CHAPTER [V
EXPERIMENT

This research is divided IRE% ' : the catalyst preparation , the catalyst
characterization, the catalys{a'cmaﬁ e dehydrogenation, and the coked

catalyst characterizatlonMPart.)deta@edure, including the chemicals
and apparatus, are de 6 f N ——

‘normally Analytical Grade, but
only some critical chemi S
(1) Chloroplatinic/Acid: [Hg@z )] was manufactured by Wako Pure

Chemical Industries Co., Ltd .J,apa!g,
S]ra&'lous Oh!odde M;ﬂ@.ﬁ;m was manufactured by

Fluka Chemie AG, _}ieﬂand

(3) Lithium Nitrate

Republic of Germany. .«

(ﬂ %&L '}iﬂﬂa%ﬂ(ﬁ ngaquﬂ@: by E.Merck, Federal

Republic of Géunany

2 W) /M ?ﬂj MQQW”WE‘Imm Federal

Republie of Germany.
(6) Alumina [AloO3] Support (type KNH-3) was obtained from Sumitomo

3] was mandt}ctured by E.Merck, Federal

Aluminium Smelting Co., Ltd., Japan.

2. Apparatus.
2.

This unit which consists of pestle, mortar and sieve, is used for

reducing size of the catalyst support to 60/80 mesh Figure 4.1 shows the
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photograph of this unit.

F : ry. *° - ;
Figure 4.1 Unit for grinding %}d"'screening support.

f .

2.2. Unit for'impregnation, /..

This unit whigh consists fﬁi’fﬁlpette flask, dropper and volumetric

T

flask, is used for preparing aqueous soluthmw |mpregnat|ng the solution onto the

support. Figure 4. {shows the photograph of this unit.
-—J:

Figure 4.2 Unit for impregnation.

2.3. Unit for calcination.
This unit which consists of an electrical furnace, an automatic
temperature controller, and a variable voltage transformer, is used for calcining the

impregnated catalysts at high temperature.

I 13959644
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3. Preparation of platinum catalysts.
3.1. Preparation of support and stock solution.
(a) Preparation of support.

Alumina support (AloO3) was grounded to the required mesh
size of 60/80 and then washed with distilled water 3-4 times to remove the very fine
particles and the other impurities. Dried at 110 c overnight, the support was then
calcined in air at 300 °C for 3 hours. = = / ,

(b) emmwj@o

(1) Platinum stoek solutign....

n’?g p“laﬂnurr} complex solution was prepared by dissolving
1 gram of Choroplatini€ Acid‘in.de-ionized water to the total volume of 25 ml.

At ﬁh'/étock'solution

|| ium nj_t;ate solution was prepared by dissolving 5
i ~|2ed watsr to the total volume of 25 ml.

i rf-‘

ium; stock s,qm:on
The sgdgum nrtr_;}g solution was prepared by dissolving 3
grams of sodium nitrate in de-{énized wateg_o_i@'ne total volume of 25 ml.
(4) Potasshim stoeltT_
;'j The potassmm nitrate scz!utio{ was prepared by dissolving

S

e

1 gram of potassnum’lnltrate in de-ionized water to the foratjvolume of 25 ml.
3.2 Emdammm_mmummamum_caxm.
(a) Bimetallic catalysts.

(1) The impregnating solution, for 2 grams of support, was
prepared by calculating the amount. of the stock solution to yield the required metal
loading) (APPENDIX-AL 1)) The seconid riefal’was tin (APPENDEX A.1). Hydrochloric
acid, 5iweight percent of support, was then added to the solution. De-ionized water
was finally added until 2 ml. of the solution was obtained.

(2) 2 g. of support was placed in a 100 ml. Erlenmeyer flask
and then the impregnating solution from (1) was slowly dripped into the support by
usin a dropper. Continuously stirring of the mixture in the flask while impregnating was
required to obtain the homogeneously distributed metal component on the support.

(3) Leave the mixture in the flask for 6 hours to obtain good

distribution of metal complex.
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(4) The impregnated support was dried at 110 °C in air over
night.

(5) For calcination, the dried material was placed in a quartz
tube. Nitrogen was introduced into the tube at the flow rate of 60 ml./min. The tube
was heated at an increasing rate of 10 °C/min. until the temperature reached 200 o)
Then the nitrogen was chanéed to air at a flow rate of 100 ml./min. (space velocity of
about 2,000 hours“1) until the temparampe /eaced 500 °C. The material was held in
this condition for 3 hours. f’

(6) “For redugtion, aﬂer calcined in air for 3 hours, the

material was purged brmhfgen gas. Then switched to hydrogen gas for another 3

the same method as describe step‘:1 to fsein section 3.2 but in this section there will
be two metal components in the lmpfegnaﬁgg solutlon

Afté{ cqlmnetvon théféﬂcmed material was reimpregnated by
alkali metal impregnating sqlutlon (calcu:ﬁ . of alkali metal loading shows in
APPENDIX A.1). Thb reimpregnated materlal was treateﬁ by the same procedure as
step 3to 6 in sectnorf 3.2. -sJ

S T

1. Determination of metal content.

Pércefitagé of each metal) Ioaded onto, the | catalysts-iyhich were prepared
in this reseach was aﬁalyzed by Atomic Absorption and Inductively Coupled Plasma
Emission Spectrometry Method.

