STANDARD METHODS OF
CHEMICAL ANALYSIS

SIXTH EDITION

Volume Two—Industrial and Natural Products and
Noninstrumental Methods

Part B
FRANK ]J. WELCHER, Ph.D., Editor

Professor of Chemistry, Indiana University

IN CoLrLABORATION WiITH MANY CONTRIBUTORS
(SEE LIST ON PAGES FOLLOWING)

D. VAN NOSTRANDNCOMPANY INC.

Princeton, New Jersey
Toronto London

New York



CONTRIBUTORS Sixth Edition—Volume Two

Herbert Abraham
The Ruberoid Co.

Walter W. Anderson

Commercial Testing and Engineering Co.

Gilbert H. Ayres
University of Texas

A. J. Barnard, _]r
J. T. Baker Chemical Co.

'H. F. Beeghly
Jones and Laughlin Steel Corp.

Eugene W. Berg
Louisiana State University

Jacob Block
Olin Mathieson Chemical Corp.

* Richard J. Block
' Boyce Thompson Institute for Plant
Research, Inc.

John A. Brabson
Tennessee Valley Authority

Clark E. Bricker
College of Wooster

Robert W. Chaffin '
Rock Island Refining Corp.

John D. Christena
Rock Island Refining Corp.

W. Stanley Clabaugh

Department of Health, Education and,

Welfare

John G. Cobler
Dow Chemical Co.

Thomas E. Courtney
Reilly Tar and Chemical Corp.

* Deceased.

W. V. Cropper
Precision Scientific Development Co.

Leuise K. Forlini
McCrone Associates

Robert B. Forney
Indiana University Medical Center

James S. Fritz
Iowa State University

Owen R. Gates
Naval Research Laboratory

F. W. Gilcreas
University of Florida

Louis Gordon
Case Institute of Technology

W. N. Greer
Leeds and Northrup Co.

William G. Guldner
Bell Telephone Laboratories, Inc.

Wilson C. Hanna
California Portland Cement Co.

Rolla N. Harger _
Indiana University Medical Center

Martha A. Helzel
Pittsburgh Plate Glass Co.

S. Mark Henry )
Boyce Thompson Institiite for Plant
Research, Inc. -

Clyde F. Hirn
Sherwin-Williams Co.

Morris B. Jacobs
Columbia University

Ivan M. Jakovljevic
Eli Lilly and Co.



vi CONTRIBUTORS

E. F. Joy
J. T. Baker Chemical Co.

Peter O. Krumin
Ohio State University

Norbert R. Kuzel
Eli Lilly and Co.

Ralph B. Lingeman
Indiana University Medical Center

William F. Linke
American Cyanamid Co.

Claude A. Lucchesi
Mobil Chemical Co.

T. 8. Ma
Brooklyn College of The City University
of New York

Walter C. McCrone
McCrone Associates

F. R. McCrumb
W. A. Taylor and Co.

Virgil C. Mehlenbacher
Swift and Co.

John Mitchell, Jr.
E. 1. DuPont de Nemours and Co.

A. Wendell Musser
Indiana University Medical Center

Theodore A. Olson
University of Minnesota

John L. Parsons
Consultant to the Paper and Allied
Industries

Raymond H. Pierson
U. S8. Naval Ordnance Test Station

Arthur Rose
Pennsylvania State University

Edward J. Rubins
University of Connecticut

E. D. Salesin
Eastman Kodak Co.

Paul J. Secrest
Sherwin-Williams Co.

Sidney Siggia
Olin Mathieson Chemical Corp.

George A. Simmons, Jr.
Owens-Illinois Technical Center

R. C. Stillman
Procter and Gamble Co.

Louis Tanner
U. S. Customs Laboratory

Michael J. Taras
Detroit Department of Water Supply

W. A. Taylor
W. A, Taylor and Co.

Max Tryon
National Bureau of Standards

Willard P. Tyler
B. F. Goodrich Co. Research Center

Dean I. Walter
Naval Research Laboratory

Harold F. Walton
University of Colorado

Herbert Weisz
Universitaet Freiburg/Breisgau, Ger-
many :

Frank J. Welcher
Indiana University

Wesley W. Wendlandt
Texas Technological College

W. E. Westlake
U. S. Department of Agriculture

J. C. White
Oak Ridge National Laboratory

Channing W. Wilson
Baltimore Gas and Electric Co.

