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FEE A A 2 R R L Tt (MCDC) S BFFE R 42, 5% 1 S BsF [F] 356 V75 YA e B 0 i, 255 Fl A Xt 40 MCDC JBE 8k A0 1) 5% mi 30 56 R FH P
BT RS B BN = 5 R 2, B B T RS e A B B = 5 M R 2 IR 45 T R FEAL B 5 g+ LAY NaCl 3 B0 I0 v | I 38 28 I3 T 2 B S
MG THE  AERAEAT 30 min B, AR 58 3K B KR 3 47.83%. [ it 2 A SO 2 2 o, BHAR 22 RS AR 5 0 Rk B R 2 A1, 3247 150 min Ji5
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Investigation on the performance of microbial capacity desalination cell
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Abstract: The effects of desalination time, concentration of salt water and the number of capacity electrode on the performance of salt removal were
investigated in a microbial capacity desalination cell (MCDC). The MCDC was constructed by inserting a cation exchange membrane ( CEM) next to the
anode and an anion exchange membrane (AEM) next to the cathode. Results showed that the conductivity of salt water decreased at the beginning of time
and then increased slowly, when treating 5 g-L™! of NaCl solution. When the reactor operated for 30 min with 5 g+ L' NaCl solution, the salt removal
efficiency reached the highest of 47.83%. The conductivity reductions of anolyte and catholyte in MCDC were 15.24% and 6.12% respectively after
desalinated for 150 min. With the increase of NaCl concentration, the salt removal efficiency decreased and the adsorption quantity of total dissolved solid
per gram activated carbon cloth increased. According to the equation liner fittings of the Langmuir and Freundlich, the maximum adsorption capacity of
MCDC was 72.99 mg-g™" and the capacity adsorption was complex bilayer adsorption. The salt removal efficiency increased by 37.37%, when the
electrode number increased from 1 to 4 pairs. The capacity can be regenerated within 1 h through exchange the connection of electrode and activated carbon
cloth assemblies.

Keywords: microbial capacity desalination cell ; operation time ; NaCl concentration ; electrode number; capacity regeneration
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cell,MDC) s&—3 LA (A= P15 Bk th ( microbial fuel
cell , MFC) & Ailt 1) 357 24 b £E H R MDC 2 7E MFC
Y B8 = R BH A =[] o B 25 22 46 Ji ( CEM) A
88 7 32 4 I ( AEM) | JE B — > v ) i 3k =5 78
MDC Hfr, BHAR b 097 B AR P AR BR R == 1 A LTS
ey Az i IR I 1, R T 5 A L B B A
B , 5 B4 = A At = A 1 ot N 28 SR b 1 4
GG A UK IR SRR 1, 7 B BRI AR [R) 2
B HE S I R % b 3 B L BR AR AT AT A S
T3 AR S 20T, v i) i £6 28 i £ KA 3] 1
AL, TR Ab B % 7K JF 77 A= HL fE ( Cao et al., 2009;
Kim and Logan,2013; Mehanna et al.,2010). 59X [H
PR R TR 2 — E R R AR Ak
RN RE  (H 250 BB 3 K i Je SE R T R T
RV MR R MDC T Il 1) 55 — 0] {2 B B A = pH
oA, BN 28 S8 1 1 R ARA pH By FEARBR 41 1 1%
A= W0 7 HL R 0 T 5 I R 280 R fe T
LA A UG 7 (Luo et al., 2011 ; Rozendal et al.,2008;
Luo et al.,2012) 5 X L iR P[] @1, Casey 5544
A ) 25 0 2R 98 B L b ( microbial capacity
desalination cell, MCDC) ( Forrestal et al., 2012a).
BRI E 2 2 2 AV P A A L 2 R AROTT 400
5 BA BN 4% , F 2 W AR AT 5 B BHA A [ A i 34
RIS PR B A 25 T 100 HR 23 W B A A S v
iR B 7. 12 MGk CEM 43Be =%, i 7l 7E =
ERHHERE, W% T pH P 5 n 8 ( Forrestal
et al.,2012a,2012b) , {HFifi 2 17 Bisf B) (49 B, BHAR =
AR FE T = pH Th . 2 1 5 i 156 R B B
= pH THm T8 Ca® M F & 7 A bW e I
FMWTIRUEE A B 17T MDC B CR T %
M FER R, MDC 7EMEhiz1T 8 M H JE, TR RCR
MRV 47% F RS 27% (Luo et al.,2012) . A
MCDC Bl pH 19 T 2 5 i HA K s A7 AR
AR SCHE MCDC HA, 75 W i 25 7 & ) Ak |, o
HIHATHRARIBEFE. Sy 1 8 £ BE 43 T 0 ol 32 BT A
W pH T ), A S5 R ] CEM 43 F B 25 5 5
hE, AEM J3 R B % 5 0 £k = 78 v 45 (8] e 3
FIPERITT , BRAR 2 b i BH 5 5 55 A% 2 v i B s
3%k CEM 5 AEM 235 B EE 3 JF W B 7 X0
JZ2 ST = E R ER Y AL B % R AR OH”
FIBHAR 2 A A B AT L5 285 AEM il CEM %]
R R g T PR ARSI 2 H AT R I TR
i —A~ R JE I (30 min) S5, fi 5K CEM

