Wa2 1 Hh [ 4 # 3E R Vol.42 No. 1
2023 4F 1 H MATERIALS CHINA Jan. 2023

MRSBEREEESH RGN A RHE

WA, A, F R B OE, EXA
(1. EIFR%EIER S TREZBE, K 300071)
(2. REBASWIABEEA BN ABRAR, KHE 300000)
(3. RETASHELE SRR, K 300191)

W OE: KR ENAL R E LS R RARL P S BRI B HL A bR B 4 A ER
B IT R T RARIDETE T, B A T BRI B A2 A MR F 56 B0 LAY 0T R B, GG R B 25 RIS e L bk
SRE AR RIS e, B T BRI B A AR R AL, G APERE 2 R M99 R, AWM RIS S (7] 75 e 400 1A W B L Wi
TRERHLH, FRILESE T AR A DR ARRBIT ST A T AT RS . b — 25 00 e (6 AR A0 L 2 4 1 g 6
ROBRIR, A RARMAS  BUBLILAOAORHE 4 ik s 8 i AR AR AU G5 RGP O 5 T 4R TH O MERE R AT R 3R 0 5 454 2T
O s N R V1B % AL T 1 W o i1 (SR o 1 T e N o 01 SR Y =

REER : BB, EAMRE W W IR

RESES: TQ127.171 XERARIRAG . A XEHS: 1674-3962(2023)01-0064-10

SIARE: MA, X0, 258, S5 BRI RO A MRS N AU R LT]. P E AR R, 2023, 42(1) .
64-73.

ZHEN M N, LIUF, LIC, et al. Advances in Carbon Aerogels and Their Composites for Environmental Applications[ J]. Materials China,
2023, 42(1): 64-73.

Advances in Carbon Aerogels and Their Composites
for Environmental Applications
ZHEN Meinan'?, LIU Feng’, LI Chao’, BI Tao’, TANG Jingchun'

(1. College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China)
(2. Tian Eco-city Environmental Technology Co., Ltd. , Tianjin 300000, China)
(3. Tianjin Ecological Environment Comprehensive Safeguarding Center, Tianjin 300191, China)

Abstract: Carbon aerogel is a new kind of materials with extremely low density and abundant porous structure. The re-
searchers have conducted numerous studies on the design, preparation and environmental applications of carbon aerogels and
their composites. This review gives an overview on the recent advances of environmental applications of carbon aerogels and
their composites, including adsorption of pollutants, separation of oils from water as well as catalytic degradation of pollu-
tants. We also summarize the relationships between the composition, structure and property of carbon aerogels and their com-
posites and elucidate the mechanism of adsorption, absorption and catalytic degradation, as a useful reference for subsequent
studies. The future research directions include: screening low-cost organic solid wastes, establishing low-cost, large-scale
and controlled preparation method, improving performance and recyclability via tuning composition and structure, conducting
comprehensive economic-technical analysis and environmental assessment and then promoting the remediation of actual
atmosphere, water and soil pollutions.
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Fig. 1  Preparation and application of carbon aerogels and their composites
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T SBEME S LA 5 MR AT 32 5 1 22 FL 45 4 e 1Y)
PRI AL, PR32 N T 45 Fh 28 B HLTS Y 1 1k
FBk . A TR G 0By AR W B b4 R} e S I S L
B MBS R S — A S ORI SR F
i, Ykl Tl K BA A WL & s s KSR A
B K AL PR AR HE L A K R g ek, R PR
J J FL A2 A AR B R B e B A AR ZAHOCHIE Y . Li 4%
KRSk ST R Ak A B E A, IR TRT
VL4 PGAC A1 PGGO 3% 2 FhERSBERSH RL, %A R
Xof Al F 3% (methylene blue, MB) F 43514 279. 98
M1360.99 mg/g (7 1)1, Wang %5 FAL T 4G 1172 % M ok
(TKAC) | T BB/ T PE Ik (NA/AC) S BE B FIIEE i 1R
B A BB (NA/GO ) SEE I 7K 3 T 1) T 3L 15
B LBRPERE, KB 3 FbA Rl Xt I Y 30 A 0 B B
TFHIF . NA/GO UK > TKAC > NA/AC “HBE R .
Huang 55 R HEFAE R AE R 5kt @t BkES | 2,2,6,6-PUH
SR E ALY (TEMPO) /S48 A0 A AR (18] 2) il 75— F
HEERE (CCAs) , LRI R 5 2825 m’/g, XA
W FNPE R LT AL B AR A E] T 1078 A1 644 mg/g'™
CCAs X oAl i) W B 5 22 2 i Bk 43 Bl /e . fLIEFT |

