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Abstract ; Activated carbon has unique physical and chemical properties and is widely used in many fields such as industry, civil
and national defense, and has an irreplaceable important role. Common activated carbon can not meet the needs of human
production and life expansion, so further research on modified activated carbon technology has become a hot spot. In this paper,
the research results of chemical modification ( oxidation modification, reduction modification, acid and alkali modification,
loading metal modification and plasma modification) and physical modification ( high temperature heat treatment and microwave
modification) of activated carbon were summarized, the technical characteristics of different modification methods were compared
and the furture development of the modification technology was prospected.
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Fig.1 SEM images before (a) and after (b) treatment of activated carbon with atmospheric plasma
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Table 2 Comparison of physical modification methods!™

Aty LR e
modified way characteristic advantages and disadvantages

Mo AT E , W PE A LU R I BURLE LA k. fLIE 5

TR ! 5 S EOR MG I
FIRAEIREEE e sy Wt 3 EORIE I . .
high temperature heat . advantages: stable chemical properties, activated carbon specific surface
. . change of pore structure ) ) .
treatment modification area and total pore volume increase; disadvantages: the pore is easy to
shrink , resulting in the decrease of adsorption energy
. . - " LA AR TETS Y O REAN T O (8 ; R ALARAE N, KT
» BRI Bt by, S e A Dot s IR RIS RO RE AR (8 G
T et e g - RS A B 275 2 W i
) KA H A it not only changes the pore . . . .. .
microwave advantages: fast heating, no pollution, high efficiency, energy saving

. structure, but also affects the type and .
modification o . P and easy control; disadvantages: small aperture, rough surface and easy
quantity of surface functional groups

shrinkage of carbon skeleton

3 4515

TP SA & FLBR 5 | FER BRSO R, 2R S 7 Ab BEAY IR RR 78], Al LA 7K o — b il 22 il
Py AT R TR St m] UAR SR 7K PRI r {75 G 49y 180 b SIS X8 308 P ¢ A R AR SO P A B, DAL i 2 B335 P A
TEKAE B )L AL . L HARRIE PR RO TR M, H BT A R il B AR X
SRR TCE o R ) DIE A5 o 35 1 o 3 T PR BE AL 22, O T oK < s 1 ) R R
B Ao X9 P 2 TR 0 28 AN [) ) A 2 R AT A e e ot i A o s VB B Ji ) 0 £ 1, X 2 B 38k M Y
DUH 25 BT A A (o3 4 26 1 ) B M AN W R | DA PRy O R 4 4 B4 [] A ] 234
TN PE AR BTG B B A 25 ik, (EL P e A PR QAT A 4 ) i JR 2 [ R P Y PR, o8 A 3 e A
BEXA HLE R My W BT 5 ik He i = | T HL R 22 Bk Bl T 9k TR it 52 (T O 1 O PR 9T 38 L3R
A USR] DL Ao 5 B A (] g R R 1 o i 2 A [ b 2K 59 ey, U R AR R AR BE L % 1 o
17 15 e SN N BT A T B o N[ R /e B 0 N7 S SRR /g d SR o B W S D IR P SV E S

S 3k

(1] e, Mgl 16 PR A BCPER AR B AT FEBE R[] Al B2 2014 ,42(9) :2712-2715.

(2] B, ki, migR2E, 45, MRUCMEVE VERTE T & i 5 A R I R[], DUJITFRYE,2013,32(5) :131-134.

(314, 303, . Sl Il A e x) VOCs IR BHISBTTEE R L) ]. T /R16T.,2018,45(1) :87-89.

(4138, E2L WS PR Jr i R AR K AL B A R [ T] . KA B4R 2011,37(8) :1-6.

(5120, INHTTT, 5K FFAE. T PE ¢ 3R I AL BOMEROR B o W B RE RS2 e [ 0] Wi RAMOR 22441, 2011,28(6) :955—961.

[6]SONG X L,LIU H Y,CHENG L, et al. Surface modification of coconut-based activated carbon by liquid-phase oxidation and its effects on lead

ion adsorption[ J]. Desalination,2010,255(1/2/3) ;78-83.

[7]SHAN X M,ZHU S Q,ZHANG W H. Effect of surface modification of activated carbon on its adsorption capacity for NH;[ J]. Journal of China
University of Mining and Technology,2008,18(2) :261-265,274.

