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Fig. 3 The morphology of formed spherical (left),
columnar (middle) and irregular activated carbon (right)
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Table 2 The effect of surface area and pore volume of
automotive activated carbon on n—-Butane adsorption

N, (=196°C) n—Butane (30°C)
W St/ Vil V/  n-Butane WMt
(m*g") (em’g") (em’g") (g-g")/(g* cm™)
ON-OURE g 0.05 0.04 2.45/0.6
)
12/N-12
oty 810 0.27 0.27 15.3/3.4
21/N-21
oty 07 031 0.32 18.6/3.9
SUNZ30 s o 0.38 22.1/4.2
(X))
AON-A0 506 047 0.46 26.4/4.8
(R
R:j_ﬁ;()ﬁ 1220 0.50 0.47 26.8/12.6

4 G SEH Tolles® 5T & B, 2~6 nm AL IAFLIAFH
A n—Butane A ZFLIATL, XA FLEFLAR P E T 16 Pk
M TAEZ it o 2R VK EE IR B 55 IR B 53— 5 5 4t e £ L

20

TEAHBLAE Y A BE RIS T 06 M e FLAR X LT I B 80 1)
SO, 2 020 P LA AR o0 T AR 1Y) 4~5 A5, 16 4 okt
A I R R . IR GG T AR 45 A
Co~CoJBIY T AR 5~9 A, R e A ) T 773 82 B 1) 305 47 ¢
LR 2~5 nm (T AFL G HALARLIE X)) , 5% R 1A
AHAF o AR 1993 4F Tolles 2" & A , 15 1 5™ i 1 4
FLEBIRI HIAF] 50% .60%F1 70%0 , 35 M4 ) n—Butane T
VEZS 520 AT LASA 3] 15~25,17~25,19~25 ¢/100mL, 1358 L
1 2~5 nm A FLAEBURTEME e TAER 21 FZEm R %

VRN Z8 R AL A3 bR BRI AR AR« Co~Co
(24.1%), THE(22.8%) , 55130 (18.8%) , IEIHE(9.6%) , 5 T
156 (7.6%) , A (3.0%) , K (2.4%) , 2-HF H-1-T #(2.1%) ,
THZR(1.6%) , 1- T T (1.5%) , eX-2-1004 (1.3%) ,
R -2-T 45 (1.1%) , K -2-T 45 (0.9%) , 1-1%4 (0.5%)
ZK(0.4%) X -2- 1304 (0.29% )1,

TP I A LA A Ry T R o/ B B ) Rl s 3
AL TFLAREIN , FLBEXT IE n—Butane B I F1 22 1] 4F &
T, BRI IR B R 45 5 T35 o TRIMAETL N IR 23 &
A TN EE R AR, R A i AT ) R 52 R B T I 7 B B O
BRFAR10 S Wang S5EPR AT 0 1R 6 T 288 R 8 o il 2 He g T
DP-1(SFH)#L4% : 22.86 nm) 1 Car—115 (141145 : 24.26 nm)
FE A B P IM IR B BE , 40l 4 F7s , DP— 1l Car—115 FE & 175
T 5 ph 8 A AL, 100 BH R A A A T e B e 2R, 1
Car—115 A iy By LA A FRT 7 568 2 o 194 .9 (-3 Ot A 19
TR B/ U A i ELA ST 7 B R R R L RS
B VE R 2 PR ET 1 7%

20

- a- i --e-- Desorption
a R?izgrrg?igrrll ° Adsorr%tion
.
L5k 1 L5t i
S10f i Slof
G ‘A‘AAM“AAA‘:‘AAAAAAAA A A 4 b . OOoooqiii.oooooc:ooooo
[ P 0 "
£ P N 4
0.4 0 . H 0.4 . o P
VA o ° o i
A TR .~.. £
oA v Y * -0 ]
0.0 SM‘A‘A-AwA- D N . 0.0 . .. * Seeese, L
0 60 120 180 240 0 60 120 180 240
i} ) /min i} ) /min

