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Draft TG XX. Determination of the Volume Specific Surface Area 1 

of Manufactured Nanomaterials 2 

 3 

INTRODUCTION 4 

1. This Test Guideline (TG) describes a procedure to determine the Volume Specific Surface Area 5 

(VSSA) of solid manufactured nanomaterials (MNs). This physical-chemical property may influence 6 

the behaviour and biological effects of manufactured nanomaterials (1)(2)(3)(4)(5), and thus can be 7 

requested for the safety testing of manufactured nanomaterials (6)(7)(8)(9)(10)(11). Data on VSSA may 8 

provide information on the characteristic structure of the nanomaterial and can: a) help identify potential 9 

hazards or hazard modifications associated to similar structures, b) help to estimate nanomaterial fate 10 

in the environment and c) help to identify modification of exposure site-specific hazards related to the 11 

physico-chemical properties (4). Moreover, in some cases, they can be used to relate dose to observed 12 

fate, behaviour and effects of a specific nanomaterial, as the surface area may be the toxicologically 13 

relevant dose metric (5)    14 

2. The VSSA value of a material is calculated by multiplying its mass specific surface area (in 15 

m2/g) with its skeletal density (in g/cm3). A good overview on uses and limitations of VSSA can be 16 

found in (12).  17 

3. Accordingly, this Test Guideline describes how to determine the external and internal (mass) 18 

specific surface area (SSA) of powdered solid MNs using the Brunauer, Emmet and Teller (BET) 19 

method (12)(13)(14)(15)(16).  20 

4. This TG also provides instructions on how to determine the skeletal density (ρ) of the MN by 21 

gas pycnometry. This is the ratio between sample mass and the volume of the sample including the 22 

volume of closed pores (if present) but excluding the volumes of open pores and the volumes of void 23 

spaces between particles within the bulk sample. 24 

5. As these determinations can be carried out independently, this TG can also be used to determine 25 

separately (mass) specific surface area and/or skeletal density, as appropriate. 26 

6. To determine the SSA of MNs, this TG uses the documentary standard ISO 9277:2010 27 

"Determination of the specific surface area of solids by gas adsorption – BET method" (16) that is based 28 

on the ability of a material to physically adsorb gas molecules on its surface. The BET method is the 29 

most commonly used method for SSA determination, although other methods exist. Furthermore, the 30 

BET method is a fast and relatively inexpensive method that can measure the specific surface of a 31 

relative large, and hence more representative, sample volume (12).  32 

7. Some instructions on how to address density and porosity by measuring the volume of material 33 

samples can be found in the OECD TG 109 "Density of Liquids and Solids" (17). However, ISO 34 

12154:2014 “Determination of density by volumetric displacement — Skeleton density by gas 35 

pycnometry” (18) allows rapid and efficient determination of the density (commonly referred to as 36 

'skeletal density') of solid materials of regular or irregular shape, this documentary standard is used in 37 

this TG.  38 

   39 
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8. In the preparation of this TG, an interlaboratory comparison study (ILC) involving seven 40 

laboratories and seven materials (graphene, multiwalled carbon nanotubes, zinc oxide, two types of 41 

titanium dioxide, an organic pigment and fumed silica) was carried out (19) which allowed assessing 42 

the suitability of the overall method, identifying possible limitations, and obtaining general guidance. 43 

Variability was evaluated by robust statistics according to the rules described in ISO 5725 part 5; 44 

ISO5725-5:1998/Cor 1: 2005. Overall, the obtained variability, both within laboratory and between 45 

laboratories, was considered to be in acceptable ranges despite the limited number of available datasets.  46 

 47 
9. This TG was developed to address specific information needs regarding manufactured 48 

nanomaterials; nevertheless, in principle, this does not preclude its applicability to other solid materials. 49 

 
50 

DEFINITIONS 51 

10. Definitions of the terms used in this Test Guideline can be found in the Annex. 52 

INITIAL CONSIDERATIONS, SCOPE AND LIMITATIONS 53 

11. Most methods for determining the density and/or surface area of solids are the object of national 
54 

and international standardizing bodies and are frequently specified by governmental agencies. In the 
55 

following, an adapted very succinct description of the ISO 9277:2010 and 12154:2014 standards is 
56 

provided, focused on their application to manufactured nanomaterials. The reader is referred to the 
57 

mentioned ISO standards and reference (12) if additional general information is needed.  
58 

