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Ni oke ofuruft, 1yo tabili dagba si cube ti inu re sofo.
Gravity yi brine pada, ki 1 se 1y0 nida

Awon crystal sodium chloride ti won dagba 16ri International Space Station ni awon cube séfo ti 6 ni
ipele, 2 si 8 millimita ni iwon. Awon paper nda se atileyin fiin transport explanation: ordinary settling ati
buoyancy-driven flow din ki gan-an, nigba ti diffusion jé olori ni ibéré idagbasoke. Lattice nda ko di irti
iyo tuntun, awon iddnwo nda ko si fidi industrial process kan miile.
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Ni oke ofurufu, 1y0 tabili lasan dagba si awon cube ti inu
won sOfo ti won si ni ipele

Awon crystal nda da bi isé faaji: awon fireemu onigun mérin wa nind ara won, oji won si 10 si ind bi ategun.

Sodium chloride lasan ni won fi se won, €yi nda ni compound ti 6 wa nind iy0 tabili. Ohun ti 6 sajeji ki 1 se ohun

¢lo nda. Brine t6 yi i k4 ni.

Lori Ayé, crystal t6 i dagba nind omi t6 té iwon centimita 1e 11, I¢ kan odi tabi ojd-il¢, 6 si 1 ran 1owo 1ati da
iyatod density sile ti y60 mu solution nda mda yi kd. Lori International Space Station, settling lasan ati sisan omi ti
buoyancy 1 fa din ki gan-an. Di¢ ldra awon crystal iy0 diré 16j4 omi fin akéko t6 té ki won e dagba digdie, ni

isokan t6 po si i, si hopper cubes ti eti won wa ldaarin 2 si 8 millimita.

Awon iwé iwadii méta, ti a t¢ jade ni 2011, 2015 ati 2019, salayé awon idanwo wonyi. Ni apapd, won flin wa ni
¢ko té mo nipa transport physics: yiyi ona ti ohun t6 td sind omi fi dé crystal pada I¢ yi irisi crystal nda pada 14i yi

atomic 1seto r¢ pada.

Won ko fi han pé ofurufi i da crystal pipé sile, won ko fidi industrial ilana kan mule, won ko si si ird iyd tuntun

kan han.

Ki ni 6 11 so cube di hopper?

Crystal sodium chloride lasan ni atomic arrangement oni-cube. Hopper crystal nda si jé cubic, sugbdn awon igun
ati eti r¢ i dagba sadju aarin awon ojd re. Abdjade ni pé ojui kookan ni iho ti 6 i 19 si ind ni ipele, bi eni pé cube
nda fé k¢ fireemu re ki 6 t6 kin awon ogiri re.

Apeere ISS kan t6 wa 1¢yin nda 1 j¢ ki 1lana idagbasoke yii han gbangba, sugbdn 6 jé context, ki 1 se eri lti ind

awon iwé iwadii sodium-chloride méta nda. Aworan ati time-lapse Donald Pettit ni isal¢ fi potassium chloride,

iy0 miiran, han bi 6 se i dd hopper ti 6 ni ipele ati scroll morphologies sile ni microgravity.

[figure_pair pending]

Awon scanning electron micrograph méji ti potassium chloride scroll-form hopper crystals ti won dagba 16ri ISS.
Awon aworan té wa Iéyin wonyi jé apeere context fin morphology naa, ki i se awon apeere sodium chloride tabi
measurement lati inu awon iwadii 2011, 2015 tabi 2019 ti a n jiroro ninu apileko yii.

[video pending]

Time-lapse kan t6 wa leyin ti idagbasoke potassium chloride hopper ninu féléfélé omi tin-in-rin ni microgravity.
O 1 sapeere bi eti ati igun se h dagba, ki i se awon idanwo sodium chloride tabi data ti a se ayéwo ninu apiléko
yii.

Awon crystal i1 dagba 14ti ind supersaturated brine: omi iy ti 6 ni sodium chloride ti 6 td sind r¢ ju iye ti y60

wa ni equilibrium 14bé awon ipo yen lo. Awon ion sodium ati chloride gbddo rin koja omi nda ki won si darapo
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mé oju crystal.

Ona gbooro méji ni wén fi I& rin. Diffusion ni random molecular motion t6 fi gbé ohun t6 td sind omi lo 14ti ibi ti
concentration ti ga si ibi ti ¢ kéré 1disi bulk liquid circulation. Convection ni irin omi nda finra r¢. Labé agbéra
wal¢ lasan, iyatd kékeré nind temperature tabi concentration I¢ yi density pada ki 6 si fa buoyancy circulation.
AW(_)n crystal tin I& sediment, iyen ni ki won ri sind omi.

