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UCTIQ

The various experiments in this study are performed with the objective
of better understanding the initial reaction steps in coal gasification.
Emphasis is placed on clarifying and understanding the structure of coal
and its tars through pyrolysis studies designed to enhance formation of
reactive gas phase intermediate species. Our main concern is centered on
the characterization of unknown intermediates and better understanding the
mechanism of tar formation. The experiments are designed such that
reactive gas phase intermediates can exit the reaction zone rapidly and be
trapped with inert matrix gas on a cold (12°K) matrix surface.
Identification of these species and possibly free radicals are performed in
a newly d?ijgned Rice University multisurface matrix isolation FTIR-MS
apparatus .

EXPERIMENTAL

The Rice University multisurface matrix isolation FTIR-MS apparatus
was used in the slow pyrolysis studies of Illinois #6 and flash pyrolysis
of ite tars. The multisurface MI-FTIR apparatus possesses a large number
(60) of deposition surfaces which are useful for pyrolysis studies over a
wide range of temperatures. This large number of surfaces is very valuable
in detecting small changes occuring as a result of variations in reaction
temperature or other reactor conditions. The system is integrated to a
high resolution Fourier transform i. r, spectrometer covering a spectral
range from the far i. r. to the near i. r. A detailed schematic diagram of
the MI-FTIR apparatus is shown in Figures la and lb.

The reactor used in our slow pyrolysis experiments is shown in Figure
2. It consists of a water cooled radiation shield; a hot furnace
resistively heated through a cylindrically shaped thin tantalum foil (,001
inches) which has been spot wielded to an outer cylinder of a thicker
tantalum tube (.020 inches); and a graphite sample cell. Finely divided
powders of coal, between 20-100 mg. of <500 mesh particle size, are place
into the graphite cell inside the reactor. After evacuation, the sample is
slowly heated from room temperature to approximately 1450°C. The gaseous
pyrolysis products are then immediately directed over the very cold
depostion surface (12°K) which quenches reactions and traps the species in
an inert matrix gas of either argon or nitrogen. In general, one depostion
surface is used for each 60-100°C increment rise in temperature over a 10
minute trapping period. The frozen transient products are later analyzed
off-line with the FTIR spectrometer.

Figure 3 presents the reactor used in the flash pyrolysis studies of
coal tar, The reactor is essentially the same as described for the slow

49




pyrolysis studies with the exception of the sample cell. Since tar evolves
at relatively low temperatures (~100-300°C), it became essential to
maintain the coal within this low temperature range to ensure generation of
tar. The evolved tar should then pass through a hot zone of ~1200°C for
pyrolysis to occur. These requrirements have been achieved by the design
of a copper sample cell cooled by flowing either nitrogen or helium gas
through small stainless steel tubing (1/16") silver soldered to the back of
the copper cell (see details in Figure 3). A piece of 4 mm quartz tubing
is attached to the front of the copper cell. This is the hot reactor zone
where the flash pyrolysis occurs. When assembled and placed into the
furnace, the relatively non—conducting quartz tube becomes positioned at
the front of the furnace, in the hot zone, and the copper cell containing
the coal sample becomes positioned at the relatively cool back section of
the furnace. By varying the flow of the cooling gas from 30 to 0 psi, the
temperature of the copper cell can be successfullg maintained in the tar
evolution range (between room temperature to ~321°C) when the temperature
of the quartz tube reaches ~1180°C. Under these conditions, evolution of
tar is easily controlled. During the experiment, the temperature of the
coal powder was closely monitored with a Chromel-Alumel thermocouple in
direct contact with the copper cell. Tar molecules are pyrolyzed as they
pass through the hot quartz tube through surface heating, The transient
pyrolysis products are trapped onto the 12%k deposition surface along with
the inert matrix gas to be analyzed later by FTIR spectroscopy.

RESULTS
1. Slow Pyrplysis of Illinois #6

Slow pyrolysis studies are performed as a basis for
characterizing coal and for comparison to other heating
techniques. Approximately 28 mg. of Illinois #6 (<500 mesh) coal
powder is placed in the graphite cell (see Figure 2) and slowly
heated. Gaseous products obtained at different temperatures are
trapped in 10 minute intervals with nitrogen onto the 12°K matrix
isolation surface and subsequently examined., The resulting
MI-FTIR spectra are presented in Figure 4. Variations in gaseous
pyrolysis products are easily followed in the three-dimensional
plot. As can be seen from the plots, coal devolatilization is
characterized by: the immediate evolution of €O, , H,0 and S0, as
well as trac?a)of small carb?gxls such as acetoEz)
formaldehyde , formic acid and acetic acid at low
temperatures; evolution of tar at 150-400°C with simultaneous
evolution of CH , CZH4’ CZH6, C.H. and COS; coupled evolution of
co,, €0, H,0, HON aad “CH, 2£Som 208-850°C; and higher tempegture
evolution 6f CS,, €O, H,0 and C,H, as well as nitric oxide and
other as yet unldentifiéd speciés. The interesting observation
that carbon monoixide reaches maximum yield at two different
temperatures, first at ~800°C and then at ~1350°C indicate two
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2.

different sources of CO in the parigs coal, This has also been
observed by Soloman and co-workers .

