Analisis de microplasticos con microscopia FT-IR g\ g<er
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i BRUKER
Principios de la espectroscopia IR

La radiacion IR interacciona con las moléculas

‘ ...con las vibraciones de las moléculas

¢Como se mide un espectro IR?

Fuente
IR Muestra Detector

Absorcién ) aRwi' Y
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Pricipios de la espectroscopia IR

ZComo se identifica un polimero?

L]

Un espectro FT-IR es como una huella dactilar quimica

« Al compararlo con espectros de referencia permite su 1
identificacion S
2] -
|5
« Es una aplicacion de rutina en control de calidad en % ]
industrias farmacéuticas, alimentarias, de polimeros... =]
« Su combinacidn con la microscopia permite la 3500 2500

identificacion de microparticulas NGmero de onda cm-t
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Instrumentos de analisis

~

Muestras macroscopicas

ALPHA 11

- Espectrometro FTIR compacto
« Facilidad de uso (ATR de diamante)

\ _/

Particulas microscopicas

-

\

LUMOS 11
P

i

Microscopio de Imagen FT-IR

Automatizacion total

~

_/
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. BRUKER
Preparacion de muestras

Aguas marinas, de rio, sedimentos, etc.

Agua potable, bebidas, cerveza, etc. ‘ [ Filtracidon directa ]

Separacién por densidad

Yogur, pescado, etc.

[Tratamiento oxidativo, alcalino o enzimético] ‘ [ Filtracion ]
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] ., BRUKER
Filtracion

Proceso de dos pasos

Primer paso:

Filtracion de particulas grandes (>500 pm)

Image ©: Wikimedia

Se usan tamices de mallas en uno o varios pasos

Las particulas macroscdpicas se miden de forma individual (ALPHA 1II)
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Filtracion
+ Segundo paso: { "
« Las particulas pequefias se filtran sobre un filtro transparente al IR 1 1 iJ
> Anodisc es el filtro mas usado para el analisis de MPP con iﬁ?’ o

FTIR (didmetros: 13 mm o 25 mm) ' 4  ] {

> La medida IR se hace por transmisidn sobre el filtro seco

Innovation with Integrity 8




BRUKER
Mapping & Imaging

Cantidad pequeiia de particulas: Gran namero de particulas
Mapping Imaging
®* Deteccion de particulas con la imagen VIS ®* Detector FPA (32x32 pixeles) =1024

espectros de una vez
® Medida del filtro completo
®* Estadisticas de identidad y tamafio

®* Detector MCT (1 pixel)
®* Medida de las particulas una a una
®*  Estadisticas de identidad y tamafio
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L i BRUKER
Analisis con Mapping

Medida puntual con el software de reconocimiento de particulas de Bruker.

1) Reconocimiento de particulas basado en la imagen visual

« Umbral de contraste

«  Tamafo de particula
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s g = - BRUKER
Analisis con Mapping

2) Identificacion de las particulas comparando con una Biblioteca spectral

Material 0.0 um-10.0pm  10.0 um-20.0um  20.0 pm-30.0pum  30.0+ pm Total Count Percent o
Unknown 0.0 1.0 40 20 70 20.000000
Calcium carbonate 3.0 6.0 6.0 8.0 23.0 65.714287 (
PA 0.0 1.0 0.0 1.0 20 5.714286
PE 0.0 0.0 0.0 0.0 0.0 0.000000
PMMA 0.0 0.0 0.0 20 20 5.714286
Rayon 0.0 0.0 0.0 1.0 1.0 2857143
Spectra [ List ‘57 Particles

A Maker *|ID = Aealm'2 ~|Widhfm]  ~ Heghtlun]  ~|OnBounday | Substance -
1 000 2189 000 True polystyrol
2 36030 473 2193 False polystyrol
k! 192060 473 4338 False palystyrel
4 432134 €568 579 False palystyrel
5 1920 60 479 4388 False polystyrol
3 1440 45 4645 3101 False polystyrol
7 192060 473 4338 False palystyrel
e 1920 60 473 4388 False polystyrol
5 ann 65568 6579 False polystyrol

i 360.30 473 2193 False palystyrol
il 360.30 4339 2138 Tue palystyrel
2 432133 65.83 6564 False polystyrol
13 192059 4389 478 False polystyrol
14 192060 473 4336 False palystyrel