Gravity changes the growth environment, not the salt lattice

Conceptual transport comparison for ordinary centimetre-scale bulk brine

ORDINARY BULK BRINE ON EARTH MICROGRAVITY
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NOT A MATCHED EARTH-VERSUS-ISS EXPERIMENT
* terrestrial hopper growth in confined capillaries can also be diffusion dominated

Original diagram - The Clean Paper - CC BY 4.0

Ifiwéra afojusun kan fi lattice sodium chloride kan naa han ni awon ayika méjééji. Brine té po 16ri Ayé I& ni
settling, buoyancy circulation ati fifi ara kan oju-ile; microgravity din awon méji akdko ku gan-an, ¢ jé ki crystal
I& durd pé sii, 6 si mu diffusion se pataki si i ni ibéré idagbasoke. Eyi ki i se idanwo Earth-versus-ISS ti a se ni
awon ipo to6 ba ara won mu.

The Clean Paper CC BY 4.0

Idanwo yii ni a se 161 International Space Station, yara idanwd microgravity ti i yi Ayé kd. Qro microgravity ko
timo si pé agbdra walg ko si. iwé iwadii 2019 royin residual acceleration té jé nikan bi 1.2 millionths ti agbara
wal¢ 16r1 0ji Ayé, tabi 1.2 micro-g, peld irin omi cyclical t6 lora. Ayikd nda yi iwOntdnwonsi transport pada; ko
jé ki brine naa duré patapata.

Ona t6 lora si cube iwOn millimita

Iwadii 2019 dojuko awon hopper cube ti won dagba bi omi se i evaporate lati int brine 16ri ISS. Eti cube ti a royin
wa laadrin 2 si 8 millimita. Growth rate wa ldaarin 0.34 si 1.0 micromita ni is¢ju kan (nnkan bi 0.49 si 1.44
millimita ni ¢j¢ kan), péli mean 0.68 micromita ni iséju kan ati standard deviation 0.23.
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Ni average rate yen, eti 8-millimita y60 gba nikan bi 0s¢ kan 14ti dagba. Isird yii jé isirod afojisun, ki i se time-lapse

measurement ti gbogbo ipele crystal kan.

Awon onkowé se isiro afojistn supersaturation pé 6 kéré ju 1.002. Literature won fin ifiwéra 16ri Ay€ sapejuwe
hopper growth ni supersaturation t6 ga pipo si i, ju 1.45 lo, ni rate 10 si 110 micromita ni aaya kan fiin awon aaya
tabi is¢ju dig, ti 6 sdba mda 1i d4 cube ti 6 kéré ju 250 micromita silg.

Ifiwéra nda wilo, siigb6n ko matched. Awon crystal ISS ati terrestrial literature ko w4 l4ti Earth ati orbit arms t6

s N2 2 N2

jora ti egbé kan nda se ni akoko kan nda. Orisiirisii container, interface ati ona lI¢ ni ipa peld agbara wale.

Nitori nda, iyatd t6 lagbara ju lo jé descriptive: ninti awon observation ISS wonyi, hopper cubes dagba di¢di¢, ni
supersaturation kékeré, fin 9j¢ si 0s¢, won si dé iwon millimita.

Diffusion 16 se pataki ju ni ibere; sisan omi si le ni 1pa 1€yin
naa

iwé iwadii 2019 lo Peclet number l4ti fi transport ti irin omi 1i fa wé transport ti diffusion 1 fa. Iye t6 kéré ju okan

tdmo si pé diffusion se pataki si i; iye t6 ju okan lo tdmo si pé bulk motion I jé olori.

Ratio ni, ki i se switch

Peclet number jé ifiwéra ldaarin transport rate méji. Ko pin ayé si omi t6 dir6 patapata ni isaleé okan ati
convection mim¢ ni oke okan. Nihin-in, iye nda yi pada p¢ld iwon crystal ati velocity 1siro afojisun ti a 1o
fn brine t6 yi i k. Awon crystal t6 kéré ju lo wa kedere nind regime ti diffusion jé oléri; crystal t6 tébi

ju lo nind vessel t6 tobi I ti wo regime kan nibi ti irin omi t6 lora ti ni ipa.

