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FOREWORD. 

Creosote as a preservative is widely used in this and certain other 
countries, and a considerable number of articles have been published 
from time to time on its chemical, physical, and toxic properties. 
Most of these articles appeared in various technical periodicals, in the 
proceedings of a number of societies, or in the form of Government 
bulletins. It is believed that the presentation of the substance of 
these articles in compact form will be serviceable to those interested 
in the use of creosote for preserving wood. In addition to giving such 
a summary, this bulletin also makes available the hitherto unpub- 
lished results of certain minor investigations and also of an extended 
research conducted at the Forest Products Laboratory at Madison, 
Wis., primarily for the purpose of obtaining a broader knowledge of 
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the variations of creosote with different processes of manufacture. 
The bulletin also presents descriptions of the different methods of 
testing creosotes which have been used or suggested, and particularly 
those now adopted as standard by the various associations interested 
in wood preservation, and gives a discussion of the value of the 
methods of testing. 

The bulletin has been divided into four parts. Part I includes the 
introduction, a description of tars, and an account of the manu- 
facture of creosote. Part II is a presentation for the first time of the 
results of researches by the author and his coworkers in the Forest 
Products Laboratory. Part IiI gives a summary of the chemical, 
physical, and toxic properties of creosotes as a whole. Part IV is 
concerned entirely with methods of testing and specifications. 

The author wishes gratefully to acknowledge the services of Messrs. 
L. E. Cover and J. P. Mehlig, formerly assistant chemists in forest 
products. Much of the routine work described in Part II was done 
by one or the other of these gentlemen. 



PART I. TARS AND THE PRODUCTION OF CREOSOTES FROM 
TARS. 

CHAPTER I. INTRODUCTION AND DEFINITIONS. 

The preservative treatment of wood is widely recognized to be of 
ereat importance, not only in its bearing upon the conservation of our 
forest resources, but also because it is a large factor in reducing the 
annual expense for upkeep in those industries that use large amounts 
of timber under conditions in which it is particularly liable to destruc- 
tion by the lower forms of organized life. The importance of the 
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Fig. 1.—Total material treated (1) by wood preservatives. 

wood-preserving industry is indicated by the diagram (fig. 1), which 
shows the total amount of timber annually treated with preserva- 
tives in this country for the years 1909 to 1919, inclusive. 

DEFINITIONS. 

The term ‘‘creosote,”’ or ‘‘ creosote oil,” has such a wide variation in 
Meaning that all statistics include, in all probability, not only the 
product obtained from the distillation of coal tar, but also mixtures 
of the distillates with crude, refined, or filtered tar, mixtures of 

water-gas tar distillates, and mixtures of coal-tar distillates and 
water-gas tar. It is, therefore, advisable to define the terms that will 

be used in this bulletin. : 
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If the meaning of coal-tar creosote is to be understood, a definition 
of the mother liquors, or tars, from which the creosote is obtained is 
necessary. 

Tar is defined as a nonaqueous, viscous liquid of very complex 
composition produced by the destructive distillation or partial com- 
bustion of organic matter or of minerals containing organic matter. 

Coal tar is the tarry liquid obtained by the destructive distillation 
or partial combustion of bituminous or semibituminous coals. 

High-temperature tar is produced from bituminous or semibitumi- 
nous coal at temperatures so high that it contains principally aro- 
matic hydrocarbons, such as benzene, naphthalene, anthracene, and 
similar substances. It also contains well-defined amounts of pheno- 
loids and tar bases. The conditions for the manufacture of this high- 
temperature tar prevail in the usual gas-house retort and by-product 
coke oven. High-temperature tars are divided into two classes— 
retort tar and coke-oven tar. 

(1) Gas-house or retort tar is a high-temperature coal tar produced 

in a gas-house retort. Three types are recognized and derive their 
names from the typeof retort in which the coaliscoked. (a) Horizontal- 
retort tar is a high-temperature coal tar produced in a horizontal gas- 
house retort; (b) inclined-retort tar is a high-temperature coal tar pro- 
duced in an inclined retort; (c) vertical-retort tar is a high-temperature 

coal tar produced in a vertical retort. 
(2) Coke-oven or by-product tar is a high-temperature coal tar pro- 

duced in a coke oven from bituminous or semibituminous coal. At 
least three classes are made in this country and derive their names 
from the type of oven in which they are produced. (a) Otto tar isa 
high-temperature coal tar produced in the Otto, the United Otto, or 
the Otto-Hoffman coke oven; (6) Semet-Solvay tar is a high-temper- 
ture coal tar produced in a Semet-Solvay oven; (c) Koppers tar is a 
high-temperature coal tar produced in a Koppers coke oven. 

Low-temperature coal tar is produced from bituminous, semibitumi- 
nous, or cannel coal at such low temperatures that it contains hydro- 
carbons, principally of the paraffin or olefin series. It also usually 
contains large amounts of phenoloids and appreciable amounts of tar 
bases. Two general divisions are made—tars produced by destruc- 
tive distillation and producer gas tars. 

(1) Tars produced by destructive distillation include: (a) Cannel 

coal tars produced from cannel coal at relatively low temperatures. 
Cannel coal is in reality a highly bituminous shale, and if this tar is 
included under coal tars, then tars from other bituminous shales 

should also be included. Shale tar is produced from the bitumimous 
shale found in southern Scotland. (6) Lignite tar is the tar produced 
by the distillation of lignite or brown coal. Lunge is the authority 
for the statement that this tar is produced in Kurope for the manu- 
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facture of petroleum products in competition with the natural Amer- 
ican oils. It also contains phenoloids and tar bases. 

(2) Producer tars are those tars which are produced from bitumi- 

nous-or semibituminous coals in the manufacture of producer gas. 
They result from destructive distillation combined with a partial 
combustion of the coal. (a) Blast furnaces using coal are in effect 

practically gas producers. A small amount of tar is produced in 
them, but it is similar in composition to that made in gas producers. 
This tar is known as blast-furnace tar. (b) Mond-producer tar is 

obtained from a Mond producer using bituminous or semibituminous 
coal. Other bituminous-coal producers also yield tars. These are, 
in general, called by the name of the producer, as the Sutherland 
producer tar. 

Oil tars are the tarry fluids reaulting from the destructive decom- 
position or cracking of petroleum oils. Like coal tars, these fluids 
are exceedingly complex mixtures. The character of their hydro- 
carbons depends greatly upon the temperature at which the tars 
were formed. 

' Like the high-temperature coal tars, the high-temperature oul tars 
are very complex mixtures of compounds. The hydrocarbons are 
chiefly of the aromatic series. Benzene, toluene, naphthalene, 
phenanthrene, and methyl anthracene have been found in them; but 
so far as is known no true anthracene has been identified in the 
American oil tars. They are further characterized by the almost 
entire absence of tar acids and tar bases, and this seems to consti- 
tute the chief difference between this type of tars and high-tempera- - 
ture coal tar. 

Water-gas tar is the tar produced from petroleum oil in the carbu- 
reted water-gas machine. This tar is practically the sole represen- 
tative of high-temperature oil tars. Very small amounts of high- 
temperature oil tar are produced by the destructive distillation or 
cracking of petroleum oils in the gas retorts. A sample of such tar 
examined several years ago by the author could not be distinguished 
from water-gas tar and could be distinguished from high-tempera- 
ture coal tar only by its lack of phenoloids and tar bases. 

Low-temperature oil tars are produced in the manufacture of pintsch 
gas and are obtained as a residuum in the distillation of petroleum. 
They are characterized by an almost total absence of aromatic 
hydrocarbons and by a lack of phenoloids and tar bases. No fur- 
ther discussion of this class of tars is necessary for the purposes of 

_ this bulletin. 
The term creosote is properly applied to the phenoloid bodies 

obtained from wood tar after they have been freed from the hydro- 
carbons, and the term is still used in this connection by druggists. 
A secondary meaning for creosote applies to a similar product 
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obtained from coal tar, and, in this respect it means the mixture of 
phenoloids known to the wood preserver as tar acids. 

Creosote oil is the term correctly applied to that portion of wood 
tar or coal tar from which creosote may be obtained by extraction 
with caustic soda and a subsequent neutralization of the aqueous 
liquors with mineral acids. 
Common usage in the wood-preserving industry has led to the 

disuse of the word ‘‘oil” and to the application of the term ‘‘creosote”’ 
to the mother liquor, or crude oil, from which true creosote may be 
obtained. Because of the similarity in other respects between the 
oil obtained from coal tar—that is, the true creosote oil—and that 

obtained from water-gas tar, the term “‘creosote oil” has been applied 
to oils containing no phenoloids whatsoever. In this publication, 
the term ‘‘creosote”’ is applied only to a pure product obtained by 
the distillation of tars, and will be restricted to the oils obtained from 

high-temperature coal and oil tars and to wood tars. They will be 
further defined by the use of some qualifying word or phrase such as 
coal-tar creosote or water-gas tar creosote. All the distilled oils 
(except patented or proprietary articles) will be called oils or dis- 
tillates, and suitably designated to show their derivation. Mixtures 
of distilled oils with their mother liquor or with the mother liquor 
from other distilled oils will be termed tar solutions. More specifi- 
cally, these terms are defined as follows: 

Coal-tar creosote is defined as any and all distillate oils boiling 
between 200° and 400° C., which are obtained from high-temperature 
coal tars by distillation only. The addition or admixture of tars 
from any mixture or source, either refined, filtered, or crude, is not 
permitted under this definition. 

Water-gas-tar creosote is defined as any and all distillate oils boiling 
between 200° and 400° C., which are obtained from water-gas tar 
or other high-temperature oil tars by distillation only. Admixture 
of other materials than those stated above changes the nomen- 
clature. 

Wood-tar creosote is a distillate oil obtained from wood tar. It has 
a specific gravity greater than 1 and distills principally above 170° 
C. at atmospheric pressure. 

Shale oil is the oil obtained from the distillation of shale tar. 
Mond oil is the oil from the distillation of Mond-producer tar. 
Petroleum oil is used in the ordinary meaning, but also includes 

the oil from low-temperature oil tars. 
Retort oil is the distillate above 200° C., obtained from low- 

temperature coal tars produced in the gas retort. It is similar in 
composition to Mond oil. 

— ss 



CHAPTER II. COMPOSITION OF TARS AND METHODS OF MANUFACTURE. 

The character of the tars from which creosotes are made determines 
in the main the character of the creosote. The methods used in pro- 
ducing the oil may have a slight effect upon the character of the 
creosote if the tar contains only small amounts of the “ paraffin’”’ 
bodies, but those methods would not change a low-temperature tar 
to a high-temperature tar. These two classes of tar are determined 
by the methods used in producing the tar itself. A short description 
of the method of manufacturing tar and of the general character of 
the tar as to both its chemical and physical properties is, therefore, 
very essential as a basis for the discussion of creosotes. Tars of all 
descriptions are usually by-products of the manufacture of other 
materials and, consequently, are subject to wide variation, for the 
reason that, as a rule, no attempt is made to control their composi- 
tion other than for the purpose of facilitating their removal. 

COAL TAR. 

Coal tar is obtained by the destructive distillation of bituminous 
orsemibituminous coal. The main products of this reaction are coke 
and gas; the chief by-products, ammonia and tar liquor. Coal is 
generally distilled either for the production of illuminating gas or for 
the production of metallurgical coke. Whichever product is desired, 
the other is usually considered of secondary importance, and all the 
conditions are regulated to give a maximum yield of the highest 
quality of the main product. Whether gas or coke is to be the main 
product, there are differences in the character of the coal used, 
differences in the amount of coal used in each charge, differences in 
the time taken to carbonize, and differences in the temperatures 
used. A few coke plants are so situated that they have a demand 
for gas as well as coke, and in them both materials are principal 
products. Under such conditions slightly different methods of 
operation may be followed. However, the fundamental conditions 
governing the distillation of coal will always apply. 

COMPOSITION AND DESTRUCTIVE DISTILLATION OF COAL. 

Considerable work has been done upon the composition of various 
coals, and perhaps the most simple explanation of the different 

7 
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products obtained from coal is given by Lewes (2),! who considers 

that all coals are composed of— | 
A. Carbon residuum. C. Resin bodies. 
B. Humous bodies. D. Hydrocarbons. 

The proportion in which these four components are mixed can be 
made to account for all the various coals known. He considers, for 
instance, Nottingham coal as made up of A B C D; coking coals in 
general as made up of 3A B C 3D; anthracite as being made up of 
5A 2C. Three of these four constituents, namely, the humous bodies, 

the resin bodies, and the hydrocarbons, when subjected to heat, are 
partially or completely decomposed. The temperature at which this 
decomposition begins is probably between 300° and 400° C. The 
problem of tar formation is, however, complicated by the fact that 
most coal distillation is carried out in a retort or oven heated to ap- 
proximately 1,000° C. This high temperature makes the composi- 
tion of the tar very complicated, as it affords an opportunity for at 
least three different reactions to take place in the same coking cham- 
ber at approximately the same time. The primary reaction is a 
decomposition of the coal into those products which are formed by 
low-temperature distillations; the secondary reaction is a decom- 
position into simple products of some of the more complicated 
products of the primary reaction, and the tertiary reaction consists 
of a recombination of the simple products into aromatic hydrocarbons 
which are stable-at high temperatures. These reactions are going on 
at the same time and may be complete or only partially so, depending 
upon several conditions. The various constituents of coal, according 
to Lewes, yield the primary-reaction products shown in Table 1. 

TABLE 1.—Primary-reaction products of coal. = 

Liquid Soiid 
Gaseous products. eee products. 

HW : Carbon monoxide. .-.....---.----++++-+++-+---2-+- Water. 
umous bodies... - Carbon-diomde=ss33545 eee ere a ee eee Thin tar Free carbon. 

WY ACS) EN 0 Ye en ei a a Baa gk Ue ye ioe = 

Carb OMe ONOX1GG 43. . 000 Soe nee eee ere ee eee j . 
Resin hodies..-...---| Carbon @ioxhde o> 2.0) se ee Gis Lsyssee ones oe fies Pree are 

Ethylene and other unsaturated hydrocarbons. -. nate SORE ° 

Hydrocarbons...... Methane, ethane, and other paraffins............-- Heavy tar....- | ieee Bee 

The primary reaction may give the hydrocarbons shown in Table 
2, all of which have been found in the distillation products of coal 
decomposed at low temperatures. 

1 All italic figures inclosed within parantheses refer to the bibliography, in which numbers are assigned 

to the different articles of literature. 

Ma 
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TaBLE 2.— Hydrocarbons found in the primary-reaction products of the distillation of coal. 

Saturated hydrocarbons. ee | Naphthenes. 

Weta mea Rigel ae Be ete ee Ree great he aN Ethylene CoH, .| Hexahydrobenzene CsHie. 
LSA AL BE aN) 8 CCl pe 0 le ee ae a ay ni Propylene CsH¢ -| 
Bnopanees@stl gee 8 Pn ite em ep ae eae gl Ba Butylene (C,H .| 
“ENSUE IC AN A SB cag ce a se At ms ee Amyiene CsHi.-| 
HRCTULA TC np EL eat AAS ee nara eke ee ona ic Cap Hexylene CsHhio- 
Ox anemia @obhya cet ae mae. Mer eae ee acca oe aes ohare Heptylene C7His. 
Heptane (Ogle Gree eee eae a Riles Glace pee a en RN 

LG Geniy Claas © seg ga ieee ie Cerne ee ye cater ea 
Monane Cy) HH State meta ios tela ola’ sieve a Ske Salata overdue sua crer ole eile teas 

Deca eray Cioltoos ee cic eerie Me este ec een ane eee 
POSSI blypieparanni se. <n pte ere peptic tae eee otavrrs ee 

All these hydrocarbons, both gaseous and liquid, are similar to 

what we obtain from crude petroleum. In addition to the above, 
the oxygen in the coal is probably in a large measure converted into 
oxides of carbon and phenols, as we find these materials in great 
abundance in low-temperature ‘tars. All of the products of the 
primary reaction, with the exception of the gaseous carbon monoxide, 
carbon dioxide, methane, and ethane, will undergo decomposition at 
somewhat higher temperatures into more simple hydrocarbons 
with a production of the permanent gases, methane, ethane, ethylene, 
acetylene, and hydrogen. This is the secondary reaction. The 
products of the secondary reaction probably contain compounds 
having three carbon atoms or less, with the exception of possibly 
small amounts of benzene and xylene, which result from the decom- 
position of the naphthenes. We should expect that this phase of 
the reaction would produce chiefly hydrogen; the saturated hydro- 
carbons—methane, ethane, and possibly propane; and the unsatu- 
rated hydrocarbons—ethylene, propylene, acetylene, and amylene. 
All of these, as well as different members of the acetylene series, have 
been identified as products of the distillation of coal. If the gas 
maker could so arrange his distillation that only the first and second 
reactions would take place, it would probably be a very satisfactory 
arrangement for him. In order, however, to heat the coal hot 
enough all the way through to induce a secondary reaction as nearly 
complete as possible, it is necessary to superheat the retorts or ovens, 
and, as a result, a third reaction may and does take place. 

The tertiary reaction consists in building up more complex but 
more stable compounds from the more simple ones. This reaction 
is often accompanied by the elimination of hydrogen. The hydro- 
carbons formed are those classed by the chemist as aromatic hydro- 
carbons, and they differ from the paraffin hydrocarbons in containing 
less hydrogen per carbon atom, in the arrangement of the carbon 
atoms themselves, in their chemical reactions, and in their resistance 

_to heat. The aromatic hydrocarbons may be subdivided into a 
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large number of different groups, of which those shown in the dia- 
gram may be considered the simplest members of a few typical groups: 

All of these compounds except naphthanthracene have been posi- 
tively identified in coal tar, and very probably that one is present 
also. Many more combinations and structures are, of course, possi- 
ble, for which the reader is referred to Beilstein’s Organische Chemie. 
The general course of these reactions is probably somewhat as fol- 
lows: Three acetylenes, C,H,, combine to form benzene, C,H,; 2 ben- 

zenes unite to form diphenyl with the elimination of hydrogen; 1 
benzene and 2 acetylenes combine to form naphthalene; 2 benzenes 
and 1 acetylene combine to form phenanthrene or anthracene; 1 ben- 
zene, 1 naphthalene, and 1 acetylene combine to form either chrysene 

ornaphthanthracene. These reactions may take place in this manner 

Baca 
é #H A pee Wa 

a eee Oipheny/ f | | | 

Benzene 4 c CH 

Sg idle pesaa tale OR Stiinta oe 
(S 

é a H 

H “4 , he > 
or 

3 eae 1 LEAN 
Nophthalena fi f Phang inerse if | bs 

C4 HC € CH Py ea ries 
ae Nes hes 

Cc E H Guna 
pestheopy, Eh gt Hu if \ 

ad! oN EA ue DL 
ee | i l Chrysene | | | | | 

“ SC - AC. c c cH 
/4 0 HC c Cc CH pes 

ne ete NA ee 
GS G (F ied Hf A 
Hf H Ay H H H 

CL Nae es 
zd ae Cc me Sots Pees 

Noprhonthrocene Pe L | | | ] 
Miers c c c CH a VES: 

be He ee 

or through various intermediate stages. Part of these reactions, at 
least, have been carried out on a laboratory scale; others have fol- 
lowed the same general course, but have taken two or more stages 
in which to accomplish the final result. 
From the above it is evident that, on the one hand, coal tars may 

be obtained containing large amounts of paraffins if the secondary 
and tertiary reactions are kept at a minimum; or, on the other hand, 

tars containing a predominance of aromatic hydrocarbons if the sec- 
ondary and tertiary reactions are complete or nearly so. All stages 
of coal tars are known, from paraffin tars produced at low tempera- 
tures to aromatic tars produced at high temperatures. The tars 
generally used for the production of coal-tar creosote are those pro- 
duced at high temperatures, but they may, under certain conditions, 
contain low-temperature tars. These reactions are governed by the 
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temperature of the gases, and this in turn is governed by the tem- 

perature of the retort and the time of contact of the gases with the 
heated walls. The time of contact of the gases with the walls is 
governed to some extent by the type of retort or oven used and the 
manner in which it is filled. 

APPARATUS USED IN THE PRODUCTION OF COAL TAR. 

As indicated before, high-temperature coal tar results in connection 
with the production both of illuminating gas and of coke. The 
apparatus and methods used, although they involve the same general 
reactions, differ in the following respects: First, the coals are different. 
In general, gas coal contains from 30 to 40 per cent of volatile matter, 
while the coal used for the production of coke contains from 15 to 25 
per cent of volatile matter. Second, the sizes of the coking chambers 
are different. The capacity of the gas retort is measured by the 
hundredweight of coal per charge; the capacity of the coke oven is 
measured by the ton. The time of coking in gas-house practice may 
vary from 6 to 12 hours; in coke ovens it may vary from 24 to 60 
hours. 

There are three different types of gas benches used in this country, 
each type in general having several different subdivisions. The 
three types receive their names from the position of the retort itself 
They are the horizontal retort, the inclined retort, and the vertical 
retort. 

Horizontal-retort benches —Horizontal retorts have a cross-section 
similar to the letter D laid on the flat side, and are about 18 inches 

wide and 15 inches high. They may be 6 to 18 feet long. The retort 
may be heated by direct coal fire, as in the older systems; or by 
producer gas, as in the more modern types. The coal may be charged 
by hand, sometimes by shovel, sometimes by a specially constructed 
trough or scoop; or by machinery, a retort known as the “through 
retort”? having come largely into use. Figures 2 and 3 show views 
of a bench of machine-charged retorts. The hand-charged retort is 
usually filled about 6 inches in depth with coal, but it is possible to 
fill the machine-charged retort 12 inches deep. It has been shown 
by Lewes (2) that in the conditions first described the gas formed at 
the bottom of the retort rises through the charge and escapes from 
the retort chiefly through the space above the coal, and that it must 
of necessity come in very close contact with the heated walls of the 
retort. This almost assures a complete tertiary reaction. On the 
other hand, if the retort is filled, as it is possible for it to be with 
machine charging, the gas may escape largely through the center of 
the charge, which is cooler, and there may not be so complete a 
tertiary reaction. The tar would then not be composed entirely of 
aromatic hydrocarbons. Another factor that may enter into the 

\ 
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FiG. 2.—Cross-sectional view of bench of machine-charged horizontal 

retorts. 

Fig. 3.—Longitudinal view of bench of machine-charged horizontal] retorts. 

. a 
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composition of tar is the relation of the equipment at the gas plant 
to the demand for gas. The most efficient manner of operating any 
plant is not always the most expedient. ,During the war, when it 
was hard or impossible to obtain machinery, and at the same time 
the demand for the manufactured products was great, by shortening 
the time of coking and not attempting to remove all the gas, it was 
then found possible to increase the output of a given equipment to a 
considerable extent. Under such conditions the tar would be pro- 
duced at a lower average temperature and hence the paraffin content 
would be higher. | 

Inclined-retort benches.—In the inclined-retort system the retorts 
are set at an angle which is as near as possible to the angle of recline 
of coal. This is in the neighborhood of 30 degrees. Coal is charged 
by gravity at the upper end of the retort, and under ideal conditions 
fills the retort to an even depth for its full length. This condition is 

_ not always realized in practice, and not infrequently a considerable 
amount of unburned coal is found near the lower door, while the upper 
part of the retort is nearly bare. This results in the tar containing 
high amounts of paraffin. At the present time the use of this system 
is not extending in this country. 

Vertical-retort benches—The fact that much space in textbooks is 
being devoted to the vertical retort would seem to indicate that in 
time this type of retort may replace the horizontal for gas-making 
purposes. The retorts are oval in cross-section and slightly larger 

at the bottom than at the top. The coal is charged and the coke 
extracted by gravity. For this reason the coal completely fills the 
cross-section of the retort. The escaping gases are, therefore, 
forced to travel chiefly through the cool core of uncarbonized coal. 
The resulting tars contain considerable amounts of paraffin bodies. 
In general, the specific gravity of tars from vertical retorts is less than 
that of tars from horizontal rerorts. | 

By-product coke ovens—There are several types of by-product 
coke ovens in this country, but by far the greater proportion of them 
belongs to one or another of three systems. These systems differ 

from each other in several ways, as in methods of heating, in methods 

of regeneration of heat, and in methods of recovery of by-products, 
but the general principle underlying the manufacture of coke is the 
same as that used in retort practice. 

The three principal systems are the Otto system, with its various 
modifications, the Semet-Solvay system, and the Koppers system. 
Figures 4, 5, 6, 7, and 8 show views of these three types of oven. 

By-product coke ovens are, in general, long, rectangular ovens which 
may vary in height from 3 to 9 feet and may be as long as 35 feet. 
The width of the oven, however, varies within narrow limits, being 

17 to 19 inches. Inasmuch as coke ovens are generally erected in 
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Fig. 4.—Longitudinal view of Otto-Hoffman (old style) coke ovens. 
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Fic. 6.—Cross-sectional and longitudinal views of Semet-Solvay coke oven. 
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Fig. 7.—Longitudinal view of Koppers coke ovens. 
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batteries of 50 or more, side by side, there is but little chance to 
modify the method of heating. AJl of the ovens in this country, with 
the exception of the Semet-Solvay oven, heat the coking chamber by 
gas burned in vertical flues at the side of the chamber. The Semet- 
Solvay oven heats the coking chamber by gas burned in horizontal 
flues. 

WATER-GAS TAR. 

Water-gas tar is produced in the manufacture of carbureted water 
gas. This gas is produced in a machine known as a “ water-gas set.” 
It consists of three principal parts—a generator in which the true 
water gas is produced; a carburetor consisting principally of checker 

Fig. 8.—Cross-sectional view of Koppers coke ovens. 

brick on which petroleum oil is sprayed in, order to render the water 
gas of value for illuminating purposes; and a superheater, also of 
checker brick, in which the gases formed in the carburetor are fixed 
and made permanent. In operation the generator is filled to a 
suitable level with coke or anthracite coal. This is rendered incan- 
descent by blowing through it air under pressure, the products of 
combustion passing through the carburetor, where they meet a 
secondary air supply and are completely burned in the carburetor 
and superheater. The gases passing from the superheater are allowed 
to escape in the stack and are lost, as they contain no material of 
heating value, and are used to obtain the proper temperature in the 
set. When the superheater and the rest of the water-gas set are of 
the proper temperature, the blowing is interrupted momentarily 
until the valves leading to the gas holder can be opened and the 
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escape valve closed. Steam is then blown through the coke bed, 
water gas being produced according to the equation C+ H,O =CO + H.. 
As this gas enters the carburetor, gas oil obtained from petroleum is 
sprayed on the checker brick and cracked to permanent gases. This 

_ eracking and fixing of the gases is continued in the superheater. 
The gas, as it leaves the superheater, passes through condensers and 
scrubbers, where the tar is removed. The run with steam is con- 

tinued until the temperature drops below a fixed point. This opera- 
tion is then stopped, and the temperature is again raised by blowing. 
Table 3 shows a satisfactory set of operating conditions. 

TABLE 3.—Operating conditions in the water-gas set (+4). 

SUAS HE TSS SB et ge RS ee ea eR na NN 8 feet 6 inches. 

iNTOa Ol OTA HEy : oe ree Mee OE Denes eee A ae 33.2 square feet. 
He Se ict yee ign es eee i Oe tera Oven coke. 
Oilbtised eo NO a MU A i Lima gas oil. 
Temperature at base of superheater..................-- 1,461° F. 

is Temperature at top of superheater...................-- 1,300° F. 
benoit ol plow aac eee yc mite rs = eae nals 3 minutes. 
enothtor casimakerems rac. os 7s Sr eee Ga 4 minutes. 

No tar is produced in the water-gas reaction itself, but is all obtained 
as a result of the cracking of petroleum oil. The same discussion 
which applied to the reactions taking place in coal-tar production 
apply equally well in this connection if we consider that the primary 
reaction as given under coal tar has already been performed by 
nature in the production, of petroleum oil. Here again, as in pro- 
ducing coal gas, a gas manufacturer would prefer to have no Tertiary 
reaction; but, in the attempt to obtain a secondary reaction as com- 
plete as possible, some Tertiary products are formed. The presence 
of paraffin hydrocarbons in water-gas tar shows that, from the gas 
maker’s point of view, a waste has resulted from insufficient cracking 
and the presence of aromatic tars shows a decrease in illuminating 
value on account of a recombination of some of the illuminants. 
The gas maker desires to obtain as small an amount of highly aro- 
matic tar as possible with complete cracking of the oil. The presence 
of the large amount of hydrogen in water gas probably suppresses to 
ome extent the Tertiary reaction which would normally be obtained 
y cracking petroleum in the presence of its own decomposition 
ypors, as is done in the manufacture of Pintsch and Blau gas; but 

 e effect of this suppression would be no greater than a similar effect 
uch must take place in coal gas, for the latter contains more 

_, drogen than does water gas. 
The yield of tar depends, therefore, upon the completeness of 

cracking of the oil, which, in turn, is dependent upon the temperature 
to which the oil vapors are brought and the character of the oil used. 
Table 4 gives a comparative yield of water-gas tar from different oils. 

75536°—22——2 
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TABLE 4.—Comparative wield of water-gas tar from different oils. 

Mixture contains— 
| Volume 

, of tar 

Class of oil. Base. produced. 

; Per cent. 
INapRGhaSe sess os 0 ee ae ees Parailin 65222 223 -. fea So ee ly 2 tow4 
GasvolSes: £. aw ase ase Eee ee ee eee 0S SoS Ee eee eee 6 to 10 
Grade Gils. is. c 2 a 152k eee a a 00: sna tn as eek ee ee | 8tol2 
(GAS OUS eer te. Se eee ee ee eee JAS phaltic £2225 233s BSS EP ee ee ee ORO 
CHIGCIOUS Hes) 6 ee ee ee ee fea CO ses See ee ee eae Se Drees | 12to18 

PRODUCTION OF TAR IN THE UNITED STATES. 

The figures given in Table 5 show the number of gallons of coal tar 
produced in the United States since 1904: 

TABLE 5.—Production of coal tar in the United States. 

Year. Retort tar. By-product tar. 

1904 41, 726;970(5) 27, 771, 115(5) 
1908 58, 541, 220(5) 42, 720,009(5) 
1912 40, 489, 855(4) 94,306, 583(6) 
1915 47,863,192(7) | 138, 414, 601(7) 
a 53,318, 413(7) | 221,999, 264(7) 

No direct figures are available on the amount of tar produced by 
each type of retort or coke oven throughout this period. Some 
general idea may, however, be obtained from the following list of 
coke ovens in existence at the end of 1917: (8.) 

Koppelss oss 2. Sees Ree 3, 0/4.) Roth bers 2 ese eee 281 
Semet-solvay 2 SSeS S S 183i Roberts: et eet 36 

dnited: Otio 25+ < Ss. 232s 2; 032.4 Didier”; 2..: S<<i. ot ee ee 150 

pron: Rapa teat care Bee pes hi etal A 7,869 as INACHINOLY, “oka - ee ce 60 a 
RG ee SE eae oe 7 | edie == sash oe eee ee d71 

The amount of water-gas tar produced and sold in this country as 
given by the United States Geological Survey is shown in Table 6: 

TABLE 6.—Production of water-gas tar in the United States.' 

Produced and 
Year. Sri 

Gallons. 
1905 9, 230, 411(9) 
1908 9,168, 834(5) 
1912 | 34,000, 000(6) 
1915 51,381, 911(7) 
1917 59, 533, 208(7) 

1 Fulweiler (56) gives the production of water-gas tar in 1918 as approximately 70,000,000 gallons; in 1919, 
75,000,000 gallons; and in 1920, 80,000,000 gallons. 

7 ee TT NY i. 
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CHAPTER III. PRODUCTION OF CREOSOTE FROM TARS. 

In commercial practice creosote is to a considerable extent a by- 
product of the manufacture of other materials. The details of the 
process, therefore, vary somewhat with the end product obtained. 
The process of manufacturing creosote consists, essentially, of the 

distillation of the tar and is in general the same, no matter what 
the end products may be. 

The size and shape of the stills used for the purpose of commercial 
distillation vary somewhat according to the needs of the producer. 
In England and Germany, according to Lunge (10) and Warnes (1/1), 
the vertical still with a concave-upward bottom is preferred. Figure 
9, taken from Lunge’s Coal Tar and Ammonia, shows a cross-section 
of a 25-ton vertical still. Many stills of this general design are used . 
in this country, but the horizontal still is more common. Figure 10 
shows a battery of horizontal stills in use in this country. 

