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Quarterly Technical Progress Report
for January-March, 1977

(Phase I, Stage 2)

ABSTRACT

In the study of hydrogen-transfer reactions, experimentation
with the dibenzyl/tetralin system in a nitrogen atmosphere is complete.
Data are being reduced to a form to develop a kinetic model of the
reaction. Dibenzyl was converted quantitatively to toluene. As a side
reaction, much of the tetralin was rearranged to methyl indane. The
conversion rate of dibenzyl did not appear to be affected by the type of .
donor solvent, namely dimethyl tetralin, octahydrophenanthrene, and even
decalin., In addition, the conversion rate of dibenzyl was the same when
an inert solvent, mesitylene, was used with a hydrogen atmosphere.
Experimentation with tagged compounds is under way, but analytical data
are not yet available.

OBJECTIVE AND SCOPE OF WORK

The overall objective of this study is to develop an under-
standing of the mechanism of hydrogen transfer to coal during coal
liquefaction. This is being done using both tagged and untagged compounds
as donorf3and acceptors. The tagged compoufgs include those containing
stable ("7C and deuterium) or radioactive (T C and tritium) isotopes.

In addition, it includes those compounds having functionality that
allows for isolation by extraction, for example, tetrahydroquinoline.
Experimentation is being done at conditions consistent with processes
currently being developed to liquefy coal.

The project is divided into two 18-month phases, the first
covering the study of model compounds and the second consisting of the
application of these results to the study of coal and coal-derived
liquids. The first stage (six months) of Phase I consisted of prepara-
tory work and experimentation. It was completed and reported in the
Semi-annual Technical Progress Report issued in January 1977.

Two research areas are being covered concurrently in Stage 2.
The primary area consists of in-depth experimentation of selected acceptors
with a series of donors (with and without tags). Sufficient experiment-
ation is being carried out with each acceptor to develop a kinetic model
of the transfer reaction. The second area consists of background or
scrambling reactions which may interface with the above results. A
schedule of experimentation for this stage was given in the previous
Semi-annual Report and is included herein with minor modifications as
Figure 1.



The following is a summary of the planned tasks to be covered
in Stage 2. (Some changes of the original plan have been included as a
result of observations from the preliminary experiments of Stage 1.)

a. Perform experiments for selected hydrogen-transfer reactions
using both tagged and untagged model compounds having similar character-
istics to those present in coal liquefaction. Emphasis will be placed
upon experimentation at conditions typical for coal liquefaction. Runs
will be made with nitrogen or hydrogen (selected runs with deuterium) to
separate the role of dissolved hydrogen. Catalytic runs will also be
made using finely divided catalyst with a high degree of agitation.

b. Perform necessary analytical work.

c. Reduce the data and interpret the results to explain hydrogen
transfer kinetics and mechanisms.

d. Submit a comprehensive report of the Phase I program.

SUMMARY OF PROGRESS TO DATE

The project is essentially progressing on schedule. Experimenta-
tion with the acceptor dibenzyl has been completed with the untagged
donor solvents. A limited number of analyses remain to be completed but
should be available within 1-2 weeks. The reduction of data to a form
necessary for establishing a reaction model of the dibenzyl/tetralin
system is nearing completion. Experimentation with deuterium-tagged
donor solvent is under way; however, it is about two weeks behind schedule.
The primary delay is that of scheduling mass spectroscopic analyses to
coincide with filament replacements. Delays occur between the analyses
of groups of samples. The preparation of C-tagged octahydrophenanthrene
and dimethyl tetralin is nearing completion under the direction of
Professor Eisenbraun. Experiments with these donors will be scheduled
when they become available, presumably by June 1. This latter date will
not affect the overall schedule in that experimentation will progress
with the use of deuterated solvents and the remaining acceptors.

A copy of the program schedule is included as Figure 2.
Reference is again made to Figure 1 for further details.

DETAILED DESCRIPTION OF TECHNICAL PROGRESS

Stage 2. Model Compounds Experimentation

A. Experimental Procedure

The donor/acceptor experiments are being done in a 300-cc
batch, stirred autoclave reactor. The unit also has a 300-cc heated
feed tank to provide for injection of reactants at elevated temperatures
under pressure. In most runs, 75 grams of donor is charged to the
reactor and rapidly heated to the desired temperature (60-80 minutes
were needed). At this temperature, a 75-gram charge of donor and



acceptor is injected using nitrogen at 10.3 MPa (1500 psig). The injected
liquid is typically heated to 275-300°C. At the time of injection,
reactor temperature drops 5-10°C, but it recovers within three minutes.
Provision is included to periodically take samples from the reactor

during the run.

In most of the donor/acceptor reactions, the reactor samples
are analyzed using a high-resolution capillary GLC with a 100-foot SCOT
column. Selected samples are also analyzed using a medium-resolution GC
with interfacing to a DuPont 21-491 mass spectrometer. The analysis of
tagged compounds is now under way using a CEC-103 low-voltage mass
spectrometer. It is noted that low-voltage mass spectra are normally
obtained only when a sufficient number of samples exist. The Isotron
must be replaced frequently when operating under these conditions.

For reference, a listing of the experiments carried out in the
above reactor is included in the Appendix as Tables I and II.

B. Experimental Results

The major portion of our experimental effort this quarter has
been devoted to various reactions with the dibenzyl acceptor. Preliminary
screening studies reported in the previous quarter strongly suggested
that this compound was ideal for evaluating donor characteristics,
reaction products and reaction kinetics. The reactivity of dibenzyl has
been studied in the 400-475°C range in tetralin, mesitylene, 2,6-dimethyl-
tetralin, sym-octahydrophenanthrene and D,-tetralin under both nitrogen
and hydrogen environments. Although some analyses remain to be completed,
major reaction paths can be deduced.

