
Per-  and Polyf luoroalkyl  Substances  (PFASs)  are  a  group of  anthropogenic  chemicals  tha t  have  
been produced and used for  over  60  years  in  a  broad spect rum of  indust r ia l  products  or  processes  
and resul t  in  prevalent  envi ronmenta l  pol lu t ion .  Many convent ional  t rea tment  processes  are  not  
ef fec t ive  for  PFAS separa t ion  or  degradat ion  due  to  the  low concentra t ions  and the  s table  covalent  
C−F bond.  Advanced oxidat ion  processes  l ike  e lec t rochemical  oxidat ion  and photocata ly t ic  
oxidat ion  are  more  ef fec t ive  for  perf luoroalkyl  carboxyl ic  ac ids  (PFCA) than perf luoroalkyl  
su l fonic  ac ids  (PFSA).  Bes ides ,  these  technologies  are  expensive  and have  h igh energy footpr in ts .  
Adsorpt ion  us ing granular  carbon or  anionic  ion  exchange is  commonly  used to  separa te  PFAS from 
water  but  requires  fur ther  d isposal  and des t ruct ion  of  the  concentra ted  PFAS.  Elec t rosorpt ion  has  
proven ef fec t ive  towards  separa t ion  of  many water  pol lu tants  (e .g . ,  f luor ide ,  ammonium,  n i t ra te ,  
a rsenic ,  and uranium) wi th  low energy and chemical  consumpt ion.  Carbonaceous  mater ia ls  such as  
ac t iva ted  carbon,  carbon nanotubes  (CNTs) ,  and reduced graphene oxide  ( rGO) have  been used for  
e lec t rochemical  adsorpt ion  to  separa te  the  low concentra t ion  PFAS (of ten  a t  sub ppb levels)  f rom 
water  and a lso  achieve  contro l led  desorpt ion  process .  However ,  the  lack  of  react iv i ty  of  carbonous  
mater ia ls  lead  to  the  low eff ic iency of  PFAS des t ruct ion .  This  projec t  a ims to  develop and evaluate  
e lec t r ica l ly  ass is ted  adsorpt ion  of  both  shor t  and long chained PFCAs us ing external ly  charged 
e lec t r ica l ly  conduct ing  membranes  (ECMs)  made of  se lec ted  carbonaceous  nanomater ia ls  (CNMs) 
or  t rans i t ion  meta l  carbides  (MXenes) .  We evaluated  the  adsorpt ion  and desorpt ion  k inet ics  and 
capaci ty  under  var ia t ions  of  DC charges /currents .  Here in ,  an  MXene-based membrane f i l t ra t ion  
process  was  used for  the  PFOA and PFBA adsorpt ion  and des t ruct ion .  Speci f ica l ly ,  Ti3C2Tx for  
d i f ferent  surface  terminat ions  (T=F,  O and Cl)  were  prepared and the  resul ts  show that  the  oxygen 
terminated  MXene-based membrane has  s igni f icant ly  h igher  adsorpt ion  capaci ty  (215 mg·g−1)  and a  
degradat ion  ra te  constant  (2 .8×10−2 min−1)  compared to  those  wi th  the  F  and Cl  te rminat ions .  
Elec t rochemical  oxidat ion  t rea tment  wi th  an  appl ied  +6 V potent ia l  in  the  0 .1  M Na2SO4 solut ion  
y ie lded >99 % reduct ion  of  the  PFOA or  PFBA (1  ppm) in  3  hours .  The dens i ty  funct ional  theory  
(DFT)  ca lcula t ions  revel  the  O-terminated  MXene surface  on Ti3C2O2 yie lded the  h ighes t  
PFOA/PFBA adsorpt ion  energy.  Bader  charge  analys is  shows tha t  when in terac t ing  wi th  PFOA, 
Ti3C2O2 wi th  surface  defects  (e .g . ,  miss ing of  O,  Cl ,  or  F  a toms)  donates  0 .19 |e |  and 0 .28 |e |  more  
e lec t rons  to  PFOA re la t ive  to  Ti3C2F2 and Ti3C2Cl2,  respect ive ly .  Moreover ,  the  react ion  pathway 
of  PFOA on Ti3C2O2 is  most  favorable  among these  three  MXene s t ructures  as  indica ted  by the  
grea ter  negat ive  f ree  energies .  Thus ,  synthes iz ing MXene wi th  O-terminated  surface  could  be  
cr i t ica l  to  ef f ic ient  PFAS adsorpt ion  and degradat ion .  The col labora t ion  team for  th is  NJIT-BGU 
seed grant  projec t  a lso  consis ts  of  Dr .  Joshua Young (NJIT) ,  Dr .  Mengqiang Zhao (NJIT) ,  Dr .  
Avner  Ronen (BGU) and Dr .  Chr is  Arnousch (BGU).
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