> Se proporciona la identidad, tamafio y cantidad total de cada polimero
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Analisis con Imaging

E ]

P

Adquisicion de la imagen visual TTTT—————) §;
Mapping + Imaging §‘

automatico de todo el ]

filtro con el Lumos II ]

g1

x-axis [pm]
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Analisi con Imaging | Flujo de trabajo

e
A5

14 Purenc
S g

£7 Particle Editor
File Paticles Sewp Help

@ B B G P & [Dsycod imager viewpot

=] Detected Particle Classes ] -
##4  Coss _ No. of Porticles R<0.2 R<ld4 R<0.6 R<0.8 R>0.8
[@ w1 45 partides 0 0 13 25 7
- - 7 t #2 [ 0 rortices [ 0 7 2
« Automatizacion total e R
“ < TN O particies ] o o [l 0
Display Filter . w5 [PERNIN 861 partices o1 w s 73
sze[ 1 ]2 %6 [PSI 0 particles 0 [ o o [
= “7 (ABS_ 0 partices [] (] ] 0 0
[ ) ,MLW 8 5:: particles 1 [] 10 91 23
- = v9 2 particles [ [ 2 0 0
.75'"'”“ WE‘ @ 10 . 1 [ o 0 (]
“1 0 (] 0 0 0
=]E @12 ] ] 1 0 ] v
L[] \
LU M 0 Cd I Fartides _ pistribution Parameters
b 1 1317 [1317] particles -
P centx [ym] Cent.v [ym] swelpx] Area [yme] Length [ym] width [ym] Aspect  Dir["] Cl  ClL Wame Relevance similanty Do
FTI R I m a g I n g 06134 34109 23044 38 41320 6.08 65.78 1468 112 5 |[PER 0232 0.73%
06195 172 24068 06 224000 238.0 140.3 1702 1552 5 |[FERMMMN 09630  0.8031
06196 34224 20827 324 352310 774 186.2 1476 1429 5 |FERMMMN 09615  0.8633
os197  aun 19667 w6 w20 13 G817 1297 5 [EEEEN0s7  osn
06198 34161 17116 31 33710 137.0 47.14 2.892 86.1 5 0.6531
06199 34265 26410 193 20986.0 247 1532 1472 1602 5 0.8624
B u sca d o r d e 06202 34255 26912 770 1154 99.07 1160 1064 5 0.8869
06204 34265 2437 0 320 B4.82 6238 130 420 5 0.7977
y 06205 34276 29683 4 4784.0 99.35 70.41 1412 137.0 5 0.8405
Micro P lasticos e - I o assn
06207 34300 28919 247 268580 200.1 1303 2001 1615 5 0.4677
06208 3390 31889 176 19138.0 1742 1616 107 138 5 0.7606
06200 34369 20012 100 10874.0 149.5 1201 1246 27 5 0.8819
06210 333 32568 15 16310 56.21 4336 1295 1278 5 0.7247
06211 M3 32631 7 712 54.19 n7 231 1262 5 0.4521
06212 47 25505 7200 1389 837 167 1626 S 0.7148 v
« >

Spec 1
Compare Neighbaring Spectra Compare to References

11 ||Ref.spec ~
a | F P

FET, polyet...
& | e, polyet...
= | ©FeT, polyet..
BLC | O FET, polyet.

