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Research progress of application of carboxymethyl cellulose in electrochemical strengthening water pollution
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Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract: The research progress of electrochemical strengthening technology (EST) as an environmentally friendly water
treatment technology, which uses microorganisms as catalysts for water pollution treatment and energy recovery was
reviewed. The feasibility of utilizing carboxymethyl cellulose (CMC) , with its rich hydroxyl, carboxyl, carboxymethyl, and
other groups, in combination with carbon-based materials, metals/metal oxides, and other materials for water purification in
EST was analyzed. It is found that CMC material is conducive to improving the energy yield and stability of EST. In-depth
discussions were held on various application of using CMC materials for wastewater treatment in EST, including their use as
binders, dispersants, adsorbents, and other forms. In the future, it is essential to focus on the application of CMC-based
EST in the field of water pollution treatment from four perspectives of mechanism, method, technology, and application.
Key words: water pollution treatment ; water treatment technology; electrochemical strengthening technique; carboxymethyl

cellulose
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JrH ARG 4528 CMC Mok R ol EST PERERY 28
AR KL BRE R , EAT KX CMC AR 2 J
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EST 28 AR K A BB AR | DL 9 R ik
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S H B 3 e BAOIAE P 1 TR A B K TS
Yel 1 EST ) F iz F e i P M Ak A3 ik
HA HLTS G B 7 A i L T4 a3 B PR, P b A e
FEENABGA RS T EST W BA LT
BUKIS GG HEAR | BA BEAERAR 7 D (BRT5 18 55
DO RS E TG 7K A BRALCR 5 RE IR MU BB ) 5 Th
BT E RS, EST MR A I 0 i
Y #ARLEE L (microbial fuel cell, MFC) F1{4 4= 4
fif- i ( microbial electrolysis cell, MEC) , 4] Fi L)  fif
A DR B AT B SR A B R TEIR 2 MFC
A JE MEC ERAFTEAG A F 1 Jy R, TG 7 7K Ak B 4
RS S R b S 2 ik PR ) Rt
MEEREZ —,
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1B _E R AT RIS A7 A5 36 AR W) 2R AR AR | o 15 38
RORAR S MRS E R 22 S5 BB, 1 i Z M obE R EA T
ZEETE U B S ARHRE A R THA WA A M
HUPERE SRR b i Z T RerE CMC SIS
BEARENS WF R TE EST BydK = fe ke, cMC
MREACRA RUFR YRR S e 155
DEAL, T ELRE 25 iU EST £5 &850 44, 32k — 20§ 7t
EST Zi 534 HE
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2.1 ERBRiESH&ERE
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HEMTARAS CMC, d e FH A8 2R 77 J5ORE A 24 20K il 2F
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Fl CMC, # UL A& B CMC i R 43 o5 L L
212 2 Mgy Williamson A M E T, £F 4 &
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Table 1 Raw material component for synthesis of CMC

WY e/ %

PR GmE kmz bamE
Lii¥i 87.5 2.0 16.5 [25]
=iz 43.0 29.4 27.6 [26]
Rt 49.0 24.0 20.0 [27]
fise 36.0 17.3 24.1 [28]
i 39.2 26.3 17.2 [29]

FORFEFF 42.7 23.2 17.5 [29]

Eok 26.8 24.8 13.2 [28]

¥ 39.4 31.1 20.6 [28]
A8 R 31.2 22.8 40.3 [26]

515 12.0 6.0 5.5 [27]

R 38.3 30.9 22.4 [28]
AR 46.4 8.8 29. 4 [30]

DIYNERIENS 68.6 12. 4 11.3 [30]
FLARHLEIIR 20.0 4.6 17.6 [31]
4k 64. 4 4.6 20.0 [31]
INFE 31.1 27.6 3.4 [32]
P 35.0 26.5 21.0 [33]
JEE 73.5 15.0 7.5 [34]
VR 70.0 19.6 3.0 [25]
HFR 54.0 17.0 18.5 [34]
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CMC J& 1By I A R k2 hy 52t 11 (B sl
Bk AR BUR, JCIR TERR  TCEE , fEOK S REAS I
JHR -5 e S Rt o5 WA S S, il AT R A W i 1 7K
VRS BRRET  CMC S £ 4 K R AR Y K
VEPERTAE Y, IR A 2 R 2B L TR SR
1M, FH TR R Y 23 [ AR R L & U 1K, CMC B A
—SOR[] T AR 4E R A RERPE L

