Kurz-Info

afA Partikelanalytik

GmbH

TPD/TPR/TPO-Messungen

Temperaturprogrammierte Desorption/Reduktion/Oxidation
(TPD/TPR/TPO) und Pulssorption/Chemisorption
Gerat: TPD/R/O 1100 von Thermo Scientific

Messprinzip

Bei dieser Methode werden die Adsorptions- bzw. Desorptionseigenschaften von Proben im Gasstrom
in Abhangigkeit von der Temperatur untersucht. Ein typisches Beispiel fur die Anwendung stellt die
Ammonia-TPD zur Bestimmung von sauren Zentren bei Zeolithen dar.

Zunéchst wird das Probenmaterial (ca. 0,1-1 g je nach Art) in einem Quarzglasrohr mit Hilfe von
Fritten aus Quarzglaswolle fixiert und in eine temperierbare Probenzelle eingebaut. Die folgenden
Schritte Vorbehandlung, Beladung und Desorption finden direkt in der Messapparatur unter Variation
der Parameter Temperatur, Gasfluss und Gaszusammensetzung statt. Die Detektion des ad- bzw.
desorbierten Stoffes erfolgt Uber die Messung der Warmeleitfahigkeit des Gasstromes nach
Durchgang durch die Probe nach Eichung auf das jeweilige Sorbat.

Probenzelle MeRgréRen

Warmeleitfahigkeitsdetektor (TCD):
» Warmeleitfahigkeit des
Abgases als Signalstarke
vs. Zeit
* Flachenkalibrierung bzgl.
Adsorbat

Probe: -« Pulver/ Pellets etc
* Einwaage
» Temperatur vs. Zeit

Ofen: + Temperatur vs. Zeit

NN / Gas: * Art vs. Zeit
* FluR vs. Zeit

Vorbehandlung

Im ersten Schritt wird das Probenmaterial in einen moglichst gut definierten Ausgangszustand
gebracht, so dass eine optimale Adsorptionskapazitat gegeben ist. Dies geschieht Ublicherweise
durch eine definierte Heizrampe mit ausreichender Haltezeit bei Maximaltemperatur im Inertgasstrom
und anschlieBendes Abkihlen. Bei Zeolithen ist die Vorschrift Ublicherweise angelehnt an die
Kalzinierungsprozedur.

Die weitere Vorgehensweise ist abhangig von der gewilnschten Messart. Wahrend die Probe
beispielsweise flir TPD-Messungen in einem definiert beladenen Zustand gebracht werden soll, ist fir
die Pulssorption/Chemisorption eine vollkommen unbeladene und somit maximal aufnahmefahige
Probe erwiinscht und somit wird im Anschluss hieran die Messung gestartet.

Fur die TPD-Messung wird die Probe nach dem Abklhlen auf eine definierte Temperatur tber einen
langeren Zeitraum einem Gasstrom mit dem Adsorbat (Bsp. Ammoniak) ausgesetzt, so dass die
Messung mit beladenem Probenmaterial durchgefiihrt werden kann.
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Messung

Beispiele fur typische Messzyklen finden sich im Anhang als Auszug aus dem Gerétehandbuch.
Besonders interessant sind Experimente entsprechend den TPD-Messungen (pp. 86ff) beispielsweise
fur Zeolithe oder entsprechend der Puls-/Chemisorption (p. 87ff) fir Katalysatormaterialien und
Adsorbentien. Findet die Desorption in Form eines bestimmbaren Peaks statt, ist zudem die
Bestimmung der Desorptionsenergie (analog p. 91ff) moglich und sinnvoll.

Das Adsorbat kann ubrigens sowohl als Gemisch in Form eines Tragergases vorliegen, oder auch im
Falle der Pulssorption - bei hinreichendem Gasdruck der Substanz - durch Injektion mit einer Spritze
in den Gasstrom eingebracht werden. Mdglich ist auch ein kombinierter Ansatz: zunéchst wird die
Probe analog der Pulssorption bei konstanter Temperatur gesattigt und anschlieend in einem TPD-
Experiment die Temperaturabhangigkeit der Desorption untersucht.

