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Introduction 

In the production of metallurgical coke by modern processes, the  gases and tars 
driven from the coal a re  condensed t o  provide the raw material for a wide var ie ty  of 
coal chemicals. These coal chemicals, including millions of gallons of coal-tar 
creosote, are  some of the  Important products of the United S ta tes  S t e e l  Corporation. 
As a major producer of coal-tar creosote, the Corporation has sought t o  learn more 
about the properties of creosote a s  a wood preservative. 

One of the best  methods for studying the chemistry of creosote a s  a wood 
preservative is t o  extract  the residual creosote from wood t h a t  has been i n  service 
and for which a completely documented his tory i s  available.  
however, the amount of creosote tha t  can be extracted from small core borlngs, 
sections of smU t e s t  stakes, and other small specimens is  not , suf f ic ien t .  
fore the Applied Research Laboratory of the  United States  S t e e l  Corporation l n i t i -  
ated a search f o r  a re la t ive ly  simple method o f  characterizing very small samples 
(0.1 - 1.0 gram) t o  replace the  Church-flask d is t i l l a t ion ,  which requires a sample 
of 100 grw. 
method for  characterizing the composition 02 creosote, is  fundamentally an evapo- 
ra t ion method. 
been proposed by researchers a t  Allied Chemical Corporation and a t  B e l l  Telephone 
Laboratories .lt2)* These methods, however, were not well-adapted t o  our problem. 
It w a s  logical  t o  reason that  since w e  were interested in the  evaporation pattern 
of a small amount of v o l a t i l e  materials, a controlled-temperature recording balance 
would reveal the des*ed pattern.  
a thermobalance manufactured by the Stanton Instrument Company of London. 

The Stanton Thermobalance 

For analyt ical  purposes, 

There- 

The Chmch-flask d i s t i l l a t i o n ,  which is accepted a s  t h e  standard 

Other apparatus that gives refined measuremnts of evaporation has 

Such an instrument was avai lable  in the form of 

The Stanton thermobalance, Model TR-1 shown in Figure  1, is an analytical ,  
continuously recording balance SO constructed tha t  the sample being weighed i s  
supported within a tube furnace. 
operate throughout a range of 1000 centigrade degrees. 
c a l l y  raised during the weighing period by means of a program control motor. 
motors of different  speeds are obtainable, the work reported here w a s  done with a 
motor providing a constant r a t e  Of Six degrees per minute temperature r i se .  The tube 
furnace, which contains baff les  t o  reduce a i r  movement, is two inches in diameter and 
has a hot zone twohches in depth. 
furnace w a l l  a t  the center of the hot zone actuates the temperature-recording pen. 
The furnace can be eas i ly  ra ised and lowered over the sample on the  balance platform. 
The sample, i t s e l f ,  is contained i n  a small crucible supported on a rod attached to  
the weighing mechanism of the balance. 
keeps the furnace symmetrically aligned with the axis  of the crucible. 

The e lec t r ica l ly  heated furnace is  COIlBtNCted t o  
The temperature is automati- 

Although 

A platinum-rhodium thermocouple located near the 

A system of guide rods and countemeight 
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The balance mechanism i s  sens i t ive  t o  one milligram and can record a weight 

change as great  a s  400 milligrams per minute t o  a maxirmun t o t a l  weight change of 50 
grams. 

U s e  of t h e  Thermobalance 

Because the temperature-recorder thermocouple La located along the  wall of the 

We used a 10 cc 
furnace rather  than in the  crucible,  a crucible of high heat-conductivity must be 
used t o  minimize t h e  unavoidable Lag in temperature of the sample. 
platinum crucible conforming t o  Standard D-271 of the American Society for  Testing 
Naterials.  
best  correlation with ex is t ing  standard was obtainedwhenthe crucible was used with- 
out a cover. 