MCDC ZR%: FIH W pH FHiss T 0.36, 1 A< 52 46 fiff
() MCDC AV TF T 0.22, B & ok 3% 7 BAML I pH %
Sl fRUF A IZ A THCR . B AT MCDC 1 i
R N O O A R0 (R WA 38 17 4 A
X MCDC P BERZ A 9 AH i GE . AR50 %5 48 T RN
P[] 26 V25 YRR I 5 R L 25 AR o 500 IO 3k R0 1) 52
i), PRIF MCDC B AILEE , AFF 5% L 25 28 vk

2 #¥#E5 7% (Materials and methods)

2.1 KESHH

K =3 2 SR A AR vl 2 R AR
W, S5 NEL 1 R, BB E S AR = R PR 28
5 (CMI7000, B[ B, BT E ) 23 B, BIAR 2 5
WIS A B (AMI 7001, % [ B, 87 VE)
Sy B B AR == R 5 R0 B B = A RO R A S
27 mL.7 mL il 23 mL. MCDC BH# 4 8% Fil ( &5 42
25 mmx K 30 mm) .2 AW TAEHE RN 9 em®, B
W S5V ) — M2 A 0.5 mg-em ™ BUEAMEIL T,
FH— M52 S AH#E, A PTFE B K 2 ( Cheng
et al.,2006) iR A VA PG PEBR AT LA LA,
S — 28/ 41 45 J8 W ( McMaster Carr,IL) F1 2 J27%
P A (1.05 g, ACC, Chemviron Carbon , % [ ) 21 i,
Tk 55 5 1 o A 6 {22 T R P ) 92 960 ot 782
NG FRIrF g 350 C AR 30 min( Wang et al.
2011).
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Fig.1 Schematic diagram of microbial capacity desalination cell

2.2 R KR A KA R

FEAR FF [ H HE 2 7E P FE MCDC JFi# 1~2 h, 24
TF % L AR Jm A AL AR AR MR S LIS, o] LA
(i) 432 B 7™ R B0 A 400 P 3 P 2 0 i 6 PR 25 R e
FELYH S BHAR B © 2 9IARLF 1) MFC 1) 7 EE AR BH .
MFC Ji& 2 B & PHAR T 6 B R A -370+12 mV, 3R
A BEAR, b ™ H fal A 0 00 G T Y B R e (R R
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25,2007 ) . 973 BE BB 48 Y0 R 56 A T X R K TR B 1 2
BT KGR FHM A 4T M - NaAe 1.6 g+ L7, 100
mmol - L™ B R A8 2% v 5 W ( PBS) A HAh i o &,
SR SEER K 12.1 mSeem™; BANIE TR K 5.2
g-L”' KH,PO,,10.7 g-L™'K,HPO,, V- ¥ 1 §: %k
12.6 mS+cm™'(Ren et al.,2011) ; Eh VAR i 90 ok
H NaCl Fg & BAS [R] e BE
2.3 5%

