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ABSTRACT

OBJECTIVES

1. To clarify the roles of the solid catalyst and the sol vent

in the direct |iquefaction of coal.

2. How does the sol vent nedi ate between the coal and the
catal yst?

3. Investigate the conposition of Volatile Matter in coal
and coal |iquids by thernogravinetric/mss spectronetry

and determine how it varies with coal rank and process.



ACCOMPLISHMENTSTO DATE

An open question concerning the role of the solid catalyst in direct coal |iquefaction
is whether intimate contact between the catal yst and the coal particles is requireds To
answer this question, the solid catalysts were put in stainless steel baskets which were
perneabl e to solvent and coal liquid but not to the solid coal. Several such baskets were
constructed of stainless steel with hole sizes from0.5 and 2,0 ~ to 30 nesh. The baskets
wer e suspended in our short contact tine batch (SCTBR) reactor and the |iquefaction process
carried out as has been done wi thout the basket. Runs were nmade using sul fided anocat and
shell Ni/M on alum na catalysts and tetralin and net hyl napht hal ene and decalin sol vents.
These showed that with tetralin, liquefaction occurred with and w thout catalyst but with
greater conversion with catalyst presente It appears therefore that even with separation
of the coal and catalyst, there is mass transfer between the catal yst and the coal via the
sol vent ¢

A techni que has been devel oped for studying the conposition of the Volatile natter
in coal using Thernogravinetry-Photoioni zati on Mass Spectronetrys W had previously
shown that there is a direct correlation between the maxi numtenperature of volatiles
evolution (by TGY) and the coal rank by vitrinite reflectancee Now we have been able to
show that the conposition of the volatile matter changes with rank and that the rank can
be predicted by the conposition of the volatile mattere

SIGNIFICANCE TO FOSSIL ENERGY PROGRAMS

A cl earer understanding of the roles of the solid catalyst and the solvent in direct
coal liquefaction should |ead to higher yields, conversions and greater productivity of coa
derived fuels at | ower costse This work which shows that it is not necessary to finely grind
the catal yst to get good conversion and yield is inportant. The role of the solvent also

is inmportant.
The ability to analyze the nol ecul ar constituent of Volatile nmatter by TG M5 in coa
and in coal liquids is inportant in better understanding the |iquefaction processe

PLANS FOR THE COM NG YEAR

Wth the equiprment to run liquefactions with various catal ysts and sol vents, a program
is underway for selection of catalyst and solvent conbinations to get the greatest
productivity at the | owest cost in direct coal liquefaction. TG M5 will be used to eval uate
t he products.

. The Ther nogr avi net ry- Phot oi oni zati on Mass Spectronmetry will be investigated as a too
for determ ning the node of catal yst inactivation.
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Summary

An open question concerning the role of the solid catalyst in direct coal |iquefaction
is whether intinmate contact between the catalyst and the coal particles is necessary.
Mass transfer considerations suggest such contact between two solids inaliquid mediumis
difficult to achieve. However, nmuch research effort has been devoted to producing ultrafine
catal yst particles in order to get better contact between the catalyst and the coal. In an
effort to answer this question and to study catal yst solvent interactions, several baskets
were constructed of stainless steel with hole sizes from0.5~, 2.0~ and 50~(30 nmesh). The
baskets sone filled with 1-2mmx 5-10mmpel l ets of sulfided Ni/M on alunm na catal yst were
inserted into our short contact tinme batch reactor and coal |iquefactions were carried out.
The 0.5~ basket limted the flow of the solvent too nuch for adequate kinetic studies to
be carried out. The 30 nesh basket operated satisfactorily although a small anount of coa
| eaked into the basket. The 2~ basket worked wel|.

The reactor was charged with 4 grams of illinois #6 (50 to 150 nesh) coal in 30 grans
of solvent. Tetralin, 1 methylnnaphthal ene, and decalin were used as solvents. In each case
the runs were nmade with an enpty basket as well as a basket charged with sul fided anpcat
or shell N/M on alum na catal yst. The runs were nade at 420EC for 30 m nutes. The product

was di scharged and quenched and the sol vent renoved. Conversion of coal to coal liquid
was foll owed by determnation of the ash content of the residue by TGA. Conpositions of the
volatile portions of the coal liquid were determ ned by TG M5

It is interesting to note that the liquefaction in tetralin gave higher yields in the
presence of catal yst (anpcat and shell) in the basket than when the basket was enpty. This
supports our viewthat intimte contact between the coal and catal yst is not necessary. We
suppose the catalyst is interacting with the coal through the solvent. This is currently
bei ng i nvestigated by using various other solvents (e.g.decalin, nmethyl naphthal ene etc.).

12



A recent thernogravinmetric (TGA) study of a wide variety of coals has shown that
volatile matter as defined by ASTMis evol ved over a relatively narrow tenperature interval
(100 - 120EC). The peak tenperature of volatiles evolution was found to increase
systematically with coal rank, as there is a very strong correlation with vitrinite
refl ectance. It was desired however to determi ne the actual conposition of the volatile
matter and also the volatile portions of the coal |iquefaction products described above.
Mass spectronetry is a useful nmethod for identification of products evolved during coal
pyrolysis as it provides the ability to identify individual conpounds (by nass) from a
conmpl ex distribution of evolved products. Coupling a TGA with a Reflectron tine-of-flight
mass spectronmeter equipped with an infinity 40 - 100 ND: YAG |l aser (10.49eV) for
"soft"ionization with mnimumfragnentation, provided us with a nass spectroneter anal ysis
of the volatile natter of the raw coal and of the coal |iquefaction products. In the
raw coal s, the nass spectra of sonme 20 different coals of a range of ranks were determ ned.
Overall, the relative amounts of oxygen containi ng conpounds such as C H2. O, phenols and
di hydr oxybenzenes decrease with rank. In addition, the relative anpunts of aronmatic
hydr ocar bons such as napht hal enes, phenant hrenes, and pyrenes increase with increasing coal
rank. Throughout the range of ranks studied, ol efins (propyl ene. butenes etc) were produced,
suggesting the cracking of connecting |inks between aromatic groups in the coal structure.

TG M5 anal yses were run on coal |iquefaction products produced with and wi thout the
anocat catalyst in the reactor basket. It was interesting to note that the coal residue gave
very simlar mass patterns for the volatile natter, whether catal yst was present or not,
al though nore volatile matter was produced with the catal yst present.