Dibenzyl/Tetralin System. In good donor solvents such as
tetralins, the cracking of dibenzyl proceeds nearly quantitatively to
toluene. The following is a summary of this reaction and the remaining
reactions being evaluated in developing a mechanism for the dibenzyl/tetralin
system (these reactions are intentionally not balanced):

Rt attvel

(dibenzyl) (tetralin) (toluene) (naphthalene)
(tetralin) (methylindane)

CO-C0 -



m—-—>®- CH3 + others
Hy
-

(indane)

dicyclic -=-> cracked products
compounds other than toluene and indane.
As shown in Figure 3, a wide range of dibenzyl conversions is observed

over the temperature range of 400°-475°C. These runs were made in a
nitrogen atmosphere with a feed dibenzyl concentration of 10 wt.%. The

(4)

(5)

(6)

concentrations of the remaining reactants and products are shown graphically

in Figures 4 through 9. It is noted that in a nitrogen atmosphere and
in the absence of donor solvent (1,3,5-trimethyl benzene [mesitylene]
was used), only trace levels of dibenzyl and toluene cracking were
observed.

To observe the effect of concentration, a series of experiments
was made using various ratios of dibenzyl and tetralin in a nitrogen
atmosphere. The results plotted in Figure 10 strongly indicate that
conversion is independent of dibenzyl concentration as long as the
minimum hydrogen requirements for bond stabilization can be met by the
solvent.

Dibenzyl/Decalin System. Completely saturated cyclic compounds
have generally been regarded as non-donor solvents. Assuming that
decalin would function as an "inert" solvent, dibenzyl thermal stability
experiments were performed in a nitrogen atmosphere with the surprising
result that conversion followed essentially the same curve as shown for
tetralin (see Figure 11). Careful GC-MS studies of a 450°C run with
pure decalin revealed that small levels of dehydrogenation to tetralin
occurred. At similar conditions but with dibenzyl present, the dehydro-
genation to tetralin increased.

The fact that dibenzyl was cleanly converted to toluene in the
decalin system is useful evidence to indicate that low concentrations of
hydrogen donors can be consumed if generated in-situ. Although the
donor ability of decalin was quite unexpected, similar extrapolation to
more complex, alkylated, cycloparaffins should not be made at this time.
The presence of alkyl groups on decalins may well inhibit thermal dehydro-
genation at 450°C. Selected experiments on this point are currently
being conducted.

Dibenzyl/2,6-Dimethyl Tetralin System. 2,6-Dimethyltetralin
can be prepared by the catalytic hydrogenation of the corresponding
naphthalene. This donor solvent is being used for selected experiments
in an attempt to determine the effect that alkyl groups have on the
hydrogen-transfer process and the stability and fate of solvent.




The thermal stability of 2,6-dimethyltetralin was determined
by heating in an inert solvent (mesitylene) with a 1500 psig unit pressure
(nitrogen). The reactor temperature was increased incrementally between
300° and 475°C. No evidence of thermal cracking or dehydrogenation was
observed up through 450°C. Rapid dehydrogenation to 2,6-dimethyl-
naphthalene together with traces of demethylation to 2-methylnaphthalene
occurred between 450° and 463°C. We are determining if contraction to a
tri-substituted indane had occurred. If so, it was not nearly so exten-
sive a side reaction as that of similar tetralin reactions (see the
January 1977 report).

When 2,6-dimethyltetralin was reacted with dibenzyl at 450°C,
a conversion path nearly identical to tetralin was observed (see Figure 11).
It appears that the methyl groups on the donor solvent do not affect
hydrogen transfer rates.

Dibenzyl/Octahydrophenanthrene System. Limited experiments
have been done with sym-octahydrophenanthrene as a donor solvent.
Although this solvent is stable at 400°C, some structural alterations
appear at 450°C. The nature of the skeletal changes and possible catalyzing
effect by acceptors, as reported earlier for tetralin (January 1977
report), are currently being studied.

As seen in Figure 11, this donor solvent will convert dibenzyl
to toluene at essentially the same rate as tetralin or dimethyltetralin.
This indicates that, at least with the dibenzyl system, conversion is
independent of the concentration of '"transferable hydrogens" in the
solvent. (Theor. HT = 8 for octahydrophenanthrene vs. 4 for tetralins.)

Dibenzyl/Hydrogen System. A series of runs were made with 10%
dibenzyl in mesitylene with a hydrogen atmosphere (1500 psig). As shown
in Figures 11 and 12, the conversion of dibenzyl was essentially the
same as that in previous experiments with donor solvents. The family of
curves illustrated in Figure 12 strongly indicate that dibenzyl cracking-
hydrogen abstraction are concomitant processes controlled by the tempera-
ture of the reaction. (It is again noted that dibenzyl was essentially
stable in mesitylene with a nitrogen enviromment.)

Although the conversion curves for dibenzyl were nearly identi-
cal in either a hydrogen donor, or H,(g) enviromment, the products from
the latter were much more complex (F%gure 13). The non-donor aromatic
solvent, mesitylene, reacted with benzene, toluene and xylene cracking
products to form a variety of high molecular weight polymers. This
side-reaction also increased with temperature.

The apparent increase in free radical concentration from
solvent molecules in a hydrogen atmosphere (vs. a nitrogen environment)
coupled with C-C bond formation preferred over C-H was an unexpected
observation. GC-MS evidence for the rearrangement of dibenzyl (1, 2-
diphenyl ethane) to the 1,1-diphenyl ethane isomer was obtained. This
rearrangement has not been observed in good donor solvents. In addition,
this rearrangement could partially explain large amounts of methane
being evolved from the H, /dibenzyl experiments together with large
amounts of benzene. The postulated reaction path is shown below:
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c-¢C H, —c 3 3
—m—> -—> +
Aromatic
+ CH

4

As shown in Figure 11, there appeared to be no synergistic effect
when both hydrogen atmosphere and tetralin were used. However, the hydrogen
atmosphere did promote much more secondary cracking to methane, ethane and
benzene. In addition, the degradation of tetralin to indane was enhanced.

C. Deuterium Studies (Tetralin)

Experimentation to prepare reasonable quantities of D, _-tetralin
has been performed using 9 MPa (1300 psig) D,, a commercial NiW catalyst,
Nalco Sphericat 550, and 350°C (662°F). ThiS preparation was deemed neces-
sary in view of the inability to purchase large volumes of the labeled
solvent at reasonable cost. At the above conditions, deuterium was incor-
porated to the D -D5'1evel. Upon distillation a solvent of about 92%
D,-tetralin and ﬁz naphthalene was obtained. NMR studies indicated that
tﬁe deuterium was randomly distributed.