FELER B B, 1 1 ok A AL 2 LA 55 4 0 1Y FH
e SRR . B £ 2= 5 41 B BRI | A i ol 2R
# 30 mL NaCl %W LA 5 mL - min™" {19 370 88 76 B £ 28
ESRERRIRIEER. FEAR 1 B4 7= H BT 8 i £ TR A B e 1)
P 300 3 A1 F B 8103 A e A L 2 P AR T Pl 2
FL A EL A 5 B PR R [ %) e 88, 1T 7 305 P e A
T 5 VAV DR BOBUH 22, 5 - 4 A P AW % 1 T ol
VAT P P R R IR A WO B B SR FH V9 by 1k

(oo —0,) XV, + (0

-0, ) X Ve + (o

A L . — P A R 2 B AR AT T LA
5 B BE AR P i 42, FH A 208 34 2 19 b 2 v AR o
%, I BHAH 1000 Q &2k A BH 3% $2. 7 J6 3% 1) 15 Ol
T ISR AR S Fe R W BT OB 2 1 A BT A
WA L A, A A 2 R AT B4 2 AR 5 | I o
WG 5 — b 5 vk 2 5 e v 25 H A 5 B BH AR 7Y
T FETG P B ART LR B L5 R o BEAR S )
W T LA T B AR R AR R 4R R
M2 A < 0.5 mV LA H 2 e A I 52
J5 FH 250 mlL ZEAR /K AG R vh v e 46 =5 A 2% bR BRI
B ) 5 7
24 HKENES5IHE

15 FH i, 5 A ( Sension 156, HACH Co., 3 [H)
IR P AE AR I BIF FH NaCl & B 90 6l ) NaCl ¥
JE 5 NaCl 7 T8 IR A X R A A
(1) T3 B Jo 3 e A I A 2 (0T, 2009)

—o,) XV,

QA =

K, 000 0o oo R PHIMLE IR 2RI 4]
R SHE (mS em ™) 50, .0 o, RES
PR — B 2 W R SR v, Ve BV A BHAR
% BB R AR = A AR (mL) s m S T P
MBE(g).

Fh, 25 (1] F 4% 2 5 v L V96 ity oL D 7 P 2 00 4
i pH 1 (Sention 156, HACH Co., 3 E ) Il =5
pH.ffi F] COD #M{% ( Hach DR/890, M3 7, ZE &) Il
A COD. 0 i A BEL 1% 722 4k 1) FH A8 7 4%
(G300, Garmy {X#82 F], B 79 ) 38 2 H 1k 2 FH 4T
T (EIS) 45

3 Z5E (Results)

3.1 KB E] A 2 R B B

MCDC RZGEXFHRE N 5 g- L7 AKFN 30 mL 1Y
NaCl ¥ A7 I 5 1056 FF AL 25 Fi A 5 9 BH A
$ RS P B 1) A A B FR A 1Y F AL S B
F I B A FL T R B A PR 2% 18 1Y 25 () B A
FL B A 3 35 Y 9 S Il 5 I S R [ 81 TR
W TE LA 25 I o AR T 108 R A A
JE R & A2 9 (Oren et al. 2008 ; F4 T~ 2 Fl A8 I
2003) .81 2 Fron Ry R = B B AR 28 R0 1 kA
25 LRI ] L 3 il T () 7 722 A DT T e ik 3
VA TR L A B o A 2 1 R T AR AR, > L 255 i) i, 34
ZM 0 mV F+Z 300 mV i}, SRR L SR AT LR 1Y

(1)

8.12 mS-cm ™' [E R 4.56 mS-em ™V 2B TR
JI 6 2 F S R D B 1 [ ) R B 2 i BT 2
JG ARG | X 3R W] H 2 R 6 7 e B T A
B0 R AR AE 2 17 # 30 min B, PR E IR
SN RIEER R 47.83% .65 S 7 B[] 7 0B 4 8 46 2
VSR TR A R T X PR Sk PHAR 2= A P 2
T 5 B0 1 ] B - 7E L 25 B L 22 iR R 40
Sl 3k BH B8 - 28 He B5E 55 19 5 - 28 46 gt 1) 4 = e
&, 1M FEL 25 P9 VR T 255 et 2 — 3 1Y), A VR o R
AR S VTR HL T R A T B B A = A R R R
FE SN s A 7 9 (B 4R 22 AR, S N #6417 150 min J&,
JI £6 25 55 B BH B 2 3 3250 44.72% 15 24% Fi
6. 12%. ] BH A 2 V5 Y0 06 ek 3 4 0 6 2 Eh V8 W ot 6
REUMRZ | 3% 22 il AT R A F 2 R B A A
A T 58 45 S L 3 1 BF) BH B L AR A B ot 5 1)
W 5| ) FemVE B Z5 5. 25 F = SRR %00 AR
PEAFCCL) THEAT B 0T o 39 M e A T B R
70. 08 mg-g™' .MCDC #:A& 48 MDC Af IL , 76 52 X it
R E VSRR W R E 3 G0 T B i B PR AR = 5
FEEB AT BT W 2 VA R 1 B R B PR AR VR
JE SRR 3 56 CDT H A A B4R 1 547 Joi o2 Bk A 1)
W B, I LR H TR R A A AL 7 A Y LT
HEFT LR B &R | BRAIS T R A48 1T REFE. AH DG 9T 26
W1, CDI £ A FE A H] o < 5E B AR B s AT 35 15
7 mg-g " BRI FE i ( Xu er al.,2008) , 3 /N T AR

