PRI LT 6 S SR

R4

AER AR/ F AU R, R NLRK

REF FF L R

sul famethoxazole, ampicillin, trimethoprim, ciprofloxacin

Bokib gtz i ($3%)

BTN
[\9
T e
2
-5
Dy

e
TR
=
[+ =3

B

DoAY
: MOST 104-2221-E-040-001-MY3
: 106087 01p % 107#07" 31p

PLEE A F oL Bk ()

: %E%)f?c

L

21 k] 1
5 %#ﬂ g

9

LR

P xR/ 107 & 10 * 31




A

o B

o4 R

ARG B ML ATRE L 0 F AR £l dnnE s §

SO FAL LA ERBE S RIS P o A ERTRGO
Hummer ~ EGO ~ GSEEO=*¢ TC ~ TMP ~ CIP &t # » F %% % :}F] 21 GO
%4 TMP e # 12 GO Hummer (82 %) > GSEEO (70%) > EGO (55%) o e %]
GO Hummerw j<# % » ## 7%+ Si02% & K% # » GOHummer-
Si02 ~ EGO-Si02# % # 3 »xin ™% (< 1min) » & GOHummer- SiO2w-
fod v 3T ¥ AR #G0 Hummer 2 EGOSE B Y B9 * 1ex o
R & 0 B RS %4 D KGO Hummer»c % $iip REGOH » 2=
"fCIPae # W™ % o & AF 7 % R Freundlich isotherm (n =
1.4, KF = 155 Ln mgln gl, r2 = 0.92)¥ 4 i#GO Hummer X ¥+
CIP =¥t f7 s o 23T N2 R AEFL A > £ 4 2% 12 methanol
> ethanol » <& # 4 £ 5 methanol k2 99% B 2 0.1 g
/50 L» £ A RF30 min> GO E 5 — T3 fac 3 o« AF L PR
Fe2+/H2-02% r1 5 »cf 2 = TC, TMP, CIP2 EGO, GSEEO, GO
Hummer-S102, /g %GO Hummer, g BEGOZ &%, £ 4 S iF 15 2 5
Fe2+ 0.278 g, 1 mL 30% H202 > Hiz+ 50.1 g/100 mL » %5 AOPRx
BREAR, BrFad Bv 2L % A7A0P5 - L3 27 it
£ At TC, TP, CIPZ % % % sl -

BRGRAIH, Fid k. mu, AOP, £ 2, #, e

: Antibiotics are listed as emerging pollution, and they have

been widely used for different applications. Their usage
amounts are large. Antibiotics pose a serious risk to
aquatic organisms and human health because of their bio-
recalcitrance and causing antimicrobial resistance. In this
study, different kinds of adsorbents (GO Hummer, EGO,
GSEEO) were used to adsorb TC, TMP, and CIP. Result shows
that the adsorption capacity of GO Hummer (82 %) was higher
than GSEEO (70 %) and EGO (55 %). Because GO Hummer is
difficult to recovered, the binder (Si02) was used to
prepare GOHummer-Si02 and EGO-Si02. Both of them settled
within 1 min. The adsorption capacity of GOHumer-Si02
decreased slightly. Additionally, the GO Hummer and EGO
were placed into filter bag for adsorption of the
antibiotics. In this study, the adsorption capacity of GO
Hummer-bag was greater than EGO-bag. However, the
adsorption capacity of GO Hummer-bag to CIP was lower than
EGO-bag. Different solvents were used to regenerate the
exhausted adsorbents. The regeneration abilities were as
follows: methanol > ethanol. The optimum regeneration
conditions were methanol concentration 99% solid / liquid
ratio (0.1 g / 50 ml), regeneration time 30 min.
Regenerated GOHummer effectively maintained 1ts adsorption
ability. In this study, Fe2+/H202 also effectively
regenerated the exhausted adsorbents. The optimum
conditions of Fenton reagent for the regeneration were
0.278 g Fe2+, 1 mL 30% H202 and S / L 0.1 g / 100 ml. The
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Freundlich isotherm well described the adsorption behavior.
The AOP regenerated antibiotics solutions had slight
antibacterial ability. The AOP is a good method to
regenerate the TC, TMP, CIP-adsorbed graphene adsorbents.

