CHAPTER 4

was constructed at the

Department of Chemi ieering; gkorn University. The

maximum design pr ' s ra tmse were 100 bars and 500°C,
respectively. ) trucu"h were all stainless
steel. Swagelok v ittir ve uﬁod ‘throughout the reactor
system. 2 A\

e the reaction

be reactor tube was

the re'gftion temperature was

which a thermwelﬂ was U'en’&‘ally

-

temperature wlthi. sheathed therm
placed in an elegrical“"
controlled via the voltage suppliedby two slidacs. The starting
material conﬁlu g} Q—u&m MQQ'§ The hydrogen gas

was supplied to the reactor ffom a gascgylinder thrnlila pressure

controﬂvgﬂf] MQQM m’lg m ﬂﬂ@ operating

pressure of the feed Hy. n-Heptane feed was stored in a stainless
steel cylinder and pressurised by nitrogen gas to the desired
reaction pressure. The actual flowrate of the reaction gas was
measured by a wet gas meter at the reactor outlet.

Figure 4-1 shows a flow diagram of the high-pressure reactor

unit used in this investigation. Nitrogen gas was used to purge the
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system before and after each experiment. Ny, was also used to
pressurize n-heptane to the operating pressure. Valves SV-1 and SV-9
were for the Ny and Hy cylinders, respectively. To regulate the
pressure of the hydrogen gas, a pressure control valve was used. The
PCV had two pressure 1nd1<:ators, one for the inlet and one for the

outlet pressure. Needle valvé“ & ed to adjust the inlet flow
rate of n-heptane, m@w-‘; waéyd:ogen gas. In addition,

T—

a40mzx 0.25 mm¢ | was iﬁs{:ﬂ.hd next to NV-1 in order

to control the n: hgptane as . low as possible. Needle

valves NV-2 and b Wm;p ;Lnstallﬂ at the outlet of the

bsmn. PI indicated the

pressure in the reaction syst,em SP SP-2 were sampling ports.

4.2 LeakTestofmgeactorSet

s YLLK faY o S

the severe operatmg conditions, cheeking for leakage must be

carri@ ﬁlﬁ ﬁﬂ‘ﬁlmmge’}owe&aw as unions,

joints, valve handles, etc. In the first stage, that is from normal
pressure to intermediate pressure (0-20 bars), nitrogen gas was used
to test for leakage in the experimental apparatus. Next helium (He)
gas was used for the high pressure test (20-100 bars). During the
test, two methods were used to check for leak.
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4.2.1 Soapy solution method
1. First open the outlet valve of the nitrogen (or
helium) tank to supply gas into the experimental apparatus.
2. Increase and adjust the pressure of the gas

in the experimental apparatus with the pressure control valve.

%‘A onto all areas susceptible

ell-tale appearance of

to leakage.

gas bubbles. action, such as
tightening of
bubbles have been

has successfully

est as next carried out

A8 TTHRIT W B S it o

4
to the design pressure (100 bars), and shut off all the outlets.

o) VA0 k] bl el st e sressure

gauge and after letting the unit stand for 24 hours, read the

been completed, I_I stat

as follows:

remaining pressure. If it is within 5% of the original value, the
leak test is deemed to be successful. Otherwise, make careful
inspection of all leak-prone areas and tighten them, if necessary.

Then repeat the static pressure test as above.
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4.3 Reconstruction of Electric Furnace and Measurement of Its Axial
ature Distribution

The constructed furnace, which was designed to ensure
isothermal operation of the reactor, was made of refractory bricks
and heating wires. Four bnmrre divided into two sides, each

& lly connected. Next a

central hole was Car\émof both sﬁxzh that the reactor tube
might be placed smﬁ/ 7

out of the wal; of C

side consisting of twe br

e:;alltm?k?‘r‘ooves were next carved
g‘-u‘to insert the electrical heating

wires. Finally each Wi d in an aluminium or tin sheet,
and the two sides werg ' ﬁo%tlﬁr on_ ohe 51de edge, so that the

furnace could be o

discharged.
“5'.'9': 2l

The reaction te ureﬁ controlled by two sliding

wires. Measurement

voltage devices ta vary the volthge of the_m

made by inserting a

When the whole state, the axial
temperature % ; mwﬂilﬁﬁhﬁ CA (Chromel-
Alume Lﬁl tribution,
specn.m a ﬂ:ﬁdmr:mmi etched or

compressed accordingly by trials and errors until the maximum axial

temperature variation within the middle 10 cm region of the furnace
was less than + 5 OC at 500 ©°C. The observed axial temperature
distributions with no gas flow inside stainless tube are shown in

Figure 4-2.
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4.4 Preparation of Catalysts