8 AT, S obk, il P B S T R P TSR M o T R B PEREROAITSE [T ). T INAE T 2017 ,45(14) :93-95.

9 1M ARZE TS K, A b S S P T = P B SRR ] . PR R R A2, 2013 ,34(2) :159-165.

03 HE. IR I FEIm 5T Ph (1) BOWIHPEREDFFE[ J]. RITIRZESAR (AR ,2018,15(10) :46-49.

1 ]MANCHESTER S,WANG X L,KULAOTS I, et al. High capacity mercury adsorption on freshly ozone-treated carbon surfaces[ J]. Carbon,
2008 ,46(3) .518-524.

21775k AN, SR A BB I P s DT TS R (D] 1R 42 fBYR,2017,36(6) :56-61.

BN TSP G S T IR R G R SE [ DL de st T EAROL BRI ERE 2017,

R o Ul SO P e 1 T A B LK R ZR iR WE AR [ D] A IH . R AR R 22017,

XS, Syt S, A5 e I B i W B R K B IR M B 1% (1] BHEER 5 TR, 2014,14(8) :90-93,114.

BOUDOU J P,CHEHIMI M,BRONIEK E, et al. Adsorption of H,S and SO, on activated carbon cloth modified by ammonia treatment[ J].

Carbon ,2003 ,41(10) :1999-2007.



72 SN 7/ BN LA %54 %

(17107 B300% B s 45 iR MR e AR I PR RE AR T [ 1] P2 e B R 12015, 11(4) 2 71-T6.

(1814 T &t 254 XA BH , 45, SR T BE IS M A X KA R BT[], T M4k 12,2019 ,47(5) :72-74.

[19] £, RIEZ WD, 4F. BRIRSMEE R S L ug s =0h voC mIBFSE[ )], AhlkBLBR-S5 AR T804 ,2017,45(4) :36-39.

[20 I XUZEVK, 0% B 2% . BRUBEA T TG P e S G o HR I B 52 [ 7] . BR3EAR14%,2016,37(9) :3670-3678.

(21 ] 5REAT 223k, X608 , 46 BRI 16 M o R T A B O B F B R [ ). BRERER 23,2013 ,34 (1) 13944

(22 FR3Csk, Bt LUK IR A5, IROR SO I At S RS e IR i (3 Ni°* [ BRE A4, 2017, 11(4) :2205-2211.

(23 WRRE I , o bevt IR, 5. BRSO HE R % VOCs B MHERE(T]. LT3 R,2019,39(2) :202-207.

(24 KR4, Tr B30  MRAEST. T M5 Y e S e BRI FT BEJRE [ 0] BRARAL T, 2019,39 (38 1)) :53-57.

[25]LI M, LU B,KE Q F,et al. Synergetic effect between adsorption and photodegradation on nanostructured TiO,/activated carbon fiber felt
porous composites for toluene removal[ J]. Journal of Hazardous Materials, 2017 ,333 ;88-98.

(26 JFEBRRHI, RTT OB, 4F. 4 Jm SorEE A e e PERERITTE (1], RHEREE,2016,26(19) . 75.

(27 J BRI Bivd , XI5, 45, S B i I M e P ki it R [ 0] FL FRER 2018 ,38(6) :728-732.

[28 IMULLICK A,NEOGI S. Acoustic cavitation induced synthesis of zirconium impregnated activated carbon for effective fluoride scavenging from
water by adsorption[ J]. Ultrasonics-Sonochemistry,2018,45 :65-77.

[29] 278 BRIV, BB 0, 45, SR 106 B 1R M SO LD R B K I PRCR (1] 9781441 ,2017,38(2) 1146151

[30 ]t , J7 J8 3C, B, 45 ZnCl, SOt 1 1 o 1 AR IR f AL 4Tk NMST il %6 NMSBA[J]. £¢£4,2018,57(8) :560-563 ,581.

[31]CHENG J Y,YANG L,DONG L,et al. Regeneration of hexamminecobalt (IT) under the catalysis of activated carbon modified with ZnCl,
solution[ J]. Journal of Industrial and Engineering Chemistry,2012,18(5) :1628-1634.

(32 JHE/INEE, ] AR, SRINE 45 iR M AL BRI SR BE IR (U], b THOR 5283 ,2018,34(3) :51-57.