Graphene adsorbents, antibiotics, adsorption, AOP,
regeneration, toxicity, inhibition zone
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FAFEARINZATEAL  F 2RI A3 gl BER 2 Y £ 5 0 23 L L2
EHAMEBRGIRESP o A& RR GO pymmer » EGO ~ GSego % TC ~ TMP ~ CIP
4 B R4 0 GO i TMP it 4 2 GO fummer (82 %) > GSeeo (70%) > EGO (55%)
fe #] GO pummer e F 3 > AT T 4 12 Si0z 2 i B U E > GOummer-SiO2 » EGO-Si0, H % 7
# 2 * (< Imin) > 2 GOpummer- SiOz ¥ fitit # w4 5 T % 5 ¥ £ 47§ # GO pummer 2 EGO %
-4 fl\//flgi R rlek it= fé_#ﬁ-‘i % 7 56;‘;—':5:#?, a1 ,1,%1221 GO Hummer 7% % ﬁi/fl % EGO 4 » Hw
" CIP &t 4 W2 ™ "8 0 & A F7 4 % 3 Freundlich isotherm (n=1.4, Ke =155 L"mg* " g, r
=0.92)7 145 it GO pymmer ¥+ CIP S5t i7 5 o AF T M2 B3 REFL 4 > L 4205k 1
methanol > ethanol » & i+ & # £ 52 methanol )k & 99% » iz 5 0.19g/50L > f 2 &Ry
30mMin>GO W8 4 — #xifit 4 « A F R Y Fe?/H,0, 7 114 »c i 4 wxvt TC, TMP,
CIP 2. EGO,GSe0,GO Hummer-SiO2, i 5 GO nummen i K EGO 2w st A5 2 4 ho i i 2 4 Fe?’
0.278 g, 1 mL 30% H,0, » #i%t 5 0.19/100 mL » 5 AOP AU £ 4 %, HirFi 4+ 37 =

2k 47 AOP % — Uk 7 ol 4t TC, TMP, CIP 2 & 4 s il «
MeEF: 7 &M, 2 &, R AOP, £ 3, 4 b, g i

Abstract

Antibiotics are listed as emerging pollution, and they have been widely used for different
applications. Their usage amounts are large. Antibiotics pose a serious risk to aquatic organisms
and human health because of their bio-recalcitrance and causing antimicrobial resistance. In this
study, different kinds of adsorbents (GO nummer, EGO, GSgeo) Were used to adsorb TC, TMP, and
CIP. Result shows that the adsorption capacity of GO Hummer (82 %) was higher than GSEEO
(70 %) and EGO (55 %). Because GO Hummer is difficult to recovered, the binder (SiO2) was
used to prepare GOpymmer-SiO2 and EGO-SiO,. Both of them settled within 1 min. The
adsorption capacity of GOuymer-SiO2 decreased slightly. Additionally, the GO Hummer and EGO
were placed into filter bag for adsorption of the antibiotics. In this study, the adsorption capacity
of GO Hummer-bag was greater than EGO-bag. However, the adsorption capacity of GO
Hummer-bag to CIP was lower than EGO-bag. Different solvents were used to regenerate the
exhausted adsorbents. The regeneration abilities were as follows: methanol > ethanol. The
optimum regeneration conditions were methanol concentration 99% solid / liquid ratio (0.1 g / 50
ml), regeneration time 30 min. Regenerated GOpummer €ffectively maintained its adsorption
ability. In this study, Fe?*/H,0; also effectively regenerated the exhausted adsorbents. The
optimum conditions of Fenton reagent for the regeneration were 0.278 g Fe**, 1 mL 30% H,0,



and S/ L 0.1 g /100 ml. The Freundlich isotherm well described the adsorption behavior. The
AOP regenerated antibiotics solutions had slight antibacterial ability. The AOP is a good method
to regenerate the TC, TMP, CIP-adsorbed graphene adsorbents.

