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A potential risk has been identified in potable water PWD Conflgu ration Water
systems: insufficient biocide levels may occur when iodine - Heater
removal technology is installed upstream rather than at ’ Lopds't";:n:_emoved .

terminal dispensing points, as in the ISS Potable Water « Water in ambient Dispense

Dispenser. This risk grows in relevance for future exploration and hot legs do not Needle

architectures with dormant water lines. SR EISEE.

AmberSorb™ 4652  UltraClean™ UCW3600 ! Filter YUpstream
Current iodine-removal media are not o : Source
recommended for elevated-temperature water, I __oe==EE e e
and thermal limitations may degrade - .
performance. To ensure effective iodine removal, N
systems position the media upstream where I
water remains at ambient temperature. ey
------------------ Water
This study evaluates whether state-of-the-art Dispense >
iodine-adsorption materials truly exhibit the reported ACTEX Filter
thermal limitations and whether these effects propagate Needle
to potable dispenser operations. Batch adsorption tests Alt. Configu ration
at heated and ambient conditions provide the first * lodineis removed downstream close to the dispense needle.
experimental data quantifying this risk. * Alllines contain biocide until removed by the filter. Upstream
Source
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lodine Speciation and Temperature Effects
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e 5 z lodine Feed The filtration media formulation depends
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Predicted via e-NRTL thermodynamic package.
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Chemical Bond

Sorption Mechanisms and ACTEX Media Behavior
& ~ Potential Impact of Hot Water on ACTEX Filtration Media
% lon Exchange Increased Temperature Effect X .
genaric ® Todine Sorbent AmberSorb™ 4652 ) Physisorption
ads;ﬁ:’:l;"’“h %: - @ Matrix Material polystyrene—divinylbenzene carbon o ;“ N A C b
i > . , 2 ANV AT 4
m:;:z:?sr:ns g Targeted Iodine Species I I, < T =
K" @ Speciation-Capacity more ionic iodine is present in water less molecular iodine is present in -
7 Consideration at 90°C water at 90°C
Sorption Effect 1X is enhanced with temperature physisorption diminish with
: ] temperature increase
IX Site Ge nera l. increase
matrix material and X sites likely to . .
. Thermal Effect o matrix is not impacted
Ad SO rpt ion degrade above 60°C

Mechanism

IX Resin Surface GAC Particle Surface

Considerations
Filtration media components rely on different iodine
adsorption mechanisms which proceed differently to
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Particle Zoom-in

Chemisorption

Water Bulk Substrate Water Bulk Substrate thermal changes.
Physisorption Temperature  Degradation Temperatiirs " Dagradation o «  While higher thermal conditions do not physically affect the
generic AN dense phase of the GAC material, the IX resin might be
ads;ﬁ‘;’;‘l:'t“ .\9 .\ ‘, @, {:‘2@" susceptible to material degradation after expected periods.
e ol? ? :\ o | SN L Adsorption capacity of the SOA filtration media must be
: .. Q \ ,%\ sustained at higher water temperatures to main the same
lon Exchange 5 no effect \ ! . . . . .. .
N '7#'&"'@, configuration. Otherwise, reformulation or re-sizing will be
decreases ®® N @ g

- ¥ needed to accommodate new thermal condition.
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Data Processing and Dimensionless Analysis

Data Processing Scheme

theoretical max
capacity

equilibrium adsorption

N N Langmuir model
concentrations capacity

_ qumax,Iz ce,Iz
Langmuir Linearization
Isotherm 1 l l

Ideal Linearized Isotherm Behavior

temperature A
temperature B
temperature B 7\

The Langmuir model describes 1 1 1 1
how adsorbate loading = Kk +
approaches a monolayer limit Ge1, L9maxI, Cel, Qmax,1,

while the affinity Where:

Qe,1,- equilibrium iodine adsorption capacity, [mg/g]
Ce1,- equilibrium iodine concentration, [mg/L]

qmax’
parameter k,_ changes with
temperature and governs the
concentration-dependent
shape of the isotherm.

ky: Langmuir constant, [L/mg]
Qmax,1,° maximum iodine adsorption capacity
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Where:

w: fluid velocity, [m/s]

L: characteristic length, [m]

D,,: I, diffusion coefficient in water, [m*/s]
N: rotational speed, [rev/s]

d: stirrer diameter, [m]
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Applying the Peclet Number as a Scaling Framework for
Mapping Batch Adsorption Data to Plug-Flow Systems

Batch Adsorption Flow-through Adsorption

This Peclet-based scaling framework provides physical continuity
by preserving the underlying transport relationships when
translating from batch measurements to plug-flow operation.

Where:

u,: avg. bed fluid
velocity, [m/s]

L,: bed length, [m]
&: rotational speed,
[rev/s]
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* |X Resin: Slight * capacity at 90 °C 400-mg/L 800-mg/L 1600-mg/L
(thermokinetic enhancement).

* GAC: ¥ capacity at 90 °C (physisorption
weakened).

* ACTEX: * capacity dominated by IX
resin’s trend.

* High-load data most reliable; low-load =)
heating artifacts.