The stills are filled to the proper level with crude or settled tar, 
preferably already heated by means of a preheater, and a slow fire is 
started under the still. In the early stages of the distillation extreme 
caution must be exercised, because most coal tar contains water, which 

can not readily be separated by standing. Too rapid heating will 
cause foaming or priming, with a loss of nearly the entire contents, 
unless the priming can be controlled. 

In the United States it seems to be considered good practice to 
stir the contents of the still by using either air or steam, the former 
being preferred. This stirring aids in the prevention of foaming 
over during the early part of the distillation and results in a more 
rapid distillation when it is produced during the latter part of the 
process. A slight chemical reaction is also probably obtained. In 
Kurope it is customary to inject steam into the still during the dis- 
tillation of the anthracene oil. The number and graduation of 
fractions taken from coal tar depend largely on the markets for the 
various products. Warnes (//), an English writer, states that by far 
the greatest amount of tar distilled is divided into the following 
fractions: Crude naphtha, light oil, carbolic oil, creosote oil, anthra- 

cene or “green oil,” and pitch. Lunge (/0), in general, makes the 
same separation and gives the followimg temperatures as the cutting 
points of the various fractions: 

Crude naphtha. ..... Up to 105° or 110° C. 
Pishtrous— 23-222. From crude naphtha up to 165° or 210° C. 
Carbolic oils 222... From light oil to 230° or 240° C. 

Creosote oil.......... From carbolic oil to 270° C. 

Anthracene oil... ..- Above 270° C. 
19 
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ss-sectional view of European tar still. (Taken from Lunge’s “Coal tar and Ammonia.” 

Fic. 10.—Battery of American tar stills and plant. 



COAL-TAR AND WATER-GAS TAR CREOSOTES, 21 

In this country there is little demand for either carbolic oil or 
anthracene oil. In general, therefore, these fractions are included 

in the creosote oil, and for the most part only three fractions are 
taken, namely, light oil, up to 200° or 210° C.; creosote oil, up to 
pitch; and pitch. The distillation is not carried so far as it is in 
Kurope, but is run only to soft pitch. It is, therefore, expected that 
American oils will, in general, be somewhat lighter in specific gravity 
than the European oils, because the carbolic oils are usually included, 
and the distillation is not carried to so high a temperature. 

It sometimes happens, however, when the demand for pitch is not 
very great, or when a special oil is desired, that the tar is distilled 
until only coke remains in the still. The coke, which is a very pure 
carbon, finds a sale for purposes similar to those for which retort 
carbon is used. The creosote, in consequence of the high temperature 

~used in this distillation, is very high boiling and has a high specific 
gravity. There are at least two plants in this country which make 
special oils in this way. 

Creosote oil, as it appears on the market, is not always a product 
obtained by the straight distillation of tar. It is frequently mixed 
with other products of coal tar, which are not of any value in other 
industries. For instance, the oil obtained by pressing the anthracene 
cake frequently finds its way to the creosote-oil tank, as does also the 
phenanthrene which results from the purification of the anthracene 
cake. The high-boiling oils known as carbolineums are, essentially 
expressed, “‘anthracene oils.” In this country, tar is sometimes 
added to light creosote oils to raise their gravity. This tar may be 
either water-gas tar or low-carbon coal tar. The light creosote oils 
are sometimes redistilled, to remove part of the light oil and naph- 
thalene and thus produce an oil that will fulfill specifications otherwise 
not met by the total distillate. 

The amount of material classed under ‘‘creosote” that was pro- 
duced, imported, and used in this country is shown by Table 7, 
covering the last nine years. These figures include not only straight 
distilled products of coal tar, but, in all probability, water-gas-tar 
creosotes, mixtures of water-gas-tar creosotes and coal-tar creosotes, 
and mixtures of either or both with coal tar, either refined, filtered, 
or crude, as well as mixtures of either or both with water-gas tar. 
No estimate of the amount of these mixtures can be made. 
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TABLE 7.—Relative quantities of domestic and imported creosotes used by the treating 
plants of the United States, 1909 to 1918 (1). 

| 

Year Total Domestic Percent | Imported Per cent 
* | ereosote us'ed. creosote. of total. creosote. | oftotal. 

| 

Gallons. Gallons. Gallons. 
1909 51, 4.26, 212 13, 862, 171 27 37, 569, 041 73 
1910 63, 266, 271 18, 184, 355 29 45, 081, 916 71 
1911 73, 027, 335 21, 510, 629 29 51, 516, 706 (pl 
1912 83, 666, 490 31, 135, 195 37 52, 531, 295 63 
1913 108, 373, 359 41, 700, 167 38 66, 673, 192 62 
1914 79, 334, 606 28, 026, 870 35 51, 307, 736 65 
1915 80, 859, 442 1 43, 358, 4385 54 37, 501, 007 46 
1916 90, 404, 749 2 46, 754, 818 52 43, 649, 931 48 
1917 75, 541, 737 3 57, 282, 596 76 18, 259, 141 24 
1918 52, 776, 386 4 50, 610, 650 96 2, 165, 736 4 

1 41,333,890 gallons coal-tar creosote and 2,024,545 gallons water-gas tar. 
2 45,318,735 gallons coal-tar creosote and 1,436,083 gallons water-gas tar. 
3 54,305,204 gallons coal-tar creosote and 2,977,392 gallons water-gas tar. 
4 47,787,998 gallons coal-tar creosote and 2,822,652 gallons water-gas tar. 



PART II]. EXPERIMENTAL COMPARISON OF AUTHENTIC 
SPECIMENS OF CREOSOTE. 

CHAPTER I. COLLECTING AND TESTING THE SPECIMENS OF CREOSOTE. 

In the early part of 1911 experiments were begun at the Forest 
Products Laboratory for the purpose of obtaining data on the 
chemical and physical properties of authentic coal-tar and water-— 
gas-tar creosotes in order to check up the results previously obtained 
by the laboratory, and also of determining how wide a variation in 
these properties may be expected from the different retorts or ovens 
under various conditions of heating and with the different kinds of 
coal used. At the time the experiments were begun the latest 
available figures for the production of tar were the following: 

Gallons. 

Gas-nOuUse bar NOUS" tse ogee tN. ees eee ee Oe, 58, 541, 000 
Coke-aven tare 1 G04) SAG a Ue ANE See A ee): 60, 126, 000 

Wictter-cas:tats MOOSE eae 2 RA eat oer ee ee. ee 14, 700, 000 

The production of gas-house tar and that of coke-oven tar were, 
therefore, about equal, and the water-gas tar produced was about 
one-fourth of the product of the gas-house industry. 

MATERIAL USED. 

In collecting the samples of coal tar for this work the following 
points were taken into consideration: First, the type of retort or by- 
product oven employed; second, the kind of coal used; third, the 
temperature of coking. Circular letters were sent out to all the gas 
plants in this country that were manufacturing over 20,000,000 cubic 
feet of coal gas a year, asking for information on these points. Over 
75 per cent of the companies replied. Of a total of 91 gas houses 
using coal, 82 used the horizontal retort, 7 the inclined retort, and 

2 the vertical retort. Westmoreland coal was used by 19 of these, 
Youghiogheny by 35, Alabama by 7, Tennessee by 2, and the re- 
mainder were using mixtures of coal from different localities, chiefly 
mixtures of Westmoreland, Youghiogheny, and West Virginia, with 

other coals. Very few replies were made concerning the tempera- 
ture, except in such terms as white, orange, cherry, and red heat. 
In the few instances given, the temperatures ranged from 1,800° F. 
(982° C.) to 2,700° F. (1,482° C.). 

In view of the predominance of Youghiogheny and Westmoreland 
coal in the gas-house industry, it was decided to take six samples of 

23 



24 BULLETIN 1036, U. S. DEPARTMENT OF AGRICULTURE. 

tar from Youghiogheny and five from Westmoreland. In addition, 
three samples were taken from plants using Alabama coal and three 
from plants using mixed coal in the horizontal retorts. Certain 
earlier investigations at the Forest Products Laboratory had shown 
that the tar produced from at least one inclined-retort plant had 
certain peculiarities which at the time put it under the suspicion of 
haying been contaminated with other tars. For this reason it 
seemed desirable to visit as many of these plants as could be con- 
veniently reached and determine whether these differences in proper- 
ties were peculiar to the one plant or whether they were character- 
istic of inclined-retort tar. Six samples of this tar were collected. 
At the time of the collection only two plants were using the vertical 
retort, and one of these was not in active operation. Therefore, only 
one sample of vertical-retort tar was taken. Approximately one- 
half of the by-product coke-oven plants then existing were visited. 
They included six Semet-Solvay, five Otto or Otto-Hoffman, and one 
Koppers oven plant. 

Table 8 shows the maximum temperature at which the coal was 
coked, and the specific gravity and free-carbon content of the tar 
produced by the different types of oven, as determined by the Office 
of Public Roads in 1912. 

TABLE 8.—S pecific gravity and free-carbon content of various coke-oven tars. 

| Maximum |Specific’ Free- || | Maximum | specific Free- 
| | : 
| temperature |gravity carbon || z } temperature gravity carbon 

Type ofoven. | of coal oftarat  con- || Type of oven. of coal of tar at) con- 
| (°C.). | 25°C. | tent. || | (@C). | 25°C. | tent. 

Koppers:=-. =.=: Side 1,388} 1.171 3.89 || Otto-Hoffmann....| 1,200 | 1.160 13. 94 
Ol 2S. 2c PS SSeS 880 to 950 1. 169 2.73 4) Doss 1,000 1.214 | 14 05 

Semet-Solvay-.--..-- | 950to 1,150} 1.195 | 7. 76 || DOS Tse Noe 1.143 | 10.81 
Mos tetas...) | 950 to 1,150 | 1. 206 8.77 || Dass 1,111 | 1.160 8. 37 
DOs es) | 950 to 1, 150 1.176 7.14 || United Otte=.<-<.: 1,444 1.191 7.89 
Poet Eee ae | 950t0 1,150} 1.168 6. 10 || Do eee 1,222 | 1,179 8. 49 
We ee ae 950 to 1,150 | 1.173 4.71 [DY eee a jy ie ea SS 5. 21 
DOs. 2 = Ps | 950t01,150| 1.191 7. 49 || DOES ee 1,222 | 1.176 10. 53 
i Ly ere ee 950 to 1,150] 1.169 6. 56 D0. 3 ie ee alan ee |}. 1.195 12.18 
iD) ee eee 950 to 1,150] 1.159 6.07 || United Otto and | 
i De oe eee 950 to 1, 150 1.181 8. 85 Otto-Hoffmann..} 833t01,055 1.182 11. 30 
ie fh es | 950t0 1,150 | 1.159 5.05 De tise 1,111} 1,211 12. 40 
WOOP ec | 950to01,150 | 1.141 3.96 || United Otto and | 
cE ee ee es ee | 950t0 1,150} 1.175 6. 90 Rothberg ++ -=22. | 1,000 1.210) 16.80 

it 

Attention is particularly directed to the low carbon content 
these tars. Of the 26 listed, only 8 have more than 10 per cent. 
A total of 36 specimens of coal tar reached the Forest Produ: 

Laboratory in good condition. Three specimens were lost throu’ 
leakage in transit. Table 9 gives the type of retort or oven frc 
which the specimen tars were obtained, the kind of coal used, and « 

rough measure of the temperature used in coking. The tempera- 
tures shown for by-product tar were those given in Circular 97 of 
the Office of Public Roads for the same plants. For the most part 

: 
? 
2 
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the coals used in by-product ovens were a mixture of two or more 
coals, as is customary in this industry. ! 

These samples were collected from the States of Rhode Island, 
Massachusetts, Connecticut, New York, Pennsylvania, Delaware, 

, Maryland, Ohio, Illinois, Missouri, Wisconsin, and Alabama. They 

represent fairly this country’s total production of coal tar. 

TABLE 9.—Coal tars used in experimental work. 

Tar 
ua Kind of retort or oven. Kind of coal. Temperature. 

er. | 

1G SElorizontalinetontne -= se ees iIbYoughioghenys--262 9-55-22 White to cherry. 
25 Se oor C0 KO eee es operate te tHe ahaa meh er cee aes COE ae a eee Cherry. a 
3 keene GOs eee SE ai oe ee perenne Pass eae GORA eae ete Do. 
coal Pe OR PE eg AMES a rts ENS ay pees CLO Ae ee sa Do 
OR ae OS fee er, a 8 ee nee ee Re Gone ste oer Orange 

» @Qileseae CKO ees Sieh gts ok ean ey eee ayn tat aay ae GOSS S case eer ne Cherry 
Weleeisioe ORS ee ioe eee Nas ee VEST IM OLCLaII des as) utes wie sek Red. 
Srleesas COS ee aoe eee Ses ON ab a eel atale (6 oan Nees aR ioe eS Cherry. 
Orisa ess CORE ee are ea teen ecg se CO eee en se Sages Do. 

NO) | eee Oe aes fy Vs See a ee ae ey (ONO arse Ne Ole ae el eas UT Oy Ses White. 
WEE Ses OA es a is Na ee SSS Aeneas eh rea et aS oe LO eae el Sa eee eee White to Cherry 
Oy ea aes Goss oe aes ea sere: Aa ba ayes erie eke ato cera a2 Orange. 
SP Recs (OKO) ag i OR ae ee ome ey Sy (Act ne (CNG Mean ae an rena a Do. 
DAS sacks GOES Hes ees EET Sed He Se Fe IN [ib CeXo Le MRR Seen a ad ee Se Cherry 
US een CG NO) 5am AN i SN eee a, veg pre C6 Oy ek yen ens eam OA ga Aa Orange 
1G soos GOES ARE ite rsemeien oy, Epes. Ohare Tere OKO a Rea Ser eM ern cee ey Re 
7a eli Claimed Fe tOnuaes sc ey ee ee Westmoreland: i. eee ee Cherry 
Re ieee OXON Sack 2 ee eee aa roe aa eh ae ee wee GOERS eS o geot arr a ee te) 
1K) deere COLO aes pes ree et px cece A lg ROLE ree a LO ei hee adr ee Do 
200. GO FRE eae eee ee eck eee Wee poled CO aee Eee ey eek a) Be Orange 
PA ers CG KO es SO a ee oa ae a eat MSOC SEE eeyE pac pie eee sen eae Cherry 
paella OSs epee ee Gabe ee SEER. SIS Shes (Soh ee Oe ne les Bearer O 
23m|) Wenbicall RevOnuere ee eee Weestmorelandie: .5) 0228. 2s- Do. 
243 OFLOOV CMe erie = shee Pie oe hee ee eh INF TV CRI ee ase ee ea Sapor ys 1,100 to 1,300° C. 
Zt | seers OEE his pean ee in ET eI: os ae Naimnmouieeee esse seen 
2G; e2 ves Oct c yee oe ea BO Ree ee ee di Wb-<{eYo bias en eRe eS Ae ee ae ene 
PATA Waser CLO ect Geen eh Sg ea ee CC Oye Ss ae eS a ea alias Fr 
28 ices CLO gE ee ar ares es Yh i aera Ovens MS Dah ee een es 
7D) || SOWCISO MEN sca Ss oeececedeeseuodenccoar Westmorelandana Pocahontas 
0) |e eeae COS ae ee a ere sek MKC Sig ORR We Ae ei tee 

f oh le tee ee CORD el nr SES Sa SSA sea a er alee lore ae OS errata re eyereiereiniete cine ine 

i 1a Wee ee GOs ee Ee, Pee eye aan Bele IWieStEV neice 2 Sass epi o: 
: a3} leGece Oa hee ee) yam ern ee, ae IMEC Eee ores ate ee peat ae 

BAL ea te (6 (Oya ies pet Sa Nae a ers mS a ett oe Alabama ts ss eee ess ake 
SOR PROP DELSsat ae eee ee ss ose Sons peciee ime cledinee 0 OV ease sa ge ag RE 

The samples of water-gas tar were taken for the most part at 
plants making both water gas and coal gas, but a number were col- 
lected from plants using only the water-gas process. They were 

‘ taken from the same States as the coal-tar samples, and fairly repre- 
sent the production of this kind of tar east of the Mississippi River, 
f not of the whole country. Table 10 indicates the number of the 
vater-gas tars, the kind of oil used, the temperature regulation, and 

vhether the plant manufactures coal gas also. 
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TABLE 10.— Water-gas tars used in experimental work. 

Tar Plant man- 
Kind of oil : ufactures qu used: Temperature regulation. coal gas 

: also 

SR GaS eee Noes. Ssca Se eae No 
erat oe Oak See dO Sa ee eee NO. 

39) |Sasee (6 Kos en 2 | eee GOs Fs ees Yes 
40 s)=eee GOr ae 8 |e eee GOs SSSA ie ee - Yes 
A oer ee Gores eee GOR Sara eee Yes 
BON ae (OV) serge lie ge Re ate tok aly Tuk on, Si Yes 
ASHE Spt Gos Sedo eee ee a Yes 

asses dows ves, 360° to 1,400° F.) Yes 
NS le nece GOte Ss [ENR SiS oF oe Ee ais Yes 
AG er Site: do. ¥es (1,350° to 1,400° F.) Yes 
ATG see GOs FF ISN Ofer ee (a) 
ASI eNee GOL fas eee Oe ere an ee en No 
AQ S| 5.22 Se Gossn=s Yes ie 300° to 1,400° F.) No 
SON eae COD Sor rd Oe Set a ren ie tee No 
5 eee AOS ass ae Be oe ope eens Sista tee no 2 Yes 
52a eee G0: e426 | UNO Sone Se or eae No. 
RB eGo dose. Yes (1,300° to 1,400° F.) Yes 

peers OL eit eas ae Aros BeeMe al EES 

The apparatus used for distilling the tars is shown in figure 11, 
The still proper, A, consists of an ordinary 2-gallon cast-iron pot 
still with a wide top clamped gas-tight. This still was mounted in 
an iron framework and suitably shielded with asbestos boards. It 
was tapped at the bottom, and a connection made with 4}-inch gas’ 
pipes, B, to permit the entrance of more tar and to serve as an inlet 

for air. This pipe was also provided with a union, so that after 
distillation the upright part could be turned down: and serve as an 
exit for the molten pitch. The gooseneck on the still was changed 
somewhat, in order to admit of the use of a thermometer 7’, and also 

to provide for a peep sight P, at the top of the still. In making the 
peep sight, two pieces of brass tubing were threaded to fit a ?-imch 
cross. In the threaded ends of these tubes were cemented two pieces 
of glass tubing containing a flattened bulb at the end. When the 
brass tubes were inserted in their proper places, the two glass surfaces 
were from one-fourth to one-half inch apart. This peep sight pro- 
vided an indication as to the working of the still. One of the greatest 
difficulties encountered in the distillation of the tar was the frothing 
over of the still caused by the presence of moisture. When this 
occurred, the peep sight was blackened, and the operator had a 
fraction of a second in which to turn off the gas and air and adjust 
the three-way cock EH, to catch the undistilled tar in a separate 
container, so that it could be returned to the still by means of a 
separatory funnel F’, at the top of the inlet tube. It was found by 
experiment that the easiest way to distil coal tar was to use at the 
start only one-half of the amount of material for a full charge, and 
by careful heating and by stirring with air to raise the temperature, 
as recorded by the thermometer at T, to about 110° C., and not 
above 120° C. When this point was reached, the rest of the tar for a 
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fuli charge was admitted along with air in a slow stream. through 
the separatory funnel /#’. In this way only very small quantities of 
water were present at one time ini the still, and the slow drying that 
would otherwise be necessary was avoided and at the same time the 
danger from frothing was eliminated. Air-cooled glass condensers D 
were used throughout the work, but they were supplemented by a 
water-cooled reflux condenser R at the receiver during the early 
-stages of the distillation. The apparatus could be used for distilla- 
tion in a stream of air, or without air, or with steam, as the case 
might require, and could be changed from one system to another 
during the distillation. 

APPARATUS AND METHOD USED IN TESTING THE CREOSOTES. 

APPARATUS FOR DISTILLING TARS. 

Fig. 11.—Apparatus used for distilling tars. 

For the reader’s convenience, a complete description of the appa- 
ratus and methods used in the testing of the creosotes is given in 
detail, although part of it has been published before. (12) 

Distillation test.—In all distillations a Hempel flask was employed. 
Hempel flasks are usually made from Jena glass or its equivalent. 
The bulb is of such a capacity that, when it is filled to the bottom of 
the neck, it holds 500 cubic centimeters, a variation of 25 cubic centi- 

meters being allowed. The neck of the flask is 1 inch in diameter 
and 74 inches long from the top of the bulb to the delivery tube and 
extends 3 inches above the delivery tube. The delivery tube makes 
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an angle of 75° with the neck of the flask, and is one-fourth inch in 
diameter and 84 inches long. The neck of the flask is constricted at 
its junction with the bulb to three-fourths inch in diameter. This 
constriction is made so that a loose plug of wire, preferably platinum, 
may be dropped into the neck to support a column of glass beads. 
In making the plugs used at the Forest Products Laboratory, two 
circles of heavy wire were fastened together at right angles to each 
other, and another circle of heavy wire was fastened to them in such 
a manner that the plane of this circle was perpendicular to the 
plane of the other two. Using these three circles as a framework, 
wire was used to fill up the spaces on the surface of the sphere and 
form a network through which the beads would not slip. Another 
device which serves the purpose equally well may be made from per- 
forated sheet metal bent in the shape of a truncated cone. In con- 
structing these, a circle 14 inches in diameter was cut from perforated 
sheet brass of 23 B.S. gauge, having 23 perforations 0.023 inch in 
diameter to the linear inch. On the outside of the circle was cut a 
number of irregular notches one-fourth inch across and one-fourth 
inch deep. A sector was next cut from the whole, so that the re- 
maining portion contained about two-thirds of the total area of the 
circle. The edges of this section were then drawn together and 
fastened by a wire in the form of acone. Lastly, a small weight was 
hung from the center of the cone like the clapper im a bell, so that the 
cone would stand upright when it was dropped into the flask. This 
would support the column of beads fully as well as platinum wire, 
and had the advantage of being somewhat cheaper. 

The bead column is composed of approximately 200 glass beads, 
but its height should be kept constant at 5 inches with a variation 
of not more than one-fourth inch. Some previous work by the 
Forest Products Laboratory on the distillation of turpentine (Forest 
Service Bulletin 105) has shown that the most important factor in 
the use of a Hempel column in distillation is the height of the bead 
column. The diameter of the column and the size of the beads have 
apparently but little effect, so far as the efficiency of separation is 
concerned, but do affect the speed at which the distillation can be 
run. If the same speed and the same height are used, the results 
obtained are identical, irrespective of the size of the beads or the 
diameter of the bead column, provided that the speed is not great 
enough to prevent the condensed liquid from returning to the flask. 

The distillations were run at a rate as nearly uniform as possible. 
The speed of the dropping was timed by the use of a metronome set 
at 90 a minute and, kept as near this rate as possible. At no time, 
however, was it allowed to exceed 120 drops or to go below 60 when 
once the distillation had been started. 

3 
3 
‘ 
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The flask in position for distillation is supported on an asbestos 
board in which a hole has been cut almost as large as the great 
diameter of the bulb. The outline of this opening is irregular to per- 
mit the flame to play about the bulb. No wire gauze is used, for 
there is no danger of breakage so long as the flame does not come in 
contact with dry glass. The portion of the bulb above the asbestos 
board and below the Hempel column is protected from drafts by an 
asbestos box. No protection is given to the Hempel column unless 
the condensation becomes so great that the column begins to fill, and 
then it is surrounded by an asbestos box sufficiently large to prevent 
any portion of it coming in contact with the glass. The condensers 
used are ordinary glass tubing about one-half inch in diameter, 
drawn down at one end to about one-fourth inch and flanged at the 
other to receive a cork stopper. The length is approximately 8 
inches. This has been found to be sufficient to condense all of the 
lighter oils but not sufficiently long to cause much solidification of 
the higher distillates in the tube. If solidification should occur, it is 
always melted out before the fraction is taken. 

The thermometers used in this work were made of Jena borosilicon 
glass and were filled above the mercury column with carbon dioxide 
at a pressure of approximately 15 atmospheres. They read from 180° 
to 550° C. and were standardized either by the Bureau of Standards 
or by the German Physikalisch Technische Reichsanstalt. Correc- 
tions were made for the slight inaccuracy of the thermometers and 
also for the emergent stems. ‘This latter correction is not usually 
made in creosote distillation, and would not be necessary if a standard 
thermometer were used for all such distillations and if the length of 
the emergent stem were the same in all cases. At the time this work 
was started no standard theremomter for creosote distillation had 
been adopted or even proposed by the various associations interested 
in wood preservation. The correction was necessary, therefore, as 
only by this method could the data here presented be compared with 
data in the collection of which thermometers of different lengths had 
been used. 

For those who are not familiar with the emergentstem correction, 
the following explanation of its meaning and use is given. Mercurial 
thermometers are usually standardized with the whole of their 
mercury column at the same temperature as that of the bulb. This 
is possible only when the total length of the thermometer is bathed 
in the heated vapors or liquid. If this is impossible, then the thread 
of mercury is cooler than the bulb, and an error is introduced which 
makes the observed reading too low. If the difference between the 
temperature of the stem and bulb is small, this error is negligible; 
but if the difference is large, and the length of the emergent stem is 
great, the error becomes a factor of considerable importance, and 
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may be as great as 10° C. at the temperature used in distilling creosote 
oil. The formula for making the correction for this error is given in 
various ways. That adopted by the United States Bureau of Stand- 
ards is F' (T-t) N, in which T equals the observed reading of the 

thermometer; ¢, the average temperature of the emergent stem, 
obtained by placing another thermometer with its bulb at the center 
of the emergent stem; N, the number of degrees emergent, and F 
a factor for the termometer depending upon the difference of expansion 
of glass and mercury. This factor varies from about 0.00015 to 
0.00017; for Jena borosilicon glass the factor is 0.000158. Some 
idea of the size of these corrections may be obtained from Table 11. 

TaBLE 11.—Corrections for emergent stem. 

Correc- T. t. N. of i iB N. Correc- 
tion. tion. 

DOQE | See eee eee cll Co eee 270 52.0 70 2-4 
210 42 10 0.3 280 53.5 80 2.9 
220 43.5 20 .6 290 55.0 90 3.4 
230 45.0 30 9 300 57.0 100 3.9 
240 47.0 40 12 310 58. 5 110 4.4 
250 48.5 50 1.6 | 320 60. 0 120 5.0 
260 50. 0 60 2.0 | 360 70.0 | 160 (he 

It is obviously impossible to perform the calculations necessary 
for this correction and at the same time watch a distillation in which 

fractions are being taken every 10 degrees. In this work, therefore, 
the position of each thermometer was fixed in respect to the distilling 
vessel and a table was worked out with different values for ¢. One of 
these tables is shown below (Table 12). It also makes correction for 

the errors in the thermometer caused by the irregularities in its 
construction. 

TABLE 12.—Emergent-stem corrections used with thermometer No. 1. 

Temp- Temperature to be read when— Temp- Temperature to be read when— 

erature erature 
desired desired 
when when 
cor- t=60. = 03 t=80. t= 90 cor- t=60. t— 70" t= 8&0. t=90. 

rected. | rected. 

GG oc eg, ot) ogi al fon eG or le ele °C. 
180 S029 4|* cesses le ss gst lis eee tee 265 263. 1 263.2) fos a eer ree 
205 FUSS Bis ce ee ham pe | Nie ia os 22 275 272. 5 4 psa Yal Rees AA |S AE Bo 
215 PAN ST, Naees Socl SESE O eee ese seco 285 281. S 281.9 282204 ort ee 
225 DAR GO| PR eat || | IA ee ae 295 291. 2 291. 4 201.5 eee 
235 3 ae Cel eee «ae er es aa eh eS ey aoe 305 300. 6 300. 7 300.9 | 301.0 
245 IVD) || errr Sell | eee, pani ee | 315 310. 2 310.3 310.5 | 310.6 
255 DS Site e aaa e (Moe ae oe ake eee | 330 324. 4 324. 6 324.7 | 324.9 

| 

With this table before the operator, it was necessary only to de- 
termine t by a small thermometer hung in the air beside the standard 
and, by reference to the table, determine the exact point at which 
the cut should be made. The differences in these corrected readings 

wy 
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and those which would have been obtained under the same conditions 

by a thermometer complying with the specifications adopted by the 
American Wood Preservers’ Association in 1912 are shown in Table 13. 

TaBLE 13.—Comparison of temperature readings of corrected thermometers and standard 
thermometers of the American Wood Preservers’ Association, uncorrected. 

Stand- Stand 
ard ther- ard ther 

Cor mom- Cor. mom 
rected eter, | Differ- || rected eter, | Differ- 
temper-| A. W. | ence. || temper-} A. W. | ence. 
ature..| PA; atures, | 2b. Ac. 

uncor- uncor- 
rected. | rected. 

SAC oSGs (Copal oaiee (Cx Se: OE 
180 P7898). 12> es 265 260. 2 4.8 
20520340) aie 240 275 269. 7 G58: 
215 PEPE T 2e3 285 | 2791 5.9 
225 22252 2.8 295 288. 4 6.6 
D3 he ale 230E8 Cli > Sa 305 297.7 hat 
DA eR 24S er Sod 320 BH hie tok a 
255 | 250:8 |. 4.2 

- The fractions taken in this work are those given in Tables 12 and 
13 in the first column. Two hundred and fifty grams of oil were used 
for a distillation, and the percentage weight of each fraction was 
determined to the nearest one-tenth of 1 per cent. 

Index of refraction test.—The nature of the refraction test may be 
briefly described.’ When a ray of light passes from one medium to 
another of different density, it is bent out of its course or refracted. 
A familar example of this refraction is shown by the appearance of 
piling just at the water line. Both above and below the water line 
the pile appears straight, but that portion of the pile under water 
appears to be nearer than the portion above. This is because of the 
difference in the refraction of light in air and in water. The refrac- 
tion of light varies with every pair of media through which the ight 
passes; but, if some medium is taken as a standard, then all measure- 

ments may be referred to it. The standard adopted is air. The 
refraction of light is measured by the angle through which the beam 
is bent in passing from air into the other medium. This measure- 
ment may be made by degrees and minutes or, for convenience, in 
what is known as the index of refraction. The index of refraction is 
the sine of the angle of incidence divided by the sine of the angle of 
refraction. The most convenient instrument for measuring this 
property is known as the Abbé refractometer, a view of which is 
shown in figure 12. It consists essentially of a split prism, AB, sur- 
rounded by heating chambers, all of which are mounted on a movable 
carriage, which in turn is connected to a lever carrying the reading 
glass L, over the fixed scale J. Above this split movable prism is 
mounted a spygiass, Ff’, which in held is a fixed position in respect to 
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the scale J. The prism AB, being split, may be opened to receive 
the liquid material between the two faces, and it is this minute 
quantity of oil or other substance which we use in measuring the 
index of refraction. In operation light falling on the muror is re- 
flected into the prism AB. After passing through B, if no material 
is contained between the prism faces A and B, the light is totally 
reflected by the polished surface of A, and no light can pass into the 
spyglass above. If material is present, the light is refracted by this 
material, and this refracted light passes through the prism A into 
the spyglass, where it appears as a light portion above a shadow. 
The lever carrying the glass Z and the split prism are then moved 
until the junction of light and shadow appears to be on the cross- 

hairs with which the spyglass is pro- 
rovided. The index of refraction is 
then read from the scale J by means 
of the reading glass LZ. No calcu- 
lations are necessary. 

With pure material the index of 
refraction has been used in deter- 
mining the structure and character 
of carbon compounds, but with creo- 
sote it is merely a measure of a phys- 
ical property of the oil which is easy 
of attainment. The same combi- 
nations of the same substances will 
always give the same index of re- 
fraction at a fixed temperature; but 
it does not always follow that, 
because the same index of refraction 
is obtained, two oils are of identical 

Fig. 12.—The Abbé refractometer. composition. The refractometer 

finds a very large use in commercial 
testing, particularly of oils, fats, and low-melting waxes, because 
exceedingly rapid as well as accurate measurements can be made. 