1) IRB S IR 298.15 K, C.=6.03 mol/m®; 2) BB &% 14 : N.Rx$3 2 h, FHBZE 573.15 K,

B4 DP-1(Z&)#EF Car—115 (4 ) A5 i il IR B A0 AR IR ih £&©
Fig. 4 Adsorption and desorption breakthrough curves of gasoline vapor on DP-1 and Car-115

i vy ] 5 R T B A i AT A i P Y
L, 3G FLARALI LA SRAIAR 2 4 5 0 J5UR ] 45
ARSI FLALAAETELE 509% LA L, ANTR] Ay 3 o A 2 1k
i I AR T A ¢ ) R AL AL B A A M e 20% , T ) BRI )
FRIAR SBT3 P ¢ B RALAL AR AE /N T 209 T dis 2, th
T AL R TR B A A R T A g R RS R AR v Y
VOCGs'™,

B 88

n—Butane [% ¢ & Xof FCAE I P 2 (4 W BEE A 4l 3 50 ml AR
5 Foster ZE YT , 24 1E n—Butane ¥ L4 8 s, 36 M 4 0 1
B 25 12 A FLZS R PRER 5 24 n—Butane 3% B 3RS, 1 P ¢ () W%
Bt 25 ik PR T LA A3 A, FLAR /N L3 A A B 3 PR O 1 e
Butane 2K .

TP B FLAR BB A | JCHUB S B 23 AR X AR, i LA
T 2% [A] B BLAT 55 n-Butane T AF 28 12 R0 1Y A 280 106 M e



RS 2016,34(9)

HARERHAMEE, £H] US5039651 )38 T A B4
IR SRS J5 B H AP Ah B 28 104 3 M e 70 AR IE T A —
S RN TAEZ 5355 15 ¢/100 mL™,
22 FEERFEER

T 2 1 T AEAE AR, e AT LA e R a5 S
A LIS SR AT A T s 2 AR m D ae Al , anf&l S
JIE7R o T PR 1Y 2 TH] R 1K, n—Butane WP BE /N 5
FRFE IR FE IR BE AN, B R VR B K, TEE 5 1Y) n—Butane
W o 1 B AR 47, Huang %5238 3 7 3% 14 ¢ L AR E i
(Na,SiOs+H,S0.) [ IME R e AT ePE , & IR A NasSiO;
T I (FHE 0 80<10% ) |, 15 VE 5 1 n—Butane [ [
T R KR A AT RSO U 45 T 3 T R AL AR FR A
X A ) e T M A T A0 BT o IR AR, S A I A
AT B FETDIR S B e Ak B TH I 2 ¢ m—Butane W -
AR5 B ] BE A [ T e e 2 T P 1 1

COOH :OE%: OH f
(a) % E (b) MEEE (c) MR (d) %%
0
O\O/ \0//0 O\\O-O on O\\ 40 -
(e) HBAET (e) ZLEBE (o) BHBEE (o) AR

E5 EMRFRAEESEER
Fig. 5 Oxygen containing functional group on surface
of activated carbon

TGRS A DL & B R 3, iR ik Ut
PR LTk i | 2o SR TR (TR I L TR DRI IET A5, HoAb 2k
TS PR 5 R, Qiao S5 1 BIFSY kB, MR SE A 5
TISETE MR AR AEAH R ) B 25 1T, A 905 T o L B e
T P 5 VR v Y 68.5% , B T I 1k A R HLAMC SR
4.97 MPa, BB5E 3 A TE PR SR HLIRGR A 2.95 MPa, it R 7 T4
THFREE Vi FUARS ST I TG M e 1) R T S BE T B T £

T % 28 3 A A R AT T L o 2 o 48U RE AT (4
JERNHCE X W AT AT R o A LB AE R FH HN O, 8 M
TP e, T B THT 114 R 35k | P T S5 AR 1 2 L 19 vk 2 ) i 1
22 5 SR FH HLOL 5 P e 1A 7 Ach L FT L2 A 6 L 8 Ty 2
(VR JE 5 SR NaOH Ab RS M 5, B % NaOH & B2 A 38 0, 3
P TR T PR 5 IR R DAY T P v 3 22 IR S0 22 5 i D 1Y)
B TR RS EAT SO B AR U A2 R T, B S
P S JSZ I, - v 1 P e O o F B8 R R 0R o R8P st Ak
2R IR A SR AL R PR R A P v b R TR R
A LFLZE A oo 2 T 4 B (R D BB TS P i, B0/ 0 R e R T
J A R T R AT, T L I v v A A R A PR