The above solvent is being used for some initial experiments to
determine the extent of scrambling that can be expected using a steel reactor.
Experiments are also being carried out to enrich the deuterium level of the
solvent by second-stage exchange at lower temperatures with either fresh
catalyst or more selective catalysts (Pd/C). The results of these experi-
ments are not complete at this time due to instrument delays in obtaining
low-voltage mass spectra,

D. Experimentation with Dibenzyl Ether

The previous quarterly report (January 1977) indicated that dibenzyl
ether reacted with tetralin at a much faster rate than dibenzyl. Based on
these screening studies, we suggested that this compound be used as the
second acceptor for kinetic and mechanistic model development. Ether bonds
are likely constituents of low rank coals and an understanding of their
reactivity with donor solvents is deemed very necessary.

Since screening experiments showed that dibenzyl ether was com-
pletely converted in tetralin within one hour at 400°C, we chose to study
the temperature range of 300-400°C. Figure 14 shows typical conversion
curves at 325°, 350°, 375° and 400°C. Reaction does occur to a slight
extent at 300°C but reproducibility of data was poor.

A study of the various products from dibenzyl ether cleavage
indicates that the following consecutive reactions were taking place:
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Figure 15 illustrates how the major products vary at 375°C over a three-
hour period. These curves indicate that reaction (1) prevails for the
first hour after which the concentration of benzaldehyde remains constant.
The linearity of benzene formation is an indication of a first-order
reaction in (3) although it is quite slow. Conversely, reaction (2) is
also probably first order and at a similar rate since benzaldehyde
concentration is essentially constant in the 2-3 hour period.

Studies will soon be done with benzaldehyde and tetralin to
better distinguish the rates of Equations (2) and (3). Experimentation
will also be done with dimethyltetralin and octahydrophenanthrene as
donor solvents to determine if rates and reaction paths are affected by
donor strength. The kinetic calculations will then be done in a manner
analogous to that used for dibenzyl.

One important conclusion from these particular studies is that
carbonylic functional groups formed during coal liquefaction have reason-
able stability but can also function as hydrogen acceptors. Since no
evidence of benzyl alcohol has yet been found, reaction (4) either does
not occur or is a short-lived intermediate in the dehydration step (2).

E. Experimentation with Dibenzyl Sulfide

Because dibenzyl ether reacted so readily with tetralin at
400°C, we chose to evaluate the effect of substituting sulfur for the
oxygen in the same basic system. Furthermore, since preliminary screening
experiments showed that dibenzothiophene was completely inert to tetralin
up to 475°C, dibenzyl sulfide offers a comparison between aromatic and
non-aromatic C-S-C bond cleavage. The reaction proceeded very rapidly
in tetralin with 50% completion at 350°C and 100% completion after
reaching 400°C in a span of 30 minutes. A study of the intermediates
and products of this reaction revealed large quantities of stilbene and
the expulsion of HZS' The stilbene appeared to react further with

(1)

(2)

(3)

(4)



tetralin to form dibenzyl and eventually toluene. Since this reaction
proceeds very fast at 400°C, future studies will utilize temperatures in
the range of 300-375°C to monitor intermediates more accurately. The
isolation of stilbene as a major intermediate is of particular signifi-
cance to the question of desulfurizing (organic S) coals with donor
solvents. It's quite obvious that non-aromatic sulfur bonds are readily
cleaved at low temperatures.

F. Synthesis of Labeled Donor Solvents

All steps for the synthesis of 13C—labeled 2,6~dimethyl tetralin
and sym-octahydrophenanthreniahave been established. Since 1 kg quantities
of each compound at the 102 "~C enrichment level are being prepared,
current efforts are directed at the repetitive aspects of each step in
order to prepare the total quantities needed. Since overall yields of
the octahydrophenanthrene derivative are better, this solvent may be
completed within the next 4-5 weeks. Upon completion of these syntheses,

a separate report on the chemistry involved will be prepared.

DCC:DMJ:WPC



Figure 1

Planned Experiments: Stage 2
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to complete analysis.
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DIBENZYL CONCENTRATION
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Figure 4

TOLUENE CONCENTRATION
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Figure 5
TETRALIN CONCENTRATION
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Figure 6
METHYL INDANE CONCENTRATION
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Figure 7
NAPHTHALENE CONCENTRATION
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Figure 8
INDANE CONCENTRATION
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Figure 9

CONCENTRATION OF CRACKED PRODUCTS
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FIGURE 11

DIBENZYL RFACTIONS AT 450° C WITH VARIOUS SOLVENTS
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FIGURE 12
DIBENZYL REACTIONS IN MESITYLENE WITH A HYDROGEN ATMOSPHERE
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FIGURE 13

DIBENZYL PRODUCTS: REACTION IN MESITYLENE WITH HYDROGEN ATMOSPHERE
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DIBENZYL, ETHER REACTIONS IN TETRALIN WITH A NITROGEN ATMOSPHERE

FIGURE 14
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DIBENZYL ETHER PRODUCTS: REACTIONS IN TETRALIN WITH NITROGEN ATMOSPHERE
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APPENDIX

Table 1. Summary of Experiments: Hydrogen Transfer Studies
(Screening Runs)

Table 2. Summary of Experiments: Hydrogen Transfer Studies

Analysis Sheets: Experimental Results Pertaining to Dibenzyl/
Tetralin Runs
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SUMMARY OF EXPERIMENTS:

TABLE 1

HYDROGEN TRANSFER STUDIES

Reactor Charge

Tetralin
Tetralin
Tetralin
Tetralin
Tetralin
Tetralin
Tetralin
Tetralin
Tetralin
Tetralin
Tetralin
Tetralin
Tetralin
Dibenzyl
Dibenzyl ether
Tetralin
Tetralone
Tetralin (Plugged)
Hydroxylquinolin

(Screening Runs)

