Thermo Finnigan Italia S.p.A.

I h e r m 0 Strada Rivoltana

20090 Rodano (Milan), Italy
ELECTRON CORPORATION Tel.: +39 02 950591

Fax: +39 02 95059276

Internal procedure for TPDRO 1100 validation by ammonia TPD from a saturated zeolite

Internal reference material: Zeolite powder, supplier code 96096 (flask 100g)

Purchased by: Fluka
Notes: irritant to eyes, respiratory system and skin. Avoid contact and inhalation. For R& D use only. Not for

drug use.

TPDRO configuration

Port A: argon

Port B: helium

Port C: not necessary
Port D: not necessary
Pulse Port: not necessary

Port 3 (pretreatment): helium
Port 2: not necessary
Port 1: not necessary

ATTENTION: the procedure requires the use of ammonia. Take care to connect the waste ports of the TPDRO
to a suitable waste system to avoid that gaseous ammonia s released in the lab environment. Please, strictly
follow thelocal rulesthat are in duein your country for the use of gaseous ammonia.

Additional required gases.
Pure gaseous ammonia or mixed in helium (10 to 20% in volume)

Recommended filter
Use soda lime as filter media before the TCD detector. Soda lime will stop water but not ammonia.

Recommended sample mass
Use a balance with aprecision of at least 0.1 mg weigh between 0.1 and 0.2 g

TPDRO firmwar e and softwar e ver sion
Usefirmware version 2.1 and software version 2.1

Sample preparation

Use a clean and dry reactor. Assemble the reactor as described in the TPDRO instruction manual. Weigh the
sample using a balance with a precision at least of 0.1 mg. Place the zeolite in the reactor between two layers
of quartz wool. Use the internal volume reducer and firmly close the reactor.
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Important notes and preliminary operations

The described procedure and the results can internally validate the TPDRO in use provided that:

- theinstrument is properly installed and configured according to the instructions and the installation is
done by trained service operators

- the gases are pure and dry, the gas lines clean

- theinstrument has been properly calibrated (loop volume, ovens linearization, mass flow controllers,
etc.)

- thefilter for water is new and activated (sodalime)

- theinstrument isleak free

Softwar e set up
Open the TPDRO software and input the following data in the relevant database.
Sample database

Open the sample database click NEW and a sample cards as indicated below.

Marme General Informations
|Een:||ite

Froducer

Freparation

support

b etal on Support ZWeight

[+

sample-Code |

Customer-Code |

Leave the other fields empty.
Analytical procedure

The analytical procedure consists into four sequentia steps:
1- Zeolite activation at high temperature in flow of inert gas
2- Zeolite saturation with gaseous ammonia
3- Removal of physisorbed ammonia
4- Temperature programmed desorption of chemisorbed ammonia
5- Ammoniasigna quantitative calibration
6- Example of data processing and results
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1 - Zeolite activation

Open the Method Database, click NEW and select PRETREATMENT. Fill the method according to the
following.

¢ Develop Method Ll |I:I|£|

Mame Camment

IZEDIite acthation This step is intended to activate the zeolite at high temperature
Twpe

IPretreatment j

Flow Crhen  Stardat Famp stopat  Hold for
[comfmin] - On TC] [*frmin] T2 [mmin]

Clean Lines| [Helium | ] = Off [ s

Fhaszes with Gas

¥ Phase 1| Helium ] o & | e | so0 | 6D
I© Phase? Skipped
I Phase3 Skipped
T Phased Skipped

End Pretreatment W at T['C] I 40

—Mawvigate Database

[ e Delete Fresvious [ et Search for Narme: I

0] | Cancel | Help |

Place the reactor with the zeolite in one of the oven (i.e. left oven). Then for the TPDRO software select “Run
Control”
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Prepare to start a pretreatment on the left oven:

=
#94 |
—Run Data —Pretreatment

Select Sample |Zeolite ~|  Edit |

Sawe to File |C:Rzeu|ite preparation. 110
IInstrument Marme - Left Owe j Start |

5]

hass [g] I 0.z Foom Temperature ['C] I 2h
—Analysis
Atm.F"[hF"a]I 1000 Operatar | | = |

Experiment an

Comment Experiment on
|In5trument Marme - Right va Start |

~B.E.T. Action at end

IsBET I & Prompt for standby

. . " Setto standby

—Calibration ¢ Keep gas flowing

Detected Component I j in | © Chain with new run #

ls Calibration

se Factor oy I mmaol/m's  Find |

NewHunl Deletel Close | Help |

Once the sample activation is over, remove the reactor and perform the sample saturation.
2 — Ammonia saturation
ATTENTION

Ammoniais adangerous gas. Be sure that the lab and the operators are fully compliant to local rules for the
use of this gas.