The catalyst was prepared in solution form by the method described below:

A certain amount of catalyst (about 50 mg.) was digested by digesting
solution; 20 ml. of concentrated hydrochloric acid, 10 ml. of nitric acid, and 10 ml. of
de-ionized water. The mixture was heated until the color of the support changed to
white. During digestion, water was added into the solution to maintain the volume of

the solution. Afterward, 2 drops of hydrofluoric acid were added into the mixture to
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digest the support. Heating step was proceeded until all of catalyst was dissolved.
Then, the volume of the solution was made up to 50 ml. by de-ionized water.

The prepared solution was analyzed for Platinum and Tin content by
Inductively Coupled Plasma Emission Spectrometry (ICPES, Perkin-Elmer PLASMA-
1000) and for alkali metal content by Atomic Absorption (AA, Varian Model Spectra
AA-300). The measurements were performed by the Scientific and Technological
Research Equipment Center, Chulalorﬁgk&;@)’/rjversity.

=

2.

2.1 Materials™ !
The 95// % helium was used as a carrier gas. The hydrogen was

used to reduce the ¢ e carbon monoxide was used as an adsorbed gas and
§i A0

Ll

a standard gas.

2.2

the basis that one CO ecule, iqhsorb'g‘rgr}_gn one metal active site [52]. The flow
diagram of the CO adsorption s shown m@_@ 4.3. The amount of CO adsorbed on
the catalyst was measured_‘,;g\;j’he The?_'@a_lr Conductivity Detector (TCD.). The
operating conditioq_é_-pf the detector afe shown in Tal)_iq: 4.1. The sample tube was

made of quartz tube. A

Table 4.1 Operating condition of TCD gas detector.

Cafrier|gas and flow rate He 30 ml.3/min.
Temperature of detector 80 °C
| Detector current 80 mA!

2.3 Procedure.
(1) 100 mg of catalyst was placed in the sample tube. The
temperature was raised to 400 °C at the rate of 10 "C/min. The catalyst was reduced
by the hydrogen at this temperature for 1 hour.

(2) Sample tube was cooled down to room temperature.
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Figure 4.3 Flow diagram of the CO adsorption apparatus.
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(3) The sample was then ready to measure its metal sites. 0.18 ml. of
CO was injected to the injection port. The CO injection was repeated until the catalyst
did not adsorb CO gas.

(4) The amount of CO adsorbed was measured. The amount of metal

site was calculated (APPENDIX A.2).

3. Surface area measurement. | |
3.1. Materials. /7
The helium and nitrogen were USed as carrier gases. The liquid

nitrogen was used to coelthe sample tc} boiling temperature of nitrogen.

3.2. / §
tus 3pnsn ed of two gas feed lines for hellum and

S aaju'ted by means of a fine-metering valve: The

nitrogen. The flow rat
sample cell was made of/pyrex lass;_ Tt? four—port valve was used to direct the flow
of gas to pass or by-=pass t _.qur_ﬁfnle. "jj:qu‘-‘ flow diagram of the BET surface area
measurement is shown in Fi Uré,,» é‘:4. Thé;:p;;erating condition of the gas detector is
the same as shown in Tab 4‘;1"_.:'?:-"'.

3.3. Procedure. _ '~:! LS .

TheAmixture of hellum and nitrogen gas.ﬁowed through the system at

the nitrogen relatlvejamal pressure of 0.3. The sampl'e..u}as placed in a sample cell
which was then heated up to 150 °c and held at this temperature for 1 hour.
Afterwards it was cooled down to room temperature. The sample was then ready to
measure its strface area. There were three steps in the surface area measurement :
adsorption, desorption and calibration.

(). DAdsorption step| 1) (the) sample (cell", was dipped into liquid
nitrogen. The nitrogen in the gas mixture was adsdrbed onto the ‘surface of the catalyst
sample until equilibrium was reached.

(2) Desorption step : the sample which adsorbed with nitogen was
dipped into water at room temperature. The adsorbed nitrogen was desorbed from the
surface of the catalyst sample. This step would be completed when the recorder line

returned to the base line.
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Figure 4.4 Flow diagram of the BET surface area measurement.
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(3) Calibration step : 4 ml.3 of nitrogen gas at atmospheric
pressure was injected at the calibration port. The reference nitrogen peak appeared in

the same direction of desorption peak. (See calculation at APPENDIX A.3).