Technische Daten
Anschliel3end noch ein paar Charakteristika zur Maschine:

Typische Probenmenge: 0549

Probenart: Pulver, Pellets etc. bis max. 1 cm Durchmesser
Temperaturbereich: RT-1.100 °C

Heizrate: 1 - 40 K/min

Vorhandene Tragergase: He, Ar, N,

...auf Anfrage: H,, O,, CO, NOy, synth. Luft, etc.

Pulsgase: NHgs, ... CyHpn nach Absprache

Gasfluss: 10 — 200 ml/min

Detektor: Wolfram

Sicherlich sind mit dieser Kurz-Info nicht alle Fragen geklart. Gerne stehen wir fir Ruckfragen zur
Verfliigung und sind insbesondere offen flir Anregungen beziiglich anderer experimenteller Layouts.

Kontakt-Daten: Dr. Andreas Hahn
ZetA Partikelanalytik GmbH
Bischheimer Weg 1
D-55129 Mainz
Tel.: +49-6131/210 31-23
Fax: +49-6131/210 31-24
Mobil: +49-171/539 23 88
a.hahn@zeta-pa.de

www.zeta-pa.de
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9 Calculation Methods

In the following chapter the following abbreviations and symbols will be used:

./av man

pulse

av pulse

sum
N, P
Ny
Ny
Ny
./ dro
Cr
CF int
Nads
Ndes

Hyeq

Amet
Asam
Asup
D met
dmet

Sample Mass [g]

Metal Percentage [%]

Stoichiometric Factor [metal mole / gas mole]

Metal Atomic Weight [g/mole]

Molecular Weight of Sample Active Phase [g/mole]

Metal Density [g/mL]

Square Section of a Metal Atom [ ?/metal atom]

Gas Molecular Weight [g/mole]

Time [s]

Total Loop Volume [mL]

Syringe Injection Volume [mL]

Injection Temperature [K]

Injection Pressure [hPa]

Reactive Gas Percentage [%]

Constant of Gases (8.314451 [J/mole K])

Peak Area in Manual Injections [mV s]

Average Peak Area in Manual Injections [mV s]

Peak Area in Pulse Injections [mV s]

Average Peak Area in Pulse Injections [mV s]

Total sum of peaks area [mV s]

Total Pulse Number

Number of Hidden Peaks in Pulse Chemisorption

Total Detected Peaks

Number of Last Peaks showing the same area in Pulse Chemisorption
Detected Peak Area in TPD/R/O Analyses [mV s]
Calibration Factor [mmole/mV s]

Internal Calibration Factor (Pulse Chemisorption) [mmole/mV s]
Amount of Gas Adsorbed in Pulse Chemisorption[mmole/g]
Amount of Gas Desorbed in TPD [mmole/g]

Amount of Gas Reacted in TPR/TPO [mmole/g]

Shape Factor

Avogadro number (6.023 10% [molecule/mole])

Metal Surface Area [mz/ g of metal]

Metal Surface Area [m*/g of sample]

Metal Surface Area [m”/ g of support]

Metal Dispersion [adsorbing metal atoms/total metal atoms]
Mean Metal Aggregate Diameter [nm]
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9.1 Loop Calibration

Perform the Loop Calibration procedure as previously described in this manual. When the Loop
Calibration run is over, load in memory the saved file. The following graph is obtained.
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Figure 84

Perform now the previously described procedures for baseline subtraction and peaks integration. In
the following example only three automatic injections and three manual injections have been
performed. Anyway, the recommended number of automatic and manual injections is five each.

In the above graph the smaller peaks are related to the automatic injections performed by the loop
valve (unknown loop volume) while the higher peaks result from the syringe manual injections
(known syringe volume). When the integration is performed, save again the file with the same file
name. The calculation of the loop volume is done manually.

ATTENTION: The total volume of the injections (in mL) results from the sum of the Loop Volume
and the valve dead volume. For instance, if a loop of nearly 0.2 mL is prepared and installed, the
total injection volume will be the sum of 0.2 mL of the loop plus about 0.1 mL of the valve dead
volume. Therefore the real value will be about 0.3 mL.

