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Figure 4.12: ATR absorbance-spectra of Al,O3, Pt/Al,O3, Pt-W/Al,O3 and W-
Pt/Al,O3 in the 1500-400cm ™" region. Y-axis is given in arbitrary
units.
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4.7.2 DRIFTs

In-situ DRIFT was used to further investigate the effect of catalyst modification
by pyridine adsorption. The use of pyridine as a probe molecle in adsorption on
~-alumina has been widely investigated throughout the years [14, 75, 55, 36, 5,
34, 41, 40, 35].
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Figure 4.13: DRIFTIR-spectrum of v-Al,O5in the region of 4000-500cm ™' 30 min
after bubbling of pyridine was ended. The spectra were taken at 150
°C under a flow of 15 mL min~! N,.

Figure 4.13 shows the Kubelka-Munk spectrum of pyridine adsorbed on ~-
alumina 30min after ended exposure. The bands at 1600 and 1400 cm ™! repre-
sent the 8a and 8b and the 19a, and 19b ring vibrations of pyridine, respectively.
The bands at 2350 cm~! represent the CO, region, the bands at 3100-2700 cm™*
represent the CH-stretch region while the broad band around 3500 cm ™" repre-
sents the hydroxyl area.

For this thesis, only known bands originated from pyridine adsorption are of
interest, and negative bands in the area of 1800-1350cm! have therefore not
been discussed.

Ring vibrations in pyridine are known for giving the most intensive vibration
for pyridine adsorption[36, 47], and will therefore be more closely investigated.
For this purpose, a Kulba Munk spectrum in the 1400 and 1600 cm ™! region for
pyridine adsorbed at y-alumina was plotted, comparing the pyridine adsorption

93



4.7. FTIR CHAPTER 4. RESULTS

every 10 min after ended exposure. This can be seen in Figure 4.14. For com-
parison reasons, the spectra of pyridine adsorbed on pure alumina is left out, as
its high intensity compared to those of Pt/ceAl203, Pt-ceWO3/ceAl203 and
ceWO3-Pt/ceAl203.
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Figure 4.14: IR-spectrum of 7-Al,O5 in the wavenumber range of 1350-1700cm ™!
for every 10 min after bubbling of pyridine was ended. The spectra
were taken at 150 °C under a flow of 15 mLmin~' N,.

As seen from the figure, pyridine desorbs quickly after bubbling stops, with a de-
crease in intensity for all bands. After approximately 30-40 minutes, the signal
seems to stabilize, as physiosorbed pyridine is removed from the surface. Dur-
ing this removal, strongly hydrogen-bonded pyridine seems to gradually disap-
pear, while coordinated bound pyridine remains relatively stable, demonstrated
by the rapid decrease at the 1588cm™' band compared the 1612cm™! bands,
respectively[40]. For the 19a and 19b ring vibration region, the band seems to
shift from weakly coordinated bands at 1444cm~! and weak hydrogen bands in
the favor of very strong coordinately bonds at 1447 [40, 34], as expected.

As seen by Figure 4.15, the band at 1612 and 1588, associated with medium
Lewis acid and strong hydrogen bonds[40], are significantly weaker in Platinum
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catalyst compared to tungsten modified catalyst, showing an increase in medium
Lewis acid sites after modification.

1612
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Figure 4.15: IR-spectrum of Pt/Al;O3, Pt-W/Al,O3 and W-Pt/Al,O3 in the
wavenumber range of 1700-1500 cm™! for 30 min after bubbling of
pyridine was ended. The spectra were taken at 150 °C undera flow of
15 mLmin~! N,. For both spectras, an y-offset is introduced for easier
intepretation. Y-axis is given in arbitrary units.

From the 19a, and 19b vibration area, see Figure 4.16, a strongly coordinated
band at 1450cm ™! and strong hydrogen bond at 1444 can be observed for mod-
ified catalyst. At comparison with platina catalyst, both of these bands seem
to have red shift, indicating weaker bond strength of these sites [23, 75].
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Figure 4.16: IR-spectrum of Pt/Al,O3, Pt-W/Al,O3 and W-Pt/Al,O3 in the
wavenumber range of 1500-1420 cm™! for 30 min after bubbling of
pyridine was ended. The spectra were taken at 150 °C undera flow of
15 mL min~! Ny. For both spectras, an y-offset is introduced for easier
intepretation. Y-axis is given in arbitrary units.