Keywords: Graphene adsorbents, antibiotics, adsorption, AOP, regeneration, toxicity, inhibition

Zone
L %3 ()
2. R BHHRLE 3

® GOpymmer:49 7 &4 2 2gNaNO;3 4v » "&E4r » ] » HySO4 fikis ¥4 > 5~ 12 ¢
KMnO4 # 3 5min » 4c 4 5°CH# 30 min > & % 4c » 184 mI DDW » 4c#. 3 175°C »
B~ 160 mIH202 » # & 1hro 3. {85 Big o

® EGO: 3 g flake graphite £ #c » 60 ml H;SO4 f= 20 ml H3PO4 I ki S5 mine A {8 4c » 9
g KMnO4 #£4£ 30 min » # 15 4c » 120 ml H,O,# & 30 min - 2 DDW 7 PESR R P NRE T &)
overnight - #-2 4= ficid 10s > # 3] EGO o

® GSgeo: 50 mI H2SO4 4c » 350 mI DDW » 4 » 6 g KMNnO, 4c#t 55 °C T #§4E > [£15 &
AEREF R IAV Z012A 7 30min o B {& 2 DDW #* % o

® EGO-SiO,: 3gEGO 4t » 225 ml e DDW *# £ 4c » 1.25 g NaySiO3 #4~ 30 min » 3z »
-4 overnight = #-Z F=&zj2 & 50 mIHCI ¢ > .15 72 DDW i ~ iz » %2 3 2 »
170°C% E % Shr> #-2 % ° gz - DDW ‘}'ﬁ“}ﬁaﬁizk PR T B

®  GOpummer-SiO2: 3 g GOpummer *t » 225 ml e DDW # £ 4 »~ 1.25 g Na,SiO3 #§ 30 min »
o 44 overnight o #4427 & 50 mI HCI # > B s 2 DDW iFik ~ iz o 34 4~
T 170°CHeiR g Shro Se@ chAd 2 7 fR ~ DDW i dic=k 16 %37 ©

3. B:

3.1 % F GO (GO yummer/ile &, EGO, GSgeo,)¥t TC, TMP, CIP %3t 4

LR L4731 7 F GO Hummer, EGO, GSgeo ¥+ TC, TMP, CIP = *git 4 ° GO nummer 7=
pLOAT R H GJFT%' 129 Lt , 2 % 25 mg/L, B laa‘ﬁ 21, GO Hummer ¥ 14 }—15& TR = fidnd
% (TC, TMP, CIP), w41 A 4apF, ¥ 1040 b3 “,%>990/0 CIP, 90%TMP, %2 80% TC -

Y R EGO $#3t = fadid F e 4 D EGO 7 * AE T 5 20 Lt (Bl 1b)
#F] 11, EGO > TC 2 TMP ws%ifae 4 7 45, fvx' 10 ~ 4818 T+ 2 Mf 85%, =¥+ TMP =
HHEE AR S (P, WV 2 “,’TT 50% -

AEY I PFEE GSpeo * MM ML F, frig * ook s 0390 B 1C3f ut
GSgeo ¥ M 3ik 5 A &P B TMP, 'lvi“,ﬁ:f 59%TMP, “f Fwrpr e £ 3 30 4 48, 2
,ﬁ%a‘ 1 iE 63%, 4P ¥ e GSgeo ¥ TC 2 CIP 2. 2 ",ﬁ% ERARIE T I'E'xiiff‘?@i“éﬁ'éf—,ﬁ-i XeE
W4, Pl pr 30 4485, # CIP 2 TC i»# i 60-63%-2 “ﬁ?—$ °