SCIENCE & TECHNOLOGY REVIEW

HRHE Villacadias Z > HF ST, T P 5 55 7 Ak A0 Ao g o =
B L 1) €4 5 AN T T BT 1) Ak A X
X7 AR B AT 2 R, A S A vl ARG
o 265 B RN I 48U RE AL, AR A B0 S A R A A

T I A 2 1 B P A, A5 P e AR SR
S5 T P R E 40 L P A T X e R B i A
s, Hodh S U REAIE IR E L B ] T FE AR
BRI MEAL SR o B U BRI TR R B 4 1A 5 L AN R 45
S HL LA W B A R B Y R S R AT | R i T
1N AR 0 o W R P03 T 1 5 Bk B AT o LA
SO AR A o ) R B g R AT e R 9 v R 2 T
P A R i AT ) B0 T DA A5 s el R A 7
T o I B
2.3 HOHIEMm

HTE SR HEEEA —EEAKER KRR GRS
o 355 P 2% (40900 W B 72 2 R S B B 0 . Marban®™ Y IF 58 6
B, YA R T 25% 0, K Z& SR 14 ¢ n—Butane WY i}

GEZIR L 0T LA ZBEASTT (L 3 /K 26 R0 R 2 S 80K 4

AT e R T R 7 5 R E AL , 33 n—Butane W25
HAR TR

3 RinEE REMROTEHE
31 HREMEREEE

e L TS MR MIEAR L F 2R AT TR 3G PR e ERTE 36
P e TG A BTG A A, A 7 DRk 32 A B R A 4 3R 1 okt
W ARAF SRSTFIACKREE . AR AT B A BEIR A B HA 241
PR B R KK 28D B oA, ALEs AR 5
VRS, PR FHRIASL ARJE R ST 55 I e Wk sk DRk, H T
ARG PR o5 A A 24 R, 24 o P A e 1Y) 40%

AT B o 28 T v SR B AL AR AL TR W B
L0 S A= MRS R A S A R K ok 5 A
24 i DA — 7 LU BITR & R 35t— B R] S 15 2036 A 7RI 5 1Y i
BKAA , SR 5K T RAAAE — 2 SRR 2 T el fb TR Ak
TR A TSR A A 1% 38 H 0 S AR ZnCl (HSPOL S
KOH 45 . b3 A () T 20 5 2 1 A T B IR (— 8% ZnCL
A 400~600°C., H;PO, 4 300~500°C., KOH >}y 700~900°C ) , 5 il
TR TR I A RN Ab s (] S5 S 06 7 i B FL B 254
HEATRRE . R 3 T LR BB A BT YR AE AN )3 £k 551
T A A PR R A SR TR PR LA o A G P e ) L
T A AL AP 4 LA 52 B T Skt | T Ak 57 S P H B TG Ak
T M2, ZnCL ik H:PO, LI RE i 45 = A FLR B A G
P, SEACERTE AR I AT TS T R =, TRl & R 3
T AR e R R R A S R B, X R 1 1
V54, I HL DS R e FERE I, [T DAL RR 7 vE 2 i Ik .
PR 1 X A 28 1) JE ol bl K, I EL AR (R0 P e M 1
JIT LA P sk R v A AR K 4o

T [FSC TG 1 2% 32l HLPOL 36 AR 72 I AR T 1 %

89 I



RS 2016,34(9)

