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US CUSTOMS AND BORDER PROTECTION

LABORATORY METHODS

CBPL 34-16

Quantitative Analysis of Petroleum Wax in Candles

by Solid Phase Extraction Chromatography

SAFETY STATEMENT

This CBPL 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.

METHOD UNCERTAINTY

The uncertainty of measurement for this method is specific to each laboratory.

0.

INTRODUCTION

This method is based on established scientific principles of liquid-solid chromatography [e.g., ASTM D 1342 (2.2)] and provides for the quantitative measurement of "petroleum hydrocarbon" in candles containing vegetable wax or beeswax–petroleum wax mixtures as well as certain types of gel candles. The candle wax is screened by infrared spectroscopy (IR) and gas chromatography (GC).  Solid phase extraction (SPE) is then used to separate the aliphatic hydrocarbon from the non-aliphatic portion of the candle, such as free fatty acids or esters or glycerides as well as styrene-copolymers.  The solvent-free hydrocarbon fraction is weighed then examined by IR to confirm that only hydrocarbons are present.  The percent petroleum wax is calculated based on the weighted difference between a measured or literature value for hydrocarbon in a pure vegetable wax or beeswax and the % total hydrocarbon (%HCt) found in the wax sample.
For gel candles containing inclusions, once each component has been physically separated, the gel portion and the solid pieces are weighed and assayed separately, as appropriate.
1.

SCOPE AND FIELD OF 




APPLICATION

Candles are classifiable in the Harmonized Tariff Schedule of the United States (HTSUS), Heading 3406.00.00.00.  This method applies to candles containing vegetable wax or beeswax, whether or not admixed with petroleum paraffin wax and allows the quantification of petroleum wax  (paraffin-type) or "petroleum-derived" hydrocarbons in wax candles that are composed of mixtures of palm oil or soybean oil-derived vegetable wax with petroleum-derived wax.  It can also be used for beeswax and simple beeswax-paraffin mixtures.  This method is also applicable to gel candles consisting of mineral oil and styrene containing copolymer. The oil is separated from the polymer under these conditions.

2.

REFERENCES

2.1

ASTM D 5442 “Standard Test Method for Analysis of Petroleum Waxes by Gas Chromatography.”
2.2

CBPL 27-51/ASTM D 1342 “Standard Test Method for Paraffin-Type Hydrocarbons in Carnauba Wax.”

2.3

CBPL 33-08/USP/NF <621>.  ”Chromatography.”
2.4

CBPL 34-08 ”Quantitative Analysis of Paraffin in Beeswax by Column Chromatography.”

2.5

CBPL 34-10/ASTM E 1252  “Standard Practice for General Techniques for Obtaining Infrared Spectra for Qualitative Analysis.”
2.6

CBPL 34-11.  “Quantitative Analysis of Palm Oil Acid Wax and Qualitative Screening of Wax Mixtures by Capillary Gas Chromatography.”

2.7

CBPL 34-14.  “Qualitative and Quantitative Analysis of Petroleum Wax in Candles by Capillary Gas Chromatography.”

2.8

CBPL 34-15.  “Qualitative Analysis of Wax and Gel Candles by Infrared Spectroscopy.”

3.

DEFINITION OF TERMS

3.1

Paraffin:  aliphatic hydrocarbons characterized by a straight or branched carbon chain with generic formula CnH2n+2, where n is an integer.

3.2

Petroleum Wax:  for the purpose of this method only, petroleum wax is defined as paraffin-type wax derived from petroleum.

3.3

Petroleum-Derived Hydrocarbon:  for the purpose of this method only, petroleum-derived hydrocarbon is defined as paraffin-type hydrocarbon derived from petroleum.

3.4

Vegetable Wax:  wax obtained from plant origin.
3.5

Palm Oil-Derived Vegetable Wax:  wax derived from the oil of the palm plant, Elaeis guineensis.
3.6

Soybean Oil-Derived Vegetable Wax:  wax derived from the oil of the soybean plant, Glycine max.
3.7

Beeswax:  wax, whether or not bleached, of bees in the genus Apis, including the European bee A. mellifera and the Asiatic species A. dorsata, A. florea, and A. indica.
3.8

Mineral Oil:  liquid distillate mixture of paraffin-type hydrocarbon derived from petroleum.
3.9

Gel Candle:  candle composed of mineral oil that has been admixed with thermoplastic polymer containing styrene subunits. It may contain wax inclusions.
3.10

Solid Phase Extraction (SPE):  selective extraction of one substance from another using differential affinity of one or more substances for a solid substrate.