P, polyamide

P oalvamide ¥
LAl >

Imagen microscopica visual §

Making Microplastics Visible | Innovation with Integrity



Buscador de microplasticos Purency

Ay e,
221 Purency
L) g

Detected Particle Classes | A <
##2 Class  No. of Particles R<0.2 R<0.4 R<0.6 R<0.8 R>0.8 | = -
V1 | 35 particles 0 0 B 5 7 Q
. 4 v2 |G ¢ partices 0 0 0 7 2 Q
Lista de particulas o A
vi4 0 particles (i 0 0 0 0 o
Display Filted - v'5 [PETLL 861 particles o1 0 8 753
,ﬂ 6 [BSIIN 0 particles 0 0 0 -
e ¥i7 |ABS 0 particles 0 0 0 (i 0 @
- —_—— Vs 395 particles 1 0 10 o1 293
Identldad y Simirty [0.00)2] “9  [PEIIN 2 particles 0 0 B 0 0 2
—_— ¥ 10 [PMMAR 1 particles 1 0 0 0 0
’ - S v 11 [GEYIN 0 particles 0 (i [ 0 0 AR
estad|st|ca EE M E |90 EXE e . 0 1 0 o v
Particles Distribution Parameters é
i
1317 [1317] particles |a Cg
PID Cent.X [pm] CentY [pm] Size[px] Area[um2] Length [ym] Width [ym] Aspect Dir[?] Cl.  Cl. Name Relevance Similarity Do|
N . .7 06194 34100 23044 38 41320 96.08 65.78 1468 112 5 [PERMMMNN 08232  0.739 =
D I St r‘l b u C I 0 n d e 06195 34172 24068 206 22400.0 238.0 140.3 1702 1552 5 [PERMRNNN 0.9630 0.8091 =
06196 34224 20827 324 352310 277.4 188.2 1476 1429 5 |[PERMMMMN 0.9615  0.8638 i s
~ 06197 34172 19667 46 5002.0 1133 65.18 1736 1207 5 [FERMMMNN 0.9307  0.8222 / 2
ta m a n o 06198 34161 17116 31 33710 137.0 47.14 2892  86.1 5 |[PERMMMNN0.7492  0.6531 =
06199 34265 26410 193 20986.0 224.7 153.2 1472 160.2 s [BERRN 0.9560 0.8624 £ | 25000 b
06202 34255 26912 71 77200 1154 99.07 1160 1064 5 |PETMMN 0.9531 0.8869 & H
06204 34265 22437 30 32620 84.82 62.38 1360 420 5 [PETMMMNN 0.8987  0.7977 2
06205 34276 29683 44 47840 99.35 70.41 1412 1370 5 [PERMMMN 0.9055  0.8405 P 2
06206 34276 22657 2 23920 65.69 56.75 1155 1225 5 |[PERMMMMN 0.8582  0.5531 8
06207 34390 28919 247 26858.0 290.1 139.3 2001 1615 5 [PERL0.8486 04677 5
06208 34390 31889 176 19138.0 1742 161.6 1079 1389 5 [PERMMNN 0.9167  0.7606 i
06209 34369 20012 100 10874.0 1495 120.1 1246 427 5 [PERMMMNN 0.9620  0.8819 £
06210 34338 32568 15 16310 56.21 4336 1205 1278 5 |[FERMMMN 08356 07247 &
06211 34349 32631 7 761.2 54.19 272 2381 1262 5 [PERMMMNMN 06705  0.4521
06212 34473 25595 71 77200 138.9 83.37 1.673 1626 5 |[PERMMMNN 0.9241  0.7148 v
< > 20000
Specl Spec2 i

Compare Neighboring Spectra Compare to References
11 |[Ref. Spectra A

Q PU, polyure...
@ PET, polyet...
LA A
Ja 4 8LC || © PET, polyet...
V\AMN,M/\/\/ N \\»\,\_,//\/\M/v\/\/ PA, polyamide 15000 i
e TR e R, & [|| O pa. oohvamide 30000 35000 40000 45000
| o
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Ventajas de Imaging BRUKER

v" El proceso es completamente automatico

v Bruker LUMOS II oy &,
, >21: Purency
v" Maximo rendimiento en Imaging L} g
Solucién Lista para usar

Basada en Machine-Learning

.....

Robusta en la interpretacion de los espectros.