12. The ILC included inorganic materials (four metal oxides, two carbon based materials and one 59 

organic pigment) (see paragraph 8 and (19)). The results showed that the degassing step or any other 60 

pre-treatment of the materials are critical. This is particularly important for thermolabile nanomaterials 61 

and other challenging materials such as organic materials. The appropriate conditions have to be 62 

empirically verified for the testing, for instance using thermogravimetric analysis or spectroscopic 63 

methods, and under changing pressure and temperature conditions (19), (5). These conditions may vary 64 

depending on the NM. Essentially, it has to be ensured that the material is not decomposed or 65 

transformed or its structure modified in the degassing conditions.  66 

13. Some types of nanomaterial were not represented in the ILC, such as e.g. coated nanomaterials, 67 

composite nanomaterials, microporous nanomaterials and nanomaterials with very high SSA (larger 68 

than 600 m2g-1), or underrepresented (e.g. organic nanomaterials). High surface area materials can 69 

produce values of skeletal density that are smaller than actual (18), thus incrementing the uncertainty 70 

of VSSA. Skeletal density of coated or composite materials cannot be measured reliably if their precise 71 

composition and structure is not known.  If the coating has a very different density than the core and if 72 

it is thick, this could influence the VSSA, because VSSA is calculated from SSA by multiplying with 73 

the skeletal density. Special care should also be taken to verify the appropriate testing conditions when 74 

dealing with these classes of nanomaterials (19). It has also to be ensured that the material is not 75 

decomposed or transformed or its structure modified in the degassing conditions (see also 76 

paragraph 12 and 34). 77 

 14. The BET method can be used to determine the external surface area of non-porous particles. It 78 

is applicable to nanomaterials that do not absorb the gas used and are disperse, nonporous, mesoporous 79 

with pore diameter between 2–50 nm, and to macroporous solids. The technique is not suitable for 80 
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substances, which are microporous solids, although a specific annex is included in ISO 9277:2010, 81 

which contains a specific strategy for measurement of surface area for these substances as well. On the 82 

other hand, the BET gas adsorption model is inappropriate at small pores sizes (smaller than ca. 2 nm) 83 

and a correction may be needed, depending on the nanomaterial (adsorbent) and the gas (adsorptive) 84 

used. For larger pore sizes, the BET method may detect both internal pores area and external surface 85 

area. Therefore, special attention must be paid how to address this, as well as to differentiate between 86 

internal pores and external surface area (2), (5).  87 

15. The density determined by gas pycnometry is generally the skeleton or skeletal density of the 88 

tested material, which equals the true solid-state density only for particles without closed or inaccessible 89 

pores. If inaccessible pores or voids are present then the skeletal density will be lower than the true 90 

density. For very fine powders, particularly where the particles being assessed are made up of separate 91 

nanocrystals, the presence of a significant volume fraction of micro- or meso-pores is considered 92 

unlikely (12), (18). 93 

 94 

PRINCIPLE OF THE TEST  95 

Surface Area determination  96 

16. The amount1 of gas needed to physically adsorb to form a monolayer of gas molecules on the 97 
surface of the solid is used to calculate the sample surface area; this value divided by the sample mass 98 
gives the specific surface area (SSA). 99 
 100 
17. The BET method determines the amount of adsorbate or adsorptive gas required to completely 101 

cover the external and the accessible internal pore surfaces of a solid with a monolayer of adsorbate 102 

(12), (13), (14), (15), and (16). Any gas may be used, provided that its molecules can be physically 103 

adsorbed by weak bonds (van der Waals forces) at the surface of the solid and can be desorbed by a 104 

decrease in pressure at the same temperature (e.g. nitrogen, argon, and krypton). Nitrogen is the most 105 

common gas used for this method. However, the N2 molecule, due to its quadrupole moment, can 106 

interact with the solid surface (e.g. with highly polar or hydroxylated surfaces) changing the elongated 107 

