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What are the mechanisms governing salt precipitation observed in heated microfluidic systems?
Subquestions:
1 How do these mechanisms affect the spatial distribution of salt precipitation?
1 What is the impact of rock patterand pore geometry on salt precipitation?
1 How does théheterogeneityaffect dynamics o$alt precipitation?
1 How can the insights gained from this study be utilized to enhance the efficiency of CCS
technologies?

What factors influence the growth of Cydrates in microfluidic systems?
Subquestions:
1 How deesthis kineticselucidate the mechanisms of hydrafi@mation and dissociation?
1 What types of hydrate morphologies can be observed?
1 How can the insights gained from this study be utilized to enhance the efficiency of CCS
technologies?
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Methane, ethane,
carbon dioxide....

Water molecule ‘cage’
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natural gas....

Gas molecule
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methane + cycloheptane....
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A Spreadsheet Add-in for the Thermodynamic and
Transport Properties of Carbon Dioxide Enthalpy, kJ/kg
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The results of the homogeneouscrofluidicchip show that for a given water saturation, a larger pore
size will result in a higher salt saturatioret the inverse seems to hold true for the heterogenous
microfluidic chipsFor both thelargesmall as themediumsmall microfluidicchip, the salt saturation

in the small part of thenicrofluidicchip (7 and 5%gxceeds the salt saturation in ti@geor medium
pore size part (5 and 3%)gain the salt saturation ifigherin the large pore size part than in the
mediumpore size part.

This phenomenon can be explained by the capillary number and capillary suction, as a thin tube
absorbs liquid very quicklifrthesmall pores are more dominated by capillary action, and therefore
mightattract more brine.

Additionally,the presence of multiple pore size might have an influence optité of CQflow. The
CQundergoes less resistance wheavigatngthrough the larger pore sizes, resulting in more brine
being flushed out and consequently less padicipitationin the larger pore size areas, while more salt
is precipitated in the smaller pore size areas. This can be observ&iAna mizNgsvhich is the first
image of a mediunsmall pore sizenicrofluidicchip after C@injection. In this image, it is evident how
the CQflow enters and causes more brine to be flushed out in the larger pore §ZerdaNghows
the situation 7 minutes later, where it is apparent that only afteveralminutes of flow does the
brine distribution become more even across the twiiatient pore size areas.
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From the distribution of the locations of both water and salt precipitation from the various
experiments, a trend is evideais shown irC A 3aNWBhere the most water remained present for

the longest duration is very often, nine out of ten times, on the outlet side. The occurrence of the

most salt is somewhat more evenly distributed, but still predominantly on the inlet¢ileA & A & R dzS
G§KS RSONBIasS Ay t20If LER2NRaAGE YR LISNXYSIoAfAGE
G2 RAGSNByYyOSa AyOlQraifratSININE2 OFRYNSYSia FiINRIYG (KS NB3IA
aFddz2Ny o2y G2 GKS NBIA2v, b ¥ tcAsidbvemdniti 8eldibr a |- { dzNJ
experiments conducted by Lifei Yan without the heating fasing asimpleheating plateinstead,

these distributions remained the same, indicating that the heating box had no effect on the locations

of salt precipitationYan et al., 2024)

Salt location Water location

= Qutlet = Middle = Inlet = Qutlet = Middle = Inlet
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Another notable observation is that in some situations when the water backflonsmad it did not
affect thetotal amount of salt precipitation. Howevewhen it exceeded the initial maximum water
value, it became the dominant factor influencing the resulting amount of salt.

It was seen thathe time until total dryout showed a large variance with values ranging from 12 to
133 hours.This can be explained by the differences in water distribution in the microfluidic chips. |
the water is better distributed throughout th¥ A O N2 b dzithe Av@por@tisriid faster compared

to when all the water accumulates on one side or in one spot o¥itheO N2 b dzX &R iht€estiélyy LJ
the experimentalduration isquite constant per chip, with only one eaption. This exception was

CT



caused by a water regvoir in the middle of the chip resisting dowyt. This high variance of dogut
time between chips, combined with the low varianper clip, show the large influence of pore
geometryon salt precipitation ppcesses.
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The more water measured in the sameA O N2 b dzAtReAhigherGiieAsali content. In athe

Y A ONER b dzA &khigler salkpercdatage was measured in the experiswith more water. For

example, the difference between the twamallpore size¥ A O N2 b dzisRédryCeleadAé hiaivn in

C A etk first experiment of these had a maximum waseturationmeasuredat 74%, resulting

in a salt precipitation of 7%, while the second experiment had a maximum safigrationmeasured

of 49%, resulting in a salt precipitation of 4%. This is also the case with the heterogdh&oDN2 b dzA RA O
O K Afod&xample looking at the largamall pore siz& A O N2 b dzA tRekfiSt exp&rinédhad a

maximum water saturation of 94%, resulting in a salt precipitation of 12%, and the second experiment

had a maximum water saturation of 53%, resulting in a salt precipitation of 9%. The msulialn

pore sizeY A ONE b dz\bett had lewvirimakimum water saturation but close tachaother (37%

and 31%), this resulted in a totf A O N2 b dz/sak p@cipi@fioh afl 8% in both cases the
homogeneousy A O N2 bhilzd, R ha®been shown that the larger the pore size offie ONR b dzA RA O
O K,XheJmore salt precipitates. In the heterogenedtiss O N2 bhih, Re\ opposite is truee. the

large the pore size, the smaller the amount of salt that precipitafbas is further explained in sub
guestion6.1.1.3
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The homogeneous and heterogeneovdsi O NP b dzisRov @ stidkikidh difference in dehydration
behavior C A Jadmisd®ws that whereas the homogeneod$ A O N2 b dzexRibitt highkrorekual
percentage of salt as the pore siYeA O N2 b dzindieages (Bkperténtages of the medium pore
sizeY A ON2 b dz deAhi@heiCiiak thbse of the narrow pore siYeA ONER b dzA Bwl e OK A LJA
percentages of the larg¥ A O N2 b dz\areiequal Khe Ipércentages of the medium pore size
Y A ONER b dz), Ria the ogbskeldith the heterogeneosA O NB b dzAlRthedeteddgenedis
microfluidicchips it can be observed that in the largenallmicrofluidicchips the salt content shows

a higher percentage on themall pore side than on the largepore side. And in the mediursmall
microfluidicchips it can be seen that themallpore side also exhibits more salt than the medipore

side. The impact of heterogeneity is thus that the salt content per pore size shows inverse Thisies.
could be explained by the impact of capillary pressure, which results in a higher water saturation for
smaller pores, resulting in higher salt precipitatidtar example the large-small microfluidic chip
showedawater saturation of 4and 536anda salt saturation of @nd 7% in the respective large and
smallpore size parts.
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