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U.S. CUSTOMS LABORATORY METHODS

USCL METHOD 38-15

Activated Carbon and Activated Natural Mineral Products

SAFETY STATEMENT
This USCL Method cannot fully address safety issues that may arise from its use.  The analyst is responsible for assessing potential safety issues associated with a given method at its point of use.

Before using this method, the analyst will consider all general laboratory safety precautions.  In particular, the analyst will identify and implement suitable health and safety measures and will comply with all pertinent regulations.

0.

SCOPE AND FIELD OF APPLICATION
The following tests and procedures can be used to identify activated carbon and activated natural mineral products and to distinguish these products from similar non-activated products.  Activated carbon is covered under Heading 3802 of the Harmonized Tariff Schedule of the US (HTSUS).  Other activated materials classified in this heading are activated clays and activated earths.  Non-activated materials covered in this heading include bone black, blood black, ivory black, and other animal black materials.

Differentiation from other non-activated materials not covered under Heading 3802, such as carbon black (HTSUS 2803, 3206) and natural (HTSUS 2504) or synthetic graphite (HTSUS 3801) may also be required.  Although the tests may indicate whether the material is activated, in order to determine its use, information provided by the importer and visual appraisal of the packaging must be taken into consideration.

The choice of a specific test or procedure will depend on the nature of the activated carbon or mineral sample.  Liquid adsorption tests (see 3.2) are appropriate for activated carbons intended for decolorization, water treatment, and other liquid phase adsorption uses.  Vapor and gas adsorption tests (see 3.3) are appropriate for activated carbons intended for this purpose.

The adsorptive properties of activated materials depend on several factors, including the specific surface area (m2/g), density (g/mL), porosity and permeability, particle size distribution, hardness, ash and moisture content, and the type of raw material used to produce the activated carbon (e.g., wood, coal, peat, coconut shells, nut shells, and bone, or activated mineral product).  These properties may differ considerably for liquid and vapor adsorption uses.

1.

GENERAL

1.1

Carbon and natural mineral substances are said to be activated when their superficial structure has been modified by appropriate treatment (with heat, chemicals, etc.) in order to make them suitable for certain purposes, such as decolorizing, gas or moisture adsorption, catalysis, ion-exchange, or filtering.

These products fall in two groups:

(a) Products generally characterized by a very large specific surface area (of the order of hundreds of square meters per gram), and by the presence of van der Waals forces (physical adsorption) or free chemical bonds saturable by organic or inorganic molecules (chemical adsorption).  These products are used as chemical adsorbents, catalysts, and ion-exchangers.

(b) Products that generally have a fairly small specific surface area (of the order of 1 to 100 m2/g) but a high electrical charge density.  In aqueous suspension, these products facilitate coagulation of colloidal materials and, therefore, are suitable as filtering agents.

1.1.1
Activated carbon is prepared by treatment of carbon at high temperature with steam, carbon dioxide, or other gases (gas activation) or by dry calcination of chemically-impregnated carbonaceous materials.  In powder form it is used for decolorizing liquids.  In granular form it is used for adsorbing vapors, air or water purification, or catalysis.

1.1.2
Activated natural mineral products are generally obtained by treatment with acid or alkali, followed by calcination with or without sintering agents, or by thermal treatment.

1.2

Animal blacks, including bone black, blood black, ivory black, and similar materials, are not activated and are used as decolorizing agents and in prepared coloring matter.  Bone black is obtained by calcining defatted bones in a closed vessel.  It is porous and contains only a low content of pure carbon (about 10 to 20% by weight unless treated with acid).  Blood black is obtained by calcining dried blood in a closed vessel.  Ivory black is obtained by calcining ivory waste. 
1.3

Activated carbons can be distinguished from activated mineral substances by physical and inorganic tests (see 3.1).  Activated carbons and activated mineral substances can be distinguished from nonactivated substances by liquid and vapor adsorption tests (see 3.2 and 3.3).

2.

REAGENTS AND MATERIALS

Reference activated carbons or activated mineral products, as well as non-activated reference materials, may be required for comparison of results obtained in 3.1, 3.2, and 3.3.

2.1

Surface Area.

See ASTM D 4820, “Standard Test Methods for Carbon Black - Surface Area by Multipoint B.E.T. Nitrogen Adsorption.”  Note:  This method requires specialized test apparatus.

2.2

Apparent (Bulk) Density.

See ASTM D 2854, “Standard Test Method for Apparent Density of Activated Carbon.”

2.3

Percent (%) Ash.

Muffle furnace capable of 650ºC.

Porcelain crucible.

Desiccator.

2.4

Decolorization Test.

Blackstrap molasses or raw sugar.

Reactive Blue 19 or equivalent.

Reference activated carbon.

100 mL flask, 20 mL test tube.

Filter paper.

Visible light spectrophotometer.

2.5

Iodine Adsorption Test.

See ASTM D 4607, “Standard Test Method for Determination of Iodine Number of Activated Carbon.”

2.6

Benzene Adsorption Test.

Benzene.

Desiccator.

Aluminum pan or watch glass.

2.7

Carbon Tetrachloride Adsorption Test.