The index of refraction was taken on all fractions above 235° C., — 
up to the point at which the distillate was no longer liquid at 60° ¢ 
the temperature at which these measurements were made. Ti 
values for the index of refraction are affected by the temperatu 
to a considerable extent, and the higher the temperature the low 
the index of refraction. It is, therefore, necessary either the 
measurements of this physical property be taken at a constant 
temperature or else that a correction be applied to change the ob- 
served reading to that at a standard temperature. The tempera- 
ture factor for changing index of refraction values varies with differ- 
ent substances; hence, correction factors for creosote would be as 
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great in number as the number of fractions taken. All readings of 
the index of refraction were, therefore, taken at the standard tem- 

perature of 60° C., a possible variation of 1° being permitted. This 
variation is corrected by the use of the factor 0.00036 per degree. 
The factor is added when the actual temperature is above 60° C., and 
subtracted when it is below. 

Specific-gravity test—The specific gravity of the fractions was 
taken at 60° C. by means of a Westphal balance having a displace- 
ment of approximately 2 cubic centimeters. Here, again, as in the 
index of refraction, the factor for changing the readings at one tem- 
perature to those of another temperature is unknown; consequently, 
they were taken at exactly 60° C., this temperature being main- 
tained by means of a water-bath whose temperature was controlled 
to one-tenth of a degree. The density of the fractions was referred 
to the density of water at 60° C., and, as the density of water has 

been very accurately determined (1/3), the readings given in this 
paper may easily be transferred to those at any other temperature, 
if that is desired. The values for 60° C. given in this publication are 
higher than they would be if water at 15° C. were taken as unity, 
but may be calculated to that standard by multiplying by 0.986. 

In a few cases the volume of the fractions was too small to make 

possible the determination of the specific gravity. In such cases 
two adjacent fractions were mixed, and the gravity was recorded 
as the average of the two. This made possible a record of the gravity 
of fractions which would otherwise have been omitted. 

Sulphonation test—The sulphonation test used was that described 
in Forest Service Circular 191., Ten cubic centimeters of the fraction 

of creosote to be tested are measured into an ordinary Babcock milk 
bottle. To this is added 40 cubic centimeters of 37/N sulphuric 
acid, 10 cubic centimeters at a time. The bottle with its contents 

is shaken for 2 minutes after each addition of 10 cubic centimeters 
of acid. After all the acid has been added, the bottle is kept at a 
constant temperature of 98° to 100° C. for one hour, during which 
time it is shaken vigorously every 10 minutes. At the end of the 
hour the bottle is removed, cooled, filled to the top of the graduation 

with ordinary concentrated sulphuric acid, and then whirled for 5 
minutes in a Babcock separator. The unsulphonated residue is then 
read off from the graduation. The readings from the major gradua- 
tions multiplied by two give the percentage of sulphonated residue 
by volume. Each major graduation is equal to one-fifth of a cubic 
centimeter, and the minor graduations are sometimes equal to 
one-twenty-fifth and sometimes to one-fiftieth of a cubic centimeter. 

In well-equipped laboratories the usual steam-jacketed ovens 
capable of maintaining a temperature of 98° to 100° C. will keep the 
reaction mixture of the sulphuric acid and creosote at the proper tem- 

75036°—22——3 
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perature. It frequently happens, however, that creosotes are 
analyzed in laboratories equipped for that purpose only; for such an 
equipment a special steam-bath or oven may be made by any tin- 
smith at small cost. It is essential that the chamber be of sufficient 
size to contain the Babcock bottle completely. Otherwise the exact 
dimensions of the steam bath are unimportant. The 37/N sulphuric 
acid is prepared by mixing fuming sulphuric acid with enough 
ordinary sulphuric acid so that the finished mixture will contain 
80.1 per cent SO,. Fuming sulphuric acid may be purchased in 
different concentrations, and there are two methods in common use 
for recording the strength. This is sometimes given in terms of 
free SO,, and at other times in termsof H,S,0,. Table 14 shows 
the relation between the two methods of nomenclature. 

TaBLE 14.—Concentration of SO; in fuming sulphuric acid. 

Per cent | Per cent | Per cent || Per cent | Per cent | Per cent |} Per cent | Per cent Per cent 
total SO3.| H2S20;. | free SOs. || total SO3.| H2S2O7. | free SOs. || total SO3.| HeS2O7. | free SOs. 

81.8 | 0 Ol Fel tR5 dle 40 19 88. 4 80 37 
82.6 | 10 5 fe Seo) 50 23 89. 2 90 41 
83.4 | 20 10 [eo SOeid es) 60 28 90. 0 100 46 
84, 2 | 30 14 lees date 70 32 

The proper proportion in which to mix ordinary concentrated 
sulphuric acid with fuming sulphuric acid (H,S,O,) is shown by 
figure 13. 

PERCENT OF ORDINARY ACID IN MIXTURE 
ee OG) so 60 70 

wo 

EBCEN H2S04 

STRENGTH OF ORDINARY SULPHURIC ACIO 

60 

DEMCENY OF FURING ACID IN MIXTURE 

Fig. 13.—Proportion of fuming sulphuric acid 

H2S,07 required to raise ordinary sulphuric 

acid to approximately 37. 

Tar acids.—For the most part tar acids were not estimated; when 
they were, the methods specified by the National Electric Light 
Association, as given in Part IV, were used. 
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CHAPTER II. DETERMINING CERTAIN CONDITIONS FOR THE TESTS. 

EFFECT OF AIR ON TARS DURING DISTILLATION. 

As already mentioned, it is usually considered good practice in this 
country to blow air through the tar during distillation. This offers 
an opportunity for chemical reaction which might have a consider- 
able effect on the physical and chemical properties of the creosote. 
It was therefore essential, before work on authentic material was 
undertaken, that the effect of blowing air through the tar should be 
known. A tar was distilled without the use of air and also with the 
use of air under two pressures chosen at random. ‘The pressure of air 
was kept constant by suitable valves and 3 
was recorded in inches of water. A creo- SE 

; era a2 3] 
sote thus prepared was carefully analyzed, SSeS SeReSSee 

1.6 

the values of the index of refraction of RE SE -S 

the fractions being taken as a guide for sg JT] TT lI 1111 
changes in chemical and physical proper- CHEER 

ties. Figure 14 7 shows eraphically the es a Ge 2a 
change produced in the index of refraction 16 HH aan 

when the same tar was distilled without eeaecceeoe 
the use of air, with air under a pressure of BERETS 
7 inches of water, and with the air under (Uae aesensac 
a pressure of 14 inches of water. It will eb 

al = 300 J 
TEMPERATURE % be shown later that an increase in index of 

Fig. 14.—Effect of using air during the refraction is accompanied by an increase 
in specific gravity and a decrease in sul- 
phonation residue. 

COMPARISON OF COMMERCIAL CREOSOTES WITH 
LABORATORY CREOSOTES. 

Another point of still greater impor- 
tance in this investigation was the deter- 
mination of the differences, if there were 

distillation of tar upon the index of 

refraction of the fractions of coal-tar 

creosote. 

1. Coal-tar creosote from tar dis- 

tilled without air. 

2. Coal-tar creosote from the same 

tar distilled with air under 7 

inches of water pressure. 

3. Coal-tar creosote from the same 

tar using air under 14 inches 

of water pressure. 

any, which existed between creosotes pro- 
duced from small samples (5 to 10 gallons) of tar in the laboratory 
and those obtained from the same tar under commercial conditions. 
Through the courtesy of the Barrett Manufacturing Co., of New York, 
and the United Gas Improvement Co., of Philadelphia, samples of 
tar were taken from their stills just before distillation and after 
thorough mixing. Samples of the creosote were then collected as it 
came from the still throughout the entire distillation. These samples 
were used as standard commercial creosotes with which the laboratory 
creosotes prepared from the same tar were compared. 

The effect of blowing air through the tar being known, it was 
simply a matter of experiment to ascertain an air pressure that would 

30 
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duplicate commercial conditions on a laboratory scale. It was found 
that air under a pressure of 7 inches completely fulfilled this condition 
with the still that was used, and that by using this air pressure the 
creosotes made at the laboratory agreed as closely as could be 
expected with commercial oils from the same tar. Figure 15 shows 
the indices of refraction, the specific gravities, and the sulphonation 
residues of two creosotes, one made at the laboratory and the other 
at a commercial plant from tar No. 1. Figure 16 shows the index of 
refraction values and the specific gravities of another pair of creosotes 
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Fic. 15.—Physical constants of two coal-tar creosotes Fic. 16.—Physical constants of two coal-tar creo- 

produced from tar No. 1. sotes produced from tar No. 2. 

Commercial coal-tar creosote—Dotted line. Commercial coal-tar creosote—Dotted line. 

Experimental coal-tar creosote—Solid line. Experimental coal-tar creosote—Solid line. 

produced from tar No. 2, and figure 17 shows the indices or refraction 
of two other pairs of creosotes made from tars No. 3 and 4, respec- 
tively. These figures show that creosotes can be produced from tars 
in the laboratory in such a way as to duplicate commercial condi- 
tions, and can be made as nearly identical as two analyses of the 
same oil. 

In view of the fact, however, that not all tar distillers use air in 

their operation, it was decided that all work on authentic tars should 
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be carried out with the use of air under a pressure of 7 inches of 
water until all the moisture had been expelled from the tar. The 
rest of the distillation was completed without the use of air. The data 

thus obtained represent creosote oils that any manufacturer could 

obtain from the same tar. If 
there is any difference, the oils 

are lower in index of refrac- 
tion and specific gravity, and 
higherinsulphonation residue 
than they would have been 
with the use of air. In other 
words, any specification that 
might result from this investi- 
gation would be on the safe 
side and would work no hard- 
ship on the manufacturer of 
creosote oil. | 

It was a somewhat difficult 
matter to cut the distillates 
from the tar in such a manner 
that an oil could be obtained 
‘having a distillation range 
similar to that of a commer- 
cial creosote. In practice, 
therefore, no attempt was 
made to separate the light 
oils from the creosote oils in 
the distillation from the tar 
still. The only separation 
made was the fraction con- 
taining the water and the 
more volatile of the light oils. 
The total distillate above this 
point was collected in onecon- 
tainer and subsequently dis- 
tilled from an ordinary flask. 
Alloil coming over below 205° 
C. was discarded. That boil- 
ing from 205° to 235° C. was 
collected separately. The 
residue above 235° C. was 

INDEX OF REFRACTION AT 60 °C. 

TEMPERATURE (NOT CORRECTED) °C 

Fig. 17.—Index of refraction values of coal-tar creosotes pro- 

duced from tars No. 3 and No. 4. 

Commercial coal-tar ereosotes—Dotted lines. 

Experimental coal-tar creosotes—Solid lines. 

weighed, and to this was added 25 per cent of its weight of the frac- 
tion boiling between 205° and 235° C. In this way the creosotes were 
made to conform to specification No. 1 of the American Railway Engi- 
neering Association so far as distillation limits were concerned. 



CHAPTER III. RESULTS OF THE TESTS. 

The results obtamed by the various tests are given chiefly in the 
form of curves, which show graphically the similarity or dissimilarity 
of the creosotes examined. The data are given in tables in the 
Appendix. 

COAL-TAR CREOSOTES. 

Figures 18a, 19a, and 20a show the indices of refraction, the spe- 
cific gravities, and the sulphonation residues, respectively, of the 

various fractions of creosotes 

obtained from horizontal retort 

tars. The data from which 

these curves are drawn are 

given in Tables 39, 40, 41, and 
42. Particular attention is 

directed to the narrowness of 

the ranges of specific gravity, 
index of refraction, and sul- 

phonation residue of these 
creosotes. Figures 18B, 198, 

and 208 show the indices of re- 

fraction, the specific gravities, 
and sulphonation residue of 
the fractions obtained from 

creosotes from inclined retort 

tars and from one vertical 

retort tar, the latter being 
plotted in a dotted line. Fig- 

‘ Fic. 18.—Index ofrefraction values of fractions of yres 18c. 19c, and 20c show 
authentic coal-tar creosotes. ! J 

A. Horizontal retort-tar creosotes. the Some Cee for Semet- 
B. Inclined retort-tar creosotes. Dotted line ver- Solvay tar creosote, and figures 
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_ {ROEX OF REFRACTION AT 60 °C 

tical retort-tar creosote. 
. Semet-Solvay tar creosotes. 18D, 19p, and 20p show the 

D. Otto-tar creosotes. Dotted line—Koppers-tar 

OREES Oe: | curves for other by-product tar 
creosotes. In these figures the dotted lines are for Koppers tar 
creosote and the other lines are for Otto tar creosotes. Figure 21 
shows summaries of the same results for each type of measure- 
ment. The 80° lines represent the range for coke-oven tar creosotes, 
the 45° lines represent the range of horizontal retort tar creosotes, 
and the 20° lines represent the range for the inclined retort and verti- 
cal retort tar creosotes. 

Particular attention is called to figures 20a, 20B, 20c, and 20D, 

which represent the sulphonation residue of the various fractions. 
It will be noted that most of the maximum sulphonation residues are 
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obtained in the fractions boiling between 280° and 290° C.,. but some- 
times not under 300° C. Above and below these points the sulphona- 
tion residues decrease. The results shown in these figures seem to 
indicate that the kind of coal from which the tar is manufactured 
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Fia. 19.—Specifie gravities of fractions of authentic coal-tar creosotes. 

A. Horizontal-retort tar creosotes. 
B. Inclined-retort tar creosotes. 

Dotted line—Vertical-retort tar creosote. 
C. Semet-Solvay tar creosotes. 
D. Otto tar creosotes. 

Dotted line—Koppers tar creosote. 

has at best only a slight influence on the quality of the creosote pro- 
duced from coal tar, since in the range shown for horizontal retorts 
(figs. 18a, 194, and 20a) Westmoreland, Youghiogheny, Alabama, and 
Tennessee coals were used, as well as mixtures of unknown or local 

coals with the above. The wide variation in the properties of coal-_ 
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tar creosotes indicated by figures 18 to 20 must, therefore, be due 
either to the type of retort or to the temperature of coking. 

Figure 22 shows two coal-tar creosotes produced from tars from 
the same mixture of coal and operated under the same management, 
and as nearly as possible at the same temperature, although one tar 
was produced in an inclined retort and the other in a horizontal 
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Fic. 20.—Sulphonation residues of fractions of authentic coa!-tar creosotes. 

A. Horizontal-retort tar creosotes. 
B. Inclined-retort tar creosotes. 
Dotted line—Vertical-retort tar creosote. 
C. Semet-Solvay tar creosotes. 
D. Ottotarcreosotes. 
Dotted line—K oppers tar creosotes. 

retort. Figure 23 shows two coal-tar creosotes obtained from the 
same mixture of coal at different by-product plants which were at 
the time producing coke in approximately the same length of time, 
but which employ different types of oven—the Otto-Hoffman and 
the Semet-Solvay. These figures show the effect of different types 
of retort when the other two variables are practically the same. It 
is noted that the results are nearly identical, or, at least, that there 
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is less difference in the results from using different types of retort 
or oven. than is often shown in the use of different ovens or retorts of 
the same type. In other words, if the coal and the temperature of 
coking are the same, the type of retort or oven seems to have little 
or no effect. This seems to indicate that the producing of highly 
aromatic coal-tar creosotes is dependent upon the temperature of 
coking. If this is true, then the method of applying the heat to the 
retort may have some effect upon the quality of the coal-tar creosote. 

According to some researches at the University of Wisconsin (14) 
on producer gas, tar is formed from coals at comparatively low 
temperatures, ranging from 200° to 600° C. This is far below the 
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Fic. 21.—Summaries of the physical and chemical measurements of fractions of all authentic coal-tar 
_ereosotes. 

A. Index of refraction values. 
B. Specific gravity values. 

1. Horizontal-retort tar creosotes. 
2. Coke-oven tar creosotes. 
3. Inclined and vertical retort tar creosotes. 

C. Sulphonation residues. 

temperature of coking in both the by-product and gas-house retorts. 
Table 8 shows that the temperature of coking in the by-product oven 
rarely goes below 900° C. and that the average is about 1,000° C. If 
tars are produced at temperatures as low as 200° C. and are com- 
pletely given off from the coal at 600° C., and if the retort is heated to 
a point as high as 1,000° C., the tar vapor, as it rises from the coal, 
must come into contact to a certain extent with a surface heated far 
above its temperature of formation, when it may, and probably does, 
undergo a chemical change. It is well known that paraffin-like oils 
may be obtained if coal is coked at low temperatures. It is also 
significant to note that in this work the tars produced at the highest 
temperatures yielded either no coal-tar creosotes at all or else one of 
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high physical properties and having no sulphonation residues; but 
that those subjected to lower temperatures yielded coal-tar creosotes 
having lower index of refraction values and higher sulphonation 
residues. The inclined-retort tar creosotes were higher in sulphona- 
tion residues, and it seems to be almost universally true that, when 

this type of retort is discharged, there is a small amount of uncoked 
coal in the charge. In the vertical retort there is less chance for the 
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Fic. 22.—Physical and chemical constants of Fia. 23.—Physical and chemical constants 
creosotes obtained from tar produced from of creosotes obtained from tar produced 
the same mixture of coal at the same tem- from the samemixture of coal at thesame 

perature but in different types of retort. tcmperature butin different types of oven. 
1. Horizontal-retort tar creosote. 1. Semet-Solvay tar creosote. 
2. Inclined-retort tar creosote. 2. Otto-Hoffman tar creosote. 

vases to come in contact with the heated walls of the chamber unless _ 

a fixing chamber is left above the charge. In the by-product ovens 

the vertically heated ovens usually have a hotter roof than those 

heated horizontally. Of the six vertically heated by-product ovens 

only two produced coal-tar creosotes having a measurable amount of 

sulphonation residue. Of five coal-tar creosotes from horizontally 

heated ovens all but one had a measurable sulphonation residue. Of 

the four that had sulphonation residue the oldest plant produced the 

coal-tar creosotes having the highest sulphonation residue and the 
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next oldest the next greatest residue. Only one by-product tar 
creosote exceeded 2 per cent sulphonation residue in any of its 
fractions. 

WATER-GAS-TAR CREOSOTES. 

The data obtained on the water-gas-tar creosotes examined are 
shown in figure 24. In figure 24c attention is again directed toward 
the fractions from 260° to 300° C., the sulphonation residues being 
greater in general than in any other fractions obtained in distillation. 
This is the same as the indication on coal-tar creosotes. Very few 
data were obtained on the temperatures at which these tars were 
produced. It is, however, to be noted that the oils showing the 
highest indices of refraction, the highest specific gravities, and the 
lowest sulphonation residues were produced at the highest tem- 
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Fig. 24.—Physical and chemical measurements of fractions of all authentic water-gas tar creosote. 

A, Index of refraction values. B. Specific gravity values. C. Sulphonation residues. 

peratures, and in one or two instances the temperature is given at 
between 1300° and 1400° F., equivalent to 700° to 750° C. 

Out of 19 water-gas tars 5, or approximately one-quarter, produced 
creosotes having 2 per cent or less of sulphonation residue. Hight 
produced creosotes having 5 per cent sulphonation residue. All of 
these tars were manufactured in plants that are using temperature 
regulation in the operation. In this age of scientific management a 
closer control of manufacturing operations may reasonably be 
expected, which will result in a probable increase in water-gas tar 
having a low sulphonation residue. 

Statistics on the annual production of water-gas tar are given in 
Table 6. In 1912 the total production was nearly one-half of the 
total production of coal tar. The amount sold, however, was only 

one-quarter of the amount of coal tar sold. 



CHAPTER IV. COMPARISON OF THE PROPERTIES OF AUTHENTIC COAL- 
TAR CREOSOTES WITH THOSE OF AUTHENTIC WATER-GAS-TAR 
CREOSOTES. 

The following curves show the similarities and dissimilarities of the 
physical properties of all coal-tar creosotes and all water-gas-tar 
creosotes tested. Figure 25a shows the index of refraction plotted 
against temperature, in which the lines sloping to the left represent 
water-gas-tar oils and the lines sloping to the right represent coal-tar 
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Fia. 25.—Comparison of the physical and chemical properties of the fractions of authentic coal-tar creosotes 

and authentic water-gas tar creosotes. 
A. Index of refraction values. 
B. Specific gravity values. 
C. Sulphonation values. 

- 1. Ranges of coal-tar creosotes. 
2. Ranges of water-gas tar creosotes. 

creosotes. Figure 258 shows the same thing for specific gravity, 
and figure 25c represents the sulphonation residues (but the lines in 
this case are reversed). It is apparent from these curves that there 
is no sharp line of demarcation between the physical constants of 
coal-tar creosotes and of water-gas-tar creosotes. It is to be noted, 
however, that, whereas the larger number of coal-tar creosotes have 
a sulphonation residue of less than 3 per cent (see p. 20), the larger 
number of water-gas-tar creosotes have more than 3 per cent sulphona- 
tion residue in one or more of their fractions. 

Figure 26 shows the index of refraction values of the fraction 
285° to 295° C. taken from 17 coal-tar creosotes and 14 water-gas-tar 
creosotes, plotted against percentage of sulphonation residue for the 
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there seems to be a somewhat defi- erie 
nite line of demarcation between % 
the two. However, the range of Bae 
coal-tar creosotes and therange of 21.0 

water-gas-tar creosotes are each so 3 

much wider than the difference be- 59° 
tween the two ranges that mixtures . 
of a high-grade water-gas-tarcreo- $"” 
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same fractions. The dots represent water-gas-tar creosotes, and the 
circles represent coal-tar creosotes. Here it is seen that, although in 
a general way the water-gas-tar creosotes are somewhat lower than 

the coal-tar creosotes, yet they intermingle to a degree so great that 
no differentiation could be obtained by this method. Furthermore, 
the figure indicates very strongly that the sulphonation residues and 
the index of refraction values are proportional to each other in some 
inverse ratio. In other words, index of refraction values could be 
obtained in a very general way by the sulphonation test. 

Figures 274, 27B, 27c, and 27p show the results of plotting specific 
gravity against index of refraction for the various fractions. Here 
the specific gravities of water-gas- —_, ¢,, 
tar creosotes are lower for the same Bees 
index of refraction values thanare 630 
those of the coal-tar creosotes, and 

sote and a high-grade coal-tar 
creosote would probably be classed 
as a coal-tar product, and mixtures _ 560 Eee ea EE ST 
of a low-grade coal-tar creosote and PERCENT OF SULPHONATION RESIDUE 

a low-grade water-gas-tar oil would Fé. 26.—The relation between the index of refrac- 
tion values and theamount of sulphonation residues 

probably be classed asa water-gas- of fractions of authentic creosotes. 
Circles—Coal-tar creosotes. 

tar product. In other words, al- Dots—Water-gas tar creosotes. 

though it is possible by this method to obtain figures showing a 
difference between pure water-gas-tar products and pure coal-tar 
products, it would be extremely difficult to say with any degree of 
authority that a given sample of oil was or was not a mixture of 
water-gas-tar and coal-tar products. 

This method of plotting specific gravity against index of refraction 

12 

for the individual fractions is the only one that has been found at the 
Forest Products Laboratory for differentiating water-gas-tar creosotes 
of low-sulphonation residues from coal-tar creosotes which can be 
recorded numerically. In addition to this, the odor of water-gas-tar 
products is characteristic. The recording of this odor, however, 
involves a large personal equation and is of value to the expert only. 
Tt is also well known that water-gas-tar products contain no tar 
acids or, at any rate, only a small amount, and practically no tar 
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bases. These may easily be added to a water-gas-tar product at 
slight cost, however, and for this reason their presence is not proof 
positive that the creosote in which they are found is of coal-tar origin. 
It was supposed at one time that the color of the fractions was an 
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Fic. 27.—Relation between theindex of refraction values and the specific gravity of thefractions of creosotes. 

Circles—Coal-tar creosotes. 
Dots—Water-gas-tar creosotes. 
A. Fraction distilling between 255° and 265° C. 
B. Fraction distilling betwwen 265° and 275° C. 
C. Fraction distilling between 275° and 285° C. 
D. Fraction distilling between 285° and 295° C. 

indication of a mixture of water-gas-tar oils with coal-tar creosotes. 

This investigation has shown that the supposed characteristic green 
color of certain of the fractions is common to all creosotes or oils 

having a high sulphonation residue, and that this color, therefore, 
does not indicate a mixture of the two kinds of oil. 
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PART III. PROPERTIES OF CREOSOTES. 

CHAPTER I. COMPOSITION AND CHEMICAL PROPERTIES OF COAL-TAR 
CREOSOTE. 

COMPOSITION OF COAL-TAR CREOSOTES. 

The heavy oils of coal tar that are usually known to the trade as 
creosote oil and carbolineums are in general composed of compounds 
of the aromatic series and are usually somewhat complex in their 
chemical structure. The hydrocarbons, that is, those compounds . 
containing only carbon and hydrogen, are represented by members 
of at least six subdivisions of the aromatic series. 

The simplest of these is the benzene series, in which fall such com- 
pounds as benzene, toluene, and xylene. These are mainly low- 
boiling compounds—boiling below 200° C.—and are lighter than 
water, but, on account of the difficulty in separating these com- 
pounds from members of other series having higher boiling points, 
they may be found in the oils that are heavier than water.1 

The next higher series is probably the indenes. These also are 
low boiling, that is, they boil below 200° C., but in all probability 
they are found in coal-tar creosote. 3 

The naphthalenes, of which naphthalene itself is the most impor- 
tant member so far as creosote oil is concerned, have boiling points 
between 200° and 270° C. when they are in the pure state. Some of 

‘this series are liquid at room temperature, but naphthalene, the 
parent of the series, is solid at ordinary temperatures, and, if it is 
pure, melts at 80° C. and boils at 218° C:. Naphthalene may be 
present in almost any proportion in commercial oils. Samples of 
creosote, examined by the author, have contained as high as 75 per 
cent of oil boiling below 225° C., of which fully 75 per cent was 
naphthalene. On the other hand, oils such as the carbolineums con- 
tain practically no naphthalene. Acenaphthene might be termed a 
derivative of naphthalene. It has a somewhat higher boiling point, 
namely, 275° C. In the pure state this compound is a beautifully 
crystallized white material, melting at 95° C. It is characterized by 
its great solubility in hydrocarbon oils, especially those found in 
creosote; hence it rarely, if ever, crystallizes out from the mother 
liquor. Experiments at the Forest Products Laboratory seem to 
indicate that the golden yellow oil, which occurs above the naphtha- 

1 Huntley, in a master’s thesis offered at the University of Wisconsin, has shown that oils boiling as 

low as 137° C. may be obtained from a supposedly high-boiling (295° to 320° C.) fraction of coal-tar creosote. 

These oils, although smallin amount, werein all probability a mixture of xylenes and other of the higher 

homologues. 
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lene fraction of creosote oil, is composed chiefly of this compound, 
mixed with sufficient quantities of other compounds to render it 
liquid at room temperature. 

The highest fractions of creosote are composed chiefly of com- 
pounds of the fluorene and anthracene series. The compounds of 
these series boil from 270° C. to above 400° C. The members of 
these series that are found in the largest quantity in creosote oil are 
phenanthrene, anthracene, and fluorene. All of these will crystal- 

lize from the creosote oil on standing. The heavy solid matter crys- 
tallizing from foreign oils is a mixture of these three compounds with 
other hydrocarbons and bases. Anthracene is used to a considerable 

_ extent in the manufacture of dyes; some of the foreign creosotes may 
therefore have been robbed of this constituent. 

Besides the hydrocarbons, which constitute by far the greater 
proportion of creosotes, there are a number of compounds containing 
oxygen which are collectively known as tar acids. These are not 
true acids in a chemical sense, but are phenols. They have some of 
the properties that are usually ascribed to acids, but also some of 
the properties that are characteristic of the alcohols. They are 
characterized by being extremely toxic to bacteria and fungi as well 
as to higher organisms. The higher homologues of phenol—the 
cresols and the xylenols—which are found in creosote, are as destruc- 
tive as phenol to living organisms, if not more so. As the phenols, 
cresols, and xylenols may be considered the alcohols or tar acids of 
benzene, toluene, and xylene, so also in creosote are found com- 

pounds of an alcoholic nature known as naphthols, which are derived 
from the members of the naphthalene series. These, too, are used 
in medicine, as bactericides and antiseptics. At the present time 
the total amount of tar acids in creosote oil does not exceed 10 per 
cent and is usually less than 5 per cent. 

Coal-tar creosotes contain also a number of compounds having 
nitrogen as one of their component parts. These are collectively 
known in this connection as tar bases. Just as it may be considered 
that the phenols are obtained from the hydrocarbons by the addition 
of an alcohol group, so it may be considered that one type of these 
tar bases is derived from the same hydrocarbons by the addition of 
an ammonia group. Aniline and the toluidenes are examples of this 
type of tar base derived from benzene and toluene, respectively. In 
general, however, this type of nitrogen compound is so low boiling 
that it is not found to any great extent in coal-tar creosotes. Another 
type of nitrogen compound contains this element in a much more 
stable condition. Compounds of this type may be termed cyclic 
nitrogen compounds, and are represented in coal-tar creosote by 
the pyridenes, the quinolines, and the acridines. These compounds 
bear the same relation to one another as benzene, naphthalene, and 
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anthracene do to one another. In general, the tar bases, particu- 
larly the cyclic compounds, are toxic to bacteria and fungi, and 
have been used as antiseptics in medicine. So far as the author is 
aware, no systematic tests have ever been made on the amount of 
tar bases which might be expected in coal-tar creosote. It probably 
does not, however, exceed the amount of phenols or tar acids. 

In addition to the various hydrocarbons, tar acids, and tar bases, 
smaller amounts of compounds containing sulphur have been found 
in coal tar. According to Lunge (10), the following sulphur com- 
pounds have been found in coal tar, and in all probability are present 
in the creosote oil: thioxene, trimethylthiophene, tetramethylthio- 

phene, biophene, dithienyl, trithienyl, thionaphthene, thiophthene. 

CHEMICAL PROPERTIES OF COAL-TAR CREOSOTES. ~ 

A comprehensive treatment of the chemical properties of the 
individual compounds found in creosote is outside the scope of this 
work, and reference is made for this information to the various text- 

books on advanced organic chemistry. A few remarks, however, 
on the general reactions of creosote oil are desirable. In general, 
the reactions of the various reagents which may be applied to creosote 
oil are those expected of the aromatic hydrocarbons. Practically 
all of the hydrocarbons in coal-tar creosote have the capacity of 
forming beautifully crystallized addition compounds with picric 
acid. All the aromatic hydrocarbons are attacked by fuming sul- 
phuric acid, and some of them by ordinary sulphuric acid with the 
consequent production of sulphonic acids, which are soluble in water. 
The tar acids are characterized by their solubility in caustic soda, in 
which they form sodium salts that are more soluble in water than in 
oil. The phenols themselves can be reprecipitated from the aqueous 
solution of the sodium salt by the addition of an acid, carbon dioxide 
being sufficiently strong to accomplish this result. The tar bases, 
as a rule, form addition products with the mineral acids at ordinary 
temperatures, and these addition products are soluble in water. 
These bases are also characterized in general by the formation of 
insoluble compounds with the noble metals and with mercury. 
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CHAPTER Il. PHYSICAL PROPERTIES OF COAL-TAR CREOSOTES. 

SOLUBILITY. 

The solubility of creosote in some solvents may be considered as 
a physical property; in other solvents a chemical reaction is involved. 
Usually, coal-tar creosote is completely soluble in chloroform, carbon 
tetrachloride, carbon bisulphide, ether, and absolute alcohol, although 
the individual constituents that go to make up the creosotes are 
frequently not soluble in some of these solvents. The influence of 
soluble constituents in increasing the solubility of those that usually 
are not soluble in the oil is well known to chemists. As an instance 
of this, it may be cited that, in the purification of anthracene from 
a mixture of phenanthrene and anthracene, the original material is 
quite soluble in warm 95 per cent alcohol. On cooling, a considerable 
amount of very impure anthracene crystallizes. A greater amount 
of alcohol is now required to dissolve this anthracene than was 
required to dissolve the original material, although it has been 
reduced to-a smaller amount. Each time the crystallization is 
effected, the material becomes somewhat purer, and finally the 
anthracene is scarcely soluble in absolute alcohol. All aromatic 
hydrocarbons are soluble in dimethyl sulphate, but the aliphatic 
hydrocarbons are not soluble in it. As a rule, therefore, coal-tar 
creosote is completely soluble in this reagent; but, if paraffin com- 
pounds are present, it can not be expected that they would be sepa- 
rated quantitatively by the use of this solvent alone. 

