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ABSTRACT 

Low-boiling phenols in a low temperature bituminous coal t a r  distillate 
have been identified and quantitatively determined by gas-liquid parti t ion chroma- 
tography. 
f rac t iona l  d i s t i l l a t i on ,  followed by infrared analysis. 
independent techniques of GLPC and IR  w a s  made. 
ethylphenols were included i n  the analyses. 

These phenols were also determined by t h e  conventional technique of 
Comparison of the  two 

Phenol, cresols, xylenols and 
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As part of an extensive program on separating and characterizing c-- 
nents in tar result ing f r o m  low temperature carbonization of bituminous coal, it 
was desired t o  identify and determine quantitatively the  low-boiling phenols i n  a 
cer ta in  tar d i s t i l l a t e .  Examination of t h e  l i t e r a t u r e  published Within the  last 
t en  years showed that information on ident i f ica t ion  of phenols i n  low temperature 
tar mostly represents work done outside of t h e  United S ta t e s  (3,6,7,8,9,10). The 
best  conventional quantitative procedure involves f r ac t iona l  d i s t i l l a t i o n  of t h e  
mixture of phenols, followed by infrared analysis. 
recently described by Fai r  and Friedrich (2), who, however, do not give any ac tua l  
examples of analysis of coal-tar d i s t i l l a t e s .  
same technique, is  provided by Jones and Pleuworth (4). 

To c q l e m e n t  as well as check t h e  r e su l t s  obtained by d i s t i l l a t i o n  and 
infrared analysis, a completely independent method of separation and analysis was 
chosen. 
which had been previously described (5). 

This technique has been 

An example, using essentially t h e  

T h i s  was a gas-liquid par t i t ion  chromatographic technique f o r  phenols 

-AL 
. I so la t ion  of M u r e  o f  Low&oilw Phenols. A d i s t i l l a t e  was obtained 

from a sample of low temperature (5000C.) bituminous coal tar, furnished by t h e  
Pittsburgh Consolidation Coal Company, Library, Pa., under very mild temperature 
conditions, so as t o  reduce s t ruc tura l  a l t e r a t ions  of tar components t o  a minimum. 
For this purpose, a rotary vacuum s t r ipper  was constructed. 

f lask,  which was rotated at about 6 r.p.m. i n  a 20-gallon-capacity o i l  bath. 
mechanical vacuum pwnp with a f r ee -a i r  flow r a t e  of 375 liters per minute was used 
t o  reduce t h e  pressure, and oxygen-free nitrogen was employed t o  maintain an i n e r t  
atmosphere i n  the  system. An ionization vacuum gauge with a range of 1000 mm. t o  1 
micron was used for  continuous pressure indication. 
recovered with a cold-water Friedrichs condenser. 
representing components d i s t i l l a b l e  at room temperature and about 133 microns pres- 
sure (equivalent t o  very approximately 2l5OC. at  1 atmosphere), was recovered x i t h  
a t r a p  cooled With a mixture of trichloroethylene and so l id i f ied  carbon dioxide. A 
similar t r ap  was used t o  protect t h e  sensing head of the  ionization gauge. 
operation, t he  bulk of the  d i s t i l l a t i o n  takes place from t h e  f resh  film of hot t a r ,  
which is continually drawn up t h e  w a l l  a t  one side of t he  f l a s k  0- t o  the  slow 
rotary motion. A t  about l25OC. and 133 microns about 21 weight-percent of t he  tar 
was dis t i l l ab le .  

The stripper consisted of a E!-liter-capacity, stainless-steel ,  spherical 
A 

The main d i s t i l l a t e  was 
A smal l  portion of d i s t i l l a t e ,  

In 



A Claisen a l k a l i  extraction was performed on the cold-trap portion of the 
d i s t s l a t e ,  following the  procedure described by Woolfolk e t  ale (12). 
extraction the tar-acid content of t he  low-boiling d i s t i l l a t e  appeared to,be about 
20 volume-percent. This cold-trap material did not necessarily represent 'complete 
recovery of any of i t s  components from the  tar. It was, however, considered t o  be 
a good mixture f o r  evaluation of a vapor-phase chromatographic technique because of 
i t s  high v o l a t i l i t y  and relat ively simple composition. 