[33]WU L,SHANG Z S,ZHU H L, et al. Gas-phase mercury removal by modified activated carbons treated with Ar-O, non-thermal plasma under
different O, concentrations[ J]. International Journal of Chemical Reactor Engineering,2018,17(3) :1542-6580.

(34107 3. A58 TR TG PR 5 T 5 B T IR B M RE RO SE [ D] KHE  RERHER 2017,

[35]WU L,WAN W J,SHANG Z S, et al. Surface modification of phosphoric acid activated carbon by using non-thermal plasma for enhancement
of Cu( II') adsorption from aqueous solutions[ J]. Separation and Purification Technology,2018,197 :156-169.

[36 ] ROGHT, 3K, BB, 4%, A5 B TR ECHE AT I P SO S AW B RE P (D] P BRI, 2012,32(7 ) 1 1188-1195.

(37 153 PhIES SRR . IR 55 B T AV P e 2T 4R XA R R B[ J] . BREE T A2 42,2016,10(11) :6295-6299.

[38 ]MOOSBURGER-WILL J,LACHNER E,LOFFLER M, et al. Adhesion of carbon fibers to amine hardened epoxy resin; Influence of ammonia
plasma functionalization of carbon fibers[ J]. Applied Surface Science,2018,453:141-152

[39]SHEN C Z,SONG G L,TANG G Y. A facile modification method of activated carbon by spark discharge of atmospheric pressure plasma jets
to improve its adsorption performance of methylene blue[ J]. Surface & Coatings Technology,2018,354(25) ;:126-133

[40 ] Bl ES  XUAE IR, 2835 | 45, IR Ph kot vk OB gs b [T, T MI4E 12,2015 ,43(10) ;14-16.

[41]ATTIA A A,RASHWAN W E,KHEDR S A. Capacity of activated carbon in the removal of acid dyes subsequent to its thermal treatment[ ] ].
Dyes and Pigments,2006,69(3) :128-136

(42 JIRTLHE  HRLLHE 7 45 N, il P BRI PE e AL I S5 40 SR AL A PE BT RO SE R [ J]. SRR ,2014,33(2) :21-24.

[43] HEIDARI A, YOUNESI H, RASHIDI A, et al. Evaluation of CO, adsorption with eucalyptus wood based activated carbon modified by
ammonia solution through heat treatment[ J]. Chemical Engineering Journal ,2014,254 .503-513.

(44155002 B 98, T kA, 45 SOV BT K T HH R B 3l 1 2R 5E [ 1], Tl %24 53,2018 ,44(1) :13—-17.

(45 1 E1E , TIRSC, 240K, 2. MIBSE I Mk o il e o e W WA i i e SO v K OPERE L D). ARAETR 2224 ( HLARFBE=R) ,2016,37
(12) :1740-1743,1749.

[46]QIU W J,DOU K,ZHOU Y , et al. Hierarchical pore structure of activated carbon fabricated by CO,/microwave for volatile organic compounds
adsorption[ J]. Chinese Journal of Chemical Engineering,2018,26(1) .81-88.

[47 145 R G BRI, 55, B s S BT PE S AL AR AR — TR — IR ()], BRI TAE2A41,2019,13(2) :341-347.

(48 125 NE i X, e | 45 T PTG PE AR M 1,2- 5 S BepPERERIFSE[ T ] . WIRE 2224 ( A ARRI AR ,2015,42(6) :90-95.

[49]JONES D A, LELYVELD T P, MAVROFIDIS S D, et al. Microwave heating applications in environmental engineering: A review [ J ].
Resources, Conservation & Recycling,2002,34(2) .75-90.

[50]NABAIS J M V,CARROTT P J M,CARROTT M M L R, et al. Preparation and modification of activated carbon fibres by microwave heating
[J]. Carbon,2004,42(7) :1315-1320.

(51 00 SCOM, 2 005 oAl e i P i b B 35 R K IR B IT 92 [ €] /2018 [ FREERL 2 A R i 3B (3 =48 . bt hEER
BERleEE 2 2018 :2076-2082.

[S2 ] 5w, 1 J5E5% , Wit , 4. W6 PEpRvE T ik SCHAE R TS el it R RO BT T e (1] R 718 412 ,2017,23 (11) :99-103.



