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sl Background

TEOM = Tapered element oscillating
microbalance

TEOM 1500 originally produced by
Rupprecht & Patashnick Co. Inc

Studies on catalysis, adsorption,
diffusion, etc. since early 1990's

Last decade limited supply of crucial
parts

"Necessity is the mother of invention”
=> [SMA

SINTEF since 2017/
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SINTEF Concept

0s

* Frequency and mass are related

1 1
fe== =2 Am =my — mg = k(7 — )

i fo
— f=frequency

— M = Mmass

— k =constant, and unigue for each element

* |n situ frequency measurements of an oscillating quartz
element => in situ mass analysis
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sl  /n situ mass analyser (ISMA)

. o o * Rigid vibrational frame system
Some specifications of our system + No tuning required
during tests
Robust electronics and control

o *  No loss of track durin : Standard i
¢ 7-max = 700 C tests ’ : fittings !
 P__ =65Dbar | i
® Load|ng - 100 - 500 mg * Light source and detector —»E i

system : :

° leed_bed - Wellde'.-fined _ ! |
* No tuning required | sample \

e t-resolution: seconds | position |

L : Gas out :
* Mass sensitivity: ug 5 :
e Full automated (LabVIEW) |

— Control, data logging, analysis Analysis
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sl  /n situ mass analyser (ISMA)

Some specifications of our system

e T ..=700°C

e P . =65bar

* Loading =100 —-500 mg

* Fixed-bed

* t-resolution: seconds

* Mass sensitivity: ug

e Full automated (LabVIEW)

— Control, data logging, analysis
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sl ISMA core and quartz element
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sl  ISMA with infrastructure and flow sheet

ISMA with some infrastructure

Flow sheet

* Sophisticated
valve system for
well defined
feed switching

and dosing
Heat traced

Evaporator
enclosure

system
liquids

Pressure control system

Feed section options

Rigid vibrational frame system
*  No tuning required
during tests
Robust electronics and control
*  No loss of track during
tests

Light source and detector =
system

*  Well defined

* No tuning required

Standard
fittings

B— —2
l Sample

|| position

Gas out

Analysis
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SINTEF

Stability: Temperature
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sl Stability: Temperature

e T-steps 200 —-7/00°Cat 1 atm A 200°c
* Rapid stabilization at all temperatures ;_L _________________________ w00
ey -1
* Excellent reproducibility ﬁ
* Low noise => microgram level £ ]
cE‘G _____________________ 500°C

Temperature Std.dev. 3
[°C] [ng] :
Heating 4. 700 °C

200 3 2 T

0 4 8 12 16 20 24
300 3 4 Time on stream (h)
500 3 8
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SINTEF 4 H . T T T T T
Stability: Pressure
E insl
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105

sl  Multiple steps B o}

E 95 |-

90 -

e Switch between conditions =
— T, P, composition, flow rates etc. can be \—'
changed during run

600 —

* Fully automated G sof

— PCw/ LabVIEW ki §

300
— T, P, flows etc are controlled and logged i B

— Analytics (e.g. GC) fully integrated il
il :

We have run >10.000 steps over 5 weeks in SN P U

one experiment (not shown here) 0 4T' 8t (h;z 16
Ime on stream

Atm
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Example 1: NiO oxidation/reduction

o 45 wt% Ni/A|ZO3 + MgO + SiO2 152-_
* T=600"°C 1601
 Loading=100,6 mg 7]
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- Air to He TTT— / 128 130 132

146 -

1* reduction 2™ reduction

144

Mass (mg)

oxidation oxidation

-9,57 - 100.7 - 140'_
138
] +9'35 i 98'4 . ‘\*“Hz to He —
-9,41 - 99,0 - o 4 8 12 16 20 24
- +9 24 _ 972 Time on stream (h)
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allill Example 1: NiO oxidation/reduction - - -

Mass (mg)
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sl Example 2: Catalyst pre-treatment

0,0140 ~ 0,00000 < - 120
» . * .
10wt%Ni 0.5wt% Re /AlLLO, . 10wt%Ni 0.5wt%Re /AlO,
0,0120 - A
p— - 100
p -0,00020 %, _
0,0100 - -
300 °C .
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: = _0,00040 LN 5
20,0060 * & *, 3
o . c » Q
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= 0,0040 - . M N 2
= g -0,00060 r o 8
. ~ P., =ca.0.25 bars 0 9
0,0020 - ) 2 3
. . é——AV.\.
0,0000 -0,00080 = -
] - 20
| ]
-0,0020 - . PPt
[
-0,0040 : . . . _ -0,00100 & , : _ , L o
0 100 200 300 400 500 600 0 10 20 30 40 50
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* Am vs. time on stream

* P(H,) =0,25 bar during catalyst pre-treatment
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s Final remarks

Demonstrated / exemplified Current activities

ISMA specifications

T, =700°C
P... = 65Bar

Space velocities: Typical
catalytic processes

Fixed bed configuration

— Loadings up to 500 mg
tested

Automated control and
data logging

— Analytics integrated
User friendly and robust

Applicability to mass
changes

High stability / high
reproducibility

Microgram sensitivity;
typical accuracy 0,01 mg

Rapid (seconds)

Long time stability
(weeks)

Multiple steps

* Delivered three
complete units to
customers

* Contract research /
project partners
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