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Adsorption is a mass transfer operation in which substances present in a liquid phase are
adsorbed or accumulated on a solid phase and thus removed from the liquid. Adsorption
processes are used in drinking water treatment for the removal of taste- and odor-causing
compounds, synthetic organic chemicals (SOCs), color-forming organics, and disinfection
by-product (DBP) precursors. Granular activated carbon (GAC) and powdered activated
carbon (PAC) are the most common adsorbent.
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Our Research Directions
s

Synthesis adsorbents with high adsorption capacity toward
target pollutants;

Using adsorption isotherm model and adsorption kinetic
model to simulate the adsorption experimental data, in
order to have overall understanding on the adsorption
Process;

Adsorption field applications predictions using Pore
Surface Diffusion Model and lon Exchange Model

Density functional theory (DFT) calculation was applied to
unravel the adsorption mechanism



Research Directions

between the adsorbing compound and the adsorbent and how these interactions are
impacted by physical and chemical forces
A Adsorption performance can be enhanced via morphology regulation
A Adsorption mechanism can be further revealed using extended X-ray absorption
\_ fine structure (EXAFS) and density functional theory (DFT) calculations

(A Adsorbent can remove target pollutants on a molecular level and the interactions )
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Antimony Adsorption on Novel Carbon Nanofibers Decorated with ZrO2 (ZCN)
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A The adsorption capacity of ZCN
toward Sb(lll) and Sb(V) are
70.83mg/g and 57.17 mg/g,
respectively. And the tetragonal ZrO:2
(t-ZrO2) and monoclinic ZrOz (m-
Zr02) are coexist on ZCN. Meanwhile,
the adsorption process of Sb on ZCN
is determined to be exothermic
reaction.

A DFT calculations revealed that both

Sb(I11) and Sb(V) can form stable
complexes on the surface of t-ZrO2
and m-ZrOz2, with the adsorption
energy (Ead) of -1.13 eV and -0.76 eV
for Sb(l11) and -6.07 eV and -3.35eV
for Sb(V) on t-ZrO2 and m-ZrO2,
respectively. Both are chemisorption
based on partial density of states
analysis
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Arsenic Adsorption on Novel a-MnO:2 Nanofibers (MO-2)
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A Adsorption kinetic data was fitted with mass transfer model
A Fix bed column test was determined, MO-2 can treat 200 bed volumes
(BV) (800 mL) for As(l11) and 120 BV (480 mL) for As(V), respectively,
with only produce 3 BV (12 mL) of 0.5 mol/L NaOH solution.
A DFT calculations (on the right side) unraveled that both As(I11) and As(V)

can monodentate and bidentate on (110) and (100), and the complexes
on (100) are more stable than (110). Both are chemisorption based on
partial density of states analysis

Arsenic atoms are purple, oxygen atoms are red, manganese atoms
green, and hydrogen atoms are white.
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Capturing Lithium (Li) from Wastewater Using 3-D MnO:2 lon Cages
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than Li+ which is a result of a high selectivity for
Li+ over the other iond'heBVs treated when Li
was by itselfl,237for 10 minutes of EBCT and a

Figurea shows the fullscale breakthrough curves for EBCT2.6f 5 and
10 minandthe PDM predicted that approximatelf40, 1051 and 1237
BVscan betreated, respectively. Figurb illustratesWhenthe EBCT was S el
2.5, 5 and 10 mipapproximatel\2.2, 2.9 and 3.2 bf water can be treatment objective of 10> A. This i450, 93,
treated. 34, 4.6 times greateffor Na, K, MgCa
Figure ¢ presents that when concentration increase f&fhto 200my/L, respectively when otherions are present at

BVs graduallgecreasedrom 1681to 1237BVs respectively. WhenoC concentrations that are typical in lithium ion
was20, 50 and 206 A, approximately6.3, 4.5 and 3.2 bf water could batteries waste water.

be treatedper gram of dry media, respectively



-
References Goot

v
—

Jinming Luo, XiaoyangMeng, John Crittenden,Jiuhui Qu, ChengzhiHu, Huijuan Liu, Ping Peng fi A r s adsarptonon U-MnO2 nanofibersand the
significanceof (100 facetascomparedvith (110 8017 ChemicalEngineeringJournal(JustAccepted)