A 37.25-g. portion of the low-boil- 
ing mixture of phenols isolated from the t a r  was fractionated i n  a Piros-Glover 
micro-spinning-band vacuum still. A l l  a i r  was flushed out of t h e  still  with oxygen- 
f r ee  dry nitrogen before the d i s t i l l a t i o n  was started. 
head pressure of 50 nun. Hg, which very nearly represents t he  pot pressure, since t h e  
pressure drop i n  the spinning-band column is almost negligible. 
was a p p r o r h t e l y  30 t o  40 nil. per hour, and the reflux r a t i o  was 10 t o  1. 
speed of t he  band was fixed a t  1800 r,p.m. 
recovery of 96.2 weight-percent. All fractions,  were i n i t i a l l y  colorless, b u t  frac- 
t i on  7 developed a s l i gh t  color on standing two days. 
l a t i o n  a re  shown i n  Table I and Figure l. The temperature readings i n  Figure l a r e  
fo r  an iron-constantan thermocouple i n  the  s t i l l  head as  recorded on a 10-millivolt, 
5-inch-span recorder, t he  cold junction being a t  room temperature, which was essen- 
tially constant. The weights of each component i n  each f r ac t ion  were determined by 

From t h i s  

D i s t i l l a t i on  of Low-Boiling Phenols. 

The still was operated a t  a 

The boilup r a t e  
The 

Seven fract ions were isolated, with a 

The results of t h i s  d i s t i l -  

conventional infrared spectrophotometry, ;sing t h e  following analytical  wave lengths, 
in microns: 

Fraction 
1 2 6 7 Compound - - 3 4 5 - 

Phenol 14.55 14.55 
o x r e s o l  11.86 U.86 
2,6-Xylenol 
p-Cresol 
m-Cresol 
o-Ethylphenol 
2,4-;3ylenol 
2,5-Xylenol 
2,34ylenol 
p-Ethylphenol 
m-Ethylphenol 
3,5-Xylenol 
3,4-Xylenol 

13.35 
ll. 02 
12-24 12.24 
u.57 14.57 

13.34 
12.47 

13.34 
10.27 
10.03 
11.n 

13 34 
32.27 
10.03 
U.17 
12-07 

9.73 
p.Q4 

14-64, 10.56 
12.33, 12.53 

Gas-Liquid Part i t ion Chromatography of Low-Boiling Phenols,,The low- 
boiling mixture of phenols obtained from the  tar was fractionated i n  a vapor phase 
chronatographic apparatus. A 12-foot column of *-inch tubing packed w i t h  Johns- 
Kanville C-22 f i rebr ick,  30-60 mesh, containing 31 weight-percent di-n-octyl 
phthalate was used a t  16OOC., with a ca r r i e r  gas flow rate of 150 cc. helium per 
minute (15 psig. inlet, ou t l e t  a t  1 atm. ) ,  and a 250 microli ter sample. The eff i -  
ciency of t h i s  column was determined u s i n g  a charge of o-cresol and t h e  equation' 
given by Wiebe (11): 

(1 1 

where p = number of theoret ical  plates. 
V,,, =' volume of effluent t h a t  has passed through the c o l m  when the zone maxi- 

m appears i n  t he  effluent. 
Ve = volume of effluent that h a s  passed through the column when a point on the 

elution curve has been reached where the  solute  concentration i s  l/eth of 
t he  maximum. 
A value of 966 theoret ical  p l a t e s  was obtained. 
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The r e su l t s  of fractiopating t h e  t a r  phenols a re  shown in Figure 2. As 
can be seen, there &*e eight obvious concentration w. Traps cons is t i ig  of a 
short length of 12-m. I, D. g l m s  tubing f i t t e d  wLth a rubber serum b o t t l e  cap and 
syringe needle were f i l l e d  d t h  about 1 ml.  of spectro-grade cyc loheme and used 
in an attempt t o  i so l a t e  t h e  components producing the major peaks i n  the  elution 
curve. Infrared cnalysis of t he  solutions corresponding t o  peaks 1 and 2 showed 
beyond any doubt t ha t  t he  compounds respomible  fo r  these peaks were phenol and o- 
cresol, respectively. 
phenol and o-cresol i n  the  collection system made posit ive ident i f ica t ion  of t h e  
c o q n e n t s  responsible f o r  other peaks inrpossible. 
possible by comparing the  r e l a t ive  retention times of t he  various peaks with t h e  
;.elative retention times of individual pure low-boiling phenols under ident ica l  
operating conditions. This comparison is  presented i n  Table 11; in addition, t he  
retention times of the  individual pure phenols a r e  indicated in  t h e  lower p t i o n  
of Figure 2. 