LU p/m-m L HMASZ IRMERT 2L AR KA
AR EEANIG YY), A Tl K K B
Pham 5245 DL A0k SR} £ 00 ke 0058 15 FH - I8 7K v oK
T 0 2-5 o 110 R BEE 2 B, B R W B A i A Ak B T
238. 1 F1277.8 mg/g"” . W Bl e L -3 2k J5E A [l i 2
P AT 2-5 M, IRcEE 43 il SR B T 207, 3 AT 252, 1 mg/g,
Kang %5 R FJE LA 5 [ 21258 2 4 T 248 2% vh 28 e 4
KER/ 8B IG 2 A R B B (HCNS/NGA ), L& A 41
B EIB 4 T FLBR AR K ER 1T LA ) S Ak A B 0 K
VIR bRl b s ok i B 2 55 %1 T 138. 37 mg/g, 2t
10 IAEFRE T, HCNS/NGA 38R A RF T 91. 549% f W Bff
2" Zhang R4 T EDEH A 1) Z LR 9 KBRS
BEIER AT T AR AW R T = 4R R, %A R
AL EA R AR e P A o] B A, i H B A e Bk )
BB TS eI RE T, AR AH A X 2K iy . A 3R
Ty RN BT 35 6% 1y 94 AR X 328 6 1 TR F 43 91 i 3k 3. 04,
16.50 F113.93"

SR PR SCBRE IEAE Sy A 170 28 4 J A HLHE 2R A4 B (met-
al-organic frameworks, MOFs) , T LIAG 0GR 9o b4 B FH i
TR MOFs J0URLAY I 2% 7] 8, Liang 55 SR R B0 1 K
%, B ZIF-8 Fil Ui066-NH, iX 2 Fl MOFs #IEMYIKE S
BEHE ( carbon nanotube aerogels, MPCA) I+, 1%%] MOF@
MPCA &G APRE, X W DU U e fre e L 1 1) o
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Table 1 Adsorption performance of carbon aerogels and their composites for oils for pollutants

Materials Pollutants Conditions Adsorption capacity/ ( mg/g) Reference
PGAC Methylene blue 333 K 279.98 [6]
PGGO Methylene blue 303 K 360. 99 [6]
TKAC Methylene blue 303 K 505. 050 [7]
NA/AC Methylene blue 303 K 465. 120 [7]
NA/GO Methylene blue 303 K 537.630 [7]
CCAs Methylene blue 298 K 1078 [8]
CCAs Alizarin red 298 K 644 [8]
Ui066-NH, @ MPCA Chipton 298 K 227.3 [12]
NQG60A Antipyrine 298 K 50 [13]
CAs Hygromycin B 298 K 104. 16 [14]
CAs Gentamicin 298 K 81.30 [14]
CAs Vancocin 298 K 107.52 [14]
HCNS/NGA Quinoline 298 K 138.37 [10]
MWCNT-PDA-CS-GO Gd( 1) 298 K, pH=7 150. 86 [15]
CA-PO, u(vI) 298 K, pH=5.5 150.3 [16]
GA/GNRs u(vl) 298 K, pH=5.5 327.8 [17]
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Fig. 2 Synthesis of carbon aerogel from cellulose via wet ball-milling, 2,2,6, 6-tetramethylpiperidine 1-oxyl (TEMPO ) -mediated oxidation and