QQ,R fma/al
':Ic,ﬁ fma/af
Yoz [mg/g]

AmberSorb UltraClean ACTEX : AmberSorb UltraClean ACTEX : AmberSorb UltraClean ACTEX
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N,. Scaling & Langmuir Fits

Np. System Characterization Summary of Estimated Langmuir Adsorption Parameters and Associated Regression Statistics
Parameter, [unit] Units Parameter Value Equation/Notes Medi Datavoint Inoat T °Cl  Max. Canaci p L ir Constant IL/ )
Batch Process edia ata-point Inpu emp. [°C]| x. Capacity [mg/g] angmuir Cons tant [L/mg] R
— S ; AmberSorb™ 4652 single 22 77.406 0.2785 0.3043
I, diffusion coefficient in water [m?/s] D_I2 1.00E-09 I, in water
. . L d N AmberSorb™ 4652 averaged 22 135418 0.0927 0.9661
stirrer rotational spee Lem ~bm Z20 AmberSorb™ 4652 single 9 279.852 0.1318 0.5911
stirrer rotational speed [rev/s] N_rps 4 =N_rpm/60
stirrer diameter [m] d st 0.03 AmberSorb™ 4652 averaged 90 549.366 0.0549 0.7216
= - ™ ; _ N
batch Péclet number [ED Nb_Pe 1.18E+07 | =(PI()*N_rps*d_st"2)/D_I2 UltraClean™UCW 3600 single 2 573320 0.0021 04170
™ - -
Assumed Flowthrough Process UltraClean™ UCW 3600 avvf:raged 22 51.559 0.0133 0.8432
bed diameter [ln] Db_in 1 62 [1 7] UltraClean™ UCW 3600 smglc 90 72.261 1.8475 0.6041
bed diameter [m] Db_m 0.041 =Db_in/39.3701 UltraClean™ UCW 3600 averaged 90 81.584 1.2243 0.7207
UL Rl [ML/min]  Qb_mlpmin 1059 ACTEX single 22 35.982 4.0593 0.0001
nominal bed flow rate EIMEIA Qb 1.77E-05  =Qb_mlpmin/60000000 ACTEX averaged 22 147.635 0.0545 0.9357
bed nominal fluid velocity [m/s] Vb 1.33E-02 =Qb/(PI()*(Db_m/2)"2) ACTEX single 90 86.652 -8.0488 0.0001
bed length [in] Lb_in 10.5 [17] ACTEX averaged 90 65.427 03170 0.0294
bed length [m] Lb_m 0.267 =Lb_in/39.3701
di id fracti 1 . ducated .
me |a’v0| raction [1] € 0.3 educated guess Kev Points
plug flow Péclet Number [1] Nf_Pe | 1.18E+07 I =(vb*Lb_m)/(e*D_I2) 2
Ke Po;nts - - * Linearized Langmuir fits show low R” across all materials.
) ) * Parameter values sometimes non-physical > caution required.
* Np, links hydrodynamics across test platforms. « Averaging improves R® but not underlying reliability.
* Npe > 1 advective transport dominates. . - * Equilibrium data trends more credible than regression outputs.
. B‘atch result§ become predictive only whgn Npe allgrjme.n't is maintained. - Poor fits likely driven by low-mass normalization artifacts.
* Linear velocity for columns must be set via N, notintuition. « Future work requires non-linear or alternative isotherm models.
* N, independent of iodine concentration or media mass.
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Conclusions & Forward Work for Future Water-System Design

¢ Elevated temperature measurably alters iodine-removal behavior of ACTEX media.

Key ¢ UCWB3600 (IX resin): slight performance improvement at 90 °C (thermokinetic enhancement).
e AmberSorb 4652 (GAC): reduced capacity at 90 °C due to weakened physisorption.

e Combined ACTEX mixture dominated by IX behavior > slight thermal improvement overall.

Findings

e Thermal effects + iodine speciation impose constraints on placement of
Design & iodine-removal units.
SYEGIGE IR o GAC performance loss at high temperature raises concerns for hot-water dispensing
TTJIEWGLUEY architectures.
¢ lodine mass-balance instability at elevated temperature highlights need for improved

ICES-2026-5 volatilization control.

paper
* Foundational link established between temperature, speciation, and sorbent

performance.
e Current ACTEX configuration adequate at ambient conditions but may not meet
exploration-mission reliability margins under heated-water operation.

Scientific
Takeaways

e Transition from batch to flow-through testing with Nre-aligned scaling.

¢ High-fidelity modeling of temperature-dependent speciation and sorption kinetics.
e Evaluate alternative or hybrid sorbents with improved thermal robustness.

e Conduct long-duration thermal exposure studies to assess IX-resin durability.

Future
Work
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Ultraclean™ UCW3600 at & &
susceptibleto
dense polymer deterioration for long
bead heated periods

slight performance increase, but
smaller than ACTEX

AmberSorb™4652at @ &

less effective at

removingionic
iodine

porous carbon
structure

performance decrease

ACTEX Formulationat @ #

comprised of media
more IX resin reformulation
than GAC might be needed

slight performance increase
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