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: In this study, both catalyst-advanced oxidation process

(catalyst-AOPs) and catalyst -advanced reduction process
(catalyst-ARPs) were used to degrade ionic liquid BMIMCI.
The factors responsible for the degradation of BMIMCl were
aslo investigated. In the C-AOPs experiment, different
variables were assessed, including the catalyst of CuFe204,
GAC supporter, and the oxidants (H202 and S2082-).
Microwave irradiation was used to enhance the generation of
OH. free radicals. Results show that the adsorption of
BMIMCI onto CuFe204 and GAC were slight (0-4%).
CuFe204/o0xidants (H202, S2082-) ineffectivley destory can
not effectively destroy BMIMCI. Even though, the microwave
irradition can caused hot spots on the GAC surface and
enhance the production of free radicals. However, MW/ GAC-
CuFe204 /oxidants method still did not obviously destroy
BMIMCI.

In the catalytic-ARP experiment, different varibles were
used to investigate their influences on degradation ofr
BMIMCI, including metal ions (Fe2+, Ni2+), reducing agent
NaBH4, and different supporter (graphene oxide (GO),
graphite powder, GAC). Experimental results indicate that
the addition of Fe2+, Ni2+, NaBH4 or GO was unable to
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degrade BMIMCI. The removal of BMIMCI by Ni2+/ Fe2+/ NaBH4
mixture was low. However, adding GO to Ni2+/FeZ2+/NaBH4
system obviously destroyed BMIMCI up to 86%. The factors
reponsible for the degradatoin of BMIMCl by Ni2+/ Fe2+/
NaBH4/GO system was investigated. It is presumably that
Ni2+ that adsorbed onto the surface of GO was reduced to
Ni0 by NaBH4. Fe2+ was also be reduced to Fel by the
reducing agent NaBH?. The Fel corroded to Fe2+ and released
the atom hydrogen that help the desotry of BMIMCI on the
surface of Ni0. The suitable supporter for the Ni2+/Fe2 +/
NaBH4 system was the order of GO> graphite> GAC. Optimal
operating conditions were NaBH4 of 1.6 g L-1, Fe2+ of 1 g
L-1, Ni2+ of 0.6 g L-1, GO of 4 g L-1 and pH0 9. UV-visbile
spectra indicated that Ni2 +/Fe2 +/NaBH4/GO system
effectively destroyed the pyridine groups of BMIMCI.

These above results indicate Ni2+/Fe2+/ NaBH4/GO system is
a potential technique for treatment of BMIMCI containing
wastewater.

Catalyst-advance reduction process,N 12+, Fe2+, NaBH4,
toxicity eavaluation



xﬁfi_
PHERHEWE L 7§+ 42
(O * serF /I *2#2)

LAgR bR AG B GAC-s ARG I &k (AR -8 TIRAG, WU M S LA A A
(558, S EOT A SRR I A s R A Al S T (CR=4F)

saae WeuAE OFEUPE
4 %Ee - 101-2221-E-040-006-MY3
PEHRE 2014 #8 P 1 p2 20157 % 31 P

PR AL RpIR
L aidFAi
VRSFEAR CHTE, Bl
AVRFHAINEF 2N VI TAARAEL X B

R I
]_&]"ﬁ%?,{ﬂn‘g ®oo HIE A

R AR dZ > 5N

1. @350
?L;l]r‘g"gi%?‘r% BT, 2T OB A
Oz 828 FEMAtE  [J- e[J- &7 2B 834

2. THAEE L AEc f REHE 25 fE sl 0L
3. Madpe  Lreamperopiewrcdy OF WL Girlks
W2 Hix o, AINAEHR o R JEES )

P FZ A RW104=10* 30p



Ll iine K GAC-EiEa ARG I fk (oA -BE T RAG, Tl B S AR AR N E 8,
GRTE SRR AV R YR o RS (35 =5F)

e
AT = 45 R Bk (catalyst-AOP) K il = 45 e [ % (catalyst-ARP) 25
PRk AE BMIMCI > SEERETE It - (AR S 4 E LB - Bt SR Ry iy fit
CuFeO4,1E#S GAC, ELHI 5y Ha02 Kk persulfate - [EIRFERET R IR F2 T &AL
Sy LS BMIMCI o171 « AISTHET A [F s Bt s E (LA BMIMCI
ERRER - EiGERIEHE B[R CuFe 04 K GAC ¥ BMIMCI IZEE S =
(< 4%) - CuFe,0./oxidants(H,0,,persulfate)f; LA i IL » GAC T DL
UM i R RS - ARTHZE & GAC- CuFeOq i fy it - BEhass RI5H
MW/GAC-CuFe,04/oxidants JE{54E A H 5 £ BMIMCI -
AT EIRE A S 42 FUA R EE BMIMCI - A 850 R 77 NaBH, > @k