GO Hummer 2 EGO ##3t = fa42 % (CIP, TC, TMP)s- i & % 1%k, H i & R 75 GO
2 EGO & 2D ##, #tridnd 27 & %mﬂﬁuﬁMGOmmﬂﬁﬂm(Bm)vuxq
Efﬁff@i}%, 1&RFIGO % & 7 2% £ OH,COOH,=0=, v migd a4t BT
ﬁi%MEEEGéHJ<%mﬁ¥&‘*ﬁ&mmmm@ﬂmw@,ﬁﬁh4% ¥
&1 > ¥ 54 EDA(electron donator acceptor) m—m = ;% %ttt % [3] [4]. &]4c[3]14 GO
it CIP o, # 4 9 B e i 48 4] 2 nm electron donor-acceptor (EDA) processes fo# 3 T #
#4379 mg gt[2] ¢ GO w5 TC B, Hig I #3841 5 n-m electron
donor-acceptor (EDA) processes, # =%t % 313mgg™ -

st 3 IR GO Hummer B itae # A3 EGO % GSgpo HAi & R FIEZ GO 4w 3§ Fav A
mAEZ H LG A BF Y EGO, F15 Hummer ® & PF, A d Bmphiznr 7 *r KMnOy4 2
HoO § i 7 &, 5% BB T(Lhr), ¥z 5% A U4 T ZHRFFRZF T A Suetal,
(2012), e EGO & &% F pFie KMnOgovernight, & &7 & F 2 g% it k, Hi5d 3
B (600 °C)-i# #1327 & % 2£ B § 1 7 4 (expanded graphite oxide) [5], ”LrU)ffliﬁ'm ;? B
n&mﬁﬁﬂwimﬁﬁﬁﬁGommwF$Piﬂ%%wG&mﬂit §ﬂ€F
TR RGPS E AR RN F RS B A ,%;Mi)i

GO Hummer % , 12 TW.E’T’)% 3 Fi e 4 o

3.2 W R B GOpummer, &R EGO $#H4n2 & s ffat 4

I—ﬂ 7; GO Hummer q < —f g }—‘I?' rﬂ g %%%&’J\/%/& ¢ EGO E'J ‘—'{]é ;&i %" ] Eﬁ’ﬁ'f”i[ﬁ]ﬂ“ %
AR o Al AR T 8 GO jymmer 2 EGO B3t m R P B AR sk, AT H wc e
BARFH R R GO pummer 2 EGO it = fidnd 2 B2 55,71t * 7 54K 5 29/L. CP,
TC, TMP H ek & 4 %] 5 25 mg/L B 2a4p &, % @ * Jg 5-GO pymmer = "t PF, 2 41 = fd 4
2 At B o, 5 AR T 1 4 >00% CIP, 72% TMP, 65% TC, ¥ w5 it ¥ F 3
i 2044, g MR AES, T AL TINTMP 75% TC « fr f il §e 4 7 L%
& EGO-jg K=, &5 44 ¥ 114 % 39% CIP, 35% TMP, 59% TC

FERRREVEE oK GO jymmer 2 EGO g & 2 @ R § 7 £/ T, Hi &
B B & #mi FRGR R GRAISHH, TR REHMET RS AP L TE B - 5
5 GO pummer 7 2D SSHE 4t BV Bdo G iig [6], e @ * i R/GO pymmer it TC

g g IR g IR H 3R R FIAER] GO pummer tilg B PG IR %0700 Al

.Jf.g §RLBTIME =], T - R TRl 5 EGO g R gﬁwwm%g SRR S
PERF B 4e, @ 5 orestack I %, VR G o

3.3 GOhummer -Si02, EGO-SiO, & .2 4
F % GO pummer * EGO,# & < 2], it ® (5w e T, %7 2 % KT FI0w it
by AP gy Rl mpp B s, * uargdd &, At F IR Y GO ummer 2 EGO
¥ e %, GOpummer-SiO; (] 2€) %+t CIP, TMP, TC 2 s *t it 4 (10%-50%)1% 1<%+ ¥ % GO
Hummer (B 13) © fe 4p %t @ * EGO-SiO, 13t CIP, TMP, TC(70%-82%) 2 % it ac 4 2 fic i
¥ w4 r EGO(50-90%) °
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B AF T P, GOuummer-SiO2 ¥ = fa4a? & wvgat 4 P AE X3 B % GO pymmer, 7R3 &
R e s AP RGO ILE GOz s A2 Si02 5 ARE, BFBR-KF R, 1
GO 2 7§ AZ27F i * s Bhi=® B, i "§ M GOpymmer-SIO ¥4 F 2. v itat
4o ¥ EGO i § ARARK > wr i H 27 Si0, 8 & B, BTk iE g
b oo ot g ¢ R8I EGO-SIO, # = fadid & 2 R tifan 4 o