In general, bandss associated with both medium and strong acidic sites are
barely present in platinum containing catalyst, indicating that little pyridine
adsorbs on the surface. Beard and Zhang found that highly dispersed platinum
particles behave as bases when interacting with acidic alumina, thus resulting
in decreased adsorption of pyridine [3]. This could explain the reduced intensity
for platinum catalyst. As mentioned in Chapter 4.2, average crystallite size
of platinum has been measured to be around 1.8nm, only slightly larger than
what have been reported. The addition of WO4 have been reported to increase
both the number of Lewis and Brgnste acids[83] in alumina. This could explain
the increased intensity associated with Lewis acids, indicating that tungsten
counteracts the basic properties of platinum particles.

As pyridine might perturb the hydroxyl groups of alumina, this area was also in-
vestigated, shown by Figure 4.17(a). It has been found that increased intensity
of bands at 3561 and 3512 cm ™! suggest formation of hydrogen bonds, while
negative bands in the area between 3800-3650 cm ™~ are caused by the perturba-
tion of OH groups [41, 37]. When pyridine interacts with Lewis acids of different
strength, the electron density within the pyridine ring structure changes. As
pyridine adsorbs on the surface, this gives rise to hydrogen bonding of different
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strength with adjunct OH groups. Ideally, one should therefore be able to corre-
late band strength from the pyridine adsorption area to those from the OH area,
and thus also find the distribution of Lewis acids with different strength [40].
However, this area suffers from a low signal to noise ratio, making it difficult
to interpret bands and acid cite distribution. The use of pyridine CH stretch
region has also been proposed for the same purpose [72], but also here, signal
to noise ratio is too low to obtain useful information, as seen in Figure 4.17(b).
This area is also associated with risk of contamination from other hydrocarbons,
and was therefore not given much attention.
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Figure 4.17: DRIFTIR-spectrum of Pt/Al,O3, Pt-W/Al,O3 and W-Pt/Al,O3 in
4.17(a) the OH region and 4.17(b) the CH region 30 min after bubeling
of pyridine was ended. The spectra wsere taken at 150 °C under a flow
of 15 mLmin~! N,. For both spectras, an y-offset is introduced for
easier intepretation. Y-axis is given in arbitrary units.
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Chapter 5

Conclusion

This research work focused on the synthesis and characterization of a poten-
tial and efficient alumina supported platinum catalyst for achieving NO/NO,
equilibrium.

The aim of this work was to investigate the properties of alumina supported Pt
catalyst both before and after post- and pre-modification with WO,. Catalyst
with 1%Pt was prepared by aqueous incipient wetness impregnation. Modifi-
cation with 1.3% WO, was carried out by two methods; post-modification with
aqueous impregnation of Pt/Al,O5, and pre-modification with a two-step aque-
ous impregnation of y-Al, O, first with tungsten, then with platinum.
Nitrogen adsorption showed a surface area of approximately 145m?/g. Addition
of platinum and tungsten oxide did not alter the surface area, pore volume or
pore diameter of the support significantly.

Chemisorption showed that Pt is well dispersed on alumina, with crystallite size
of approximately 2nm. It was also discovered a slight decrease in dispersion of
Pt for modified catalyst compared to Pt/Al,O4 catalyst. As this occurs for
both pre- and post- modified catalyst, but slightly more for post-modification,
it is believed that WO, blocks access of CO and H,. Ruthenium, on the other
hand, showed little dispersion with larger crystallite size.

SEM shows the formation of large particles on the surface of alumina spheres.
For post-modified catalyst, these particles were slightly larger, while pre-modified
catalyst showed a greater variety of size distribution. It is therefore believed
that tungsten addition affects the size of these particles. This could also explain
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the decrease in dispersion.

An X-ray fluorescence measurement indicates catalysts content of 1.2wt% Pt.
In modified catalyst, content of platinum oxide and tungsten oxide were 0.8wt%
and 0.7wt% respectively. These values should not be seen as absolute, but rather
as an indication of the composition. No impurities were detected in any of pre-
pared catalysts.

No hydrogen uptake were detected by TPR, indicating that platinum is already
reduced. Due to the low metal content and alumina being highly amorphous,
assignment of phase type or calculation of crystallite size with XRD was not
possible.

