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Graphene-based materials have allowed fundamental advances in fields such as energy 

storage, electronics development, material science, optics, medicine, and water processing due 

to its unique two-dimensional structure, mechanical robustness, large surface, and high 

conductivity. However, little to no effort has been devoted to exploiting and studying these 

materials to develop new water technologies suited for spacecraft applications. One such 

application is the potential use of graphene-based materials as filtration media for reclaimed 

water. Therefore, studying the adsorptive performance of these new materials becomes crucial 

in identifying the opportunity to replace/upgrade State-of-the-Art filtration media currently 

used in space vehicles with water-recovery capability; especially if consumable requirements 

can be lessened as a result of extended filtration capacity. This early life-support-systems 

investigation pioneers in graphene-research by testing a number of graphene-based materials 

in comparative adsorption and antimicrobial experiments where contaminant removal 

efficiency, maximum adsorption capacity, and log reduction are probed. This preliminary 

investigation informs on the practicability of using graphene-based materials as filtration 

media and provides a discussion on the scaling-up and optimization of this prospective 

filtration technology for spacecraft potable water systems. 

I. Nomenclature 

C₃H₈O₂ = propylene glycol 

Cct =   specific contact-time concentration 

Ce =  equilibrium concentration 

Ci = initial adsorbate concentration 

GACT  =  graphene-based adsorption capacity test 

GBF = Graphene-based Filtration 

GBM  =  Graphene-based Materials 

GNP =  Graphene Nanoplatelets 

IC  =  Ion Chromatography 

ISS  =   International Space Station 

K =  isotherm or kinetics-based constant 

MF  =  Multifiltration 

(NH4)HCO3 = ammonia bicarbonate 

q = specific adsorption capacity 

qe =  equilibrium adsorption capacity 

qmax  = maximum adsorption capacity 

R2  = coefficient of determination 

SOTA  =  State-Of-The-Art 

SWRS  =  Spaceflight Water Recovery Systems 

t =  time 

TIC =  Total Inorganic Carbon 

TOC  =  Total Organic Carbon 

V  =  volume of the solution 

WPA  = Water Processor Assembly 

η = removal efficiency 

 

NH4
+ = ammonium ion 
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I. Introduction 

RAPHENE is an one-carbon-atom-thick material first synthesized from graphite by Gem et al. in 2004 using 

the "scotch tape" method.1 Figure 1 illustrates the structural difference between carbon, graphite, and 

graphene. The isolation of this two-dimensional material allowed the material science community to explore 

and probe the extraordinary properties of single layers of carbon atoms, and this effort led to the confirmation of 

graphene’s exceptional electron mobility (200,000 cm2/Vs)2, supreme optical transparency (97.4%)3, augmented 

thermal conductivity (3000-5000 Wm/K)4, unprecedented mechanical strength (1.0 TPa)5, and specific surface area 

(~2600 m2/g).6 The synthesis of stable mono-layer graphene permitted its reconfiguration into different Graphene-

based Materials (GBM), such as graphene oxide, reduced graphene, functionalized graphene, graphene composites, 

graphene aerogels/hydrogels, and graphene-loaded materials. Graphene and GBM are thought to have a competitive 

adsorption capacity for a variety of water-stream contaminants. Various investigations have fundamentally studied 

the sorption performance of graphene and GBM for toxins7, pharmaceuticals8, water-soluble organics9, volatile 

compounds10, heavy metals11, nuclear-waste contituents12, oils13, and dyes14 reporting proficient contaminant-removal 

levels. Moreover, graphene and GBM gave been identified as potential materials for antimicrobial applications in 

water environments; nevertheless, microbial reduction by graphene has only been studied for a limited number of 

bacterial species, and clear physicochemical mechanisms have not been entirely developed to explain this reported 

antimicrobial property.15–17 

 

 
Figure 1.  Structural Differences Between Amorphous Carbon, Graphite, and Graphene. (Not to scale) 

 

Despite the advancements made in developing new materials and technologies using graphene and GBM, their 

physicochemical properties have been minimally studied in terms of their potential applications for water recovery 

and management in spacecraft life support systems. A keyword search for “graphene” in this conference’s paper 

repository indicates that graphene-based technologies have only being considered for thermo-mechanical 

applications.18 The promising adsorption performance of graphene across a wide range of water contaminants and its 

potential antimicrobial capacity has sparked interest in researching this material for water filtration purposes; 

specially, since tailored graphene-based filtration media could overcome limitations imposed by State-Of-The-Art 

(SOTA) spacecraft water technologies. 