T-(Fe*, Ni**) }z graphene oxide (GO) #&84 - BrER4s Ffs B4R Fe®, Ni**,
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In this study, both catalyst-advanced oxidation process (catalyst-AOPs) and catalyst -
advanced reduction process (catalyst-ARPS) were used to degrade ionic liquid BMIMCI. The
factors responsible for the degradation of BMIMCI were aslo investigated. In the C-AOPs
experiment, different variables were assessed, including the catalyst of CuFe,O,4, GAC
supporter, and the oxidants (H,O, and 82082'). Microwave irradiation was used to enhance
the generation of OH. free radicals. Results show that the adsorption of BMIMCI onto
CuFe,0, and GAC were slight (0-4%). CuFe,O4/oxidants (H,O,, 82082') ineffectivley destory
can not effectively destroy BMIMCI. Even though, the microwave irradition can caused hot
spots on the GAC surface and enhance the production of free radicals. However, MW/ GAC-
CuFe204 /oxidants method still did not obviously destroy BMIMCI.

In the catalytic-ARP experiment, different varibles were used to investigate their
influences on degradation ofr BMIMCI, including metal ions (Fe?*, Ni**), reducing agent
NaBH,, and different supporter (graphene oxide (GO), graphite powder, GAC). Experimental
results indicate that the addition of Fe?*, Ni**, NaBH, or GO was unable to degrade BMIMCI.
The removal of BMIMCI by Ni**/ Fe**/ NaBH, mixture was low. However, adding GO to
Ni**/Fe**/NaBH, system obviously destroyed BMIMCI up to 86%. The factors reponsible for



the degradatoin of BMIMCI by Ni?*/ Fe?'/ NaBH,/GO system was investigated. It is
presumably that Ni** that adsorbed onto the surface of GO was reduced to Ni° by NaBH,.
Fe?" was also be reduced to Fe® by the reducing agent NaBH. The Fe0 corroded to Fe*" and
released the atom hydrogen that help the desotry of BMIMCI on the surface of Ni°. The
suitable supporter for the Ni**/Fe? */ NaBH, system was the order of GO> graphite> GAC.
Optimal operating conditions were NaBH, of 1.6 g L™, Fe?* of 1 g L™, Ni* of 0.6 g L™, GO of
4 g L™* and pH, 9. UV-visbile spectra indicated that Ni**/Fe® */NaBH,/GO system effectively
destroyed the pyridine groups of BMIMCI.

These above results indicate Ni**/Fe?'/ NaBH,/GO system is a potential technique for
treatment of BMIMCI containing wastewater.

Keywords: Catalyst-advance reduction process,N i, Fe?*, NaBHy, toxicity
eavaluation.
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BHIeBET GO ¥ BMIMCI I fgeS) > E/uiRaT B — 1 FE 83 BMIMCI £FREE
laf5HiE GOREIE R 1 g L™, pHo = 9, WLFfIHERI A 30 434&0% » GO %f BMIMCI B[
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(BRI E BB (NI* INaBH,, Fe?'/NaBH,, Ni*/Fe®") i = (B F sy
(Ni*"/Fe** INaBHy) » FFFFC4E5RT5 Y - FERRERISRE 30 234818 - It—BE 24 B EAR
[fi#% BMIMCI (<1%) - AB52iE— 1T, 1 GO JRIIES Ni*/Fe® INaBH, 245 20
BMIMCI §22 » [& 1a 547510 GO % Ni**/Fe®* /NaBH, 1EFEHE 30 434 {4 HI AT IHEE A R
86% BMIMCI - (i [E 1a F5H GO ¥f BMIMCI [T EFR%{E 14% - H
Ni**/Fe** INaBH, 2415530 E K BMIMCI » 32775 GO 1F Ni**/Fe” INaBH, .4 F1#7}
EEHEE A FTLUE 5 AR R EHRIEEEE Ni*/Fe® INaBHA/GO 452
B -

