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学位論文内容の要旨

        High-performance water-decontamination systems were developed by using graphene oxide

(GO) as the filnctioning elements. GO is heavily oxygenated graphene bearing hydroxyl and

 epoxide firnctional groups on the basal planes and carbonyl and carboxyl groups at the edges. GO

 have attracted a great deal of attention in recent years for a number of reasons. First, GO belongs to

 a class of truly sheet-shaped molecules. A single GO sheet has a length or breadth that is typically

 larger than micrometers while its thickness is only one or a few atoms thick; therefore, it is possible

to cover or overlap chemical pollutants with an atom-thick sheet  Second, in comparison with

 carbon nanotubes, GO is highly soluble in both aqueous and organic media; therefore,it is easier to

introduce GO into water and other matrixes with GO being ideally dispersed. Third, GO can be .

converted to graphene through chemical reductions or with heating. Graphene has many unusual

properties, for example, gjaphene has high in-plane thermal (~3000 W/mK) and electrical

conductivity卜l04 Q-l cm") and the extremely high sLuface areas (~2600 m2/g), which enable us

to create a broad new class of high-performance systems and/or materials for environmental

remediation applications. Moreover, GO is commonly produced by exfoliating graphite, an

 abundant material, through chemical and/or physical reactions; thus, GO has the advantages of low

cost and plentifiil supply of the starting material.

       This dissertation consists of five chapters.   In Chapter l, a brief introduction to the hottest

topic on investigation of the carbon based nano-sized adsorbents was described.    In Chapter 2, a

method for massive production of GO was introduced with commercially available expanded

graphite as starting materials. The typical intercalating agent (H2S04) was capable of penetrating

into the expanded graphite; this has further expanded intemal distance between the basal planes

and as a result, a foam-like intermediate was obtained. The foam-like intermediate was more easily

oxidized in reaction with the oxidant (KMn04) to form GO. Fully exfoliated GO was obtained
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 with the expanded graphite having the median diameter～ 15 Wn as the precursors. This procedure

 was much safer and productive in scalable applications than the conventional Hummers methods.

In Chapter 3, an in situ reduction approach was introduced for enhancing the GO adsorptive

 capability in the removal of organic dyes from contaminated water samples. GO was directly used

 as the adsorbent and its absorptive capability toward the organic dye was largely enhanced through

its in situ reduction with sodium hydrosulfite as the reductant Acridine orange was the selected

target to eliminate with GO as the adsorbent. Under identical conditions, GO without the in situ

reduction showed a maximum adsorption capacity of l.4 g g-' while GO with the in situ reduction

provided a maximum adsorption capacity of 3.3 g g" Sodium hydrosulfite converted carbonyl

gjoups on GO into hydroxyl groups which functioned as the key sites for the adsorption

 enhancement.    In Chapter 4, an encapsulation approach was introduced, which enabled GO to'be

used as adsorbent insides of macro-sized beads. The beads were prepared by using alginate as the

backbone polymers and calcium ion (Ca2+) or hydronium ion (H+) as the cross-linker. The

adsorption capabilities of the GO contained alginate beads had been studied in terms of their

kinetics and the isotherms based on their time and concentration dependencies with acridine

orange as the typical pollutant species. The pseudo-first-order rate model nicely reproduced the

time-dependent adsorption for the calcium crosslinked beads, and the pseudo-second-order rate

model for the hydronium beads, while the Langmuir isotherm described well the influence in term

of the pollutant loading. As inferred from the adsorption model assumptions, (1) their c4pacities

were proportionally related to the available active sites exposed to the pollutant, and (2) the

physiochemical sorption was likely to be the main mechanism. Interactions with the oxygen-

contained functional groups together with the sorption onto the basalplanes were considered to be

the key reasons for the GO contained beads- to undergo the absorption.    In Chapter 5, the overall

achievements obtained in this study were summarized and the possibilities for practical

environmental remediation applications were discussed

   In conclusion, as the adsorbent, graphene oxide, the two-dimensional, carbon based

nanomaterial, showed multi-filnctionalities in the elimination of chemical pollutants. High-

performance water-decontamination systems were obtainable through either the direct utilization

or the direct utilization of graphene oxide as the functioning elements. These new findings reported

in this dissertation are beneficial to the field of environmental remediation.
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       In this study, the candidate has established a high-performance water-decontammation system

with graphene oxide (GO) being used as the frnctioning elements. GO is heavily oxygenated graphene

bearing hydroxyl and epoxide functional groups on the basal planes and carbonyl and carboxyl groups

at the edges. GO have attracted great attentions in recent years for a number of reasons:i） GO belongs to

a class of truly sheet-sbaped molecules; a single GO sheet bas a length or breackh that is typically larger

than micrometers while its thickness is only one or a few atoms thick; therefore, it is possible to cover or

overlap chemical polhrtants with an atom-thick sheet; ii) in comparison with carbon nanotubes, GO is

highly soluble in both aqueous and organic media; therefore, it is easier to introduce GO into water and

other matrixes with GO being ideally dispersed; iii) GO can be converted to graphene through chemical

reductions or with heating; ~thermore, GO is commonly produced by exfoliating graphite, an

abundant material, tbrough chemical and/or physicalreactions; thus, GO has the advantages of low cost

and plentiful supply of the startmg materiaL

    The candidate bas frrstly introduced a method for the massive production of GO with

commercially available expanded graphite as starting materials. The typicalintercalating agent (H2S04)

was found to be capable of penetrating into the expanded graphite; this has fiuther expanded the intemal

distance between the basal planes and as a result, a foam-like :intermediate was obtained. The foam-We

intermediate was more easily oxidized in the reaction with KMn04 (the oxidant) to form GO. Fully

exfoliated GO was obtained with the expanded graphite having the median diameter～ 15 Wn as the

precursors. This procedure was much safer and productive in scalable applications than the conventional

Hummers methods.