W. J. Youden
National Bureau of Standards



CONTENTS

EXPLOSIVES AND PROPELLANTS

BLACK POWDER, 1285; Sampling, 1285; Moisture, 1285; Nitrates, 1285; Sulfur,
1285; Charcoal, 1285; Ash, 1285. '

GENERAL METHODS, 1286; Heat of Explosion, 1286; Hygroscopicity (for Pro-
pellants), 1288; Moisture by the Carbon Tetrachloride Distillation Procedure, 1289;
Moisture by Karl Fischer Titration, 1290; Moisture and Volatiles by Oven Drying
at 100°C., 1294; Moisture and Volatiles by Vacuum-Oven Drying at 55°C., 1294;
Nonaqueous Titration, 1294; Stability by International Test at 75°C., 1295; Stability
by Potassium lIodide-Starch Test, 1295; Stability by Heat Test at 120° or 134.5°C.
with Standard Methyl Violet Test Paper, 1295; Stability by Surveillance Test at
65.5°C., 1296; Stability by the Taliani Test (for Propellants), 1296; Stability by
Vacuum Stability Test (for Propellants or Ingredients), 1298; Strand Burning Rate
of Solid Rocket Propellants, 1299; Total Volatiles by the Solution Evacuation Pro-
cedure, 1304; Titrimetric Calculations, 1304.

INGREDIENTS, 1306; Aluminum, 1306; Ammonium Nitrate, 1311; Ammonium
Perchlorate, 1313; 1,1-Dimethylhydrazine (UDMH, Unsymmetrical Dimethylhydra-
zine), 1316; Hydrazine, 1317; Hydrogen Peroxide, 1318; Magnesium, Powdered,
1321; Magnesium Oxide, 1323; Nitric Acid, Fuming (White or Red), 1325; Nitro-
cellulose (Cellulose Nitrate), 1330; Nitroglycerin (Glyceryl)Trinitrate, 1335; Nitro-
guanidine (Picrite), 1336; Polypropylene Glycol, 1337; 2,4-Toluene Diisocyanate,
1339; Triacetin (Glyceryl Triacetate), 1340; 2,4,6-Trinitrotoluene (TNT), 1341; Zinc
Oxide, 1343.

EXPLOSIVES, 13845; Qualitative Tests of Explosives, 1845; Quantitative Analysis of
Explosive Mixtures, 1850; Dynamites, 1350; Blasting Caps and Electric Detonators,
1365; Primers, 1367.

PROPELLANTS, 1371; Liquid Propellants, 1371; Solid Propellants, 1371.

APPENDIX A: PARTIAL LIST OF SPECIFICATIONS AND ABBREVIATIONS
RELATED TO EXPLOSIVES, PROPELLANTS, OR THEIR INGREDIENTS,
1408.

NATURAL FATS

Sampling, 1411; Determination of Impurities, 1414; Identification, 1430; Chemical
Characteristics of Fats, 1437; Physical Characteristics of Fats, 1442; Composition of
Fats, 1462.

FERTILIZERS

Sampling and Sample Preparation, 1483; Water, 1484; Nitrogen, 1484; Phosphorus,
1490; Potassium, 1499; Acid- or Base-Forming Quality, 1504,
vii



viii CONTENTS

FUEL GASES AND RELATED PRODUCTS

Introduction and Scope, 1507; Sampling, 1507; Determination of Major Constituents,
1515; Determination of Miscellaneous Constituents, 1539.

GAS ANALYSIS—-VACUUM TECHNIQUES

Collection, Measurement, and Analysis of Micro Gas Samples, 1564; Injection of
Metal Samples into a Vacuum Station, 1567; Admission of Gas to an Evacuated
System, 1569; Devices for Obtaining Gas from Closed Containers, 1576; Methods for
the Determination of Oxygen, Hydrogen, Nitrogen, and Carbon in Metals, 1580.

PAINT, VARNISH, AND LACQUER

Preliminary Inspection of the Sample, 1617; Tests on the Total Coating, 1618;
Separation of Pigment, Binder, and Thinner of Solvent Type Coatings, 1621; Sepa-
ration of Pigment, Binder, and Thinner of Latex Paints, 1626; Identification of the
Binder, 1627; Analysis of the Vehicle, 1641; Identification and Analysis of Pigments,
1680; Identification and Analysis of the Thinner, 1703; Example of Complete
Analysis of a Surface Coating, 1704; Infrared Spectra, 1708.