The saturation using pure gaseous ammonia or in a mixture 10 to 20% in helium MUST be performed under a
suitable fume hood in a completaly safe environment.

From the TPDRO, close the reactor and transfer it under a fume hood. Connect the ammonia gas cylinder to
the reactor, open the reactor and flow ammonia (or the mix) for 30 minutes at room temperature. After the
saturation is over, close the reactor and disconnect the tubing. A purge line with inert gas (helium) is
recommended to remove the excess of ammonia from the tubing and from the reactor. Transfer the reactor to
the TPDRO.
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3/4 —removal of physisorbed ammonia and TPD analysis

Ammonia usudly is partially physisorbed and partially chemisorbed. In order to evaluate the acidic sites
concentration only it is necessary to degas the zeolite to remove the physisorbed ammonia. The operation of
ammonia degassing and TPD experiment can be done in an automatic sequence. Thus, prepare the following
two methods, one for physisorbed ammonia degassing and the second for ammonia TPD.

¢ Develop Method Ll |I:I|£|

Mame Camment

|Rem Physi NH3

Twpe

|TPD/RYO |

Chen at Start at Ii Famp Ii Stop at Ii Hold far Ii

Analysis < TTC] [frmin] 1 TC] 12 [tmin] ot

OvenatEnd W Temperature ['C I 100 Signal Gain—
- (] |7G' Fositive |7f"1
, " Megati & 110

TPD/R/O with Gas [Helium ~|  with Flaw [comfmin] [ 20 RS

Samplerate[s]l 1

—Mawvigate Database

=3 | Delete | F"reviuusl Mt | aearch for Mame: I

0] | Cancel | Help |
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-l x|
Marme Comment
[NH3 TPD Zeolite
Twpe
|TPD;F>¢0 |
Chen at Start at Ii Famp Ii Stop at Ii Hold far Ii
Analysis o TTC] 100 [frmin] 0 TC] 280 [tmin] bl
OvenatEnd W Temperature ['C I 40 Signal Giain—
B el |7G' Fositive |7f"1
. i Megat = 10
TPD/R/O with Gas [Helium ~|  with Flaw [comfmin] [ 20 RS
Samplerate[s]l 1

Mavigate Database

=3 | Delete | F"reviuusl Mt | aearch for Mame: ||

0] | Cancel | Help |
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Start the analytical sequence

Open the Run Control page and fill out the following sequence by using the previous run number implemented
for the sample activation. In the box position named “Analysis’ click on EDIT button and select the method
previously prepared named “Rem Physt NH3":

Fill out al the boxes as indicated above by manually selecting the “Detected Component” box, choose
Ammonia.

=
#94 |
—Run Data —Pretreatment

Select Sample |Zeolite ~|  Edit | | zealite activation ~|  Edit |

Sawe to File |C:Rzeu|ite preparation. 110 e pEAae o

IEI|
IInstrumentName—Leﬂ O j Start |
hass [g] I 0.2 Foom Temperature ['C] I 25

—Analysis

Atrn. P [hPa] I 1000 Uperator I IHem Physi WH3 j Edit |

Comment Experiment on
|In5trument Marme - Right va Start |
—B.E.T. Action at end
IsBET I & Prompt for standby
- - " Setto standhy
~Calibration " Keep gas flowing
Detected Component [tfgl=lii=! in | Helium = Chain with nesw run £

Iz Calibration

lUze Factar v I mrmolfm'y's Findl
NewHunl Deletel Close | Help |

When all the fields ad filled click on the tick mark “ Chain with new run #’ and a new card (in the above
example number 95) will be available. Select then the new card number and prepare the card for the TPD
experiment by selecting the analytical method previously named “NH3 TPD Zeolite”. In this page you have to
select anew file name and again choose “Ammonia’ in the “ Detected Component” field.
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E- Enter Run Information B

#94  #5 |

Thermo Finnigan Italia S.p.A.
Strada Rivoltana

20090 Rodano (Milan), Italy
Tel.: +39 02 950591

Fax: +39 02 95059276

=10 x|

—Run Data

~|  Edit |

Select Sample IZEDIite

Save to File |r::x2eume NH3TFD.110

=]
tass [o] I 0.2 I 28

Foom Temperature ['C]

Fun is chained from run # 94

Am.P[hPs] [ 1000 Operstor |
Comment
~B.E.T.
s EEE
—Calibration

in | Helium
mimolfmt's Findl

Detected Component
Iz Calibration
lse Factor ¥ I

—Analysis

|NH3 TPD Zeolite

> Edit |
St |

Experiment an

Action at end
 Prompt for standby
& Setto standhy
" Keep gas flowing
" Chain with nes run #