Ex-situ investigation with ATR could not detect changes in the surface structure
as expected. In-situ DRIFT shows that bands at 1446 and 1612 cm ™, associated
with strong and medium Lewis acid sites, are barely present in Pt/Al,O5, indi-
cating the lack of acidity. After addition of tungsten, band intensity increased,
with a blue shift of the 1446 band to 1450cm ™!, demonstrating increased acidic
strength due to WO5. For all catalysts, no Brgnsted acidic sites were found.
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Chapter 6

Further work

More moddified Pt/Al,O; catalyst with different loading of WO, should be
prepered in order to verify the increased acidity. TEM imaging of the catalysts
should also be conducted in order to verify the platinum and tungsten oxide
particle size. XPS would also be of interest, as it can measure the chemical and
electronic state of platinum and tungsten oxide. An obvious next step would be
to test the catalytic activity, selectivity and stability for NO oxidation to NO,
at different for each of the catalysts.

After catalytic measurements, it would also be interesting to compare with Pt
catalyst on different supports.
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Appendix A

Calculation for catalyst
preparation

Table A.1: A summary of measured amounts of chemicals required for preparing
catalyst with 1Twt%W and 1wt%Pt

Property Tungsten Platinum
Chemical formula HyoN; W;5,-H,O  Pt(NO;),
Physical state Solid Solution
Molecular weight 3042.56 443.1036

A.1 Catalyst preparation

NO oxidation catalyst with 1wt%Pt on y-alumina was prepared by one step
incipient wetness impregnation of y-alumina with an aqueous solution of plat-
inum nitrate, Pt(NO;),. The platinum precourser contained 15% platinum.
Calcination to obtain the amount of distilled water and precursor needed for
one step incipient impregnation of 10g y-alumina support to get 1wt% loading
of Pt are shown below
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A.1. CATALYST PREPARATION APPENDIX A. CALCULATIONS

. mp¢
Amount of metal required = ———
mpt + MSupport

Mpt —0.1

mp¢ + MSupport

0.99
MSupport = mm}’t

MSupport = 999

. 0.01
mpt = O.gngupport
mp; = 0.1g
Cm3

Pore volume of alumina support = 1.345
gA1,0,

Incipient wetness point = 13.32cm?

0.1
Mass required precoursor = ﬁm,}recwsor = 0.667g

Myprecoursor liquid = 0.567
Amount water required = x - ma1,0, — y ¢cm® precoursor liquid
M py(NO,),

B PPt(NO,)4

Due to lack of density for the precursor, platinum nitrate precursor was weighted,
before it was diluted with deionized water to reach required volume for impreg-
nation. A summary of measured catalyst can be seen in Table A.2

Table A.2: A summary of measured amounts of chemicals required for preparing
catalyst with 1wt%Pt.

Component Amount[g]

v-Al,O4 9.9029
Pt-precursor 0.6750
water 13.35
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APPENDIX A. CALCULATIONS A.2. PRE-MODIFICATION

A.2 Pre-modification

Pre-modified catalyst with 1.3wt% W and 1wt%Pt on y-alumina was prepared
by two step incipient wetness impregnation of y-alumina, first with an aque-
ous solution of Ammonium tungsten oxide hydrate, Hy N, W,5-XH,O, then
an aqueous solution of platinum nitrate, Pt(NOg),. The platinum precourser
contained 15% platinum. Calculations to obtain the amount of distilled wa-
ter and precursor needed for impregnation of y-alumina support to get 3g of
1.3wt%WO5-1wt%Pt catalyst are shown below. Prior to dsiolving tungsten salt
in dionized water, HoyN;oW,5-XH,O was dried for 2h at 100°C to remove any
adsorbed water to ensure an accurate estimation of incipient wetness impregna-
tion calculations. A summary of measurement data for tungsten impregnation
can be seen in Table A.3

mw
mwo, +m

Amount of metal required = M greure PotSupport)

(future Pt+Support)

mwo, — 0.0399

3

— mW03
nwo, = Mwo
3
Myvo, = 231.84—2
mote

nwo., = 0.000168moles

3
nWOS = 12 ’ nH20N10W12
1

mH20N10W12 = E ’ nW ’ MH20N10W12
mHzonle = 0042659
. cm?
Pore volume of alumina support = 1.345
9Al1,0,

MSupport = 2.931gIncipient wetness point = 3.942em?
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A.3. POST-MODIFICATION APPENDIX A. CALCULATIONS

Table A.3: A summary of measured amounts of chemicals required for preparing
catalyst with 1.3wt%WO3 and 1wt%Pt.