COLOR AND ODOR. 

The color of coal-tar creosote is usually a deep yellow to a dark 
brown, depending somewhat upon its age. When first distilled, it 
is a clear yellow oil with a greenish cast, which rapidly changes 
to brown on contact with the air. The odor is rather difficult to 
describe. If naphthalene is present in considerable quantities, this 
odor predominates, but in general the odor can be described only 
as ‘‘tarry.”’ 

FLASH AND BURNING POINTS. 

It is usual in stating the physical properties of oils to give some 
idea of their flash and burning points. The composition of creosote 
oil varies so greatly, however, that the determination of the flash 
and burning points is of very little value. One might place the 
flash point at not less than 70° or 75° C., and the oil may be expected 
to flash at 80° C. under almost any conditions. The burning point 
is between 90° and 100° C. 
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VAPOR PRESSURE. 

In the course of some experimental runs made by the Forest 
Service in a wood-preserving plant of light design, an explosion 
occurred which resulted in the rupture of the cylinder. It was 
thought at the time that, if the vapor pressure of the creosote oil 
were found to be sufficiently great, it might be an important factor 
in determining the design of treating plants. Experiments were 
therefore made to ascertain this vapor pressure at least approximately. 
Table 15 shows the average results obtained in experiments with two 
creosotes of different characteristics. 

TaBLE 15.—Vapor pressure of coal-tar creosotes. 

Vapor pressure. Vapor pressure. 

Temper- Temper- 
ature ature : 

(degrees | Inches | Pounds |} (degrees| Inches | Pounds 
C.). of per C.). of per 

mercury.| sq. in. mercury.| sq. in. 

50 2.0 1.0 110 7.4 3e7/ 
60 2.8 1.4 120 8.2 4.1 
70 3.6 1.8 130 9.0 4.5 
80 4.6 2.3 140 9.8 4.9 
90 5.6 2.8 150 10.6 S33 

100 6.4 ee 

This vapor pressure is not sufficient to do any material harm, 
since it is always less than the atmospheric pressures at ordinary 
temperatures and elevations. If, however, the creosote contains 

water, the vapor pressure under this condition will be the sum of the 
vapor pressures of creosote and water. The vapor pressure of the 
_mixture will be as shown in Table 16 if the vapor pressure of creosote, 
as given above, is used: 

TaBLE 16.— Vapor pressure of mixtures of coal-tar creosote and water. 

Vapor pressure. | Vapor pressure. 

Temper- : Temper- 
ature | ature 

(degrees | Inches | Pounds || (degrees| Inches | Pounds 
Ce); of per Cr) of per 

mercury.| sq. in. mercury.| sq. in. 

40 3.0 HS 80 18.6 9.3 
510) 3.5 PAU 90 26.2 W3it 
60 8.6 4.3 100 36.4 18.2 
70 12.8 6.4 

In this case, even at 100° C., the vapor pressure in excess of atmos- 
pheric pressure (15 pounds a square inch) is only 3.2 pounds a square 
inch, which is a pressure so small that it need not be taken into 
consideration in designing treating plants. 

SPECIFIC HEAT. 

It is frequently desiraple to know the specific heat of creosote in 
order that allowance may be made for sufficient coils to heat the 
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tanks and cylinders in an economical manner. The average specific — 
heat over a range from 15° to 90° C. has been roughly determined in 
the Forest Products Laboratory. The results given in Table 17 are 
not absolute specific-heat data, but include also the latent heat of 
fusion if the creosote is solid at room temperature. They are, there- 
fore, somewhat greater than true specific-heat values. The svecific 
heat of nine creosotes are shown in Table 17. 

TaBLEe 17.—Specific heat of coal-tar creosotes. 

Creosote | Specific || Creosote | Specific 
‘No. heat. No. heat. 

614 0.337 679 0.373 
636 308 680 . 349 
638 - 332 687 1,443 
641 323 740 -307 
677 - 339 

2 This creosote contained large quantities ofnaphthalene. It was practically solid at room temperature. 
The figure is high because of latent heat of fusion. 

The specific heat of creosotes may therefore be assumed to range 
between 0.30 and 0.45. If water is added, the mixture has a higher 
specific heat than creosote oil, and the rise in specific heat is in direct 
proportion to the amount of water present. Therefore, if treating 
plants are designed to handle aqueous solutions, ample provision 
will be made for the heating of creosotes. 

SPECIFIC GRAVITY. 

The specific gravity of a material is a physical property that is 
easily measured. Because of this fact, it is used to a large extent 
in industry to determine such factors as the strength of solution or 
the quality of oil. 

The specific gravity of straight distilled coal-tar creosotes may vary 
from 1.01 to 1.08 or more. The usual temperature at which specific- 
gravity determinations are made is 38° C. and referred to water at 
15° C. Practically the same result is obtained if the determination 
is made at 60° C. and referred to water at 60° C. 

It is sometimes convenient to measure -the specific gravity at some 
temperature other than the ones shown above. The change in specific 
gravity with change in temperature is 0.00077 per degree centigrade, 
or 0.00043 per degree Fahrenheit. This correction factor may be 
added to the determined value if the tempertaure is above the 
standard, or subtracted if it is below. 

COEFFICIENT OF EXPANSION. 

The factor usually termed the coefficient of expansion is the amount 
of change per unit volume if an oil is heated through 1 degree. 
This factor changes with the temperature and also with the different 
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gravities of oils, and at best the coefficient of expansion can be only 
a rough average of the various coefficients of expansion at different 
temperatures for different oils. In practice, it is usual to say that 
the change in volume is 1 per cent of the original volume for every 
22.5° F. of temperature change. This factor is approximately 
accurate and is based on the fact that creosote oil changes its specific 
gravity roughtly 0.0008 per degree centigrade, or 0.00044 per degree 
Fahrenheit. For commercial work over a short range of tempera- 
ture, this factor is probably sufficiently accurate; but for refined 
work, such as the experimental determination of absorption of creosote 
by wood, the figure of the next decimal place should be known. 
Some work at the Forest Products Laboratory shows that the figure 
derived from the change of gravity per degree centigrade les between 
0.00077 and 0.00078, and between 0.000428 and 0.000433, with an 

average of 0.000430 per degree Fahrenheit. This work also shows 
that the actual change in gravity is independent of the initial gravity, 
provided the initial gravity at 10° C. is between 1.01 and 1.05; 
therefore a change in volume is dependent upon the initial gravity of 
the oil; that is, an oil with a specific gravity of 1.01, when heated 
through 100° F., will not have the same increase in volume as will 
an oil of 1.05 specific gravity heated through the same temperature 
difference. The volume, however, may be calculated by the use 
of the formula 

GV 
V =6 = GE= PT )=0:00077 

where JZ and 7” are temperatures in degrees centigrade; or by the 

GV 
V = G22 7000043 

where J and T”’ are the temperatures in degrees Fahrenheit. In 
these formule, V’ is the volume at the temperature 7’, V is the 
volume at temperature 7, and G is the specific gravity at temper- 
ature 7’. 

VISCOSITY. 

Viscosity is a measure of the inner friction of liquids, that is, the 
friction produced by the liquid moving on itself. There are no 
-instruments in commercial practice that measure this property 
directly. Most commercial viscosimeters are so constructed that the 
rate of flow of the liquid through an orifice of definite diameter under 
a definite head may be accurately measured. This does not give 
true viscosity, but does give an empirical measure of that property. 
Nearly all instruments are standardized by water at a fixed tempera- 
ture. The efflux time in seconds of the liquid under examination 
divided by the efflux time of water at the standard temperature, is 
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sometimes known as “relative viscosity” or ‘specific viscosity,” 
but more correctly as “Engler number” or ‘‘Saybolt number,”’ 
the case may be. Although there are a large number of viscosi- 
meters on the market, no two makes will give exactly the same result 
because of the fact that these instruments work under a different head 
of liquid and have slightly different sizes of orifice. Results ob- 
tained by one make of instrument are, therefore, not directly com- 
parable numerically with those obtained by another make. For that 
reason it is necessary to give the name of the instrument when 
viscosity readings are published. The instrument which seems to be 

| in most general use in this country 
eS eS Se ee 
es aaa ede Elda 

a for measuring the viscosity of oils is 
| that known as the Engler viscosi- 

Pele elles Wenlea dea Ble meter. The effi a ux time of water at 

Ee Oe Bea ee) 20° C., the standard temperat is 
oe Ae : pooh aeeeee generally between 50 to 51 seconds. 
rks LER Be The Engler viscosimeter used at the 
te Forest Products Laboratory has an 
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efflux time of 50.8 seconds with water 

at 20° C. Tables have (15), how- 
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Fic. 28.—The change in viscosity of coal-tar dis- 
tillates with changein temperature. 

1. A high-boiling creosote. 
2. A carbolineum. 

these oils. 

the one hand and by carbolineums on the other. 

ever, been worked out by which re- 
sults obtained in the Saybolt, Engler, 
and Redwood viscosimeters may now 
be converted to absolute viscosities, 

and hence from the readings of one 
instrument to those of another. 

The viscosity of coal-tar creosote 
varies somewhat with the percent- 
age of the higher-boiling constituents 
present. Those which have a large 
proportion of the higher-boiling oils 
are, of course, more viscous than 

those having a small percentage of 
The extremes are represented by low-boiling creosotes on 

The viscosities of 

creosote as well as of all other oils vary also with the temperature. 
In general, the higher the temperature the less the viscosity. This 
is not, however, a straight-line relation. Figure 28 shows the change 
in absolute viscosity with the change in temperature for an average 
coal-tar creosote and for a carbolineum. 

The change in viscosity of creosote or carbolineums may be cal- 
culated from two or three determinations at different temperatures 

by the use of the formula V = — where V is the absolute viscosity 

re 
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in dynes per square centimeter, 7’ the absolute temperature in degrees 
centigrade and K and A constants for the oil. When the viscosity is 
determined at the two temperatures, 7, and T,, then 

Vials log Vis oes es. 
Gas es She Doren, 

substitute the value of A in the first equation and solve for K. The 
equation thus obtained will give the values-of V at any temperature, 
providing the original determinations were accurate. The equations 

: 36-94 (10)" 
for the two curves shown in figure 28 are V oo far the creo- 

peo O) 2c 
~ sote and V= —WAz.es fOr the carbolineum. 

The viscosity of oil is supposed to have an effect on its penetrance 
into wood, and it seems reasonable to suppose that a limpid fluid 
would be easier to inject than a more viscous one. Weiss (/6) stated 
that penetrance is some inverse function of the viscosity. Bond (/7) 
showed that, in the different mixtures of creosote and carbon-free 

tars tested, there was no apparent relation between the viscosities 
of the creosotes and the penetration obtained. . He also showed that 
the same thing was true when mixtures of normal tar and creosote 
were used. 

Later, Teesdale and MacLean (1 8) stated that there was no appar- 

ent relation between the viscosity and the penetrance of the tar 
mixtures used. Their statements are, however, based on the vis- 

cosity as determined by the Engler viscosimeter. Since then their 
data have been recalculated to absolute viscosity and show that a 
very definite relation exists between absolute viscosity and pene- 
trance, and that this relationship is capable of mathematical treat- 
ment. However, the data are not as yet sufficiently extensive to 
show the relationship of other variables which enter into the pene- 
trance. : 

- Figures 29 and 30 show the relationship between longitudinal pene- 
tration and absolute viscosity of various oils, including creosote oils, 

tar mixtures, tars, and asphaltic oils into noble fir and long-leaf pine. 
The equations given in the figures are of value only when the other 
conditions used in the test are held constant. Other factors which 
may influence the penetration are the time of treatment, the pressure 
used, and the mositure content in the wood. In all probability a 
full equation should read UM, P, T, XY=K,, where M is some 

function of the moisture content, P some function of the pressure 
used in treatment, 7 some function of the time of pressure, Y the 
absolute viscosity, X the longitudinal penetration, and K, a con- 
stant. In these experiments the moisture content, pressure of treat- 
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ment, and time of treatment were held constant. The equation is 
simplified by dividing through by these numbers, but it must not 
be lost sight of that they belong in the equation, and that the equation 
X Y = K holds only when WM, P, and T are constant. 

VOLATILITY. 

There is, perhaps, no physical property of coal-tar creosote that 
is of greater interest to the wood-preserving industry as a whole than 
its volatility, because the permanence of the treatment is largely 
dependent upon the volatility of the creosote. Alleman (/9), Von 
Schrenk (20), Bateman (2/), Ridgway (22), Rhodes and Hosford 

(23), and Mattos (57) in this country have shown that the oils present 

in piling, ties, and poles, after long use, have contained large amounts 
of the higher-boiling fractions of creosote. The loss was restricted 
chiefly to that portion of the creosote which distilled below 245° C., 
although there was also an appreciable loss in the portion distilling 
between 245° C. and 270° C. Above 270° C., however, the oil seemed 

to be fairly permanent. It has been shown by the Forest Products: 
Laboratory that, if the assumption is made that there is no loss above 
270° C., then the loss by evaporation may be calculated from an 
analysis of the original creosote and of the creosote extracted from 
wood that had been in service a long time. The correctness of this 
assumption is shown by the fact that calculations made from analyses 
of oil before and after use in open-tank treatment showed a loss of 41 
per cent. A record of the amount of creosote in the timber after 
treatment and the amount used during treatment showed that there 
had been at least 38 per cent of loss, or practically the same figure as 
calculated from the analyses. » 

Instead of the residue about 270° C., some investigators had used 
the pitch residue, that is, the residue above 315°C. Although it 
is probable that, if the oils boiling above 270° C. are practically 
nonvolatile, then the pitch residues should possess this property to 
an even greater degree, yet, on account of the size of the fraction, 
calculations based on the pitch residue are more liable to error than 
those based on the residue above 270° C. This is because there is 
about the same accuracy in determining the pitch residue by weight 
as there is in determining the residue above 270° C. As the latter 
fraction is usually two and sometimes three or four times as great 
as the former, an error in determining the residue above 270°C. is 
only half as great on a percentage basis as would be the same error 
in determining the amount of pitch. This is shown very well by 
the following calculations. Creosote was allowed to evaporate in a 
pan and its loss was accurately determined. The analysis of this 
creosote before and after evaporation is given in Table 18. 
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TABLE 18.—Distillation of oil before and after evaporation. 

Creosote | Creosote 
Temperature} before after 
(degrees C.). | evapo- evapo- 

ration. ration. 

Per cent. | Per cent. 
Up to 210. . 2.2 0.2 
210 to 235...| 23.3 0.8 
235 t0270...| 24.1 14.1 
270 to 315...| 17.5 32.0 
315 to355...|. 17.1 27.3 
Residue. ... 17.5 25.6 

The actual loss produced by evaporation was 41.5 per cent. The 
loss calculated from the pitch residue was 43.2 per cent. The loss 
calculated from the residue above 270° C. was 41.1 per cent. By 
the pitch-residue method, the maximum difference is 1.7 per cent, 
and the maximum difference by residue above 270° C. is 0.4 per cent. 
As the data used in both cases were the same, these differences are 

due to the method of calculation rather than to any error in analysis. 
In most cases it is impossible to obtain records of any kind that 

will show the composition of the creosote used in the treatment of 
old timbers. ‘Two such records are furnished by the pole lines of 
the American Telephone & Telegraph Co. This company has a 
number of analyses of the original oils used, from which a fair average 
may be obtained. One line, the Washington-Norfolk line, was 
erected in 1897; the other, the Montgomery-New Orleans line, was 

erected in 1899. Five poles in the Washington-Norfolk line were 
removed in 1906 and one in 1908 for analysis. One pole from the 
Montgomery-New Orleans line was removed in 1908 for analysis. 

The analysis of the creosote before treatment was obtained from 
the American Telephone & Telegraph Co., which makes the following 
report: 

The original reports of the analysis are in our files and from which we have prepared 

the following table as indicating the average of the oil used in the treatment of the 
poles for that line. It is, of course, impossible to associate the poles under test with 
any particular analysis of oil. 

TABLE 19.—Average of tests of dead oil of coal tar used in treating poles. 

DISTILLATES. 
Per cent. 

Eoss;swater, etc. 1/00: C sk Re a ee ree il 

NZ OP O20 5? wseccrcte sa, oc-cp2ict 58S SS es os PR i een nae 2 

ZO itr VO Ser eae ia ees 2 Nees alae cae iy at a pik ec 4 

ZIOPMAG 20> Se ao yeas Pe > eR ae ee er has a 45 

Zoey ee tOR2 AO orae ee ois cr ss cicte oe, Shc cee ae gs a GO aes ie Sates Tr eR 7 

240° FO 3270S We ee ay iS Ne RE Rae eee ea 16 

DEO? OB Gog eect ey he oI RE care Sa SAG eR eee 9 

Residize above Slee: 2.52. oo ae Se Ope ay pee tees eames 16 
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Twenty-eight analyses were available for the above average. 
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The analyses of the creosotes extracted from five of the poles from 
the Washington-Norfolk line were published by Von Schrenk, Fulks, 
and Krammerer (20). Later, Rhodes and Hosford (23) published 
independent analyses of the creosotes from the same poles and, in 
addition, of one other creosote from the same line and of one from 
the Montgomery-New Orleans line. 
investigations are given in table 20. 

The records of both series of 

TABLE 20.—Analyses of creosotes extracted from telephone poles. 

Pole No. and fraction. 

Top. Butt. 

V.S., F., Rhodes and V.S., F., Rhodes and 
and K., Hosford, and K., Hosford, 
per cent. | percent. | percent. | per cent. 

| ' 

Pole No. 10749. 
SCO Wr LOS Ce ee es ee as So ses ene 0.0 1.8 | 0.0 2.3 
ADSL OLaO oO ee Seta er np Ee 6.7 6.5 | 37.4 42.5 
LONE LO ee en ee eR EY 31.0 23.9 | 26.9 22.5 
PLLA T aed OS ee Ie tec ie ce ne Renee Poem DASA coe cee 1 Ee ee eee aie 
BL ESIG TE See ee renee eee teen oe ee So ee 41.0 67.8 | 20.4 32.7 

Pole No. 1425. 
CLO We 10 oh ee ae eng et ee te 8.6 7.9 0.0 1.9 
PAD SLO oie eee eee ek See ae eS 29.7 | 32.0 45.0 39.6 
DRT EC OLE Lyset eee ep oe ween os See | Se Sate | 19.4 23.0 23.7 
Za aE OTS Os ae eas Se ee ee a SS 57a el eae eee He i ea ee So 
TEST EUG Se ee i es ee 29.6 | 40.7 16.1 34.8 

Pole No. 9709 | 
PB ClOWe21O Cree ee a ee ee ee ee 0.0 Sta! 0.0 2.4 
BEDS Race CIE aah Se ie 8 REE cee cee tree eee rr 1.0 | 6.7 12.9 15.6 
PEG OIRO] USS Chas Se eer a i a es gece eee 8.2 18.2 PF 24.8 
BARDS HG SY eh Gere ee me a ae ls 32. Z | Se eee 1859) ccckee eee 
VEST UG Meee oe oe ne Se ee nee 58.6 71.9 42.5 57.2 

Pole No. 29. 
ClO Wes LO ONO henry eee ee ee ee. 0.0 3.2 1.0 | O55 
2 IORE Og © ate ee ae a ee 40.7 21.4 47.1 | 44.3 
DIGS P70 ets ete ee ee ee 19.0 24.2 19.2 | 25.7 
PLO O DIOS © peers ee ee aa Pie he ee Hay ae ee 12:9 ae oes 
EROS TTI Os ere se ts A tan NE 28.8 | 51.2 19.4 | 29.5 

Pole No. 2931. 
Belo Wie lOe Oe cere ae een ee es ee 0.0 rd ~ 0.0 2.3 
IOS Oo Oe oe a es fos ease = oad, 22.4 40.6 35.8 
et Oat ie ane 5 eee een a aes ee ee 20.4 14.1 22.3 16.4 
PADS tS OS a Soe ee ee ee ee oe ee eer TEU | Rachesonsnee 12°50 |e eee 
ESI Ce ee at ee ee 39.9 61.8 24.7 | 45.5 

| 

| Rhodes and Hosford, Rhodes and Hosford, 
| pole 5348. | pole 10272. 
| 

Fraction. Above Below Above Below 
ground | ground ground | ground 

Top. | tine, per | line, per | 2°P- | line, per | line, per 
cent. cent cent. cent. 

BOTO Wye A ce na = eS ee 1.9 422 775s S 0.6 0.3 4.0 

LISS NSE a ee ee eee 4.0 4.4 14.4 .7 | RZ 9.4 
SSO Teh cs se en ean ee eee 6.6 21.5 29.9 2.9 3.1 | 21.6 
Ey ERET ETS Sa ccc Sie 87.5 72.9 54.6 | 95.8 | 95.9 | 65.0 

j | 
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Messrs. Von Schrenk, Fulks, and Kammerer, using the pitch 

residue of the average creosote before treatment and the pitch 

residue of the individual creosotes after treatment, estimate the loss 
by volatilization to be as shown in Table 21. 

TABLE 21.—Loss of creosote by volatilization from telegraph poles. 

| | 

+, | Section | Loss, I Section Loss, 
Pole No. | of pole. | per cent. Pole No. of pole. | per cent. 

10,749 | Top. 59.0 1,425 | Butt 297 
10,749 | Butt. 20.8 2,931 Top. 58. 0 

29 | Top. 42.4 2,931 | Butt 32. 8 
29 | Butt. | 16.4 9,709 | Top. 70. 8 

43.3 9,709 | Butt 60. 3 1, 425 | 2a | 

The same investigators analyzed the oils extracted from the north 
and south sides of two poles; but, on account of lack of concordance 
in results, they could not state definitely whether there was any 
difference in evaporation corresponding to the difference in these two 
points of the compass. They also made a few analyses to determine 
the difference in evaporation near the surface and in the interior of 
the treated portions. Their results show a slight but gradual in- 
crease in the volatility of the creosote extracted from the center 
over that obtained from the outer portions; but the investigators 
state that more analyses should be made. 

Even an average analysis of the creosote is not usually available. 
If, therefore, it is desired to determine the loss by volatilization, 
another assumption must be made. Much of the treated wood 
examined after long service is piling. In a pile there are three 
different parts that represent three different conditions of exposure— 
first, that part of the pile exposed to the air, or the air section; second, 
that part of the pile that is in the water, or the water section; and, 
third, the point of the pile, which is in the mud, or the mud section. 
The mud section is less hkely to change than either of the other two, 
since the loss by evaporation and the loss by solution are both nearly 
negligible. The assumption that there is no appreciable loss of the 
creosote in the point seems, therefore, to be justifiable; at any rate, 
the figures obtained by using this assumption would be less instead 
of greater than the actual loss, even if the assumption is liable to be 
considerably in error. Basing calculations on these two assumptions, 
namely, that the fractions above 270° C. do not disappear appre- 
ciably, and that the creosote in the point is the same as the original 
creosote, the calculations shown in Tables 22 and 23 have been made 
to show the losses occurring from piling that has been in service for 
different lengths of time under different conditions. 

Da ORT Oe ee Pw 
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TABLE 22.—Analyses and calculated losses of creosote from treated piling. 

Above water 
line. 

To- | Aver- 
tal. age. 

IPS Gio IESGHs 
30.0} 0.79 
31.4 .83 
11.0 . 54 
30.0} 1.5 

PoGtolltees 
10.0 483 

Character of oils. Loss. 

Length : Below water Above water | Below water 
S pega line. line. line. 

service, 
Bye et | ee | ee 

Upto | Upto] Upto | Upto |] Upto} Upto} To- | Aver- 
PASC 2702 Ca:| 245°C. | 2702 Cs) 245° Ca 2702 Ca" tale age. 

P.ct P.ct P.ct. IPS GAS | cd EGG IP “Gis, || 125 Gio NAPLRGE 
Sickness 37.8 522 23. 3 41.9 20. 4 31.7] 17.0) 0.42 
38... 39. 5 EATS: ae a Ee ape 16.8 DOE Bi Nesieaaaaen [ey Sele 
20s 59. 9 69. 6 59. 8 69. 3 BY C 65.9 1.0 .05 
Dee 61.1 70. 9 7 63. 5 48. 4 He Bll AO OO 
Deer a 60. 4 68. 5 49.9 ETRE healt pew id HE arse 08 PBX Tl \\ M7 
Oe eeee 41.8 48. 2 33.3 40. 4 10. 2 CORON elonO 4 
320 9. 4 Die pals eae eae 4.6 5.8 IDG ale 2 .6 

Upto] Upto| Upto] Upto} Upto | Upto 
235° C. | 270° C.| 235° C. o70° C3 2352:Cs 2702 

29... 42.0 53. 2 54. 0 73.4 33.3 58. 9 
2S) sks eee 7.6 3253 4.1 20. 5 Dae 20. 5 
Qe 6.9 28. 6 1.8 DAS ieee 14.9 
AAD siete 16. 1 38. 5 4.1 28. 8 2 9. 2 
18_. 1S) 41.6 Gy) 46.1 15. 4 40.1 

Observer. 

Ridgway (22). 
Do 
Do. 
Do. 
Do. 

Bateman (27). 
Do. 

Mattos (47). 

TABLE 23.—Analyses of creosotes extracted from old tumbers after various lengths of service. 

Distillation of extracted oil. 
Creo- 

Sery- sote : Tar 
Sample. ice, | Pet 205° | 245° | 270° | 320° | Resi- acids. cubic} To t t due a 

foot. | 205°. © o. Le Eo above otal. 
245°. | 270°. | 320°. | 420°. 420° 

Yrs.| Lbs. | Per ct.) Per ct.| Per ct.| Per ct.| Per ct.) Per ct. ad ct.| Cm(3.) 
ERT CRN OTeOGis eee ae neice ee 16 | 4.06 |....... 16.32 | 13.24 | 20.15 | 24.10 | 25.93 9.74 0.51 
tes NOVNO4 sae ee cicwme css NRG ee Oe Aa atest 9.37 | 18.17 | 27.54 | 21.38 } 23.01 ae . 36 
FITS uNON MSS aes see ete eee USS EO aoe 9.75 | 18.54 | 24.96 | 22.42 | 24.07 | 99.74 S13 
AI GENO aL OO soe cee ates te HGH er S 2 Om ase 7.08 | 12.45 | 16.68 | 40.84 | 22.52 | 99.57 14 
ilesNOstlSA ete a sae Seek 47 WAGSs| peas ae 19.92 | 17.58 | 20.62 | 14.48 | 27.11 | 99.71 .78 
“MG UINIO GEES a= Swe so sa see. AN A. TNs See 9.45 | 12.30 | 27.56 | 33.48 | 17.87 |100.66 -96 
Tie No: 105.-22--- eA see ee HDi cts Oe looasae = 6.83 | 10.16 | 26.11 | 32.17 | 23.91 | 99.18 }...__.. 
PIN eNNOR 03 252 see ee eee a TUES OVfleseecne 17.78 | 11.88 | 21.26 | 14.64 | 34.01 | 99.57 . 26 
DeUNOsalil Obes San eee eee ees LOG RAS NSAal aes eee 18.23 | 16.61} 23.01 | 12.78 |} 29.11 | 99.74 . 68 
Paving blocks Nos. 88 and 89.. AD ditle WO \seesase 20.13 | 10.27 | 12.18 | 27.46 | 29.78 | 99.82 1.19 
PRIiGINO As par eee es BO roa We Ree nee 15.44] 7.44] 15.68 | 44.96 | 16.14 | 99.66 xO 
Paving blocks Nos. 90 and 91.. HUIS TAS 7 eerste 21.03 | 24.45} 7.68] 25.06 | 21.78 {100.00 . 87 
AIT eSNO OSA se eee eee 23 Eel 7 fa] Re et 10.59 | 12.61 | 28.56 | 20.32 | 27.87 | 99.95 62 
ERIGUNOR Oasis eae pace ewe oe 220 GES BAlsoee sce 15.78 | 8.04] 27.80 | 18.12 | 29.81 | 99.55 716 
WTCUNIOMSi2 2 eae ee ee PAD 5083 lasseucs | 10.15 | 16.32 | 20.54 | 12.63 | 40.02 | 99.66 . 04 
PVE PNOR 4 lie ee ee oe 2 AWATIG \odisonee 10.46 | 20.34 | 22.63 | 16.32 | 29.83 | 99.58 1.14 
PRIGHNOMLOM esa eeeee er eee ee 2A lle GN eee ae 8.32 | 26.36 | 23.42 | 29.58 | 11.86 | 99.54 .38 
RTC UNO MUO 2 Reee hen ees il) Reto mehi ONE ise ns, at 18.24 | 12.16 | 28.92 | 22.76 | 17.35 | 99. 43 Ava 
HELSING SAND 22 thy ce ee 14) 7.21 0.47 7.65 | 8.03 | 17.58 | 38.88 | 27.97 {100.58 23 
HPITOUNO UG se ae ne ee ee AG ir S42 |b eee 9.44 | 16.92 | 29.68 | 32.08} 11.03 | 99.15 }.....-. 
Pie VNOMU ts een ee ae 46 8.07 2a Los oo | AN Gl eS aon deo: ais |) O9noL less oe 
REINO ee hs eee oS 46 pi bey Wes Batre 22.20 | 20.10 | 24.30] 16.24] 16.84 | 99.68 }.....-. 
IAT RIN'Os Ams se sore eee Bee 46°) V2s61 | 232322: 16.87 | 12.15 | 13.25 | 25.37 | 32.30 | 99.94 1.07 
RilewNOne sts eee eee ae 21 OOS SSehs se 13.56 | 10.52 | 20.34 | 31.24 | 23.92 | 99.58 1.78 
AME INO a Sassi ieee Sena sa 2p} MAG |\eSoboce 9.03 | 15.21 | 29.45} 13.35 | 32.91 | 99.96 137 
PRTCUN OS Oh ee ee TOES OEAD ee ee 6.39 | 10.38) 27.75 |} 31.86 | 23.51 | 99.89 Ltd 
TEAR IGLINI(C), fou Hg See ee a SLR aU S83 4s apn oe 38. 88 } 13.76 | 13.12 | 10.08 | 24.02 | 99.86 |....... 
pt OUNOS 82s ise ook bese ewe 155 eel ORs | eae S1F5Os 2285 |) soe EL Ge 221. 035100. 23; | ace ese 
IT CUN O09 8322 tas eo ee ee EM ees Semel eam | RSS ze ae ata eS ae Leen aps ape ED 
NZ CENIOR SA eee he ce ek AQ We tss Galas Sane 13.56 | 15.78 | 14.49 | 19.77 | 36.13 | 99.83 |....... 
PA CIN OR SD cone nee eek Seen ones UZ Aad bel as Ss ei NOS OCH D3 OF PASS 2a ele 5S8:\ cools. 199 00 42 cc 

3 

TSS IAVDSS Ga a oS PEE 22 ied eis tes 22.53 | 13.47 | 22.68 | 18.58 | 22.37 | 99.58 |......- 
IPL OY 0S es eee eee erase 29 | 17.63 TA26uE2TOOneo2e4o)\woleoonlt2sO2c owas 299. OGsleseene™ 
JET KE) INK(0)5 9 le pee ee mS 29 | 17.08 | 2.18 | 31.06 | 18.21 | 36.04) 8.17 AOS) | 99NT9: ose eee 
Paving block No. 52......:.-..- 34 | 18.81 .48 | 26.61 | 32,06 | 17.52 Sr47e 4742) 995 56s le eee 
Paving block NO. 5352222... 2.2 29 | 12.44 NOS lmon |) PSasy | iaveo2) 016.62) | see00") 99.73. 12-2 2< oe 

Paving blocks Nos. 54and 55... 29 1,907 | 9.62 | 14.41 | 19.27 | 41.74 | 11.23 | 3.40] 99.67 |....... 
Conduit pipe No. 67....-.....-- 14 8.74 | 5.08 | 27.23 | 10.46 | 27.68 | 19.03 Or OST OON ATS Eee es 

1 Twenty years as a tie and 13 years as a fence post. 4 Under rail. 
2 Treated with creosote and resin. Not analyzed. 
3 Center. 