- 790－



    T h e  c a n d i d a t e  h a s 8 r l s e q u e n t l y  e s t a b l i s h e d  a n  i n  s i t u  r e d u c t i o n  a p p r o a c h  f o r  e n h a n c m g  t h e  G O

a d s o r p t i v e  c a p a b i l i t y  i n  t h e  r e m o v a l  o f  o r g a n i c  d y e s  f r o m 8 n t a m i n a t e d  w a t e r  s a m p l e s .  G O  w a s  d i r e c t l y

u s e d  a s  t h e  a d s o r b e n t  a n d 蒡 a b s o r p t i v e  c a p a b i l i t y  t o w a r d  t h e  o r g a n i c  d y e  w a s  l a r g e l y  e n h a n c e d  t h r o u g h

諾 i n  s i ' t u  r e d u c t i o n  w i t h  s o d i u m  h y d r o s u l f i t e  a s  t h e  r e d u c t a n t   A c r i d m e  o r a n g e  w a s  t h e  s e l e c t e d  t a r g e t  t o

e l i m i n a t e  w i t h  G O  a s  t h e  a d s o r b e n t .  U n d e r  i d e n t i c a l  c o n d i t i o n s ゛ G O  w i t h o u t  t h e ヨ ほ せ r e d u c t i o n

s h o き ー a  m a x u n u m  a d s o r p t i o n  c a p a c i t y  o f  1 ． A g  g  w h i l e  G O  w i t h  t h e  i n  s i l u  r e d u c t i o n  p r o v i d e d  a

m a x i m u m  a d s o t i o n  c a p a c i t y  o f  3 1 い  g g ・ 】 ． S o d i u m  h y d r o s u l f i t e 8 n v e r t e d  c a r b o n y l  g r o u p s  o n  G O  i n t o

h y r o x y l  g r o u p s  w b i c h ォ n c t i o n e d  a s  t h e  k e y  s i t e s  i n  t h e  a d s o r p t i o n  e n h a n c e m e n t .

    T h e  c a n d i d a t e  b a s  a l s o  c r e a t e d  a n  e n c a p s u l a t i o n  a p p r o a c ： h  w i t h  w h i c h  G O a s  a b l e  t o  u s e  a s

a d s o r b e n t  i n s i d e s  o f  m a c r o - s i z e d  b e a d s .  A l g i n a t e  w a s  c h o s e n  a s  t h e  b a c k b o n e  p o l y m e r s  a n d  c a l c i u m  i o n

( C a 2 + )  o r  h y r d r o n i u m  i o n  ( H ~  a s  t h e  c r o s s - l i n k e r ;  G O  w a s  e n c a p s u l a t e d  i n s i d e s  o f  t h e  a l g i n a t e - b a s e d

b e a d s  t h r o u g h  a n  o n e - s t e p  e n c a p s u l a t i o n  p r o c e s s .  A d s o r p t i v e  c a p a b i l i t i e s  o f  t h e  G 0 8 n t a i n e d  a l g i n a t e

b e a d s  w e r e  s t u d i e d  w i t h  a c r i d i n e  o r a n g e  a s  t h e  t y p i c a l  p o l l u t a n t  c h a h i c a l s .  T h e  p s e u d o - s e c o n d - r a t e

m o d e l  f i t t e d  n i c e l y  t h e  d a t a  o n  t h e  t i m e - d e p e n d e n t  a d s o t i o n ;  w h i l e  t h e  L a n g m u i r  m o d e l  w a s  f o u n d  t o

b e  a p p l i c a b l e  t o  s p e c i f y  t h e  s o t i o n  i s o t h e r m s .  I n t e r a c t i o n s  w i t h  t h e  o x y g e n - c o n t a i n e d  f u n c t i o n a l  g r o u p s

o n  G O  a n d  t h a t  o f  t h e  i n t e r a c t i o n s  w i t h  t h e  G O  b a s a l p l a n e s  w e r e  t h e  k e y  d r i v i n g - f o r c e s 8 n s i d e r a b l y  o f

t h e  G 0 8 n t a i n e d  b e a d s  t o  u n d e r t a k e  t h e  a b s o r p t i o n  o f  t h e  p o l l u t a n t  c h e m i c a l s .

    I n 8 n c l u s i o n ,  t h e  c a n d i d a t e  s h o w e d  f a m i l i a r i t y  w i t h  a n d  c r i t i c a l  u n d e r s t a n d i n g  o f  t h e  r e l e v a n t

l i t e r a f f r r e s ;  t h e  m e t h o d s  a d o p t e d  w e r e  a p p r o p a t e  t o  t h e  s u b j e c t  m a t t e r  a n d  p r o p e r l y  a p p l i e d ;  t h e  r e s e a r c h

f i n d i n g s  w e r e  s u i t a b l e  s e t  o u t ,  a c 8 m p a n i e d  b y  a d e q u a t e  e x p o s i t i o n  a n d  d i s c u s s i o n ,  a n d  t h e  q u a l i t y  o f

E n g l i s h  a n d  t h e  g e n e r a l  p r e s e n t a t i o n  w e r e  s a t i s f a c t o r y .  T h e  r e c o m m e n d a t i o n  m a d e  b y  t h e  e x a m i n a t i o n

8 m m i t t e e  w a s  t h a t ． ' t h e  d e g r e e  b e  a w a r d e d " ．