pyrolysis and its sorption mechanism to ionic dyesLSJ

MOFs 4K bR 25 i, RB] MOFs 56 S BEML Z [1]
HAW SR, He, Ui066-NH, @ MPCA Xt
TP U SR IR B A R Ok 227, 3 mg/g, HEE 5 WS
W B2t A I T B B B A A S UE S
HFRT LU R0kE S, MOFs J0RE Y 1 % FITEA B LR
TGS YL W B 25 6 LE AE W | AR B 22 A AT 5 G
. Puga SEITFAL T 3 Fh i FH B B B SBE B (NQ30A
NQ60A 1 NQBOA ) X 7K i v 8 2475 Je Wy () KR BUR, B

5 2 FP2h i (228 L MORITRE Jie R R ) RN L B R (J2 A
SRR 1 Hirf NQG0A JEIR T fe Ly W ik R, wf
TR AR B 1K 51 50 mg/g DA b, i g FY S0 e T ok
JR R P R P R 1) W B 25 B 0 30 mg/g Ao, FRAESE
ABER IR T B PERE, AT LUTE 34 25 ) W B 7 A= 116
W dE G, Aylaz SR R AATAE CAs XFHiA R il AT
MR, XPEIEEER B DK EEE AT AR R Y WA g3
14 104. 16, 81.30 F1107.52 mg/g ¥,
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B B e B HL A2 B b bk 137 10 FH 5 4 TR 11 W f
FBk . Zhang S5 S 7 BN ik 1 45 T 78 SRBH -t 4 K A5 -
FRBIGE AL, FIRILI ) Z AR 53
R LR SOy, I FH Ay R e b 22 EL e Fn e SR b . Ak
BRI 45 A8 R & # B ( MWCNT-PDA-CS-GO ) '™,
MWCNT-PDA-CS-GO BEMSE R Ay 1 i v 5 1 8 A
GA( ) &+, Wekt#s ks T 150. 86 mg/g, Xt GA( 1)
BT R AL TRy 48. 02 5, HA R B R E T
Bhf, Zhang 558 T BEFR B i i BE IR ( CA-PO, ) X
U(VL) B SCR, 7 pH=5.5 MIEEAMT, WHE
R 150.3 mg/g, E TR GBS U 14 Bk BRI AL
BH(102.7 mg/g), T H CA-PO, 7E pH=1.0~5.5 {3l
PIPREE T 509% LA b AR Hu 2645 B 9 K A5 i 3R
HEACA BIRAKAT , TS A B A A B
BRI ZAL (GA/GNRs ) BB RE, % UV 1Y
W e 5 3k 327. 8 mg/g'

HEELEG R B R ML, Ho 50T —
FIRB fi 6 3 S R R 1 P L 52 A M BH(MHCC)
I PR R A BRI BR AL (CAA) 1B il (Cd™ ) T5 0 +
Her ik, XHERERBRFRA R T 44.02% 4 MHCC
wmna ES R, ST SKRERIBERER T, &
BT LI AR A 40 B T N A A B AR T, AR
FHH ZFL CAA WA} IE 2 58 A 1 S8 BG40 25 1 19 5Bk
325 T MHCC 1 CAA B/NRE, 31X 2 FpbARIER S
AT LAAR 5 (b 40 85, MHCC FYTTEEFR MR R T 90% /2
A, 32 FpRRET AR YA B B A EAE