Nind awon drop t6 kéré, t6 t6 0.8 centimita, estimated Peclet values goke lati nikan bi 0.0004 1égbéé nucleation

si nnkan bi 0.03 ni iwon ikeyin ti a won. Diffusion si jé olori.
Ninu crystallizer 2 si 3 centimita, isiro afojasun goke lati ninkan bi 0.05 ftin nucleus 50-micromita si nikan bi 4
fln eti 4-millimita. Idagbasoke ibere si jé diffusion dominated, sigbdn irin cyclical t6 lora l¢ ti képa 1€yin néa.

£ & 2 N9

Idi niyen ti gbolohun pé “microgravity yo convection kird” fi maa jé asise. Ordinary buoyancy-driven circulation

ati settling din ki gan-an. Residual acceleration ati irin ti a I& won si wa.

Irisi omi naa tin se pataki

iwé iwadii 2011 ati iwé iwadii 2015 mi awordn nda gbooro si i. Wén royin crystallization iyd nind thin films,

fé1¢fél¢ omi t6 nipon si i, brine volume t6 féreé yika, ati awon drop ti 6 so mé ojd-ile.


https://en.wikipedia.org/wiki/P%C3%A9clet_number
https://doi.org/10.1016/j.jcrysgro.2011.04.001
https://doi.org/10.1016/j.jcrysgro.2015.07.026

THE CLEAN PAPER materials science

Different brine geometries, different observed forms

Descriptive examples from the 2011 and 2015 ISS series

THIN FILMS observed examples
oS - tabular, wafer or disk-like crystals
about U.2-U.7 mm
observed examples .
BULK OR SPHERICAL BRINE free hopper cubes with
free-floating volumes more symmetric faces

observed examples

ATTACHED DROPS

" - surface crusts, rings or shells
sessile on a surface

___________________________________________________________________________________

OBSERVED ASSOCIATIONS, NOT A MORPHOLOGY RECIPE
* geometry, interfaces, evaporation and additives all mattered

Original diagram - The Clean Paper - CC BY 4.0

Awon ila méta saképo awon apeere ti a ri koja dossier naa: thin films pélu tabular tabi disk-like forms, bulk tabi
spherical brine pelu free hopper cubes, ati attached drops pelu crusts, rings tabi shells. Wonyi jé descriptive
associations, ki i se recipe tabi idaniléju.

The Clean Paper CC BY 4.0

Ninud iwadii 2011, thin films t6 nipon nnkan bi 0.2 si 0.7 millimita da thin wafers ati tabular crystals silg. Awon

brine volume t6 1i {0 14iso m¢ nkan j¢ ki lateral faces 1& ddgba ni symmetry t6 po si i ati hopper cubes.

Awon observation 2015 ni thin sheets 0.2 si 0.7 millimita nipon, féléfél¢ t6 nipon si i nikan bi 4 si 6 millimita, ati
attached hemispherical drops t6 fér¢é jé 20 si 32 millimita ni iwon koja. Awon form ti a royin ni tabular hoppers,
cubes, disk-like crystals, dendrites, rings ati shells. Fifi polyethylene glycol kiin un din hopper growth ku nind set
observation kan.

Awon onkdwé sapejuwe isé 2015 gégé bi observation ti a se peli supplies ti ko wa nind inventory ni akéko isinmi
crew, ki 1 se rigorous programmatic investigation. Awon apeere naa fi han pé geometry omi, interfaces, evaporation
ati additives gbogbo won se pataki. Won ko séto deterministic recipe kan nibi ti shape container kan y6o fi da
shape crystal kan 16j4.

Lattice naa ko di 1ra 1yQ tuntun

Tyatd laadrin crystal iséto ati morphology se pataki gan-an.
Structure ni atomic arrangement té fi tdn ara r¢ se. Morphology ni irisi ode ti a leé ri. Neutron diffraction nind
iwé iwddii 2011 ko ri sodium chloride 1seto t6 yi pada tabi lattice-cell parameters té yato si awon apeere 16ri Ayé.

Awon orbital apeere nda tin ni brine inclusions, iyen ni awon apo solution kékeré ti 6 di sinu crystal.
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Nitori nda, irisi t6 tobi ti 6 si ni symmetry ki 1 se eéri pé ohun ¢lo nda mé si i tabi ko ni defect. Ko si iwé iwddii
kankan nind dossier t6 royin chemical purity t6 ga si i, mechanical performance t6 déra si i tabi suitability fun
device kan paté.