34 BEBHE R

= A E RS CFHC:Y Langmuir isotherm % Freundlich isotherm * 45 i GO %t ** CIP =
T Lo

(1) Langmuir model

1 1
G KrQmax
(2) Freundlich isotherm

1

qmax

G+

1
In qe = log Kg+ n log Ce

Table 1 4p 2 GO Hummer ¥ CIP =7 5 7 12 Freundlich isotherm (n = 1.4, Kg = 155
L"mg' " g, *=0.92)ig>+ Langmuir isotherm (q max = 322.6 mg/g , b = 1.4 L/mg, r* = 091).
% [6] 7= 3 rewrg CIPH 3 3 GO #F CIP s % i7 5 2 & 14 Freundlich isotherm 5 i, # &2 A7
B ATEE KR AP e AT T 4 3t GO pummer 3% TMP 2%t 7 5 12 Freundlich isotherm (n
=0.38,Kr=2.2L"mg" " g, r* = 0.8)i*+ Langmuir isotherm (q max=17.1 mg/g ,b = 0.12
L/mg ,r° = 0.66) 4= 7 ¢ o+ EGO ¥ TC 12 Freundlich isotherm(n = 2.1, Ke = 6.9
L"mg' " g, r*=0.63)% ** Langmuir isotherm(q max =22.9 mg/g ,b = 0.4 L/mg ,r* = 0.49) -

Table 1 7 & w8 % 0 w0t S

Adsorbent  Antibiotics  Isotherms R? Parameter 1 Parameter 2

GO Hummer CIP Langmuir 0.91 b=1.4L/mg g max = 322.6 mg/g
Freundlich 092 Kg=155L"mg""g* n=14

GO Hummer TMP Langmuir 0.66 b=0.12 L/mg q max = 17.1 mg/g
Freundlich 08 Kg=22 L"mg'"g* n=0.38

o 5% EGO TC Langmuir 0.49 b=0.4L/mg q max = 22.9 mg/g
Freundlich 063 Kg=69 L"mg'"g* n=21

35 £ 4

AP THEASBEL AT AN, By WAL R RS- E2 5 EPE R 0 A
3 €% 99% methanol ~ 95% ethanol :& 7 £ 4, Fig 5 20/0.025L, £ 2 = 30 min -
# & % methanol % TC 2. GO pummer, GO-SiO2, EGO-SiO; % § 24+ £ 2 »2% > A7 i = 2
5 M) o e Bk e methanol #7 % TMP 2 2 %78 (GO pymmer, GO-Si0,, EGO-SIOp) £ 2 it 4
e i H o4 s 5 (75%-35%) 0 5 methanol 7% *¢ CIP 2. GO wymmer, GO-SiO,, EGO-SIO; »



);}FIRJ%’:}-";(‘\:},KH- TCwethg 4 24 > HTMP 2 CIPE 2 v - L

ATy P AP gumethanol 7 01 g s 4 Bt TC 22 GO pymmer, GO-Si0,, EGO-SIOy,
faplH A& R FR 37?0 ﬁ@#ﬂmﬂmmﬂﬁiﬁxﬁTMP£CPJQ%ﬂQtﬁg#aH
IBRRFEAFTEAPR, BREPHE, 1L TMP 2 CIP f R o S O o= S P A=
B, #702 methanol ekt TMP 2 CIP s B L 4 i 4 L[] 2R A K7 TR
methanol %7 & pHoFF2. £ 24 at 4 o

rEF R REEE R AOP Hertdid 2 TCTMP 2 CIP 2o w2 £ 4 it 4 > #7i
* AOP % HyOo/ Fe** » @ sk i+ % #1 8 Fe?* % 0.278 ¢, 1 ml 30%H,0,, £ 4 PRy 30 A 45 o