Currently, the Water Processor Assembly (WPA) aboard the International Space Station (ISS) is the SOTA process 

unit for Spaceflight Water Recovery Systems (SWRS). The WPA processes wastewater through a series of processing 

steps, such as phase separation, physical/chemical filtration, heating/cooling, oxidation, ion exchange, and 

disinfection. Matured graphene-based water technologies could improve such systems by serving as filtration media 

with higher removal capacity for organic and inorganic impurities, as well as microbial loads in some capacity. In the 

WPA, the majority of the water-soluble contaminants are removed by ion exchange and adsorption media contained 

in the Multifiltration (MF) beds, which constitute a significant mass requirement (~14.0 kg).19 On the other hand, 

microbes present in the process water that manage to pass through the MF beds are primarily eliminated through a 

subsequent step of high-temperature oxidation. Following this step, a residual biocide is introduced to inhibit any 

microbial growth in the product water.20 If Graphene-Based Filtration (GBF) media consist of single generalist 

adsorbent with better removal affinity towards microbes, ionic and nonionic organics and inorganics, future WPA-

like units might be optimized for extended reliability and deployed for longer manned missions to the moon or mars. 

Consequently, in order to determine if there is a potential for improving water-filtration technologies, it is necessary 

G 
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to conduct a trade study that compares the adsorptive and antimicrobial properties of graphene and GBM with SOTA 

filtration media. 

Pristine graphene is theoretically regarded as an exceptional adsorbent for a variety of adsorbates due to its large 

natural surface area. Some studies have been able to produce graphene grades with high surface areas ranging between 

2640-3355 m2/g.21,22 Since this material has an authentic two-dimensional structure and/or comprise of highly-

accessible nanopores, most of its surface would be active/available for adsorption provided good-contact with the 

adsorbate-carrying phase. In contract, SOTA particles consist of spherical beads with macropores, mesopores, and 

micropores whose interior active surface is susceptible to diffusion-based transport limitations. This obstruction might 

limit the active surface area of SOTA filtration media. The WPA MF beds incorporate two engineered particles: 

AmberSorb® 4652 (~1400 m2/g) for organic removal and AmberLite® IRN-150, IRN-77, IRA67 (~750 m2/g) for 

removal of ionic inorganics. Despite the potential increase in active surface area resulting from its geometric 

conformation, graphene only comes in the form of nano powder/platelets, which are aggregates of graphene layers 

with a thickness of a few nanometers and a width of a couple of micrometers. Hence, available pristine graphene 

particles cannot be instantaneously consolidated into a flow-thought packed bed for testing since the minuscule powder 

will require high pressure for normal system flow rates. Nevertheless, the adsorption capacity of graphene for 

spacecraft-water contaminants has not yet been extensively studied by a Life Support System-focused research group, 

and this effort constitute an opportunity to develop the next generation filtration media for SWRS applications. 

 This early investigation intends to pioneer in graphene research by conducting a series of adsorption capacity tests 

with different grades of commercially-available graphene and GBM products. The Graphene-based Adsorption 

Capacity Tests (GACT) seeks to provide the necessary metrics to estimate the maximum (apparent) adsorption 

capacity of graphene and GBM for a selection of SWRS-related contaminants. The adsorption capacity (or loading) 

is the amount of adsorbate taken up by the adsorbent per unit mass (or volume) of the adsorbent. This parameter will 

be compared to the corresponding values for SOTA media. Furthermore, this effort will explore the in-house 

preparation of graphene-infused/enhanced filtration media by which adsorptive properties of graphene and the high 

water-permeability of porous materials are combined. The knowledge acquired thought this investigation will 

demonstrate the practicality of using graphene and GBM as SWRS filtration media and provide preliminary 

parametrization for the scaling up and optimization of graphene-based water technology. 