Feed Tank Charge

Feed Tank Charge

Grams (Solvent) Grams (Acceptor) Grams
47.6 Tetralin 47.6
121.6
75 Tetralin 60 Phenanthrene 15
75 Tetralin 60 Dibenzylfuran 15
75 Tetralin 60 Dibenzylthiophene 15
75 Tetralin 60 Dibenzyl-ether 15
75 Tetralin 60 N-ethyl carbazole 15
75 Tetralin 60 Dibenzyl 15
75 Tetralin 60 Hexadecyl ether 15
75 Tetralin 60 Dodecyl ether 15
75 Tetralin 60 Dodecyl sulfide 15
75 Tetralin 60 - Tetralone 15
120 - - - .
30 - - - -
150 - - . X
125.5 - - - -
31.8 - - - -
120 - - - -
30 - - - -

S¢



77-26
77-27

77-28
77-29
77-30

77-31
77-32
77-33
77-34
77-35
77-36
77-37
77-38
77-39
77-40
77-41

GSETC
DCC:ill
4/6/77

Time Temp
Hrs. °C Reactor Charge
33/4 400 Mesitylene
425 DiMethyl-Tetralin
437
450 (1/2 hour at each
temperature)
463
475
3 400 Tetralin
Stilbene
3 450 Tetralin
Stilbene
3 450 Tetralin
3 450 Mesitylene
3 400 Mesitylene
Octahydrophenanthrenc
3 450 Tetralin
3 400 Tetralin
3 37 Tetralin
3 350 Tetralin
3 325 Tetralin
3 300 Tetralin
3 425 Mesitylene
3 450 Mesitylene
3 475 Mesitylene
3 450 Tetralin
11/2 400 Mesitylene
11/2 450 Mesityléne

TABLE II - (CONTINUED)

Feed Tank Charge

Feed Tank Charge

Grams (Solvent) Grams (Acceptor) Grams
135 - - - -
15 - - - -
135 - - - -
15
135 - - - -
15 - - - -
75 Dimethyl Tetralin 60 Dibenzyl 15
75 HgP 60" Dibenzyl 15
135 - - - -
15
70 Tetralin 56 Dibenzyl 14
75 Tetralin 60 Dibenzyl ether 15
75 Tetralin 60 Dibenzyl ether 15
75 Tetralin 60 Dibenzyl ether 15
75 Tetralin 60 Dibenzyl ether 15
75 Tetralin 60 - Dibenzyl ether 15
75 Mesitylene 60 Dibenzyl 1r
75 Mesitylene 60 Dibenzyl 1.
75 Mesitylene 60 Dibenzyl 15
113 Tetralin 22.2 Dibenzyl 14.8
100 D, Tetralin 50 - -
100 D4 Tetralin 50 - -



~J3
~1

]
(S

77- 3
77- 4
77- 5

77-
77-
77~
77-
77-10
77-11

W oo g

77-12-

77-13
77-14
77-15
77-16
77-17
77-18
77-19
77-20
77-21
77-22
77-23
77-24

N

(3}

RO RNRV RV RS RO RS R RSNV R IR I I NI N FOR I NI P

400
400

400
400
400

400
425
450
475
400
425
450
475
437
463
437
463
450
450
450
450
450
450
450

TABLE 11

SUMMARY OF EXPERIMENTS: HYDROGEN TRANSFER STUDIES

Reactor Charge

Tetralin

Tetralin

2,6 Di Tert Butyl-4
Methylphenol

Tetralin

4 Methyl 1 Tetralone

Tetralin

Benzyl Sulfide

Tetralin

Dibenzyl

Tetralin

Tetralin

Tetralin

Tetralin

Tetralin

Tetralin

Tetralin

Tetralin

Tetralin

Tetralin

Tetralin

Tetralin

Decalin

Decalin

Decalin

Decalin’

Tetralin

Tetralin

Mesitylenc (Incomplete)

Dibenzyl

Feed Tank Charge

Feed Tank Charge

Grams (Solvent) Grams (Acceptor) Grams
150 - - - -
120 - - - -
30 - - - -
120 - - - -
30 - - - -
120 - - - -
30 - - - -
135 - - - -
15 - - - -
75. Tetralin 60 Dibenzyl 15
75 Tetralin 60 Dibenzyl 15
75 Tetralin 60 Dibenzyl 15
75 Tetralin 60 Dibenzyl 15
75 Purified Tetralin 60 Dibenzyl 15
75 Tetralin ° 60 Dibenzyl 15
75 Tetralin 60 Dibenzyl 15
75 Tetralin 60 Dibenzyl 15
75 Tetralin 60 Dibenzyl 15
75 Tetralin 60 Dibenzyl 15
75 Tetralin 60 Dibenzyl 1
75 Tetralin 60 Dibenzyl 15
150 - - - -
75 Decalin - Dibenzyl 30
75 Tetralin 75
75 Tetralin 60 Dibenzyl 15
75 Tetralin 75 Dibenzyl 30
50 Tetralin 50 Dibenzyl 50
144 - - - -
16

Le



Bun Conditionms:

28

Temperature __ 400 °C

Charge Reactor Feed Tank
Dibenzyl
Tetralin /50
Decalin v
MST
Sample : 2 3 4 5 6 I 7 s 9 | 10
Time (Min) o {30 |60 | 22 Jrzc |
Component — Wt 2
Benzene /.27
Toluene
Ethyl Benzene
Indane
Dec. &/or M-Ind. I, 17 Y
Tetralin 4£. %7 L
Naphthalene ¢.49¢ ey
Dibenzyl
Unknowns :
Light
Medium

Heavy
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( ;~‘

Run No. 7-77-

Run Conditions:

Temperature <o’ °C

Charge Reactor Feed Tank

Dibenzyl /Sa

Tetralin /352

Decalin ’

MST

Sample: F | 2x 3 4|5|6|7 a|9|/,)a’
Time (Min) ' | C l,—fs’;; |<f: Gz I/?O ]/80
Componant we 2
Benzene 129 e .7 C. o
Toluene 055 o, 29 |27 e 8 R
Ethyl Benzene
Indane = ¢ oYt
Dec. &/or M-Ind. c.57 |t e /S s
Tetralin 1876 & 15 {59277 A A7 «_ 2 DU
Naphthalene oW Ve 40 foos a3 e [P W
Dibenzyl .51 ). ¢c2 v PR P G = .
Unknowns :

Light <Lz
Medium
Heavy 0.6
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Run No. 47-77-6
Bun Conditions:

Temperature <20 °C

Charge Reactor Feed Tank
Dibenzyl jfory
Tetralin 75 & ,v
Decalin v v
MST
Sample: 1 2 3 4 5 6 7
Time (Min) | 5 | 32 | ar |9 (720 e
Component We %
Benzene c.4% [ ot o446 {7 0.2¢
Toluene c.t2 Ve ot e 3% C.E5S
Ethyl Benzene
Indane o,/
Dec. &/or M-Ind. 249 Vr.cz |../7 1,82 2.0
Tetralin g5 2|5 ol 7o s L 55.47
Naphthalene 4O e T c. 7 /.23
Dibenzyl & 2llic.es e ze el le v i
Unknowns :
Light
Medium
“‘e.vy 4 i c/;-
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Run No. [7-77-7
Bun Conditions:
Temperature _</Z 5 *°c

Charge Reactor Feed Tank
Dibenzyl /S
Tetralin 75‘2 é;_;}
Decalin Y v
MST
Sample: 1 I 2 | 3 | 4 | 5 | 6 l 7 | 8
e (o) | 0 | /5 |22 |60 |20 |ze |co |20
Component we 2
Benzene 0.92 {¢.é2 {ec.c7 .55 ¢ 55 , 76
Toluene 0.36 lo.sq |1.2¢ .12 2.24
Ethyl Benzene
Indm ;:).a\‘x :/-3:: C~54
Dec. &/or M-Ind. [.08 17.47 lz2.07 |3.22 5. 497 700
Tetralin K72 .80 137.56 15¢.13 154.27 X, 8L 8.-10
Naphthalene ¢.q) 1gs3 lec.;4 11,38 2.349 3.05
Dibenzyl 5.3 19.497 12.8) |49 .¢5 7.87 Con i n
Unknowns :
Light
Medium

Heavy 0./16

0
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Run No. 7=
Run Conditions:
Temperature _<9x> °C

Charge Reactor Feed Tank

Dibenzyl /S or

Tetralin 75q, o

Decalin e d

MST

Sample: 1 | 2 | 3 4 5 6 7 8 10
Time (Min) | | /s | P v L Visolso
Component we X
Bengene c.52 fo.2¢| - S )
Toluene 070 |o. 73 | LéZ LS. o 2,57
Ethyl Benzene
Indane o, 3 |7 ke = 2 /67 .
Dec. &/or M-Ind. 1.2V 2.37 |4 c e e 1277 6.48 )
Tetralin 91.33184.96 |23.74 | +7.5 087 63, 2
Naphthalene 497 lc.2€¢ | 1.72 |z 8- 552 7. 70
Dibenzyl 6.5 1562 |# e 3. /.54
Unknowns :

Light
Medium oL 0.35
Heavy 0.24 2. /4 L 30 c.49
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Run No. AH7-77-9F
Bun Conditions:
Temperature 775 °C

Charge Reactor Feed Tank
Dibenzyl /55
Tetralin 7549 é_:);
Decalin [ v
MST
Sample: 1 J 2 l 3 4 5 6 7 8 9 10
mme (o) | © | /5 |2 (& |20 |/z0 |15 |rs0
Component we 2
Benzene .37 10.19 o2 035
Toluene Z.22)2.69 |+ 88 [9.43 /.02 1,40
Ethyl Benszene 0.80 .65 [ 25 193
Indane .23 .49 V1.4t 12.i7 357 94.75 .
Dec. &/or M-Ind. 3.29 |€.09 |1z.2¢ |/2.0¢ | el B 26, 50 N
Tetralin 84.091&81.19 §¢7.192 |8¢. 45 49,11 3.5
Maphthalene /.32 1249 ls.-/ | £36 12.00 /5, 24
Dibenzyl 5.4 |7.27 |a.10 |o.r7 o1 c.13
Unknowns :
Light 0. 32 0. 93 s
Medium 0.22 .13 0.63 oI
Heavy 0.12 le.2z ez 121 P
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Run No. A7 -77-/0

Run Conditions:

Temperature <00 °C

Charge Reactor Feed Tank
Dibenzyl /5
Tetralin —7_-5'9 % t
Decalin v v
MST
Sample: 1 2 3 4 5 6 7 8 9 10
Hee Min) | © | /5 |30 lceo |20 | o s 180
Component we X
Benzene oSl |~ e.s3 | .54 .99 0.77
Toluene c.za V207 Jez2 Loz e 82 | . 0.6
Ethyl Benzene
Indane 7 S is e 7 [
Dec. &/or M-Ind. I T DA A NEE-E £ 25 2. 7%
Tetralin AR PAAEE L) BT £6.74 54,9/
Naphthalene .07 o él .67 lz. s e /.36
Dibenzyl &2 |2.20 |9.32 |- 4, .57 9.3
Unknowns :
Light
Mediun

Heavy




Run Conditions:

Run

35

No. FH7-77-//

Temperature <25 °C

Charge Reactor Feed Tank
Dibenzyl /53
Tetralin 7549 éC;
Decalin Y g
MST
Sample: 1 | 2 I 3 J 4 I 5 ] 6 ‘ 7 8 | 9
Tme (tin) [ © | /& ]:5 ] &0 I‘?C‘W/on-'scj/;m.. [
Component We 2
Benzene
Toluene 0:-35 o.é4 11.38 |87 |2.29 |X.38 |2.67
Ethyl Benzene
I‘dm DI};Z\ L: : - 3’2 O.ﬂ/ O'qq 5054
Dec. &/or M-Ind. 155 12.27 §3.72 [9.92 la.(o 700 }7.73
Tetralin B0 §5¢. 9 483,18 |a2ed {xi.c7 179.95 }75.32
Naphthalene c.7¢ 1/.07 | 1.658 |2.70 | 2.69 13.01 |35
Dibenzyl .59 |9.24 [ &.97 |7.52 |72¢4 |6.62 |6.57
Unknowns:.
Light c.70 losz |c.57 0.32 lo,¢q4 {o.45
Medium
Heavy 0.13 lo. 16 |o.20 |c.24




Run Conditions:
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Run No. A7 77-/:

Temperature YOO °C

Charge Reactor Feed Tank

Dibenzyl /f)'.é

Tetralin = .\

754 ECn
Decalin 174 oy
MST
Sample: 1|2|3|4|5|6|7|8|9l10
Hme () | © | s |z | &0 | 9e iz (isc |/E] |
Component we 2
Benzene o il =y
Toluene ¢ bl 33 Jauc | e |5 0 {7027 |° 5.4z
Ethyl Benzene e~ Vo.wzl |l .35
Indane c.od exd leeen | o8zl V14 |1.é&d
Dec. &/or M-Ind. 120 1z54 |4.83 16.9¢ .24 12 <=2 1520 ke
Tetralin gt leg. St 4187 | mzd0 e e s JoS. = e B3
Naphthalene c.ac e Nzo/ =l Jq4.854]s5.00 |E.2= }7.28
Dibenzyl kil R AR T R R Qi 729
Unknowns :

Light cHole 7 Vo o lesi e Je73 [ es
Medium
Heavy Y ' e, lez2a | ST I bty




Run Conditions:
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Bun No. H7-77-/3

Temperature ﬁ?_‘)’ °c
Charge Reactor Feed Tank
Dibenzyl /59
v
Tetralin 175‘;4 AZ\,,,
Decalin 4 @)
MST
Sample: 1 2 | 3 4 5 6 7 8 I 9 10
Tme (Mn) | o | /5 ]3./ 6 |7 f1zo | /150 /3&[
Component Wt X
Benzene 2.1z o.M le.z1 lo.25 |o.27 lozi
Toluene o037 Is.7 V2.7 19.82 V1179 V.54 Yize Lu,24
Ethyl Benzene o.19 10,3C {o.e8 |¢.59 | 128 {1.50 [1.79
Indane .2 1¢.27 V1.95 {2.18 |lz.54 |3.9¢ l4.05 |4.58
Dec. &/or M-Ind. 2.93 19.70 4,23 V14,8 |22.15 |24. ¢ |25.4% |26 1 )
Tetralin 26.8) 171,27 |68522155.14 |99.88]-4.52 |40.69 {37.59
Naphthalene o.$C19.07 1S x99 |¢. .20 1.0 Vas0 |4s. 12
Dibenzyl 2.6 |9.95 |2.20 [ .79 Je.>! {c.ot c.1§5 |oa4
Unknowns:
Light .30 |c.59 263 |c.32 | c.3¢|0.c7 0.37 |47
Medium .13 1c50 |00 Y050 |O.ys
Heavy o017 . 98114 Je.a7 - 1éed 114




Run Conditions:

Run No. H7-77-/9

38

Temperature <J37 °C

Charge Reactor Feed Tank )

Dibenzyl - }5a

Tetralin T5a 5o 3

Decalin /4 v

MST

Sample: 1 2 3l4|5|6|7|a|9|m
fme tum) | 0 | /5 [ 30 |60 |90 |r20 {15¢ |80 |
Component We X
Benzene 6,27
Toluene -0 1065 130 |2.43 |302 |9.55 557 Hé,z—z
Ethyl Benzene .62 o.re Voog oo
Indane 0.13 10,23 }0.29 |2:2e c1¢ |2.8¢€ 0,95
Dec. &/or M-Ind. 1.27 12.19 |2.5¢C |5.4] |7.95 |8.99 /o 2 | )1,45
Tetralin 57.78 156,17 lea7p 181,52 1955076 ¢ |72 22 [11.07
Naphthalene .54 1/, ¢0 1.51 2.3 |3.15 V5.8 J<1.¢2 4.4
Dibenzyl 0.3 14.22 1847 |7.20 .17 )s5.:0 } 1.4 |3 <2
Unknowns :

Light ¢.2% lo.s1 |35 |55 v -
Medium
Heavy 0.1 le./? | =% e Je. 2B
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" Run No. A7 -
Run Conditions:
Temperature <oz.oeg

Charge Reactor Feed Tank
Dibenzyl /5.
Tetralin s &4
Decalin v v
MST

Sample: 1| 2|3|a|5]5[7|s| 9| 10
Time (Mn) | o | )& ]v—r;- I ] ‘ ) 1 o | /f,;[
Component Wt X
Benzene G ¢ 12 &, .2 fcC
Toluene o2 o e e Voo Yo g Va2 Ve 0%
Ethyl Benzene IV 22 I Y [ %o
Indane I IR WA TN A A
Dec. &/or M-Ind. i 5 S5 {-.c 12,28 17.5) 18,85 |14, "
Tetralin PN LT NEN S CEE el YAt
Naphthalene .87 |z # coz2 o7 | €35 {80 L
Dibenzyl EEE B ER N e 1ie o Yol E
Unknowns :
Light
Medium O o 12 o
Heavy B 2000 16294 ese e ).




Run Conditions:

Run

40

No.

HT-17- /5

Temperature Y- / °C
Charge Reactor Feed Tank
Dibenzyl /5
Tetralin 75’7_2 6/)
Decalin v |4
MST
Sample: 1 | 2 | 3 | 4 ‘ 5 ' 6 | 7 | 8 | 9 | 10
L CH V22 I RC 2 (EE =l R
Component Wt 2
Benzene )
Toluene . G0 Joize 220 |3.54 [ <. 9.5 S.=
Ethyl Benzene T P
Indane <Ll T A R VN DA FoNE
Dec. &/or M-Ind. 4 _1 12,92 Y265 |75 RN (= VY
Tetralin (R EEERE PR R S YR N Y- v
Naphthalene e I A BT B ER T SR G
Dibenzyl L K AR TN RAT-V- IS IR I ke
Unknowns:
Light
Medium
Heavy ie POV NSO VAN N




Mun Conditions:

a1

Mko HT" ’/

Temperature _J£3 °C
Charge Reactor Yoed Tapk
Dibenzyl /3'@
Decalin v v
MST
Sample: 1 2 3 4 5 6 7 8 9 10
Hme ) | 5 | /5 |20 |60 | F0 /20 | /50 |1EO]
Component Wt X
Bensene C.1 o.14 {015 ;.18
Toluene 0.3712.31 |4.81 17.98 lw.13 |/0.90 li0.32_li0.9;
Ethyl Benzene .24 0.400]0.52. 10.63 [c. 78
Indane ©.33 lo.71 128 11.72 11.93 12.24 |2.55 -
Dec. &/or M-Ind. (91 14.69 6.3’@/ .29 li6.48 117.88 V9.21 feo.s4 .
Tetralin 86.92183.01 176,35 167.91 o168 |59. 17 |56.43 |53. 37
Naphthalene o.74 1790 132.6315.80 17/9 12.97 13.99 19.3)
Dibenzyl 9.73 17,49 1529 2.6/ 1729 |o.95)10.7) |2.46
Unknowns:.
Light 235|027 l0.62 |0.40 10.91 |0.26 |0.48 |o.52
Medium o.10 jo.12. 1c./3
Beavy c.i8 |0.99 |o.5910.63 l0.7) |0.74
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Run No.

