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I Outline

Micro-preconcentrators

B Context / Principle
B Design and fabrication
B Adsorbent characterization / Parameters

B Applications
«  VOC preconcentration test, GC analysis
» Explosive detection

B Conclusions
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Introduction: context

_ Challenge : Gas trace detection

with sensor or analyzers with limited sensitivity
Miniaturized system for in situ detection

Reduce dead volume and thermal

mass
» Conventional trap $
(preconcentration tube) MEMS technology

Microfabricated preconcentrator

00000@46’

e Miniaturized | : A..m‘m.s o Miniaturized system :
analyzer : ' P T Micro-GC /Micro-
Micro-GC module preconcentrator
coupling
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Introduction: preconcentration principle

_ Process : Accumulate a target gas, then desorbed it by a temperature pulse

Gas pre-conditioning is of importance for the detection of chemical

substances in trace level.

Desorption

with preconcentgation

Micro-préconcentrateur

~

witho

it preconcentration

LA

Heating
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Introduction: Preconcentration factor

_ Preconcentration factor : ratio of outlet to inlet concentration

Désorption
C:
d2
Adsorption c, Sit; < temps de pergage,
I <, L conservation de la matiéere :
t, t,
P C.t.f= C,. t.. f,
Preconcentration factor: PF = 121 =2 C: concentration
t2f2 €1 t: time
f: flow

‘ ‘ I | IR |‘

Augmentation du facteur de préconcentration PF implique :
- un débit d’adsorption élevé ;
- un temps d’intégration le plus long possible ;
- un débit de désorption faible ;
- enfin une désorption le plus rapide possible.

| Time (min) |

et i)
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Design

_ Preconcentrator design

= 4 {0 pm

Inlet/outlet channels preconcentrator/ leuro

'mmlml )
b)

\
)

Characteristics Values
Depth 500um
Chamber volume 14 uL
External diameter 500 pm
capillary
Internal diameter 385 um
capillary
Resistance value 10 Q

Design and schematic device composition:
a) platinum heater,
b) etched silicon wafer
c) glass cover
d) capillaries
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Preconcentrator fabrication

_ Microfabrication at EPFL, Neuchatel

Deep Reactive lon Etching (DRIE)

. EmEEE

Wafer bonding (Si/Pyrex glass)
[1 Silicon

_ Structured silicon wafer
B Photoresist Silicon material

-good thermal conductiviy,
[0 Pyrex glass

-suitable material for DRIE)

= fiid |
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Heater deposition

_ Heater deposition by screen printing
S S 1]
,_—_-_l_l_-_|

Pt _ Short circuit SizN, Better
S SiO, due to the S Sio, insulation with
.- |
silicon a layer of
conductivity silicon nitride
350 350
300 - Calculed temperature with R value 300 4 = Calculed temperature with R value
— Temperature set — Temperature set
& 250 - $ 250 -
8 ()
2 2001 = 200 -
S g
g 1501 © 150 -
E o
G 100 - E 100 -
50 - 50 |
0 . 0 =
0 10 20 30 ' : :
Time (min) 0 10 20 30

Time (min) l
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Theses M. CAMARA (2010)
F James (2015)

_ Micro-Preconcentrators development
Platinum heater deposition by screen-printing.
Etched Silicon

Microcomponent 1,5
cm

(2 |lm||l II

<O .

Heating element and temperature distribution

Connectique chauffage

.

Adaptateur 1/16
Micro-préconcentrateur device

Adsorbent chamber
Ciment céramique

Metallic capillaries sealed with ceramic
cement, with 1/16” connectors.

Capillaire mét

Capillary : @iieme 220 um for 325um deep IMT micro component .
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Sorbent deposition
_ Carbon Nanopowder deposition by microfluidic method

Tube pressed by - : .
a peristaltic Capilary =y |

pump
- &
'

Mass deposition :
? 4 2 mg carbon nanopowder

Carbon powder

suspension
Characterizations Carbon Tenax TA
Particule diameter 100 nm 200 um
Surface Area 95 m?/g 20 m?/g

= fiid |
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Sorbent material study

Temperature Programmed Desorption
_ Thermal desorption of gas species analyzed by mass spectrometry

Vapor exposure :
1 ppm of Toluene

Carbon _
nanopowder duringl hour at 10L/h
ol |
2,0E-08
s | —Toluene _
P pz2.9kpa — Blank Thermal desorption:
g b.p =110°C Desorption
= 1,0E-08 -
g temperature at 250-
= 300°C
5,0E-09
0,0E+00 " - - -
0 100 200 300 400 500
Temperature (°C) %
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Preconcentration test. Laboratory test bench