II. Graphene-based Adsorption Capacity Tests 

The GACT employed batch-mode experiments in which contaminated water is allowed to interact with a 

predetermined load of filtration media in mixing conditions for a specific contact-time duration. By measuring the 

contaminant (adsorbate) concentration at different contact times and adsorbent loads, isotherm diagrams for can be 

constructed to visualize the adsorption process at equilibrium. Similarly, the same measurments can be used to build 

an adsorption-kinetics diagram describing the transient characteristic of the apparent adsorption process. For both 

data-representation schemes, the specific adsorption capacity needs to be computed for a range of contact times and 

adsorbent loads at a fixed adsorbate loading; this metric is calculated as 

 

𝑞 =
(𝐶𝑖 − 𝐶𝑐𝑡)𝑉

𝑚
 (1) 

 

where Ci, Cct, V, and m are the initial adsorbate concentration (mg/L), the adsorbate concentration (mg/L) at a specific 

contact-time, the volume of the solution (L), and the mass of the adsorbent (mg), respectively. Eq. 1 also computes 

the equilibrium adsorption capacity (qe) when “Cct” reaches a saturation point or equilibrium concentration (Ce). When 

qe is plotted against Ce, the graph reveals an isotherm. On the other hand, one can visualize the adsorption kinetics of 

each experimental condition by plotting q vs. time (t, [min]). By building these plots, mathematical models can be 

deployed to fit the data and with the proper degree of regression, the corresponding maximum adsorption capacity 

(qmax) or the kinetic constant (K) can be determined from a theoretical basis. The GACT will utilize the adsorption 

models (and their linearized expressions) listed in Table 1 to determine limiting adsorption pathways and the 

respective mathematical coefficients. In Addition, the experimental data will also determine the contaminant/adsorbate 

removal efficiency (η), which is computed using Eq. 2 and describes how much contaminant (%) has been removed 

at a discrete adsorbate concentration point. 

 

𝜂 =
𝐶𝑖 − 𝐶𝑐𝑡

𝐶𝑖

× 100% (2) 



4 

International Conference on Environmental Systems 
 

 

Table 1. Adsorption Models and Their Linearized Expressions  

Adsorption Model Expression Linear Expression Plot 

Langmuir23 𝑞𝑒 = 𝑞𝑚 [
𝐾𝐿𝐶𝑒

1 + 𝐾𝐿𝐶𝑒

] 
1

𝑞𝑒

= [
1

𝐾𝐿𝑞𝑚

] [
1

𝐶𝑒

] +
1

𝑞𝑚

 
1

𝑞𝑒

 𝑣𝑠.  
1

𝐶𝑒

 

Freundlich24 𝑞𝑒 = 𝐾𝐹𝐶𝑒
1/𝑛

 𝑙𝑛(𝑞𝑒) = 𝑙𝑛(𝐾𝑓) +
1

𝑛
𝑙𝑛(𝐶𝑒) 𝑙𝑛(𝑞𝑒) 𝑣𝑠. 𝑙𝑛(𝐶𝑒)  

pseudo-1st order kinetic25,26 𝑞 = 𝑞𝑒

(1−𝑒−𝐾1𝑡)
 ln(𝑞𝑒 − 𝑞) = −𝐾1𝑡 + 𝑙𝑛(𝑞𝑒) ln(𝑞𝑒 − 𝑞) 𝑣𝑠. 𝑡 

pseudo-2nd order kinetic27 𝑞 =
𝐾2𝑡𝑞𝑒

𝐾2𝑡 + 1
 

𝑡

𝑞
= [

1

𝑞𝑒

] 𝑡 +
1

𝐾2𝑞𝑒
2
 

𝑡

𝑞
 𝑣𝑠. 𝑡 

intraparticle diffusion28,29 𝑞 =  𝐾𝑖𝑑𝑡0.5 𝑞 =  𝐾𝑖𝑑𝑡0.5 + 𝑠 𝑞 𝑣𝑠. 𝑡0.5 

s: thickness of the boundary layer 

A. Test Methodology 

 The GACT collected experimental data based on a matrix of adsorbates and adsorbents. The adsorbates comprised 