3.11

Eluent:  liquid mobile phase containing solvent plus dissolved hydrocarbons collected from the end of the SPE tube.

4.

REAGENTS AND apparatus 
Unless otherwise stated, all reagents are of technical grade or better.

4.1

n-Heptane, 99.0% minimum by GC

4.2

Quality control (QC) reference wax mixture as specified by CBPL or otherwise is composed of approximately 50:30:20 w/w of:

4.2.1
Paraffin wax, approximate mp 53-57 °C, CAS 8002-74-2, Aldrich Chemical Co. or equivalent (exact weight percent in QC reference mixture must be known).

4.2.2
Palmitic acid, 99+% purity by GC.

4.2.3
Stearic acid, 98% purity by GC.

4.3

Authentic vegetable wax or beeswax sample, if available.

4.4

Analytical balance sensitive to 0.1 mg.

4.5

Boiling chips.

4.6

Heat resistant gloves.

4.7

Glass or polypropylene jars and beakers.

4.8

Spatula.

4.9

Drying oven, preferably with air exchange, capable of maintaining 105±5 °C.

4.10

Disposable aluminum (Al) pans, ~25 mL and larger capacity.

4.11

Glass vials, 20 mL.
4.12

Hot plate, with a low heat setting (a steam bath may also be used).

4.13

Thermometer, 0-150 °C.

4.14

SPE tubes, commercial-off-the-shelf (COTS) tubes are available, such as Supelco® Part # 1771-U, or prepared using Silica Gel 60, 230-400 mesh, 60-mL polypropylene SPE tubes (~2.6 cm x 13.5 cm, Supelco® Part # 57178) with 20-(m polypropylene frits (filters).
4.15

SPE vacuum chamber or equivalent.

4.16

Variable vacuum source such as a vacuum pump or water aspirator with tubing.
4.17

Optional:  rotary evaporator, Heidolph, Model Laborota 4000 or equivalent or better, equipped with collecting flask and evaporator flask.
4.18

IR spectrometer.
4.19

Gas chromatograph equipped with a flame-ionization detector (GC-FID).

5.

HOMOGENizATION OF SAMPLE 


AND REFERENCE MATERIALS

5.1

Wax candles, gel candles without wax inclusions, and QC reference wax mixture.

5.1.1
In a 105 °C oven or a boiling water bath, melt the entire candle or reference wax in an appropriate container (e.g., glass for oven and polypropylene for water bath) that is at least twice the sample volume.  For candles made of wax poured into a non-wax container, the entire candle may be melted in its original container then poured into container twice the sample volume.

5.1.2
Stir the melt until completely homogenized.

5.1.3
Pour ~10 mL into a 20-mL vial and ~5 mL into a 25-mL Al pan, and cool completely.

5.1.4
Break wax or cut gel in Al pan into small pieces for analysis.

NOTE:  Use of Al pans to facilitate representative sub-sampling is consistent with ASTM D 5442 (2.1).  The wax remaining in the 20-mL vial may be remelted and sampled for additional analysis as needed.
5.1.5
Verify by IR method CBPL 34-15 (2.8) and GC methods CBPL 34-11 (2.6) or CBPL 34-14 (2.7) that the sample contains palm oil-derived or soybean oil-derived wax or a combination of these, whether or not mixed with paraffin-type hydrocarbon; or beeswax, whether or not mixed with paraffin-type hydrocarbon; or gel composed of mineral oil and styrene-copolymer.

5.2

Gel candles with wax inclusions.
5.2.1
Quantitatively transfer the gel from its original container into a larger tared container to obtain the net mass of the gel including wax inclusions.

5.2.2
Physically separate the wax inclusions from the gel into another container.

5.2.3
Wipe any residual gel from the wax inclusions; and obtain the net mass of the wax.

5.2.4
Analyze separately the wax and gel, and report accordingly.  Total gel mass is the difference between the mass obtained in 5.2.1 minus the mass of the wax.

6.