B % 1158 HoOoFe™ § 1 3 vt 2 R B GO pummer, & % i TC(58%) ~ TMP(58%) ~

CIP(95%)(B] 4) » H L # it # BT % - S wrt o fe e, HyOo/Fe? 5 i+ £ 4 2 jk %-EGO, £
4B EHTC v ks 4F i 4 (>90%), TMP 2 CIP » 5 — X0t cnf 4 3tk o

3.6 & 4 kehd pies

AT ARG AR E L A R ORI, S Fe?'IH0, ~ PS/H0, £ 4 vy
TC,TMP,CIP 2. EGO,GSge0,GO Hummer-SiO2, 7 & GO Hummer, /g % EGO # 260 nm 5 =k & »
AT R EFE R L 2R &S (2 (Vibrio fischeri light inhibition test) 2 £ 2 % v 7t

, F 2 ip 2 TC, TMP 2 CIP Fgedr e 4 A W G 1.5%, 10.57 2 41.81%-d AOP £ 2 &
ifnﬁ % #ria 4 P AT ' TC (1.5%), TMP(0%), CIP(0%) » # 7 i¢ * AOP £ 2 wrtns 4
Z B REE, 2T G oo A, T MRS B 4 o

%2, 2t 7 Rk ® AOP iJZ i 2 jdr 5

- TC TMP CIP
R it 1.5% 10.57% 41.81%
H20./Fe” +Na;S;05 £ 4 i i % GOpummer 0% 0% 0%
& % EGO 0% 0% 0%
EGO 0% 0% 0%
PS/Fe’*+ Na,S,03 £ # %  GSgeo 0% 2.27% 0%
GOhummer-SiO> 0% 0% 0%

*FrE S = (HBESDFESG - Sk EDFS R )R EDE S Fx100%

® GO %t TMP it 4 2 GO Hummer (82 %) > GSgeo (70%) > EGO (55%) - fe ¥] GO
Hummer % 4c% % » A% 3 % 12 Si02 2 ja KA # > GOpymmer-SiO, ~ EGO-SiO, #
v ¥ 3 pxin "% (< Imin) > & GOHummer-SIO2 ¥ Ffae # v& & T *F >

GO Hummer 2 EGO #: % Mg K¢ # mex = fidns % -

o X GO Hummer »c % $ijg 5% EGO 4+ » H ex vt CIP it 4 Hdt fc™ #% o

FR S 4 1 GO pummer ¥ CIP =%t 7 5 2 & 12 Freundlich isotherms & 1 -

* I AAEEE 4 0 £ 2 3% 12 methanol > ethanol » & # £ 4 £ ¢ 5 methanol



KR 99% > Fiert 5 019g/50L E AR 30miny GO v E G - a4 o

® % Fe¥/H,0,% # jh R EGO > £ 4 it s % Fe? 0.278 g, 1 mL 30% H,0,* &
e % 0.19/100 mL -

® GAOPAJEE 4k, Hriid BF 224 0 &7 AOP 4 - 24 2 ¥ 1ioc
£ 220 TC, TMP, CIP 2 7 5 % o fif ] -

(a) (b)

100 100
80 o ° ° 80
g 01 T 60
3 s °
3 3 o
£ £ o
& 40 & 40
—e— TC
o TMP
—¥—CIP
—e— TC
1 20 4
20 o TMP
—~v—cCP
0 T T T 0 T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time(min) Time(min)
100
80 4
Y
g 60
<
>
[=}
5
g 40
20 4
0

T T T T
0 5 10 15 20 25 30

Time(min)

1.GO Hummer, EGO/ GSEEO %ﬁ*ﬁi% TC: ™ P; CIP Z%Kﬁﬁg ° (a) GO Hummer, (b) EGO; (C) GSEEO
DR BRI B 2 g LY, $isE 2R 25 mg L
(a) (b)