JinmingLuo, ChengzhiHu, XiaoyangMeng, JohnC. Crittenden JiuhuiQu, PingPengii A n t i Removglfrom AqueousSolutionUsing Novel MnO2
Nanofibers Equilibrium, Kinetic, andDensityFunctionalTheoryStudies 2017, ACSSustainabléChemistry& Engineeringb, 22552264

JinmingLuo, Xubiao Luo, ChengzhiHu, JohnC. CrittendenJiuhuiQu, i Z i r ¢ZoO2)iEmbeddedn CarbonNanowiresvia Electrospinningor Efficient
ArsenicRemovalfrom WaterCombinedwith DFT Studies 2016 ACSappliedmaterials& interfaces3, 1891218921

Xubiao Luo, Kai Zhang,JinmingLuo, ShenglianLuo, JohnC. Crittendeni C a p t Lithiumrirgm WastewatekJsing a Fixed Bed Packedwith 3-D MnO2
lonC a g 2816 BnvironmentalScienceand Technology50, 1300213012

XiaodongMa, MengyingZhao,FengjunZhao,HongwenGuog, JohnC. Crittenden,Yanying Zhu, YongshengChen,i A p p | iotSli¢aiBasedVonolith as
Solid-PhasdextractionSorbenffor ExtractingToxaphendéCongenerin S o i 201,6 dournalof SotGel Scienceand Technology80, 87i 95.

JinmingLuo, XubiaoLuo, JohnCrittenden JiuhuiQu, YaohuiBai, Yue Peng andJunhualLi, Removalof Antimonite (Sk(l11)) andAntimonate(Sh(V)) from
AqueousSolution Using CarbonNanofibersthat are Decoratedwith Zirconium Oxide (ZrO2) ,2015 EnvironmentalScienceand Technology 49 (18),
1111511124

ManhongHuang,YongshengChen,ChingHuaHuang,PeizheSun,JohnCrittenden fiRejectionandadsorptiorof tracepharmaceuticalby coatinga forward
osmosigmembranevith TiO2, 8015 ChemicalEngineeringJournal 279, 904 911

Xubiao Luo, Bin Guo Jinming Luo, Fang Deng, Siyu Zhang, ShenglianLuo, John C. Crittenden fiRecoveryof Lithium from WastewaterUsing
Developmenof Li lon-ImprintedP o | y m2015ACSSustainableChemistry& Engineering3 (3), 460 467



10.

11.

12.

13.

14.

15.

16.

-y
References Goot

)
—

Konsowa A. H.; OssmanM. E.; Chen,Y.; Crittenden,J. C., fiDecolorizationof industrial wastewateby ozonationfollowed by adsorptionon activated
c a r b2®08 Jaurnalof HazardoudMaterials 176(2010 181-185

Hristovski K., Westerhoff P, Crittenden ., Olson,L, i Ar s drangovaly Iron (Hydr) Oxide Modified GranulatedActivatedCarbon Modeling Arsenate
Breakthrougtwith the PoreSurfaceDiffusion Model Separation 008 Scienceand Technology43: 3154 3167.

Hristovski K., Westerhoff P, Crittenden,ii A Approachfor EvaluatingNanomaterial§or Use asPackeded AdsorberMedia A CaseStudy of Arsenate
Removalby TitanateNanofibers 2008 Journalof HazardoudMaterials, 156.604 611

Hristovski K., Westerhoff P, CrittendenJ., Olson,L., i Ar s dranmaovalby Nanostructure@rO2 S p h e 2% EnvironmentalScienceand Technology
42: 3786 3790

Zhang,X., H. Sun,Z. Zhang,Q. Niu, Y. Chen,andJ.C. Crittenden,i E n h aBioacewmulatiorof Cadmiumin Carpin the Presencef Titanium Dioxide
Nan o p a rz2007 €CHemashperd4:160-166.