N2 molecule orientation, thus changing the cross sectional area (Equation 2) and producing uncertainty 108 

on the surface area determination (15). Argon – a monoatomic gas which is thus less sensitive to the 109 

surface chemistry–, at 87 K has become a more reliable alternative adsorptive, particularly in cases were 110 

such kinds of interactions can be presumed. For nanomaterials with a very small specific surface area 111 

(SSA < 1 m2/g) krypton is recommended as adsorbate, instead. 112 

18. As the adsorption/desorption process is temperature dependent, the measurement of the gas 113 

adsorption on the sample surface is performed at equilibrium at a fixed constant temperature2.  114 

19. The graphical representation of the amount of adsorbed gas (na), preferably expressed in moles 115 

per gram, versus the relative pressures of the gas produces the adsorption isotherm (Figure 1). 116 

                                                           
1 Obtained by volumetric, gravimetric, calorimetric or spectroscopic measurement or by the carrier gas method 

using continuous or discontinuous operation (18). 
2 The technique usually involves measurement while keeping the chamber(s) immerged in liquid nitrogen, after 

allowing enough time to reach temperature equilibrium. Moreover, most apparatus automatically provide for the 

evaporation of the nitrogen, generally by moving the cryogenic bath, so the chamber is always below the surface 

of the liquid. 
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20. The amount of molecules forming the monolayer (nm) can be derived from the adsorption 117 

isotherm using the theory developed by BET (13) (see equation 1) which is limited to the range where 118 

the relation between the amount of gas adsorbed na and relative pressure p/p0 is linear (generally between 119 

p/p0  = 0.05 and p/p0 = 0.3).  120 
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𝑝
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=  
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𝑝

𝑝0
      (Equation1) 121 

Where 122 
p = Pressure of the adsorptive in equilibrium with the adsorbate (Pa) 123 
p0 = Saturation vapour pressure of the adsorptive (Pa) 124 
na = Specific amount adsorbed (mol g-1) 125 
nm = Specific monolayer amount of adsorbate (mol g-1) 126 
C = BET parameter3 127 
 128 

21. The BET method is applicable only to adsorption isotherms of type II (disperse, 129 

nonporous or macroporous solids) and type IV (mesoporous solids) (15).  However, in the case 130 

of Type IVb isotherms, caution is required since pore condensation may occur at quite low 131 

relative pressures p/p0 (15). 132 

 133 

Figure 1. Adsorption isotherms classification according to IUPAC (15) (the typical BET 134 

method range is between p/p0 0.05 to 0.3 and for class II and IV isotherms only) © IUPAC/De 135 

Gruyter 2015 136 

                                                           
3 The BET parameter C relates exponentially to the heat of adsorption of a first layer and the heat of condensation 

of the vapour. 
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 137 

 22. A linear regression of (p/p0) / [na(1 - p/p0)] versus relative pressure, p/p0, allows to calculate nm, 138 

and the specific surface area per mass of the sample (SSA) expressed in m2/g is calculated as follows: 139 

𝑆𝑆𝐴 = 𝑛𝑚𝑎𝑚𝐿     (Equation 2) 140 

Where: 141 
SSA  = Specific surface area (m2 g-1) 142 
nm = Specific monolayer amount of adsorbate (mol g-1) 143 
am  = Molecular cross-sectional area of the adsorbate (nm2) 144 
L  = Avogadro constant (= 6.022x 1023 mol-1) 145 
 146 
 147 
 148 
Density determination by Gas Pycnometry 149 

23. Following ISO 12154:2014 (18), the skeletal density of solid material samples of regular or 150 

irregular shape, is determined volumetrically by means of a gas displacement pycnometer. 151 