m
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RIS H MCDC 384511 70.08 mg - o' AU 1Y W B 258
AT HESE K MCDC 2 T FL 3 A= 7 A= B
HRHLBE , G 1AM L B T A T R R A A AR
T RE R IAE, AL, MCDC HAZ4E CDT AR HA
I RE B FE WK (Forrestal et al. ,2012b).

oA e 1
5 si % —e— B 200 >
2 N/ —e— WL 1150 &
& - - HIBASE #

6" R
L 4100 2
H]’P 4 L ; ;
®4n =50

25 40

1 1 1 L
% 30 60 90 120 150730
it [)/min

B2 EEFRESESEERTRFEEBERMENETL
Fig.2 The conductivity of solutions and the charge potential across

the ACC assemblies as functions of time

3.2 AR OKE A 3 BOR B

FL R fE 7 5 Eh S WO BE AT G, — T &, Wk
JEE e R O e A, 2 LA A e e, S e T
PR ER 350R 25 B F K e & NaCl ¥ V8006 B2 4 1 A
0.5¢- L' 1g-L" 3g-L"5g-L".10¢g-L".15
g L7" 20 g-L7" 30 g- L7 F= I A S mL e min™',
FEEOARTRIER MR B T A IR O (] 2 R VR T
) HE s 35k e 5 LS Jo 3 P Ak A ) T BFF o B
TR FE B 5, IR R RMOR 2T B 3 e Sh K e B
$90.5 g L7 B i i AR RR S 73.86% , TN £ ER 7KV
FER 30 g L7 B AR 20.64% . FEF KWy
15 g L' (3% 22.9 mS-em™ ) LR, Fifi 5 %
FEREE R, W B A A R AR R (ER S R
WRERT 15g- L7 I, W R 22 (9 52 8 01 A8 31X
BT DR DAy AR 1R WA o 5 2 — 1 R AL, 7E A W) Y 3k
ORI )R W B v IS W T & B8 3 2 AR AR
A IF) 4D B R PR R 6 ) 25 -t 22 | T DL v i e 5
PR AL SR, A PRSI F 25 M S8 T T T v Ak
LY i b B 2R Y, ] Langmuir 77 F2
Freundlich J7 R Xt W fHAE IR HEA T T e M0l & 25 21
2 OH H AR W B A2 5 Langmuir (R* = 0.943) J7 #2 Fil
Freundlich (R*= 0.9907) J7 # &R A %8 1 1) — Bk,
Hrp Freundlich 57 #2A 55 & 09 AH < M. Langmuir
Ty R SR AT B KA W KE B2 O 72.99 mg - g7 X
Freundlich J7 F2 3K H R AFE# 5L n=2.23, 7] I, MCDC
MR TR MR R TRGEN T £ 072