When the integration has been properly done, calculate the loop volume as follows (values are taken
from the above example):

Loop Volume Automatic Injections Manual Injections
Calculation (unknown volume V},,,) (known volume V5, = 0.5 mL)
| /pulse [mV S] ./man [mV S]
Injection 1 32052 41996
Injection 2 32827 41987
Injection 3 32884 41997
Average values [mV .s]: Jav putse = 32587.7 Jav man = 41993 3
Table 3
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Vioap 18 calculated according to the following relation:

1) Vloop / Vsyr = /avpulse //av man == I/loop = (Vsyr ./avpulse )//av man
That is to say in the above example:
Vieop =0.5 .32587.7/41993.3 = 0.388 [mL]

The found value of the loop volume must be typed in the relevant label in every Pulse
Chemisorption method. When the loop is changed, the calibration must be repeated and the new
value must be replaced.

9.2 Calibration factors calculation

The calibration factor is a parameter that must be measured and used if quantitative calculations are
required. The calibration factor puts in relation the peak integration value with the amount of
reactive gas chemisorbed or desorbed by the sample. A typical calibration run consists in an
experiment performed in the same analytical conditions (i.e. flow, temperature rates, starting and
final temperature, etc.) and with the same detected component.

9.2.1 By Manual Injections

The calibration by manual injections consists in injecting in the system known doses of reactive gas
by a calibrated syringe for gases. The resulting calibration factor can be used for the quantitative
computation in the experiments of TPD and Pulse Chemisorption. The following example of
manual calibration has been performed using the parameters:

Carrier = nitrogen

Flow =20 mL/min

Probe gas = 5% hydrogen in nitrogen
Syringe volume =1 mL

Atmospheric pressure = 1000 hPa

Room Temperature =25 C

Number of injections =4

This is the resulting graph after baseline subtraction and peaks integration:
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(B C:ACE Instruments\TPDRO 110040 ata\T empimanual inj 1 cc - 20ccm. 110 _ (O] x|
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Figure 85

The integration values are the following:

Nua /man mV !

1 22090
2 21763
3 22039
4 21745

Lo 87637

The calculation formula is the following:

2 Cr=(Ny Vor Xgas Pinj 107 /(R T [sum)

The same equation by dimensional expression gives:

[mmole/mV s] = [mL][hPa] [m3/mL][1/ 100][Pa/hPa][mmole/mole][mole K m?*/m’ N 1[1/K][1/mV s]
NOTE: 1 N/m°=1 Pa

In the above example, substituting the calibration values, we obtain:

Cr=(4.1.5.1000.0.001)/(8.314451 .293 .87590) = 9.36788 E*

9.2.2 By Automatic Pulse Injections

The equation used to compute the calibration factor using the automatic pulse injection procedure is
the same as equation (2) but instead of the syringe volume (V,,) the loop volume (V,,,) is used.
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9.2.3 TPR of Copper (ll) Oxide

Calibration runs for TPR and/or TPO experiments can be performed with a suitable pure sample
that reacts with the probe gas according to a well-known stoichiometry. The recommended samples
are copper (II) oxide (CuO) for TPR experiments and copper (I) oxide (Cu20) for TPO.

In TPR/TPO calibration runs the calibration factor depends mainly by the carrier flow rate.
Assuming that the carrier composition is always the same, only the carrier flow rate strongly
influences the Cr value. The best calibration conditions are anyway obtained performing the
analysis with the same temperature rate used during the calibration run. In the following paragraph
the example of TPR calibration will be considered.

NOTE: Only use substances having purity not lower than 99.99%.

Sample = copper (II) oxide -CuO
Active Phase Molecular Weight =79.54 g/mole
Sample Mass =0.0033 ¢

Carrier = H; 5% in nitrogen
Flow = 60 mL/min

Start T =room T

Final T =800 C

Rate =15 C/min

Room T =26 C
Atmospheric pressure = 1000 hPa
Stoichiometric Factor =1

The chemical reaction is H, + CuO = Cu + H,O giving the following result:
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Figure 86

Detected peak area / dro = 95899 [mV s]



The equation used for the calibration factor calculation in TPR/TPO is:
3) CF = (Sm 1000) /(Fs Msam /dro)

The same equation by dimensional expression gives:
[mmole/mV.s] = [g sam.][mmole/mole][gas mole/sam. mole][sam. mole/g sam.][1/mV s]

In the above example, substituting the calibration values, we obtain:

Cr = (0.0033 1000) / (1 79.54 95899) =433 E”

9.2.4 Internal Calibration Factor in Pulse Chemisorption

The TPD/R/O software, in the case of Pulse Chemisorption analysis, calculate a special calibration
factor, named as "internal". This procedure is completely automated when, during the automatic
peak detection and integration procedure, the calibration factor is not selected (Cr empty).
Therefore, the software computes automatically the internal calibration factor (Cg jn). Cr i 1S
evaluated according to the last peaks of the experiment, that is the peaks generated by non-
chemisorbed probe gas.