FIRFIR . &JRbest | &0 RS BREAS S HOR
HERAUR, XRBERAZE D A TR A, Bk
BRI S AR AT e 5 R SR B R R 4 SR
Liu A5 (18 13 11 FP 7 50 o) 6 A L ¢ "B JE ( messo-
porous carbon aerogel, MCA) , F¥7F)FH G ALHI X A4 B4 72k
P, TR BRI BT R (HE®) M, CuCl, Btk MCA 1E
40~ 160 CHEFEPIXT He' HA R A IREEE Jr, Xt He” 1)
FBRFAE 95. 0% L I, Wi RV IRE TR, He' bR
JeFtEE AR, 76 80 CHE, Hg® KBRFEiM, H98.7%.,
X ST RETE (XPS) 25 R K0, LM (C—Cl 1)
FETCE R FR p i 2R He H VRS
K(Hg™ ) BB i gk, B 5 C—Cl Jk A BB A A&
HgCl,, Zhang 551 T —FP HA M AKPE R SnO,/ Bk < 5E
S A RRE, EA% 4~20 nm 1) SnO, 4K 15 40 S8BTk AT
BT =i git, TR &R RARA0h i) He'
FH,S™ 0 BHEIGT Hg® 1 H,S B4 5 AE 1143 5k 10. 37
F1392.23 mg/g, MWiHRTLMRA S A, 765 MEEFR)E M

A IR A PERER A . = 4 3% 1 KL AR AL AT
TEEZS MR BB He® Al H,S, a2 45 H4G T B 17k
B, X Hg' Ml H,S M BiBR 7 & Eley-Rideal (E-R) L3,
H,S B 5B SnO, R I BFHFRI AR 25 A TS PR, SR R B
IR5 33 He' 20 A2 i HeS.

TEWZ B BRI K T TG ML T 1 SE Ak b, 8 aT DA E—
AR FH Al O I B FL A R e v (1 4
SEIE SRR, Ban, EEEY A S E S
Ve E E R AT R TR, B SEE A R AT LLAE Ry DR
AR i 2 0 v TR B

W2 RRERA 6 P P25 AT Pt X S BRI A | 3R A
I H RS BTG Y B TAEE L EE, Pan SRR
T PP R AR SR 0 A 3 e B S A LTS
YRR AL 4 a8 15— S B SR R v R AR B O ik
SCEL T HAR SR

JUEWRIE N DLTE B S I S L5 6 b R I 2 oA
HUATCALTS Y5 1 B T 3 A R R, L S i B L
il . OB R SRR 6 RIC B Z W RGN, F
5 7 PR B T X S R ORS A28 48 A B 4 G ke ok
YU P A7 A5 43 8] A VR R, b e R R AL
Wi, SR R R AR | R B ROR A G e
2.3 WM ZH LK

R PR S BRE B A eh W MA — SE A B  ZE 5 |
REM, $ETFHAERERT SRR B WU RE 7177 . Ren %5 4R3H
T —Fh R B T A (ionic liquid, IL)1-7T 3E-3-H BLbK s
VU SR AR £R ( f#i#% [ Bmim ] [ BF, ]) %N F& i (9 CuBTC/
ABIGAEENE (GA) Z A MA . CuBTC/GA-IL HL AR B
B IL /) CuBTC/GA A B =Y CO, M | SR A A% 5T fHL
T BIFPEA RS, Zhu R A 3-(2-F I LA ) -
PRI PR 5 — R AR R e ( APS) P g sl v, 3l i Ak <
AHTCAR A 27 4 E 40K 5 (CNC) B e AT ol , il 4%
T APS-CNC Bt , TEARIE CO, W B 1 BE i [ it 42 755
T A R R BOAR APS-CNC Y Lb 2 T R
(29. 14 m*/g) MK, HEA REFm#EE, X co, 1y
W B 25 F 1% 5 1. 5034 mmol/g(25 °C, 0.1 MPa), [f]if,
TE 10 UK W% B/ A W AT 34 J5 B R U9 co, [l fg
Xia % % 8 Ji 44 1k f1 28 & (reduced graphene oxide,
rGO) REERAE N i LR E . 2 DI RE AN 2 LI 2 4 6 48048
BROK A AR IR B0 ( MeAL TRA SR & k), T
B A A A AR (W B 25 bR L MR T S R B
KIIURE , BRI S 0 B 40 TR A5 4 A U % 6 17 i
T T A4S, WL RS T 30 £, RaEtRE T 3
B B AR NIAL Fl CuAl 43 J& 44 K B0k X A HLER
FIRIIRZ o 72 et AT B S I, ROBEA 17 A MgAl R AL N
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KIURLIY) CO, W B2 12 JC T AR AR IBORL I 2 A5 DL I
355 2. 36 mmol/g( 7E p(CO,)= 0.8 MPa, T=300 °CH})
TEF HoAth =5 i CO, MBI,
3 HMKDE