PAPER, WOOD, AND PULP

ANALYSIS OF WOOD, 1723; Water Solubility of Wood, 1723; Methoxyl Groups in
Wood, 1724; Moisture in Wood Chips and Sawdust by Toluene Method, 1727; One
Per Cent Caustic Soda Solubility of Wood, 1730; Ether Solubility of Wood, 1781;
Alcohol-Benzene Solubility of Wood, 1731; Holocellulose in Wood, 1732; Sampling
and Preparing Wood for Analysis, 1734; Preparation of Extractive-Free Wood, 1736;
Lignin in Wood, 1737; Ash in Wood, 1738; Cellulose in Wood, 1739; Pentosans in
Wood, 1742.

ANALYSIS OF PULP, 1745; Cellulose in Pulp, 1745; Chlorine Consumption of
Pulp, 1747; Alpha-, Beta-, and Gamma-Cellulose in Pulp, 1751; Pitch in Wood Pulp,
1755; Cuprammonium Disperse Viscosity of Pulp, 1756; Water Solubility of Pulp,
1760; Weighing, Sampling, and Testing Pulp for Moisture, 1761; Ash in Pulp, 1766;
One Per Cent Caustic Soda Solubility of Pulp, 1767; Permanganate Number of Pulp,
1769; Copper Number of Pulp, 1772; Pentosans in Pulp, 1774; Cupriethylenediamine
Disperse Viscosity of Pulp, 1780; Solubility of Pulp in Sodium Hydroxide at 20°C.,
1789. .

ANALYSIS OF PAPER, 1794; Sampling Paper for Testing, 1794; Conditioning
Paper and Paperboard for Testing, 1795; Reducible Sulfur in Paper and Paper-
board, 1797; Amount of Coating on Mineral-Coated Paper, 1799; Rosin in Paper
and Paperboard, 1800; Moisture in Paper, Paperboard, and Paperboard and Fiber-
board Containers, 1804; Ash in Paper, 1806; Casein in Paper (Qualitative), 1808;
Proteinaceous Nitrogenous Materials in Paper (Qualitative), 1808; Starch in Paper,
1809; Qualitative Analysis of Mineral Filler and Mineral Coating-of Paper, 1812;
Water-Soluble Acidity or Alkalinity of Paper, 1818; Alpha-, Beta-, and Gamma-
Cellulose in Paper, 1819; Titanium Pigments in Paper, 1824; Copper Number of
Paper and Paperboard, 1828; Acid-Soluble Iron in Paper, 1830; Hydrogen Ion Con-
centration (pH) of Paper Extracts, 1831; Alkali-Staining Resistance of Paper, 1833;



CONTENTS ix

Pentosans in Paper, 1834; Turpentine Test for Grease Resistance of Paper, 1837;
Kappa Number of Pulp, 1838. ' '

PESTICIDES

Aerosol Insecticides, 1843; Aldrin, 1845; Allethrin, 1845; Alpha Naphthyl Thiourea,
1848; 3-Amino-1,2,4-Triazole, 1848; Aramite, 1849; Arsenicals, 1849; Benzene Hexa-
chloride, 1856; Calcium Cyanide, 1858; Captan, 1858; Ceresan and Lignasan, 1859;
Chlorobenzilate, 1860; Chlorine (Total), 1860; Chlorine or Bromine in Organic Com-
pounds, 1862; Chlorthion, 1863; CMU, 1863; Cryolite, 1864; Cubé, 1864; 2,4-D;
2,4,5-T or Mixtures of Both, 1864; DDT, 1865; Demeton, 1866, Derris, 1866; Diazi-
non, 1866; Dibutyl Oxalate in Indalone or in 6-2-2 Repellent Mixture, 1866;
Dieldrin, 1867; N,N-Diethyl-m-Toluamide, 1868; Diphacinone, 1869; Disodium
Endothal in Formilations, 1869; Diuron, 1870; DN Compounds, 1870; Endrin, 1871;
EPN, 1871; 2-Ethyl1,3-Hexanediol, 1871; Ethylenechlorobromide, 1871; Ethylene
Dibromide, 1871; Ethylene Dichloride, 1871; Ethylene Oxide, 1872; Fenuron, 1872;
Ferbam, 1873; Fluorine, 1876; Fluorine Present as Sodium Fluosilicate, 1878; Formal-
dehyde (in Solutions), 1878; Fumarin, 1879; Genite, 1879; Guthion, 1879; Heptachior
in Technical Heptachlor and Formulations, 1880; Lignasan, 1880; Lindane, 1880;
Malathion, 1880; Maneb, 1881; Mercury, 1881; Methoxychlor, 1883; Methyl Bro-
mide, 1883; Methyl Parathion, 1884; Monuron, 1884; Nabam, 1884; Nicotine, 1885; .

