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Objective of Research ProgramObjective of Research Program

B *UDSKLWH#1DQRILEHUV#+*1),#DUH#D#UDUH#W\SH#RI
PDWHULDO#ZKHUH#KLJK#VXUIDFH#DUHD#DQG#KLJK
FRQGXFWLYLW\#DUH#VLPXOWDQHRXVO\#IRXQG1

B 7KHVH#PDWHULDOV#FRQVWLWXWH#RQH#RI#WKH#ILQHVW
PROHFXODU#VLHYHV#DQG#DV#VXFK#VHOHFWLYH
DGVRUSWLRQ#FDQ#EH#DFKLHYHG1

B :H#LQWHQG#WR#WDNH#DGYDQWDJH#RI#WKH#XQLTXH
SURSHUWLHV#RI#WKHVH#PDWHULDOV#WR=
BB Electrochemically remove metal contaminantsElectrochemically remove metal contaminants

from aqueous streamsfrom aqueous streams
BB Capture organic molecules between theCapture organic molecules between the

graphene layersgraphene layers



Graphite Nanofibers (GNF): aGraphite Nanofibers (GNF): a
Catalytically Engineered MaterialCatalytically Engineered Material

CC22HH44/CO/H/CO/H22

Metal CatalystMetal Catalyst

Graphite PlateletsGraphite Platelets



Growth Mechanism of GNFGrowth Mechanism of GNF

B *1)#DUH#SURGXFHG#E\#WKH#GHFRPSRVLWLRQ#RI#FDUERQ
FRQWDLQLQJ#JDVHV#RYHU#VHOHFWHG#PHWDO#FDWDO\VW
SDUWLFOHV1

B )ROORZLQJ#DGVRUSWLRQ#RYHU#FHUWDLQ#IDFHV#RI#WKH
PHWDO#SDUWLFOH/#GLVVRFLDWLRQ#RI#&0&#ERQGV#RFFXUV1

B &DUERQ#VSHFLHV#GLIIXVH#WKURXJK#WKH#ERG\#RI#WKH
SDUWLFOH#WR#SUHFLSLWDWLRQ#WKURXJK#DQRWKHU#VHW#RI
PHWDO#IDFHV#DQG#IRUP#JUDSKHQH#OD\HUV#1

B 8QOLNH#DQ\#RWKHU#FDUERQ#PDWHULDO/#*1)#FRQVLVWV
RQO\#RI#JUDSKLWH#HGJHV/#ZKLFK#EHVWRZV#WKH#PDWHULDO
ZLWK#XQLTXH#DGVRUSWLRQ#SURSHUWLHV1



GNF StructuresGNF Structures

(a) Herring-bone (b) Platelet (c) Tubular



GNF StructuresGNF Structures

B 7KHUH#DUH#VHYHUDO#W\SHV#RI#*1)#VWUXFWXUHV/
ZKLFK#DUH#GHSHQGHQW#RQ#WKH#QDWXUH#RI#WKH
FDWDO\VW/#WKH#WHPSHUDWXUH#DQG#WKH#UHDFWDQW#JDV1

B 7KUHH#PDLQ#W\SHV#RI#FRQIRUPDWLRQVHerring-Herring-
bone: bone: where the graphene layers are
located at an angle with respect to the
fiber axis (model a).
BB PlateletPlatelet  where the graphitic layers are

oriented Tubular: Tubular: where the layers are oriented
parallel to the fiber axis (model c)



Herring-bone GNFHerring-bone GNF

Schematic Diagram of GNF HRTEM of GNF

0.34 nm0.34 nm



Platelet GNFPlatelet GNF

0.34 nm0.34 nm

Schematic Diagram of GNF HRTEM of GNF



Tubular GNFTubular GNF

Schematic Diagram of GNF HRTEM of GNF

0.34 nm0.34 nm



Adsorption of Ethanol onAdsorption of Ethanol on
CarbonsCarbons
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Mole %Mole %
in Solutionin Solution

433433

;3;3

9393

7373

5353

33
33 7373 ;3;3 453453 493493

7LPH#+KRXUV,7LPH#+KRXUV,

%ODQN%ODQN
$FWLYDWHG#&DUERQ$FWLYDWHG#&DUERQ
*UDSKLWH#1DQRILEHUV*UDSKLWH#1DQRILEHUV



Adsorption of Butanol on CarbonsAdsorption of Butanol on Carbons
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%ODQN%ODQN
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Effect of Acid Treatment on theEffect of Acid Treatment on the
Adsorption of Alcohols in GNFAdsorption of Alcohols in GNF
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(WKDQRO#++12(WKDQRO#++1266,,
%XWDQRO#++12%XWDQRO#++1266,,
(WKDQRO#++&O,(WKDQRO#++&O,
%XWDQRO#++&O,%XWDQRO#++&O,