REGIMES . BHIEFD A AR U I R A T T R A
TSR, X AR S RGO HUK A A i T ER Y
fad ™ BAT AL | KR T B b A
XM o B A AR 5 i WOCRE g, FE TR B i U T
JEILH T ERMMHE(E 3) ™, Meng SRR A B 4%
HROAR JT 2R B B ROBE R AT s Ak, 45 3 T LCAGO #
B SeXE AR R BT, PR R A R
SR IR AR e 2B RN, A& T 17 A e A 805 1 A
SEHRRE . SRR TE R ATAYIAE 26, A B TAERAR

Light oil

%1

Selective Separation
D D W D I

(BB E N ARG g K Tk, I HLAEME I THB 5 A1k
FIMLAREREE , IR BT RE AT H A, 1A Al X AE 4 v 174 1 A
RAN 32~34 g/, Jin 5% T 22 A BIGEM KT
HEAFAFRL(G-CNF) , ST 7K AP A HLIE 370 A9 sk
M (2 2) 1 AT R AR R i s A SR T 0
A SR TR B2 o o, — R B I 28, LI — 2 R A B
FEBRALISR] G-CNF, 7594 K 2F 4k v 2 1) 36 1 22— J2 7 58
I, KigHER TARHG LR R, G-CNF =4 45 44k
AN SR A7 KO REAF W PE 3, REAE IR F—
FIVMAIAE LR, DG H ik ] 11 K, Chen 5
HE IR T /e Bl (1438 J A Ak A B8 0 B 3 e o A Ak i) =
REMR L, 98 —FEARRAN | BmEg,
B KSR B WL AR E M4 M 2 & 4 8L (ODAGO@ MF) ,
MR A HLEE R B RCR R A 44~ 111 g/ |

Pl 3 RHBRSEIE A AORIEA T i K A3 S i s R )

Fig. 3 Application of carbon aerogels and their composites for the separation of oils and water'?
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Table 2 Adsorption performance of carbon aerogels and their composites for oils

Materials Pollutants Adsorption capacity/ (g/g) Reference
G-CNF Oils and organics 86~153 [30]
CF/N-RGO Oils 206. 38 [32]
LCAGO Oils 32~34 [29]
ODA-rGO@ MF Oils and organics 44~111 [31]
3D-g-C3;N,/PVA Oils and organics 228~695 [33]
MCNS/NGA Oils and organics 187~537 [34]
MCF Oils and organics 37~87 [35]
graphene-CNT Oils and organics 289~410 [40]
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h T AR B R HLAGR B AR E M, Qin 45
K HT H A s RIS A8 5 B A SR 0A CBE I 17 AR 4T 4
RENBREFAERR 11 BB AR U/ 10 S5 SR AL A1 BT S
BERE (CF/N-RGO) A RHEL AT AN B (7. 19 mg/em®) |
L MR (329. 6 m*/g) MG KME, X T 0 W7 5k )
T 206.38 g/, Ll THRERIER, ZMERAGMHERE
FIAUMBRIE | B 0 P R4 PE RS E 1R, Zad 2k fili
FIFNTHROERR , WA i A SRR FFTE 90% LA I, Song 55
B F T — AR B AT 46 1) = 4 g-C N/ R O R
(PVA) 4K RS BEIE (3D-g-C,N,/PVA) | X Fp S BE I H
A7 LI A K PSR O 5 . 3D-g-CiN,/PVA 44K
J B BEERERE M 228 ~ 695 A% T HL T HE 1 45 B il R HL
W, A, SRR ABR IR AT, AT DL 7 3
750 | BRS¢ BLA I Y 43 B IR AU IR A R
RYHAE . o0t 40 ITEFR)E , 3D-g-C,N,/PVA 40K F < ik
R EE A1 3] TARGF i R AE, Ak 280 BY R R RE,
FCI B2 R FLE 95% , 93% H1 95%

