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ABSTRACT

Over the last decades, the evolution of environalestudies has been tending towards monitoring-ever
lower concentrations of pollutants, both in indaad outdoor air. Therefore, the need for preparary low
concentration gas mixtures to calibrate monitoriteyices has been quickly growing. One of the ctucia
points about preparing such mixtures is generatary low flow rates of a compound in order to aghie
very low concentrations.

In addition, some compounds cannot be stored iin glaseous state, such as formaldehyde (HCHO),lwhic
is unstable and decomposes easily as a gas. Tl adejuid solution is also more flexible tharsga, as it

is easier to store and transport. However, creaiggs mixture from a liquid solution of compoueduires

to evaporate this solution in order to mix it witie carrier gas. Microfluidics help addressing Hoth flow
rates and evaporation issues by bringing ways toipuate volumes in the order of pico- to micratite
inside small and easy to heat devices. At this ,(tithere are several ways to prepare low conceotrati
gaseous mixtures from liquid a solution.

One of them, widely used, is permeation. It cossisslowly evaporating the liquid solution of conumd at

a known mass flow rate by controlling the tempe®{d]. The vapors emitted by the heated solutient
pass through a thin porous membrane and diffusetive carrier gas flow, as shown in Fig.1. Perroeati
tubes can be found on the market, with mass flaesraommonly ranging from 5 to 50 ng/min (equivalen
to 5 to 50 pL/min for pure water). This allows tpeneration of mixtures of very low concentratiorth@ut
the use of very high carrier gas flow rates, tylhychto 10 L/min.

Another way is the use of a syringe pump or miciidft pumps to add a continuous flow of liquid d@no

to the carrier gas flow. Unlike the previous sauatinvolving permeation membrane, no precise teatpes
control is required. Instead, a higher heating trajure is needed in order to evaporate the liquid
effectively. Very low flow rate syringe pumps prdei for example, an easy way of generating a lifjoid.
Pumps can be found on the market with flow ratesrdto 5 pL/min, however this flow rate is still a
hundred thousand times higher than that provideghdyyneation tubes considering pure water. Such high
liquid flow rates require even higher carrier gisvfrates in order to achieve low concentrationghef
chosen compound.
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Figure 1:Example of the use of a permeation tube
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generate vapors of a liquid solution inside a eamgas TR W s
flow. [2] tube evaporation

Another option is to convert the continuous ligfiow into discrete droplets. This allows both vdast
evaporation [3] and lower concentration mixtureankts to the droplets being dispensed periodically,
resulting in a lower average liquid flow rate owene, without increasing the carrier gas flow re@everal
methods for dispensing droplets in a gas flow halveady been studied, like the one described gt

al. [4], shown in Fig.2. In this example, dropletsaobund 50 to 80 um diameter are generated and added
a gas flow in a microchannel.

Figure 2: (a) Schematic illustration of the coaxial Arets
co-flow droplet generator using gas CP; (b) B
Microscopic image showing the formation process of
a droplet. [4]
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The lowest concentrations achieved by all thesdoast are compared in Tab.1 for a carrier gas fie of
1 L/min and an aqueous solution of formaldehyd®.81 %w/w concentration (%weight/weight, a mass
fraction of the solution). The concentratiop{ro,qgas iN PPb, was calculated as follows:

MycHo
CucHogas = (1)
carrier gas

Equation (1) is then transformed into equationf@)permeation tube and permanent liquid flow, ard
equation (3) for droplets dispensing:

CHCHO,sol X Psol X Qsol

(2)

CHCHO,gas =
Pcarrier gas X Qcarrier gas

CHCHO,sol X Psol X Vdrop X Fdrop

3)

CHCHO,gas =
Pcarrier gas X Qcarrier gas
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where Gichosol IS the concentration in formaldehyde in %w/w o€ tolution, anthse, Qsol Pearrier gasand
Qcarier gasdenote respectively the density and the flow oditine liquid solution and the carrier gasyyand
Farop @re the volume and the dispensing frequency ofitbplets.

Table I Comparison of the minimum concentration of

formaldehyde that can be achieved for each methtid a Permeation| Droplets | Permanent
L/min of carrier gas flow rate with an aqueous soluof tube dispensing| liquid flow
formaldehyde at 0.01% w/w concentration. The licfiloav
rate achieved is also presented in this tabledohenethod, QSO'_ 5g°® 3¢’ 5
considering a solution at= 1090 g/L. For droplets (uL/min)

dispensing, 50 um diameter droplets were considered,.,,
dispensed at a frequency of 0.1 Hz. (ppb)gas 0.0005 03 500

In this table, we can see that the use of a peiameatbe is the best way to achieve very low cotregions

of formaldehyde, but these concentrations are wajeu what monitoring devices can detect, which is
usually in the order of 1 ppb. Permanent liquidvldoes not facilitate the generation of such cotreéions

at all, but converting this constant flow into deste droplets makes it possible to generate ppdenf the
chosen compound.

Furthermore, the variation of concentration in dneplets dispensing method has been studied wahges
in carrier gas flow rate and droplets frequencye Tésults of these calculations are shown in Fig.3.
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In this figure, we notice that concentrations ie trder of 1 ppb of formaldehyde can be achieveahgt
carrier gas flow rate, only by changing the draplg¢neration frequency. It is also shown that Zdes of
concentration can be covered this way. The diameftehe droplets and the concentration of the tqui
solution of formaldehyde can also vary in orderctange the final concentration of the gas mixture.
Therefore, there are 4 parameters that can beiddily modified to affect the concentration of tmexture,
making this solution much more flexible than pertieatubes.

In this review, the advantages and drawbacks ofliffierent methods for generating a gaseous mixiitie
a low concentration of a compound previously ingaitl solution are presented. Emphasis is giveth¢o
liquid evaporation, as it is the key to achievingmogeneous, totally gaseous mixture. Finally, frth
investigating the droplets dispensing method opebisand new wide area of research that might leaxiv
and effective gaseous mixture generating devices.



—_———

* * x
x ok — .-l
*xx = ]
migrate microfluidics
A vvirr:?ncﬁzr:)ezém Proceedings of the SMIGRATE Workshop
June 27-29, 2018 — Bastia, France
Acknowledgements

This work is related to a thesis project funded aogported by the company In'Air Solutions based in
Strasbourg, France, and the french Research arhdlegy National Agency (ANRT).

References and Citations

[1] Mitchell, G. D. (2000). A Review Of Permeatidrubes And Permeators. Separation and Purification
Methods.

[2] Permeation Tubes description for gas test egaig calibration. (n.d.) Retrieved June 5, 2018,
fromhttp://www.finepermeation.it/

[3]Brin, A. A. (2009). Evaporation Of Water Droggeln A High Temperature Gas Flow. Conference of
Young Scientist on Energy Issues 2009.

[4]Jiang, K., Raghavan, S. R., DeVoe, D. L. (2012yuid-In-Gas Droplet Microfluidics. 16th Intertian
Conference on Miniaturized Systems for Chemistny kife Sciences 2012.