3.3 Ni?*/Fe?"/NaBH.,/GO /%## BMIMCI

FERRIN GO HIE¥f Ni**/Fe* /NaBH, % BMIMCI 22535t > Fiifl GO Bl &
B 1, 2,4 g LB 1b 540K GO 1 g L™ B, B S FERERTHI £, BMIMCI £k
JNEE 0 - FERREE 5 4788 o] LA R 29% BMIMCI > FRIERFRE R 12 30 43R0 e %
K4 39.6% BMIMCI - S5/ GOBIEZE 2 g L & 4 g L™, 43515 82% K 85% BMIMCI
LR o HAH LA E ST E GO( 2-4 g L) AR Ni*'/Fe®'/NaBH, [#f# BMIMCI -

FERERHELA pH {E (PHo)% Ni**/Fe*' /NaBH4/GO [#fi# BMIMCI #2281 5+ »
1b 54 pHO ¥} Ni**/Fe**/NaBH,/GO [%fi# BMIMCI S225/R & 7F pHo 3, 7, 9 i,
BMIMCI £ 4RI B 48, 61, K 86% - Fe?' 7l & ¥ Ni**/Fe?'/NaBH4/GO [#fi#
BMIMCI §28555 5 » Fr{di ] Fe2+HI& 45371k 0, 0.5 & 1 g L™, BEZRTE
Ni**/Fe®* INaBH, 24t 1 g L™ Fe® il F 75454 A 3 2% BMIMCI{E45
Ni**/Fe* INaBH4/GO Z4fH1&% 0.5 g L™ Fe” HIa[ & %2 BMIMCI (30 min, 66%)
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1 NiYZE 1 g L-1 B, Ni®*/Fe** INaBH4/GO % BMIMCI £ E27+ % 86% - 1] ik
Fe®"4h, NP IR EEE LR AW - 18 19 AR [E NaBH4 % Ni**/Fe*" /NaBH4/GO [#fi#
BMIMCI 8245 » 1] DB & NaBH, & 5 0.5 g L%, BMIMCI £ B 64%, 161
NaBH4 /5 £y 1 g L™ i§, BMIMCI B2 7REE 2 B4 11 - ATk NaBHa Bl &7+
Ni**/Fe*" /NaBH,/GO 5 B2 F#f% BMIMCI - [ 1g [EB5$5 R [F B
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Fe?* + 2BH, + 6H,0 >Fe’ + 2B(OH), + 7 H, (1)
Ni?* + 2BH, + 6H,0 >Ni’ + 2B(OH), + 7 H, (2)
Fe’ +2H,0 > Fe” + H, + 20H" (3)

—f%ME » Ni & Pd S—figft )8, il DIA SR EZEESAE NI [ -REP KSR
+, FEEH SRS [H] L& S AR e fESR A - C-Cl s VeI ins/"+ -
JHk cabene $#(CH, ) » FEAHFZEH BMIMCI B AEIR i (£ %% Ni0 =1L dissociative ¥,
non-dissociative ZIU{FAE - gt AU HE £ 25 fy singlet 2k triplet & (Shao et al., 2010; Ren et
al., 2014; Martin-Martinez et al., 2015) - ##% Pd BB RAE 11, HRE SRS, Tl
BRAIELFEFD - A LAAT LA NIO Ris Rl B2k NI° g R AE JI(EF P, (HAEA
BF7E Ni**/Fe?" INaBH,/GO FJ % fi# BMIMCI » HETAE[RK By GO £ A& EINEEE,
HATE AU Ni** 48 NaBH4 85 1%, Ni°/E GO iAo N & H A B i -
FitDLEE ] DL NaBH,4 F2 Fe?* 22 BMIMCI (Fu et al., 2014; Liu et al., 2015) -

SAEARDIZE T E A Ni*' IFe® INaBH/GO 245 » S HIEFA NaBH, 1T LA 3K
HETHE BMIMCI £ - HEEFR B NiYFe® 245 t, H Fe0 B —ERBFEER,
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Ni**/Fe**/NaBH./GO %47/ NaBH, o] LAk Fe® i ky Fe® sEiffRF4AE(H] , ALl o]
PIER 2 BMIMCI (Fu et al., 2014; Liu et al., 2015)
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HEZ S pyridine TjgeX: (Zhou et al., 2013) - [& 2a [FIF{5H BMIMCI &A[E] 2 -
AOP iz Bi{g » H Ao HEER T > HARYE-AOP ¥ BMIMCI EEREETIAE - AHEHY -
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BMIMCI %5 7R~ BHEE -

® &1 GO % Ni%'/Fe?*/NaBH, 2473 A ATBHEE £ BMIMCI (86%) -
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AR By Fe® o Fe® [ e TR SR T[4 % BMIMCI -
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