Zhang, X., H. Sun,Z. Zhang, Q. Niu, Y. Chen,and J. Crittenden,ii E n h a Accuendlationof Arsenicin Carpin the Presenceof Titanium Dioxide
Nanopatrticles #007, Water,Air, and Soil Pollution, 178245-254.

Jarvie M., David Hand,ShanmugalingarBhuvendralingamJohnC. Crittenden,andDaveHokansonin Si mu lthaReifommancef Fixed-Bed Granular
Activated CarbonAdsorbers Removalof SyntheticOrganicChemicalsin the Presencef BackgroundOrganicMa t t 2005, Water Research39, 2407
2421

Suri, R.PS,, J.C. Crittenden,and D.W. Hand i R e moandlestructionof Organic Compoundsin Water using Adsorption, SteamRegenerationand

Photocatalyti©xidationP r o ¢ e ¥999eASCEdournalof EnvironmentaEngineering125, 10, 897-905.



17.

18.

19.

20.

21.

22.

23.

24.

References Goot

f

)
—

Hand,D.W., A.N. Ali, J.L. Bulloch,M.L. DeBraskeJ.C. CrittendenandD.R. Hokansonii A d s o rEgquilibrionrModeling of SpaceStationWastewaters 0
1999 ASCEJournalof EnvironmentaEngineering 125, 6, 540-547.
CrittendenJ.C., S. SanongrajJ.L. Bulloch,D.W. Hand, T.N. Rogers,T.F. Speth andM. Ulmer, inCorrelationof AqueousPhaseAdsorptionl s ot h E99ms
EnvironmentalScience Technology33, 29362933

Liu, J., J.C. Crittenden,D.W. Hand,and D.L. Perram ii R e g e n @fr AddorbemtaUsing Heterogeneou®hotocatalyticOxidation &996 Journal of
EnvironmentaEngineeringVol. 122, No.8, pp. 707-714.

CrittendenJ.C., R.PS. Suri, D.L. PerramandD.W. Hand,i D e ¢ o n t aofiWatedJsingAdsorptionandPhotocatalysis ©997, WaterResearchVol. 31,
No. 3, pp. 411-418

Bulloch, J.L., D.W. Hand,J.C. CrittendenJ. Yu, D.L. Carter,J.D. Garrll andJ. Finn.A Ma t h e mladelingobBAdsorptionProcessefor the International
SpaceStationWaterP r 0 ¢ e 985G AE(Sbcietyof AutomotiveEngineers)lransactionsVolume 104, Sectionl: Journalof Aerospacepp. 988999
Hand,D.W., JA. Herlevich Jr, D.L. PerramandJ.C. Crittendeni Sy n t AdsorbanteersusGAC for TrichloroetheneR e mo v1894 AmericanWater
WorksAssociationJournal Vol. 86, No. 8, pp. 64-72

CrittendenJ.C., PS. Reddy,H. Arora, J. Trynoski D.W. Hand,D.L. PerramandR.S. Summersii P r e d Of GAG RenformancedJsing RapidSmall Scale
ColumnTests 9991, Journalof AmericanWaterWorksAssociationVol. 83, No. 1, pp. 77-87

Kuennen RW.,, K. Van Dyke, J.C. Crittenden,and D.W. Hand, i P r e d the NluitiftgnponentRemoval of SurrogateCompoundsby a FixedBed
Adsorber ©989 Journalof AmericanWaterWorksAssociation\Vol. 81, No. 1, pp. 46-58



25.

26.

27.

28.

29.

30.

31.

32.

ﬂ

References Goot

v
—

Hand,D.W., J.C. CrittendenH. Arora, JM. Miller, B.W. Lykins, Jr., i D e s | KixedBed)Adsorberso RemoveMixturesof Or g a n989 dauroal of
the AmericanWaterWorksAssociationVol. 81, No. 1, pp. 67-77

Crittenden J.C., D.W. Hand,H. Arora, andB.W. Lykins Jr., i D e sQGomgideration$or GAC Treatmenif OrganicChemicals ©987, Journal of American
WaterWorksAssociationVol. 79, No. 1, pp. 74-82.