Component Amount[g]

v-Al,O4 2.9402
Tungsten salt 0.0416
Pt-precursor 0.6750
water 4.0451

For Platinum impregnation, same procedure as for Appendix A.1 was used, but
3
with a pore volume of 1.32759“%, as mentioned in Appendix B. Measure-
w—Alz03
ments data can be seen in Table A.4

Mmw/Al,03 = 255359

0.01
mp¢ = 0.99 " MWO,/Al2 05

MPt precursor — 0.172

Incipient wetness point = 3.3898cm?>

Table A.4: A summary of measured amounts of chemicals required for modification
of WA1,O4 with 1wt%Pt.

Component Amount[g]

WALO, 2.5535
Pt-precursor 0.1719
water 3.39

A.3 Post-modification

Post modified catalyst with 1wt%Pt and 1wt%W on ~-alumina was prepared
by a one step incipient wetness impregnation of 1wt%Pt/Al,O5, prepared in
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APPENDIX A. CALCULATIONS A.3. POST-MODIFICATION

Appendix A.1. Amount of tungsten was found by the same procedure as men-
tioned in Appendix A.2, but with some modifications given below. A summary
of measured catalyst can be seen in Table A.5

Msupport = M pPt/Al,03
mpg/A,0, = 1.98¢g
MU, N Wi, 20.02769

207710

Incipient wetness point = 2.663cm?

Table A.5: A summary of measured amounts of chemicals required for modification

Component Amount|g]

PtAl,O4 1.9995
Tungsten salt 0.0268
water 2.6880
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Appendix B

Pore volume measurements

The pore volume after calcination of y-alumina was found by first measuring
teh weight of alumina, before applying water until it was wet, but without any
excess of free water. It is assumed that 1g of water corresponds to lem?, and
porevolume was found by dividing volume of water used by weight of alumina.
this was done in 3 parallells, and all data can be seen in Table B.1.

Table B.1: Data used for finding pore volume of alumina.

Parallel Pore volume [C”glg]
Parallel 1 1.354
Parallel 2 1.339
Parallel 3 1.342
Average 1.345

For pre-modified catalyst, W/Al,O5 was transfered into a small mortar and
weighted, before deionized water was introduced. This was done until complete
wetting was achieved, and the sample was weighted again. The difference in
weight stem from water, and measured data can be seen in Table B.2. After
pore volume measurements, W/Al203 was dried at 100°C to remove water.
Due to this, only one sample was measured.
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APPENDIX B. PORE VOLUME

Table B.2: Data used for finding pore volume of W/Al,O3.

Parallel Pore volume [%]

Parallel 3 1.3275
Average 1.3275
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Appendix C

Nitrogen adsorption

A representation of the Nitrogen adsorption isotherm and pore size distribution
is given below.

79



APPENDIX C.

NITROGEN ADSORPTION
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Figure C.1: The The adsorption/desorption curve for v-Al,O3
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APPENDIX C.

NITROGEN ADSORPTION
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Figure C.2: Pore size distribution for v-Al,O5
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APPENDIX C. NITROGEN ADSORPTION
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Appendix D

Chemisorption Sequence
and Isotherms

D.1 Chemisorption Sequence

Chemisorption measurements for the different catalyst, as well as a representa-

tion of the isotherms.

Table D.1: H2 Chemisorption Analysis conditions and sequences for Pt/Al,Os5.

Task number Analysis step Temp[°C] Time[min]

1 Evacuation 110 30
2 Leak Test 100

3 Hydrogen Flow 100 10
4 Hydrogen Flow 600 120
5 Evacuation 600 120
6 Evacuation 35 30
7 Leak test 35

8 Evacuation 35 20
9 Analysis 35
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D.2.
CHEMISORPTION ISOTHERM APPENDIX D. CHEMISORPTION

Table D.2: CO Chemisorption Analysis conditions and sequences for Pt/Al,Os.

Task number Analysis step Temp[°C] Time[min]

1 Evacuation 40 60
2 Leak Test 40
3 Hydrogen Flow 600 120
4 Evacuation 580 60
5 Evacuation 100 45
6 Leak test 100
7 Evacuation 50 60
8 Analysis 35

Table D.3: H2 Chemisorption Analysis conditions and sequences for Ru/A1203.