24. This method determines the volume of a weighted dry outgassed solid sample by placing it in 152 

a chamber of known volume, which is connected via a valve to a second chamber of known volume, 153 

and it is based on the displacement of a volume of inert gas by the solid space under isothermal 154 

conditions. Before starting the measurement, all remaining air in both chambers is removed by flushing 155 

the whole system with an inert gas (usually He) and closing the valves afterwards (12). Two different 156 

configurations of the chambers are possible (18) (see paragraph 45), and in both cases, the volume of 157 

the sample is determined from the variation in pressure in the chambers, that are previously pressurized 158 

with inert gas, when opening the connecting valve.  Once the volume of the sample and the mass of the 159 

sample have been determined, the skeletal density can be readily calculated. 160 

25. The skeletal volume VS is calculated from the initial pressure pi and equilibrium pressure pe and 161 

from the values of the calibrated volumes Vcell of the sample chamber and Vref of the reference chamber 162 

according to ISO 12154:2014 (18)], using the following formula: 163 

𝑉𝑆 = 𝑉𝑐𝑒𝑙𝑙 − (
𝑝𝑒

𝑝𝑖−𝑝𝑒
) ∗ 𝑉𝑟𝑒𝑓    (Equation 3) 164 

Where: 165 
VS  = skeletal volume (cm3) 166 
Vcell  = sample chamber volume (cm3) 167 
pe  = equilibrium pressure (Pa) 168 
pi  = initial pressure (Pa) 169 
Vref = reference chamber volume (cm3) 170 
 171 

26. The sample mass (mS) is determined by weighing with an analytical balance and entered into 172 

the instrument that automatically performs the calculation of the density. 173 

27. Finally, the solid’s skeletal density (ρS) is calculated by the formula: 174 

𝜌𝑆 =
𝑚𝑆

𝑉𝑆
     (Equation 4) 175 
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28. The value of skeletal density obtained will usually be equal or close to the known 'bulk material 176 
density' available for most materials (20). Particle porosity, while increasing the surface area and 177 
decreasing overall particle density, should not affect the skeletal density unless there is a significant 178 
volume fraction of closed pores (or voids) not accessible to the test gas. This, as discussed in (12) and 179 
(18), may be unlikely for most nanomaterial types. 180 

 181 

REFERENCE SUBSTANCES 182 

Surface area determination 183 

29. To ensure the reliability of the measurement results obtained, the performance of the apparatus 184 

used for the recording of the physisorption isotherms should be monitored periodically using a fit-for-185 

purpose powder reference material with certified value for surface area (by the BET method) that can 186 

be obtained from providers listed in an annex to the ISO documentary standard. Certified reference 187 

(nano)materials are primarily intended to detect potential experimental significant biases and evaluate 188 

method accuracy. The certified reference (nano)materials used in the ILC (18) may also be suitable for 189 

this and are shown in Table 1. 190 

Table 1: certified reference materials used in the interlaboratory study (18) 191 

Source Number Material SSA (m2/g) Uncertainty (U) (m2/g) 

KRISS 301-03-001 TiO2* 

Aeroxide P25 

57 1.32 

NIST SRM2696 SiO2 22.92 0.36 

BAM P106 TiO2 96.6 1.7 

KRISS 301-03-002 ZnO 13.51 0.25 

KRISS: Korea Research Institute of Standards and Science (Korea); NIST: National Institute for Standards and 192 
Technology (USA); BAM: Bundesanstalt für Materialforschung und Prüfung (Germany). 193 
* NIST SRM 1898 seems to be the same material (Aeroxide P25 titanium dioxide), but in this case a reference value 194 
of 55.55 ± 0.70 m2/g is indicated. 195 
 196 
 197 

Density determination by gas pycnometry 198 

30. Before starting sample analysis, the pycnometer has to be calibrated under the required 199 

measurement conditions and with the frequency established in the instrument user's manual. Stainless 200 

steel spheres of known traceable volume are generally used as calibration standards. The volume 201 

depends on the sample holder set used. 202 

31. Although they are not reference nanomaterials, the set of Representative test materials available 203 

from the JRC Nanomaterials Repository (20) can be useful in some cases for routine checking and 204 

developing of the actual standard operating procedure. Note that users must ensure the homogeneity 205 

and stability of their sample before using these materials for routine quality control. 206 

 207 
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VALIDITY OF THE METHOD - TEST CONDITIONS 208 

32. The measurement results depend on careful sampling and sample preparation (see examples in 209 

ISO 8213 (22) or ISO 14488 (23)), the purity of the adsorptive gas, the control of temperature and 210 

pressure and other method parameters described respectively in ISO 9277:2010  for VSSA and ISO 211 