CMC Hr oK PR Y BE L A by 70 7K rp A A2 L
i HA R B K P AR 22 BB R A
AR R DB T K, T L ks T S P
FEANTT , 45 oy 3l ik M BB S A M R A
O PR AR WA LR R X R LA
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G T S T BB RE DR BR T AR AR S —
J7 T, CMC #2561 A1 3 BB 1 S v 16 P T 7 3%

A, AT 55K B 4 s B RO A A 4R R R L
W4 JmEh e BB R FEERY, AR
X CMC FREEREXT BN G I 7K b G o317 A= 1 L I
51, LR 3 ] $ IR R A 4 B A a5 R B A il B
RN N (SO Rl % GREONEE L7/

Zi b CMC 73 T4 EARZ IR AL Ak R T L 4%
FEARME T RE =BG, C )T 2T &
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CMC AT 5] A% Rk 2= B A S 0 2 G b RHI D) AL
AR EST 7K T3 4yt B 0 0 FH B AL2= 4k | & 5%
b . &25:1k,

CMC H&5 1 5 Wi fig bk Ay w8orE B2 e

BT R Y78 BE 2545 I 1y T CMC

*2 CMC H’aﬁ‘ﬁﬁ&?ﬁ%
Table 2 Application and effect of CMC
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Fig.1 CMC Application fields



8 22N 4B, CMC 727K A BEAT M BE BE 42 A
PN 22 00T | T AR R A Y R O TR SR
BEFR , CREAE R 15 /K AL BT T5 08 1815 57) , $2 DB
F ] A 5 /D A B AAS S RE S AR R 5
1 £ 1 TS FH 7 7K A 3R SRR Y MR B 3 A )
RETERS L

3 CMC #HBE EST K551 R i

F£ EST w8 Mh b kL5 4 i MR AR R AR
PIAHZE 5y JB ioh LA R AR e A5 1] R LA Ae P Ak
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W B R PR RE I B AR AT, DT f5e KA 7K 35
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FAFIRE AL, T LAk AR 4R A | TR AL TR 1k 55 22 F
N, TR DI REYE CMC RS dEPERE L i Sk e i
B EST KI5 4R B A
3.1 S ESTKTHEEPBERMFE R

MFC B AFE 2% AR AT R 22 1Y EST, A HI 2R
YR AL RIS A IR BET . R MFC (%
DI SRR AR A A UE YIS ek
Tk i TR S PERE ™ L CMC Rk PR R 4
), FEAE T AR MR 4 BB SR 25
ML A B PR, SR MERE (polypyrrole, PPy) HAT (R
FERBZS o S LM R A | LA A7 A o
) a-B° M2 MR B L= R % Wang
ZELTT )L PPy-CMC-TiN/CB (BRIl ) 7 4 MFC FHAR,
it CMC B4 TiN B34 T PPy fFe e PEFIMIK
VA A BE B SR, AN N T AR ) — S R R
1M H CMC REFEHE B IG PR E B 6 A K B 7
T RE HAMIHL £y A TR, RIS MFC (1945 KT
REE (14, 11W/m’ ) H6 25 iR ) PH AR 38 i 4. 72
5. Wang %517 % H] PPy-CMC 1378 55 45 A 45 24Tk
KA (carbon nano tube, CNT) /4R (sponge, S)
i MFC [, CMC ALRELR I FIERE PPy )22, 3
K Ll 2 I RRI T4 25 a5 s, 8 T LT A DRk i %
R RERAG R I HEL Ak 2 S B O XERE . 1 HL, CMC BE3S
IV S I i A0 ) R Ak 3 1, AT o sk
PR ZE 10 5 S 9 2 R B P36 B . 220K PPy-
CMC/N-CNT/S [t PPy/N-CNT/S F1 N-CNT/S 1 fix
RIREE S 1. 34 580 1. 71 %,