5 Paving block No. 54. 
6 Paving block No. 55 
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From a comparison of Table 21 with Table 22 it will be seen that 
the loss from piling is much less than the loss from poles, although in 
some of the piling there was a greater percentage of creosote distilling 
below 245° than there was in the poles, the loss from the butt in the 
poles being on an average somewhat greater than the loss from the 
air section in the piles, and considerably greater when it is considered 
on an average yearly basis. Table 23 shows the analyses of creosote 
extracted from woods that have been subjected to different lengths of 
service. No estimate of the loss on this material can be made, but 

attention is called to the fact that, in spite of the very heavy loss that 
was probably experienced (see Tables 21 and 22), the fractions dis- 
tilling below 245° have not disappeared entirely. These fractions 
are the ones that usually contain the tar acids and the tar bases, 
both of which are known to be very toxic. Not all the investigators 
made determinations for tar acids, but in 65 per cent of the analyses 
that were made the acids were found. The absence of tar acids does 
not necessarily indicate that these compounds have volatilized, 
because it is possible for them to undergo chemical changes, as pointed 
out by S. Cabot (24), or for them to attack the cellulose or wood 

substance in such a way as to produce materials resembling bakelite, 
or for them to be dissolved in the water contained in the wood, and a 

part of them at least to penetrate into the apparently untreated por- 
tion of the wood. In any one of these conditions the tar acids would 
probably be missed by the investigator. 

No short test is known to the writer that will give the volatility 
of creosote in any but a comparative way. For this purpose an 
examination of the percentage of distillate would probably serve 
as well as any other test. A number of tests have, however, been 
made both by evaporation from open dishes or pans and by evapora- 
tion from the treated wood. Figure 314 shows the loss of creosote by 
evaporation from open pans or dishes under two conditions of heating, 
and the percentage distilling at 270° C. The points fall roughly in 
a straight line. Figure 318 shows the same kind of relation between 
the amount distilling at 270° C. and the loss from creosoted wood. 
The relation here is represented by a nearly straight line, but the 
slope is much steeper than before. Furthermore, the maximum loss is 
less than half that in the dish test, although the oils were much 
lighter in character. 

Von Schrenk and Kammerer (25) have reported a number of tests 

on six creosotes under three sets of conditions; that is, evaporation 

from open pans at room temperature for 304 days, evaporation for 
the same length of time from maple blocks, and evaporation from 
pine blocks. Using this length of time, the investigator shows that 
the loss by evaporation from the open pan is practically the same 
as the loss by evaporation from wood under the same conditions for 

ee ee ee ee —— ee ee 
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the creosotes tested. Beyond the time of 304 days the blocks gained 
in weight, probably because of the absorption of moisture. The 
results of these tests are plotted in figure 31c, in which the ordi- 
nates are the percentages distilling at 270° C. and the abscisse are 
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Fic. 31.—Relation between the loss by evaporation and the pér cent of 

the oil volatile below 270° C. 

A. Loss of coal-tar creosote by evaporation from open pans. 

B. Loss of coal-tar creosote by evaporation from creosoted wood. 

C. Loss of coal-tar creosote by evaporation from pans and creosoted 

wood. Dots—Open pans. Circles—Maple blocks. Double 

circles—Pine blocks. 

D. Loss of water-gas tar creosote by evaporation from open pans. 

the percentages of loss by evaporation. The three points lying in 
the lines parallel to the abscisse are obtained by using the same 
creosote in the three different methods of test. 
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Recently Bateman and Town (26) have shown that the loss of 
creosote by weight because of evaporation in laboratory open-tank 
treatments is in direct proportion to the area of the surface of the 
oil, and is also dependent upon the volatility of the creosote. They 
give the equation log L =0.0165 V— 0.347 as the daily loss per square 
foot of exposed surface, when the temperature of the bath is 195° 
F. In this equation log LZ is the logarithm of the loss and V is the 
percentage of creosote distilling below 270° C. The constants 0.0165 
and 0.347 will vary if any of the conditions are used except those ~ 

under which the experiment was carried out. Figure 32 gives a 
curve of the above equation, with the expenmental data plotted 
upon it. 

Percent of olf asttiiing below 70°C. 
& 

40sS - founds per sgvare fool per ay 

FiG. 32.—Relation between the volatility and the loss by evaporation of 

creosotes from open tanks. 

Calculations show that it is very likely there is a mathematical 
relation between the rate of loss of creosote from treated wood and 
the amount and character of the creosote injected. The general 
form of the equation, as obtained from preliminary calculations, is 

KAY )2y¥2 a 

where KX is a constant for the location, A is the weight of creosote 
injected per cubic foot of wood, B the percentage of creosote dis- 
tilling below 270° C., Y the loss by evaporation, and XY the time 
required. 

Figure 33 gives two curves in which the above equation has been 
used on two different creosoted sticks which had different grades of 
creosotes and different absorptions per cubic foot. In one curve the 
amount of oil distillimg below 270° C. was 92 per cent, in the other 
curve 49 per cent. The amounts of oil injected per cubic foot were 
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Date | Number 
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1897 | 9,975 | Washington-Ni 
1899 7, 644 eee 
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10.48 pounds and 18.79 pounds, respectively. The value of A in 
3 

these experiments was ono The equations for the two curves are 
100° 

DC ee 
OD = 

11.680 — Y)*— Y? 

49—Y 
x. = X, and =X, 

respectively. The curves and data are plotted independently. 
It would appear, however, notwithstanding the great loss which 

must certainly have occurred, that the effect of this loss upon the 
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Fic. 33.—Therelation between the volatility and loss by evapoartion 

of creosotes from treated wood with time. 

life of the treated timber may have been given more weight than it 

really deserved, particularly as to its effect upon the prevention of 
decay. Bateman (27) has shown that in all service records of ties 
and telephone poles, many of which were treated with very light 
creosote, the failures are due to mechanical failure of the wood itself 

and not to the failure of the creosote to protect. Tables 24 and 25 
show the service records from which these conclusions are drawn and 

the analyses of the oils used. 
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Tare 24,—Service records of creosoted ties treated by pressure treatments from 1872 to 1908. 

Liquid at 100° F, 

Liquid at 100° F. 

Naphthalene26 per 
cent. 

Naphthalene26 per 

Liquid at 100° F. 
M. T. 4 por 

cent at high tem. 

ope cent varia- 

Napiifhalene 146. 

= he Results of inspection. i ‘Analyses of creosote used. 
Dato 2 

‘Treat obtained 7] Date | Number Specles. Railroad, Location. at Spevifi Up to = Species. = Sery- | Remoy- | Average from. pecific 2 Up to 355° ©. placed.| tntest. *. Date. } Set¥ }/Remov= | Averoe Cause of removal. evil | sue, BELLE Fioey 

a Years.| Percent. Years. |e anaa, Percent. | Percent. | Percent.| Per cent. Percent. 
Chicago, 1. 0 | 30-70) ail-cut and decay. 1872 d ne WW aNd: Bound Brook, 1 | 100 Rail-cut. 

iar bi Hah 2 Texas 2%] 20 acl 
1878 

1870 4 
ey Codareu lee e reason for eloving fw ies still Probably similar to Silcock oil of 1860, (See discussion.) 

1880 | 150,000 } Pine. ai About 1.05 
150) 400 | Hemlock. Afldway, 3 Teneo post tm gt2. 

Yellow pine... Now York City 1900 Relaid, 1900. 
Oak and pine. i decay; remaining ties 
Longleaf pine. badly Fee U RT eauea 

=| Hemlock - Highlands Pie ‘Mo removed 1907; balance i910 
Fairhayen 25 ties still sound.” -..-....- 

Rail-cut. 
Start to fail in 1909 = Renan - - 
Start Lo fail in 1911 N. 1. @ per cent nophi | N-U..20 percent.) #N. MT. 90 per | N31. 8 

thalene, anthracene. cent above 340. 
100 Rueping. | 1917 14 per cent deca: Wg 364.3 88,0 |. 
25 do...--.| 1917 13 : 
366, ee 8) 

p owed s. y- pine 19017 3 | el eo ae eae 117 12 percent decay; 10.9 Wear; 30.3 1.04 tol. 10 
switch ties, 

Sawod s. y. pine. Argonia, Ka 1917 12 4.2/per cent decay; 33.5 wear J 
Howed sy. pine Sutton, Kan: 117 12 Wear. : 
Sawed s. y. pine Garnet, Kani 1917 12 13.L per cent decay; 5.0 wear 4 
Sawed red gum. 

do 

Bay View and San | Fullicell..| 1917 12 
Leon, Tex. 

§ 

Paupi, Mo 1917 12 
=... 1917 12 

St, Clair, Mo 1917 ne 8:4 por cent deca 
“do. 1917 i 78 per cent decay; 0.5 wear. 

Salix, Li 1917 iL 
cent. 

Lafayotte and Scott. 1917 i 
Fairhaven tunne 1916 10 |. i 
Oltowa cut-off... 1917 ah Waar. Ni M, T.30)|: 

1917 10 1.8 per cent decay; 1.5 wear. 
1917 10 |. 
1917 0 1.8 per cent wear 
1916 9 Decay. 

Barrett, Ga. 1916 9 
5S. Sheridan, Wy 1917 10 57.7 Solid naphthol. 

2,404 ShortNeatpins. Scio, Ohio 1919 10 ifleation: 
3,200)| Long-leat pine. East of Greenwich 116 9 1 

200 | S. y. pin Fairhaven tunnel. 1916 |. 
Paules, Ark 17 rn) Broken. 
Summer, Washi. 1917 9 

CAE 98 Lines east............| Fullcell,.| 1917 9 1.0 |..........] Split. 1.076 | WA 31.7 57.7 (6500) | Pores eno 

IN. L. T.=Not less than. ?N.M. 1.=Not more than. 2 Up to 240° © ‘Up to 200° ©. 

TABLE 25,—Service records of creosoled telephone poles treated by pressure treatments. 

Analysis of oil used. 

Datel ineene aint inmalise Decayed | Total Distillation. 
ate | Number ate in- of poles | to point | poles 

placed.| placed. Location. Species. | peated. | Service. | OTE | ot eeon: sting : spected. /struction.| decay. | Average of— Upto— 
Specific 
gravity. 

aiorC, | 235°C. | 270°C, | 316°C. 

Per cent __| Percent. | Per cent.) Percent. | Per cent. 
1897 | 9,975 | Washington-Norfolk line... 1914 17} 1,096 2 8.7 | 28analysis rom] 76" Bae | Pence, 
1899 7,644 | Montgomery-New Orleans 1915, 15} 1,558 6.8 82.4 | 38 analysis 1.03 u 60 78 or) 
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CHAPTER III. TOXIC PROPERTIES OF COAL-TAR CREOSOTES. 

To be an efficient wood preservative, any oil must have at least 
two properties: It must be toxic; that is, able to destroy or to inhibit 
the growth of the organisms that cause the destruction of timber, 
and it must be as nearly permanent as possible. In addition to these 
two, it may have other properties, such, for example, as that of 
waterproofing, which would aid in the retardation of fungous growth. 
The most efficient wood-preserving oils, therefore, must possess a 
high degree of toxicity combined with a high degree of permanence. 
The long service of timbers treated with coal-tar creosote shows 
conclusively that coal-tar creosote possesses these properties to a 
marked degree. 

Toxicity tests may be divided into three groups or classes: (1) tests 
on timber-destroying fungi; (2) tests on marine borers; and (8) tests 
on insect borers. The first two are of the greatest importance to the 
wood-preserving industry at the present time. The tests on fungi 
may be conducted in at least three ways: (1) by Petri-dish tests, 

which require only a short time for their completion; (2) by fungus- 
pit tests, requiring a somewhat longer time; and (8) by service tests, 
requiring from 4 to 10 years to obtain the results. The last is, of 
‘course, the most conclusive proof of the preserving value of any 
wood-preserving oil, but requires an exceedingly long time, and is, 
moreover, a test that combines permanence and toxicity. Further- 
more, in such tests not infrequently the wood fails mechanically 
before the usefulness of the preservative is ended. The first and 
second are only comparative tests and show what might be expected 
of any wood preservative when compared with some other material 
of known value. In these two tests the factor of permanence is 
largely but not completely eliminated; it is, therefore, possible that 

a material which under tests promises to be a very effective pre- 
-servative may not prove to give good service because of its lack of 
permanence. 

FUNGUS-PIT TESTS. 

Fungus-pit tests have been started by the Forest Products Lab- 
oratory, by Chapman (28), of Westinghouse, Church, Kerr & Co., 
and by Hosford, of the American Telephone & Telegraph Co., and 
probably by others. At the Forest Products Laboratory the tests 
consisted of placing blocks treated with various preservatives in 
a concrete pit in which the humidity and temperature could be 
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controlled, and of inoculating these blocks with timber-destroying 
fungi. The test at the laboratory has not been successful in des- 
troying the treated wood. In the light of present knowledge only 
negative results could be expected from such tests. 
Chapman (28) brush-treated his test specimens and set them in 

sheep manure. Experiments with brush-treated fence posts and 
telephone poles show that such a test will not be a test of the pre- 
servative, but that the wood will decay because checks and cracks 
develop and permit the entrance of fungi into the untreated section 
long before the treated portion has lost its resistance to decay. 
The original conception of the fungus-pit test was that the life of a 
preservative could be determined in a shorter time than by service 
tests, but the tests so far carried out have failed to obtain this result. 

The reason has been either that specimens which have decayed were 
not treated in such a manner as to give the preservative life of the 
creosote; or that the conditions in the fungus-pit were such that the 
creosote did not lose its vitality as it does under exposure. 

PETRI-DISH TESTS. 

There are various ways of making Petri-dish tests, which vary 
with different operators. Objections or criticisms can probably be 
brought against any one of the systems now in use. The general 
principles of the tests, however, are the same. A nutrient medium 
is prepared, in which the fungi can thrive under certain known 
conditions. To this medium, which usually consists of agar agar 
mixed with some nutrient such as beef broth, are added known 

amounts of the preservative, and the whole is poured into shallow 
covered glass dishes known as Petri dishes. After the agar agar has 
solidified to a jelly, it is moculated with the fungus or other organ- 
isms to be used in the test. The organisms that have been used in 
testing wood preservatives include molds, yeast, timber-destroying 
fungi, and bacteria. The objection to, the use of molds, yeasts, and 
bacteria for testing wood preservatives is that the killing points for 
these organisms might be entirely different from that for timber- 
destroying fungi, and it is already known that timber-destroying 
fungi differ among themselves in their resistance to certain wood 
preservatives. The chief advantage is that the test can be made 
in a few days instead of the weeks necessary when timber-destroying 
fungi are used. Although this difference in behavior in the various 
kinds of low organisms tested must be recognized, the information 
obtained from these comparative tests performed with such cultures 
is not entirely without value; for the experiments give very quickly 
some general idea of the relative toxicity, and approximately indi- 
cate the order in which the toxicity may reasonably be expected to 
fall when the preservatives are tested against timber-destroying fungi. 
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Humphrey and Fleming (29), of the Forest Products Laboratory, 
and Dean and Downes (30), of the Sheffield Scientific School, have 

put this work on safer ground by using the timber-destroying fungi 
in their tests. The former, who have done by far the greatest 
amount of work and have used chiefly the fungi Fomes annosus and 
F. pinicola, place the toxic point of coal-tar creosote between 0.2. 
and 0.5 per cent. If this is the true toxic point, then one-fifth of 

a pound of creosote per cubic foot of wood, provided it were prop- 
erly distributed, would be sufficient to stop the growth of the fungi. 

CAUSE OF TOXICITY OF CREOSOTE. 

There is now little or no data on what compound or compounds in 
coal-tar creosote are responsible for its toxic effect, because few of 
the constituents have been isolated and subjected to tests. In 
general, the constituents of coal-tar creosotes may be divided into 
three groups—the hydrocarbon oils, the tar acids, and the tar bases. 
Of the hydrocarbons that are found in coal-tar creosote, naphthalene 
and anthracene, according to the methods used by J. M. Weiss (31), 
seem to have very little toxic action against bacteria, yeast, and 
penicilium. Russell and Pendleton (32) have shown that benzene 

and toluene are capable of destroying certain undesirable (or harm- 
ful) soil protozoa, bacteria, and fungi, but do not act on certain other 
soil bacteria that are desirable. Naphthalene and crude oil, when 
tested in the same way, gave asimilar but slighter action. Weiss (31), 

Charitschkow (33), and Dean and Downes (30) have shown that the 

“neutral oils” —those oils that have been freed from tar acids and 
tar bases by being washed with caustic soda and sulphuric acid— 
still possess a considerable toxic property. Weiss (31) and Charitsch- 
kow (33) state that the toxicity of the neutral oils is nearly as great 

as the toxicity of the original creosotes from which they were obtained. 
Dean and Downes (30) show that the acid-free oil is more toxic than 

the original, but that the neutral oil (free from both acids and bases) 
is only about two-thirds as toxic as the original. The same sort of 
evidence has been obtained in the Forest Products Laboratory by 
Huntley (54), except that in his tests the toxicity of the neutral oils 
exceeded the toxicity of the original creosote. There is, of course, 

the possibility that the methods used to remove the tar acids and 
tar bases were such that there were traces of these materials or their 
salts still remaining in the oil, and that the increased toxicity of the 
tar-acid free oil of Dean and Downes and of the neutral oil of Huntley 
was due to the small amounts of tar-acid salts, which are somewhat 

more soluble in the agar medium than are the acids themselves. 
However, the weight of evidence now available seems to show that 
the neutral oils of coal-tar creosote are themselves very toxic, and 
that this toxicity is due to the lower-boiling hydrocarbons. 
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Of the tar acids and other oxygenated compounds found in coal- 
tar creosote, perhaps the best known is phenol, or carbolic acid. 
Phenol is recognized in medicine as being extremely toxic to practi- 
cally all kinds of living organisms. It is used as a standard in the 
determination of the killing power of antiseptics and bactericides. 
The higher homologues of phenol, the cresols, are from two to four 
times as effective toward bacteria as is phenol, and the naphthols are 
also extremely toxic compounds which have been used as anti- 
septics and germicides. Weiss (31) has shown that the tar acids 

(all the tar acids extracted with caustic soda) are about as toxic as 

pure carbolic acid to penicillium, bacteria, and yeast, and that pure 
cresol is much stronger, requiring only a trace, whereas pure carbolic 
acid requires 0.15 per cent. ‘Trillat (35) mm 1892 mentioned phenol 
and alpha and beta naphthol as powerful antiseptics. Adiasiewietsch 
(36), in 1897, in experimenting with petroleum products, added tar 
acids among other things to increase the utilization of petroleum for 
wood preservation. Bokany (37) compared the efficiency of phenol 
with other antiseptics, and Schneider (38) has prepared powerful 
antiseptics from the alpha and beta naphthols as well as from the 
cresols. Russell and Pendleton (32) have shown that both the 
phenols and cresols are valuable for soil sterilization, although these 
operators found certain bacteria which apparently lived upon them. 
Morgan and Cooper (39), in 1912, showed that against the Bacterrwm - 
typhosum the tar acids in general increase in toxicity with increase 
in molecular weight; and that in the same series of compounds, an 
increase in molecular weight is always accompanied by a rise in 
boiling point. They also show that the dihydroxynaphthalenes 
(2, 3, hydroxynaphthalenes and 2, 7, hydroxynaphthalenes), that is, 
naphthols having two phenolic groups, are between three and five 
times as toxic as phenols. It will be noted that the references given 
here are to comparatively recent experiments, some of which were 
directly connected with the wood-preserving industries. The refer- 
ences have been given to show that there are a number of investi- 
gators In wood preservatives who believe that coal-tar creosote owes 
its antiseptic properties, in a large measure at least, to phenols or 
tar acids. 

The nitrogen bodies, that is, the pyridines, quinolines, and some 
others, have not been investigated so thoroughly as the phenols, 
Trillat (35) placed both quinoline and pyridine in the list of powerful 
antiseptics. Weiss (31) has shown that quinoline has decided anti- 

septic properties, being somewhat stronger than the phenols against 
the organisms tested. Morgan and Cooper (39) showed that the 
amines, that is, those compounds containing an NH, group, are, in 
general, toxic to the Bacterium typhosum, although not so toxic as 
the corresponding phenols. Here again, in the same series of com- 
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pounds, the toxicity increases with molecular weight and with rise 
in boiling point. Russell and Pendleton (32) have shown that both 
pyridine and quinoline are valuable for soil sterilization. 

It is realized that these tests on the various constituents of coal-tar 
creosotes are not conclusive proof of the antiseptic action of these 
materials when they are applied to timber-destroying fungi. The 
tests do at least point out the way in which it is most probable that 
creosote produces its toxic effect, and it might reasonably be assumed 
that the various classesof compounds, when applied to fungi, will 
behave in much the same way as they did in the tests in which they 
were applied to various other lower organisms. This will be the more 
probable if the general conclusion can be substantiated by a consider- 
able amount of data. Certain tests now being made at the Forest 
Products Laboratory show that the tar acids are extremely toxic to 
timber-destroying fungi; that the tar bases are as toxic to these 
fungi, if not more so; and that the higher hydrocarbons under test 
have at best aslight toxicity. It seems, therefore, that the conclusion 
is justified that creosote oil in a large measure owes its toxicity 
against timber-destroying fungi to the tar acids and tar bases which 
form a small part of its composition, the rest of the toxic effects 
being caused by the light oil. The heavier oils have but-little toxic 
value for this purpose. This conclusion is further brought out by 
the curve (fig. 36) showing the toxicity of coal-tar creosote plotted 
against its volatility at 275° C. 

TESTS ON MARINE BORERS. 

Practically the only work of this nature on the toxicity of creosote 
and its constituents toward the marine borer that has been published 
is that of Dr. Shackell (40). He showed that the phenols were 

extremely poisonous to the Xylotrya, but that the hydrocarbons, 
naphthalene, and anthracene could apparently be taken in and 
ejected from the body of this marine borer with no ill effects upon the 
animal. In conformity with this result, he found that the lower 
fractions of creosote are more toxic, and that, as the boiling points of 
the fractions increase, the toxicities decrease. 

COMPARISON WITH SERVICE TESTS. 

It is of considerable interest to compare the results of toxicity 
tests with service tests on the same material. Fortunately, there is 
in the Forest Products Laboratory a series of fractions of coal-tar 
creosotes which have been tested by the Petri-dish tests for fungi, 
by laboratory tests for Xylotrya, and by service tests as piling. 
Table 26 shows such a comparison. 
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TABLE 26.—Comparison of laboratory toxicity tests and service tests on fractions of coul-tar 
creosote. 

pelauve Relative | Relative 
: Ae s : posi'10N | Hosition | position 

Material. Boiling point at the still. Boast against a 
omes ve = . 

Pa aeitis! Xylotrya.| service. 

PA CtLOM eee ee ocean: TBO PA) (Osa oat a ee Re ee eae 2 1] 26 
INPACELONN QS eee set a eee DIVES OY PIN USA CeO NE Se Be oe re 1] 2 5 
IT ACHOMES eer et ei ee PAV Pie OSs Seas ud ad eee some eee be 3| 3and4 4 
ESPACHON Ae a eee eee ey DOF OS 20S: Ca. sara eb orn gS soles 5 5 2and 3 
WracviOMeor see ee IRessabovers20 Cae. 5a see eens: 26 26 1] 
Coal-tar creosote L-54............ IN VORFIS) GRICSOUNG agansouausoue scousouc 4) 3and4 2and 3 

1 The figure 1 indicates the greatest toxicity or service. 
2 The figure 6indicates the least toxicity or service. 

Table 26 shows that the toxicity and length of service of the 
materials tested are almost completely reversed-—that is, the highest 
toxicity gave the least service, and the least toxic substance gave 
the best service. The discrepancy between these two results is, 
however, easily explained. In order to exert its effect upon Xylotrya, 
the toxic principle must be soluble in the body fluids of this organism, 
In a state of purity these toxic principles would have a great and 
immediate toxic effect, but this effect would not be permanent, 
because the toxic principle is taken out by the continual leaching of 
the water. If, however, these toxic principles are mixed with oils 
in which they are more soluble than they are in water, it becomes 
increasingly harder to leach them, because of the retarding action of 
the oil. If, then, the toxic principles of coal-tar creosotes are con- 
sidered to be chiefly the lower-boiling oils, it would be expected that 
in the Petri-dish tests, which are conducted with only a small amount 
of water, the fractions would arrange themselves in the order 1, 2, 

3, 4. 5. But in service tests a greater loss would be expected from 
fraction 1 than from fraction 2, and a greater loss from fraction 3 
than from fraction 4, and so on. The character of the residual oil 

in fraction 1 would tend to approach the character of the oil in 
fraction 5, and in the end the oils would be much the same in compo- 
sition; fraction 1 would contain the least, and fraction 5 the most 
preservative, and the service tests would be expected to show the 
order 5, 4, 3, 2, 1. This was the actual arrangement in the service 
tests. 

The separation of the fractions sharply into those indicated in 
Table 26 is by no means complete. Present knowledge of the action 
of complex mixtures upon distillation indicates that fraction 1 might 
be expected to contain considerable material which should have 
been included in fraction 2, a smaller amount which should have 

been included in fraction 3, and perhaps a small amount of fractions 
4 and 5. Fraction 2 might be expected to contain considerable 
amounts of fractions 1 and 3, and smaller amounts of fractions 4 and 

5. The truth of these statements is illustrated in Table 27, which 
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shows the percentage distilling from each fraction within the limits 
of the other fractions. 

TABLE 27.—Relative composition of fractions of coal-tar creosotes when redistilled by 

Hempel flask (30). 

Amount distilling within the limits of— 

Fraction | | 

No. Fraction | Fraction | Fraction | Fraction | Fraction 
1. 2, 3. 4. | 5. 

| 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

1 Goi 5 Yy Aiea te ni sae le cee ee ee FES genre eae 
2 10 72 26 2p | es 
ie el (eee See eens 22 52 20 6 
0 all eee 1 22 31 46 
een Ee eae tal ee 3 21 76 

| | | 

A more refined analysis would, of course, increase the distillation 
range. Huntley has shown that on the redistillation of fraction 4 
the following initial boiling points were obtained, the initial boiling — 
point at the still having been 295° C. 

2G: 

Initial boiling point of second distillation.................-...-.-. 270 
Tnitial boiline point of third distillation = 2-3-5. ee 210 
Initial boiling point ‘of fourth distillation, ........-...1--2------=s-- 140 
Fnitial boiling poimt of fifth distillation Sy 2. a! ee ee 137 

In other words, although the initial boiling point at the still was 
295° C., this fraction contained a small amount of material boiling 
below 200° C. This amount was found to contain approximately 
20 per cent of tar acids, and the amount boiling from 200° to 235° C., 
contained considerable quantities of tar bases. Both of these are 
very toxic materials and in the pure state are soluble in water; when 
mixed with oils in which they are soluble their extraction with water 
would take a very long time. 

The two factors that govern the preserving value of any wood 
preservative are permanence and toxicity, but these two factors 
seem to be diametrically opposite. The relation between them is 
shown in figure 34. 

plead s|atbeha 
sia ee 

SERIE EE CEE Ee lea 
BOCRERE EAE oe 
ROPE ET el ea Tahal ag 
Pat font ak oferta] TTT TTT 

PERCENT REQUIRED TO KILL 

PERCENT DISTILLING BELOW 275 C 

Fic. 34.—R3lation between the volatility and toxicity of coal-tar creosotes. 
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CHAPTER IV. COMPOSITION AND PROPERTIES OF WATER-GAS-TAR 
~ CREOSOTES. 

COMPOSITION OF WATER-GAS-TAR-CREOSOTES. 

The distillate oils of water-gas tar boiling above 200° C. and as 
high, sometimes, as 400° C. are referred to as water-gas-tar creosotes. 
Like the coal-tar creosotes, they are extremely complex mixtures, 
composed chiefly of compounds of the aromatic series. They usually 
contain compounds of the aliphatic series, but this is by no means a 
characteristic of all water-gas-tar creosotes. The amounts may vary 

from nothing to as high as 20 or 25 per cent, depending chiefly on the 
temperature of formation of the mother hquor, tar. The results of 
much less research work have been published on water-gas tar and 
its products than on coal tar; consequently much less is publicly 
known about this material. 

The similarity of water-gas-tar creosote and coal-tar creosote makes 
it seem very probable that in general the hydrocarbons found in the 
highly aromatic water-gas tars are the same as those found in coal 
tars. Benzol, toluol, xylol, naphthalene, phenanthrene, and methyl 

anthracene have been identified. The most notable difference be- 
tween coal-tar creosotes and water-gas-tar creosotes is the nearly 
total absence of tar acids and tar bases in the latter and their presence 
in considerable amounts in the former. On account of the lack of 
these materials the odor of water-gas-tar creosotes is more oily than 
the odor of coal-tar creosotes. 

CHEMICAL PROPERTIES OF WATER-GAS-TAR CREOSOTES. 

The chemical properties of water-gas-tar creosotes are in general 
the same as those of coal-tar creosotes from which the tar acids and 
tar bases have been removed. Only a very small proportion is re- 
acted upon by caustic soda or dilute mineral acids. Concentrated 
sulphuric acid forms many sulphonic acids which are identical with 
the sulphonic acids produced from coal-tar creosotes. 

PHYSICAL PROPERTIES OF WATER-GAS-TAR CREOSOTES. 

Because of the great similarity between water-gas-tar creosotes 
and coal-tar creosotes, the physical properties of one material would 
in general be the same as those of the other. The same solvents can 
be used for both. In general, the color of water-gas-tar creosote is 
somewhat more greenish, although this does not always hold true. 

The specific gravity of water-gas-tar creosotes is somewhat lower 
than the specific gravity of coal-tar creosote, varying between 1 and 
1.07 at room temperature. 

73 



74 BULLETIN 1036, U. S. DEPARTMENT OF AGRICULTURE. 

VOLATILITY. 

The volatility of three water-gas-tar creosotes is shown in figure 
31lp. Here the loss by volatilization is plotted against the percentage 
distilling at 270°C. These data were obtained from hemlock treated 
with water-gas-tar creosotes and held under test for 80 days at a 
temperature of 40° C. The conditions of these tests were the same 
as those described in connection with figure 318, for coal-tar creosotes. 
The same general result is obtained from these creosotes as from 
coal-tar creosote, namely, that the volatility increases in some direct 
ratio to the percentage distilling below 270°C. The character of the 

40 

eles eal i <a 

test, whether from open pan or 
from treated wood, whether of 
short or long exposure, and the 
temperature of heating will, of 
course, affect the volatility in the 
same general manner as in coal-tar 
creosote. Different results would 
probably also be obtained if dif- 
ferent species of wood were used. 
A comparison of the two curves, 
which are comparable as far as 
treatment, wood, temperature of 

heating, and length of exposure 
are concerned, reveals the fact that 

the volatility of water-gas-tar creo- 
sote is the same as that of coal- 

os tar creosote having the same per- 

centage of distillate below 270° C. 
It follows, therefore, that the dis- 
cussion of the volatility of coal- 
tar creosotes will apply equally 
well to water-gas-tar creosotes. 

VISCOSITY DYNES PER $a. CM. 

[| roeund aha = ft 
80 * 

290 310 330 356 370 

DEGREES ABSOLUTE 

FiG. 35.—Changein viscosity of water-gas-tar 

creosotes with change in temperature. 1. 

Very high boiling oil. 2. Similar toahigh- 

boiling creosote. 3. Low-boiling oil. 

VISCOSITY. 

The change in viscosity with a 
rise in temperature for three water- 

gas-tar creosotes of widely different characteristics is shown in 
figure 35. The creosotes are pure distilled products without the 
addition of any tar. The change in viscosity of water-gas-tar creo- 
sotes with change in temperature can be calculated in the same 
manner as that of coal-tar creosotes according to the equation, 

TA 

and AK and A are constants depending upon the oil. 

= K, where V is the absolute viscosity, J the absolute temperature, 

The equations, 
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for the three curves in figure 35 are, 

6.02(10)* 3.4(10)* a a pia 

TOXIC PROPERTIES OF WATER-GAS-TAR CREOSOTES. 