of inorganics and/or organics found in ISS wastewater streams. To narrow down graphene’s affinity to certain 

contaminants and to meticulously understand how the nature of the contaminant affect the adsorption process, single-

component aqueous solutions were prepared to initiate the benchtop adsorption experiments. The main inorganic and 

organic contaminants consisted of ammonia bicarbonate ((NH4)HCO3) and propylene glycol (C₃H₈O₂), respectively. 

The reason for selecting these molecules as adsorbates is their association with the highest contaminant concentration 

in ISS reclaimed water30, in addition, their solutions can be prepared easily and stored stably. Through out the GACT, 

the (NH4)HCO3 concentration was quantified based on the concentration of its respective cation via Ion 

Chromatography (IC) measurements. Contrarily, the concentration of C₃H₈O₂ was measured as Total Organic Carbon 

(TOC) via high temperature catalytic oxidation. Moreover, the GACT selection of adsorbates (Figure 2) was based on 

existing SOTA media inventory and in-stock grades of graphene. The GACT incorporated the following adsorbates: 

Graphene Nanoplatelets (GNP)*, granulated graphene†, UltraClean™ UCW 3600‡, and AmberSorb™ 4652.§ 

 The adsorption experiments were carried in batch 

mode with moderate mixing mediated by magnetic 

stirring (Figure 4). Using sealed glass jars, the selected 

adsorbates and adsorbents were allowed to interact for a 

predestined contact time. The GACT testing matrix 

consisted of an array of increasing contact times, an array 

of varying adsorbate loads, and a fixed contaminant 

concentration. Each jar was assigned a contact time (5 

min, 15 min, 30 min, 60 min) and accommodated enough 

volume for the extraction of quadruplicated samples. The 

adsorbate amount ranged from 50-800 mg.** Therefore, 

0.2 L was added to each contact-time-assigned jar since 

this volume allowed the picked replication and the 

minimum volume required by the IC (10 mL) and TOC 

(40 mL) analyzers. When a contact time was reached, 

aliquots were withdrawn from the jar using a sterile 

syringe and transferred to a test tube after a filtration step 

using a 0.2 µm nylon filter. Since GNP generated well-

dispersed suspensions that rapidly saturated syringe 

filters, the aliquots were placed in a centrifuge at 5000 revolutions per minute for five minutes. Then, the resulting 

supernatant was collected and filtered. 

 
* xGnP® graphene nanoplatelets, 750 m2/g produced by XG Sciences, Inc. 
† Graphene Supermarket® Thermally Conductive Granulated Graphene. 
‡ Formerly known as Purolite® NRW36; ion exchange resin for the (ACTEX) cartridge. 
§ SOTA filtration media for the ISS MF beds produced by Dow Chemical Company.   
** Higher loadings (up to 6400 mg) were tested, but η levels reached 100% before the 5-min contact time. 

Figure 2. GACT Adsorbates 
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Figure 3. Graphene Adsorption Capacity Test 

III. Results and Discussion 

 First, q and η values were calculated by analyzing the anticipated and inherent performance of the adsorbents in 

removing specific pollutants. For example, AmberSorb™ 4652 was not intentionally tested with (NH4)HCO3 solutions 

as its primary function does not involve the removal of inorganic substances like ammonium ion (NH4
+) or Total 

Inorganic Carbon (TIC). By the same token, q and η metrics for the adsorption of organics by UltraClean™ UCW 