Zeolitic catalysts used for this research were kindly
supplied by TOSOH Corp.,Japan. They were transformed to the protonic
form by ion exchange. Firsf an ammonium solution was used to change

the sodluuformtothealmmu , and then the catalyst sample

was dried and calcined t&%

catalyst the active p

ammonia gas, rendering the

(;a yst was as follows:

3 continuously stirred

tep 1 was filtered and

Zthrmxghsteplandz

ee more times with

-

distilled water. D T i
resulting NH mrdemte catalyst was dried at
k 5. mord'emte catalyst was calcimed in open
. AR ST IR g
resultlng in H-Mordenite (HM) catalyst.
Chemical reactions concerning the modification of the

Na-mordenite catalyst are :
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stir
i) Na-mordenite + NHy *(s01R) > NH4-mordenite
()
450°C s
ii) NH4-mordenite - > H-mordenite + NH3(g)
Calcine

HY Catalyst

The preparation // the HY zeolluc catalyst

consisted of the ve preparat:n.on. Chemical
reactions 7

osmamsmwmm

HY was impregnated with chloroplatinic ac1d solution. Drying

o ABAAIAIAIAIINGRY

0.5 wt$ Pt/USY Catalyst
Ultrastable Y 2zeolite (USY) was impregnated with HoPtClg
solution. Drying and calcination were carried out as above.
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0.5 wt$ Pd/HM Catalyst
Pd/HM catalyst was prepared from PdCl,; and HM zeolite by the
impregnation technique. Drying and calcination were carried out as

L

Table 4-1 Composition of Zeolites Studied (TOSOH Corp.)

(1)
o ‘—;"f—
e

HSZ-320.NAA | TSZ-620 NAA |HSZ-330 HUA

coraec] U AN N3
oo I 3 QS TINEIN Y

Aly03 (wt %) dry basis 20.7 9.4 21.7
Nay0 (wt %) dry basis 12.8 5.5 0.10
Si07/A1503 (mole ratio) 5.5 15.3 6.1

Napy0/Al703 (mole ratio) 1.02 - 0.01
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4.5 Catalyst Loading
The following steps constitute the catalyst loading procedure:
i) 1.5 ml of the calcined catalyst sieved 20 to 30
mesh was weighed and its weight was recorded.
ii) The catalyst placed on a fine stainless steel
screen set in the mdd% Ip reactor tube. In addition,

two glass-wool pads whiacgs ~theréactor tube, one at the top
and the other at

iii)

hydroisomerization runs,

the catalyst was first %x:ed @u to the active metallic form
by passing a ﬂ°5 of hyai'égeﬂ mg%y? at 500°cC.
J—;j

i

The reactants used were n-heéptane (J.T.Baker Inc., 99.9 mol$%)

and hYdroqa Uﬂ(g %LEJ mimﬁ dilutant. The

reactants were fed at the d'es:Lred ressure to the tubular through-

cron Ehadtoe hishoue ) sobbsiention o /| )16 i

4.7 Analytical Method
The chemical composition of the liquid and gaseous products

4.6 Reactants I —

was determined by gas chromatography. A Shimadzu FID gas chromato-

graph (model 8 APrF), equipped with a 50 m x 0.2 mm¢ methyl silicone
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capillary column and a sample splitter, was used to analyze C3 and
higher hydrocarbons. To detect the hydrogen and Cq-C, hydrocarbons,
a Shimadzu TCD gas chromatograph (model 8 AT) equipped with a MS-5A

colum and a Porapak Q column was used.

run, it is necessary to

(usually about 1
procedure below.
a. Open
reactor system
atmospheric pressure.
b. Shut off open the valve of the Hp

gas cylinder and,turn &S’P&V cnob >gen flow through the

c. AdJustjhe flow

with the aid of NV-2'and NV-3. Usela wet-test flow meter to measure

ene 10w zats) 14 £ S VTEIVIOWENITIT
vonage %ﬂﬁ@ e r ctor t ttlﬁe E1:lo ’ﬁsﬁeﬂw applying

e. Open the valve of Ny to pressurize n-heptane to the

(o} ogiam the desired value

operating pressure and adjust the flow rate of n-heptane to obtain
the desired value with the aid of NV-1.
f. Wait until steady state condition has been reached.

After that, the temperature of the reactor and sampling port were
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recorded, in addition to theflow rate of gaseous product and liquid
product and the pressure of the system.

g. Analyze the gaseous product and liquid product with the
Shimadzu Gas Chromatographs.

h. Raise the reactor temperature to another desired

reaction temperature, @‘W/GW, 280°, 300° and 320°c,
respectively. § 7 .//

| —— 9

i. Take id product to analyze

at each reactio atuve a new steady atate condition

gas left in the syﬁem  Use - tcﬁ'aph for confirmation.

tographs according to the

mﬂﬂﬂ?%ﬂﬂﬁﬂﬂﬁﬂi
#IINYAY
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