Plew Run | Delete |

Close | Help |

When all the boxes and properly filled click on “ Set to stand by”

Prepare now the Run Options parameters as follow:

iiZ| Run Dptions for Analysis —|0j x|
Wit before adjustment of TCO-Zero [min] 40 i
Limit for baseline stahility of TCD-Signal [my] 3 i
Testfor baseline stability with time base of [5] 40 i
Beep on prompt eveny [5] 20 i

Cancel Help

Return to the Start page, select the first prepared card, check that the oven selection is the proper one and
eventualy change it, then click on the START button. The total sequence will last for some hours. It is
possible to start the procedure running the experiments during the night.
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Data reduction

The total preparation / analysis sequence will generate 2 different files. The most important oneis relevant to
the ammonia TPD (the second analysis). The complete sequence is represented in the following linked graph:
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Where the blue line represents the temperature profile, the first peak is relevant to the physisorbed ammonia
desorption at 120 °C while the second peak is relevant to the strong acid sites of the zeolite.
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5—Ammonia signal calibration

An ammoniasignal calibration is required for quantitative measurement of the desorbed amount of gas. The
calibration can be performed by a manual injection of pure gaseous ammoniain an empty reactor. Refer to the
relevant instruction manual for the proper calibration procedure.

Prepare a method as follow:

# Develop Method =1O] x|
Mame Camment
IAmmDnia calibration Ammonia calibration by manual injections
Twpe
|TPD/RYO -
Chen at Hold far Ii
Analysis - a [tmin] il
OwvenatEnd [ (iff Signal__ Gain—
* Positive s
- " Megati & 10
TPD/RYD with Gas |Helium ~|  with Flaw [comfmin] | 20 i il
Samplerate [s] I 1

—Mawvigate Database

o =37 | Delete | F"reviuusl Mt | aearch for Mame: ||

(0] | Cancel | Help |
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Prepare the Run Page as follow:

E-_. Enter Run Information i |

#95 |

—Run Data

Select Sample IZEDIite

~|  Edit |

Save to File |r::xNH3 cal 110

hass [g] I
Atrn. P [hFa] I 1000

Comment

=]
=

Foom Temperature ['C]

Operator I

Twpe the real room temperature and current
atmospheric pressure in hPa

—B.E.T.

sBET. [C

—Calibration

j in | Helium

Detected Companent [Ammania

e Calibrationi

Ilse Factor -
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=10 x|

—Pretreatment

| ~|  Edit |

Experiment an

IInstrumentName—Leﬂ Chve j Start |

—Analysis

~|  Edit |
Experiment an
|InstrumentName—Rightva Start |

Action at end
& Prompt for standby
" Setto standhy
" Keep gas flowing
" Chain with nes run #

IJ—\mmDnia calibration

Mlew Run | Delete |

Close | Help |

Press start. As Start button is pressed, the software recognizesthat it is a calibration by manual injections and
requires to type the desired injection volume. In the example it is recommended to use at least 0.5 ml:

=10l x|

j Calibration by Manual Injectiol

Yolume of Injection [ml] 184

ok

When the software starts to detect the tcd signal, prepare a clean gas syringe. Fill the syringe using pure
ammonia and make at least two injections (refer to the instrument instruction manual).

At the end of the calibration, properly subtract the baseline and integrate the two peaks. For best results, it is
recommended to integrate the peaks manually. Once the peak start is detected, place the peak stop indicator as
the tcd goes back to the baseline. Record the timing between and integrate the second peak accordingly (time
lapse between the peak start and peak stop for the two peaks should be the same).
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Save the file again to record the calibration factor.
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Example of data processing and results

The zeolite sample used as internal reference is quite reproducible. Following the example of two repeated
tests by changing the sample mass. Graphs are built using the TCD signal referred to sample mass versus time
and temperature.

TCD (mv) vstimeforrunl1 + 2

1200 . 600
3
NS
1000
2 500
—~ 800 O
E 400 &
- 2
= 600 ©
c
=) 300 &
P 400 £
|_
200
200
0 | TT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I 100
0 20 40 60 80 100 120

Time (min)

13—

The descriptions contained herein were correct at the time of printing and are subject to alteration without notice



Thermo Finnigan Italia S.p.A.
I h e r m o Strada Rivoltana

20090 Rodano (Milan), Italy
ELECTROMN CORPORATION

Tel.: +39 02 950591

Fax: +39 02 95059276
TCD (mv/g) vstimeforrun1 + 2
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Results
Sample Mass | Adsorb. NH3 | Peak Temp.
(9) micromole/g °C
Sample 1 0.2034 2028 267
Sample 2 0.1705 2023 264
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