- Organic Thiocyanates, 1886; Ovex (Ovotran), 1888; Panogen, 1889; Panogen 15 and
Panogen 42, 1889; Parathion or Methyl Parathion, 1890; Perthane, 1891; Pheno-
thiazine, 1891; Phorate, 1891; Phosphorus (Organic), 1891; Phosphorus Pastes, 1892;
Pival, 1894; Pival in Bait Materials, 1895; Pivalyn (Sodium Salt of 2-Pivalyl-1,3-
Indandione), 1895; Potassium Cyanate, 1896; Potassium Cyanide, 1897; Pyrethrum
Powder, 1897; Pyrethrum Extracts in Mineral Qil, 1898; Rotenone, 1899; Sabadilla,
1901; Schradan, 1902; Sevin, 1902; Sodium Chlorate, 1903; Sodium and Potassium
Cyanides, 1908; Sodium Dimethyldithiocarbamate, 1904; Sodium Fluosilicate, 1904;
Sulfenone, 1904; Sulfotepp, 1904; TDE, 1904; Tetraethyl Pyrophosphate, 1904;
Tetramethylthiuram Disulfide (Thiram M), 1906; Tetramethylthiuram Disulfide,
1908; Thallous Sulfate, 1908; Thiodan, 1909; Thiram, 1910; Toxaphene, 1910;
Trithion, 1910; Warfarin, 1910; Zineb, 1912.

'PETROLEUM AND PETROLEUM PRODUCTS

Flash Point by Tag Closed Tester, 1913; Flash and Fire Points by Cleveland Open
Cup, 1918; Flash Point by Pensky-Martens Closed Tester, 1928; API Gravity of
Petroleum and Its Products, 1926; Distillation of Petroleum Products, 1929; Distil-
lation of Crude Petroleum, 1938; Saybolt Viscosity, 1943; Specific Gravity of Petro-
leum and Its Products, 1950; Vapor Pressure of Petroleum Products {Reid Method),
1953; Cloud and Pour Points, 1963; Existent Gum in Fuels by Jet Evaporation, 1967;
Water in Petroleum Products and Other Bituminous Materials, 1972; Water and
Sediment in Fuel Oils by Centrifuge, 1975; Aniline Point and Mixed Aniline Point
of Petroleum Products and Hydrocarbon Solvents, 1979; Neutralization Value (Acid
and Base Numbers) of Petroleum Products, 1985; Conradson Carbon Residue of
Petroleum Products, 1998; Ash from Petroleum Oils, 1998; Copper Strip Corrosion
by Petroleum Products, 1999; Doctor Tests for Petroleum Distillates, U.O.P. Method,
2005; Mercaptan Sulfur-in Jet Fuels (Color-Indicator Method), 2006; Lead Anti-
knock Coiunpounds in Gasoline, 2009; Sulfur in Petroleum Products by the Bomb
Method, 2012; Dilution of Engine Crankcase Qils, 2016; Sulfur in Petroleum Prod-



X CONTENTS

ucts Including Liquefied Petroleum Gas by Lamp Combustion Method 1, 2019;
Sulfur in Petroleum Products by Lamp Combustion Method 2, 2081.

PLASTICS

PART 1 IDENTIFICATION OF PLASTICS, 2036; Identification by Infrared
Spectrometry, 2036; Identification by Pyrolysis-Gas Chromatography, 2041.

PART 2 GENERAL PROCEDURES, 2044; Preparation of Sample, 2044; Deter-
mination of Additives and Preparation of Additive-Free Reésin, 2044; Molecular
Weight Distribution and Fractionation of Plastics, 2046; Metallic Impurities, 2048;
Sulfated or Sulfonated Emulsifiers in Emulsion Polymerized Resins, 2050; Polyether-
Type Emulsifiers in Emulsion Polymerized Resins, 2051; Index of Refraction of
Transparent Plastics, 2052; Specific Gravity of Plastics, 2053.

PART 3 PROCEDURES FOR THE ANALYSIS OF VARIOUS TYPES OF
PLASTICS, 2055; Styrene Plastics, 2055; Vinyl Chloride Plastics, 2068; Vinylidene
Chloride Plastics, 2079; Ethylene Plastics, 2080; Acrylic Plastics, 2088; Cellulosic
Plastics, 2098.

POISONS

Choice and Handling of Body Materials for Toxicological Analysis, 2106; Prelimi-
nary Tests, 2107,

SYSTEMATIC PROCEDURE FOR SEPARATING AND DETECTING CER-
TAIN POISONS FROM BODY MATERIALS, 2110; Volatile Poisons, 2110.

