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Gravity changes the growth environment, not the salt lattice

Conceptual transport comparison for ordinary centimetre-scale bulk brine

ORDINARY BULK BRINE ON EARTH MICROGRAVITY

crystals can settling strongly
settle NaCl suppressed

density differences can weaker buoyancy-
circulate liquid same cubic lattice driven flow

longer suspension;
diffusion matters
more early

walls and surfaces
can break symmetry

_________________________________________________________________________________ '
NOT A MATCHED EARTH-VERSUS-ISS EXPERIMENT :
* terrestrial hopper growth in confined capillaries can also be diffusion dominated 1
1
1
1

___________________________________________________________________________________

Original diagram - The Clean Paper - CC BY 4.0
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Different brine geometries, different observed forms

Descriptive examples from the 2011 and 2015 ISS series

observed examples

THIN FILMS

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
ATTACHED DROPS observed examples
- 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

amuaanldegniidunaluganuil: damneiilnpnswrunisaasnu, Windallsnannnuietisunsananitiigmnanaet
wlesasudass uasnaaiidaiiuirdaliulden 2ewniu nielasvaasulioniu anudiinsuiariiudawssou lildgasnie
Mysinlsenin

The Clean Paper CC BY 4.0

T il 2011 Aasnanuilsganom 0.2 84 0.7 fadwas laudnunnianagHannsann damlsnasinieiassdass
alomalifaminanmnannniuuasiagninanaoilules

madunail 2015 M 0.2 i9 0.7 Jadmay thiuw1sn 4 i 6 faduas uagnsaaInTNanidaiini
awanIlyen 20 da 32 fadwaey phiwiinsauinigelulosnyudn gninan ndnaaeu nlasa 2NunIm
waztlden natén polyethylene glycol uganmistiulaunnaaiulaslumsdanaganila

ivvainenud 2015 Iudunmsdanaiimarsginsaidelaladanmindly seninnamenmihiinesgnise ild
Tasamsaouauiifiunueguinneg dadnmariuaasnglinmeeiad duirduda Myveme wasasifinuea
amdina ualiilamunagandimadmmsusginsamiaassinlssnundngiamis

Tavandnlalanaroluindagiuuirln

M3UBNTEIN Taseas1amdn i dagan (morphology) iluisovaany

Tanasndomsiaisoagaaniimdniuain dudugudeqnsameneninewfinla msamumiiaseuluimans
i1 2011 lamnTassasnlnadonaaslsaiinldonly nsommniinesrousaalaswudniidnndragnuulan @regnlu
1 1aasg4il daunsnwnaa (brine inclusions) duilunszuhadn 9 sesasasasiignanagmelunan

v v &

aukudanyo

a £ !

< U 9 v ' v A Y o a 26 ' a
iilnajuazanmnaslaldnangyiwiniaquiansnimialsami pnanuntanluiiulassamainy

9


https://doi.org/10.1016/j.jcrysgro.2011.04.001
https://doi.org/10.1016/j.jcrysgro.2015.07.026

THE CLEAN PAPER Fagmans

usgmimataiifigeni anifitdanaiidni wieanuminganadmsuainsoiame

usa N ndinanoaN Kuldsnmaanaznan M3 lrnalignaeanaainal 1319 wasmaannanuiinil Talaulaon
annu i wines 1rdon-naa lyansaananasznanlng

minaasanartaonaslylanaylila

unanuiiawakaiuMainemumsmuds:  MInamIanagnautasmy lnannuassdiniatednn
mlindnundnumuasylanmuasidulamluanmiiamnasnniu - swa 80m  wasglsniialadunsdana
Tagase dmamdniihera Ussiimadula wastanmaaadiosalsznaunnmylszinm wasmsulFouuisunilan
adamanaaesiidiing lasnauduinedin

Tafidymsrwiiasaraviseandordmsiganuid  msiunaednidsy  mausneedn wagdregniidaidanan
unanuaniu mernianadiuamnide s liquaientiiumameasunasyugaded waiilals

numarigilinsaunangminiiudenmsondmmanda liladasanmanda aunumsuda nadnu wawdn anm
wndaiie wieanssausiaqiiliamla gaamd 2015 thwdearma msulFsmdsuuulanlildnguaruquitingiionls
wasmainannainioqlaaanlulawlandnnamsunilanu

unasndenssnmaansafigninanaaiulesmnailuauiugy vaswmueglulaauitdninnds umanuil 2019
naanuamsadiiinllanumndulamlesfinunsidludmdn dulunsuFomdsuihanla Lilinangun
galulasmusynmduaslunlaastiannnaladeni