Glaze,W.H., C C Lin, J.C. Crittenden,and R. Cotton,ii A d s o rapdtMicrobmal Mechanismdor Removalof Natural Organicsin GranularActivated
CarbonC o | u ml®8¥, Joornalof OzoneScienceand Engineering\ol. 8, pp. 299-319

Crittenden,J.C., JK. Berrigan D.W. Hand, and B.W. Lykins, Jr, 1 D e saf Bapid Fixed Bed Adsorption Testsfor Non ConstantDi f f u s 1987 t |
Journalof EnvironmentaEngineeringVol. 11326 No. 2, pp. 243-259,

Crittenden J.C., PJ. Luft, D.W. Hand,andG. Freidmani P r e d of Eited BeahAdsorberRemovalof Organicsin UnknownMi x t ul98Y, dguraal of
EnvironmentaEngineeringVol. 113 No.3, pp. 486498

Crittenden J.C., JK. Berrigan andD.W. Hand,i D e saf Rapid Small ScaleAdsorptionTestsfor aConstantD i f f u s198@ Jourrya] Water Pollution
Control FederationVol. 58, No. 4, pp. 312-319

Crittenden J.C., PJ. Luft, andD.W. Hand,ii P r e d of MulticoonponentAdsorptionEquilibriain BackgroundMixtures of UnknownComposition ©985
Journalof WaterResearch\Vol. 19, No. 12, pp. 15371548

Crittenden,J.C., PJ. Luft, D.W. Hand, J. Oravitzz, SW. Loper, and M. Ari, "Predictionof MulticomponentAdsorption Equilibria Using Ideal Adsorbed
SolutionT h e o0 X9§5,Jaurnalof EnvironmentaScienceand Technology\Vol. 19, No. 11, pp. 10371043



33.

34.

35.

36.

37.

38.

39.

40.

ﬂ

References Goot

)
—

Thacker W.E., J.C. Crittenden,andV.L. Snoeyink i Mo d edf AdeogberPerformanceVariable Influent Concentratiorand Comparisorof Adsorbents 0
1984 Journalof WaterPollution Control Federation Vol. 56, No. 3, pp. 243-250

Hand, D.W., J.C. Crittenden,and W.E. Thacker,i Si mp IModkels fer design of Fixed Bed AdsorptionSy s t el@88d Jaurnal of Environmental
Engineering\Vol. 110, (EE2), pp. 440-456.

Lee, M.C., J.C. Crittenden,V.L. Snoeyink and M. Ari, i D e saf GartbonBedsto RemoveHumic Su b s t al®83 elaurnal of the Environmental
EngineeringDivision, Vol. 109, No. 3, pp. 631-645

Hand,D.W., J.C. CrittendenandW.E. Thackeri U sQ@rientedBatchReactorSolutionsto the Homogeneou$SurfaceDiffusion Mo d 1983 dournalof the
EnvironmentaEngineeringDivision, Vol. 109, (EEL), pp. 82-101

Thacker,W.E., V.L. Snoeyink and J.C. Crittenden,i D e s o rofpGompmumdsDuring Operationof GAC AdsorptionSy s t el1888 Jaurnal of the
AmericanWaterWorksAssociation\Vol. 75, No. 3, pp. 144149,

Lee, M.C., V.L. Snoeyink and J.C. Crittenden,ii A c t i @aabbneAdsorption of Humic Substances d981, Journal of the American Water Works
AssociationVol. 73, No. 8, pp. 440-446.

CrittendenJ.C., Bryant,W.C. Wong, W.E. ThackerV.L. SnoeyinkandR.L. Hinrichs i Ma t h e mladeliof SeglentiaLoadingin Fixed Bed Adsorbers 0
198Q Journalof WaterPollution Control Federation Vol. 52, No. 11, pp. 27802795

Mattson,J., M. Malbin, H. Mark, W.J. Weber,Jr,, andJ.C. Crittendenfi S u r €hanaistryof Active Carbon SpecificAdsorptionof P h e n 496% Jownal
Colloid Interfacial ScienceVol. 31, No.1, pp. 116-130.