3600 are not present in this section since the test matrix did not include experiments with this adsorbate and a C₃H₈O₂ 

solution. The initial concentration of the NH4
+, TIC, and C₃H₈O₂ solutions were 100 mg/L, 90 mg/L and 6 mg/L 

(TOC), respectively. Figures 4, 5, and 6 summarized the results for the adsorption of NH4
+, TIC, and TOC based on 

η values. It should be pointed out that first experiments with C₃H₈O₂ solutions did not provide a broad set of data at 

different material loadings, which was necessary to carry out the target data analysis. The interpretation of this 

outcome suggested that propylene glycol was not heavy enough for adsorption to occur a low concentration (6.0 

mg/L). Consequently, 2-(2-Butoxyethoxy)Ethanol was selected as the new organic molecule for the single-component 

contaminate solution since it is one of the heaviest organic molecules found in ISS reclaimed water30. By selecting 2-

(2-Butoxyethoxy)Ethanol a more responsive set of experimental data was collected at low (6.0 mg/L) and intermediate 

(40.0 mg/L) TOC concentrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 4. NH4
+ Removal Efficiency vs. Contact Time at Different Adsorbate Loadings.   
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Figure 5. TIC Removal Efficiency vs. Contact Time at Different Adsorbates Loadings. 

Figure 6. TOC [6.0 mg/L]  Removal Efficiency vs. Contact Time at Different Loadings. 

Figure 7. TOC [40.0 mg/L]  Removal Efficiency vs. Contact Time at Different Loadings. 
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 As expected, Figure 4 shows that the removal of NH4
+ is enhanced as the adsorbate loading increases. Surprisingly, 

the 100-mg result in the same figure reveals that granulated graphene outpaced GNP in NH4
+ removal by a few 

percents; however, this adsorbate does not response with higher removal percentages than GNP as loading increased. 

Granulated Graphene is made by rolling GNP to create larger pieces of graphene material; the surface area of the 

precursor GNP is unknow. Knowing the specific volume-to-material ratio at which the expensive GNP and the more 

affordable granulated graphene exhibit similar performance is beneficial, regardless of the aforementioned restriction. 

More significantly, Figure 4 demonstrates that the GBM did not surpass UltraClean™ UCW 3600 at any point. Note 

that Granulated Graphene loadings did not remove any TOC during the experiments. This SOTA adsorbate behaved 

nicely at removing more NH4
+ as the loading increased. Note that the metrics for GNP in Figure 4 maintained a close 

η level at each contact time, and the charts did not capture an obvious transient phase. This trend, which is also seemed 

in Figure 5, might indicate that the GNP had reached its specific adsorption capacity for these loadings. Therefore, the 

selected contact-time resolution might have not been wide enough to fully capture a well-defined time-dependent 

correlation. 

 In a similar fashion, Figure 6 shows how quickly GNP removed all of the organic contaminant at each loading. 

Figure 6 compiles the η for GNP and AmberSorb™ 4652 at three different material loadings (note that the loading-

based averaged results are also plotted). The result for GNP still constrained the qmax estimation since the metrics were 

not diverse enough for an isotherm or kinetics analysis. In contract, the same figure illustrates the desired removal 

trend with the performance of the SOTA adsorbent. Although AmberSorb™ 4652 provided dispersed metrics, these 

results were not further processed for theoretical parameter estimation since the corresponding GNP data was 

unsuitable for analysis. However, the ability of GNP to remove the same amount of TOC faster than the SOTA material 

is found to be compelling and attractive for certain applications. Furthermore, the concentration of the TOC was 

increased to 40.0 mg/L to resolve the undesired performance of GNP observed in Figure 6. Hence, the GACT was 

repeated with the new TOC level. 