QUANTITATIVE DETERMINATION OF CERTAIN POISONS, 2124; Alka-
loids, 2124; Arsenic, 2126; Barbiturates, 2130; Boric Acid, 2131; Carbon Monoxide,
2132; Cyanide, 2135; Ethanol, 2136; Ethylene Glycol, 2138; Isopropyl Alcohol and
Acetone, 2139; Lead, 2140; Mercury, 2142; Methanol, 2143; Phenol, 2143; Phos-
phorus, 2144; Salicylic Acid, 2144; Thallium, 2145.

RUBBER AND RUBBER PRODUCTS

INTRODUCTION, 2146; The Nature of Rubber and Rubber Products, 2146;
Rubber Polymer Nomenclature, 2148; The Analytical~Problem, 2149; Complete
Analysis Scheme, 2149.

CRUDE RUBBER ANALYSIS, 2151; Natural Rubber, 2151; Synthetic Rubbers,
2164.

ANALYSIS OF RUBBER COMPOUNDS, 2190; Introduction, 2190; Preparation of
Samples, 2190; Identification of Rubber Polymers, 2191; Determination of Rubber
Polymer Content, 2198; Determination of Nonrubber Components, 2202.

SILICATES: GLASSES, ROCKS, AND FERROUS SLAGS

Sampling, 2227.

THE ANALYSIS OF GLASSES, 2229; The Analysis of Soda-Lime Glasses, 2229; The
Analysis of Lead Glasses, 2246; The Analysis of Borate Glasses, 2251.



CONTENTS xi

THE ANALYSIS OF SILICATE ROCKS, 2259; The Analysis of Quartz Sands,
2259; The Analysis of Clays and Feldspars, 2261.

THE ANALYSIS OF FERROUS SLAGS, 2265; The Analysis of Open Hearth and
Blast Furnace Slags, 2265.

SOAPS AND DETERGENTS

General Scheme of Analysis, 2277; Sampling, 2277; Methods of Analysis, 2279;
Methods for Active Ingredient and Other Alcohol-Soluble Material, 2285; Active
Ingredient and Equivalent Combined SO,, 2285; Test for Soap (Fatty Acid Salts),
2288; Tests for Synthetic Detergents, 2295; Organic Builders, 2802; Inorganic Build-
ers in the Alcohol Insoluble, 2302; Miscellaneous Tests, 2308; Comment, 2309.

SOILS

Sampling, 2810; Field Description of Soils, 2312; Physical Analysis of Soils, 2512;
Carbonate Carbon, Organic Carbon, and Organic Matter, 2313; Total Nitrogen,
Ammonia, and Nitrates, 2315; Total Determination of Major Soil Constituents by
Fusion Analysis, 2318; Total Determination of Other Soil Constituents, 2822; Ex-
changeable Cations and the Cation Exchange Capacity, 2525; Determination of Soil
Reaction (pH), Exchangeable Hydrogen, and Lime Requirement, 2328; Gypsum and
Water Soluble Salts in Saline and Alkali Soils, 2331; Chemical Analysis as a Measure
of Soil Fertility, 2333.

VITAMINS

Vitamin A, 2339; Vitamin D, 2345; Vitamin E, 2350; Vitamin K, 2358; Vitamin K,,
2354; Vitamin K,, 2854; Vitamin Kj, 2354; Vitamin K,, 2855; Thiamine, 2858;
Riboflavin, 2362; Nicotinic Acid, 2366; Nicotinamide, 2368; Pyridoxine, 2369; Vita-
min B, 2371; Pantothenic Acid, 2375; Choline, 2376; Biotin, 2879; Inositol, 2380;
Folic Acid, 2381; p-Aminobenzoic Acid, 2383; Ascorbic Acid, 2884.

WATER ANALYSIS

The Purpose of Chemical Analysis, 2388; Sampling of Water, 2391; Order of Analysis
in Laboratory, 2896; Preparation of Common Incidental Reagents, 2896; Physical
and Chemical Determinations, 2398.

WATER: BACTERIOLOGICAL EXAMINATION
Bacteria Indicative of Pollution, 2500; Sampling for Bacterial Tests, 2502; Bacterio-
logical Examinations, 2505; Selected Bibliography, 2517.
WATER: BIOLOGICAL EXAMINATION

Introduction, 2519; Sampling for Biological Examinations, 2523; Examination of
the Sample, 2524; Control of Growths of Plankton in Water, 2539; Summary, 2541;
Selected Bibliography, 2541.

INDEX, 2543









I AL, 7 B SE BEPDFIGE Ui 1H) : www. ertongbook. com


















I AL, 7 B SE BEPDFIGE Ui 1H) : www. ertongbook. com



