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GC-MS HPLC-TOF-MS

Good for Volatile Compounds Good for Aqueous Samples

Nitrosamines, Aldehydes Thermal, Oxidative
Nitrosamines and Aldehydes
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AAER Time of Flight Mass Spectrometry UK.

lon mirror

*Time of Flight MS produces mass/charge ratios — /. . \

with sub ppm mass accuracy (0.0002 m/z)

*Dual electrospray ionization of a reference solution
(121, 922 m/z)

Quad mass filter (A1)

/
lon / Transfer optics L . _— . .
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LALR Nitrosamine Analysis UK

e Two samples types
1. Liquid
e Nitrosamines are collected in 30 wt% MEA.

2. Gas

e Nitrosamines are collected in 0.1% sulfamic acid.
e SASK Power is using a similar methodology.
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ALALR  Solid Phase Extraction (SPE) UK

_ /\ *Activated carbon
cartridges with specific

Clean with DCM o _ _
\ . J affinity for nitrosamines
( ) (EPA 521)
Clean and condition with MeOH
e j
) I . *Separate the
Condition with H,O nitrosamines from the
. . J concentrated amine
(" Load sample: X mL of Y ppm ) matrix
L nitrosamine in 3 mL aliquots
. E «Sample pre-
Dry under high vacuum for concentration leading to
2.5 hours .. -
i / lower limits of detection
g ™
Extract with eluent and collect in 3
L fractions: 9 mL, 9 mL, and 6 mL )
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CATR Percent Recc?very Of-SO|Id phase UK
extracted nitrosamines - MEA ‘

—— ; —=  *30% MEA (C/N=0.4) spiked
""""" ! = with the nitrosamines
= : : II Eluent: DCM
— : : *Good reproducible recovery
S - with DCM over a range of
- ?m : — different nitrosamine
o concentrations
3 : ]
NPIP 1 : '
NPY : : : .
: ) I
0 50 100

% Recovery
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Application to a Mixture
of Different Nitrosamines

Uk

Table 1. Initial and final composition and volume of 0.1% sulfamic acid Batch solutions

Initial Final
Batch Nitrosamine Extraction sample sample Concentration AV
solvent volume volume (ug)
(mL) (mL)
1.14x
5 NMOR DCM 20 mL ~17.5mL 10-200 )
concentration
1.14x
6 NDEA DCM 20 mL ~17.5mL 10-200 )
concentration
7 NDMA DCM 20mL  ~12.5mL 5-50 Lox
concentration
1.6x
8 NPIP DCM 20 mL ~12.5mL 5-100 )
concentration
1.14x
9 NPY DCM 20 mL ~17.5mL 10-200 )
concentration
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Percent Recovery of solid phase UK
extracted nitrosamines - Sulfamic

Batch

0 %o Reggvery 100

*0.1% Sulfamic
acid spiked with
the nitrosamines

*Eluent: DCM or
Acetone

*Good
reproducible
recovery with
DCM over a range
of different
nitrosamine
concentrations
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CENTER FORAPPLIED ENERGY RESEARCH

Application to a Mixture
of Different Nitrosamines

Uk

Table 2. Initial and final composition and volume of benchmark 30 wt% MEA Batch solutions

Initial Final
Batch Nitrosamine Extraction sample sample Concentration AV
solvent volume volume (ug)
(mL) (mL)
5.9x
1 NMOR DCM 100 mL ~17 mL 10-100 )
concentration
2.4x
2 NMOR DCM 40 mL ~16.5 mL 20-400 )
concentration
2.4x
3 NDEA DCM 40 mL ~16.5 mL 20-400 )
concentration
2.4x
4 NDELA Acetone 20 mL ~16.5 mL 200 )
concentration
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AALRThermal Degradation of Diamines UK.

_ sLoaded amine solution (2.5M, C/N 0.4)
«125°C, 135°C, 145°C
Ethylenediamine (EDA)
HZN\//\NHZ +100-200 hours heating

1,3-Diaminopropane (1,3-DAP)
HoN™ " NH,

1,2-Diaminopropane (1,2-DAP)

HoN \l/\ NH,

CH,4
N-methylethylenediamine (MEDA)

H
_N
H,C™ > “NH,

Un-heated solution as a reference blank
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AALR  Product Identification - EDA

A. EDA TIC before heating

x10 4 + Scan (1.268 min) C4-UNTREATED-500X-r002.d

124 &1.07676

14
0.8

0.6
161.16374
0.4 | 205.09646
299.21617

131.08092
255.19125 \ 339.22549
[ I

ok ‘..Ilnl at d Ll L 1 I .

