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Tests ©o determine the amount of btenzens- and quinoline-insolublis matter

in pitch are widely used by producers arnd consumers of pitch. For example, several
thousand sclvert-insolutles tests are performed arnually at U. 5. Steel's pitch-

producing facilities. The present test method for determining the benzene-insoluble

content of pitch is based upon 2 test that was develcped by the Barrett Company
(presently a division of Allied Chemical Corporaticn).

Briefly, the Barrett procedure involves digesticn of the pitch sample
in toluene, filtration, and then extraction of the residue in refluxing benzene.
Because of the time-consuming extraction phase, the Barrett test requires in excess
of 24 hours to complete. The undesirability of lengthy analytical procedures,
especially in plant control work, prompted the Applied Research Laboratory of U. S.
Steel to develcp a rapid benzene-insclubles test that could be completed in about
6 hours.

Tor detar-

This paper describes the salient fsatures of the rapld method
termining

mining the benzene-insoluble content <f pitch. A rzpid method for de
quinoline insolutles is also described and discussed briafly.

BExperimental Work

The Barreit method for dstermining benzens insolubles is an empirical
methcd that nas beern used throughout the industry over 2 number of years and has
teen accepted as & more or less standard procedure. To date, 7o ASTM (American
Society for Testing Materials) test method for benzenmz insolubles has been devisad.
In develcping 2 rapid method, the following chjectives wers fixed: (1) The time
required to complete the test should be 8 hours or less. (2) The values obteined
by the new method should be equivalent to those obtained by the Barrett method.

(3) The general prirciples of digestion and exiraction should be retained.

The rapid teanzers-insolu:ls test closely Guplicates the Barrett method
in all phases excert that the sizs-consist of the particlas in the sample is
controlled and the reflux extractior apparatus and technique are changed. A
number of modifications have been made in the procedure and in the design of:the
apparatus. These changes provide ths same degres ol extraction as the Barrett
method but in much less time. The apparatus used in each method is shown in
Figure 1. 1In the new method, the special extraction flask and the filter paper
thimble of the Barrett test are replaced with the more modern and versatile
Soxhlet extraction apparatus and Soxhle: paper extraction thimble.




O

25.

. Irportant added features of the Scxhlat extraction apparatus are shown
in Figure 2. The wire spacer, which rests cn the bottom of the extraction cup of
the Soxhlet apparatus, positions the thimble so that the middle of the thimble is
at the top of tke sirhon tube. This prcvides an adequate liquid level in the
thimble and at the same time prevents loss of sample through cverflow. A reflux
guide, built onto the bottom of the condenser, directs all of the refluxing stream
into the thimble. Without the guide, ccnsiderable sclvent by-passes the thimble.

The coal-tar pitches selected for use in thils study represent a wide
range (15 to 35 wt %) of benzane-insoluble contents. Table I shows some of the
rore cormon properties of these pitches. Three cf ths pitches were obtained from
tars recovered during the high-terperature carborizaticn <f bituminous coal. The
fourth pitch was produced from tar from the low-temperature carbonization of sub-
tituminous coal. The table shows the benzene-insoluble conteat ¢f the pitches as
determired %y the Barrett method.

In the new rapid method, standard sampling procedures (ASTM D 1k0-55 and
ASTM D 3%6-35) are fsllowed 1o insure that “he portion used for analysis is represen-
tative of tha piich sarple. In additica, when the pitch is sufficiently hard it is
ground tc pass through a2 U. S. No. 60 sieve and the itest sample is collected from
maverial retained on a U. S. Ns. 100 sieve. This is Jdore %o cbialn a sample with
a particle size (0.0058-ia. tc 0.0082-in. diameter) that will insure gocd solvent
contact. The particles should be sufficiently small so that the solvent car be
rapidly absorbed, but rnot so small that. agglomeration or packing cf fines can
pravent or relard solvent contact. The sample sizs is adjusted to yield approx-
imately 0.25 gram of insolutle material (usually 1 cr 2 grams). The sample is
weighed into a beaksr and digested in A0 milliliters (ml) of toluerze for 30-minutes
on a steam bath. The contents of the heaker are:than transferred to a 30- by 77 mm
(single weigh%) Soxhlet extracticn thimble that has been previcusly tarad in a
welghing bottle. Ths thimble is placed in a crueible holder over a basker and the
irscluble matter is fransferrsd to the thimbls by the use of a brush and a small
amount of foluene. Figure 3 shows this operation. Wien the liquid portion of
the suspension has passed through the thimbls, the thimble is washed with beazene
and then placed intc a Lb-rm Soxhlet apparatus for exiracticn. Heat is applied
gradually to the flask o avoid ths possibility of liguid empting ixnto the extrac-
tion tudv2. The gradual heaiup pericd requires aspproximately 15 minutes and the
close attention of the cperator. Once the desired throughpus is achisved, the
test will proceed practically urnattended. The extracticn is conducted for a total
of L ncurs with a siphoning cycle of approximately three minutes. This approx-
imates a solvent reflux rate of abowt 180C ml per hour. At the end of this period
the thimble is r=moved, air-dried for 15 minutes, oven-dried for 30 minutes at
105 C, ccoled in a desiceatsr, arnd weighed. Six hours ars required to complete
the determiration of thz amtunt cf sample inscluble in benzene.