12154:2014 for density. 212 

Surface Area determination 213 

33. The appropriate sample size for analysis depends on the anticipated surface area of the material 214 

and on the instrumentation available. Instrument manufacturers often recommend measuring an amount 215 

of test chemical with an estimated total surface area (e.g. 10 m2) in the sample holder. Nevertheless, for 216 

unknown samples, a preliminary test should be considered in order to get information on the 217 

approximate surface area (19). 218 

34. At least 5 points of the BET isotherm in the relative pressure range, p/p0, 0.05 to 0.3 should be 219 

recorded to ensure that at least four measuring points are available for determining the correlation curve. 220 

If the nanomaterial contains micropores, the linear range of the BET equation shifts to lower relative 221 

pressures, it is thus recommended to record the isotherm in the range of relative pressure p/p0 from 0.005 222 

to 0.3.  223 

35. A minimum correlation coefficient of 0.999 must be obtained in the determination of the BET 224 

linear fit range. If this is not the case, check the proper function of equipment, check the data points and, 225 

if necessary, change the measurement conditions (for example, increase the sample mass). 226 

36. The BET plot should show a linear correlation within the usual relative pressure, p/p0, range 227 

0.05 to 0.3 with an intercept that must be positive. If a negative ordinate results, then the measurement 228 

has to be repeated since the BET equation does not apply. In any case, guidance using the software of a 229 

particular instrument manufacturer should be followed carefully (12), (19). 230 

 231 

Density determination by gas pycnometry 232 

37. For density determination by gas pycnometry, an analysis gas of sufficient purity that is neither 233 

reacting with nor adsorbing onto or absorbing into the solid sample and that behaves as ideally as 234 

possible should be used. Helium (He, purity ≥ 99.996 % by volume) is, thus recommended for most 235 

applications. Moreover, He is able to penetrate even the smallest pores or cracks of a material. However, 236 

He may be problematic for some organic materials like cellulose and some low density polymeric 237 

materials, due to its ability to permeate through thin walls of samples with closed pores 18). 238 

38. For each sample analysis, a measurement cycle of at least 5 (sometimes more than 20) single 239 

consecutive volume measurements are carried out. The measurement cycle ends when the relative 240 

standard deviation (RSD) of the mean of at least five consecutive results of the volume determination 241 

falls below a predefined value (typically RSD < 0.01 % of the volume of the sample holder) (19). 242 

39. Correlation of the measurement result with the measurement number, resulting in increasing or 243 

decreasing surface values, indicates interaction sample/gas or an incomplete removing of atmospheric 244 
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gases during the degassing step. In the first case, the gas used for the measurement should be substituted 245 

by another gas (19). 246 

40. It is essential to ensure that, in each preparation conducted, exposure of the dried sample to 247 

atmospheric moisture is avoided (18), (19). 248 

DESCRIPTION OF THE METHOD AND PROCEDURES 249 

41. For the technical details of the measurement apparatus and procedures, both ISO 9277:2010 250 

and   ISO 12154:2014, respectively, may be consulted. 251 

42. The same specimens analysed for the determination of the SSA can be used for the density 252 

measurement, provided they are appropriately degassed again before the density measurement. 253 

43. Some commercial instruments allow for the simultaneous determination of surface area and 254 

skeletal density and are equally acceptable under this Test Guideline. These instruments usually have 255 

software incorporated to allow for all the necessary calculations. 256 

Surface area determination by the BET method 257 

44. Several commercial apparatus for the determination of physisorption isotherms exist on the 258 
market, including degassing stations and high vacuum systems in several configurations4 that enable to 259 
perform the determinations. The manometric method is generally considered the most suitable 260 
technique for undertaking physisorption measurements with nitrogen, argon and argon at cryogenic 261 
temperatures (16). The specific apparatus user's manual applies for further detailed operating 262 
instructions. 263 
 264 
Density determination by gas pycnometry 265 

45. In this case, two experimental configurations are possible, which are both equally valid5. The 266 

specific apparatus user's manual applies for further detailed operating instructions. The skeletal volume 267 

