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ia The CESAR1 solvent AURORA

2-amino-2-methylpropane-1-ol piperazine
3m /27 wt% (aq.) 1.5m / 13 wt% (aq.)
Sterically hindered, primary amine. Cyclic secondary diamine.
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Nitrosamine formation

¥ N-—H N— unstable
Ry R

R, R,

NO, (and NO) + N—H —] N—N\ stable nitrosamine
R, Ry O

from flue gas

+ N—Rj no direct nitrosamine formation

This research has received funding from the European Union’s Horizon Europe research and innovation
programme under grant agreement No. 101096521

PCCC-8



SINTEF

Nitrosamines in CESAR1

HN /\ nitrosation HN /\ nitrosation O//N N /\

(_NH k/N\N,/O k/N\N,/O
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sl Analytical methodology

* LC-MS

— Chromatographic separation

— Two-dimensional mass spectrometry
— Analytical standards with known purity

— 2-5% uncertainty

* Total nitrosamine (TONO) analysis
— Treatment with HCl and CuCl in closed vial at 70°C:
Nitrosamine = —> NO= (g)
— Headspace analysis on GC-NCD (single peak)
— Calibration with NDMA
— Uncertainty 5-10%

PCCC-8

-

J
i
il ] ~
I

:

|
i.

Il

This research has received funding from the European Union’s Horizon Europe research and innovation
programme under grant agreement No. 101096521



Bl Three types of samples AURORA

Lab scale oxidation Tiller pilot campaign
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sl absence of NO,

60°C

0.4 moly,/moly

21% 0,, 78% N,, 1% CO,
50 L/min gas recirc.

6 weeks
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Nitrosamine formation in the

MNPZ concentration (mmol/kg)
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Nitrosamines formed during Y C

sl pPilot campaign at Tiller AURORA

solvent campaign

2024-2025

4136 h on stream
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3675 h on stream

n
o)
—

©

>

o)

o=
<
©

o

©
-

®)]
| -

4]

(4]

%}

(]

| -

()]

o

o)

[ -

5
Ll

nH

o

N
g

o
T
lS

nH
e

o
D

o

q)

(D]

o

o)

|-

35
Ll

(¢D]
<
4

&

o

|-
g

o]0]
k=
©

-

35
G—
©

o
=

@

O

0]

|-

%)

O
-
h

@)

|-

M

@

%)

()]

|-
%)
e
_l

programme under grant agreement No. 101096521

Nitrosamines formed during

pilot campaign at Tiller
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Nitrosamines formed during pilot N7
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gl Campaign at Tiller

Solvent addition
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Nitrosamines formed during pilot _~\c>/*_
campaign at TCM
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Amount of TONO accounted for
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e New nitrosamines

H ') 't ¢ O\\N @]
nictrosation '
N
HO/><N\)J\OH — HO/>< \)J\OH

HMeGly N-nitroso HMeGly
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. : 0] nitrosation |
N-nitroso HEGlIy is the H N
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First steps towards closing the SN
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el nitrosamine knowledge gap

B MNPZ ENMAMP mDNPZ
Signal intensity ~30x higher in N-DM-PZEA than N-AEAAC
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Summary, conclusions and future wor

Nitrosamines may form also in the absence of NOx

Some of the most abundant known degradation compounds of CESAR1 are nitrosamines

e MNPZ, NMAMP, (DNPZ present but not abundant)

Additional nitrosamines exist

e N-DM-PZEA and N-AEAAC confirmed
e N-HMeGly highly likely
e Further degradation compound-based nitrosamines possible

All nitrosamines that form in CESAR1 (and other amines) should be identified

* Properties of new nitrosamines will need to be studied
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QUESTIONS?
Thank youl!
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Vanja Buvik — SINTEF
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- catching our future

Contact: vanja.buvik@sintef.no
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