Adsorption of Organic MoleculesAdsorption of Organic Molecules

B 2UJDQLF#PROHFXOHV#SRVVHVVLQJ#ORZ#SRODULW\#DUH
VHOHFWLYHO\#DGVRUEHG#EHWZHHQ#WKH#JUDSKLWH#OD\HUV

3.4Å

61:c

*1)# (QODUJHG#VHFWLRQ#RI#*1)



SummarySummary

B *1)#KDYH#WKH#DELOLW\#WR#VHOHFWLYHO\#UHPRYH#RUJDQLFV
IURP#DQ#DTXHRXV#VROXWLRQ#DQG#LQ#FRQWUDVW#WR#DFWLYH
FDUERQ#GR#QRW#EHFRPH#VDWXUDWHG#ZLWK#WKH#VROYHQW1

B ,Q#WKLV#FRQWH[W/#*1)#H[KLELW#D#KLJKHU#DIILQLW\#IRU#WKH
OHVV#SRODU#PROHFXOHV1

B ;0UD\#GLIIUDFWLRQ#DQDO\VLV#VKRZV#WKDW#ZKHQ#+&O
WUHDWHG#*1)#DUH#DOORZHG#WR#LQWHUDFW#ZLWK#EXWDQRO#WKH
RUJDQLF#LQWHUFDODWHV#EHWZHHQ#WKH#JUDSKHQH#VKHHWV
DQG#FDXVHV#D#VLJQLILFDQW#H[SDQVLRQ#LQ#WKH#LQWHUOD\HU
VSDFLQJ#RI#WKH#DGVRUEHQW1

B 7KLV#SKHQRPHQRQ#ZDV#QRW#REVHUYHG#ZKHQ#WKH#VDPH
W\SH#RI#*1)#ZHUH#WUHDWHG#LQ#HLWKHU#+126#RU#+56271



Metal RemovalMetal Removal

 Graphite Nanofiber Graphite Nanofiber
ElectrodeElectrode

(a) Electrochemical Deposition(a) Electrochemical Deposition

(b) Electrosorption(b) Electrosorption

.
.

.
.

.

Metal IonsMetal Ions

.
..
.

.
..
.

.
..
.

.
..
.



Cu Removal from SolutionCu Removal from Solution
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CopperCopper
ConcentrationConcentration

(ppm)(ppm)

3RWHQWLDO#+6&(,#93RWHQWLDO#+6&(,#9
04190419 04150415 031;031; 03170317 313313

8383

433433

483483

533533

583583



SummarySummary

B $Q#HOHFWURO\WLF#FHOO#KDV#EHHQ#GHVLJQHG#DQG#WKH
FRQFHSW#RI#XVLQJ#*1)#DV#DQ#HOHFWURGH#IRU#WKH
UHPRYDO#RI#PHWDOV#IURP#DTXHRXV#VROXWLRQ#KDV
EHHQ#GHPRQVWUDWHG1

B 7KLV#DSSURDFK#LV#FXUUHQWO\#EHLQJ#XVHG#WR
VHSDUDWH#RWKHU#KD]DUGRXV#FRQWDPLQDQWV1

B 7KH#RSWLPXP#W\SHV#RI#*1)#IRU#WKLV#DSSOLFDWLRQ
DSSHDU#WR#EH#WKH#´KHUULQJERQHµ#DQG#´SODWHOHWµ
FRQIRUPDWLRQV1

B 7KHVH#VWUXFWXUHV#SRVVHVV#D#FRPELQDWLRQ#RI#KLJK
VXUIDFH#DUHD#DQG#KLJK#HOHFWULFDO#FRQGXFWLYLW\1



Future StudiesFuture Studies

B :H#VKDOO#XVH#;36#WR#DVFHUWDLQ#WKH#GLIIHUHQFH#LQ
*1)#IXQFWLRQDOLWLHV#IROORZLQJ#WUHDWPHQW#LQ
YDULRXV#DFLG#PHGLD1

B $WWHPSW#WR#FRUUHODWH#WKH#GUDPDWLF#GLIIHUHQFHV
REVHUYHG#IROORZLQJ#FHUWDLQ#DFLG#WUHDWPHQWV#RI
*1)#ZLWK#WKH#IXQFWLRQDOLW\#RI#WKH#UHDFWLYH#HGJH
VLWHV1

B %DVHG#RQ#WKLV#LQIRUPDWLRQ#ZH#VKRXOG#EH#LQ#D
SRVLWLRQ#WR#WDLORU#WKH#*1)#FKHPLVWU\#WR#REWDLQ
PD[LPXP#DGVRUSWLRQ#FDSDFLW\#IRU#D#JLYHQ
RUJDQLF#LPSXULW\#PROHFXOH1
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