Resulits and Discussion

i Several steps were involved in arriving at the proper cperating condi-
tions for the Soxhle® extractor. Trey were (1) determination of the permeability
of the Soxhlet thimble relative to the filter-paper thimble, (2) estatlishment of
the maximum throughput capaciity for bangzane in the Soxhlet apparatus, and (3)
establishment of the throughput of berzene in the Barrett appraratus when operating
at the recommended bcilup rata.
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That the Soxhlet thimble is no mcre permeable to the retained insoluble
matter than is the filter-paper thimble was established by an experimert in which
the Soxhlet thimble was used in the extraction apparatus of the Barrett method.
This experiment showed that the use of the Soxhlet thimble gave results identical
to those obtained in a test in which the filter-paper thimble was used.

The Soxhlet thimble was found to be capable of handling all the benzéne
returned to the siphon cup of the Soxhlet extraction apparatus at maximum boilup,
which was 1800 ml per hour.

The average throughput of benzene in the Barrett test (about 80 drops
per minute) is about 6600 ml in 24 hours. At maximm boilup, the Soxhlet ap-
paratus required slightly less than 4 hours to reflux the same quantity of benzene.

Another matter that was considered concerned ithe temperatures to which
the samples were subjected in the rapid test. Since the exterior of the thimble
in the Soxhlet apparatus is partially immersed in the benzene condensate during
a portion of the extraction cycle, it was conceivable that the condensate could
lower the temperature of the coantemts of the thimble. In the Barrett apparatus,
the thimble is constantly bathed by solvent vapors and refluxing solvent. To
ascertain whether there was a temperature differerce, an experiment was performed
in which thermocouples were suspended in the ligquid and vapor portions of the sol-
vent in an operating Soxhlet extractor. After the first few siphon cycles, the
temperature differential was within one degree Centigrade. A thermocouple was also
suspended in the vapor pcrticn of the Barrett apparatus and it was established that
the vapor temperatures were the same in both apparatus.

The rapid benzene-insclubles test was performed by each of three opera-
tors, who conducted three duplicate tests on each pitch sample, to establish the
repeatability of the test. The results of the tests are shown in Table II and
plotted in Figure 4. The horizontal line across the center of the chart in
Figure & represents a scale for bengens-insolubles values as determined by the
Barrett test method. The pcints oz the scale are the average cf three duplicate
determinations for benzere-insoluble contents of the' four samples when tested oy
the Barrett method. The vertical scale represerts the deviation, expressed in
percentage of sample, from the values obbained by the Barrett method (the horizonmtal
center line). The lines digressing from the horizontal cenmter line represent the
limits of reproducibility as establisked by the Barrett method. This is expressed
in percentage of sample as 0.1 + .05 X percent inscluble mattar in benzene. The
points above and telow the certer line represent the valuss obtained by the rapid
benzene-insolubles methcd. The different symbols represent different oparators
and each point represents a mean value as defermined from the values of duplicate
tests; as stated before, each operator performed three duplicate tests or six
tests per pitch sample, tc obtain three mean values for comparison with the stand-
ard value (center line).

As may be seen cn the graph, most of the values obtained by the rapid
procedure fall within the limits of reproducibility set for the values by the
Barrett method.

Mean and standard deviation values for each of the pitches analyzed by
the rapid method are shown in Table III. -
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Because of the exceptionally good reproducibility and the savings in
time, we feel the rapld test method for benzene insolubles is a good replacement
for the Barrett test method.