Consider the example of a pulse chemisorption experiment on platinum catalyst. The analytical
conditions are the follows:

Sample = platinum 2% on AI203
Sample Mass =0.2595¢

Carrier = nitrogen

Flow = 10 mL/min

Pulse Gas = hydrogen 5% in nitrogen
Analysis temperature =30 C

Room Temperature =30 C

Atmospheric pressure = 1000 hPa

Number of pulses =20

Loop Volume =0.7496 mL

In the following example, only the calculations regarding the internal calibration factor will be
described. The same analysis file will be later used like example for the result calculation.

The analytical graph is the following:
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Figure 87

The first five peaks (V) are hidden because the sample has completely chemisorbed the probe gas.
The displayed peaks are related to the not-chemisorbed probe gas and show these results:

Na : ulse
1 1295.36
2 4370.82
3 9002.24
4 13045.74
5 15039.47
6 16725.06
7 17594.40
8 18012.50
9 18505.34
10 18713.10
11 18739.80
12 18785.75
13 18791.05
14 18775.40
15 18724.36

In the above table, only the 15 displayed peaks are represented (NV,). In fact the first 5 peaks (V)
have been totally chemisorbed by the catalyst. The last 6 peaks (V) represent the catalyst saturation
status, as the probe gas (hydrogen) is passing unchanged through the catalyst bed. The internal
calibration factor will be calculated according to these last peaks (V).

We apply a modified equation number 2:

4) CF int = (Ns I/Ioop Xgas P, inj 1 0_3) / (R T inj / sum)
where:
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N = number of last pulses with the same area (= 6)
Jeum = total sum of last peaks area (= 112529.46)

Dimensionally:

[mmole/mV s] = [mL][hPa] [m3/mL][l/ 100][Pa/hPa][mmole/mole][mole K m*/m’ N][1/K][1/mV s]
NOTE: 1 N/m?=1 Pa

The calculated internal calibration factor using the above values is:

Crin=7932 E?® [mmole/mV s]

9.3 Results Calculation

The results given by the TPD/R/O software are derived by the information taken from the database
system. We strongly recommend checking that all the parameter related to the experiment under test
are contained in the database system. In case some information is missing, the correlated result
cannot be computed. In the following picture, some of the possible relationship during the analytical
and reporting process are represented.

Metals —» | Reactions Gases & Gas mix
Name, Formula, Gas, Metal, Name, Formula,
Molecular Weight Stoichiometric Factor | © Molecular Weight,
Density, Transverse Coefficients Prep/Analysis,
Section Percentage
Instrument
Unit and Gas Ports
Configuration
Samples l
Metal Name, Percentage
Methods
Pretreatment and Analysis
/ Parameters
v

Results | «—— Analysis

Sample Mass
Temperature, Pressure \

Calibrations

Figure 88
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9.3.1 Calculation of desorbed gas quantity (TPD)

TPD experiment provides the amount of gas desorbed from a catalyst in function of temperature. In
case the sample has been properly prepared, that is when the available active surface has been
properly saturated, the amount of gas desorbed can be used to evaluate the metal surface area and
dispersion (see later).

Consider the following TPD example.
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Figure 89

The integration provides the following result:

Peaks

# | star[min] | Stop[min] [Maximum[min)| Tr'C] [Integralmivs]  [Integral[umolyg] |
105 55,4 1051 | 394690.5 27 655695

Figure 90

The amount of gas desorbed is calculated according the following equation:
5 naes=Uao C) | S

The same equation using dimensions:

[mmole/g] = [mVs] [mmole/mVs] [1/g]

Substituting the values and considering S,, = 0.7136 [g]:

Naes = (394690.8 5.00014308 10°)/0.7136 = 0.0276557 [mmole/g]
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9.3.2 Calculation of reacted gas quantity (TPR/TPO)

Equation number (5) is used also to evaluate the amount of gas reacted in TPR/TPO experiments
(n,e4). Of course, the resulting peak area is calculated on the TPR or TPO profile.