See ASTM D 3467, “Standard Test Method for Carbon Tetrachloride Activity of Activated Carbon.”

2.8

Butane Adsorption Test.

See ASTM D 5742, “Standard Test Method for Determination of the Butane Activity of Activated Carbon.”

2.9

Sulfur Dioxide Gas Adsorption Test.

Sulfur Dioxide gas.

6 in. hard glass test tube.

8 in. length of glass tubing.

2.10
Color Test

Cod liver oil.

Watch glass.

2.11
Drying oven capable of 105ºC.

3.

PROCEDURE

3.1

Physical and Inorganic Tests.

3.1.1
Microscopy.

Note the physical appearance, color, grain size, and homogeneity of the sample.

Examine the microscopic texture or structure of small portions of the sample under appropriate magnification.  Note the presence of mineral or bone fragments and general homogeneity of the sample.

3.1.2
Specific Surface Area.

See ASTM D 4820, “Standard Test Methods for Carbon Black - Surface Area by Multipoint B.E.T. Nitrogen Adsorption.”

3.1.3
Apparent (Bulk) Density.

See ASTM D 2854, “Standard Test Method for Apparent Density of Activated Carbon.”

3.1.4
Percent (%)  Ash.

See ASTM D 2866, “Standard Test Method for Total Ash Content of Activated Carbon.”

3.1.5
XRF or XRD.

Analyze the ashed sample from 3.1.4 by X-ray Fluorescence (XRF) and/or powder X-ray Diffraction (XRD) to identify the presence of inorganic chemical constituents, including mineral fragments, calcining or sintering agents.

See USCL Method 72-32 for XRF analytical procedures.  See also ASTM D 5381, ASTM E 1621, ASTM D 5380, USP 23 (941( for XRF and XRD analytical procedures.

3.1.6
Color Test.

Place approximately 3 grams of the ground and dried (105ºC) sample on a watch glass.  Allow about 5 mL of cod liver oil to flow around the edges of the sample and observe any color change.  The appearance of a pronounced green or blue color in the sample of earth or clay is an indication that the material has been artificially activated.

3.2

Liquid Adsorption Tests.

3.2.1
Decolorization Tests.

Prepare a solution of molasses or raw sugar in water such that the reference activated carbon will remove almost all of the color from the solution (a 5% solution should suffice).  Proceed to 3.2.2 or 3.2.3.

3.2.2
Add 1 gram of the ground sample with 50 mL of the molasses or sugar solution of 3.2.1 in a 100 mL flask.  Run one control containing the reference activated carbon.  Immerse the flasks in a water bath at approximately 90ºC for 1/2 hour, shaking frequently.  Filter through filter paper until the filtrate is clear.  Allow to cool and compare the absorbance measured for the sample and reference at 560 nanometers wavelength using a visible light spectrophotometer.

3.2.3
A water-soluble dye may be used, such as Reactive Blue 19, or equivalent, with, or in place of, the sugar solution of 3.2.1.  One gram of sample is added to 20 mL of the sugar solution with a small amount of added dye in a test tube for 1/2 hour, shaking frequently.  Run one control containing the reference activated carbon and one without sample.  The solution is centrifuged, decanted and analyzed using a visible light spectrophotometer at the wavelength of maximum absorbance of the dye used (592 nanometers for Reactive Blue 19).  The absorbance of the sample solution and controls are then compared.

3.2.4
Iodine Adsorption.

See ASTM D 4607, “Standard Test Method for Determination of Iodine Number of Activated Carbon.”  Compare with reference activated carbon.

3.2.5
See also:  USP 24:  The United States Pharmacopoeia (2000).  “Activated Charcoal:  Adsorptive Power.” p 371. See also p 2183.

3.3

Vapor Adsorption Tests.

3.3.1
Benzene Adsorption.

Fill the desiccant chamber of a standard desiccator with benzene. Weigh accurately approximately 2 grams of the ground and dried (105ºC) sample on an aluminum pan or watch glass and place it in the benzene-charged desiccator for 2 hours.  Weigh the pan and contents and calculate the percentage benzene adsorption of the dried sample.  Compare with reference activated carbon.

3.3.2
Carbon Tetrachloride Adsorption.

Measurement of the activity or porosity of activated carbon by the adsorption of carbon tetrachloride vapor.  Compare with reference activated carbon.

See ASTM D 3467, “Standard Test Method for Carbon Tetrachloride Activity of Activated Carbon.”

3.3.3
Butane Adsorption.

Measurement of the activity or porosity of activated carbon by the adsorption of butane vapor.  Compare with reference activated carbon.

See ASTM D 5742, “Standard Test Method for Determination of the Butane Activity of Activated Carbon.”

3.3.4
Sulfur Dioxide Gas Adsorption Test.

Place about 3 inches of ground sample in a 6 in. hard glass test tube in which an 8 in. length of glass tubing has been inserted.  Pass a gentle stream of sulfur dioxide gas through the tubing for approximately 3 min.  Note whether the test tube becomes warm to the touch.  Gas adsorbing carbons and chars usually adsorb sulfur dioxide gas with the evolution of a considerable amount of heat.
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