SCIENCE & TECHNOLOGY REVIEW

xR 3 AEFEAFGEEERREYEERILE
Table 3 Comparision of physical structures of activated
carbon with different active agents
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BEER  HPO, 1726 — — [36]
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MIMESSE  FeCl/ZnCL, 900 — — [38]
T H.PO, 1441 15.1 120  [40]
TKH H;PO, 424 93.9 73 [42]
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DUMFF H:PO, 695 5.2 — [45]
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Fig. 6 Flow diagram of physical activated methods
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Table 4 Compare of different kinds of activated methods

e N .
i il S I
Sy A e e
Dby TPERBILAER. R
7 (IH<OH T ELAT LA B P 52 2 oAbk e
;F) AR E BRI 1 AR
2t ek R
o AL EE AT 255 4
“ 2) WRbEfL AALEEIOEES W
g% SR R RS R ﬁi‘ﬁ’iﬁi&
(HPOL) W 3 X M0 T "
MR PR
B ey, TR GFIERIE Bk b
e LORERUC, A AL TR A
e e e
W T OO T )
fﬁ JULLF K LIGKE] Tl f 7= $§ﬁi§?
‘ HT, 00, IRLEER TR IOk
s o ik
Sk
LR 2SS N
R T T
" omemressEs AT
PIEE ST ! AR, 5 %
o W AT SR T,
AL ALRLLG Bk

WK A >

3.2 EMERAIRE

P TR T FH 5 P e 359 kg e TR P e, DAY I A A9 AR T P
il & 58 2 S, A T X AT AR i B A AR i A
ARG IE P o FEORAE U S AR e, 35 e ) B 0T o L 2 T
CEAS R (Y £ % o S ) R R VR N AV B e T AR e
T TR ARG M o BUADVE PE s IR R e FE A —
FA) iR JEE RN v P 28 B8 A FH RN i s 1A e R oS s R 2
MT5 4%, feteil AN AT 2R g . H Fire s M
) B VA AT AR T Ak 2 i TR R R o B 25 TR, 2 I
7 FR
3.2.1 TERITEREIE Z AR EY

TETRAL AT FEBR4E . 1) HEK HA BE IR AR
PIARRE S RIRAE DI IRAL E A5 2) BLHR Z) i B sk Joi
YA He AL I P ARG AR5 3) b 245 791K o i 4K
A JEURE R 5 Y, SR 5 Ak TS b B — 2 iR 36 1 o
HoR,

SCIENCE & TECHNOLOGY REVIEW

RS

SRR tire Y AR
WAL, L l—A_

%g

WELE e ] .

ik

]

AL E
B

B7 MEEERHEIR

Fig. 7 Formed activated carbon procecs

FETE A0 T 20000 TR A A 8 1 ) et Rt ok T T4k
HE 5 S5 b Uk U S A PR 2 T SO UAGR B REAIK i 25
PURER 2, DRI E R 5V G AR TR PR A LA 58 B2 A e 1)
ST, [E) B o £ e R TR A R ARG 4% . Usmani 25
PIIB 23 50 0K 53 I W A 5 R JEok) , ZEAN RIS M InZh 45700 1Y) 2%
PR SR SRR ) A ORLTE Mk o S5 SRR, LL75%
AR A AR T LA 755 B 25 s, AL P LR R AL &S
IR BB IGPE A o Kosaka 4521 FH 50% 1 S AL R 0 T
PREE A, SR 5 B TR 45 1 7E 90~160°C[a] 47 #Ab B, Pt A4
AR i HE ) R S Y, 7 600°CHEEBE 3 h LATE AL , BBEBe ™ i
FHERFRIG Ve , B /K GERR 2 S0 T 6175, BET LR BN
1000~1300 m*-g ™' I AAZFZE ISR aniiRoe A 4K 45 38 i
TEBARIRLE A SR J5 il BRpe Ak AT 1% 12.3 g- g7 i n—
Butane T.fEZ5 . Molina—Sabio &1, 48 H F| H H:PO, &
ZnCLIGATEIG ARSI AR SE A, AT LA3E 5o in AR fin 7 S 26 25
AYTE O T 3 RS PR A
3.22 FERIRMENLZ ERE

5 L2 TR R I el e A B 4 50 A T B
TR A ) 5 T B R A R M e A . R
271 AT L3 2k AR R AL RS T NG A ) AR 2 K
it fe A PR BE 1P F LA 5 A R M e HILBRL PR B i) 25t
REPL S A AL TG Ve . B DL BE 4R an 2R 5 s, A LR Y
FaSAVEH I L 2 | e a2 SR 255 R 0 00 (B
A HLEEA N TERR A AL BRIN 25 ) 3tk , 7 SOUB BTG VA 1 0
T ICHLEESS ) s TS A REAE LA vT LU 4 i v i B2
A SR 3 1 e, AL R TR P e ) L 3R T R R, Bk vk
e