9.3.3 Calculation of chemisorbed gas quantity (Pulse Chemisorption)

Considering the pulse chemisorption example already mentioned:

(B9 C:ACE Instruments\TPDRO 110040 ata\T empyh2-pulse Pt2%.110 _ (O] x|
300
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Time / min
Figure 91
Nd ./pulse ‘
1 1295.36
2 4370.82
3 9002.24
4 13045.74
5 15039.47
6 16725.06
7 17594 .40
8 18012.50
9 18505.34
10 18713.10
11 18739.80
12 18785.75
13 18791.05
14 18775.40
15 18724.36

In the above analysis there are 5 hidden peaks (&) at the beginning of the experiment. The first 5
gas pulses have been completely chemisorbed by the catalyst active phase, whereas the last 6 peaks
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(N;) can be used for the computation of the internal calibration factor (Cr ;) . From the above table
the following parameters are calculated:

Sav pulse = 1875491 (Average area related to Ny)

In case the calibration factor Cr was previously determined and selected from the relevant database,
it is not necessary to know parameters like Vi,op, T'inj and Piy;.

6) Rads = { Z( /avpulse'/pulseNd ) +Nh ./avpulse } CF/Sm

Nd
Dimensionally:
[mmole/g] = [mV s][mmole/mV s][1/g]

In case a proper calibration run was not performed, the software will automatically compute the
relevant internal calibration factor (Cr ;) according to equation (4).

7) Ryds = { Z( ./avpulse '/pulseNd ) +Nh ./avpulse } CFint/Sm

Nd
The equation number (7) gives the following figures:

Crinw =7932 E?® [mmole/mV s]
v putse = 1875491 [mV s]

S, =0.2595 [g]
N, =20

N, =15

N, =5

Nags = (55203.26 + 93774.55) 7.932 E® / 0.2595 = 0.0455373 [mmole/g]

9.3.4 Calculation of Metal Surface Area

The computation of metal surface area, dispersion and aggregate size is limited to the experiments
of thermal programmed desorption and pulse chemisorption, in case the catalyst has been
previously pretreated in order to obtain the above information. In fact, TPR and TPO experiments
produce the reduction or oxidation of all the species, present in the catalyst that can be reduced or
oxidized. Once the amount of gas chemisorbed on (or desorbed by) a monolayer has been
determined (7,4), the following equation gives the metal surface area:

8) Asam =L Rads Fs et 10.23
Dimensionally:

[mz/ g] = [metal atoms/metal mole][gas mmole/g][metal mole / gas mole][ ?/metal
atom] [mz/ 2] [gas mole/gas mmole]

In the above example of pulse chemisorption:
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L =6.023 107
Nas =0.0455373
Fv =2

Amet =89

Aggm  =4.88 [m%/g]

The metal surface area can be conveniently expressed as referred to the metal weight in the catalyst
(Amer) or to the support weight in the catalyst (4y,,)

8  Awer=Asam (I/ Xune) 10°

The above example gives:

Amer =488 (1/2) 100 = 244 [m*/g metal]

Referring the metal surface area to the support mass unit:

9 Aup=Am 107/ (A0 - Xer)

9.3.5 Calculation of Metal Dispersion

The metal dispersion is defined as the number of adsorbing metal atoms (or moles) referred to the
total number of metal atoms (or moles) that are contained in the catalyst.

10) Dmet = (Nads Fs 10 Mmel) /Xmet

Dimensionally:

Dy, =[gas mmole /g][met mole/gas mole][met g/met mole][gas mole/gas mmole][g/met g] 100
In the above example:

Myee  =195.09 [met g/met mole]

F =2

Xmel =2

Nas  =0.0455373 [gas mmole/g]

Therefore:

Dy =1(0.0455373 210 195.09)/ 2 = 88.84 [%]

9.3.6 Calculation of Metal Aggregate Size

The calculation of the average metal aggregate size is based on the assumption that the aggregate is
of spherical shape laying on the support surface. In the software calculation the shape factor (Sy) of
6 will be used.