8.94(10)17 (1) V= Tr 2): v= (3) V= 

One might expect that the toxicity of water-gas-tar creosotes 
would be somewhat less than the toxicity of coal-tar creosotes 
because of the absence of tar acids and tar bases. This, in general 
seems to be true. The killing points of a few authentic water-gas-tar 
creosotes produced in the Forest Products Laboratory vary from 0.3 
per cent to approximately 1 per cent against the timber-destroying 
fungus Fomes annosus. Dean and Downes (30) have investigated 

water-gas-tar creosotes and compared them with coal-tar creosotes. 
Their investigations with the timber-destroying fungus Polystictus 
versicolor show that the water-gas-tar creosotes used in their tests 
were about as toxic as the coal-tar creosotes which they used. These 
investigations also showed that the coal-tar cresosote, after being 
freed from tar acids and tar bases, was only two-thirds as toxic as the 
original creosote or the water-gas-tar creosotes with which they 
compared it. The water-gas-tar creosotes were about twice as toxic 
as the high-boiling anthracene oils obtained from coal tar. J. M. 
Weiss (31) has shown that water-gas-tar creosotes are not so toxic 

against yeast, molds, and bacteria as the coal-tar creosotes which he 
tested. 

The work of these investigators may be criticised not only because 
of their method of determining the toxicity, but also because they did 
not compare creosotes of similar boiling points. Dean and Downes, 
for instance, compared the toxicity of creosotes having the distilla- 
tion limits shown in Table 28. 

TABLE 28.—Comparison of the percentages of distillates of the creosotes whose toxicities 
were compared by Dean and Downes. 

Coal-tar | Water-gas- 
Fraction. creosote. |tar creosote. 

Per cent.| Per cent 
Up to 205° C... is 10. 
Up to 240° C... 37.2 45.5 
Up to 300°C... 58. 5 78..0 
Up to 320°C... 67.6 84. 0 

The water-gas-tar creosote has a much lower boiling point than has 
the coal-tar creosote, and, consequently, it should be more toxic 
than the neutral oil of the coal-tar creosote. Weiss compared the 
oils as shown in Table 29. 
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TABLE 29. —Comparison of the percentages of distillates of the creosotes whose toxicities 
uere compared by Weiss. 

Neutral | Water- | Water- Main 
Straight coal-tar | gas-tar | gas-tar 

Fraction. coal-tar ee creosote | creosote | creosote 
creosote. sp. gr. Sp. gr. Sp. gr. 
| - creosote.) “163° | “Todi. 1.053. 
Ss 

WO 2002! Cet eee: Be ee re a GfGalee- sees 1.8 apt Fag a 
Wp Oy 235 2:G sees hs i Eee See ee eed 60.3 33. 2 30.6 18.9 2 PING OL10° Co eet SPR Pee een we 76.5 60. 5 63. 4 50.2 24.3 
ipitosl 5. ©: ke ee eee iene ee ae ge 86. 2 78.0 87.2 81.4 49.0 

All the coal-tar creosotes, even the neutral creosote, had lower 
boiling points than the water-gas creosotes, and ganas tan they 
should be more toxic than the water-gas-tar creosotes. 

Tests made at the Forest Products Laboratory indicate that water- 
gas-tar creosotes, particularly the lower boiling ones, have a con- 
siderable degree of toxicity. A relation of toxicity to volatility 
similar to that found in coal-tar creosotes holds in the case of water- 
gas-tar creosotes also, except that the latter are not as toxic as the 
former, particularly so in the higher boiling oils that are analagous 
to Ee ebolneuia The relation eee toxicity of water-gas-tar 
creosotes and their volatility is shown in figure 36. 
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Fic. 36.—Therelation between volatility and toxicity of water-gas-tar creosotes. 
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CHAPTER V.—COMPARISON OF THE PROPERTIES OF COMMERCIAL 
COAL-TAR CREOSOTES AND COMMERCIAL WATER-GAS-TAR CREO- 
SOTES. 

It is believed that a short comparison of the properties of com- 
mercial oils will be of value, notwithstanding the fact that they have 
been discussed at some length in the preceding chapters. Table 30 
shows the similarities and dissimilarities of coal-tar creosotes and 
water-gas-tar creosotes. 

TABLE 30.—Comparison of the properties of commercial coal-tar creosotes and commercial 
water-gas-tar creosotes. 

L Water-gas-tar Coal-tar creosote. Granares 

Specific gravity of original creosote..............2..2----+--- Leb and ups la. 00 and up. 
IASG HORN (ers ee eas a Saget oe Soke (02 €_ and Up. 22-22-25 70° C. and up. 
IESEIENUEI OD POLE ee ee ene Ee hw A Res ae geass 90UCrand@up:- 22-..5< 90° C. and up. 
PIS EERE ora ROR ane Se sae ae es So hs eel 170 to 400° C...........| 170 to fou C. 
Change in specific eraviby sper. desree Cees 1 tae eee! O00078 sees ee ee 0.00078 
Sulphonation residue of fractions 275° to 285° C.............. 0 to 8 per cent........- 0 to e per cent. 
pRaFACi(HEOR TERE Ee a= sae eee eat eg see ae ane Ee wea e oe Up to 10 per cent...... Non 
Character Of Dy GroGar poms seas se. 5 sec ee <caocens ke Sel eee: Chilly aromatic. ..... Chielly aromatic. 
Ratio of specific gravity to index of refraction of the fraction | 1.81................... a5 

275° to 285° C. | 
BE ORRICT YP eee re ate ee Ss See ne eae eee Ee eee Shown in fig. 37....... 

109; 
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PERCENT DISTILLING BELOW 275 C 

Fic. 37.—Comparison of the toxicities of coal-tar creosotes and water-gas-tar creosotes. 

The chief difference between these two classes of creosote are a 
total lack of tar acids and bases in the water-gas-tar creosotes, a 
higher general average of the sulphonation residues in water-gas-tar 
creosotes than in coal-tar creosotes, and a lower toxicity. (Fig. 37.) 

The only methods known at the forest products laboratory for 
differentiating between two classes of oils are the determination of 

ck 
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the tar-acid and tar-base contents, the determination of the ratio of 

the specific gravities to the indices of refraction values of the various 
fractions, and the testing of the toxicity of the creosotes. The 
absence of tar acids or tar bases is proof that the oil under test is not 
a distillate of coal tar. Part of the tar acids or tar bases may 
be removed from coal-tar creosote by chemical methods, but it is 
not likely that all the tar acids and all the tar bases would be taken 
out by such means. On the other hand, the presence of tar acids or 
tar bases or both classes of compounds does not mean that the oil 
under examination is a pure coal-tar distillate. It may be a water- 
gas-tar oil which has been mixed with a coal-tar creosote containing 
large amounts of tar acids and bases, or these materials may have 
been added directly to water-gas-tar creosote. The determination of 
the ratio of the specific gravities of the fractions to their index of 
refraction values is of use only if it is known that the distillates are 
pure oils, either water-gas-tar or coal-tar distillates. Unknown 
mixtures of the two can not be differentiated with certainty by this 
method. The toxicity test is of value only in high-boiling oils similar 
to carbolineum. In lower-bouling oils the fraction similar to car- 
bolineum might be tested, but because of the fact that six weeks are 
required for its completion this test is of little value for commercial 
purposes. 
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CHAPTER VI. TAR-CREOSOTE SOLUTIONS. 

Within the last few years tar-creosote solutions have been used 
more and more in wood preservation. Various claims have been 
put forward in favor of tar: First, that, as it is the mother liquor of 
creosote, it contains all the toxic principles of creosote; second, that 
it retards the evaporation of creosote when mixed with it; third, 
that it does not reduce penetration into the wood; and fourth, that 
it is cheaper than coal-tar creosote. In answer to these arguments 
it may be said that, although tar is the mother liquor and contains 
all the toxic principles of coal-tar creosote, the concentration of the 
toxic elements in coal tar is only about one-fourth of that in coal-tar 
creosote, because coal-tar creosote is only about one-fourth of the 
volume of the coal tar from which it is distilled and contains prac- 
tically all the toxic principles. It has also been shown in this bulletin 
that coal tar does not retard the evaporation of creosote mixed with 
it. Furthermore, Bond (1/7), and Teesdale and MacLean (/8) have 

demonstrated that it is more difficult to penetrate wood with coal-— 
tar solutions than it is with creosote. 

TAR AS A DILUENT. 

The chief value of tar is as a diluent of creosote, although it may 
have a retarding influence on the rate of solution of the toxic princi- 
ples into the wood. The use of a diluent in wood preservation is 
no new thing. In the treatment of wood with zinc chloride a strength 
of solution is used that will insure a thorough penetration. If the 
wood is difficult to penetrate, a relatively strong solution is used; 

_ but, if it is easy to penetrate, a more dilute solution is used, and 
more solution is put in, thus insuring a more thorough treatment. 
In other words, the amount of water or solvent is varied, but the 
amount of zinc chloride is kept constant. With zine chloride the 

_ factor of safety is only about 2; with creosote it is in the neighborhood 
of 50. The reason for this great difference is that by diluting zinc 
chloride with water a depth of penetration as great as possible is 
obtained, and still only a small amount of zinc is used. On the other 
hand, it is impossible to give a deep oil penetration without using 
large quantities of oil. However, the usual oil penetration could be 
obtained, and at the same time creosote could be saved if it were 

diluted with some other oil, and this would have an effect analogous 
to that of the water in a zinc-chloride solution. As any good solvent 
of creosote would serve as well as another for this purpose, the main 
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thing is to obtain the cheapest material that will meet the conditions. 
Benzene and chloroform would answer the requirements so far as 
physical and chemical conditions are concerned, and on drying they 
would evaporate just as water does; but their use is, of course, out 
of the question on account of their great cost. Wood-preservers 
are practically confined by cost to such crude raw oils as crude 
petroleum, coal-tar, or water-gas tar. Of these three, coal-tar and 
water-gas tar are better solvents of creosote than is crude petroleum. 
Of the two tars, water-gas tar seems for the following reasons to fulfill 
more nearly all the requirements of a diluent: 

(1) It contains an exceedingly small amount of suspended matter, 
whereas coal tar, as a minimum, has about 3 or 4 per cent. The 
viscosity of water-gas tar is usually less than that of coal tar. A 
mixture of water-gas tar and creosote may, therefore, be expected to 
penetrate more rapidly than an equal mixture of coal tar and coal-tar 
creosote. | 

(2) It may be used in its raw state when it is free from water. 

Coal tar containing ammonia was found by Bolton to be injurious to 
wood; therefore it must be refined in order to remove the ammonia. 

(3) Crude water-gas tar, water free, is cheaper than refined coal 

tar. 

Inasmuch as service records (27) show that the failures so far 
experienced in ties, poles, and other timbers have been the result 
of mechanical wear, checking, and similar causes, and not of the 

failure of the preservative, it is apparent that the limit of the life of 
coal-tar creosote has not been reached in this kind of service. In 
other words, the factor of safety is probably very much larger than it 
need be. It would seem justifiable in such conditions to dilute the 
creosote with some cheaper material, such as tar, to make the life 
of the preservative and the mechanical life of the wood more nearly 
equal. The best kind of oil to use for dilution under such conditions 
would be the low-boiling creosotes, because these contain the greatest 
amount of toxic materials. If the theory of the mechanism of pre- 
servative action suggested in this bulletin is correct, these low- 
boiling creosotes probably need more high-boiling materials to retard 
their too rapid solution. 

PROPERTIES OF TAR-CREOSOTE SOLUTIONS. 

But little can be said about the properties of tar-creosote solutions 
except that they should be intermediate between the same properties 
of creosote and tar. A small amount of work has, however, been 
done and the results of it are given below: 

SPECIFIC GRAVITY. 

The addition of a heavier substance, such as tar to creosote will, 

of course, increase the average specific gravity of the solution. This 
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increase in gravity appears to be a straight-line relation depending 
upon the gravity of the oil, the gravity of the tar, and the proportion 
of each in the mixture. The gravity of any solution may, therefore, 
be calculated from the gravity of its two components by the follow- 
ing formula: Specific gravity solution = per cent tar (specific gravity 
tar) + per cent creosote (specific gravity creosote). Figure 38 shows 
the change in specific gravity of a creosote with the addition of various 
amounts of a tar. The curve is drawn from the equation: the points 
are from experimental data. 

COEFFICIENT OF EXPANSION. 

No data are available on the coefficient of expansion of tar solu- 
tions; but it would seem probable that the factor could be calculated 
from the known values for Bike Seamer 
the change in the specific 
eravities of creosote and tar, Rebel tal bara 
respectively, on the assump- Pe Ra ea a 
tion that the factor will be Sere wee ayae 
in direct proportion to the Cee eS Se Saye 
percentages of each of the Relcecie See alee wie 
two components in the mix- ae lia eal ae 
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ture. J. M. Weiss (15) has ° 
60 60 

published the results of in- Y 
vestigations on the coeffi- “et 
cient of expansion of tars 2 Peale alee 
from various sources, and | yal sol sles Fah aa 
shows that the average co-. ° ee 
efficient of expansion from res 20-0 190 
60° F. to 140° F. varies from PERCENTAGE CRLOSOTE 

0.00027 to 0.000375 per de- Fic. 38.—The change in specific gravity of tar solution. 

eree Fahrenheit, the former 
being for a tar having a specific gravity of 1.296 and the latter for a 
tar having a specific gravity of 1.073. If these data be recalculated 
to a change in specific gravity per degree Fahrenheit, the factor will 
vary between 0.00035 and 0.00040, with an average of 0.000375. I, 
then, this factor be taken for the change in specific gravity of tar, 
and the factor 0.00043 be taken for the change in the specific gravity 
of creosote oil, the factors shown in Table 31 will be the change in 
specific gravities of tar mixtures, and should give results close 
enough to the true value for all commercial purposes. 
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TABLE 31.—Change in specific gravity of different mixtures of tar and coal-tar creosote. 

Mixture contains— | (Change 
in specific 

ies eoml egree Fah- Rar Creosote. ronbcre 

Per cent. | Per ceni. 
10 0 0. 00042 
20 80 - 00042 
30 70 . 00042 
40 69 - 00041 
50 50 - 00040 

VOLATILITY. 

The question has been raised whether or not evaporation can be 
partially prevented by the addition of some such nonvolatile material 
as tar, the tar having some sort of binding or holding property which 
would prevent the creosote from evaporating as rapidly as if it were 
used alone. In one of their papers, Von Schrenk and Kammerer (25) 
give a number of curves showing the loss by evaporation of creosote, 
tar, and creosote-tar mixtures. The tests extended over a long 
period of time, namely, 1,000 days, or nearly 3 years. The curves 
show that the tar is less volatile than the creosote-tar mixtures, and 
that the latter are less volatile than the creosote. If, however, the 
results are plotted in the same way as those of the creosote test 
(fig. 31), the same relation between volatility and percentage of 
distillate up to 270° C. will be shown. Furthermore, the volatility 
of the creosote-tar mixture can be calculated from the known vola- 
tility of the creosote and tar. The calculation is extremely simple 
and consists in multiplying the volatility of each constituent by the 
percentage used in the mixture and taking the sum of the two products 
as the volatility of the mixtures. Calculations made in this manner 
show the results given in Table 32. 

TABLE 32.—Comparison of actual and calculated losses due to evaporation of tar and 
coal-tar creosote mixtures. 

| Calcu- 
Loss of | Loss of 5 z lated Actual 

ereosote.| tar. Tar mixtures. loss of loss. 
mixtures. 

Per cent. | Per cent. Per cent. Per cent. | Per cent. 
48.8 9.0 | 70p. ct. C., 30 p. ct. T. 37.0 38.0 
46.2 9.0] 80p.ct. 20p. ct. 38.8 40.4 
46.2 9.0 | 70p. ct. 30 p. ct. 35.0 37.8 
65.0 6.0 | 80 p. ct. 20 p. ct. Ree 51.8 
50.8 5.6 | 80 p. ct. 20 p. ct. 41.8 41.8 
59.6 10.9 | 80 p. ct. 20 p. ct. 49.8 48.6 

Table 32 shows that the actual loss and the calculated loss are 
practically identical. In other words, the effect of the tar is simply 
to reduce the quantity of creosote in the test, and the percentage 
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_loss is based on an increased weight resulting from the addition of 
tar. The same general conclusion that the volatility of the creosote 
itself is practically not affected by the addition of the tar has been 
reached by Fredendoll (42) with respect to high-boiling petroleum 

oils. 
VISCOSITY. 

The addition of tar to coal-tar creosote of course increases the 
viscosity. The increase is not, however, in direct proportion to the 
amount of tar added. Up to about 50 per cent of tar the increase 
is relatively small, but beyond that point the viscosity increases very 
rapidly. Figure 39 shows the effect upon the viscosity of adding 
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Fig. 39..—Changein viscosity of tar solutions 

with different amounts of tar at various 

temperatures. 

I—At 40° ©. 2—At 50°C. 3—At 70° C. 
4—At 90°C. 

tar to creosote at different temperatures. The viscosity of any solu- 
tion of coal tar and creosote may be calculated from the viscosity 
of the tar and the viscosity of the creosote at the same temperature 

by the aid of the formula Vn =(y- ve) where V,, = viscosity 

of the solution, V;= viscosity of the tar, V.= viscosity of the creosote, 
P=percentage tar used expressed as a decimal. 

In figure 39 the value of a 50 per cent solution of tar and creosote 
at 90° C. is obtained from the equation V,= (0.31%) (0.025). 



CHAPTER VII. A THEORY OF THE MECHANISM OF THE PROTECTION 
OF WOOD BY OIL SOLUTIONS. 

The author has recently proposed a theory of the mechanism of the 
protection of wood by preservatives, which is based on the two ideas, 

first, that any material in order to be toxic must be soluble in the 

body fluids of the organism it 1s intended to inhibit, and second, that, 
as the body fluids of timber-destroying organisms are chiefly water, 
the material must be soluble in water, at least sufficiently so to pro- 

duce a solution of lethal concentration. For the purposes of this 
theory all the constituents of creosote oil may be divided into two — 

classes. The first class comprises those materials that are sufficiently 

soluble in water to render them poisonous. These may be called 

toxic oils. They may be hydrocarbons, such as benzene, toluene, 

xylene, naphthalene, etc.; or tar acids, such as cresols, naphtols, etc.; 

or tar bases, such as quinoline, isoquinoline, etc.; or a combination 

of all three. Their chief characteristic is that they are sufficiently 
soluble in water to render their water solution capable of killing the 

wood-destroying organism. The second class of compounds com- 
prises those that are not sufficiently soluble to render their water 

solutions toxic. This class of oils may be composed of the same types 
of compounds as those previously enumerated, and these oils differ 

from those of the other class only in their relative solubility. They 

may even be soluble to a slight extent, and in all probability they 

are. This class may be called nontoxic oils. 

The toxic oils are completely soluble in the nontoxic oils and are 

partially soluble in water. When creosote comes in contact with 

water, these toxic oils will so divide themselves between the water 

and the nontoxic oils that their concentrations in water and in the 

nontoxic oil will be nearly in proportion to their solubility in the two 
mediums. This is known as the solubility partition. For the sake of 
argument, a toxic oil may be assumed which is fifty times as soluble 

in the nontoxic oil as it is in water, and it may be assumed that a 10 
per cent solution of this toxic oil is used in the nontoxic oil. When 
such a solution comes in contact with an equal volume of water, the 
concentration of the water solution will be 0.2 per cent. If now the 
toxic limit of this water solution is only 0.05 per cent, then the water 
solution will be four times as toxic as is necessary to kill. It may be 
assumed that this water is now withdrawn and an equal amount 
added, which in turn takes up its proportion of toxic oil and is ren- 
dered poisonous. This change of water can take place seventy times 
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before the concentration of the water is below the killing point, and 
even then the water solution would still be very poisonous, though 
not sufficiently strong to kill, for at least 30 more changes of water. 

In actual practice this change may take place either rapidly or 
slowly, depending upon the location of the treated timber. If the 
timber is alternately exposed to wetting and drying, as is true of 
piling between high and low tide, a very high rate of solution with 
rapid depletion of the preservative material would be expected. In 
timber located in dry places, as, for instance, telephone poles, a 
very much slower rate of solution would be expected. The idea 
here is simply that one part of the creosote oil prevents the rapid 
solution of the other part of the creosote oil which is toxic and which 
acts as the preservative. 

The information in support of this theory is as yet incomplete in 
respect to creosote oil; but what information there is confirms the 
theory. Historically, perhaps the first data available on the solu- 
bility partition was furnished by Boulton in the Appendix of his 
Antiseptic Treatment of Timber, in which he showed that tar acids 
could be washed out of creosote by water. This, of course, is true, 

and according to the theory here proposed it is necessary if pro- 
tection is to be afforded by tar acids. Boulton does not, however, 

make a point of showing that, although he used only 20 ounces of 
oil, it required 32 washings and the use of three times as much 
water as oil, or a total of 1,920 ounces, to reduce the tar-acid con- 

tent of the oil from 10 per cent to 1.5 per cent in one case, and from 
17.5 per cent to 3.5 per cent in the other case. In other words, he 
used 96 times as much water as he did oil, and even then he did not 
remove all of the tar acids. The attack of the teredo on treated 
piling after long service, during which the creosote acted as a pre- 
servative, is certainly a sure indication that the action of the water 
had dissolved out certain portions of the oil that were toxic. If 
this had not been so, the teredo would have begun its attack imme- 
diately. The very fact that creosote oil protected for a time and 
then failed to protect is sufficient indication that the toxic element 
had been removed. 
A better proof of the theory is shown by some recent investiga- 

tions at the Forest Products Laboratory. In the course of a certain 
study it was necessary to extract the creosote from a few telephone 
poles that had been in service about 20 years. One of these poles 
was so checked at the ground line as to permit the entrance of fungi, 
and the entire center of the pole at the ground line was completely 
decayed. None of the wood that contained creosote was decayed; 
in fact, it was very noticeable that there was a ring of from one- 
fourth to one-half inch in the untreated wood just inside the treated 
portion which was in a perfectly sound condition. This ring of 
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wood had been preserved from the fungus attack in some way or 
other, although it apparently contamed no creosote. Sections of 
this untréated but preserved wood were taken, and any portions 
that showed signs of containing creosote were carefully removed. 
The remainder of the wood was then reduced to sawdust. A portion 
of this was extracted with water in a Soxhlet extractor in such a 
way as to retain the tar acids, if any were present, in the water. 
Another portion treated in the same manner was extracted, but in 
such a way as to retain the tar bases, if any were present. The solu- 
tions thus obtained, upon being neutralized, gave odors similar to 
those obtained from tar acids in the one case and from tar bases in 
the other. A second extraction with benzol of the wood previously 
extracted with water gave a residue of perfectly clear rosin, in which 
there was not the least sign of creosote odor. From this it seems 
apparent that this inner ring of untreated material had been pre- 
served by the water-soluble material that came from the creosote 
and had been diffused through the wood. On the other hand, from 
coal-tar creosote a high-boiling oil has been isolated, which is prob- 
ably a mixture of anthracene, phenanthrene, acenaphthene, and 
their hydrides. This oil is practically nontoxic, for fungus grows on 
agar agar containing 20 per cent of the oil. 

The theory assumes that any toxic material which is more soluble 
in oil than it is in water will be less toxic at the start if oil is present 
than it would be in its absence. That is, if it takes 0.05 per cent of 

some material in water alone to kill an organism, it might take as 
much as 2 per cent if the material were dissolved in oil. On the 
other hand, any reserve material would not be removed so rapidly 
by leaching in the presence of oil as in its absence. Under similar 
conditions the speed at which creosote will be rendered nontoxic by 
leaching will depend on two things—the relative solubility of the toxic 
oils in the nontoxic oils and in water and the proportion of non- 
toxic oils present. If too little of the nontoxic oils is present, then 
the toxic material will be washed away very rapidly, because there 

would be little or no retaining influence exerted by the nontoxic 
oils. On the other hand, if there is too large an amount of non- 
toxic oil, the toxic oils will be prevented from going into solution in 
the water in a sufficient concentration to kill the attacking organism, 
and consequently these oils would not act as preservative. 
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PART IV. METHODS OF TESTING CREOSOTES AND OFFICIAL 
SPECIFICATIONS FOR CREOSOTE. 

CHAPTER I. PRACTICAL METHODS OF TESTING CREOSOTES. 

A number of tests have been proposed for creosote which, in gen- 
eral, are of considerable service when materials of known source are 

to be examined. The ~——— 
tests fail, however, if an 

attempt is made to deter- 
mine whether the creo- 
sote under test meets the 

requirements for purity. 
The following tests have 
been proposed and used. 
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SPECIFIC-GRAVITY TEST. 

Practically all specifi- 
cations for creosote re- 
quire that it shall have a 
certain range of specific 
gravity; sometimes it is 
stated that the specific 
gravity shall not be less 
than 1.03 or more than 
1.08, and sometimes that 

it shall not be less than 
1.03. The specific-gravi- 
ty determination is effec- 
tive only when straight. 
distilled oils are used. Water-gas-tar oils have practicaily the same 
range. An oil of low specific gravity may be made to pass the 
specifications for coal-tar creosote by the addition of tar. This would 
also raise the distillation limits. The specific-gravity test, although 
it is an exceedingly useful one when used with creosotes of known 
origin, does not identify the oil or exclude tar. Any approved method 
of determining specific gravity will answer. An ordinary hydro- 
meter is generally used. The dimensions of the hydrometer and 
cylinder, and the details of the test adopted as standard by the 
American Society for Testing Materials, the American Railway Engi- 
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Fig. 40.—Hydrometer and cylinder used for specific-gravity test. 
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neering Association, and the American Wood Preservers’ Association 
are as follows: 

SPEcIFIC GRAVITY. 

(a) Hydrometer.—The hydrometer shall be of the form shown in figure 40. It shall 
have the following dimensions: 

teneth of stem 2. 5222222 125 mm.; permissible variation. ..... 12.5 mm. 

ength of bullb---4-32.-2-- 105 mm.; permissible variation. ..... 10.5 mm. 
henge th otjscales seer ase 80 mm.; permissible variation. ....- 8.0 mm. 
Diameter of stem......... 6 mm.; permissible variation. ..... 0.5 mm. 

Diameter of bulb. ........ 22 mm.; permissible variation. ....- 2.0 mm. 

A set of two hydrometers with ranges 1.00 to 1.08 and 1.07 to 1.15 will suffice. 
(b) Cylinder.—The cylinder shall be of the form shown in figure 40. It shall have 

the following dimensions: 

Wenethee ccs sat coke oe 300 mm.; permissible variation...... 30 mm. 

Diameter fe.. 34240. “822 32 mm.; permissible variation. ....- 3mm. 

The oil shall be brought to a temperature of 38° C. (100° F.), and the determination 

shall be made at the temperature unless the oil is not entirely liquid at 38° C. In 
case the oil requires to be brought to a higher temperature than 38° C. in order to 

render it completely fluid, it shall be tested at the lowest temperature at which it is 
completely fluid, and a correction made by adding 0.0008 to the observed specific 
gravity for each degree centigrade above 38° C. at which the test is made. This cor- 
rection factor does not apply with equal accuracy to all oils, but serious error due to 

its use will be avoided if the foregoing precaution is observed with respect to avoiding 

unnecessarily high temperature. Before taking the specific gravity the oil in the 
cylinder should be stirred thoroughly with a glass rod, and this rod when withdrawn 
from the liquid should show no solid particles at the instant of withdrawal. Care 

should be taken that the hydrometer does not touch the sides or bottom of the cylinder 
when the reading is taken, and that the oil surface is free from froth and bubbles. 

FREE-CARBON TEST. 

The determination of free carbon or insoluble matter was supposed 
to be a measure of the amount of tar that might be present. When 
tar was obtained chiefly from gas houses this test did, in a rough way, 
give an indication of the amount of coal tar present in creosote. If 
5 per cent of the tar containing 20 per cent of the free carbon were 
mixed with a pure distilled creosote, then the mixture would contain 
about 1 per cent of free carbon. In modern coke-oven practice tars 
may run as low as 4 per cent free carbon. Twenty-five per cent of 
such tar could be mixed with creosote and the mixture would still 
have only 1 percent of free carbon. Furthermore, water-gas tar 
containing no free carbon could be added in any proportion without 
being identified by the free-carbon test. 

The free-carbon test has been conducted by a number of different 
methods. In general it depends on the solubility of the oils in some 

> 
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such substances as carbon bisulphide, chloroform, benzol, or toluol. 
Different results are obtained by the use of different solvents because 
the hydrocarbons of creosote or tar are not uniformly soluble in these 
solvents. This is particularly true of the bitumens in the pitches. 

J. M. Weiss has conducted a number of tests on tar with different 
solvents. His method of procedure was to allow tar to digest with 
cold solvent for a number of hours and then to filter off the undis- 
solved portion and extract it with the boiling solvent. When benzol, 
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Fic. 41.—Changein apparent free-carbon content of a tar with change 

in time of digestion with different solvents. 

1. Insolublein benzol. 5. Insolublein aniline. 

2. Insolublein benzol and toluol. 6. Insolublein pyridine. 

3. Insolublein chloroform. 7. Insolublein glacial acetic acid. 

4. Insoluble in carbon bisulphide. 

benzol and toluol, chloroform, or carbon bisulphide was used as the 
cold extractive the same material served as the hot extractive; but 

when he used aniline, pyridine, or glacial acetic acid as a cold extrac- 
tive he followed them with benzol as a hot extractive. The data 
obtained have been plotted in figure 41. From these curves it is 
apparent that the insoluble matter in this tar after one-half hour’s 
digestion varied from 5 to 6.6 per cent, but that after 144 hours’ 
digestion it varied from 4.6 to 9.3 per cent. With the exception of” 
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the method in which glacial acetic acid was employed, that in which 
benzol was used as a solvent gave the highest results. All the 
solvents except aniline gave higher results with longer digestions. 
With the use of aniline the insoluble matter decreased from 5 per 
cent after one-half hour to 4.6 per cent after 144 hours, and this was 
the lowest result obtained. 

Weiss further showed that the insoluble residue, after digestion with 
chloroform, contained noticeable amounts of chlorine. Sulphur was 
also found in the residue resulting from the digestion with carbon 
bisulphide. 

Monroe and Broderson (45) investigated the action of benzol and 
chloroform on the free-carbon content of three classes of tar. The 
results of their work are plotted in figure 42. Here again they found 

that benzol yields a greater insoluble 
residue than does chloroform, not- 
withstanding the fact that consid- 
erable quantities of chlorine were 
found in the residue. This amount 
increased with the time of digestion. 

From the above it is apparent 
that, if this test is designed to deter- 
mine the free carbon in tars, a di- 

gestion with aniline would give the 
more nearly correct result. But if 
a purely empirical determination is 

ao 60 60 70 e0 80 0 all that is desired, then any one of 
a ag the solvents is satisfactory provided 

PERCENTAGE 

INSOLUBLE RESIDUE 

Fic. 42.—Changein apparent free carbon content 

of tars with changein time of digestion. that the test is made standard and_ 

Numbers represent tars No.1,2,and3. the conditions of the test are defined 

% Pemacunsmode inser: and rigidly adhered to. 
The method adopted as standard 

by the American Society for Testing Materials, the American Rail- 
way Engineering Association, and the American Wood Preservers’ 
Association is as follows: 

Apparatus.—(A) Extractor may be of the form shown in figure 43 or similar form . 
in which the oil is subjected to direct washing by the boiling vapors of the solvent. 

(B) Filtering medium may be either two thicknesses of 8. and S. No. 575 or What- 
man No. 5 hardened filter paper, 15 cm. in diameter, arranged in cup shape by folding 

symmetrically; or alundum thimbles, flat bottom, 3080 RA 98. If filter papers 
are used they shall be soaked in benzol prior to using to remove grease, dried in a 
steam oven, and kept in a desiccator until ready to be used. The filter-paper cup 

may be suspended in the extractor flask by a wire basket hung from two small hooks 
on the under surface of the metal cover of the flask. 