Table I1 

Comparison of Zxperimental Relative Retention 
Times with Times f o r  Individual Phenols 

Peak Relative Retention Time Relative Retention Time - No. t o  Peak 2 (o-Cresol) Compound ICompared t o  o-Cresol) 

However, contamination of subsequent solutions with res idua l  

Further ident i f ica t ion  was made 

1 
2 
3 
4 

5 
6 

7 
8 
9 

0.75 

1.13 
1.31 

(1.00) 

1.53 
1.67 

2.01 

2.16 
2.42 

Phenol 
o-Cresol 

p-Creso 

2,3-Xylenol 
p-Et h ylphenol) 
3,5-Xylenol 
3,&Qlenol 

The areas under each of the  peaks in Figure 2 were obtained by means of a 
planimeter and the  weight-percentages of phenols were calculated fro= these arcas 
and the  t o t a l  area. 
t i v i t i e s  of t he  components are about the  same, being homologs and t h a t  therefore, 
areas under t h e  recorded curves a re  d i rec t ly  proportional to.<he weight percent of . 
the  components (1). 
weight percents calculated from t h e  infrared data given i n  Table I. 

For t h i s  calculation it i s  a s s h e d  tha t  the  thermal conduc- 

These values a re  given i n  Table 111, which also includes the 

Table 111 

Comparison of Infrared and Vapor-Phase Chromatographic 
Analysis of Low-Boiling Mixture of Phenols 

Compound Weight-Percent by IR 
Phenol 22.5 
o-Cresol 
m-Cresol -Cresol q } 21 

4-Xylenol 13 
2.6-X~lenol > 2  

3.5) 16.5 9, 
2,5-Xylenol 

3; S-elenol  
o-Ethylphenol 
m-Ethylphenol 

-Ethylphenol 3, 3-Xylenol 
3,4-xYi enol 

3 
-1 

;-5) 1 

.- 0.8 
4.5 

- 96 

Weight Percent by VPC 
21 
26 

1 13 
5 
3 
2 

t l  j 3  - - 99 
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Figure 1. Fractionation of low-boiling phenol d i s t i l l a t e  i n  
spinning band still.  
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Figure 2. Vapor phase chromatography of low-boiling mixture 
of phenols and retent ion times of individual pure 
phenols. 
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DISCUSSION 

._ 
raphy alone a lo&boiling &we of phenols with as many a s  a dozen components can 
be f a i r l y  well  characterized, both qual i ta t ively and quantitatively.  
no question about t he  ident i ty  of a component f o r  those retent ion times f o r  which 
Calibrations have been made on a l l  theoret ical ly  possible phenols and where t h e  
peaks 'for individual phenols are essent ia l ly  isolated i n  t h e .  
would be peaks 1, 2, 3, and 5. 
obtainable with acceptable accuracy from t h e  areas under these peaks. I n  fact, the 
vapor-phase chromatographic analysis i s  undoubtedly much l e s s  subject t o  quali ta- 
t i v e  and quant i ta t ive errors,  being such a simple and d i r ec t  technique. However, 
it i s  l imited in scope by the d i f f i cu l ty  of resolr ing cer ta in  phenols which have 
very similar pa r t i t i on  coefficients. 

Figure 2 demonstrates t h a t  by means of gas-liquid pa r t i t i on  chromatog- 

There can be 

Examples of this 
I n  addition, t h e  quant i ta t ive analysis i s  always 

', , 

. r  

\ 

\ 

\ 

As can be seen in Table 111 the agreement between weight-percentages of 
phenols by infrared analysis and vapor-phase chromatographic analysis is f a i r l y  
good.- I n  the  case of two compounds, 2,6--len01 and o-ethylphenol, 0- an es t i -  
mate of t he  quantity could be made by I R  analysis, whereas i n  the VPC analysis 
these two compounds gave two d i s t inc t  peaks whose areas  could be obtained with f a i r  
accuracy. 
i n  a fu tu re  paper. 

The extent of f ract ionat ion of higher boi l ing phenols will be described 
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