Presentacion de los resultados comprensible

RN N NN

Ideal para analisis de rutina
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jemplo: Sedimento

£ Particle Editor
File Particles Setup Help
@ 8 X & P & Osync2 mager viewport
Detected Particle Classes |
Class __ No. of Particles R<0.2 R<04 R<0.6 R<0.8 R>03 |
PP 22 particles 0 3 6 s
3 5: vorticles 0 0 0 7 14
144 particles 0 2 8 102 32
T o perticles 0 0 0 0 0
[BERN 4 particles 0 2 2 ) 0
Ps ] 1 particles 0 1 0 0 0
ABS 0 particles 0 0 0 0
234 particles 0 3 80 133 18
P& 0 particles (] 0 [) 0 0
¥ 10 [BMMAR 6 particles 0 1 5 (i 0
v 11 G 0 particles 0 0 [) ) 0
12 0 particles 0 0 ) 0 0
¥i13 EVAc 3 particles 0 2 1 0 0
Bl — V4 2 particles o o o 2 o
¥ y ze [T 5] ¥ 15 [BANDIN 2 particles 0 0 0 0 Bl
. v 16 0 0 particles 0 0 0 0 0
v 0 particles 0 0 0 0 0
Similarity [0:00], V18 0 particles 0 0 0 0 0
—_— V19 2 particles 0 0 2 0 0
¥ 20 [ERRITH 20 particles 0 4 13 3 0
8 g v 21 [BEARIN 0 particles 0 0 0 0 0
Particles Distribution Parameters
491 [491] particles
PD CentX [ym] _CentY [ym] Size[px] Area [ym2] Length [um] Width [ym] Aspect Dirf®] Cl.  Cl.Name Relevance Similarity Donf
00681 32709 24023 5 33.60 23.57 1419 1084 1 |PP 04400 05438
00682 32709 25896 5 544.0 33.60 23.57 1419 716 1 [PB 04400 05438
00775 33478 20477 6 652.8 4269 2471 1723 1210 1 [P 08600  0.8606
00776 33478 29453 6 652.8 42.69 24.71 1723 500 1 [BB 0.8600  0.8665
00807 33686 33281 1 108.8 10.43 1043 1000 00 1 [PR 06267  0.7083
00812 33707 33202 3 326.4 31.20 10.46 3000 00 1 [PB 06311 06718
00843 34758 20644 3 326.4 25.18 17.81 1414 1350 1 [PR 03956 02611
00844 34758 20275 3 326.4 25.18 17.81 1414 450 1 PR 03956 02611
00848 37680 18395 1 108.8 10.43 10.43 1000 00 1 (PR 05333 0.6021
00849 37680 31524 1 108.8 10.43 10.43 1000 00 1 [PR 05333 0.6021
00850 38938 24128 1 108.8 10.43 1043 1000 00 1 [PR 07600 04539
00851 38938 25791 1 108.8 1043 10.43 1000 00 1 [PB 07600 04539
00852 39760 18489 1 108.8 1043 10.43 1000 00 1 [PB 06400  0.6937 v
< >
Spec1 2
Compare Neighboring Spectra Compare to References
PP, 1.1 ||Ref. Spectra &

PE, polyeth...

RANKR N@ v ep

Ay e,
221 Purency
LY S

histogram of class decision vector, click to unfold



Analisis de microplasticos con microscopia FT-IR Bg%n

Ejemplo: Sal marina

57, Particle Editor
File Paticles Setup Help

@ @ B @ P F  Osyme mager viewport

0
&7
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o
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o
o

o
0

cccecooc00EO~OR008~G

z 760
33.780 20.813 25.189 39.944 46.147 13.621  264.30
22781 10434 17.811 25.189 26.160 10.233  149.19
14892 1.0000 14142 1.8043 0.54288 18633 50915

[ See | Aes  length  Width  Aspect

>52.00

nrnl range: 0.00...2.00 count: 266 total: 1073
11 " T
S |
a i
) |
i
i
1507 :
i
]
1004 |
i
i
s0d
:
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Log H + F T f T

Size [px]
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huztogram of class decision vector, click to unfold




