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J the International Space Station (ISS)
- angd L 2 rissions are critical for rission ]JYJ.JL-)\/JF\/
and sustaina QJIJW e
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Waistewater brine produced frogieiidegddor ory. ys ems contain

CHECal SPEETESRAIaL O A iE processe ed into a potential fertilizer for

—_— {URAC); ,.)L]f]r _)y.)f.s’ff].)a Jg— /“,"
i 0 Th|s can be achieved through a process called electrodlaly5|s |on/é<change

J Wéstewater containing inorganic salt components art fed ‘through a
series of ion exchange membranes to p%e\l\e fertiner (a phosphate
rich stream), electrolysis-grade water, and-other useful commodltles
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* Electrodialy/SISKENSICONSISHNG of anion and cation exchange
(I&aldrElnes, rrionovalent anjon <charlge rnernoranes, arc ¢ JJr)JLJf
rermoranes were utjlized to acnisve selagtivea e e,«“run-fe ———

-
e

s e use of 't'me electrodialysis callselgideivae %éfﬂ water
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axcreiction zlnlel jof) JarUUrUrL =
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Onsisuce le diffised across theJr respectlve membranes into the
concentrate, ac nd base streams. (//

—

* This resulted in pure water, a phosphate rich stream, and a- separate

)y A\

anion/hydrogen and cation/hydroxide stream. ,7’



Wietrioclology

* SimulatedWaSEWAIEIMINENWaS prepared according to the JSC inorganic
urine. hybiGElSeiv form L]z r‘orrta]m]mv sodiurr, ru t215sluUrr, rragriasitnr,
calciurn, armrnoniurn, cnloride, sulfate, and gnosareiiaiens; "

rIJ,JJ\/JJJ 54002 and 64904 frou ACCIRCl ol B8 "‘,.:,;l',.
siziniclzirel ele rJ,JuJyJJJ [EB)AWith po aTItVreversaI (EDR) cell
= Elecuouialysis ,)Jl" .brane (EDBM) cell
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VSIS .
1me samples were taken from each stream for IC analysis at speufled intervals.

» Continuous data readings for conductivity, pH, and current wexefrecorded using Opto -
22 throughout the duration of each run. o= .. ‘



Conc. Brine

Conc. Brine




SealEnrletic Descrigtien)

* Process iowisisEiginfiomvastewater purification and fertilizer
oJgeleftfetfc)n).

| = ~"“.'

> Jons diffuse frorm tne diluate (DL), wriicn igieEliAdeigieligisRigls
walstawatar orine, to the corca i) .-*'f_,;,,,,x,...'ﬂ"-?-«*-*

z

—

SN EracidNAE) SStrEamrcon U]nJ anion hd hydrogen ions, while
cationsiand hydroxides 2 ‘cumulate in the base (BA) stream.

~

oIn theory, phosphate and sulfate ions will remain in the ccmcentrate.
= fj - e .
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Wilgnniorzne Configlreieielals

* Anions diffuSEROWIGSIHEanodE
across fu b EXGHENEE merruur o5
SA), and ¢ s towards tre catnode
2Cross tne catiorn excnarns

NMEINIEHES (:)

J [je el ez rJJrJ e,«“run-,fe MEMPaNes™ Ree - - : - Anode

“(SC) are manufactured tt »wrthstand

- the pressures exerted by the
electrolyte.

Electrolyte

* The figure to the right represents the Concentrate
ED 64002 Set'up. Diluate



MemplehERsoniiElations (cont.)
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* Monovalent anion exchange
rnernoranes (AS0) 11 'i‘rlﬁor\/ ohlyjelioy

anlorns witn el VJJ‘-’IJ or l ffuse

G155 e

.‘),... :/_’_;,_L’ --—.,_'

The: Jmﬁrrmembranes (BPM) contain
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Iayer

* Hydrogen ions diffuse-irto "the acid
g stream, and hydroxyl mto the base.

Concentrate

* The figure on the Teft represents the
ED 64004 set- -up--
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* OptimizatioN ORI IENNE
stream anGiRINEINEININE
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S\Wastaccomplished by altering flowrates of each
adjustinig oower Irout arnd resyle
gacn cell, and varying the starting pararmeters of ezcn sysie rr,ﬁ:

Voltage Initial Volumes (mL) Flowrates (Lfmin)
ID | (V) DL CT | AC | BA EL |DL | CT | AC | BA | EL
S1 10 1000 | 500 | 500 | 500 | 1000 | % 72 72 Vs 1
S2 10 1000 | 500 | 500 | 500 | 1000 | Y4 Ya Va Ya 1
S3 10 1000* - 0 0 1000 | % 7 0 0 1
S4 | 10 1000 | 250 | 250 | 250 | 1000 | % 7 s Vs 1
S3 10 1000 | 250 | 250 | 250 | 1000 | Y4 4 Va i 1
S6 | 10 1000 | 1000 | 1000 | 1000 | 1000 | Y a Ya Vi 1
S7 | 15 1000 | 500 | 500 | 500 | 1000 | Y Ya Ya Ya 1
S8 |5 1000 | 500 | 500 | 500 | 1000 | Y a Ya Vi 1
S9 | 10 1000* - 0 0 1000 | Ya Ya 0 0 1
S10 | 10 1000* - 500 | 500 | 1000 | %4 Ya Ya Ya 1




@otirrzation TestirgTehEEWENA

* The conducuViVIsRHWENIlUate decreased to that of potable water at a
greater rateWithEHENSSIEIRIOWIRIES
HrlovWwaver, more power is ultirnetely requirad,

EACR U CkeTaatenisthe inorganic water was

> Potgole water can 92 orocducec )
solit evenly veiween the diluzie e cagleeiiEiimTalie ]I
O EIG e eIl A EamoUnL O potable water was produced per liter of
INOIEANICAVASTES e ,
- * Thecellsstllfiunctioned properly when dropping the starting volumes.
-~ * Whilewe didn"treachit in this project, the volume can only be dropped until the
~ solubility limit is reached. ot

e g : »

* Increasing the power input to each cell drastically reduced fh“e"._ove'rall-time.
At 15V, the run was completed in 120 min, compaf_g\dntq“zll(j min at 10 V.
* However, the upper voltage limit was nearly??é‘l?’ed-'(;z\'/_p\er cell pair). .




ConcGliiSiens

* |ons succe
conceny

Tris ref‘ulc | in oure water (J') 2 Onosgrie rJr‘n.)r cam’ “and a
seozrate anjon/nydrogern (AC) ,m,l c_lrlon/n\\ droxide (BA stream.

(' - " "‘”"fl‘c g

rJJwever Sulfiia el SOIE phospnat eions were able to diffuse
~ . throughthe'monovalentanion exchange membrane into the acid
~stream. ‘ e e
. Resultlng iS predomlnately phosphate ions remaining m«t-he concentrate
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