If the alundum thimble is used it may be supported by making two perforations in 

the top of the thimble and suspending from the cover by German silver or platinum 
wires. 
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Method.—Weigh 10 grams of dry creosote in 100 cc. beaker. Add about 50 cc. of pure 
benzol and transfer at once to the filter cup. The filter cup or thimble is previously 

weighed, and the paper cup shall always be kept in a weighing bottle until ready for 

use. Wash out the beaker with benzol, passing all washings through the filter cup 
and place the latter at once in the extraction apparatus. 

Extractor shall contain a suitable quantity of pure benzol. Sufficient heat to boil 

the solvent shall be provided by means of an electric heater or a steam bath. 

Continue the extraction until the descending solvent is practically colorless and 
remove the filter cup and dry in steam oven until all solvent is driven off; cool in 

desiccator and weigh. The balance used for this purpose should be accurate to 
0.5 mg. 

DAVIS SPOT TEST. Worer /nler Worer Ourler 

Hook ro supporr wire T. H. Davis (46), in 1909, pro- 

posed a test, which he called the 
spot test, for the preliminary 
testing of creosote oil for free 
carbon. ‘This test has been used 
for a long time by distillers, and 
consists in placing 6 drops of the 
oil on blotting paper and noting = wre support 
the character of the spots which 
remain. Iffree carbon is present 
it will manifest itself by a ring 
of free carbon the same size as 
the spot, but the oil will spread 
out into aring 1 to 2 or 24 inches 
in diameter. This test is ex- 
ceedingly delicate and shows the 
presence of very minute quan- 
tities of carbon; for this reason 
it is of small value for deter- | 

ae Fia. 43.—Type of extractor recommended for ‘‘free 
mining the amount of free carbon carbon” test. 
in creosotes. It will, however, 
show whether the regular free-carbon determinations should be made, 
and is of value as a preliminary test for this purpose. The test itself 
has not been given by creosote chemists the attention it deserves. 
H. Cloukey (47) shows that the test may be applied for a preliminary 
examination and will give a good indication to the analyst of what 
he may expect to find in the creosote under examination. When 
the color, character, and size of the spot are taken into consideration 
remarkable approximations may be made, provided a large number ~ 

Condenser 

Cop of filrer poper 
or Alundum wore - Filrer Cup 
2-No, 575 585 Papers 

\ [\ 

mea | L\ cea (QUO, Floshk 

of authentic spats are available. Pure coal-tar creosote, pure water- 
gas-tar creosote, coal tar, water-gas tar, wood tar, wood-tar creosote, 

and petroleum oils all give spots that are characteristic of themselves 
and different from the others. Mixtures of creosote with tars also 
give characteristic spots. 
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COKE TEST. 

The coke test was proposed by the National Electric Light Asso- 
ciation (48) for the determination of the amount of admixed tar, 
and was later adopted by the American Wood Preservers’ Associa- 
tion and the American Society for Testing Materials. It depends 
upon the amount of coke residue left after all the volatile matter has 
been driven off. The coke residue in itself gives only a rough 
approximation of the amount of tar that has been added, for the coke 
residues of coal tars may vary anywhere from 26 to 57 per cent, while 
those of water-gas tars vary from 18 to 28 per cent. As usually 
applied, this test favors the use of water-gas tar in tar solutions in 
preference to coal tar. If, however, the free-carbon content (matter 

insoluble in benzine) is subtracted from the coke residue the resulting 

figure, which may be termed the “bituminous-coke residue,” is 
fairly constant for both water-gas tar and coal tar, as is shown in 
Table 33. 

TABLE 33.—Free-carbon content, coke residues, and bituminous-coke residues of various 
tars (49). 

Free- = - | Bitumi- 
Kind of tar. Tar No. | carbon ees nous-coke 

content. : residue. 

Per cent. | Per cent. | Per cent. 
iE chrormediam: free-Carbom tabsase- es .< ea eae ee eee 1 37. 57.2 ct 

2 18.6 43.5 24.9 
3 16.2 42.9 26.7 
+ 15.4 34.4 19.0 

Wow-Carbon Coal tarsscsc os Sansa eo aeo eae oo eae eco see 5 7.6 26.8 19.2 
6 6.7 27.0 20.3 
7 5.4 28.4 23.0 
8 5&2 30.6 25.4 
9 4.4 29.4 25.0 

VDE Ge eee Behe Sea ba ceb sane cccsocosescossess 10 1.3 25.3 24.0 
11 1.1 28.1 27.0 
12 ah De PS! 
i iB (eS oe ae oO 18.2 18.2 

The method of conducting the coke test, as 
recommended by the three societies, is as follows: 

The bulb shall be of hard glass, as shown in figure 44, and 

shall have the following approximate dimensions: 

Mm. 

Diameter of bulbysc 53-256. 2 2 -tSe 15 

Leneth of vertieal neck... Woo ese 10 
Length of horizontal neck................-- 20 
Diameter'of orthte*. ...oso 5-25 ree 1 

Fic. 44.—Bulb used in 

making coke test. Warm the bulb slightly to drive off all mositure, cool ina 

desiccator, and weigh. Again heat the bulb by placing it 
momentarily in an open Bunsen flame, and place the tubular underneath the surface 
of the oil to be tested, and allow the bulb to cool until sufficient oil is sucked in to 

fill the bulb about two-thirds full. 
Any globules of oil sticking to the inside of the tubular should be drawn into the 

bulb by shaking or expelled by slightly heating it, and the outer surface should be 
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carefully wiped off and the bulb reweighed. This procedure will give about 1 g. 
of oil. 

Cut a strip of thin asbestos paper about one-fourth inch wide and about 1 inch long, 
place it around the neck of the bulb, and catch the two free ends close up to the neck 
with a pair of crucible tongs. The oil should then be distilled off as in making ordi- 
nary oil distillation, starting with a very low flame and conducting the distillation as 
fast as can be maintained without spurting. 

When oil ceases to come over, the heat should be increased until the highest tem- 
perature of the Bunsen flame is attained, the whole bulb being heated red hot until 
evolution of gas ceases, and any carbon sticking to the outside of the tubular is com- 
pletely burned off. The bulb should then be cooled in a desiccator and weighed 
and the percentage of coke residue calculated to water-free oil. 

DISTILLATION TEST. 

This test has been used nearly as long as specifications have been 
written for creosote. It is without value for the determination of 
the source of the oil, because coal-tar creosote, water-gas-tar creosote, 
blast-furnace oil, certain crude petroleums, shale oils, candle oils, 

acid residues, and certain others have practically the same range of 
boiling points. The only value of the distillation test alone is to 
determine whether an oil of known source meets the requirements 
of the specification so far as boiling points are concerned. The type 
of distilling vessel has a considerable influence on the percentage of 
distillate obtained in any fraction from a given creosote. Because 
of the exceeding complexity of the mixture, no single distillation can 
secure an absolutely true apportionment of the oil, no matter how 
refined the apparatus may be. Therefore, to get concordant results 
from different operators, it 1s necessary that the standard form of 
the distilling vessel should be accurately fixed, that the position of 
the thermometer should always be the same, that the rate of dis- 
tillation should be uniform, and that thermometers having prac- 
tically the same dimensions should be used. The types of vessel 
that have been proposed for this test are the 8-ounce retort, the 
ordinary distilling flask, the Lunge trap flask, and the Hempel flask. 
The first three are used for ordinary commercial work and the last 
for a more refined test. The first three, when used under standard 
conditions, will give practically the same average results. The choice 
of one of the three vessels for such an empirical operation as the dis- 
tillation test rests, therefore, on the ability of the apparatus to 
duplicate results. The ability to do this depends on the exact repro- 
duction of the form, shape, and size of the apparatus. As the retorts 
are blown by hand in the form of a long pear-shaped glass and then 
bent down in a flame, the shapes and sizes can not be kept uniform. 
As a result, a so-called 8-ounce retort may hold anywhere from 4 to 
12 ounces, depending on the carefulness of the assortment. On the 
other hand, as flasks of glass are now blown in a mold, the shapes 
and. sizes are practically uniform. One would, for this reason, 
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expect the flasks to give more concordant results than the retorts, 
and this, in general, is true. 

The Forest Products Laboratory has shown (40) that, although 

there is no practical difference between the average numerical 
results obtained by the use of the flask and retort, the flask gives a 
somewhat sharper separation than the retort and is therefore to be 
preferred to the retort. 

The argument advanced in favor of the retort is that it has been 
used up to this time and should be continued. The argument 
against it is that it does not give as concordant results as the flask, 
and that the flask gives practically the same numerical value. Two 
associations—the National Electric Light Association (51) and the 
American Railway Engineering Association (52)—have made tests 
on the comparative checking value of the flask and the retort. The 
data obtained by them are published in their proceedings. A careful 
survey of these data shows that, after the elimination of what are 
evidently experimental errors, the ordinary flask is superior to the 
retort in checking value. 

OFFICIAL SPECIFICATIONS OF FOUR SOCIETIES. 

The specifications for the distillation tests adopted as standard 
by the American Wood Preservers’ Association (1917), the American 

Railway Engineering Association (1917), the American Society for 
Testing Materials (1918), and the National Electric Light Asso- 

ciation (1921), are as follows: 

Retort.—This shall be a tubulated glass retort of the form and approximate dimen- 

sions shown in figure 45 with a capacity of 250 to 290 c. c. The capacity shall be 

measured by placing the retort with the bottom of the bulb and the end of the off- 
take in the same horizontal plane, and pouring water into the bulb through the tubu- 

lature until it overflows the offtake. The amount remaining in the bulb shall be 

considered its capacity. 

Condenser tube.—The condenser tube shall be a suitable form of tapered glass 

tubing of the following dimensions: 

Diameter of small end ..25232.5.62- 12.5 mm.; permissible variation...... 1.5 mm, 

Diameter of large end.............. 28.5 mm.; permissible variation...... 3.0 mm. 

Wenethe our Sabres ah ese 360.0 mm.; permissible variation...... 4.0 mm. 

Shield.—An asbestos shield of the form shown in figure 45 shall be used to protect 

the retort from air currents and to prevent radiation. This may be covered with 

galvanized iron, as such an arrangement is more convenient and more permanent. 

Receivers.—Erlenmeyer flasks of 50 to 100 c. c. capacity are the most convenient 

form. 

Thermometer.—The thermometer shall conform to the following requirements: 
The thermometer shall be made of thermometric glass of a quality equivalent to 

suitable grades of Jena or Corning make. Itshall be thoroughly annealed. Itshall be 

filled above the mercury with inert gas which will not act chemically on or contami- 

nate the mercury. The pressure of the gas shall be sufficient to prevent separation 

of the mercury column at al! temperatures of the scale. There shall be a reservoir 
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above the final graduation large enough so that the pressure will not become excessive 

at the highest temperature. The thermometer shall be finished at the top with a 
small glass ring or button suitable for attaching a tag. Each thermometer shall have 

for identification the maker’s name, a serial number, and the letters ‘“‘A. S. T. M. 

distillation.’’ 
The thermometer shall be graduated from 0 to 400° C. at intervals of 1° C. Every 

fifth graduation shall be longer than the intermediate ones, and every tenth gradua- 
tion beginning at zero shall be numbered. The graduation marks and number 

shall be clear-cut and distinct. 
The thermometer shall conform to the following dimensions: 

Total length, maximum.-.-_._.... 385 mm. 

Diameter of stem ...--.. 205.0 7 mm.; permissible variation........ 0.5 mm. 

Diameter of bulb, minimum..... - § mm.; and shall not exceed diameter of stem. 

Weneth-ombulbs 2.3 2302 8 12.5 mm.; permissible variation...... 2.5 mm. 

Distance, 0° to bottom of bulb... 30 mm.; permissible variation....... 5 mm. 

istancesO? to 400° = oe 295 mm.; permissible variation....... 10 mm. 

Thermomerer 

Cork Sropper 

Rerorr 

Wire gouze 
(24/5 CM. 

Bunsen Burner 

Fig. 45.—Arrangement of distilling apparatus reeommended by American Wood Preservers’ Association 

American Railway Engineering Association, and American Society for Testing Materials. 

The accuracy of the thermometer when delivered to the purchaser shall be such 
that when tested at full immersion the maximum error shall not exceed the following: 

OF 

Eine) (ss Ort eu ae te mn Pek ea ee ee I hs 0.5 

Eran MG se Ora OU soe eta is oe eens eee ine oe i cet 1.0 

IPERS TWO OS oral Olan Se Eee eee ira OG EAS 3 6 Lk nee ray eee a ee 1.5 

The sensitiveness of the thermometer shall be such that when cooled to a tempera- 

ture of 74° C. below the boiling point of water, at the barometric pressure at the time 

of test and plunged into free flow of steam, the meniscus shall pass the point 10° C, 

below the boiling point of water in not more than six seconds. 
The retort shall be supported on a tripod or rings over two sheets of 20-mesh gauze, 

6 inches square. It shall be connected to the condenser tube by a tight cork joint. 

The thermometer shall be inserted through a cork in the tubulature with the bottom 
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of the bulb one-half inch from the surface of the oil in the.retort. The exact location 
of the thermometer bulb shall be determined by placing a vertical rule graduated in 

divisions not exceeding one-sixteenth inch back of the retort when the latter is in 

position for the test, and sighting the level of the liquid and the point for the bottom 
of the thermometer bulb. The distance from the bulb of the thermometer to the 

outlet end of the condenser tube shall be not more than 24 or less than 20 inches. 
The burner should be protected from drafts by a suitable shield or chimney. 

Exactly 100 g. of oil shall be weighed into the retort, the apparatus assembled, and 

heat applied. The distillation shall be conducted at the rate of at least one drop and 
not more than two drops per second, and the distillate collected in weighed receivers. 
The condenser tube shall be warmed whenever necessary to prevent accumulation 

of solid distillates. Fractions shall be collected at the following points: 210°, 235°, 

270°, 315°, and 355° C. The receivers shall be changed as the mercury passes the 
dividing temperature for each fraction. When the temperature reaches 355°, the 
flame shall be removed from the retort, and any oil which has condensed in the off- 

take shall be drained in the 355° fraction. 

The residue shall remain in the retort with the cork and the thermometer in position 
until no vapors are visible; it shall then be weighed. If the residue is to be further 

tested, it shall then be poured directly into the brass collar used in the float test, or 
into a tin box, and covered and allowed to cool to air temperature. If the residue 

becomes so cool that it can not be poured readily from the retort, it shall be reheated 

by holding the bulb of the retort in hot water or steam, and not by the application 

of flame. 
For weighing the receivers and fractions, a balance accurate to at least 0.05 g. shall 

be used. 
During the progress of the distillation the thermometer shall remain in its original 

position. No correction shall be made for the emergent stem of the thermometer. 
When any measurable amount of water is present in the distillate it shall be 

separated as nearly as possible and reported separately, all results being calculated 

on a basis of dry oil. When more than 2 per cent of water is present, water-free oil 

shall be obtained by separately distilling a larger quantity of oil, returning to the oil 

any oil carried over with the water, and using dried oil for the final distillation. 

A more refined test, in which the Hempel flask is used, is given in 

Part UT. 
MOISTURE IN CREOSOTE TEST. 

It sometimes happens that it is necessary to make a determina- 
tion of the moistures in creosote. If the moisture content is small 
(less than 2 per cent), this can readily be done in conjunction with 
the distillation test. If, however, the water exceeds 2 per cent, or 
if there is difficulty in carrying out the distillation test on account of 
the spattering, the following method should be used. It has been 
adopted as standard by the American Wood Preservers’ Association, 
the American Railway Engineering Association, and the American 
Society for Testing Materials. 

WATER. 

Still.—A vertical, cylindrical copper still with removable flanged top and yoke of 

the form and approximate dimensions shown in figure 46 shall be used. 

Thermometer.—The standard distillation thermometer as specified under ‘‘Distil- 

lation,’’ shall be used. 
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Condenser.—A copper trough condenser shall be used with straight-walled glass 
tube, having approximately the form and dimensions shown in figure 46. 

Separatory funnel.—A separatory funnel of the form shown in figure 46 shall be 

used, having a total capacity of 120 c.c., and the outlet graduated in fifths of a cubic 

centimeter. 
The apparatus shall be set up as shown in the figure. 

When any measurable amount of water is present in the distillate below 210° C. on 
testing in accordance with the distillation, the oil and water in this fraction shall be 
separated, if possible, and measured separately. Ii more than 2 per cent of water is 

present, or if the water is apparently present to an extent in excess of 2 per cent, but 

an accurate separation is impossible, the percentage of water present shall be deter- 
mined by the following method, and the water-free oil so obtained shall be used in 

the distillation test: 
Measure 200 c.c. of oil in graduated cylinder, and pour into copper still, allowing 

the cylinder to drain into the still for several minutes. Attach lid and clamp, using 

) , Thermomerer 

By G j 

GoSPe Sepororory Furnel 

6357cm. 

Fic. 46.—Apparatus for determining moisture content of cersote oil. 

a paper gasket slightly wet with oil around the flange of the still. Apply heat by means 
of the ring burner, which shall be placed just above the level of the oil in the still at 

the beginning of the test, and gradually lowered when most of the water has distilled 
over. Continue the distillation until the vapor temperature, indicated by the ther- 

mometer with the bulb opposite the offtake of the connecting tube, reaches 205° C. 

Collect distillate in separatory funnel. When the distillation is completed, and a 
clear separation of water and oil in-the funnel has taken place, read the water by 

~ volume and draw off; and return any light oil distilled over with the water to the oil 
» in the still. The dehydrated oil from the still shall be used for the distillation test. 
2 

e TEST OF THE SPECIFIC GRAVITY OF THE FRACTIONS. 

The test of the specific gravity of the fractions has been adopted 
by the American Wood Preservers’ Association, the American Society 
for Testing Materials, and the American Railway Engineering Asso- 
ciation. Tests that may be applied to the fractions obtained in the 

75536°—22——_7 
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distillation of creosote are much more likely to eliminate admix- 
tures than tests performed on the whole sample. Therefore, too 
much importance can not be attributed to this test. The specific 
gravity of the fractions, according to the latest specifications, is 
taken at 38° C. and referred to water at 15°C. In general, the same 
result would be obtained by determining the specific gravity at 60° C. 
and referring to water at 60° C. The data on specific gravity and 
index of refraction given in the part of this bulletin describing the 
experimental comparison of creosotes were all taken at 60° C., and 
referred to water at the same temperature. The present specifi- 
cations require the specific gravity of two large portions 235° to 315°C. 
and 315° to 355° C.; and, whereas the results obtained by these two 
fractions seem to be very good, a closer control is obtained by the 
use of more fractions. On account of the fact that tars and creo- 
sotes having very different boiling points are sometimes mixed to- 
gether, the failure of either fraction to fulfill the requirements of the 
specification should be sufficient cause for the rejection of the mate- 
rial under that specification. | 

The specific-gravity values of three pure coal-tar creosotes are 
given in Table 34. 

TABLE 34.—Specific gravities of fractions of three pure coal-tar creosotes. 

Fraction | Fraction 

Type of creosote. Sp. gr. | Sp. gr. 

38 38. 
15 15 

High-sravity cCredsote =: ss 5. -sh sete Se See ee ee 1. 047 | 1.145 
SAV CRAG ECT AV LY; CTCOSOLG = 2c ma ee Fae Sea Ro ae a ee ee re 1.036 1.112 
WOW-eTAVILY, CTEOSOLET. = 25 Sor ae GS iarcaee Sk Se ae oe a Ea er ne 1. 025 1.108 

(Very exceptional cases.) 

The examples from the report of the Committee on Preservatives 
of the American Wood Preservers’ Association, 1917, given in Table 

35, show the necessity of requiring both specific gravities to conform 
to the specification. 

TABLE 35.—Specific gravities of fractions of mixtures of coa.-tar creosote, coal tar, and 
water-gas tar. 

Composition of mixture. Fraction| Fraction Composition of mixture. | Fraction| Fraction 
235° to | 315° to | 235° to| 315° to 

N Beg he Pa ran| loOnG 355° C. No Saale (cae ea Car as ae C. oe C. 
No. Sp. gr. | Sp. gr. | p. gr. Pp. g 

Water- 38 38 el Gosliar Water- 38 8 
Creosote.| Coal tar. gas tar. - a Creosote.| Coal tar. gas tar. = +. 

Per cent.| Per cent.| Per cent. Per cent.| Per cent.| Per cent. 
i) 65 25 10 11.028 1. 102 7 65 S22. eae 35 1. 042 1.120 
2) 90.) sacs ebecs 10 1.033 |} 11.088 |) 8 LA | Oe ee 45 1. 038 1.112 
3 | 65 20 15 1.031 11.090 || 9 65 20 15; 1.041 1.112 
4 | 65 20 15 1. 033 11.085 |} 10 65 10 25} 1.038 1. 106 
5 | 60 25 15 | 11.028 1.101 || 11 Ch Ee ee 35} 1.038 1. 104 
6 55 22.5 Z259)|) P1025 1.100 | 

1 Indicates failure to pass specifications. 

———-  °.  — 
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Out of 28 tar solutions whose content of water-gas tar ranged from 
10 to 45 per cent, 16 were rejected because both fractions were low in 
gravity, and 7 because one fraction was low; 5 passed both tests. 
Of these last, 1 was eliminated on account of both float and coke 
tests, 1 failed to pass the float test, and 1 failed in the coke test; but 
2 passed all tests. Of these last, 1 contained 65 per cent of creosote, 
20 per cent of coal tar, and 15 per cent of water-gas tar; and the other 
contained 65 per cent of creosote and 35 per cent of water-gas tar. 

The method of determining specific gravity of the fractions rec- 
ommended by the American Society for Testing Materials, the 
American Wood Preservers’ Association, and the American Railway 
Engineering Association is as follows: 

As specific gravity is an absolute physical determina- 

tion, any recognized method which can be applied to 

the quantity and quality of material at hand to be 
tested must be considered satisfactory. The following 
methods are convenient and accurate means for the rel- 

atively small amounts of oil available in determining 

specific gravity of fractions to be tested. 

Inquid fractions.—The Westphal balance may be used. 

If the fraction to be tested is liquid at a temperature 

not exceeding 60° C., the Westphal balance can be 
-used with convenience and rapidity. A special type pe 

of Westphal balance is obtainable, designed for testing l jaws 
very small quantities. However, the ordinary type of bHe--2 om = | 

Westphal balance can be adapted to testing small frac- Kk 2:5¢m.-> 

tions by the use of a special plummet. When using 
the ordinary balance with the special plummet, extra 

care is needed that the adjustment of the balance be 

accurately made. The plummet can readily be made 

lOGISM-) 
in the laboratory from a piece of ordinary glass tubing 7 

» mm. outside diameter, sealed at the end, and by melting 

into the glass where sealed, a short platinum wire. 

After cooling, place 9 to 10 g. of mercury in the tube, 

making a column 35 to 40 mm. high. Seal off the tube 

within 20 mm. of the top of the mercury column with blow pipe flame. The plum- 
met shall have a length of about 55 to 60 mm. over all, and shall weigh between 10 
and 12g. 

Solid and semi-solid fractions.—A pan of the form shown in figure 47 having the fol- 

lowing approximate dimensions, may be used: 

Fic. 47.—Panused for determining 

specific gravity of solid or semi- 

solid fractions of creosotes. 

Wiametcisorm basen estes oe et es er ea hay ror es hoe 20 mm 

DrsINe GEOL bODE re No) rt en ES Se ele Sees Ee ee 25 mm 
Be pat np ere pe eed tees We oes ce sae 12 mm 

y Diametemotiwirows. estat ee ere eee ae SEE AS 1mm 
Ro talew erates ar asaya ie eee NUP ue es os SS 7g 

The pan and. wires are made of platinum or nickel. 
Solid or semisolid fractions of oil which can not be readily liquified can be rapidly 

and accurately tested in this apparatus by the usual method of weighing in air and in 
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water. The usual precautions of igniting the pan before use, and avoiding the enclos- 
ure of air or water in the sample, should be observed. 
Nora.—The method for liquid fractions is usually applicable to the fractions 235° 

to 315° C. and the method for solid and semisolid fractions to the fraction 315° to 

Pee FLOAT TEST. 

The float test is used for the detection and limitation of the amount 
of tar in creosote or creosote-tar solutions. It has been adopted by 
the American Wood Preservers’ Association, the American Railway 
Engineering Association, and the American Society for Testing 
Materials. The apparatus consists of an asphalt viscosimeter made 
of a float or saucer of aluminum and two conical brass collars. In 
making the test a brass collar is filled with the residue left after dis- 
tillation of the oil up to 355° C. It is then immersed in ice water for 

4 

te-8 89cm Sonam 

Knes=-2. 22 om---->4 

Fic. 48.—Apparatus used in float test. 

a time sufficient to chill it thoroughly, after which it is fitted into the 
saucer and floated on water that is heated to the temperature of the 
test. The time in seconds, taken from the time the saucer is placed 
in the warm water to the time when it breaks through the plug of 
tar is a‘measure of the viscosity of the residue at the selected tempera- 
ture and hence a measure of the amount of pitch or tar contained in 
the sample under test. -This test can not be relied upon absolutely 
because of the variability in the amount of residue above 355° C. 
The chances are, however, that some other test, such as the free- 
carbon test, or the coke-residue test, or the test of the specific gravity 
of the fractions, would eliminate such oils, although in many cases 
45 per cent or more of tar may be accepted under a specification per- 
mitting only 35 per cent. 

The method of conducting the float test recommended by the three 
societies is as follows: 

Float or saucer.—The float or saucer shall be made of aluminum, and shall be of the 
form and dimensions shown in figure 48. 

Ail 1 

— ee 

Se 
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Conical collar.—The conical collar shall be made of brass, and shall be of the form 

and dimensions shown in figure 48. : 
Place the brass collar with the small end on the brass plate, which has been pre- 

viously amalgamated with mercury by first rubbing it with dilute solution of mercuric 

chloride or nitrate and then with mercury. Pour the residue to be tested into the collar 
direct from the retort, as described in the paragraph on ‘‘ Distillation” or heat it ina 

tin box on water or steam bath, not by direct application of flame, and then pour into 

the collar in any convenient way until slightly more than level with the top. The 
surplus may be removed after the material has cooled to room temperature by means 

of spatula or steel knife which has been slightly heated. Then place the collar and 

plate in one of the tin cups containing ice water maintained at 5° C., and leave in this 

bath for at least 15 minutes. 
Meanwhile, fill the other cup about three-iourths full of water and place on the 

tripod; heat the water to any desired temperature at which the test is to be made. 
This temperature should be accurately maintained, and should at no time throughout 

the entire test be allowed to vary more than 0.5° C. from the temperature specified. 

After the material to be tested has been kept in the ice water for at least 15 minutes, 
and not more than 30 minutes, remove the collar with its contents from the plate and 

screw into the aluminum float, which is then immediately floated in the warmed bath. 
As the plug of residue becomes warm and fluid, it is forced upward and out of the collar 
until the water gains entrance to the saucer and causes it to sink. 

The time in seconds between placing the apparatus on the water and when the 
water breaks through the residue shall be determined by means of a stop watch, and 
shall be taken as a measure of the consistency of the material under examination. 

TAR-ACID CONTENT TEST. 

Of late years the tar-acid test has not been applied to creosote to 
so great an extent as formerly. It can not be used for identification 
purposes, because tar acids may easily be added to products that 
do not contain them, and such adulterations can not now be de- 
tected. A mixture of 15 per cent of blast-furnace oil with 85 per 
cent of certain water-gas-tar creosotes will pass the tar-acid test, 
the specific-gravity test, and the distillation test for coal-tar creosotes. 

The method of determining the tar acids adopted by the National 
Electric Light Association (51) is as follows: 

One hundred cubic centimeters (100 c. c.) of the total distillate to three hundred 
and fifteen degrees (315° C.) to which forty cubic centimeters (40 c. c.) of a solution 

of sodium hydroxide having a specific gravity of one and fifteen hundredths (1.15) is 
added, is warmed slightly and placed in a separatory funnel. The mixture is vigor- 
ously shaken, allowed to stand until the oil and soda solutions separate, and the soda 
solution containing most of the tar acids drawn off. A second and third extraction 
is then made in the same manner, using thirty (30) and twenty (20) cubic centimeters 

of the soda solution, respectively. The three alkaline extracts are united in a two- 
hundred cubic centimeter (200 c. c.) graduated cylinder, and acidified with dilute 

sulphuric acid. The mixture is then allowed to cool and the volume of tar acids 
noted. The results should be calculated to percentage of original oil. 

NAPHTHALENE TEST. 

The naphthalene test described by Mann (53) is not, so far as is 
known at the Forest Products Laboratory, used in this country to 
any great extent. It consists in determining the melting point of 
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the naphthalene fraction. It may, however, be used by some of the 
manufacturers under the name of the limpid-point test. It gives 
some idea of the naphthalene content, especially that which will 
solidify in cooling. 

The Forest Service described (50) a test for solids which included 

naphthalene and anthracene solids. A test somewhat similar (54) 

was afterwards adopted by the American Railway Engineering Asso- 
ciation. So far as the author is aware neither of these tests is now 
used to any great extent. 

VISCOSITY TEST. 

The viscosity test has been proposed chiefly in connection with tar 
mixtures (25). It consists of a determination of the viscosity by the 
use of an Engler viscosimeter. This gives but little information as 
to the amount of tar present. Probably an estimate of the tar con- 
tent fully as accurate may be made by one familiar with analyses of 
creosote by noticing the character and percentage of residue above 
a certain fixed point, as, for instance, 320° C. The latter procedure 
is applicable to water-gas tar, but the former is not. This test has 
now been dropped from specifications. It is believed, however, in 
the light of the relationship that exists between the penetration of 
oils and their absolute viscosity, that it would be a very desirable 
test to make for this purpose alone. 

INDEX OF REFRACTION TEST. 

A description of the apparatus used and the method of making the 
index of refraction test is given on page —. 

SULPHONATION TEST. 

A description of the sulphonation test and directions for making it 
are given on page —. 

DIMETHYL-SULPHATE TEST. 

The dimethyl-sulphate test was designed chiefly for use in light 
creosotes and as sheep dips. Chapin (55) claims that it gives more 
satisfactory results than the sulphonation test which it replaces. At 
the Forest Products Laboratory, however, with creosotes such as are 

"used by wood preservers, the sulphonation tests have given the better 
results. Neither test apparently can be relied upon to differentiate 
water-gas tar products from coal-tar products. 



CHAPTER II.—SPECIFICATIONS NOW IN FORCE BY VARIOUS ASSOCIA- 
TIONS. 

During the last few years a concerted effort has been made in this 
country by various societies interested in wood preservation to adopt 
uniform specifications for wood-preserving oils. Such specifications 
have been adopted or have been proposed by several societies. In 
addition to these, other specifications are still in force which do not 
require all the latest tests. It is believed, however, that enough 
of the more modern specifications are given in Table 36 to answer 
most purposes; but, for the sake of simplification, only those are in- 
cluded which apply to different types of oil. No claim is made for the 
superiority of any of these oils. They differ only in boiling points. 
Although it has been generally believed that the higher-boiling oils 
are the most permanent, it has been shown that oils lighter than those 
of specification No. 3,if used ina proper manner, have outlasted the 

- mechanical life of ties and poles. For land work, therefore, it seems 
to be largely a matter of personal opinion as to which of these oils is 
the best. It must be remembered that these specifications are for 
materials of known origin and are in addition to the requirement that 
the creosote shall be a coal-tar product. However, the tests given in 
these specifications do not guarantee a pure coal-tar product. Cer- 
tain selected materials which are not derived from coal tar may pass 
all the tests; but the tests, if rigidly enforced, considerably reduce 
the amount of such materials. At the same time, certain pure coal- 

_ tar products are eliminated. The specification is intended to insure 
the type of oil which has proved of benefit. Until other materials 
have proved to be of value, or until our knowledge of the mechanism 
of protection by creosote has been enlarged, it is deemed advisable to 
exclude such materials from the best grade of oil, even though they 
are coal-tar products. 

COAL-TAR SOLUTIONS. 

As already stated, tar solutions can not be considered so good pre- 
servatives as pure coal-tar creosotes. They have not been in use 
sufficiently long for their worth to be conclusively proved. It seems 
reasonable, however, to expect that a mixture of coal tar and coal-tar 
creosote will eventually be obtained that will preserve wood up to 
the limit of its mechanical life. Just what proportion of creosote and 
tar such a mixture will contain is problematical. Table 37 gives the 
specifications for tar solutions now in force. 