Vs is obtained either by measurement or by calculation depending on the type of pycnometer used. 268 

 269 

DATA AND REPORTING 270 

Analysis of data / Evaluation of test results  271 

Surface Area Determination 272 

46. The evaluation of the raw data of adsorption (and desorption) measurement takes place usually 273 

by means of software supplied with the measurement instrument, as described in the Principle of the 274 

Method section and in ISO 9277:2010. 275 

                                                           
4 They may rely on volumetric, gravimetric, calorimetric or spectroscopic measurement or by the carrier gas 

method, using continuous or discontinuous operation. 
5 Essentially, both have fixed size sample chamber and reference chamber connected by tubes, a pressure-

measuring sensor and three valves. The only difference being the position of the pressure-measuring sensor in 

relation to the valve connecting the sample chamber to the reference chamber. 



1st WNT Commenting Round 
Comments due 15th December 2021 
 
Density determination by gas pycnometry 276 

47. The evaluation of the raw data of pycnometry takes place usually by means of software supplied 277 

with the measurement instrument, as described in the Principle of the Method section and in ISO 278 

1254:2014. 279 

Calculation of the Volume Specific Surface Area (VSSA) 280 

48. The Volume Specific Surface Area is calculated using the formula 281 

𝑉𝑆𝑆𝐴 = 𝑆𝑆𝐴 ×  𝜌𝑆      (Equation 5) 282 

 283 
where  284 
SSA = specific surface area (m2.g-1) 285 
ρs = density (g.cm-3) 286 
 287 

TEST REPORT 288 

49. The test report should include, but not be limited to, the following information: 289 

 Reference to this Test Guideline; 290 

 Any variation from the standard method should be described in detail. 291 

Surface Area 292 

Test chemical and reference substance: 293 
 chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChI code, 294 

structural formula, purity, chemical identity of impurities as appropriate and practically 295 
feasible, (preliminary purification step, if any) etc.; 296 

 source, lot number, limit date for use, if available; 297 
 method of sampling, sample division; 298 
 stability of the test chemical itself, if known; (e.g. TGA or DSC results) 299 
 density (see also next section on density results); 300 
 all information and remarks relevant for the interpretation of the results, especially with regards 301 

to impurities and physical state of the substance. 302 
 303 

Test conditions: 304 
 pre-treatment and degassing conditions, e.g. degassing in a vacuum or in inert gas flow, 305 

temperature and duration of degassing, residual pressure, flushing gas; 306 
 mass of degassed sample; 307 
 details of the sample and sample preparation; 308 
 experimental procedure for adsorption isotherm determination. E.g. volumetric, gravimetric, 309 

static or continuous gas admission, single point-determination, calibration of dead volume or 310 
buoyancy; 311 

 reference of the commercial apparatus and configuration used; 312 
 chemical identity and impurities of any certified specific surface area of a BET reference 313 

material, if used  for calibration or comparison, including the expanded uncertainty (U) 314 
 315 

Adsorptive: 316 

 chemical nature, purity 317 
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 318 

Results: 319 

 Adsorption isotherm (na plotted against relative pressure, p/p0), measurement temperature; 320 

 SSA, density together with their expanded uncertainties (U); 321 

 results obtained with the reference substances when used for calibration or comparison. 322 

 323 

Discussion of results: 324 

 Evaluation parameters: multipoint or single-point determination, BET plot or range of linearity, 325 

monolayer amount nm, BET parameter C, molecular cross-sectional area used; 326 

 Specific surface area. 327 

 328 

Conclusion 329 

 330 

 331 

Density 332 

Test chemical: 333 
 chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChI code, 334 

structural formula, purity, chemical identity of impurities as appropriate and practically 335 
feasible, (preliminary purification step, if any), etc.; 336 

 source, lot number, limit date for use, if available; 337 
 purity, method of sampling, sample division; 338 
 stability of the test chemical itself, if known; 339 
 all information and remarks relevant for the interpretation of the results, especially with regards 340 

to impurities and physical state of the substance; 341 
 342 

Test conditions: 343 
 pre-treatment and degassing conditions, e.g. degassing in a vacuum or in inert gas flow, 344 