Tar formation with simultaneous evolution of CH,, C/H,, CH,
and C_H_ suggests aliphatic linkage groups in the parent coal.
Our s?ugies also indicate the evolution of tar as discrete
molecules (perhaps in the form of free radicals) which
re-polymerize to give a structure similar to the parent coal.
Characteristic tar absorptions in matices_fre broad absorptions in
the C-H stretfhing region of 3100-2800 cm ~, C-H bendiTg region of
1500-1400 cm = and C-0 stretching regions of ~1100 cm ~. More
detailed tar spectra and their variations with temperature are
shown in Figure 5.

Sulfur in Illinois #6 coal is evolved in the form of S0, and
COS at low temperatures and C3, at higher temperatures. Traces of
HZS and NH3 are also observed at low temperatures.

Byrolysis of Illinois #6 Iar

Pyrolysis studies of Illinois #6 tar were carried out to gain
a better understanding of its structure and of how it differs from
the parent coal. Approximately 100 mg. of Illinois#6 powder
(<500 mesh) is placed in the copper cell (see Figure 3). After
assembling the reactor and attaching it to the ggtrix isolation
apparatus, the system is slowly evacuated to 10 torr. The front
furnace is then immediately heated to and maintained at 1180°%
throughout the length of the experiment. A constant flow of
helium gas is passed through the stainless steel cooling tube at a
starting pressure of 30 psi to keep the copper tube at a low
temperature. With gradually decreasing helium flow, the
temperature of the coal can be raised slowly to induce tar
evolution., The tar then passes through the hot quartz tube,
becomes pyrolyzed and gaseous intermediates are trapped in 10
minute intervals with nitrogen onto the 12°K deposition surface.
The temperature range studied was from room temperature to 321 C.
The evolution of tar was found to be a continuous process starting
from 120°C and reaching maximum yield between 206-238°C. The
resulting MI-FTIR spectra of tar pyrolysis products are shown in
Figure 6. It can be seen clearly that the characteristic broad
tar absorptions have disappeared indicating pyrolysis of tar. The
appearance of several new species as well as increased absorptions
of several existing species are observed in place of tar. They
are: increafs? yeilds of CO, C,H, and C.H ; appearance of HCN,
CS,, benzene and the methyl raéical(B;,EH ; approximately the
same yields of COZ' Hzo, CH4’ C.H,, 502, COS and the carbonyls
(acetone, acetic acid, formaldegyge, formic acid). Traces of NH
and H,S are also observed. The presence of acetylene as one of
pyrolysis products is inconclusive since C,H. has the same
absorptions as HCN in nitrogen matrices(7,3)?
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In summary, pyrolysis of Illinois #6 tar was found to produce

co, € H4, C,H , HCN, CSZ’ CGHG and the methyl radical CH,. The
formagion og E H,, C,H "and benzene as pyrolysis products points
to the presence of aromatic hydrocarbons in the tar structure
since pyrolysis of otheflssomatic hydrocarbons are known to
produce similar results » CO, HCN and CS, indicate presence of
ocxygen, nitrogen and sulfur in tar. Finally“ the formation of
methyl radicals indicate that the design of our reactor favors and
promotes the formation of free radicals which can rapidly exit the
reactor chamber without secondary reactions with other species.

By varying the diameter of the quartz tube, we hope to further
enhance the chances of observing other free radicals.

is of Oxidized Illimois #6
Effects of oxidation on Illinois #6 powder were studied.
Illinois #6 powder (<500 mesh) was oxidized by heating the coal in

an oven at ~#180 C for 4 hours. Formation of carbonyl functional
groups in the oxidized coal was observed along with a reduction in
aliphatic C-H groups. Results of slow pyrolysis studies of the
oxidized coal using the same experimental procedures as described
for the unoxidized coal are shown in Figure 7. When compared with
results of the unoxidized coal (Figure 4), a clear increase in 002
absorption is observed. Oxidation also appears to increase the
carbon monoxide absorptions at the lower temperatures (r. t. to
850°°C) while CO at higher temperatures remain uneffected.
Oxidation also retards formation of tar. Only traces of tar are
observed during slow pyrolysis of the oxidized sample.

DISCUSSION

At the present time our work has shown that our pyrolysis technique
can be developed as a valuable tool in characterizing different ranks of

coal.

It is also a highly sophiscated tool for identifying unknown

intermediates. As of yet our limited library of refernce data has
prevented the identification of all pyrolysis intermediates and products.
We will be making numerous additions to this library in the near furture.
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Fig. 2 Slow Pyrolysis Reactor

|

Water Cooled shield

franhite Cell

Fig. 3 Reactor for Pyrolysis of Tar

Vacuum

Thermocoup le

Nluarez
tube
Gas cooled
capper cell

Water cooled
shield

55

A MATRIX
BLOCK
o 135
.
h
H
MATRIX
BLOCK
13x
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