W Bf .
3.3 WLARE B R R

FEELHU BN MCDC i Eh 3R By 5, 43
SR RIVELFAS 1 XF 2 b 3 X 4 X6 M h A E A 4
BEAEMEER N T SRR R S - L7 4R
HA S mLemin™ AN [A] AR XTEC MCDC (B R 5%
R AR 3 BT BEE AR E 3, AR
R 2 H R ol 4 X e R AR N
59.4%. A5 FEL B) HL 3425 Sl — g (L, BV BF BH AR 6] H
A BT R AR T 5 RN T e e A T AR, A
i i A RS (PN S O N I LEER
X B AR MR DG FR 32 PR kg A At 2% 17 A [ A 155 100
T, B AR R T B Tl A5 Ak A R Ao 17 AR
HOAC, B AR B i P 5 T R TR R o LA 5K
H RGN B, 26 3h i WOk B A R S 00, By
FEL B P4 R o R AR Sy — L. W] AL, 5 2 1 I e AR
H 8244 21> MCDC HREK, 7K A% DK 2 AR >4 w] 0
(), A6 Tlb g FH 22258 J2 405 1 fEL R R i 2k 31 B AR
(R KSR TR, 76 4 5 RO 9 v T DAt — 2P 56 7
MCDC AR I T DA RE 30 2 (W B AR Tl 4
R 23R T v R o 25

90% =70

— bR
—a TR 60

3
)

40

30

% BB /(mg-g !
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Fig.3  Salt removalpercentage and adsorption capacity on different

sodium chloride concentrations

3.4 BAWFAE

P2 TR S 0 R J AN LA W B i g, 7 )
TEAT A P 35T P A i O S P S
P 25 AR T . PR L 4 RTED R IS F L P AR i
T B8 SR b 5 g H S . P AR 2 T A ]
}53 min, 78/N T HL AR A B BT B9 240 min. X 2
J2 DRI A PG I 3 2 57 A R AR EE KR A R RN GE
BB TR AH B 5| T LA S B R AR A FL A |
LA Jiz e A DA BIR 3% W o ) 8 -, LA T e K
TR 5] ). B e s, R 4lK wh ek
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DL EBRIRA (0 EE BE 1 2 e Al K R A
a7k R R B R R /D T = IR BR A ER
IR 86.73%. 3k Je: 1 T S 43 R AR R AT AL 28 45
SRS R A D W S G R G S R
B EFAR b oy B2, 58 B4 P R RS A 1]
A A B AR b 2o Bk B B 1, RE M IR R AU I
HLAE R A U A S 8] 9 B A = 1) 1 A e 22
5 BRI BB 18] Fi 382 1) A IS AR S 1) Jd i 25 e A%,
BT R IER B RCR. S 5 B 5T Hh AT LA 2o A B
PR HERS S5 R 3 R 3% B) 43 A SR ok S B R 5
PHE—RML, A AL = R 58, 140 MFC 5 CDI £
ARIGAS W & S A F T MCDC 2 48 i L AL A B
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Fig.4  Salt removalpercentage and adsorption capacity on different

electrode numbers
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Fig.5 The change of ACC assemblies potential under different

regeneration methods

4 258 ( Conclusions)

1) A= Py e 25 MO R ARk P ot S B 1 ) Pk 3
DA K B FRR 28 358 ] I R 4 M 3k B S8R, DR 1 B
W AE Y G2 = R B B SE R ZEAL L S ¢+ L' NaCl 1Y

e M AR 5 U M R T R e T R R AR S 2 18 T
15, TEIB AT 30 min U S R IR 47.83%. )
HEFT 150 min B, BH AR 5| BT A% %5 0 36 28 4300
15.24% F16.12%.

2) ik g R VA TR e B R M B R OR . Bt e B Y
S| e 8 o [ = VAN T | S 7
Langmuir J5 #2 Fl Freundlich 77 2 it £& V£ R SI
MCDC Fe KW B 2 72.99 mg - g™, B2 W B 4 &2
Z4 5 1R3-S

3) S hH OB AT DL E MCDC B Eh200% . /i
XN 1 X E] 4 XF, MCDC fi4 6 6 250 R 32
T 37.37%. BV AR R o et 7 v R ] 9 17 L T
Shr—SEAEL, - B AR X B A 185 T i AR

4) F S AR LT PR R B 4, T R R 1Y
I [F) A S 300 P 25 174) L . 30 o 52 o L 255 5 ) B
(4 HE  ATAE 1 h PN 58 1 28 1) 72 B PR 22 78
HL T 3R AR R 5 A 0 (R R R 1K

iz LABELRHTE S RXRFAHBRR Tk, A
2% BRI RSE A E R T T A KRS FRAEH R T8,

BEEEEN: 4%, L, A%, ALLERF, TERR
77 R EE W fE TR R KT K AL FE E-mail ; liruying @ tju.
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