Task number Analysis step Temp[°C] Time[min]

1 Evacuation 35 120
2 Evacuation 400 20
3 Leak test 400
4 Hydrogen Flow 400 120
5 Evacuation 400 120
6 Evacuation 100 30
7 Leak test 100
8 Evacuation 100 30
9 Analysis 100

D.2
Chemisorption Isotherm
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APPENDIX D. CHEMISORPTION CHEMISORPTION ISOTHERM
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Figure D.1: Pt/Al,O3The isotherm for the total adsorption with trend line in red
and the isotherm in green. The blue line represents strongly adsorbed
CO.
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Appendix E

X-ray Difraction

Profiles matching characteristic spinal reflections for individual samples can be
seen in Figure E.1, E.2, E.3 and E.4. The height of spinal reflections do not

neccesarely reflect the measured intencity

Intensity

10 20 30 40 50 60 70
2Theta [6]
—  ALO; - - -~-Alumina
- - -p-Alumina

Figure E.1: XRD profile of Al;Os.
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APPENDIX E. X-RAY DIFRACTION

Intensity

Intensity

M V | I‘
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2Theta [0]
— Pt/Al,04 - - -Platinum oxide
- - - Alumina Platinum- - -  Platinum
- ~-Alumina - - - p-Alumina

Figure E.2: XRD profile of Pt/Al,O3.
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Figure E.3: XRD profile of Pt-W/Al,O3.
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APPENDIX E. X-RAY DIFRACTION
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Figure E.4: XRD profile of W-Pt/Al,Os5.
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Appendix F

FTIR wavelength

Position of pyridine bands between 1700-1400cm ! upon adsorbtion on y-alumina
are given in Table F.1.
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APPENDIX F. FTIR WAVELENGTH

Table F.1: Position of pyridine bands upon adsorbtion on y-alumina

Adsorption mode Acids Peaks Strong/weak Source
Lewis 1447-1460 Very strong  [55]
Lewis 1443 weak  [41]
Lewis 1449 medium  [41]
lewis 1453 strong  [41]
Lewis 1485-1500 variable  [55]
. Lewis 1580 variable |55
Coordinated lewis 1592 weak %40%
Lewis 1593 weak  [47]
Lewis 1610-1635 unknown  [55]
Lewis 1612 unknown  [40]
Lewis 1614 medium  [47]
Lewis 1621 strong  [40]
Brgnstedt  1485-1500 very strong  [55]
Ton Brgnstedt  1540-1543 strong  [55]
Brgnstedt 1620 strong  [55]
Brgnstedt 1640 strong  [55]
1440-1447 very strong  [55]
Hydrogen bonded 1485-1490 weak  [55]
1580-1600 strong  [55]
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Risk assesment
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Detaljert Risikorapport
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This risk assessment contains all the activities that the master student Mads Alexander Lid will perform in the labs of the Catalysis
group.

Bakgrunn

The project aims to find new catalysts for low temperature selective catalytic oxidation (SCO) of NOx. Pt/AI203 seems to be a good
candidate, and the catalyst has to be prepared for characterization and analysis.

Beskrivelse og avgrensninger

The catalyst will be prepared by impregnating Alumina (AlI203) with platinum nitrate, and drying off the solvent. Catalyst will then be
impregnated with Ammonium tungsten oxide hydrate, and drying off the solvent.

For Y og for
[Ingen registreringer]

Vedlegg

[Ingen registreringer]

Referanser

[Ingen registreringer]
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Detaljert Risikorapport

Oppsummering, resultat og endelig vurdering

1 oppsummeringen presenteres en oversikt over farer og ugnskede hendelser, samt resultat for det enkelte konsekvensomrédet.