 Figure 7 presents a set of results that are more suitable for isotherm and/or kinetics analysis since η values have a 

better distribution over the selected experimental conditions. Specifically, the GNP nor AmberSorb™ 4652 metrics 

reached the same level of removal at any material loading. While the longer contact-time points do not correspond to 

practical resident times for in-line configurations, the distribution of the data points is essential to determine scale-up 

parameters. This chart also informs that GNP still removes TOC faster than the SOTA adsorbate; however, it reaches 

a saturation point as quicker as well. Nevertheless,  the adsorption of TOC by GNP was at least twice as higher as the 

TOC reduction permitted by AmberSorb™ 4652 at the earlier contact times. Below, the associated isotherm and 

kinetics diagrams for each adsorbate-contaminant combination are gathered. Note that only the adsorption models that 

provided the best fit are presented in this 

section. Figures 8, 9, 10 showcase the 

extensive adsorption modelling and the 

respective plots that fit the data, 

primarily for GNP. 

 The results for all adsorbates are 

summarized in Table 2. The adsorption 

of NH4
+ and TIC by GNP was 

predominantly described by pSeudo-2nd 

Order Kinetics, with a 0.9999 and 

0.9996 coefficient of determination 

(R2), respectively. On the other hand, 

the adsorption process for same 

contaminants better fitted the Langmuir 

model when Granulated Graphene and 

UltraClean™ UCW 3600 were the 

adsorbents. However, the corresponding 

R2 values were below 0.9. It is worth 

noting that Kinetics-based modelling 

offers more refence points since more 

than one adsorbate loadings can be 

simultaneously used to compare the 

regression characteristics. Contrarily, 

Isotherm-based modelling can only be carried out with the single array of data representing equilibrium points. 

Figure 6. pSeudo-2nd Order Kinetics - NH4
+ Adsorption by GNP. 
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Figure 7. pSeudo-2nd Order Kinetics - TIC Adsorption by GNP. 

Figure 8. Langmuir-1 Isotherms - TOC Adsorption by GNP and AmberSorb™ 4652 
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Table 2. Isotherm & Kinetics-based Modelling Summary 

Adsorbent Adsorbate Best-fit Model R2 
Parameter 

qe [mg/mg] K2 [mg/(mg min)] 

GNP NH4+ Psudo-2nd Kinetics 0.9999 1.87x10-3 8.92x10+2 

GNP TIC Psudo-2nd Kinetics 0.9996 3.29x10-3 3.43x10+2 

| | | | | | | | qmax [mg/mg] KL [L/mg] 

Granulated Graphene NH4+ Langmuir 0.8177 1.22x10-3 4.94x10-3 

Granulated Graphene TIC Langmuir 0.7002 5.51x10-4 1.39x10-2 

UltraClean™ UCW 3600 NH4+ Langmuir 0.9484 2.69x10-2 2.63x10-1 

UltraClean™ UCW 3600 TIC Langmuir 0.9731 1.73x10-2 3.99x10-1 

GNP TOC Langmuir 0.9940 4.11x10-2 1.35x10-1 

AmberSorb™ 4652 TOC Langmuir 0.9969 7.68x10-2 8.09x10-2 

 

 Moreover, during the regression analysis, the values of the slope and y-axis intercept needed to be carefully 

assessed. Most of the models in Table 1 predict a positive value for these parameters, with the exception to pseudo-

1st order kinetic model. Therefore, regression coefficients were discarded when the values did not match the expected 

trend even if their respective R2s were close to one. For instance, Figure 8 shows that the best-fit for NH4
+ adsorption 

was provided by the 6400-mg loading experiment while Figure 9 indicates that TIC adsorption was best described by 

the 1600-mg experiment. These results reveal that GNP has a higher qe for TIC than for NH4+. Nevertheless, the 

corresponding K2 values suggest that NH4
+ adsorption might occur at a faster rate. Furthermore, Tablet 2 displays that 

the Langmuir model best fitted the data for the removal of inorganics mediated by Granulated Graphene and 

UltraClean™ UCW 3600. It is also important to point out that TOC removal by Granulated Graphene was not detect. 