451.35094

0.2 ‘
0- |

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680

B. EDA TIC after 145C, 200h |

%104 + Scan (0.146 min) C4 200h 145C-r002.d

1_
142.17711
0.8 8500291
108.08565
0.6+ -
041 61.11308 '
195.15024
0.24 - -
\ I 217.17257 261.2055 30523740
0- ‘T | | atled | k| | 1l || | il

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680
Counts vs. Mass-to-Charge (m/z)
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AAER  Product Identification - EDA UK

x106 + Scan (1.430 min) C4 200h 145C-r002.d Subtract

34 173.16375
25
87.09892
2-
15-

05- 105.085
1 245 25850
o) S| | uz1res | | U, 2170 38323813 61345750

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680
Counts vs. Mass-to-Charge (m/z)

Actual [M+H]+ (m/z) Formula Generated | Calculated [M+H]" (m/z)
87.09892 C3HgN2O 87.0553
147.17980 CsH14N4O 147.124
173.16375 C7H16N4O 173.13969
195.14995 Poor molecular match 195.1499
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CENTER FORAPPLIED ENERGY RESEARCH

Product Identification - EDA

Uk

Extracted lon Chromatograms (EIC) from MS data

C3HgN-,O

87.0553 m/z

RERRRR

TOF Mass Responce (Counts)

400000

200000

2-imidazolidinone (1ZD), 100h heating

—145C

---+-135C

—135C

(A)

[=]

2

Time [min)

3

TOF Mass Responce (Counts)

1200000

S

:

:

:

:

HN NH

/

2-imidazolidinone (1ZD), 135°C

|

! Time (min) {
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Product Identification - EDA

Uk

Extracted lon Chromatograms (EIC) from MS data
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TOF Mass Responce {Counts)

C7H16N4O 173.13969

10000 BHEU Analog
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AAER Product Identification — 1,2-DAP UK.

UT Review Meeting

1,2-DAP TIC before heating

10 % |+ Scan [0.830 min) C-2 Untreated, 5005002 d

1.6 281.36663
1.64
1.44
1.2

265 34516 32537948

044 227 30765 36918036 azulﬁng

0.2 13518432
o= 6211724 19522217
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1,2-DAP TIC after 145C, 200h o

%10 % =+ Scan (1,780 min) G2 20060 1450002 6

84 YL 20097

37122806
gds 31340
123,05272

1 349 14304 I N e
N 75 9262 | 78, 18532 | 261104k :'-’. 15580 | I. l l 1Rk e R L] P a7z r.\ =120
o ) iy ) N Coiboall [ B M, Lo kbl | il ] s
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Counts vs, Mass-t0-Change imfz)

1,2-DAP after 145C, 200h with substraction

w105+ Scan (1780 min) C2 200k 14501002 4 Subtiast

74
113488
&
5
44 537100
223 11687
a4

245 A 1206

2 | a7tzE807 |
' 12305278

= ' 348 J: e 5ag 28751

75 097268 175.15520 P 261 13051 0515686 |1 473230 [ 56130408
|'J I ] | .I = ey 4 =t 1 ol ' + 1 i &
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AAER Product Identification — 1,2-DAP UK.

16

18
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AALR Thermal

Contribution — 1,3-DAP UK.

1,3-DAP TIC before heating

w104 Background + Scan (0.056-6 991 min, 417 Scans) C-3 Untreated, S00w-r002 d

1.2
75, 15048 92222503

14
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1,3-DAP TIC after 145C, 200h

(10 %+ Scan (0.066-9.003 min, 537 Scans) C3 200h 145C-002-2.d
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AAER Product Identification — 1,3-DAP UK.
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AALR Product Identification - MEDA UK.

MEDA TIC before heating

2104 |* Sean [0.814 min) C-6 Untreated, 500x-r002,d
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AALR Product Identification - MEDA UK.

So000m0 0ZD Analog, 100h heating
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