Farekilde: Use of furnaces

Ugnsket hendelse: Burn from hot furnace

Konsekvensomride: Helse Risiko for tiltak: {J§ Risiko etter tiltak: {7)
Ytre miljo Risiko for tiltak: {i Risiko etter tiltak: {7}
Materielle verdier Risiko for tiltak: {i Risiko etter tiltak: ¢

Farekilde: Preparation of precursor ion and impr ion of ina support

Ugnsket hendelse: Chemical burn

Konsekvensomrdde: Helse Risiko for tiltak: {§ Risiko etter tiltak:
Ytre miljg Risiko fgr tiltak: . Risiko etter tiltak:
Materielle verdier Risiko fgr tiltak: . Risiko etter tiltak:

Ugnsket hendelse: Formation of harmful chemicals/gas

Konsekvensomrade: Helse Risiko fgr tiltak: Risiko etter tiltak: {7)
Ytre miljo Risiko fgr tiltak: Risiko etter tiltak: D
Materielle verdier Risiko for tiltak: Risiko etter tiltak: {7}

Ugnsket hendelse: Spill of platina precursor onto skin

Konsekvensomrade: Helse Risiko for tiltal I Risiko etter tiltak: {7)
Ytre miljg Risiko for tiltak: {§ Risiko etter tiltak: {7}
Materielle verdier Risiko for tiltak: {§ Risiko etter tiltak: {7}

Ugnsket hendelse: inhalation of powders

Konsekvensomride: Helse Risiko for tiltak: {§ Risiko etter tiltak: {7}

Ugnsket hendelse: Use of oil bath

Konsekvensomréde: Helse Risiko for tiltak: {J§ Risiko etter tiltak: {7}
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Farekilde:

In-situ DRIFTS using Pyridine Adsorption
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Ugnsket hendelse:

Konsekvensomrade:

Ugnsket hendelse:

Konsekvensomrade:

Ugnsket hendelse:

Konsekvensomrade:

Endelig vurdering

Leakage

Helse

Fire during heating treatment

Helse
Ytre miljg
Materielle verdier

Electric shock

Helse

Uncontrolled heating

Helse
Ytre miljg
Materielle verdier

Risiko for tiltak: Risiko

Risiko for tiltak: {J§ Risiko
Risiko for tiltak: Risiko
Risiko fgr tiltak: Risiko
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Oversikt involverte enheter og personell

En risikovurdering kan gjelde for en, eller flere enheter i organisasjonen. Denne oversikten presenterer involverte
enheter og personell for gjeldende risikovurdering.

Enhet /-er risikovurderingen omfatter
- Institutt for kjemisk prosessteknologi
Deltakere

Magnus Rgnning
Cristian Ledesma Rodriguez
Karin Wiggen Dragsten

Lesere

[Ingen registreringer]

Andre involverte/interessenter
[Ingen registreringer]

dering: Helse, miljo og sikkerhet (HMS):
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Fglgende akseptkriterier er for ri

Helse Materielle verdier Omdgmme Ytre miljo
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Oversikt over eksisterende, relevante tiltak som er hensyntatt i risikovurderingen

I tabellen under presenteres eksisterende tiltak som er hensyntatt ved vurdering av sannsynlighet og konsekvens for aktuelle
ugnskede hendelser.

Farekilde Ugnsket hendelse Tiltak hensyntatt ved vurdering
Use of furnaces Burn from hot furnace Heat-restistant gloves
Preparation of precursor solution and Chemical burn Safety Goggles
impregnation of alumina support
Chemical burn Lab Coat
Chemical burn Fume hoods
Chemical burn Nitrile gloves
Formation of harmful chemicals/gas Safety Goggles
Formation of harmful chemicals/gas Lab Coat
Formation of harmful chemicals/gas Fume hoods
Formation of harmful chemicals/gas Nitrile gloves
Spill of platina precursor onto skin Safety Goggles
Spill of platina precursor onto skin Lab Coat
Spill of platina precursor onto skin Fume hoods
Spill of platina precursor onto skin Nitrile gloves
Spill of platina precursor onto skin Emergency Eye shower and flask
Spill of platina precursor onto skin Emergency shower
inhalation of powders Fume hoods
Use of oil bath Heat-restistant gloves
In-situ DRIFTS using Pyridine Adsorption  Leakage Safety Goggles
Leakage Lab Coat
Leakage Fume hoods
Leakage Emergency Eye shower and flask
Leakage Emergency shower
Leakage Fire Extinguisher
Leakage Tightening connections/cover with parafilm
Fire during heating treatment Emergency shower
Fire during heating treatment Fire Extinguisher

Electric shock

Uncontrolled heating

Norges
universitet (NTNU)

Unntatt offentlighet jf. Offentlighetsloven § 14 22.06.2016 Mads Alexander Lid 5/14
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Eksisterende og relevante tiltak med beskrivelse:

Heat-restistant gloves
Using furnaces to calcine the support and impregnated catalyst. Protection against burns

Safety Goggles
Eye protection to be worn at all times while working in lab.

