (5)
0.3000 24.751 0.05-0.30 0.999979 76.6
N683° where:
F—— Calouration M = slope of theV,-t plot, and
o : 15.47 = a constant for the conversion of nitrogen gas to
Vol. Ads., Rel. Press.  Correlation  NSA, liquid volume, and conversion of units tofg.

P/Po cm®/g Range Coefficient m?/g . . .
00500 o104 10.5.5 In instances where thé-t plot yields a negative
0.1000 9.113 o o o intercept, report the STSA value as being equivalent to the
0.1500 9.945 0.05-0.15 0.999939 38.2 NSA value. This prevents STSA values from being higher than
0.2000 10.739 0.05-0.20 0.999950 385 the NSA values, as this is a theoretical impossibility.

0.2500 11.543 0.05-0.25 0.999972 38.6
0.3000 12.364 0.05-0.30 0.999973 38.4 11. Report
“The most accurate NSA is measured between 0.05 and 0.20 relative pressure. he followi inf L
BThe most accurate NSA is measured between 0.05 and 0.30 relative pressure. 111 Report the fo owing In ormation:
11.1.1 Proper sample identification,
11.1.2 Number of data points and relative pressures used to
BET Range i
N300 and Carcass Grades 0.1-0.3 obtain both NSA and STSA,
N100 and N200 0.05-0.2 11.1.3 The sample mass to the nearest 0.1 mg, and
Carbon Blacks > 130 m2/g 0.05-0.1 11.1.4 The NSA and/or STSA of the sample reported to the

It is the responsibility of the operator to assure that thes@€arest 0.1 fitg.
guidelines are appropriate fqr their samp.les.. 12. Precision and Bias

10.4.5 A B.E.T. plot that yields a negatiyentercept could 121 Thi . d bias has b di
be indicative of the presence of micropores (<2 nm diameter), ~<~ IS precision and bias has been prepared in accor-
but other factors can produce a negatiyéntercept. The dance with Practice D 4483. Refer to this practice for termi-
surface area is calculated from three or more points within thé‘oggg ?I_?]d other_ S_tat'St'Call d_eta;l}_s. - d bi .
pressure range that yields the highest correlation coefficient 12-2 The precision results in this precision and bias give an
and a positivey-intercept estimate of the precision as described below. The precision

10.4.6 Calculate the nitrogen surface area to the nearest oPframeters should not be u§ed fqr acceptance or rejection
m?/g as follows: testing of any group of materials without documentation that

they are applicable to those particular materials and the specific

Surface areém?/g) = Vm x 4.35 (4)  testing protocols that include this test method.
where: 12.3 Nitrogen Surface Area (NSA) N
vm - 1 12.3.1 A Type 1 inter-laboratory precision program was
BT M conducted in 1991. Both repeatability and reproducibility
represent short-term testing conditions. Seven laboratories
B = Y-axis intercept,+ 107, tested six carbon blacks (SRB A-4, B-4, C-4, D-4, E-4, and
M = slope of the straight linex 107, and F-4) twice on each of two different days. Therefope= 7, q =
4.35 = area occupied by 1 émf nitrogen = 6, and n = 4. Atest result is the value obtained from a single
(6.02X 107%(16.2x 10°%9 determination. Acceptable difference values were not mea-
22200 sured.
6.02x 10> = Avogadro’s number, — _
162X 102° = area of nitrogen molecule in 2mand 59(‘)‘ Magee, R. W., Rubber Chemistry and Technology, Volume 68, No. 4, 1995, p.
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Note 2—The values for the SRB-5 series blacks are listed in Table 2. TABLE 3 ASTM Test Method Precision—Type 1 Carbon Black:

- . . . NSAA
12.3.2 The results of the precision calculations are given in
Table 3 with the material arranged in ascending “mean level” L Mean Within Between
evel 10 Laboratories® Laboratories®
order. m?2/kg
12.3.3 The precision for the pooled values for NSA may be Material (m?g) st r (M SR R (R
expressed as follows: SRB D-4 (N762) 241 021 061 252 047 134 557
12.3.4 Repeatability—The repeatability, ), of the NSA SRB E-4 (N660) 846 024 067 192 040 1.13 3.28
. % T indle test ltg SRE F-4 (N683) 385 018 051 132 062 174 453
Method ha_s be_en establlshed as 1.92 %. Two single test results grg -4 (N330) 744 043 122 164 090 255 3.43
(or determinations) that differ by more than 1.92 % must be  SRBA-4 (N326) 773 047 132 171 093 264 342
i ; iata i i_ SRB C-4 (N121) 1242 073 206 166 176 499 4.02
cor!SIdereq Suspect and dictate that some approprlate InVeStll—’ooled or average values 622 042 119 192 096 272 438
gative action be taken. per— T
L sge I T IS IS short-term precision ays)with: p =/, q =0, ana n = 4.
12.3.5 Reproducibility—The _reprodu0|bll|ty, R), of _the 8Symbols are defined as follows:
NSA Method has been established as 4.38 %. Two single test sr = within laboratory standard deviation,
results (or determinations) produced in separate laboratories E;fepeatatb'l')'?{t("(i meaSUfetf)’ units),
. . r) = repeatability (in percent),
that differ by more than 4.3'8 % must pe qonS|dered suspect gnd SR = between laboratory standard deviation,
dictate that some appropriate investigative or technical action R = reproducibility (in measured units), and
be taken. (R) = reproducibility (in percent).
12.4 Statistical Thickness Surface Area (STSA) N
conducted in 1995. Both repeatability and reproducibility STSA
represent short-term testing conditions. Twenty-one laborato- Le'\c;ai‘os Within Between
ries tested six carbon blacks (SRBs A-5 through F-5) twice on kg —onoratories Laboratories
each of two different days. A test result is the value obtained Material (m?g) s r (H SR R (R
from a single determination. Acceptable difference values were  srs b-5 (N762) 271 056 158 584 072 204 751
not measured (see Table 4)_ SRB E-5 (N660) 342 052 147 430 071 201 5387
L : . : SRB F-5 (N683) 371 066 187 503 078 221 595
12.4.2 The results of the precision calculat!ons“ are given n: SRB B-5 (N330) 736 067 190 257 074 209 284
Table 4 with the material arranged in ascending “mean level SRB C-5 (N220) 111.7 091 257 230 124 351 3.14
order. SRB A-5 (N135) 1243 094 266 214 115 3.25 2.62
Pooled or average values 68.0 073 206 3.03 092 259 381

12.4.3 The precision for the pooled values for STSA may be

A _ . o _ _
expressed as follows: This is short-term precision (days) with: p=7,q =6, and n = 4.

BSymbols are defined as follows:

12.4.4 Repeatability—The pooled repeatability of the STSA
Method has been established as 2:060° m?kg (2.06 nf/g).
Two single test results (or determinations) that differ by more
than 2.06x 10> m%kg (2.06 nf/g) must be considered suspect,

Sr = within laboratory standard deviation,
r = repeatability (in measured units),
(r) = repeatability (in percent),
SR = between laboratory standard deviation,
R = reproducibility (in measured units), and

(R) = reproducibility (in percent).

that is, to have come from different sample populations. Such it .
Report repeatability and reproducibility in percent.

a decision dictates that some appropriate action be taken.

12.4.5 Reproducibility—The pooled reproducibility of the
STSA Method has been established as .3%° m?kg (2.59 12.5 Bias—In test method terminology, bias is the differ-
m?/g). Two single test results (or determinations) produced irence between an average test value and the reference (true) test
separate laboratories that differ by more than 2680° m%kg  property value. Reference values do not exist for this test
(2.59 nf/g) must be considered suspect, that is, that theynethod since the value or level of the test property is
represent different sample populations. Such a decision dictatexclusively defined by the test method. Bias, therefore, cannot
that appropriate investigative or technical or commercial, obe determined.

both, actions be taken. Note 3—The nitrogen surface area of dry process (pelletized with oil)

carbon blacks is typically lower than wet process (pelletized with water)
and un-pelletized carbon blacks. The oil used in the manufacture of dry
process carbon blacks typically suppresses the nitrogen surface area

TABLE 2 NSA and STSA Values of SRB-5 Materials

Standard NSA, m?/g STSA, m?/g
measurement.
SRB A5 1415 124.3
SRB B5 743 736 13. Keywords
SRB C5 122.0 117 .
SRB D5 275 27.1 13.1 carbon black, B.E.T.; Brunauer/Emmett/Teller; nitro-
SRB E5 353 34.2 gen adsorption; nitrogen surface area; surface area by multi-
SRB F5 39.1 37.1 : ) e )
SRB G5 91 84 point B.E.T. method, external surface area; statistical thickness

surface area
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The American Society for Testing and Materials 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 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, 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).