PROCEDURE

NOTE:  Duplicate analyses shall be performed for each sample candle.  Duplicate analyses of QC reference wax (4.2) shall be performed for each new lot of silica gel or COTS SPE tubes.  Use one tube per single analysis.

6.1

Quantitative analysis by SPE.

NOTE: Handle all hot items with heat-resistant gloves or tongs.

6.1.1
If not using COTS SPE tube, prepare SPE tube by inserting a polypropylene filter on the bottom, adding ~20 g silica gel, and placing a second filter on the leveled gel.

6.1.2
Pre-weigh a 100-mL beaker containing three small boiling chips.

6.1.3
Bring ~120 mL heptane to near boiling on a hot plate.

6.1.4
Weigh to the nearest ±0.1 mg an appropriate amount of homogenized wax or gel from Section 5 into a 50-mL tared beaker. Add ~15 mL hot heptane, and heat on a hot plate until the wax or gel is completely dissolved.

	Reference wax or

sample mixtures of
	mg to use

	Vegetable wax
	2000 ± 50

	Beeswax
	1000 ± 50

	Gel candle
	  500 ± 50

	QC reference wax
	2000 ± 50


6.1.5
Insert tip of SPE tube into a clean, clear port of a vacuum chamber under which sits a pre-weighed 100-mL beaker containing three small boiling chips with its rim well above the port projection inlet.

6.1.6
Immediately and quantitatively pour the hot solution from 6.1.4 onto the SPE tube.
6.1.7
Add 15 mL hot heptane to the empty beaker.
6.1.8
As solution nears surface of the top filter, add the beaker rinse (6.1.7) to the SPE tube.  Pull a slight vacuum to draw sample solution down the tube.
6.1.9
Rinse any visible wax film from the lip of the beaker to the SPE tube with ~2 mL hot heptane to maximize recovery.
6.1.10
Fill the beaker to the 25-mL mark with hot heptane, and add all of this to the SPE tube as the liquid in it nears the surface of the top filter.  Adjust the vacuum as necessary to ensure a fast flow without draining below the surface of the top filter.

6.1.11
Repeat 6.1.10 once more rinsing the inner top portion of the SPE tube.
6.1.12
As the final rinse level approaches the surface of the top filter, stop vacuum, and remove the tube just before the liquid goes below the surface of the top filter.
NOTE:  Total elution volume should be ~45 mL.  Total elution process should generally be less than 2 minutes.

6.1.13
Evaporate nearly all of the solvent using a hot plate.  Remove from heat just before the gas bubbles stop evolving from boiling chip.  Alternatively, if collection is into a pre-weighed suitable flask, the solvent may be evaporated in a rotary evaporator.

6.1.14
In a 105 °C oven, dry the solid residue to constant weight (~30 min for beaker, ~1 hour for rotary evaporator flasks).

6.1.15
Cool and equilibrate at room conditions (~30 min) and weigh to the nearest ±0.1 mg the container and solid residue.  Subtract the mass of the container to determine the mass of solid residue.  Record the mass of the heptane-free solid residue, which represents the total amount of paraffin-type hydrocarbons in the sample.  Save the solid residue for further analyses.

6.2

Qualitative analysis of solid residue from SPE eluent.
6.2.1
Using CBPL 34-15, the IR method, obtain a spectrum of the solid residue in transmission mode from 4000-500 cm-1.  The SPE procedure must be repeated if screening results indicate co-elution of some wax acids/esters or triglyceride esters with the paraffin.
7.

Expression of Results
7.1

Definition of variables.

7.1.1
%HCt = percent total paraffin-type hydrocarbons in the sample or reference wax:
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7.1.2
%HCadded = percent petroleum-derived paraffin-type hydrocarbons added to the sample wax.

7.1.3
%HCref = percent paraffin-type hydrocarbons in reference wax, determined experimentally or obtained from published literature.

7.1.3.1
Literature values for %HCref in:

7.1.3.1.1  Palm oil, negligible.

7.1.3.1.2  Crude soybean oil, <0.4%.

7.1.3.1.3  Soybean oil-derived or palm oil-derived wax, ≤ 0.2%.

7.1.3.1.4  Beeswax, 17% (designated value for CBP antidumping applications).

7.1.4
%HCrec = percent recovery of paraffin-type hydrocarbons.  %HCrec has been determined experimentally to be ~99.2% for QC reference wax mixture in 4.2.