Experimentation with various covers on the  crucible revealed tha t  the 

The Church-Elask method of d i s t i l l a t i o n  that  has been adopted as the standard 
method for creosote characterization by the  American Wood-Pres g y s '  Association 
(AWPA)3) and the k r i c a n  Society for  Testing Miterials (ASTM) 
vaporization method because there  is no attempt a t  rect i fying the vapors. 
difference i n  the resu l t s  obtained by these two methods is  caused by the  difference 
i n  methods of masuring the temperature and weighing the distillate. 
f lask  method measures the  temperature a t  a point s l i gh t ly  above the  l iqu id  surface, 
but t he  d i s t i l l a t e  is  not weighed u n t i l  it has been collected in a f lask  a t  the end 
of a side-arm condenser, a distance of 52 t o  55 centimeters. 
distill&e collected a t  the end of  the condenser I s ,  therefore, comiderably lees  
than the weight loss o f  the sample. 
condensate held up in  t h e  f lask  and in the condenser. 
larly great during the ea r ly  portion of the d i s t i l l a t i on .  The thermobalance, hovever, 
weighs the residue the ins tan t  t h e  vapor leaves the  surface of the sample in the 
crucible. The vapor loss, which is the  difference in weight between the  weight of the 
or ig ina l  sample and the  weight of  the residue, is plot ted against a continuous record 
of temperature. 
near ly  t o  a t rue measure of evaporation. 
d i s t i l l a t i o n  pattern obtained by high-reflux d i s t i l l a t i o n  a re  not recorded by t he  
thermobalance because there  is no rec t i f ica t ion  of  vapors, and the  temperature I s  
driven upward a t  a constant rate. 

is basical ly  a 
The major 

The Cimch- 

The w e i g h t  of the 

The discrepancy i s  the  amount of vapor and 
The discrepancy is particu- 

The thermobalance resu l t s  a re  not retarded and correspond more 
Plateaus or  f lats t h a t  are  obeerved i n  the 

Experience has sham t h a t  for re l iab le  resu l t s  the sensi t ive thermobalance 
should be placed on an is land site, preferably on a concrete floor, away from heat 
of d i rec t  sunlight, dampness, draf ts  and changes i n  temerature .  There was a l so  an 
indication t h a t  barometric preseure affected the resu l t s .  Althdugh t h i s  influence 
was not evaluated, it was believed tha t  any adjustment Qf r e su l t s  would be ins igni f i -  
cant re la t ive  t o  the in te rpre ta t ion  o f t h e  data. 

Developing the Procedure 

The first step in developing a procedure was t o  determine the reproducibil i ty 
of r e su l t s  with the thermobalance. 
made using repl icate  0.5 gram samples o f  one creosote (Figure 2) .  The range of 
values show an acceptable l e v e l  of reproducibil i ty.  Vaporization pat terns  made 
during any one day agreed mre clobely than repl icate  runs made on successive bye.  
We believe that changes in barometric pressure, ambient temperature, and localized 
drafts account for a Large part of t h e  var ia t ion encountered. 

To do th i s ,  seven vaporization pat terns  were 

The next step was t o  cor re la te  the r e su l t s  obtained by we of the  thermobalame 
wlth ptterm obtained by uBe of 9 church flask and by use o f  8 Snyder 5-bU 
diet iLlat ion column. 
is rapid and because it ie used by some researchers i n  the  f ield of wood preser- 
vatlon. 
Preservers' Association. The s imi l a r i t i e s  and differences between the  results of 
these methods are shown in Figure 3.  

D i s t i l l a t i o n  through a f ive-bal l  column w a B  chosen because it 

The Church-flask method is t he  accepted standard of the  American Uood- 

The thermobalance results are observed t o  



d - 65 - 
fa l l  between those of the other two methods. The data show t h a t  the differences 
between the resu l t s  of the L?lurch-flask method and thermobalance method are  due 
primarily t o  the lag observed in  the use of t h e  Church- f lask.  
the resu l t s  of the five-ball  column and thermobalance methods a r e  a t t r ibu ted  to  
the rapid ra te  of temperature rise (6  C per minute), which does not perndt enough 
time for  the low-boiling materials within the l iqu id  t o  diffuse t o  the surface. 
appears tha t  the differences a l l  occur below about 300 C, and a l l  three methods 
agree reasonably well  above t h i s  point. 