4. Electrical Conductivity M I

4.1. Materials.
Hydrogen gas was used to reduce the sample.
4.2. Apparatus.

The catalyst was greund {0 finely. powder and then reduced with
hydrogen stream ( 30"ml./min) at 309C for 1 hour. "At the end of hydrogen period,
the finely powder of céia;lyst was preséfzd in a pellet die under 2000 psi for 5 min.
The electrical resistance of the pellet wgs measured by PM 6303 automatic RCL
meter (Philips) througi® the peﬂet ~die assembly The thickness and the cross section
of the pellet were measured 6 that t&)e "specific electrical conductivity could be
calculated (APPENDIX A.4) These measurements have been used only for
qualitative guidance [53]. A '!:Jt"..!

The photogfapﬁs; §f pellet--d_-i'e",’rénd PM 6303 automatic RCL meter
(Philips) were shown in Figure 45 Tﬂ—

—
S %)

Figure 4.5 Pellet die and PM 6303 automatic RCL meter (Philips)
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i e e | b -

1. Materials.

Mixture of 20 % propane in nitrogen supplied by Thai Industrial Gases
Limited was used as feed stream for the dehydrogenation in this study. The hydrogen
was used for reducing the catalyst. The ultra-high purity argon was used for purging

X f
the system J {/ /

e

2. Apparatus. 23 et

Flow diagram.efthe propane dehydrogenation system is shown in Figure

4.6. The system co @ reactor, an automatic temperature controller, an

electrical furnace, and tr ling system.

2.1. “—

—

The dehydro tion "mieSoreactor is made from quartz tube, it can be

operated from room ‘temper ure ‘Up ftf"1 000 C under atmospheric pressure.
] ' ;

Sampling points are provide Catal}rst is pt‘?ced between quartz glass wool layer.
2.2,

G S ‘..‘f

Automatic temperature commller consists of a magnetic switch, a

variable voltage transformer a temperature controlld (PF -96, RKC), and a

thermocouple. Tentp_drefure is measured at the bottom Q_thhe bed of catalyst in the
reactor. The temperature control setpoint is adjustable | withln the range between O to
800 °C.
2.3. Electrical furnace.
Electrical furnaee supplies heat to the reactor for propane
dehydragenation. /So_the:reactor-canbe @perated,from room Iemperature up to 800
°C at maximum voltage of 220 volt:
2.4. Gas controlling system.
The system consists of :
(1) A cylinder of 20 % propane in nitrogen,equipped with a pressure
regulator (0-50 psig), an on-off valve and a fine-metering valve is used for

adjusting the flow rate of the propane.
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Figure 4.6 Flow diagram of the propane dehydrogenation system.
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(2) The cylinders of ultra high purity argon, hydrogen, and 1 %
oxygen in helium, each equipped with a pressure regulators (0-120 psig), on-off

valves and fine-metering valves are used for adjusting the flow rates of these gases.

2.5. Gas chromatograph.

Flame ionization detector gas chromatograph was used to analyse
the compositions of hydrocarbons in the feed and product stream. The operating

conditions are illustrated in Table . 4.2." = | _
o
Table 4.2 Operating conditions of gas ghromategraph (GOW-MAC).

i 1

S

Model f7 KL GOW-MAC
|

FID
VZ-10 3D*3m.

i
* 3 1 25 ml./min.

Nitrogen fl

Hydrogen flo s 1L [ e B ONMLYmin.

Air flow rate L 4 240 ml/min.
Column températdra -:_% K.
Injectoion temperaju{e:" ?»-51-0_%
Detect_c;étemperature 70 % ﬂr J
o s
3. Procedure.’ 0

The_deactivation. of catalysts was' performed by propane dehydrogenation
reaction. ‘

(1) 0.1 gram of catalyst was packed in the  middle of quartz
microreactor. ' The reactor| was “placed| in the furnace ‘and thep ‘argon gas was
introduced into the reactor at a flow rate of 30 ml./min.