Gofl

nanundeiidivTanniundessmsnamitormannnmndnuisgminanaaulesnaraiiuiiniulosme 2 de 8
fladas  umaniianakiaguaeineammynuds:  lulasnmidnamsanasnoumulndvazmsluannusg
asyiavagnn Mmlnwdndulaguazumuasslanmiin ausiidrauimaunsiiudiman qsnnesneanad i
fdksa Myssine wazamdnuasiiinadeduyn madowiiiasen limylaseas ladonaas lyauunlni uageds
wudwunsnwunds awmidilunsaldnmamiagmansiizomaanna Lilindngwneomaasamdnanysoiuunmie
(ANNganaImnITNMITNEN

Uvsisinuun L Ainase

umanuuaasazls: gminanaalulesladonaaslydssabfiadwmasuasdmgudu o dulaluiundeyunsanarsuun
u ISS gninanaatulosluami 2019 winlakiiadnddeenalasssmnm Tasdrauinmsuwsiiindnan

azlsulumsdana:  msaamsanagnantazms luannussassmaiiunmnlinanumuasy lanmduuazdula
agNANINATINNTY MILadonilE 9 revneanataadinaluiriamonosmsusimeguaniilugini

2 '

inlalavansasls: lulavanundeluylesaenla ninitusaninimialsamit manaassnFamdsulann ISS


https://doi.org/10.1038/s41526-019-0085-0

THE CLEAN PAPER Fagmans

wiuaig felaunlFsuananatlaulaynaid wiatdungmanaadamndg

gannanan: NuaNiuingnnh figinsereanaduasiied NAALdaNANNY; msulsoumdisnunlantnmadnun;
Usinamunsaudandmiinanlssna; medunssgateyariuauaimaitilasanuiinlasamadugluu; uag
Tafitarugenansnysinumsniomsnadaanyous

gamnmaliarsiulaualun? siulagandmgmlunlessuasmndnlamiinsawdudaiiioiuaie il
nanNMaesngamumsauduiiuaesinsidigaiioinsanmsdunasnni  wasiuladnunndeaianlainsoms
naasundamarit hidlweadyamirliisrnumsudaaluermea

INGMIRHE

Pettit and Fontana, Comparison of sodium chloride hopper cubes grown under microgravity and terrestrial conditions,
npj Microgravity 5, 25 (2019)
https://doi.org/10.1038/s41526-019-0085-0

Fontana, Schefer and Pettit, Characterization of sodium chloride crystals grown in microgravity, Journal of Crystal Growth
324,207-211 (2011)
https://doi.org/10.1016/j.jcrysgro.2011.04.001

Fontana, Pettit and Cristoforetti, Sodium chloride crystallization from thin liquid sheets, thick layers, and sessile drops in
microgravity, Journal of Crystal Growth 428, 80-85 (2015)
https://doi.org/10.1016/j.jcrysgro.2015.07.026


https://doi.org/10.1038/s41526-019-0085-0
https://doi.org/10.1016/j.jcrysgro.2011.04.001
https://doi.org/10.1016/j.jcrysgro.2015.07.026

	ในวงโคจร เกลือแกงธรรมดาเติบโตเป็นลูกบาศก์กลวงแบบขั้นบันได
	อะไรทำให้ลูกบาศก์กลายเป็นฮอปเปอร์
	เส้นทางช้า ๆ สู่ลูกบาศก์ระดับมิลลิเมตร
	ช่วงต้นการแพร่เป็นตัวหลัก; ช่วงหลังยังอาจมีการไหล
	รูปร่างของของเหลวก็สำคัญ
	โครงผลึกไม่ได้กลายเป็นเกลือรูปแบบใหม่
	การทดลองเหล่านี้สอนอะไรได้และไม่ได้
	สรุป
	ประเมินแบบไม่เกินจริง