Vapor generator

Mass

Detection
flowmeters

system

R == R
coooog
Preconcentrator

Gas carrier

Photo lonisation Detector (PID)
Permeation tube Carbon Preconcentrator  for Vapour Organic Compounds

(VOCs)

Air- Analyte
Air

. ' Analyte diffuses through tube wall into air stream ~ Mixture

: s s N N I:(v

Permeation tube filled with test analyte

\J \J \J A
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Preconcentration test. Parameter influence

_ Heating rate and flow rate influence

Vapor exposure : 1 ppm of Toluene during 5 min at 10L/h

~
o

o O
1 1

o
1

P N W b O o
o o
1

Concentration (ppm)

o
1

= Heat rate : 40°C/s to reach 300°C
— Heat rate : 15°C/s to reach 300°C

High heating rate for high peak
detection

o
ol

8
Time (min)

10 11

100

90 -
80 -
70 A
60 -
50 -
40 -
30 -
20 -
10 -

Concentration (ppm)

Flow rate :1L/h
Flow rate :3L/h

Flow rate :5L/h

~ Flow rate :10L/h

Low flow rate for high peak
detection

_ Number of desorbed particles
flow rate

C

out

11,5
Time (min)

12

12,5 13

Institut Mines-Télécom

Jean-Paul VIRICELLE, colloque IMT Matériaux , mars 2016

I

INSTITUT
Mines-Télécom



1'st application : GC Analysis. Industrial Setup SQ\(>

INSTRUMENTS
Setup and GC process

Heating and
injection

Pump

Sample

. -
\)reconcentrator
»

Carrier gas

Inject Valve M

g

Analytical column FID

Preconcentrator 6 ways valve
Preconcentrator as a sample loop

= fiid |
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1'st application : GC Analysis Sl'z\(;
Industrial applications:

_ Chromatograms Gas mixture analysis (Toluene,Methylisobutyketone, NSTRUMENTS
Chloroforme, Vinyl acetate)

ppm trace level analysis

Vinyl acetate oluene A
w1/ monome PF= A—i A : peak area

350000 l/
Chloroform
300000
B With Preconcentor

250000

@ Without Preconcentor Target Gas Initial Preconcentration
9 Concentrations factors (PF)
o Toluene 8 ppm 689

Vinyl acetate

100000 ] 9 ppm 658
monomer

0000 Chloroform 11 ppm 438

- MIBK 7 ppm 576

o
ime. 400 3

ppb trace level analysis with interferences (natural gas)

nC,
e | — e ——
With Pré- trat .
iC. — Wl_th r: ;mlmen e eturt TargetGas | . entrations factors (PF)
: s Without Pré-concentrateur _ Toluene 37 ppb 200
Vinyl acetate Vinvl
1C5 ny acetate
i monomer. : : monomer 39 ppb 800
= Chloroforine Chloroform 46 ppb 600
i MIBK 35 ppb 200
Ce
_ C7+impuretés : ;
'| . Toluéne
MIBK : /
B f = ‘V MINES
. iﬁﬂﬁl

Institut Mines-Télécom Jean-Paul VIRICELLE, colloque IMT Matériaux , mars 2016 [EMEERRE]
Mines-Télécom




2"d application : Explosive detection

_ Explosive detection

Micropreconcentration of DNT

(Dinitrotoluene)

ppb trace level analysis

Thermal Programmed Desorption
of DNT on porous silicon

Use of porous silicon (composant wall)

as adsorbant

pore size @ : 1-2 um and thickness: 90-110 pm

Preconcentration test
of DNT on porous silicon

Silicium poreux
1,0E-12 1
=i Echantillon avec
, adsorption de DNT
1
8,0E-13 -+ =—4—Echantillon sans
adsorption de DNT
(blanc)
©
K 6,0E-13 -
P
‘@
3
£ 4,0E-13 -
2,0E-13 +
0,0E+00 T T T
0 100 200 300 400
Temperature (°C)
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_ Conclusions

v' Microfabricated MEMS preconcentrator
 Low volume :14 pL
« Fast Heating rate :40°C/s
 Flowrate:1to 20 L/h

d
]

v Various adsorbent material : Carbon nanopowder or nanotubes,

Tenax, porous silicon, ...
« Good adsorption capacity for large range of VOCs, explosives,

drugs...

v Wide range of applications
» Coupling micropreconcentrator/u-GC or with other analyzer
» Air quality monitoring (VOCSs)
« Security applications (explosives, drugs)
* Any need of traces detection...
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