Quinoline Insolubles

The less time-consuming & quality control test or spec1f1cation test 1is,
the more desirable it is. Even though the commonly used method for determining
the portion of sample insoluble in quinoline requires only about 3 hours to
complete, the possibility of shortening the time requirement was investigated.-

As in the investigation of the rapid benzene-insolubles test, the objectives
included the limitation that the empirical values as obtained by the presently
used procedure would be duplicated, and that the general principles of digestion
and extraction should be retained.

A test meeting these requirements was developed which could be completed
in less than 1 hour. The new rapild procedure differs little from the old procedure
in principle. Time requirements were decreased by changing the techniques of
extraction and drying.

Experimental Work

The pitch samples tested were the same as those used in the 5ehzepe-
insolubles study. Also, the same techniques of sample preparation were followed.

In the rapid quinoline-insolubles test, a weighed sample of sufficient
size to yield 0.l gram of insoluble material is digested with hot (170 C) quinoline
for two minutes. The digested sample is then filtered with the aid of suction,
as shown in Figure 5, through a Selas crucible (fine porosity) containing a quan-
tity of diatomaceous filter aid. When substantially all of the material has been
transferred from the beaker to the crucible, the beaker is rinsed with 20 ml of
hot (170 C) quinoline; this material is also transferred to the crucible. Any
particles that adhere to the beaker are washed into the crucible with benzene.

The filter cake in the crucible is then washed with 80 ml of benzene and then
with 80 ml of acetone. After the acetone wash, the filter cake is dried while
still under suction by means of a 250-watt infrared larp mounted about 12 inches
above the crucible. This operation should be conducted in a well ventilated hood,
to remove the small amount of acetcne vapors that are evolved. When dry (about
15 minutes), the erucible is cooled in a desiccator and weighed.

‘Results and Discussion

To develop a rapid quinoline-insolubles test method that would retain
the basic principles of the old method, it was necessary to reduce the time re-
quirement by altering the techniques of operation. One area studied was the condi-
tions of digestion. It was determined that increasing the temperature of the
quinoline from 80 C to 170 C and shortening the time of digestion from 20 to 2
minutes did not alter the end result. Adding an acetone wash to the procedure
shortened the drying process. The acetone removes benzene, which 1s more dif-
ficult to vaporize, from the quinoline-insoluble matter. Subsequent removal of
the acetone was quickly accomplished by the application of heat from a heat lamp.
Further time savings'were derived by using previously dried crucibles and filter-
aid material. The sum of these time savers resulted in a rapid method that re-
quired less than 1 hour to complete as opposed to the 3 hours for the old method.
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Table IV and Figure 6 show the results of rapid quinoline-insolubles
tests as determined by three operators. The horizontal line across the center
of the chart represents a scale for quinoline-insolubles values as determined
by the old method of test. The points on the scale are the average of three
sets of duplicate determinations of quinoline-insoluble contents of the four . X
samples tested by the old method. The vertical scale represents the deviation, (
expressed in percentage of sample, from the values by the old method (the {
horizontal center line). The lines digressing from the center line represent
the limits of reproducibility as established by the old method. This is ex-

"pressed in percentage of sample as 0.10 + 0.02 x percent insoluble matter in i
quinoline. The poilnts above and below the center line represent the values f
obtained by the rapid quinoline-insolubles method. The different symbols N
represent different operators and each point represents a mean value as deter-
mined from the values of duplicate tests. Each operator performed three dup-
licate tests, or six tests per pitch sample, to obtain three mean values for
comparison with the standard value or center line.

) As was true with the benzene-insolubles values, nearly all the gquinoline-
insolubles values obtained by the rapid method fall within the limits of repro-
ducibility set for the values obtainable by the o0ld method for quinoline insolubles.