THERMAL SIABILITY OF DOECALIN

-77-/

Temperature __ <50 °C
Lharge Reactor Feed Tank
Dibenzyl
Tstralin
Pecalin / 5@
MST 1%

TetealiN ol resolved Honn Décalin

Sample: 1|2 3|4|s|6|7|a|9|,,w
Jime (Min) | o I / |/5‘|ao|6<‘>|90|/zo|/80
Component Wt X
Benszene
Toluene 0. /0 L5 |24 .25 14.19
Ethyl Benzene
Indans
Dec. &/or M-Ind. a4, 28 92.14|32.78 8414 [79.09
Tetralin
Naphthalene 2.48 0.74 j0.75 1.0l |/.4¢C
Dibenzyl
Unknowns:.
Light o.34 123 | 125 2.4 }z2.492
Medium 3 .99 }5.3> 7.86 19.43
Beavy /.17 lo.74 1.60 |2.514




Bun Conditions:
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Run Bo. H7-77-/9

Temperature 5O °C

Charge | Resctor |  Veed Tank
Dibenzyl 30;}
Tetralin T
MBT % v
Sample: 1I2|3|4|S|6|7|8|9|10
e oum) | 0 | /5 |30 |e0 |90 |i2o|s0]80] |
Component e 2
Benzene )
Toluene 055 14.93 |2.46 |12.39 |i6.i5 1799 2046 |14.58
Ethyl Benzens . | e
Indane 078 |2.29 |2.36 |3.3713.58 |3.60 |3.64 [3 23 L
Dec. &/or W-Ind. |7 33 173.07 |68.09 Je2.27 |58.82157.28 |55.3! |55.56
Tetralin
NMaphthalene ©.12-_10.24 lo.52 l0.67 10,87 11./3 i 29
Dibenzyl 19.924/4.50 |/12.32]9.96 |7.03 |5.92 |3,72 |3.57
Unknowns:
Light .20 1142 |2.74 |z.93 |3.20 1353 |3,/0
Medium 0.67 1245 1381 15.29 |6.33 |98 |27 |8.12
Beavy c2! 1139 |29 |39k |9.39 |4.57 |4.26 |4.36




a4

Run No. 47-77-20
Bun Conditions:
Temperature _<50D °cC
Charge = Reactor Feed Tank
Pibenzyl
Tatralin 759
Decslin 754. v
MST U
Sample: 1|z|3|4|5|6|7|a|9|1o
Ime 0un) | o | /5 |30 |60 |90 |20 |150 [130] |
Component We X
Benzene
Toluene 0.2210.91 10.93 10719 |7.04 |7.23 |1.42 |1 32
Ethyl Benzens o
Indane ©.50]10.73 |lecd! 10.72. 1/.53 1.8 12.04 |2.33 .
Dec. &/or M-Ind. |78.06|498.2) 19858 |99.7e |50,/¢ |50.75]|50.84 |51.58 .
Tetralin 99.92 | 48.8! 48.‘5_5_'_1 4569 |93.921 41.62 |90.09 |37.75
Maphthalene e.2716s55 1098 V14> |ls57 12,03 12.6% 1315
Dibenzyl
Unknowns :
Light 0.6/ |0.93 lo.zgle.79 |25 |1.62 |1,10 |o.q96
Medium .18 1o.25 |0.32]6.57 079 |02 |32 |/.62
Beavy 0.4 o.lo 0.2> |0.492 {0.57 1073
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h b- - 4 /
Bun Conditions:
Temperature _ 4S50 °C

Charge Reactor Peed Tank

Dibensyl /5'3

Tetralin &3

Decalin

Sample: 1 2 3 4 s 6 7 8 10
pm 0un) | o | /5 |30 |60 |90 | 120 /50 |/80|
—Component o2 -
Bensene o.11 lo1g lo2s5]0.48 lo.59 lo.30 0.9
Toluene 0.3812.59 14.5¢ |2.22 13.56 19.97 W.o4 /.58
Bthyl Beansens 0.1z 10,22 |0.29 los2 |0.63 |°.80 {0.92
Indane 0.5% 11.25 1093 .08 jr2! |32 }145 |1 48 —
Dec. &/or W-Ind. [93.52149.09 149.67 |49.48 |48.95|48.94 k8.5 [95.54 -
Tetralin 90.39136.93 133.9) |29.77 }27.32.]25".5) 0 J21.%6
Naphthalene 0461 1.10 1250 14.13 |s:26 | 5.1 .72 17.49
Dibenzyl 9.37 17.69 5.1 J3¢s la.rql 195 frat |o0.55
Unknowns :.