3.2 1S ESTKSHRIGEFBEFHEBRINE

CMC 5 & Z P BHE 15 2% 45 44 Re A2 1 TCHL
BT Y51 A AR AL T 8 2 (0 fl AL iR A%,
T EST MMl AT A5 R 3 i TG 80K, R ER IR
B CMC 543 SRR >R B8, ASE5 5 0 A FH
FEE T RE MFC, CMC 1R Ry 880 i 5 F 3 5]

FeE HL T A 2 M O ab G T SR BRI W B 2 A 40 A 4
SR /INBURLAT B89 BN T L AL B A s R T
HL TR TS MFC 5 KSR 55 B TR B 18
MR 4.33 fif, 25 BRER K IZ CMC B A A8
S5 5 A A AR, CMLC i BE R, 288 4 07 22 %) fL 7% 1 400
B, AP AR T i A 5 A = R Y A s
FE MK HIREAR T MFC NBH , e MFC e K Y)R %
JEE R R BHA B 17 5, BEAh, CMC B OBHE R EST
PHAR BESG 50 A W AE 25 P, (i a0k o 76 B A 9 5 P AR
6] (1% 3% . Christwardana 25" F -5 337 JB 78 i B 6
TR LT 4k R AE Ry BH AR 25480, S K M B rp 47 4 R
55 A W = ] A 55 B R AR e O 2 (R B
B I A P, AR AT 1 b Wl 3 T Fh BEL %6, AT )
THMA e F B SR TE M, OF HLAF 4 R AL T %
B HE5R T 5 PR R A B TR RS, AN
AR A W B E N 90 mg, 11 H. MFC I K% hy
70.98 mW/m? izt = TH- M it MFC,, [A]A, CMC fE
RNEFHE R SR KT AR P R R A R R 3 T
VB R 52 45 BRI F b 8 P Bl A 0 ) S R A o, B R
T RS SRR S K M, A R LR E EST A T Y
ik,
3.3 1R\ ESTKISRGEPRBIENRFI 88
HLAIXEE MFC H i 1 38 e 5 ( proton exchange
membrane, PEM ) J& P& 22 Jit ¥ 75 P B [11) % A% 174 O it
T R R K AL B R A N 2 AR
EA Y PEM (40 Nafion BE) AYMLIEE RE AR T 5 H
PR (B RAS S RFRR B 5 22 A K ]
BAT 5 T BB Y BRI T AR K Ak By T Y R
A7 G, AR HLAS E PR I KRR R A
PEM #3220, 2R, T H 715 SR E, %
M A BT AR SR BE . Terbish 2§17
PL5E B (chitosan, Cs) -5 CMC W82 £ FIERE 2 4
FiE ( polyvinyl alcohol, PVA) IR &, fill £ ] A= ¥y Kk fit
() CMC R, SR, Cs/CMC 735 B i i H R s
7B R BASIE T MFC AP RELEPE AL Bl S
K ABATE A CMC 4 R 7K A B v 4 157 P s T 22
R, H—THFFEH , Mahmoud 257 i £ T8 B R H,
fif AL, LI CMC Fl PVA 3k B4 08 Al
YIRS RRE . SINIRBEIGR &R TH T T
SR B NH R FAE i - s, i —2m
NRIEACER KA R AL 6 PR 2%, 32 3 1 o a8 il
e e fE, Son &7 il & T CMC/GCCs (GO
K550 B CNTs # GCCs FL & 90) 40k 2 4 i
CMC 5 GO /& U E gl i S8R FH DL & CMC |
GO 5 CNTs KM Z A 5] HarZU 0 w—m A B AR
FH 5 52 4 T 1) B 8 AN A FCASE B 43 31 b 4
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CMC R 5 T 249 121% f1 122%, #F — 2 Hi,
Ampaiwong %57 SR FH B AU Ak 4 E Ry Ak 27 38 SR il
# 1T CMC/rGO s, BEAIR T CMC R 7K PE (35
98% ) It E T HATHIR BE (3K 15% ) F S Pk
(ik 32%) .,