BARIERBR B Z SRR, BA HAESR A
R, Kang 55 >R I O0IE #72462 IR & A Ry 3 Jt 00 R &UTRE
| FH W 0k 40 K BK ( magnetic carbon nanospheres, MCNS)
S50 s M e 2 18] TR Al AT AR R T A SRR R R
TESSIRNEFRAT T, SR — 2B K PR L v, 19 22 1 T o
TRAB J WAL 0 A0 K 3R/ A0 B8R 2 4 KUBE IS (MCNS/
NGA) ™ SRR BEAC B A IR, stk m bR
FU(787.92 m’/g) FREYE , X4 FAT HILIE 700 R0 ) W R
T T 187~537 g/g ZIH], MAh, XFHEER AR RA
RAFRY 32k Re . P 5 iy BEe e vEABE A YE, T LA i
BYIE . ZRRANIRGR 55 Oy AT B . RITREAE B AR AT LA
SIS [y W REE, A BT A ALV SR R i R AR e PR T Y
EFRA FH . leamviteevanich 5544 & T #5245 84 Fe/Fe,0,
B4 B R i 2F 4 S 58 IS A4t ( magnetic carbon nanofiber
aerogel, MCF), FTBHAREPEILF] 100 emu/g LL_E IO FF
T AR E (7 mg/em’ ) Rl 90% 1) 1% 7 100 YK (1
P48 BTG IR 5 DR 3580 5 R MR PR, X8 2% b aih A AT AL
VI 37 ~87 g/,

h TR ORE BE O R RURE R X R SRR AR
[, Luo SR HIBRAKAE /18 IR AL AT 3845 (CNT/rGO )
AR BRI A SO R, ) A BH B8 8 e AE A i )
RHHEE, DT i s R 0 el 4 EL AT R A2 1)
T TH Y AU A AR B BRI IRk, B S A A T N AR K
TRAIAKAE ( carbon nanotube, CNT), FiXF kA S5 P47
W IF G5 CNT/1GO, CNT/rGO bHRHEAT i AL 64
WA OV AR B (ROl 18, A7 ) T SO B O, DT
ST APRERT A B FEBIDEIRES TR, CNT/rGO #4

R TR E TR 1 min HIRGE EFHE 83 ¢, SRS
JEUIHUKE B 2R TR, 76 10 min P8 X T 3T 040 R o 5 A 3
267 ¢/3.

Tian 5K FGSERRES/E 0 IR, W BikgiL | &8
B, TR R A T A TR M 1 v R ik
REEME (CCA), F¥ AR —Fh ) 1% w0070 76
1000 °C 414 T332 CCA-1000 ELA HEM:, Betga sk
AYBEIMIK . FEE R E BT R K K R, TR
At K AT H 25 BR e

VR T AW, LR LK 35t nT LA by il £
R AT SRR > Zhang 25 R JH R 20 3R R 3540
TS TRE0 R e 43 S Sy e L A 700 R D 470 700 1 25 i 24
KA, FRSEAA BRI SHIR T A 84 9K 8 B
e 2 & B Bt ( graphene-CNT) ,  graphene-CNT X it Fl 5 AL
Vs 751 W A 5 A 289~ 410 g/