100

100 v v v v
80 y
80 -
o ° B e
_
< $ 604
§ 60 9‘_5
:
£ 7}
3] & 404
@ 40 ° °
(o]
—e— TC
O— TMP 20 4 —o— TC
20 v CPP o TMP
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0 : : : : :
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0 5 10 15 20 25 30
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(c) (d)
100 100
o y
80 4 0 4
O
e}
g 60 g 60 -
3 <
3 o o ° g
§ 5
& 404 v v & w0
v
v _e— TC —e— TC
o TMP
o TMP
v CIP —v—CIP
20 4 20 A
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2. 7)%% GOHummer; 7)%% EGO; GOHummer'SiOZ

EGO-SiO, ¥fHi4EZ TC, TMP, CIP ZIE[THETST (a)lE4E GOwummer (b) JELE EGO, (€) GOummerSiO;
(d) EGO-SiO, = WFfHER I 2 g LY, HiLE I 25 mg L™

(a) (b)

100 100
I initial
[ Regenrationl I initial
w0 80 1 [ methanol
_ £ 60
s 60 ]
5 g
g £
g & 404
& 40
20
20 +
. | | |
TC T™P cp
0 T T
o TP op GO-siOo,

GO,

Hummer

(c)



100

N initial
[ methanol
80 q [ ethanol
Q\D/ 60 -
©
>
o
=3
& 40
20 4
0

TC TMP CIP

3 Kﬁfﬁ”ﬁﬂﬁi%ﬁﬁﬁﬁi? TC; TMP; CIP Z GOHummer; GO_SiOZI EGO'SiOZ;methanOI %j(a) GO
Hummer, (b) GO-SiO;, (c)EGO-SiO,; A [EA R (methanol, ethanol &I [ E 22~ EGO-SiO; < F4:

fEef: R 0.1 g W7, 25 mL solvent -
(a) (b)

. initial

Regeneration

100 100
I intial
[ Regerationl
8019 80 1
g o0 g 60 4
g g
£ o
: :
x 404 &
20 A 20 |
0 0
TC TMP Cip Tc
GOpymmer bag

CIP

B 4 Fe?*/H,0, FHAEDLNIREIHIAEZE TC, TMP, CIP UL (a) J845-GO wummer K2 (b) JEES-

EGO, FIA-{&{4:, Fe® 0.278 g, H,0, (30%) 1 mL, 7 JERERT 30 min.
(a) (b)

— T™P

TMP GO,ymerSIO,
mmmmmmm
—— TMP EGO-bag
—— TMP GS,
—— TMP EGO

3.0
2.5 —TIC 2.5
Tc GOHuwmev'S‘OZ
TC GOyypnerbag
20 —— TCEGO-bag 204
—— TCGSeeo
) — TCEGO )
8 15 8 1s
< <
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05 05
0.0 : - E 0.0
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Wavelengh(nm)

(c)

u
500



3.0

251
— CIP
——— CIP GO, yer-SiO;
204 ~—— CIP GOyyyppmerbag
—— CIP EGO-bag
—— CIP GSgeo
4 151 —— CIPEGO
<
1.0 4
0.5 4
0.0 T T T
200 300 400 500 600

Wavelengh(nm)

5 R[EHiEZ TC, TMP, CIP 5K K Fe**/H,0, FE4=ik > Bk L
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(©)

(€)



6 HiEZE TMP JFR Kz Fe™'/H,0, PR ZHNERE ST, TMP: (a)[EUR (b)EGO FEAEI; (c)GSkeo
418 (d) GOuummer-SIO2 FHA R () JELE GO Hummer (f) JELS EGO
(@) (b)

(©) (d)

(€) (f)

P
R

7 BUEH TC, FUR R Fe®'/H0, FIAE Y HIERET], TMP: (a)[fUR (b)EGO FFAEITE; (c)GSero



ﬁﬁi)@f(d) GOHummer‘SiOZ ﬁﬁi/‘rﬁ(e)ﬁ% GO Hummer (f) 7\}%:% EGO
(a) (b)

(©)

(€)

RRE
8 Hi/EE CIP [FUR K Fe™/H,0, PRI HIEERE 11, TMP: ()5 (b)EGO FIAEI,; (c)GSkeo
E@E/ﬁ(d) GOHummer-SiO> ﬁé‘i/&(e)?ﬁﬁ% GO Hummer (f) JELS EGO
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