CHAPTER III

EXPERIMENTAL APPARATUS AND ANALYSIS TECHNIQUES
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reactor, which is packed in the middle part with 10 grams of
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figure 3.1 A Schematic Diagram of the System
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catalyst supported by glass beads. The rector is made of a
43.2 cm (17 inches) loné, 1.27 em 10.5 inch) outside diame-
ter, and 0.089 cm (0.035 inch) thick, 316 stainless steel
tube. A 0.317 cm (0.125 inch) outside diameter, 316 stain-
less steel tube, with one end welded shut is used as a

thermowell. The thermowell isg secured in the middle of the

reactor. A small thermo inserted into the thermo-

well to measure the e catalyst bed during

._‘

the reaction. AIIW @laced outside the

reactor wall to me empe] . of the reactor.
This temperature eactor temperature.
Two heating bands at for the reactor.

An insulating mate “uw’ ped & the heating bands

surface.

Owllstream pressure and

~*ssure duage 2 The pressure of sample
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used to furtq;r condense the liquid product.
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filled with ethanolamine solution (67 vol$ ethanolamine in

is measured by p

water) and is located-downstream from valve 21. The outlet
gas flow rate is controlled by valve 21, a micro-metering
valve. A bubble flow meter and a low Pressure flow meter
are used to measure and monitor the gas flow rate.

The liquid products were taken every 6 hours during
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each experiment. After each experiment, the catalyst in the
reactor was divided into three sections called top, middle
and bottom. Each oil sample and catalyst sample were la-
beled and kept for analyses.

3.2 Analvsis Techniques

After each experiment, spent catalyst samples were

analyzed for coke conte tal distribution. Liquid

samples were analyz ion of each compound and

metal contents. /
- e T Ca}/
Each cat F s ' ‘rf‘ racted with tetrahydro-

furan in a Soxhle

catalysts were dri : omstemperature for 12 hours. Then
the catalyst sampl . al coke content and metal
distribution. » —

Coke Content d555533 i The coke content in this

U

burs. The catalyst samples are weighed at

room tempeﬁﬁﬁﬁ%ﬁ%%ﬁgﬂﬂﬁsso‘c (1022°F)

to burn off f§their carbonaceous mater1a1 for 60 hours.
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then weighed. The amount of coke is calculated by:

(1022°F) for 60

Weight % of Coke Content = (wl - w2) * (100/wl)
where

wl

Weight of spent catalyst

w2

Weight of burned catalyst
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Metal distribution determination: A JEOL Model JSM-
T220A Scanning Electron Microscope equipped with a LINK
Model EDX 860 Energy Dispersive X-rayv Analvzer is used to
determine the metal distribution in spent catalysts. A
catalyst pellet in each section is cut cross-sectionally and
placed in a vacuum chamber. The metals in the catalyst are
Jfﬂiferent energies. The

V r locations from the

—

edge to the cente? le@hown in Figure 3.2.

Gas Chro 3 ‘ liquid products: A

analyzed by the X-ray be

catalyst samples ar

Perkin Elmer Mode 1& Ch. ! h equipped with G1
Sciences capillar ' a1 i used to determine

the amount of thio Lo Tuene” eir hydrotreating

&‘ﬁ 2
products in the 11q d,<-

Y oximately 0.5 microli-
Jl‘.

ter of liquid sample into the Gas Chromatograph.

g-l‘_':. [t ;—‘, !_—-_. \ .
The sample is waporized at a h smperature and mixed with

a ' |
a carrier gas. Bar ok e 1s split and vented
I ' Il

to the atmosphere, only a small portion of the gas mixture

flows into ﬂugﬂfﬁ%s%g%‘:ﬂyarﬂﬁm the gas mix-

ture adsorb ‘dnd desorb in the caplllary column at different
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heav1erQCompounds. The desorbed gas is added to the make up

gas to increase the gas flow rate. The gas mixture flows
though a tip where the compounds are burned in a hydrogen
flame. Flame Ionization Detector is used to detect the
signal. The signals are plotted and integrated. Then they

are printed on an Epson FX 850 dot metrix printer. The
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operating conditions of the gas chromatograph are summarized
in Table 3.1.

Qualitative analysis: The compounds are iden-
tified by comparing the retention times of the unknown peaks
with the retention times of standard compounds. Table 3.2

shows the retention times of standard compounds suspected to

be in the samples. The etention times were

measured in our lab same gas chromatograph
e results obtained
from the gas chr h Were u determine composi-

as shown on the

tion Laboratory Model E§E§§§ 7

sorption is a chemical analysis technique

which uses ﬂﬂﬁ%ﬁﬁﬁ%%ﬂnﬂﬂ ﬂngas phase to

analvze the ‘Metal atoms. It is used to analyze metal sam-

piee @ U1 608 FYTEL I R BT oo

Althoud% it is very sensitive and quantitative technique, it

Atomic ad

can treat only one element at a time.

In atomic absorption spectroscopy, a solution of the
sample .is introduced into a chemical flame as a fine aerosol
or mist. Here the solution droplets first undergo desolva-

tion and the resulting particles are dissociated into atoms.



TABLE 3.1 Column Conditions
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Initial
Initial
Héating
Final
Final
Injector
Detector

Temperature
Time
Rate

Compounds<;

Benzene
Thiophene

30°C

10 minutes
5°C/min
80°c

35 minutes

170°cC

170°C

ention Time (min.)

125
7.45

creonpi it ] ] T’IEJ"MW BINT 7.7

Methyldﬂclohexane

11.25
.7}




115

These atoms are in their normal electronic configuration,
the "ground state" or zero energy state. An external light
source is employed to emit the atomic line spectrum of the
atom to be analvzed. . The light from this source passes
through the flame containing the sample and is absorbed by

the ground state atoms in the flame cell. The photons

%

emitted by the element i ernal source have exactly

the energy required e ground state element

-J
in the flame. TDW, @n emitted or ab-
sorbed by an elemM ] on the atomic concen-

tration of that e
d by a detector
which generates th G ol ‘g monochromator is
usually emploved in /. Brocess h signal is then ampli-
fied and displaved o . f:“' read out system. The

unknown signals are co i ththe signal of standard
g _g:g;p;d oL g

Approxi “0ils were weighed

plate at 75°C to

vaporize moﬂ ﬁ ﬂ?ﬁﬁﬂ? wﬁﬂaﬂ] ﬁ ?s gently added

with 20 millilliters of concentrated nitric ac1d and one
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lowed tdl boil on the hot plate to digest the sample until a

and heated in a c¢ ramic crucible on a ho

homogeneous liquid mixture formed. Then they were diluted
with deionized water to make the solution volume of 100
milliliters. These solutions were readily taken to analvsis.
Standard solutions used to prepare a calibration curve were

metal-nitrate solutions, from Koch-Light Laboratories.
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