temperature and duration of degassing, residual pressure, flushing gas; 345 
 mass of degassed sample; 346 
 certified or local reference material(s) used for performance testing of the instrument and 347 

validation of results; 348 
 details of the sample and sample preparation; 349 
 the type of pycnometer and its manufacturer, configuration, chamber volumes, sample mass, 350 

sample volume, temperature; 351 
 purity of the gas 352 

 353 
Results: 354 

 the skeletal density of the sample, including the uncertainty (combined standard deviation of 355 
repeat measurements according to the ISO GUM (24). 356 

 results obtained with the reference substances when used for calibration or comparison; 357 
 358 
 359 
VSSA 360 

Calculated VSSA value.  361 

 When reporting VSSA values, it should be specified whether reference tabulated density values 362 

have been used (e.g. from the CRC Handbook of Chemistry and Physics (19), or skeletal density 363 

values obtained by Helium Pycnometry or another measurement. If measured skeletal density 364 
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values are used, the test report should include the details on the measurements as indicated 365 

above. 366 

 367 
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 470 

Annex.  Definitions 471 

For the purposes of this test Guideline, the following definitions apply: 472 

Absorption: diffusion of particles of gas or liquid into liquid or solid materials. 473 

Adsorbate: adsorbed gas. 474 

Adsorbed amount: quantity of gas adsorbed at a given pressure and temperature. Normally expressed 475 

in moles. 476 

Adsorbent: solid material on which adsorption occurs. 477 

Adsorption: enrichment of the adsorptive gas at the external and accessible internal surfaces of a solid 478 

material. 479 

Adsorptive: gas or vapour to be adsorbed. 480 

Closed pore: pore totally enclosed by its walls and hence not interconnecting with other pores and not 
481 

accessible to fluids. 
482 

Density: ratio of the mass of a certain amount of a sample to the volume occupied by that mass (g/m3). 
483 

Equilibrium adsorption pressure: pressure of the adsorptive gas in equilibrium with the adsorbate. 484 

Free space: volume of the sample holder not occupied by the sample. This volume is also known as 485 

‘free space’, ‘headspace’, or ‘dead space’. ” 486 

Isotherm: relationship between the amount of gas adsorbed and the equilibrium pressure of the gas, at 487 

constant temperature. 488 

Macropore: pore with a width greater than approximately 50 nm. 489 

Mesopore: pore with width between approximately 2 nm and 50 nm. 490 

Micropore: pore with width of approximately 2 nm or less. 491 

Molecular cross-sectional area: molecular area of the adsorbate, i.e. the area occupied by an adsorbate 492 

molecule in the complete monolayer (nm2). 493 

Monolayer amount: number of moles of adsorbate that form a monomolecular layer over the surface of 494 

the adsorbent. 495 

Open pore: pore not totally enclosed by its walls and hence not interconnecting with other pores and 496 

not accessible to fluids 497 

Particle: minute piece of matter with defined physical boundaries. 498 

Physisorption: weak bonding of the adsorbate, reversible by small changes in pressure or temperature. 499 

Relative pressure (p/p0): ratio of the equilibrium adsorption pressure (p) to the saturation vapour 500 

pressure (p0) at analysis temperature.  501 
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Saturation vapour pressure: vapour pressure of the bulk liquefied gas at the temperature of adsorption. 502 

Skeleton density: ratio between sample mass and the volume of the sample including the volume of 
503 

closed pores (if present) but excluding the volumes of open pores and the volumes of void spaces 
504 

between particles within the bulk sample. 
505 

Specific Surface Area (SSA): absolute surface area of the sample divided by sample mass (m2/g). 506 

Sometimes may be denoted as mass-specific surface area or specific surface area by mass 507 

Surface area: extent of available area as determined by a given method under stated conditions.  For the 508 

purposes of this Test Guideline, the area includes the external surface of a solid plus the internal surface 509 

of its accessible, macro-, meso- and micropores. 510 

Volume specific surface area (VSSA): amount of surface area per unit volume (cm-1) of adsorbent 511 

(effectively mass SSA multiplied by the sample density). Sometimes denoted as surface-area-to-volume 512 

ratio or surface-to-volume ratio.  513 