103 
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TABLE 36.—Specifications for coal-tar creosotes. 

[All creosotes listed must be a distillate of coal-gas or coke-oven tar, and, in addition, must fulfill these 
FedHabelaenss: ] 

Specification. 

Requirement. i 

No. 1. No. 2 No. 3 | No. 4 

Moisture content... 9.28 3sss320 52 ese N. M. 3 p. ct..| N: M.3 p. ct_.| N.M.3 p. et_.| N. M.3 p. ct. 
imsolublenm benzoles = se =) eee N. M. 0.5 p.ct.| N. M.5p.et.-| N. M.5 p.ct._| N. M.5p. et. 
Specific grav ity at 38° C. referred to | 
Water aul Do Osa se se eee es © eee NG 032222 | SNe 03 serene ING ose Osepae N.L. £06: 

Disiilatesip tO2l ORC yess eee oe N.M.5p.ct.-| N. M.8p.ct..| N. M.10p.ct.| N. M.5p. ct. 
DWistillatesup sto 235° O22) ssh. 2 cee N. M. 25 p.ct.| N. M.35p. ct.| N. M. 40 p. ct_| N. M. 15 p. ct. 
Specific gravity of fractions at 38° C. 

referred to water at 15.5° C.: 
Hrachon235y tOsloe Case eee oe IN asl. 03 See INGE el203 Se ee INS IDRIS se N. L. 1.03. 
HrachionisiowtOsoDy Cae eases INE SO Sees ING OEE Nisa. PAQEE= se N. L. 1.10. 

The float test must not exceed 50 sec- 
onds at 70° C. if the residue at 355° C. 
CXCOGdS > Ss oo aaa sae ese DsPaClsas- oes IPO Chew ecesss PSC eae se Spat: 

Coke Tesidue -.o25 5 Feces See sew eest NE ME 2p. ct=-|-NeaeMe2 p- see N. a 2p.ct..| N. M.2>p. ct: 

Specification No. 1=Grade 1, A. R. E. A.; creosote for ties and structural timber of A. W. P. A. 
Specification No. 2= Grade 2, A. R. E. A. 
Specification No. 3= Grade 3, A. R. E. A. 
Specification No. 4= Distillate oil for paving blocks, A. W. P. A. and A. S. M. I. 

IN. M.=Not more than. 
2N. L.=Not less than. 

TABLE 37.—Specifications for coal-tar solutions. 

Requirements. Specification No. 1. Specification No. 2. 

Composition of solution >. = 552-25 5-0-- ee e— = 80 per cent distillate of coal- 65 per cent distillate of coal- 
gas or coke-oven tar; 20! gas or coke-oven tar; 35 
per cent filtered orrefined per cent filtered or refined 
coal-gas or coke-oven tar. coal-gas or coke-oven tar. 

WratericOnLent cams. oases aes} IN-EME 3 per Conti see N. M.3 per cent. 
Ensolublejin  benzol: ss 4 = 32 354 secee a. ce NUIMs 2:per'cent=-2 2 =35-=-- N. M.2 pet cent. 
Specific. gravity at 38° C. referred to water LN Es: 1203222 a eee N.L.1 

ai leo? OH sea eS Se ee eee ee ING tee eee eee NOM LAL 
Diseulaves up to 210 GCs a. ree cect ee INS M5 percent. ss2s5 ss | N. M. 5 per cent. 
Disuilateswp tozso WOU sss ess ee le IN. M25 percents pe N. M. 25 per cent. 
Specific gravity of fractions at 38° C. referred 

to water at 15.5° C.: 
Braction 230° t0.315 Ceili s2c.. aceon ee INS 1CG3 sae se ee ee |_N. L. 1.08. 
Rachion Slo -tOlso0 1G ae a eee Rees Sd bp ST Ree a ese N. L. 1.10. 

Float test must not exceed 50 seconds at | 
70° C. if the distillation residue at 355° C. 
BXGOPUSo 6s ncos 5 aes oo seen ee tioe he eee 26 PCr Cent ice nee ae *...-, 35 per cent. 

Gokemesidue £22652 52 toss cck se se eee eN'- ME -Gper cents 3. see N. M. 10 per cent. 

Specification No. 1= Tar solution for ties and ee aneae of A. R. E. A.and A. W.P. A. 
Specification No. 2= Tar solution for paving blocks of A. W. P. A.and A. S. M. I. 

IN. M.= Not more than. 
2N. L.=Not less than. 

WATER-GAS TAR. 

Up to the present time no specifications have been adopted for 
either water-gas tar or water-gas-tar creosotes to be used alone as a 
wood preservative. The American Railway Engineering Association 
adopted in 1920 a specification for water-gas tar distillate and a spec- 
ification for water-gas tar solution to be used in conjunction with 
zine chloride by any of the preserving processes employing both zine 
chloride and oil. The requirements of these specifications are given 
in Table 38. | 
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TABLE 38.—S pecifications for water-gas tar products to be used with zinc chloride. 

Requirements. Distillate oil Water-gas-tar solution. 

Com POsitONepes cease staan see eee A pure distillate of water- | 60 per cent distillate of water- 
gas tar. gas tar; 40 per cent refined 

or filtered water-gas tar. 
IWeitericoniientiyac— =< cee eee ee eee Sl eN ee ils op CEACCMG a= see N.M.3 per cent. 
qasolabie in benzol... fence eae aa INE MeO >ipericent seems. oe A Me 2 per cent. 

ecific gravity at 38° C. referred to water at IN asl 03% 
eC \n. Fy SUES se Sbbon ea sane: ee AN. M. 1.07, 

Dishilatesvap tO 210° C2... 22 sense ck eee eck IN(s Wiley OPCS ee a one N. M. 8 per cent. 
Distillates up, to235° Cz 2.2.2.2 5.2: Sas cee NEES Zo speLCOMbs- se- 2 o oe N. M. 20 per cent. 
Distilatesip iOoone © Aven eee ce hae INGE SO pemcents cs ascceseo: N. L. 60 per cent. 
Specific gravity of fraction at 38° C. referred : : 

to water at 18. 5: awa wi Tp 
. : mo 3 meh st QSOS miseries es Saltese = L2'0:.98;3 
Fraction 235° to 315° C....-..--...------ 1N MGpIODEee cae) ae | N. M. 1.02. 

Float test must not exceed 50 seconds at 70° | 5 per cent..-................ | 5 per cent. 
C. if the distillation residue at 355° C. ex- | 
ceeds. | | 

MOKOTESIGUC2 nse Ja ens be ee ee _N.M.2 eLrcents ss ee | N. M. 10 per cent. 

N. M.=Not more than. 2N. L.=Not less than. 



APPENDIX. 

TABLE 39.—Distillation of authentic coal-tar creosotes. 

HORIZONTAL-RETORT TAR CREOSOTES. 
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KOPPERS TAR CREOSOTES. 

1 Nocreosote could be produced. Too much free carbon and nothing else but water. 
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TABLE 40.—Indices of refraction at 60° C. of fractions of coal-tar creosotes. 

HORIZONTAL-RETORT TAR CREOSOTES, 

Fraction limits. 

Tar | : 

No 235 to 245 to 255 to 265 to 275 to 285 to 295 to 305 to 315 to 
245° C. 255° C. 265m: 275° C. 285° C. 295° C. 305°C. | 315°C. 330° C. 

No No. No. No. No. No | No No. 
1 1.5944 1. 5963 1.5980 1. 6020 1.6070 1.6142 1.6213 1.6283 | N. La 
2 1. 5892 1. 5933 1. 5964 1.5995 1.6048 1.6108 | 1.6173 1.6250 | N. L. 
3 | 1.5935 1. 5937 1. 5953 1.5978 1. 6027 1.6085 | 1.6155 1.6228 | N. L. 
4 1.5965 1.5923 1. 5938 1.5969 1.6012 1. 6080 | 1.6150 1G225 5 EN 
5 1. 5923 1.5924 1. 5945 1.5988 1.6035 1. 6092 1.6190 | 1.6263 | N. L. 

G6 1.5895 1.5919 1. 5946 1.5975 1. 6022 1. 6093 1.6157 | 1.6237 | N. L. 
7 1. 5930 1.5936 1. 5948 1.5979 1.6028 1.6090 | 1.6163 1.6230-| N. L. 
8 | 1.5950 1. 5952 1.5958 1.5985 1.6041 1.6118 1.6195 1.6269 | N. L. 
9 1.5931 1. 5945 1. 5960 1. 5995 1.6050 1. 6108 1.6178 1.6258 | N. L. 

>TO oc oa aeeebed GSES SHB amon Gates Sere Fie Sea a ici ea ee icine 2 eer tee ene tee bare ee ey 
il 1.5971 1.5873 1.5984 | 1.6003 1. 6050 1.6122 1.6182 1.6257 | N. L. 
12 | 1.5813 1. 5892 1.5913 1.5940 1.5983 1. 6087 1.6108 1.6166 | N. L. 
13 1. 5882 1. 5898 1.5907 1.5940 1.5985 1. 6048 1.6 120 NEE 
14 1. 5920 1. 5930 1.5942 1.5965 1.6010 1. 6060 1.6140 1.6205 | N. L. 
15 1. 5869 1.5900 1.5918 1. 5947 1.5997 1. 6046 1.6118 1.6197 | N. L. 
16 1.5915 1. 5923 1.5932 1. 5963 1.6013 1.6075 1.6100 ING le Nees 

: INCLINED-RETORT TAR CREOSOTES. 

17 1.5792 1.5795 1. 5802 1.5822 1. 5862 1. 5922 1.5988 1.6052 | N: L. 
18 1.5843 1.5821 1.5816 1.5836 1.5875 1.5943 1.6010 1.6078 | N. L. 
19 1.5800 1. 5824 1. 5840 1. 5868 1.5919 1.5980 1.6040 1.6113 | NL. 
20 1.5830 1. 5852 1. 5868 1.5892 1.5925 1.5993 1.6023 1.6083 | N. L. 
21 1.5745 1.5758 1.5773 1.5796 1.5890 1.5888 1.5942 1.5988 | N. L. 
22 | 1 5925 1. 5926 1.5931 1.5963 1.6003 1.6078 1.6147 1. 6230 | N. LL. 

VERTICAL-RETORT TAR CREOSOTES. 

| | | 
23 1.5716 1.5754 1.5776 1.5810 | 1.5843 | 1. 5904 | 1.5971 1. 6047 N. L. 

Otto TAR CREOSOTES. 

24 1.6021 1. 6028 1. 6041 1.6071 1. 6132 1.6208 1. 6273 ING Ee puNe is 
25 1.5936 1. 5949 1.5970 1. 5994 1. 6032 1.6100 1.6165 1.6245 | N. L. 
26 1. 5998 1.6003 1.6018 1.6042 1.6105 1.6160 1.6229 ING EN 
27 1.6004 1.6015 1.6021 1.6051 1. 6098 1.6160 1.6230 INES Sal Nees 
“RUF Stl Se oR | Ao ieee os lea a eee (ee es |e steph 2m fuses ster are Lae enna en ciate en a 

SEMET-SOLVAY TAR CREOSOTES. 

29 1.5915 1. 5928 1. 5937 1.5968 1.6011 1.6073 1.6122 1.6192 | N. L. 
30 1.5918 1.5933 1.5950 1. 5983 1.6031 1.6098 1.6170 1.6243 | N. L. 
31 1.5979 1.5983 1.5993 1.6532 1.6090 1.6170 1.6232 NE. | Nie 
32 1.5996 1 1.6018 1. 6046 1.6103 1.6170 1.6240 INS. ONE ee 
33 1.5880 1.5878 1. 5883 1.5901 1.5941 1.6012 1. 6080 1.6183 | N. L. 
De Se ge Se |e ee ie ae | See ea (re ec ee [Gch ee) (re ee Loe aes eit 

| 

KOPPERS TAR CREOSOTES. 

| | | 
35 | 1.6031 | 1.6050 | 1.6071 1. 6122 | 1.6182 | 1.6251 1. 6322 | N.L. | INGoa2 

4 i | | | } 

‘ Not Imquid at 60° C. 



108 BULLETIN 1036, U. S. DEPARTMENT OF AGRICULTURE. 

TaBLE 41.—Specific gravities of fractions of coal-tar creosotes (sp. Gr. 3): 

HORIZONTAL-RETORT TAR CREOSOTES. 

Fraction limits. 

| 

He Gh i Gate 245 255 265 275 285 295 305 315 
to to to to to to to to to 

e245 oCk PASE {Cp 265° C. PROC, 285° C. 952°C. a0d4 Con Sloane: 330° C 

~| Sp. gr Sp. gr. Sp. gr. Sp. gr. Sp. gr. Sp. gr. Sp. gr. Sp. gr. 
qe Ce ae oe. 1.018 1. 022 1.029 1. 039 1.050 | 1.065 1.077 1.086 } N. L.1 
IAS ee oa 1.021 1. 025 1.033 1. 037 1.050 | ASO6 74). 5 aes 1.084 | N. L. 
Oe 1.015 1. 020 1. 026 1.034 1.045 | 1.058 1.073 INES 
ANE ese 1.017 1.021 1.027 1. 036 1. 086 1.060 TROGS ele aae sao as N. L. 
OEE 1.014 1.018 1. 029 1. 037 1.048 1. 060 10/295 22. se N. L. 
(aie Be pee te 1.017 1.022 1. 027 1.035 1.047 | 1.061 1.072 | 1.080} N. L. 
Thee 1.016 1.021 1.028 1. 036 1. 047 1. 062 1.073 | 1.079 | N. L. 
(alas ee Lae 1.019 1. 020 1.027 1.036 1.044 1. 063 1.077 N. L. 
Quan sass 1.017 1.022 1.027 1.040 1.049 | 1. 063 MOTs = Se Ni L. 
10a setmss cies etaascee dale cet Goals se ae oie ss bree ee ar te SS are | ee ae eee 
dk hae Slee oa doe 1.020 tS O2ZSi | eee ete 1.039 1.049 | 1.066 TO Het eee Nee 
22s 1.012 1.018 1.026 1.032 1.041 1.053 1. 062 1.067 | N. Lz 
See pure 1.018 1. 022 1. 032 1.043 1.056 1b INGE 
Ty BES eee eee 1.019 1.024 1.028 1.034 1.045 | 1.054 1. 065 | 1.073 | N. L. 
SS 1.017 1.021 1.025 1.033 1.044 1. 052 it OOS sis Soe ae INAS 
Ota: 1.019 1.023 1.028 1. 035 1.048 1. 062 1.072 IN lo | Nee 

INCLINED-RETORT TAR CREOSOTES. 

Wesco | 1.007 1.009 | 1.015 1.020 1.029 1. 038 1. 047 1.054 | N. L. 
PSS e- 1. 006 1. 007 1.009 1.016 1. 027 1.040 1 0507|52 N. L. 
192>5 | 1.008 1.005 1. 026 1. 034 1.044 1.053 1.060 | N. L. 
20 1.010 1.013 | 1.018 1.024 1.032 1.041 1.050 1.056 | N. L. 
1 ee eens 1.005 1.009 | 1.013 1.020 1.028 1.035 1.043 1.049 | N. L. 
Wl pess 1.017 1.022 | 1.025 1.035 1.045 1.058 1. 067 INE EealeNecio: 

VERTICAL-RETORT TAR CREOSOTES. 

| | | 

Ddeneee | 1.003 1.007 | 1.013 | 1.020 | 1.032 | 1.038 | 1.049 | oS ae N. L 

OTTO TAR CREOSOTES. 

| | | 
24s 1.020 1.040 1.055 1074 s| =e ee INe ee ieNe ele 
25. 1.017 1.020 1.031 | NEOAO see 1.061 1.077 N. L. 
D6 aeeeh | 1. 020 1. 025 1. 035 1.053 1. 067 1.075 IN-GIa- eI SNeee 
Nese --| 1. 025 1.030 1. 039 | 1.052 1. 062 1.075 Nags |ONeele: 
Bere ete ae fists S.S, cose Sls sce Been cee | See 2 ae ae = eat Re eee aes ee Ee sp emi | ee ea i es | ee 

| | 1 

SEMET-SOLVAY TAR CREOSOTES. -- 

| | | 
29.. 1.013 1. 024 1.033 1. 046 1. 060 1.075 N. L. 
3 SMa eee 1.013 1.017 1.021 1.031 1.043 1.057 1.070 | 1.078 | N. L. 
Sis 1.014 1.018 1.022 1. 037 1.048 1. 064 1.076 | IN| GNA 
o22e 1.020 1. 022 1.039 1. 039 1.054 1.069 | 1.083 Neen: 
do-=- 1.010 1.013 1.017 1.024 1. 033 1.048 | 1. 061 INeeEA 
5: ee ee te el (EE Es ce ane) Ro ee (ee en On| | oP eee (ar Pane et Iho sean anaiol fovea ce ae a ee ee 

| | | | 

KopPrERS TAR CREOSOTES. 

I: | 
assesses NS. 1. 027 | ie ee | 1.041 | 1. 065 | 1.082 | 1. 089 | N. L | INZoke 

| 

1 Not liquid at 60° C. 
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TaBLE 42.—Sulphonation residues of fractions of coal-tar creosotes. - 

HORIZONTAL-RETORT TAR CREOSOTES. 

Fraction limits. 

No.| 915 to | 225to | 235 to | 245 to | 255to | 265to | 275 to | 285to | 295 to | 305 to | 315 to 
295° ©. | 235°C. | 245° C. | 255°C. | 265° C. | 275°C. | 285°C. | 295°C. | 305° C. | 315° C. | 330° C. 

| 

Perct. | Perct. | Perct | Perct. | Perct. | Perct. | Perct. | Perct. | Perct.| Perct.| Per ct. 
BORE Yc ga | RA Rh ey py a A ie tr the ith tr: uly tr. thighs 

OR ieee arent oe ee oe ae kee ee J tr LEGS EES et |i ote Epes Lam Feo sia Wario ES | yssihs ether 

3 tr. 0.1 0.2 0. 4 0.6 0.8 0.8 0.6 0.8 0.3 
4 0.1 sl .4 .6 1.0 1.2 1.4 1.6 1.4 | Qe ae 
5 oe? ae .4 .6 .8 .8 .8 .4 .4 aal ine 
6 tr tr. .l 383 aD 8 silk .6 -9 9 SAE 
i tr tr Adl 4 .6 .8 ath .8 a6 4 .4 
8 tr tr. gil 4 .4 .8 1.0 1.0 0.8 .6 
9 tr tr al a 4 .6 sit 50 a2) 6 ae 

Ue coe Seh sees Se kal eas os Sree Seca Oe ent ace oecge [ete eae emaegee | PAs at caste [Be a. Sac ate n GMI aap a Peace areal ee, Ae 
jl bi GE. Ba 23 ay .6 .8 8 a2 .4 4 
12 st 2, Se AC 1.0 12 1.6 1.8 2.0 2.0 2.0 
13 .4 .8 1.2 1.6 2.0 3.0 2.4 1.8 .6 
14 a2, a2 58} 8 1.2 1.4 1.8 1.8 282; 1139) 2.2 
15 oP” 4 4 8 1.0 1.4 1.4 1.4 1.0 12 .6 
16 oll ail Ar 5} .4 .6 Bi et a: 341 .8 

INCLINED-RETORT TAR CREOSOTES. 

17 1.8 2.2 3.4 4.4 | 6.4 6.8 7.2 4.8 2.0 2.0 2.0 
18 12 1.6 2.8 4.4 6.2 6.4 7.0 7.6 4.6 4.0 Ba 
19 1.2 2 low 2.6 2.4 5.0 3.6 4.2 3.0 6.0 
20 .8 1.0 12 1.6 222; 2.8 3.0 4.0 4.6 4.8 5.8 
21 1.8 D2, 2.8 3.6 4.6 52, 5.8 6.8 7.6 8.0 8.2 
22 .6 .4 .6 1.0 12:2 2.0 P90 2.8 1.6 1.6 1.8 

VERTICAL-RETORT TAR CREOSOTES. 

i | 
S| eee, 3.6 4.0 5.0 Ds 5.0 6.4 5.4 ue, 4.6 

| 

OtTo TAR CREOSOTES. 

COT. | cee pel re Ad een SO aa ear eee eral een: | Toe Wen aris ae Maes eae A | ss chs eae 
Dee tke a | eta a a tr tr. tr. tr i 1 Ie tr tr 
26 tr tr tr. 4 6 6 6 igs 3 | 4 
BA NS BES Seal CHESS See ee ere eter rete oe eee ol [a MA a Mane [eI mee ak AE Seer SS Rate Seacrest ae Reese 
OMA eres eter ora aoe eiarcie a lis eres cise Sere | Br Pn Nene oie | Ses ede cise esa evee Resi eers| eens Sagal Perna | Epi se 

SEMET-SOLVAY TAR CREOSOTES. 

29 2 .4 6 Le2 .8 12 1.8 1.8 ati .8 
30 Sul ral 1 1 Bal a2, 1 tr 1 th: tT 
31 tr tr. tr tr Ghe tr: tr tr 8 .6 ol 
By TASS Serer oi gl eee tr tr tr tr tr tr GIES [ese | ea 
33 12, 1.6 2.8 3.6 4.2 4.8 One 4.8 3.4 4.0 
il NES GES SBllos PSs cbr (SG Geo Se eee rege PS Cee ae [Eee a peer Man ea ta a (OO | Coron Nae eas 
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TABLE 43.—Distillation of water-gas-tar creosotes (Hempel flask). 

Fraction limits. 

Tar 
No. {Up toj205 to}215 tol225 to|235 to|245 £0 255 to|265 toj275 to|285 tol295 tol305 to 

205° | 215° | 225° | 235° | 245° | 255° | 265° | 275° | 285° | 295° | 305° | 315° | 330° | Res. 
C. C. C. C. C. C. C. C. C. C, C. Cc. C. 

JEG | SGP: WALGER JEG || EGP AN JER AZAR IGP) J2GP || Jee JAGR | IBGP 
cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent.| cent. 

© 3 hy S 
37 | 2.8) 3.0] 8.6] 15.5] 5.2) 11.2|-9.6] 6.5] 5.0} 4.9} 3.2} 3.5| 4.4] 16.4 
38} 3.3] 2.4] 11.0] 15.2] 9.1] 6.4] 8.4] 6.7) 6.8) 45] 3.8] 3.3] 3.8] 14.9 
39 | 2.4] 3.7] 12.8] 13.4] 11.5] 6.1| 6.9] 5.4] 5.8] 6.4] 3.4] 3.8] 6.1] 13.5 
40} 2.2] 2.0] 5.4] 12.0] 14.3] 5.4] 11.1] 9.7) 7.3] 6.0] 7.1) 4.3] 5.5 8.7 
AV i322) edad |i coed 8.4 ECGs id | SOs eS)! Ono enolase SOTO osm mek 
42} 2.4| 2.4) 17.8] 14.2] 6.7] 3.6) 3.6] 3.0) 2.9] 3.3] 3.6] 1.8] 7.1] 27.1 
43/ 3.0} 3.2} 8&0) 19:9) -8:6 | 7.8) 6.2") 3.7) 6.2) 5.2)) 3258 327) 5.6.) 1529 
44} 2.2| 4.3] 14.8] 14.6} 7.8} 3.9] 3.6] 5.9] 5.1) 5.4] 3.8] 3.9] 5.6] 18.9 
45] 2.4] 2.2] 14.6) 11.8) 10:3 | 2.7] 6.6] 6.6] 4.4| 7.2] 4.7] 3.7|- 6.2] 16.2 
46} 2.9] 2.8) 10.4] 13.8} 9.5} 7.0) 6.8] 5.1] 4.8) 4.0] 2.3| 3.6] 6.0] ~21.2 
47 | 1.9} 3.5) 9.2) 12.5 | 12.6) 5.0) 9.2) 8.5] 5.0} 5.6} 4.0!) 4.0) 61|] 12°56 
48} 2.2} 2.9) 13.0) 11.1] 8.7) 6.9| 5.6] 4.3] 6.0) 5.1) 7.6| 44) 6.4] 16.1 
49 220s O22) | Tse 201 S13-8 | 1OSSa Zeal 2. Onl So Onlee cokes | tas alee Os One 20s0 
50} 2.6] 2.4] 16.2] 21.6| 7.0] 5.6) 4.7] 3.6] 5.5) 4.6| 2.9] 3.8] 4.7] 14.4 
BL SB. 3 | 2. 85|. Zea eta: On 12. Su) 7a BiOn| Sh) Gaz fbaante 2 gel ee se ae eae meee 
52|-7.6} 5.0] 5.3] 6.9) 11.8] 9.0] 8.5|-6.7| 7.8] 63] 4.4] 2.5] 49] 12.9 
23 6} 1.2) 17.0] 16.9] 7.1] 4.4] 3.1] 5.4] 6.0} 4.7| 4.0] 3.6] 5.8]. 19.6 
Oa LI EO Neil) 155841) 2056452420 S322) ] 2385 | O.0u) olOMle 4 cSa 428i SeGsGnler eben 

TaBLE 44.—Indices of refraction of fractions of water-gas-tar creosotes. 

Fraction limits. 

Tar = 

No. 235 to 245 to 255 to 265 to 275 to 285 to 295 to 305 to 315 to 
245° C, S(O 265° C. Mie Oe 285° C. 295° C. S05 ce: BS (OBR 

No No No. No. No. No. No. No. No. 
37 1. 5728 1. 5728 1. 5734 1. 5742 1. 5748 1. 5780 1. 5818 1. 5880 1. 6032 
38 1. 5875 1, 5853 1. 5842 1. 5828 1. 5833 1. 5861 1. 5893 1. 5990 N. L.t 
39 1. 5873 1. 5854 1. 5831 1. 5828 1. 5838 1. 5870 1. 5912 1. 5980 N.L. 
40 1. 5798 1. 5812 1, 5817 1. 5811 1. 5817 1. 5814 1. 5832 1, 5872 1. 5988 
41 1. 5574 1. 5612 1. 5625 1. 5636 1. 5635 1. 5645 1. 5662 1. 5696 1. 0812 
42 1, 5931 1. 5915 1, 5904 1. 5891 1. 5901 1. 5923 1. 5954 1. 5996 1. 6097 
43 1. 5922 1. 5928 1. 5932 1. 5935 1. 5968 1. 6007 1. 6068 1. 6134 1. 6282 
44 1. 5938 1, 5925 1. 5931 1. 5952 1. 5973 1. 6022 1. 6070 1. 6160 N.L. 
45 1. 5848 1. 5808 1. 5786 1. 5778 1. 5780 1. 5804 1. 5827 1. 5890 1. 5985 
46 1. 5886 1. 5884 1. 5880 1. 5875 1. 5878 1. 5902 1. 5940 1. 5990 1. 6108 
47 1. 5760 1. 5775 1. 5778 1. 5786 1. 5798 1. 5819 1. 5858 1.5915 1. 5988 
48 1.5790 1. 5772 1. 5742 1. 5720 1.5715 1. 5722 1. 5732 1.5782 | 1.5868 
49 1. 5820 1.5770 1.5731 1. 5735 1. 5753 1. 5753 1. 5826 1.5944 |; N.L. 
50 1, 5982 1. 5982 1. 5985 1. 6006 1. 6052 1. 6106 1. 6185 1. 6264 N.L. 
51 1. 5868 1. 5864 1. 5866 1. 5878 1. 5898 1, 5941 1. 5996 1. 6080 1. 6240 
52 1. 5640 1. 5698 1. 5739 1. 5770 1. 5792 1. 5825 1. 5878 1.5948 | 1.6060 
53 1. 5972 1. 5960 1, 5974 1. 0025 1. 6064 1. 6142 1.6212 1. 6295 INS Ge 
54 1. 5975 1. 5980 1. 5996 1.6019 1. 6082 1.6148 1. 6218 1. 6303 N.L. 

1 Not liquid at 60° C. 

ae 
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TABLE 45.—Specific gravities of fractions of water-gas tar creosotes. 

Distillation limits. 

Tar | 235to | 245to | 255 to 265 to 275 to 285 to 295 to | 305 to 315 to 
No. | 245° C. | 255° C. | 265° PES (On |p OEE (Gs | Pane(Ok {aU ae (Cad Bae 330° C. 

Sp. gr. | Sp.gr. | Sp.gr.| Sp.gr. | Sp. gr. | Sp. gr. | Sp. gr. | Sp. gr. | Sp. gr 
37 0. 986 0. 986 0. 986 0.989 0.996 US treaties arse | Meee erate 
38 - 997 -996 | 1.001 1.000 1.006 1.019 fees oe N.L.1 
39 1. 002 1.001 -998 - 992 1.001 1.015 1.018 N. L. 
40 - 987 . 988 - 989 - 989 . 989 992 | _ 1.000 1.015 
4] - 960 -962 | .964 -966 | .967 -972 - 975 | 984 0.998 
42 1. 006 1.003 1.006 SO2 Ne Plea sae 1.041 
43 1.000 - 999 O03: | ae eeeeee 1.014 1.021 1.041 1.063 
44 1.006 1. 007 1.013 1.024 1.029 | 1.044 N. L. 
45 S99Gkr Ps ee - 994 . 995 1.000 1.007 1.015 N.L. 
46 . 998 - 997 - 997 1.000 1.003 1.015 [Sesecseac 1.033 
47 - 987 - 987 - 993 - 996 . 998 1.002 | 1.016 1.039. 
48 - 992 - 993 - 986 . 98s - 986 -989 | .992 | Sein | 1.009 
49 - 995 - 992 S993 see ee eee. PROOS gal Posseacse fil fecal Bes 
50 1. 008 1.009 1.014 1.029 1.039 1.071 N. L. 
ol - 996 - 996 - 998 1. 004 1.009 1.020 1.040 1. 066 
52 -971 979 - 984 - 989 - 995 1.000 1009: (ese 1. 034 
53 1.010 1.015 1.027 1.041 TS O68 sari tales se See INGE 
54 1. 009 1.018 1.032 ES O05 [100 S522 Sees N. L 

| 

1N t liquid at 60°C. 

TABLE 46.—Sulphonation residues of fractions of water-gas tar creosotes. 

Fraction limits. 

Tar | 205 to | 225to | 235to | 245to | 255to | 265to | 275to | 285to | 295to | 305to} 315 to 
No. | 225° C. | 235° C. | 245° C. | 255° C. | 265° C..| 275° C.| 285° C. | 295° C. | 305° C. | 315° C. | 330°C 

Per Per Per Per Per Per Per Per Per Per Per 
cent. cent cent cent. cent. cent. cent. cent cent. cent. cent 

37 8.6 8.4 8.0 8.2 8.8 10.0 10 11.2 8. 
38 1.4 1.6 2.0 4.2 4.4 6.0 (ae eee ae 7.8 8.0 
39 1.0 -8 2.4 3.2 4.4 5.4 7.0 7.6 8.4 7.4 
40 1.6 1.4 2.4 See 4.2 4.8 6.0 7.6 8.8 7.4 

| 41 10.0 9.8 10.0 11.0 12.2 12.8 13.6 14.4 16.4 17.2 16. 4 
| 42 LT. 4 1.2 2.4 5.2 7.0 | 152 

43 AbrRs 2 -3 .4 -6 1.0 1.6 2.0 1.6 1.4 
44 .4 .4 -6 1 ee Seca 2.4 2.8 3.0 3.0 2.8 
45 2.0 2.0 3.4 4.0 6.0 8.1 9.4 10.0 10.6 12.2 
46 Tr 4 .4 1.4 1.8 2.4 3.2 4.0 BiG: ee oe faesesees 
47 3.8 5.0 4.8 5. 4 5.6 6.6 7.0 8.0 9.0 8.4 
48 2.8 3.2 5.2 7.4 8.8 10.8 13.6 15.8 16.8 17.6 15.0 
49 Tr. Tr. -2 -8 2.4 See ssee 4Al 2 es eacsese 4.2 
60 0 0 0 0 0 0 0 0 0 0 0 
51 1.2 1.4 2.0 2.2 2.4 2.6 2.8 2.8 2.4 1.6 
52 9.2 9.4 8.4 8.4 6.6 4.6 6.4 7.0 7.4 6.0 4.4 

| 53 0 0 0 0 0 0 0 irs 0 0 0 
| 54 0 0 0 0 0 0 0 Ave 0 0 0 

Bard 
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