4 (ELIERITEY
4.1 EF RN

BRI X HL 2 A AT LI R e fe . AL
IV (AR, AR A BT G i A R A, X
B E R A Z LS A BY T LTS Y 4 e g B
MR 2 J5 2 (R B A Bt e A R A 3 A R kB A
PG YY), — Mt [ SR AR AT A Zha %5
FIFH 1B AR il 45 0 B B A E AR CA, X il A2
AT (E 4), HTFRE A, PP 6G, PR AN
A RIBER, 20 1 h BN, FEAR 055 91%,
100%, 100%F1 60% ( & 3) ™ 2B S BE B ¥ 52 B ok 4
rhs YL ) R R B R G, O L R R
A RS T IRIA R AR & ok 20 A PE Y R
B R BRI, MBI SR PRI AR R
ARSI, MR 4> 245 F A B o R R AT 2
I R ER R 101G 1L

FIAE RS A B T 52 7B A4 BEGT 18 B R &k 19 8 £k
871, Liu F LML FIIRZF A UL, SR —20 il fh 1
45 T — b B R 3B Ze R £ 4 BE S (N-CFA) , TE R
SR AT G A i B AR R AR K (1R Z 75 ( carbamaz-
epine, CBZ)“m o RAHESBREAB AL BETIERT
SRR R (MERE R, MRS A AR A, REIR Y
PSR ('0,) A ZESN - OH M SO, ., 7F
50 min PR VG EREMRATAS] 100%, B T ikis Rk
(ACF, GAC 1 GO) LR, EEm T L4 )8 it
HEAEF] (Co,0,, CuO. Fe,0, Fl Fe,0,) BIHELRLE, 75
SHIXHLAE T (HCO,”, €17, H,PO, ., SO, . NO,”)
FEEFE R (humic acid, HA) BAFR T, CBZ M RLBRAE
ATH SR AT LAIK S5 3 B K-
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Fig. 4 Degradation of organic pollutants by peroxymonosulfate (PMS) using birch-derived carbon aerogels as catalyst[“:
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Table 3 Catalytic degradation of organic pollutants using CA and their composites as catalyst

Materials Pollutants Conditions Degradation rate Reference
CA Bisphenol A PMS,298 K, 1 h 91% [42]
CA Rhodamine 6G PMS,298 K,1 h 100% [42]
CA Phenol PMS,298 K, 1 h 100% [42]
CA p-Chlorophenol PMS,298 K,1 h 60% [42]
N-CFA Carbamazepine PMS,298 K,50 min 100% [43]
FeNC-C Carbamazepine PMS,298 K, 18 min 100% (TOC removal rate 66. 8% ) [44]
Fe;0,/GAs Malachite green PMS,298 K, 12 min 87% [45]
Magnetic cellulose@ ZnFe, 0, Methylene blue Simulated sunlight 93.6% [48]
BNGAs Bisphenol A Simulated sunlight 96% (TOC removal rate 88% ) [49]
KCN Methylene blue Simulated sunlight 97.9% [50]
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IERRREL AR LRE S, A B T A RHAYRE L, Chen 45
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AT 1530 T =4k AL a BE R 1 B ) SR A S
BA R EOR B e B A AR G i B R 1
BE, 7E 18 min P 4-SM R AFR AR T 100%, 103
ML T 66. 8%, S R H HOZ BRI 11.3 4,
KD SRR S TR ARSI T, %M
AR A TR R B 2610 B 0 A et 1) K B e
L IRGSE AR AN Al B AR e g R, R #E 2R A
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A S, X 5) S B RS X fin A A ot e 3]
FRAER, AR BRI Y & AL E 2 IR [
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Fe,0, ZHK UKL 5 A1 8246l Z [)JE WL T WL 1% il 3
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AR T X MG B A 68 )1, 2R B, Fe,0,/
GAs+PS+ICIAR R AT LIA B MG 9 EEYE, BT Fe,0,
5ABGEZ B E T EEMWHLIER, Fe,0,/CAs B
A RIFREEmEE S, 23 6 KIEH G, R
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