Lab Coat
Protection of skin against spills, corrosice chemicals, etc.

Fume hoods
Platinum nitrate can form harmful gases. Handle in fume hood

Nitrile gloves
Platinum nitrate is corrosive and oxidizing. Hand protection important

Emergency Eye shower and flask
In case chemicals come in contact with eyes. Rinse with plenty of water, consult medical personnell

Emergency shower
In case of serious spills, or clothing on fire. Located in lab.

Fire Extinguisher
[Ingen registreringer]

Tightening connections/cover with parafilm
[Ingen registreringer]

Exctensive flushing with N2
Removal and dilution
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Detaljert Risikorapport

Risikoanalyse med vurdering av ynlig og

1 denne delen av rapporten presenteres detaljer dokumentasjon av de farer, ugnskede hendelser og &rsaker som er vurdert.
Innledningsvis oppsummeres farer med tilhgrende ugnskede hendelser som er tatt med i vurderingen.

farer og er vurdert i denne risikovurderingen:

* Use of furnaces
¢ Burn from hot furnace
*  Preparation of precursor solution and impregnation of alumina support
¢ Chemical burn
*  Formation of harmful chemicals/gas
*  Spill of platina precursor onto skin
* inhalation of powders
¢ Use of oil bath
*  In-situ DRIFTS using Pyridine Adsorption
*  Leakage
*  Fire during heating treatment
*  Electric shock

*  Uncontrolled heating

Oversikt over besluttede risikoreduserende tiltak med beskrivelse:

Use of furnaces (farekilde)

Alumina will be calcined in HT-furnaces
Catalyst/impregnated alumina will be dryed/calcined in furnaces

Use of furnaces/Burn from hot furnace (ugnsket hendelse)

Accidentally touching a hot surface on the furnace may cause burns.

Samlet sannsynlighet vurdert for hendelsen: Lite sannsynlig (2)
Kommentar til vurdering av sannsynlighet:

[Ingen registreringer]

Vurdering av risiko for 4de: Helse
Vurdert sannsynlighet (felles for hendelsen): Lite sannsynlig (2)
Vurdert konsekvens: Middels (2)

Kommentar til vurdering av konsekvens:

[Ingen registreringer]
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Detaljert Risikorapport

Preparation of precursor solution and impregnation of alumina support (farekilde)

Diluting Platinum nitrate solution, and impregnating alumina

Preparation of precursor solution and impr ion of ina support/Cl i burn (
hendelse)
Platinum nitrate is corrosive and oxidising.
Samlet sannsynlighet vurdert for hendelsen: Lite sannsynlig (2)
Kommentar til vurdering av sannsynlighet:
[Ingen registreringer]
Vurdering av risiko for ade: Helse
Vurdert sannsynlighet (felles for hendelsen): Lite sannsynlig (2)
Vurdert konsekvens: Middels (2) a
Kommentar til vurdering av konsekvens: E
[Ingen registreringer]
Preparation of precursor ion and impri ion of ina support/Formation of harmful

/gas (! )

Platinum nitrate may react and form harmful gas.

Samlet sannsynlighet vurdert for hendelsen:
Kommentar til vurdering av sannsynlighet:

[Ingen registreringer]

Vurdering av risiko for

Sannsynlig (3)

dde: Helse

Vurdert sannsynlighet (felles for hendelsen):

Sannsynlig (3)

Vurdert konsekvens: Middels (2)

Kommentar til vurdering av konsekvens:

[Ingen registreringer]
Norges i i i Utskri Utskrift foretatt av: Side:
universitet (NTNU)
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Detaljert Risikorapport

Preparation of precursor solution and impregnation of alumina support/Spill of platina precursor onto

skin (ugnsket hendelse)

Samlet sannsynlighet vurdert for hendelsen:
Kommentar til vurdering av sannsynlighet:

[Ingen registreringer]

Sannsynlig (3)

4de: Helse

Vurdering av risiko for
Vurdert sannsynlighet (felles for hendelsen):
Vurdert konsekvens:

Kommentar til vurdering av konsekvens:

[Ingen registreringer]

Preparation of precursor

and impr¢

Sannsynlig (3)

Stor (3)

support/i of powders (ugnsket

hendelse)