Light 0.47 | 6.38 |0.93 lo.g9 |1.32 |o.34
Medium 0.17 |0.38 | 130 J2.29 12.67]3.08 |3.4% |3.39
Beavy 0.1 lo.i4 lo.a8 lo.vt |1,2) [1.4a7 |1 93 |1.63
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Run No. A-77-22
Bun Conditions:
Temperature 950 °C
_Charge Reactor Peod Tank
Dibenzyl 3@9‘.
alin 4
Tetr ‘7-53- 4581
Decalin U
MN8T
Sample: 1 2 3 | &« | s | 6| 7| s 10
Iime (M) | © /s {30 |eo {90 /20 |/s0 /80
Component ue 2
Benszene
Toluene 2,498 7.58 1i3.74 /5.9 1/7.79 |11, 60 1!8.3!
Bthyl Benzene ' R
Indane 0.4! 1677 |).32 {166 /.96 |z./0 |2.25 -
Dec. &/or M-Ind. 125 14.75 172.81 l/z.0?7 1/4.77 |16.92 }17.15 }17.55 .
Tetralin $2.13172.44 g), 16 15796 |52.64145.0S 146.0¢6 J44.62
Naphthalene 1058 12.60 4.52 |70l 4.3) 110.58 Yi2.02 }i2.38
Dibenzyl #.991/5.71 111.69 }5.98 |4.90 267 |2.18 |/).70
Unknowns ;.
Light 0.23 1054 |0.93 o9 lo.71 }c.79 12.99
Nedium 0.1S 10.34 |0.48 |0.95 12.91 |0.95
Baavy 2./13 1039 Jo.3710.69 1933 |/.ce |1.28 | /25
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Mk. !'12'22-25
Jun Conditions:
Temperature __ 950 °C
_Charge Besctor Yood Tank
Pibenzyl Q&
Tetralin
Decalin | D —
MST
CHrRGE
0y
Sample: 1 2 3 4 s 6 7 s 5 10
fme i) | 0 [ /15 V20 | 60 |90 /20 |is0|/i30
Component Ve 2
Benszene 0.10 fo.16 0.2%3 |0.34 |0.33 |o.41 lo.q7
Toluene 046 |5 60 |i0.87 /8,67 |23.35125.10 |26.78 129.%8 |o.10
Bthyl Benzene 0,29 12.15 10.28 {0.54 |0.76 | 690 |i.04 |1.20
Indane .46 _lo.7g | 426 | Lot 11.81 1,98 |2.13 _—
Dec. &/or M-Ind. 2! 14.4) le.58 |9.70 | .87 1290 V366 }14. 4 1o.451
Tetralin £4.72158.75 |54.53 144.67139.92}35. 751.34.13 131,97 |s0.62
Naphthalene 0.5713.24 |5.26 18.98 |1, 81 |14.01 |/5.04 |H.80 1 0.20
Dibensyl 32.43125.6] 120,63 |/2.¢7 | 8.49 |6.43 |4.57]3.14 |48. 1>
Unknowns:.
Light 0.86 0.49 |0.2510.24 | 0.20 {0.67
Medium 0.1z lo.13 0.14
Beavy 032 Jo.10 Jo.90 1163 li.oo0 12.20 2.06 12.05 |©.50
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Run No. A47- 22-24
Bun Conditions:
Temperature j‘..)'o °C

Lharge | Reactor | Teed Tank

Dibenzyl | 6%

Tetralin I

Decalin

X5t 1499 9

~ L d
i ch sK »
Sample: 1 2 3 4 FV EOy 17 10
Fime (Min) ) 2 |
—Component we 2
Bensene 0,13
Toluene 0.14 0.74 0.23%
Ethyl Benzens
Indane
Dec. &/or M-Ind. -
Tetralin 058 | 0.60 0.79 0.718 B
Naphthalene
Dibenzyl g.0719.17 9.12 $.30
MsTY 90,21 90.23 88.49 94.87 90.70
Unknowns : .

Light
Medium 0,10
Beavy 0. 81
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hun No. HT-77-3/

hun Conditions:

Tesperature ﬁﬁo *C

Charge Reactor VPeed Tank

Dibenzyl /S 3

Tetralin 75e 50

Decalin 4 8

MST

Sample: 1 | 2 l 3 | 4 5 | 6 7 s |ol | 10
Ime o) | 0 | /5 |30 |60 |70 /0 |10 (o0 | |
Component We %
Benzens 0.57]0.9¢ 10.78 Loss 067 |o47 o0 jor3
Toluene 0891092 (25879 |5.96 (7.0 18495 |8.80 [9.72 }1./3
Bthyl Bensene 0./3 o2z (o3 l0.39 o500
Indane 021 _lod43 \ogz |1.21 147 /.62 119/ .
Dec. &/or M-Ind. 1.28 1271/ _15.09 19.39 |1i2.9491 /466 648 V279 V2.11 |
Tetralin 5716498 |50.43 |73.63 |¢8.99 |¢4.27 le1.12 |5643 |5¢. 94
Naphthalene g.aa /496 1252 194.59 1596 | 7.¢2 |82/ |2.497 Jo.6/
Dibensyl 465 1865 |6H 4.67 | 278195 V122 o72 |97
Unknowns :

Light 0.38 jo.s0
Medium .85 0.8 10.91 0.93 |o.95 124
Beavy 0.85 10.27 10.33 10.2) j0.29 lose |0.65 b.eo |cg0
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hn ¥o. _AH7-76-8
hun Conditioms:
Temperature __ <[ 75 °c

Charge Reactor Ysed Tank

Dibensyl /54

Tetralin 75q. £Ca

Pecalin v ~

ST

Sample: 1 2 3 4 5 6 | ? | s | 9 | 10
pmotn) [ O [ /0 40 [70 [0 |/20 |60 | 2751 |
— Componant we X
Bensene '0/ 9
Toluene 5.98
Sthyl Bensens 0.94
Ind | 3,02 _—
Dec. &/or ¥-Ind. 22 65
Tetralin 119.4.
Naphthalene 12,90
Dibensyl .27
Unknowns :

Light
Madium 0,20
Naavy 131
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hn k. tiz' 26‘/3
Bun Conditions:
Temperature ﬁOO °c

_Charge Reactor Peed Tank

Dibenzyl 30g

Tetralin /Z‘Oﬂ

Decalin e

MST

Sample: 1l 2 3 4 5 6 7 8 9 |10
Iime (Min) O |30 | 60 |90 | /20 | 180
—.Component We 2
Bengene .
Toluane 19.67 27,26 }/5.3)
Bthyl Bensene —
Indans 1 L
Dec. &/or M-Ind. ©.%9 /.29 —
Tetralin 77.20 g. 14 77,31 7/.65182.70
Raphthalene .76 0.9 0.8 0.3, 10.10
Dibenzyl 19.64 6. T Z. 1 0.2¢6 1040
Unknowns : .

Light
Medium

Heavy 1.4] 0.99 073 |  lo.46 |1.24