11) dmet = Sf 103 / (Amet ,Omet)
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Dimensionally:
[nm] = [g/mz] [cm®/ g] [m*/cm’][nm/m]
In the above example for platinum catalyst:

Amer =244 [m*/g met]
Pmet = 2145 [glem’]

dpmee  =610° /(244 21.45) = 1.15 [nm]

9.4 Parameters Calculation for Multi-metallic Catalysts

In case more than one metal is present on the catalyst surface (multi-metallic catalysts), the result
related to the single active phases cannot be evaluated. The results are computed according to the
average values with respect to the relative percentages of each metal.

9.4.1 Stoichiometric Factor and Transverse Section for Multi-metallic Catalysts

120 F=Y( FeiXuai )/ Xoeri )

Where "i" is the index identifying each different metal.

13) amet=2( Amet i Xmet i )/Z( Xneti )

i i

The average metal atomic weight and metal density are also calculated according to the above
equations.
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10 Desorption Energy Calculation
The calculation of the desorption energy NHj; on a zeolite is reported as example.

10.1 Calculation of the Desorption Energy NH; on a Zeolite
Operatine sequenze:

1. Perform an adsorbment of pure NH3 or in percentage on the sample through flow or
performing an analysis of "Pulse Chrmisorption" up to the complete saturation.

2. Perform a TPD analysis, by using He as carrier gas, up to a temperature of 120 C. Maintain
this temperature for one hour, with the purpose to remove the part of NH; physisorbed..

3. Eseguire un analisi TPD, utilizzando He come gas di trasporto (carrier), con una
temperatura Tin = 120 C fino ad arrivare alla temperatura di completo desorbimento della
NHj; chemisorbita (nell esempio, 800 C) e mantenere questa temperatura per 30 minuti.

4. Perform a TPD analysis, by using He as carrier gas, with a temperature Tin = 120 C up to
reach the temperature of complete desorption of the chemisorbed NHj (in the example,
800 C) and maintain this temperature for 30 minutes.

Perform this operating sequence on a minimum of three batches of the same sample by using the
the same parameters (flows, initial temperature, final temperature and hold time). Exclusively
change the rate of the analysis temperature at the point 3. In the example rates of 10, 15 and

20 C/min have been used.

At the end of every analysis perform the integration of the peaks.

5. From the program press Load Data , then load the analysis performed at the point 3

keeping the Control button pressed and selecting the files with the mouse as shown figure
92.

Cerca in: |{_'—;QNH3 TFD j 4m 5 Fh-

=] Ac0109 2] AT3_L0°CTpdNH3_L 01_15°CTpdNH3_2
=] Alu+Tik3_20°CTpdNHI  [Z] AT3_10°CTpdMHI_2 Zeol_20°CTpdNH3_1
Az 10°CTpdNHS_1 =) aTsisecTpdibz 1 [ B e e
=] aluz_10°CTpdWHE 2 2] AT3_15°CTpdiHE 2 (2] Zeolitel_20°CTRdNH3
=] aluz_15°CTpdNH3_1 (2] AT3_20°CTpdNH3_L

| aluz_15eCTpdiH3_2 =] AT3_20°CTpdMHI_2

=] Aluz_z0°CTpdMHE_1 (2] Zeol_10°CTpdMHE_1
=] aluz_20°CTpdNHS_ 2 Zeol 10°CTpdhH3 2
=] aluminaz_20°CTpdNHE (2] Zeol_15°CTpdNH3_1

Momme file: I"ZED1_2I:I°ET pdMH3_ 2 110" "Zenl _15°CTpdNHI_2.11 [L| Apri I

Tipa file: lTDDHH..’D Data Ll Annulla |

[ Apriin sola lettura

Figure 92
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6. Press Open (Apri) button. A graph similar to that reported in figure 93 is visualized.
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Figure 93

7. Press File Information button. The program visualizes a summary page reporting all the
information regarding the sample. Use the sliding bar to scroll the page up to reach the
lower section. The Memorize and Desorption Energy buttons are present. See figure 94.