The qmax values show that Granulated Graphene has less affinity for NH4
+ and TIC than GNP. Note that modelling of 

Granulated Graphene-based data generated the worst regression levels. Whereas Granulated Graphene provided the 

lowest R2 values, UltraClean™ UCW 3600 produced better regression and increased qmax to a magnitude higher than 

the qe by GNP and Granulated Graphene. This result confirms the superiority of the SOTA adsorbent for the removal 

of ionic inorganics. It is to be noted that some linearized isotherms plots were omitted for brevity. 

 Figure 10 combines the linearized isotherms for GNP and AmberSorb™ 4652 solely for the removal of TOC. The 

plot also contains the values for the respective slope, y-axis intercepts, and R2. The equilibrium points from the 

adsorption experiments at different loadings were selected from the 60-min contact-time point. Although samples at 

a 120-min contact time were collected, the processed data generated similar results. In other words, equilibrium was 

well defined by 60 minutes of contact time. Despite the statistical constraints imposed by the limited number of data 

points, Figure 10 shows an acceptable agreement with the linearized model. As it has been noted, certain GNP loadings 

removed TOC too quickly and/or the final TOC concentrations were under the limit of detection. Also, the available 

instrumentation does not confidently provide material-weight measurments below 50 mg. Table 2 substantiates that 

the TOC-based qmax for GNP is virtually half that of the SOTA adsorbent. In addition, the results reveals that the 

energy constant related to the heat of adsorption (KL) is lower for AmberSorb™ 4652. Even though the modelling 

demonstrated that the SOTA adsorbent still performance better GNP, recall that GNP were tested in its pristine form 

without any precondition or engineering. T his realization is remarkable and can provide the foundation for potential 

optimization paths for graphene-based filtration media. Nevertheless, these adsorption experiments need to be 

repeated with multi-component contaminant solutions or standardized solutions based on ISS ersatz wastewater 

stream.  

 Another important aspect of these results is the effects of nanoplatelet aggregation on the adsorption process. It is 

known that GNP easily stack on each other in water-based suspensions, and this mechanism reduces the active surface 

area of the material. Consequently, the performance of GNP might have been impacted by the lost of active surface 

are due to aggregation. Although this mechanism can be reduced by adjusting the acidity of the contaminant solution 

and reducing the GNP load, the experiments did not attempt adjusting the acidity of the associated solutions, and the 

lowest-possible measurable material loading still created saturated GNP suspensions. Futures studies will 

accommodate the necessary testing adjustments to reduce the impact of aggregation on the GACT. 
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IV. Conclusions 

In conclusion, the research conducted by the Johnson Space Center Water Technology Development Group 

compared the performance of SOTA adsorbents with graphene and GBM in removing organic and inorganic 

contaminants from water. The results indicated that the UltraClean™ UCW 3600 outperformed GNP and Granulated 

Graphene in removing inorganic contaminants. However, GNP exhibited comparable performance to AmberSorb™ 

4652 in removing TOC. This result is highly promising since GNP did not undergo any preconditioning or engineering 

process prior testing, and AmberSorb™ 4652 had a surface area per mass that was almost twice as large that of GNP. 

This comparison of metrics between these materials has established a relevant performance baseline for graphene and 

SOTA filtration media, and it opens up possibilities for further technological development. By understanding how 

graphene performs in its pristine form and comparing it with existing adsorbents, our group has a better understanding 

of how to identify potential paths for optimization, either through preconditions or integration with other particles. 

The isotherm and kinetics-based modelling has generated a matrix of parameters that can be deployed in geometry-

based Multiphysics modelling for the design of realistic filtration components. The research team plans to further 

investigate the performance of graphene and GBM with multicomponent contaminant solutions and explore its 

integration with materials that have good water permeability (resins, foams, composites, etc.). By immobilizing GNP 

on other particles, the effects of nanoplatelet aggregation on adsorption can be prevented, and the high-pressure drops 

associated with fine particles can be dismissed. This work shows promising prospects for designing the next generation 

of filtration media for SWRS. The team's enthusiasm for this research is clear, and upcoming papers will present 

updates on graphene-loaded particles and the flow-through testing of GBF systems. 
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