Samlet sannsynlighet vurdert for hendelsen:
Kommentar til vurdering av sannsynlighet:
[Ingen registreringer]

Vurdering av risiko for

Lite sannsynlig (2)

dde: Helse

Vurdert sannsynlighet (felles for hendelsen):
Vurdert konsekvens:
Kommentar til vurdering av konsekvens:

[Ingen registreringer]

Lite sannsynlig (2)

Middels (2)
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Detaljert Risikorapport

Preparation of precursor solution and impregnation of alumina support/Use of oil bath (ugnsket
hendelse)

Arsak: Burns

Beskrivelse:

Samlet sannsynlighet vurdert for hendelsen: Lite sannsynlig (2)
Kommentar til vurdering av sannsynlighet:

[Ingen registreringer]

Vurdering av risiko for ade: Helse
Vurdert sannsynlighet (felles for hendelsen): Lite sannsynlig (2)
Vurdert konsekvens: Middels (2)

Kommentar til vurdering av konsekvens:

[Ingen registreringer]
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Detaljert Risikorapport

In-situ DRIFTS using Pyridine Adsorption (farekilde)

Infrared spectra were collected using the OMNIC v.9.0 software in connection with a 912A0763 Nicolet iS50 FTIR KBr

Gold Spectrometer and pyridine
In-situ DRIFTS using Pyridine Adsorption/Leakage (ugnsket hendelse)

Leakage of pyridine into the surrounding area.

Arsak: Bad Conection between bubbler and pipes

Beskrivelse:

Arsak: Residuals of pyridine in reaction chamber

Beskrivelse:

Samlet sannsynlighet vurdert for hendelsen: Sannsynlig (3)
Kommentar til vurdering av sannsynlighet:

[Ingen registreringer]

Vurdering av risiko for ade: Helse
Vurdert sannsynlighet (felles for hendelsen): Sannsynlig (3)
Vurdert konsekvens: Stor (3)

Kommentar til vurdering av konsekvens:

R-11 Highly flammable.
R-20/21/22 Harmful by inhalation, in contact with skin and if swallowed.

In-situ DRIFTS using Pyridine Adsorption/Fire during heating treatment (ugnsket hendelse)

Samlet sannsynlighet vurdert for hendelsen: Sveert lite sannsynlig (1)

Kommentar til vurdering av sannsynlighet:

[Ingen registreringer]

Vurdering av risiko for ade: Helse
Vurdert sannsynlighet (felles for hendelsen): Sveert lite sannsynlig (1)
Vurdert konsekvens: Middels (2)

Kommentar til vurdering av konsekvens:

[Ingen registreringer]

Norges i i i Utskri Utskrift foretatt av:
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In-situ DRIFTS using Pyridine Adsorption/Electric shock (ugnsket hendelse)

Samlet sannsynlighet vurdert for hendelsen:

Kommentar til vurdering av sannsynlighet:

[Ingen registreringer]

Vurdering av risiko for

Sveert lite sannsynlig (1)

dde: Helse

Vurdert sannsynlighet (felles for hendelsen):

Vurdert konsekvens:
Kommentar til vurdering av konsekvens:

[Ingen registreringer]

Sveert lite sannsynlig (1)

Middels (2)

In-situ DRIFTS using Pyridine Adsorption/Uncontrolled heating (ugnsket hendelse)

Uncontrolled heating of either MS or the temperature controller.

Samlet sannsynlighet vurdert for hendelsen:

Kommentar til vurdering av sannsynlighet:
[Ingen registreringer]

Vurdering av risiko for

Lite sannsynlig (2)

dde: Helse

Vurdert sannsynlighet (felles for hendelsen):

Vurdert konsekvens:
Kommentar til vurdering av konsekvens:

[Ingen registreringer]

Lite sannsynlig (2)

Liten (1)

nem

ExX
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Oversikt over besluttede risikoreduserende tiltak:

Under presenteres en oversikt over risikoreduserende tiltak som skal bidra til 8 reduseres sannsynlighet og/eller konsekvens
for ugnskede hendelser.

Oversikt over besluttede risikoreduserende tiltak med beskrivelse:

Norges i i i Utskri Utskrift foretatt av: Side:
universitet (NTNU)
Unntatt offentlighet jf. Offentlighetsloven § 14 22.06.2016 Mads Alexander Lid 13/14
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