Mean and standard deviation values for each of the samples analyzed by
the rapid method are shown in Table V. '

Summary ) i

Methods have been developed for the rapid determination of benzene-
and quinoline-insolubles in pitches. The rapid benzene-insolubles test requires
6 hours to complete as compared to the 24 hours necessary for the generally used
Barrett method. The rapid quinoline-insolubles test requires 1 hour %o complete
as opposed to 3 hours for the old method. Results obtained with the rapid test
methods correlate well with those of the standard methods. It is hoped that the
time advantages gained warrant the consideration of these rapid tests as accept-
able methods for analysis of benzene- and quinoline-insoluble matter.
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Properties of Pitches
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Pitch
. A B C D
| Benzene Insolubles, wt % 14.73 22.57 33.94 35.42
Quinoline Insolubles, wt % 2.25 9.98 12.23 28.99
, Softening Point, C 78.3 105.5 117.5 6.9
) Coke Value, wt % ha.s " 56.0 58.9 35.8
' .
;)
) Table II
' Results of Benzene-Insolubles Determinations
b Pitch, wt %
) Rapid Method A B C D
, Operator Run No.
\
I 1 1h.17 21.72 32.60 36.09
2 .06 -22% o5y gy 2L.T6 35 39 32.50 350 35.85
3 14.50 21.61 34,62 36.01
i 13.85 14.18 on.4g 22.0k 3. 39 34.56 36.10 36.06
, 5 1h.82 21.41 33.70 34.90
6 ls.op 15:02 o575 2L.92  33hoy 3360 3 g, 3h.86
b
' II 1 13.86 ; 22.50 33.55 . 3729 o
, 2 1&.33 .00 5gTy 2297 33733 33.5h 3% %6.96
3 13.89 21.61 33.53 36.84
b L 15.37 15.63 2.4l oLt 33.55 33:55 36.56 2670
- 5 14.32 22.57 32.92 36.33
}, P g W50 320 2290 000 33.0h 2227 36.43
] .
‘ 111 1 ik.40 22.06 32.20 36.36
| - .37 14.39 5500 22.0k4 33.83 33,02 %6.91 36.54
’ 3 15.40 23.38 33.77 36.19
/ L 15.31 15.35 23.64 23.5L 34,24 34.00 35.83 3.01
Ny 5 15.08 22.56 35.05 . 35,74 .-
i/ & 15.97 15.53 21.85 22.20 3.0k 35.00 35,14 35,44
Barrett Method 14.73 22.57 33.9L 35.h2

F/ * Mean values
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Table IIL

Statistical Data for the Rapid Benzene-Insolubles Test

Pitch
A B C D
Number of Runs 18 18 18 18
Mean 1k.53 22.31 35.57 36.10
Standard Deviation 0.663 0.718 0.912 0.682

Table IV

Results of Quinoline-Insolubles Determinations

Rapid Method

Pitch, wt %
Operator Run No. A B C D
T 1 2.20 10.21 12.16 29.46
2 2.22 2:21% 15,06 10.24 15377 12.1T 55 98 29.22
3 2.31 10.23 12.20 28.07
. 10.15 12.11 28.50 )
6 2.15 2:16 19,16 10.16 1553 12.17 g5, 28.52
IT 1 2.33 10.26 12.17 28.99
5 2.3 2.32 9.7h 10.00 12.18 12.18 28.86 28.94
3 2.28 10.20 12.93 28.95
" 230 229 o3 1022 13732 12.86 597 28.93
5 2.28 10.2k 11.93 28.92
2 azp 228 o7 1020 7P a2.kh 5532 28.89
III 1 2.33 9.8k 12.31 28.47
2 2.k5 2:39 10,05 995 13.27 1279 8.7 28.62
2 2:?? 2.29 ig'ii 10.12 ig:é; 2.4 gg'gg 28.72
5 2.45 10.29 12.27 28.38
6 2.3 2M0 15735 10.30 5755 12.25 08.33 28:36
Barrett Method 2.25 9.98 12.23 28.99

* Mean values
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Table V
i - Statistical Data for the Rapid Quinoline-Insolubles Test
{ Pitch
) A B c D
;) Number of Runs _ 18 18 18 18
g Mean 2.29 10.16 12.38 28.71
! Standard Deviation 0.081 0.150 0.377 0.325

-

i ot oo

RERERN

~————y
™~

—

L\/

61.



62.

Extraction Apperatus for Benzene-Insolubles Tests

Figure 1
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Modifications of Soxhlet Extractor
for Rapid Benzene-Insolubles Test

Figure 2
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Transferring Insoluble Matter to Thimbles in
Rapld Benzere-Insolubles Test

Figure 3
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Statistical Data for Benzene-Insolubles Test

Figure b
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Quinoline-Insolubles Filtering Apparatus

Pigure 5
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Statistical Data for Quinoline-Insolubles Test

Figure §