7.2

General method equation
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7.3

Simplified equation for waxes where %HCref is less than 0.3%, such as palm or soybean oil-derived wax:
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7.4

For gel candles without wax inclusions, percent mineral oil equals %HCadded in equation 7.3.
7.5

For gel candle with wax inclusions

7.5.1
Percent mineral oil in the gel equals %HCadded in the gel in equation 7.3.
7.5.2
Percent petroleum hydrocarbons added in wax inclusions is calculated according to equation 7.2 or 7.3, as appropriate.

7.5.3
Weighted percent of mineral oil in whole candle equals % mineral oil (7.5.1) times total mass of gel portion divided by total mass of the wax and gel portion of the whole candle.

7.5.4
Weighted percent of petroleum hydrocarbons added in wax inclusions equals %HCadded in wax inclusions (7.5.2) times total mass of wax inclusions divided by mass of the wax and gel portion of the whole candle.

7.6

Average duplicate samples, and record results to the nearest 0.1%.

7.7

QC requirements

7.7.1
Duplicate values for a sample must fall within ±1.5% of the average value.

7.7.2
For each new analyst or new lot of silica gel (or COTS SPE tubes), the average result of duplicate analyses for a QC reference wax containing paraffin must come within ±1.5% of the reference value in order for subsequent analyses to be considered reliable.

8.

Test Report

8.1

Report results according to agency policy.

9.

BIBLIOGRAPHY

This list is provided for general guidance and should not be considered exhaustive.  The user is expected to seek current references pertaining to this method.

9.1

Bennett, H.  Industrial Waxes, Volume I, “Natural and Synthetic Waxes.”  Chemical Publishing Co.  New York.  1975.

9.2

Cottom, William P.  “Waxes,” in Kirk-Othmer Encyclopedia of Chemical Technology, Fourth Edition, Volume 25.  Pages 614 to 626.  Wiley-Interscience.  New York.  1998.

9.3

Downing, D.T., et. al.  “Studies in Waxes, XVIII.  Beeswax:  A Spectroscopic and Gas Chromatographic Examination.”  Australian Journal of Chemistry.  14(2), 253-263.  1961.

9.4

Heftmann, E. (Editor). Chromatography, Fifth Edition, Part A: “Fundamentals and Techniques.”  Journal of Chromatography Library.  Elsevier.  Amsterdam, NY.  1992.

9.5

Kolattukudy, P.E. (Ed.).  Chemistry and Biochemistry of Natural Waxes.  Elsevier.  Amsterdam, The Netherlands.  1976.

9.6

Tulloch, A.P.  “Beeswax—Composition and Analysis.”  Bee World.  61(2), 47-62.  1980.

9.7

Shahidi, F. (Editor).  Bailey’s Industrial Oil and Fat Products, Sixth Edition.  Volume 2:  “Edible Oil and Fat Products:  Edible Oils,” Part 1.  John Wiley & Son.  Hoboken, NJ.  2005.

9.8

Yates, S.G., et. al.  “Analysis of Carrot Constituents:  Myristicin, Falcarinol and Falcarindiol,” in Xenobiotics in Food and Feeds.  ACS Symposium Series No. 234.  ACS.  Washington, DC.  1983.

This article provides useful information concerning chromatographic elution of plant materials.

10.

notes on the procedure

10.1

SPE tubes and filters may be reused by removing the top filter and discarding the used silica.  The top filter is carefully soaked and rinsed with near-boiling heptane.  ~20 mL hot heptane is poured into the empty SPE tube with the bottom filter left in.  If solvent easily flows out of the bottom filter, the SPE assembly may be reused.

10.2

For gel candles, after the mineral oil has been eluted, styrene copolymers may be recovered for qualitative/semi-quantitative analysis by eluting with another solvent (toluene near its boiling point).

10.3

For wax candles, after elution of paraffin-type hydrocarbon, sample material still adhering to the silica may be eluted with other solvents as needed.
10.4

For quick screening follow procedure in Section 6 but use only 5 g silica gel in a 20-mL SPE tube (or equivalent COTS tube), use a ¼ amount of sample specified in 6.1.4 dissolved in 10 mL hot heptane, and reduce beaker rinse volumes to 10 mL in 6.1.7, and 15 mL in 6.1.10 and 6.1.11.  Results must meet QC requirements to be considered reliable.
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