o FileInfo - C: Documents and Settings' priva’Documel ti D2 B ] ]
Active IC:\DDcuments and Setings\privalDocumentiyMH3 TPDVZeol _20°CTpdMNHI_2 1N ;] o x|
—Results B
3 Gas adsorbed [pmalig] |1228.592332 tdetal [pmolio] | no
tetal reacted [pmaolfg] | Dispersion [%] |
—
hdetal surface area [m3a) | Jsample | Jmetal [r#ia) | ho (3
-— -]
E 2C Total metal [%] | =
e
m— Mean padicle diameter (spheres) [nm]l Specific surface arealm®y) |U E
S S
c 0 g
=1 =
(7] £
]
rPeaks L
# | starmin] |Stapfmin] [tex [min]| TIC] | Integralimevs] |Integraliimolio] integral [2] )0
1 48.95 i 3815 298 2607338 12285923 100
4] | 2
Memarize ... I Dez.Energy I -
0K | LCancel | Help |
Figure 94

8. Fromthe Active text bar, select the file of the analysis performed using the lower
temperature rate .
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9. Press Memorize button. Repeat the operation using the other temperature rates (see figure
95) thin to have memorized all the necessary parameters of the analyses performed at the
point 3.

o FileInfo - C:'\Documents and Settings' priva’Doc
T ChDocuments and Settmgs'\prlva\Dacumentl\NH3 TPD\Zem 20°CTpdMH3Z_2110
i C\Documents ahl Settm A va\Dacumentl\NH3 TPD\Zem 15 CTpdMH3 2 110
3C
Metal reacted [[molfg)] | Dispersion [#] |
—
betal surface area [mo) | Jaample | fretal [méfg] | 0 (&)
— o
Ezc Total metal[%] | o
-
- tean particle diameter (spheres) [nm]! Specific suface arealm?y) |D E
o
c ho g
2 g
(7] £
@
—Peaks o
# |Startimin] |Stapimin)|Mes [min]| TGl |Integrallmivs] |Integralfumal el inteqral [2] p0
1 48.95 1315 298 26607338 12285923 100
<] | 2
temarize ... I Dies Energy | =
ok | LCancel | Help |
Figure 95

10. Press Desorption Energy button. Figure 96 is visualized.

iif Desorption Energy Calculation 5 ;J___EI_I_)Q
Shart Filename! Sample: Ultra Stable Zeolite
# |[File Path Pk[Rate  |Temp.C)|1/Temp i) [Ln(T2Rate) | =
I [ ocuments and SettingshprivatD ocumentisHNH ST 251 0.oma 1022
2 |CA\Documents and SettingssprivatD ocumenttlH 1 15 285 0o0mya 9934
3 |CADocuments and SettingshprivatDocumenttMH 1 20 298 00075 9E3
4
5 -
Gas constant (J/mol K):'8_314451 slope: Energy of des.(Kjfmol):
Correlation Factar[ Intercept: [ Arthenius prefactor:
lear daka Bestare | Copy Calculate I

Figure 96
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11.Press Calculate button. A graph reporting the desorption energy calculations is visualized.
See figure 97.

izl Desorption Energy Calculation -0l x|
Shart Filename sample: Ultra Stable Zealite
| |8 [FilePath Fk[Rate  [Temp.(C)[1/Temp K] [LniT2/Rate) [+

:IZZ:"-.IZI ocuments and SettingzsprivatDocumentivH H SRR 251 0.ama 10.22
C:ADocuments and SettingshprivahDocumentbtMH 115 285 0o0mva 994
C:\Documents and SettingshprivahDocumentblH 1 20 298 000175 959

k|

Gas constant (Jfmol K):15.31 4451 Slope:|3117.839  Energy of des.(Kjfmal): |25,92312
Carrelation Factor{n 974019 Intercept: |4 267398 Arthenius prefactor: |42_84104

Clear data I Bestore I Copy
105 — DESORPTION EHERGY CALCULATION
Ln(T*Rate) |

10
) | |
T |

9.5 T T T T T T T T T T T T

0.00171 0.001582 0.00193

1ITHK)
i Copy | Exit |
Figura 97

12. The data and the graph can be exported both in Excel and in Word and saved.
Open Excel or Word and press Copy . Enter in Excel (or Word) then paste.

The file can be saved with the extension related to the used program.
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