(2) The reactor was heated up at an inéreasing rate of 10 "C/min. until
the temperature reached 200 °C, then changing from argon gas to hydrogen gas with
the same increasing rate until the temperature reached 500 °C . The temperature
was held at 500 "C for 10 min. The flow rate of the hydrogen gas was 100 ml./min.,
and the catalyst reduction time was 1 hour. After this pretreatment was accomplished,

the catalyst was ready to be used for the reaction.
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In this section, the reaction condition were varied and the effects were

studied as follows:

The alkali metal promoter were used to incorporate onto the

same support as the platinum-tin were lithium, sodium and potassium. The reaction

conditions used for the study of th| v, /vere 600°C, space velocity of h-1 and

hydrogen per hydrocarbon rau.g =1

i ddal

4

. b
- i < MK
'J’ *\\ S

(3) When tile fime on siream was 0 minutes, the dilute propane and
AL 2
hydrogen were switched bz *t‘?:f_ﬁié_.‘grg{? 2 The reactor temperature was hold at
the reaction temperature for 2 hom =
3 BE L ‘"?N"-

b ¥

vy

’]ﬂi

] 5 ’} > 2L b ‘-..: > ;lh - 5 : M "
: observed with a JEOL Scanning
Techn i v REC)

-

2.1. ‘Materials.
The 1 % oxygen in helium gas mixture supplied by Thai Industrial
Gas was used for oxidation reaction. The 99.99 % helium was used for purging the

system.
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2.2. Apparatus.

The apparatus included two gas feed lines for helium and 1 %
oxygen in helium. The proper gas was chosen by means of a three-way valve. The
flow rate of the feed stream is controlled by a fine metering valve. The reactor was
made of quartz glass with an outside diameter of 8 mm. The temperature of the
catalyst bed was measured by a thermocouple. The reactor was placed in a furnace
which various heating rates was controllﬂq«- by a programmable temperature controller
(PC-600, Shinko). The flow diagram of th@ is shown in Figure 4.7.

The operating  congdition—of"" gas chromatograph (GC-8AIT,

Shimadzu) used for analysin ine effluent stream 18'shown in Table 4.3.

3’}’;[8_ the reactor was purged by a helium gas stream
perature was raised to 105 °C for desorbing CO2
bed y/heb the catalyst was exposed to air. Afterwards,

and water which might

the reactor was cooled 1 1o room tgmpqrature and the gas stream was switched

Y j-i E J:fd.
Table 4.3 Operating con tlonfof gas chroma!égraph (GC-8AIT).

it ""-l'

e T, S

e e

ModeLé = GQ BAJT {Shlmadzu)
Deteci’ofil : TCD ;"J

Packed column Porapak @S (200x0.32 cm.)
Column temperature 90°c

Detector/injector temperature o’c
He flow rate 60 ml./min.

' Dehtector currerit 90 mA.

from helium to 1 % oxygen in helium, the flow rate of the gas was adjusted to 30 ml./
min.

When the flow rate of the 1 % oxygen in helium gas was steady, the
temperature programmed oxidation of coke was started. The temperature was raised
to 700°C at the heating rate of 5 °C/min. When the temperature was 50 °C, the

effluent stream was sampling every 5 min. by an on-line gas sampler. The amount of
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oxygen consumption and carbon dioxide production were measured. The

hydrogen/hydrocarbon ratio was calculated (APPENDIX A.4).

3.

In this section the Pt-Sn-Nas/Al203 catalyst were determined for the

location of reversible and irreversible coke by regeneration method described below.

. ’
3.1 /":':__,

The apparatus and materials tsed for determining the location of

reversible and irreversible” coke on metal sites of eatalysts were the same as those

used in the propane :rﬁ/a/r‘jﬁ)aﬂon reaction. Measurement of coke-deposited metal
e 4 :

F

sites was described

- A

catalyst at 250 °C a dda n of coke on catalyst at 500 C

(a) ‘ 5
After ‘the. pn)pane dahﬁdfogenatmn reaction was performed as
described in section 4.4. The reactor was mqled down to ambient temperature and

measured active snteb )
10

(b)”memign_ochlse_on_calathls_aLZ.SD*'_Q

The catalyst was heated up to 170 °C and maintained at this

LLH

temperature for 30 min: in_order to.remove the adsorbed CO. After changing from
argon to 1% '0xygen in helium gas mixture at the- flow rate of 30 mil/min to oxidize
coke for 30 minutes, the temperature of catalyst was increased to 250 °C. Then , the
1 % Oxygen inthelfumigas, mixture was substituted, by helium™at the same temperature
for 5 min to ensure thét all T % oxygen in helium gas mixture was flushed from the
system. After oxidation catalyst at 250 0C, the catalyst was heated up to 500 °Cand .
then reduced in hydrogen stream(30 cc/min) at the same temperature for 1 hour. At
the end of reductive period, the reactor was cooled down to room temperature and
measured active sites.
(c) QXIdaILQD_OLQQ.Ke_QEL_C.alal)LSlS_aLﬁQ_QiQ
Removal of the adsorbed CO was described in section (b). At

the end of coke oxidizing on catalyst at 500 °C for in 1% oxygen mixture gas, the
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system was purged by helium gas. Then switch to hydrogen gas for 1 hour at the

same temp_erature. The reactor was cooled down and measured active sites.

AUEINENINEINS
ARIAINTHUR NGNS
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