J 
Differences between 

It 

The f i n a l  s tep w a s  t o  determine the a b i l i t y  of the thermobalance t o  detect 
differences in  creosote composition. 
vaporization patterns o f  a fresh creosote and d i s t i l l a t i o n  residues from the same 
creosote a f t e r  d i s t i l l a t e s  t o  temperatures of 210, 235, 270, and 315 C had been 
removed with a f ive-bal l  column (Figure 4 ) .  
of removing the low-boiling fractions of creosote. It was reasonable t o  expect 
tha t  the e f fec ts  of any process changing the composition of the creosote could be 
determined by comparing vaporization patterns.  Therefore, the thermobalance vapori- 
zation pattern of the chemically changed creosote was superimposed on a similar 
f igure made with a sample of the or iginal  creosote. In addition, the thermobalance 
vaporization pat tern provided more information than the Church or f ive-bal l  column 
d i s t i l l a t i o n  methods because a higher temperature was obtained with the  thermobalance. 

Application of the Mthod 

This was done by preparing thermobalance 

This figure c lear ly  showB the e f fec ts  

To t e s t  the method on actual  extracts  from creosoted wood, a number of 3/4- by 
3/4- by 30-inch stakes were withdrawn from f i e l d  exposure p lo ts .  These stakes had 
been impregnated with a var ie ty  of creosotes and then exposed outdoors for  periods 
of f ive  and ten years, respectively. Each s take was sawn in sections as  shown i n  
Figure 5 so  that indications of changes In the composition of creosote re la t ive t o  
i t s  posit ion within the stake could be obtained. These sections were shaved f id i -  
vidually into f ine  chips. 
with aromatic solvents. 
l a t ion  under reduced pressure. 

The residual creosote i n  each l o t  of chips was extracted 
The solvents were then stripped from each extract  by distil- 

These samples of residual creosote were characterized by vaporization on the  
thermobalance, and the r e s u l t s  were graphed. To interpret  these graphs, the vaporiza- 
t ion  patterns were compared with pat terns  of the or iginal  creosotes and with pat terns  
of creosote residues boiling above selected temperatures. 

The thermobalance vaporization patterns for the residual creosotes, Figures 6 
and 7, from a stake tha t  had been i n  f i e l d  t e s t  for  ten years show t h a t  considerable 
losses of the more vola t i le  compounds have occurred from a l l  sections of the stake. 
It is noteworthy tha t  the vaporization patterns for a l l  sections f a l l  closely t o  the 
vaporization curve obtained from creosote residue boiling above 315 C .  
among these curves indicates tha t  much o f  the  creosote boiling uq t o  315 C has been 
l o s t .  This loss i s  known t o  occur by means of evaporation and migration. I f  the  
loss were solely by unhindered evaporation, the curves of the-extract  and of the 
control should be very close t o  each other. If downward migration of residual 
creosote occurs, then a concentration of high-boiling material  can be expected in  
the  lower portion of the stake. 
gain i n  preservative concentration a t  the lower end of t h e  stake. mi8 concentration 
was actual ly  observed. 
res idual  creosote per  cubic centimeter of wood. 
tained k s s  than 0.05 gram per cubic centimeter. 

The s imilar i ty  

\ 

Such migration can be expected t o  appear a s  a net 

Both below-ground sections retained about 0.08 gram of 
!be two sections above ground con- 

\ 

Figure 6 shows, however, t h a t  there i s  considerable d ispar i ty  between the 
vaporization curves of extracts  from Section 1 and Section 2, both taken from below 
the groundline. What then can account for the  apparent differences i n  composition of  
these extracts? W e  believe that Boon after drivhg the  test stake i n t o  t h e  ground, 
SO= of the creosote begins t o  migrate downward through the porous ce l lu la r  s t ruc ture  

\ 
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of the wood. As it moves downward, a portion of the low-bolling vola t f le  components 
are  l o s t  by evaporation from the  surface of the stake. 