Gravity sisé ni ona aise-taara. O yi settling, liquid circulation, orientation ati contact peli oji pada. Ko yi agbéra
sodium-chloride bonds pada, ko si d4 atomic phase tuntun silg.

Ohun ti awon 1danwo yii 1e k¢ wa ati ohun ti won ko le ko
wa

Awon iwé iwadii nda se atileyin fin transport explanation: didin ordinary settling ati buoyancy-driven flow ku
gan-an j¢ ki di¢ ldra awon crystal dird 16jd omi, ki won si dagba digdie 14bé awon ipo té ni symmetry pipo si i.
Awon iwon, rate ati form ti a won jé taara observations; supersaturation, growth history ati Peclet values ni isiro

afojastin nind; ifiwéra peld Ayé si gbéke 1€ awon iddnwo miiran ti a ti t¢ jade fin apd kan.

Ko si denominator kan soso t6 m¢ fun dossier nda. O darapo individual crystals, crystallizers ati selected examples

lati iwé iwadii méta. Fifi gbogbo won jo si total kan y60 da bi eni pé uniform idanwo kan wa, nigba ti ko si bée.

Awon iwadif nda tin ko royin érf kankan ti a nild fin manufacturing claim. Won ko won throughput, production
cost, agbdra 10, yield, reliability tabi useful ohun &l performance. Series 2015 jé exploratory. Awon terrestrial
ifiwéra ki 1 se matched controls. Ati pé ohun t6 tébi tabi té 1éwa 16jd ki 1 se dandan pé 6 dara ju fin application

kan.

Awon natural salt deposits I¢ ni hopper cubes ti a won ni centimita, nigba mii ti won diir6 nind brine-soaked mud.
iwé iwddii 2019 dabaa seé se analogy peld idagbasoke t6 lora ti diffusion jé oldri. Ifiwéra t6 nife¢ si ni, ki 1 se &ri

pé natural ati orbital hoppers ni Ona is¢ kan nia.

Akétan té6 mé

Awon crystal iyd ti wén dagba 14ti brine t6 1i evaporate 16ri International Space Station ni awon hollow, stepped
hopper cubes ti 6 t6 2 si 8 millimita ni iwdn koji. Awon iwé iwadii nda se atileyin fin explanation ti 6 dé 16ri
transport: microgravity din ordinary settling ati buoyancy-driven flow ku gan-an, 6 jé ki idagbasoke lora ati
suspension pé si i, nigba ti diffusion jé olori ni ibere. Geometry omi, interfaces, evaporation ati additives tin
ni ipa 16ri morphology. Neutron diffraction ko fi sodium chloride isetd tuntun han, brine inclusions si si wa. Isé
nda j¢é oran iwadii materials-science t6 ni aala, ki 1 se ¢ri pé ofuruft i dé crystal pipé sil¢ tabi pé 6 11 j¢ ki industrial

ilana see se.
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Ayewd No-BS

Ohun ti awon iwé iwadii fi han: Millimetre-scale sodium chloride hopper cubes ati morphology miiran dagba
nini orisiirisii geometry brine 16ri ISS. Awon hopper cubes 2019 dagba digdié ni estimated supersaturation kékeré,

pelud diffusion gégé bi oloéri ni ibere.

Ohun ti a timo lati inti re: Didin settling ati buoyancy-driven flow ku gan-an jé ki suspension pé si i ati
idagbasoke t6 ni symmetry papd si i. Irin omi t6 lora 1& ti ni ipa ni ap4 ikeyin nin crystallizer t6 tGbi.

Ohun ti won ko fi han: Ird atomic tuntun ti iy, crystal t6 m¢ si i tabi ti ko ni defect, matched Earth-versus-ISS

idanwo, universal advantage ti microgravity tabi commercial manufacturing route.

Awon aala pataki: Awon iwadii méta t6 yatd peld geometry ati selected examples té yato; terrestrial compar-

isons 14dadrin iwddii; estimated transport quantities; exploratory, non-programmatic parts ti dossier; ati aisi ilana

economics tabi performance idanwo.

Igbékanlé méloé ni olika gbogbogho ye ki 6 ni? Igbokanlé giga pé orbital morphologies ati slow growth i a

royin j¢é gidi. Igbokanlé adrin pé transport explanation ni account té ddra ju koja awon observation nda. Igbdkanlé
kékeré gan-an nind claim kankan té i1 yi awon idanwo iy0 wonyi pada si iléri gbogbogbo nipa space manufacturing.
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