Investigating Brine on Frost Flowers with Absorption Tomography
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TOMOGRAPHIC MOVIES OF BRINE MOTION SHOW
PUuLsED WICKING

MOTIVATION X-RAY ABSORPTION TOMOGRAPHY OVERVIEW THRESHOLDING GIVES INFO ABOUT BRINE DISTRIBUTION

Frost flowers grow on new sea ice via vapor deposition. Their growth is also X_ray absorption

affected by the wicking of brine- from the sea ice su.rface. As a result of these microtomography yields a three S e
processes frost flowers have a high bulk salinity which suggests they may play a . .
role in facilitating halogen activation. While the bulk composition of these frost dimensional data set through Camera
flowers is well known, there is a lack of knowledge about the microstructure. reconstruction of two
Knowledge of the bulk composition does not answer questions about the dimensional images. These Visime/é\ Figure 9: 5 still frames taken from a tomographic movie of a warming sample.
availability of brine for reaction with the atmosphere. For example, the brine images are generated by placing T e Sample KRy P Regions A and B evolve significantly over the duration of the movie.
can exist in enclosed brine pockets within the crystal or as a surface skim layer the sample in the path of 2 Scmt”m\‘ """" R oy Soure
on the frost flower. Additionally, while measurements of frost flower surface onochromatic Xerav beam and Tomographic movies are an excellent technique to observe the
area can be made, it is unknown how much of this surface is covered by brine _ y_ 10 mm Tomm response of brine to temperature change in real time. The
and thus how much brine is exposed to the atmosphere. This work explores the measuring the transmitted X-ray N | o - | | | . . . .
15 66 Yooy albmersien Tomeman 88 & wEy o At crestins, T intensity by capturing an image otation Stage Flgur.e 6: One sllce.lmaged at dlfferlr)g X-ray Figure 7 A threéholded version of Figure 6. experiment Is se.t up by pIaC|.ng pure ice cr.yst.als onto fro;e-n CsCl
technique yields information about the overall distribution of brine in frost of the transmitted X_ray beam enetrhgle.s showsdtf;? I|:£1creased absorption Of[ (chs Eich |-3t|xe| |sbdeilgnate§| with a irc?ysclaled. t an-d the|.1 watching the warming. The movie is taken by lelng. the
flowers as well as observations of brine motion in real time. using a single crystal YAG 2? y zf:zlcl:reezlaeie’cron; Y ENETEY CALiSes ExCitation lcrlleeri]r:a}igeasabz\iegroun 15, OF DHnE TEating 1o O”e.ntauon of the sample relat'Ve-tO the X-Ray beam and taking
ccntillator and CCD camera. igure 3: lllustration of tomography | h -h - h ) : | h | an image every 5s as the sample is warmed from —22°C to
he sample is rotated 180 optics Fh'gure 0 s OW]SCF e 2- T'Cels t Zt make I:Jplt e c:Iata ?ceth be’ edge cl:(ontr.ast In —.15 °C. The.W|ck|ng.|s pulsed rather than a continuous process
degrees in .25 degree steps to o commsnomevmedCewevas t |e t_WO Setsho Imagﬁs. clearly i ICat_?:] tde AEIICITE |t ed rlnebpo.c S I o Wlth. long periods of_tlme.between bl’ln-e mo‘Flon. In real tl.me the
cenerate the 720 images | .re ation ’_co the overall ice st_ructure. e ate? was analyzed to obtain quantitative movies show that brine wicks up certain regions preferentially as
The frost flower samples ecessary for a 3.D information about the.relatlve amounts of brine on the surface. The data was the temperature increases rather than uniformly coating the
examined were grown using .5 reconstchtion of the sample thresholqed to determl.ne the overall content of each voxel base_d on the sample surface. This distribution of brine is also seen in the 3-D
molar CsCl solution to | attenuation measured in each voxel. Each voxel can be placed in one of three rendering of a frost flower sample in Figure 5.

Attenuation of the X-ray beam
passing through the sample is
governed by: | = el

where % Is the mass attenuation

categories, background, ice, and brine. This was done starting from an image
histogram of the entire volume and refined using a graphical approach to attempt
to match the thresholded and original slice images as closely as possible as shown

in Figure 7. A 3-D median filter is used to eliminate image noise in the CONCLUSIONS

approximate the ionic content
of sea water. The CsCl has a

similar phase diagram to NaCl,
the primary component of sea
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coefficient. This coefficient ST e W -

Sr;?:]tc,hblr:o?(:t;?:stiecz él_lrc?v}\//isng varies depending.on thg material Figure 4: The above plot shows the thresholded images. »AIbsc?rpti.on tornog.rap.)hy pr.oyides v.aluable information about

_ o the X-ray beam is passing energies at which the data is collected. distribution of ionic impurities on ice
for better c!lfferent|.at|o.n ) Flere 1 Sarisles mevm o7 ena ks b through. This difference allows A_t 36 KeV the atteﬁuation of Cs is much » While most ionic impurities exist on the surface, surface coverage
I;etween brine and ice in the this study one to easily tell brine from ice R'FShTe'[r;];‘a” that of ice. (Data from CALCULATED DISTRIBUTION OF BRINE is not uniform and thus not all of the surface will be chemically
T?h:solution was poured into a container insulated on the sides in the resulting images[4]. Once each voxel is labeled, the actlve.. . . . .
and bottom to ensure the solution would freeze from the top thresholded data set can then be S —— » Knowing bulk c<-)n§entra-t|on alone is not suff|C|e.nt to determine
down and left in a chest freezer overnight to allow for frost flower analyzed to determine brine location the effects of this ice brine system on the chemistry of the
growth. The grown frost flowers exhibit similar morphology to SLICES RECONSTRUCTED YIELD 3-D RENDERING in relation to the ice structure. atmosphere
natural frost flowers examined in previous studies|2]. Having designated each brine voxel, ~ Heterogeneous nature of surface coverage due to

movement of brine onto vapor deposited ice via wicking
must be taken into account in atmospheric chemical
models to provide an accurate assessment of the effect
of ice interface chemistry on the atmosphere.

The sample exhibits the 120 ;
degree angles one would expect T

for hexagonal ice crystals and
the overall structure is similar o
that seen in photomicrographs
of wet frost flowers[2]. There

ne nearest neighbors are identified to
determine if the voxel is on the
surface. The nearest neighbors form a
3x3x3 voxel cube, and a brine voxel is
defined as being on the surface if a
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