*approaches the moist groundline section, the downward migration is counteracted 
by the upward movement of moisture from the s o i l  through the wick-like behavior of 
the stake. In the section of the stake j u s t  below the groundline, the net e f fec t  
of these counter movements is such 8.s t o  cause a concentrstion of creosote. This 
creosote by now is p a r t i a l l y  depleted of low-boiling vola t i le  componente, and has a 
high proportion of high-boiling r e l a t i v e l y  s table  components. This concentration 
of high-boiling material is  indicated by the re la t ive ly  low posit ion of the r i g h t  
end of the vaporization curve for the extract  from Section 2. 

When the moving creosote 

, 

If we convert the  percentages of material  boil ing above 380 C to absolute 
amunts  of t h a t  fraction remaining in t h e  wood, i t  i s  found tha t  the  quantity o f  
t h i s  f ract ion i n  Sections 3 and 4 is the  same as  was impregnated into the wood 
originally.  Below ground, in  Sections 1 and 2, the amount o f  t h i s  high-boiling 
fract ion was about twice as great a s  in the freshly impregnated stake. This increase 
can-resul t  only from chemical changes in the creosote itself. These chemical changes 
a re  believed t o  resu l t  primarily from oxidation and polymerization reactions. 

Figure 8 shows similar vaporization pat terns  for  Sections 1 and 2 of a stake 
These vaporization pat terns  l ie  tha t  had been in f i e l d  t e s t  for  only f ive  years. 

between t h e  control pat terns  f o r  residues boiling above 235 and 270 C. Comparison 
with Figure 6 indicates t h a t  evaporation of the creosote has not progressed t o  the  
extent observed in  the 10-year-old stake. Because t h e  vaporization curves closely 
p a r a l l e l  the control curves, t h e  chemical change is believed t o  be re la t ive ly  small. 

surmpery 
1. The Stanton Thermobalance can quickly and effect ively characterize amal l  (0.1 to 

1.0 gram) samples of creosote. 

The continuous vaporization pat tern produced by the thermobalance i s  similar t o  
t h a t  o f  both the Chizch-flask d i s t i l l a t i o n  (adopted by the hWA and ASTM) and 
d i s t i l l a t i o n  through a f ive-bal l  column. The record of weight loss resul t ing 
from vaporization on the  thermobalance is not retarded, as it is in 8 3 u r c h  
d i s t i l l a t i o n ,  and thus is  closer  t o  a t rue  measure of evaporation. 

A method has been developed f o r  estimating the extent of l0SSeS of creosote 
through evaporation. 

A method has been developed for estimating the re la t ive  extent of chemical 
modifications that  iave occurred in wood in service during weathering. 

Katural factors tha t  a r e  conducive t o  chemical modification of creosote appear 
t o  have the i r  greatest  e f f e c t  a t  the  ground l ine .  

2. 

3. 

4. 

5.  

1 

! 

0 
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P L I  CLYT V&PORIZIWG 

Figure 1. 'Be Stanton Thermobalance. 

PER CENT VAPORIZING 

TEMPERATURE. d q n o  C 

Figure 3. Characteristics of a Creosote 
Analyzed by Three Different 
Methods. 

Figure 2. Range of R e s d t ~  From 
Seven Replicate Runs in 
Thermobalance. 

t 
PER SEW1 VAPORIZING 

Figure 4. Vaporfiation patterns From 
Whole Creosote and Four of 
Its Distillation Fractions. 



Figure 5 .  Pos i t im  of Sec t ims  Cut 
From 3/4-Inch Square Stake 
for Extraction of Residual 
Creosote. 

PER E N T  VAPORIZING 

TEYPEUbNRC, rOnr C 

Figure 7. Changes in Creosote Resulting 
From Ten Years hrposure in 
Wood Above Ground. 
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Figure 6 .  Changes in Creosote 
Resulting From Ten Years 
Exposure in Wood Below 
Ground. 

PER CENT VAWRIZIND 

, I 1 , ,  # i  
o , p o ~ u o u x ,  TEMPERATURE. rP- C 

Figure 8. changes in Creosote 
Resulting F m m  Five Years 
Exposure jn Wood Below Ground. 