3.4 125 EST /KiTLAEFEER A ELEYE

BRI dx A TTURR S o () B I URR P i 2B ARkt
FL T ( sediment microbial fuel cell, SMFC) A] £ Ff#
A=W AR AR P BB A AT WL e 0 [T 2 el 5
T SR, o vie B 1 i) 8 ™ i KR o 1 B2 1 1 e
R, R, Liv 4677 78 SMFC PHBR K i T
CMC [ ] P Sk, 23 A 11 T 440 7 il % 3 3 2
YA A AE FE A LTS B e AR /N oy ) s
A S TR e TR TR R Bk R CMC nT
VR SRy L TP A 48 S A0 AT %) 4 A 8 e | DR T ) T e
AN 22 R R B A B s, A, eMC A BT
& 3E Z i i B 5 B 1 T AR AR R TR R
SMFC PIBHAIAIG, e fdfif3i% EST XA P15 44
IV 25 25 B 238 0 3k B R VR B BR B 17 1. 48 ~
1.65 f5H1 1. 15 %,

CMC 3 1] U Ry 45 I8 A A P 90 K A i bt
BHO AR, Mahmoud 457 il %5 T 40 K & A Wi Bk
CMC/CuO-TiO, , HX il 56 % oy | H A48 | 20 v
K,[ Fe(CN) (13RS ML TE P, Helmiyati
251790 (] 52 B 44 K BL T i, Fe,0, @ SA-CMC-CuNP
AL, CMC N 28 250 26 J5 T2 B T 8k G 32
PER Z AL et 1 3 P 07 A5 RITRY S 15 2 8] () 4R
HAEH ., FIFE NaBH, F-7ERIIE 0L T 6 95. 0% 1Y 4-
TSR A s, BT SR 235 5 IR 4548
SEANIATTIG M, F341, CMC REH 3K M4 gk
HEAL 3 B 4 AL % P, Gao 251 L CMC-Fe,0,/BC
R, Hop CMC BE SRR Fe—O I 15
Fe, 0, M0k 2 [] 77 A 23 (6] 5 BRI # LR ), B 22 3
£ BC R A3 4i, ILAh, CMC 7 Fe,0, REWS
RE R BC LIFM R =0 i, 7E LA 1L
H,0, %W FHEBE P REHEE/EM, “EELZN

- OH, /K EE kR . JF H CMC By A R
it Ry 5 R TRT SRR R 7 IR A rh Tl Ak (i 75 28 4
PR fifeaod B rp B 0 O F TR RS AROR R
H, 0, i 75 )2 )i 75 3] 1440 min T 100% 7K H1EE
{OEN IR
3.5 1R EST /KIS HIGHE PR X B W B & 1%

EST Hi45 CMC #4 R H A 27 W BRF A FH X6 A [XC
VIR GG EL 7 A S Y& VAR L4 i U NCER Wl R
Yang % BT T S BB AW Bk /L CMC (¥ FH
e, LA R 1) A 0 A 2 R B R 1) fL A 2 T 2 T
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Cr (V) , it FCEL A B R 1% 3 1 BRI B 22 199 12 B A7
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T B R TG PE A W IR e EST Hr i T 5688, B
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CMC i EST B U5 , 38 1 AN [R) 3 i b 22 18] 1) B 7]
YEFHEAT CMC R HLIS PRI, CMC FEfL A
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TP A 0 P AR O AR 7 A O e il Rl 398 5
EST i Ak BRI U F] AR A 22 Rl BT
Yiitf A 2 RE S5 L FL B, BEAb, Ren Z60% 7
C. LFHE Rl BN G. Bk 5B i B R B g VR 78
EST H143fift CMC R 54k K I, e &4 i CMC
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FIFHDIREM: CMC MRMA EEMERE IR 2% (5 = AL
() EST MEAT/KT5 YA B, 1T DL d5 KA /K75 Yeif BEAL
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