Ejemplo: Leche de un contenedor de carton

Ay e,
221 Purency
Y g

&% Particle Editor - x
File Particles Setup Help
@ 8 X @ P &  Osyncanmager viewport
Display Filter Detected Particle Classes "
see[ 1 5] Bl Class_No. of Particles R<0.2 R<0.4 R<0.6 R<0.8 R>0.8 Al
e — v1i [P 33 particles 0 6 20 7 0 Q
Relevance [0.5]%] vi2 [ 905 particles 8 260 321 206 32 Q
= v3 [GUS o partices 0 (i (] (] 0
_&@ vi4 4 particles 0 2 2 0 0 &
- v'5 [PER. ] 156 particles 23 % 34 3 0
B b~ 4 3 particles 0 2 1 0 0 s
Particles | Distribution Parameters @
339 [2125] particles Al 2
PID,  CentX([pm] Centy[ym] Sizelpx] Area[um2] Length [um] Width[ym] Aspect Dirf®] Cl.  Cl.Name Relevance Si
00007 33876 24013 1 98.74 9.937 9937 1000 00 1 [pB 0.7067 A
00008 33886 24023 1 98.74 9.937 9937 1000 00 1 [PB 0.6133
00016 35184 25797 80 7899.0 1664 78.53 2108 783 1 [PR 0.7435 4
00022 35452 24840 27 2666.0 95.50 57.13 1669 1251 1 [P 0.7402 b4
00037 36235 22349 44 43450 100.9 71.58 1403 946 1 [PP 0.6897
00094 41170 2711 1 98.74 9.937 9937 1000 00 1 [pB 0.5200
00187 31180 21383 25 2469.0 95.23 42.50 2243 1413 2 [ 0.6875
00214 31378 30220 4 395.0 19.82 19.93 1000 00 2 [N 06100 e
00221 31487 31017 20 19750 72.07 45.45 1501 263 2 [N 0.5927 i@
00232 31666 30290 1 98.74 9.937 9.937 1000 0.0 2 [ 08500 V4
00239 31745 26942 31 30610 85.32 56.75 1510 200 2 [N 0.7996
00247 31914 26016 4 395.0 19.82 19.93 1000 00 2 [ E M £
00248 32032 22818 123 121450 240.8 147.7 1638 140 2 . & g
00256 32122 27939 13 12840 51.00 39.01 1301 1019 2 [N o- s
00257 32181 22857 1 98.74 9.937 9937 1000 00 2 [N O & ]
00266 32310 30031 1 98.74 9.037 9937 1000 o0 2 [ g o 5
00267 32340 23017 3 296.2 23.99 16.96 1414 1350 2 [N 0.5556 g
00272 32359 23017 4 395.0 32.00 19.32 1649 1084 2 [N 0.6467 &
00274 32399 20925 1 98.74 9.937 9937 1000 00 2 [N o0.7467 <
00279 32498 19869 27 2666.0 75.95 56.70 1342 341 2 [N 0.5699 =
00283 32548 19918 i 98.74 9.937 9937 1000 00 2 [N 0-8400 g
00290 32706 21353 31 30610 88.76 58.34 1520 498 2 [N o- &
00292 32706 30449 10 987.4 49.20 31.04 1503 1723 2 [N 0.7400 i
00296 32825 23565 15 14810 52.53 38.96 1349 431 2 [N 05538
00300 32885 30619 4 395.0 19.82 19.93 1.000 0.0 2 [ 0.7300
00303 32994 30549 121 11948.0 167.2 127.3 1307 995 2 [GF E
00304 32034 23445 1 98.74 9.937 9937 1000 00 2 [N 06267
00311 33142 23874 53 52330 1135 7018 1610 1014 2 [N 0.7333
<
Spec1
Compare Neighboring Spectra Compare to References
1:1 ||Ref-Spectra A
> PU, polyure...
Q ® PET, polyet...
& || per, polyet...
PET, polyet...
8LC || © PET, polyet...
Ao Wity e - PA, polyamide
- e & || © PA. volvamide ¥
< >




BRUKER
Enfoques analiticos| ¢Por qué FT-IR?

(micro-) espectroscopia FTIR: i

- Identificacion de las
particulas, tamaio y cuenteo

- Estimacion aproximada de la
masa

- Técnica no destructiva
- Método con alta productividad
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