FRAE N RIS SO Bt e 1 R0 3 1 e A RO 45
4, FEES TR ARG PR A [) FLAR L Y 2 ZE A LA AN ]
e i B AR B 5T B B AR I E & B R
TE PR Y R T AR FLES BT FLAR D, FLBR S H B & 3k
PTG PE I, RS 42 2ok R e FL B %) 14 ZE R BB/ | TR 245 590 17 4
TR, E R LAY IS ZE R e 2 IR

MIRIE P A RN R T 32 BIRE A R Z A, i 23 32 B
TGRS A R T 2SR e ™ DL RS IR S N

91 Im



RS 2016,34(9)

| ‘ W
%5 HAREANHR

Table 5 Classification of blinder

MU &/
YA S R M-tk
JESFE R e H: 0.15 P 298 K .3.5 MPa FH=AA g fh
R ' O RS (Vi Vire)
Bhas AR 64D, 298 K .3.6 MPa L AR fff
fl, - ’ ! 167915 (Visend Vi)
* PR 110N —
RN .
R >5MPa  HRIATBL900 m** g
FERI R 8.5 MPa  HLRTIAL1398 m*- g
I B — LR A 1554 m?- ¢!
Pl RERERY 17.2~406
nj o 2, 57!
% g \Pa LRI 631~732 m’ g

FLF, SRR AV R 3% 2 A e 1, IR PR
SEHA HEIN T RS R AR E PR A A T8 B T 4 A fe
AR LR B s BCLFIANOCA B FLVE I, T LB 36 e 3
T A FLIE B RR A RISAIE . T35 S5 LA B e i S R, 3L
AR L0 IR AT T IEMON ZALF , ol LORE
TR AR SR AR (9P 2 F LA I 2.1 nm 34 K5 6.8 nm

AL T 20 R ) 5 M A R 28 O H Y, 2R W I
R JELT e R (CMC) D B 2557 A L 3 T AR 2325 m? g 1Y
BPIRIE P A R JEURE , 25 42 L I P A A ] 2 B RS FEY e %
ARSI, 45 H 52 ) P e RS A 2 1) PR 3R MR /N 53 531 i
T 7> R A0 B B> R A BRI 1]

4 EMRTEVOCs BRI R A

VOCs /& EZ5 1P —Fh, ok A TAMIN T Tk
FUAE= AT 7= A LR IZ S FE . VOCs 19
TE A ZFh, 2 FEFRIE ASTM D3960-98 5 VOCs & S A4
BES KA RN A ML G 15 DA 4121 (WHO,
1989) it % R AT L &4 (TVOCs ) [ 5E N 15 AR T2
TR L AE 50 ~ 260°C IR Z A UL & W BFk . VOCsHE
S E R R, R BOCAE O B PMLs R o 5 AR I
BRI AR VOCs HERL YA Rid e 2 — , 1 5 AT AR Ze B (e
R VOCso LA R i), v [ B AF 28 J B B 52 o ih 24 47
Tt AR A T A AT LA B e 206 N R T 2420877,

R VOCs ML R £ 20 R LN LR, 55 /18 BRI IE |
AR S S RS RS RIR IS A TR R T I ) o
W B A B EROCR . Qian ZEBFSE 145 T R T
1104 m’ - g™ G MR Bk, 16 M i FLAR L 0.4~1.5 nm [
Lok 3, X pa A e Y W B 2 R PT DL 3R 21 0.88 mL g7
Chiang S5 F 7 5L A2 A AR XTI A T B VOCs 952, B4 Ak
OB IS PR A0 L R AR 783 m?- o R E 851 m?- g {H N}

92

TEE R B8 R AL AN FL A WA S B2 5 O A B AT DR TG M e
T 5 A 22 B e M UE BB AT (~350°C) , XRS5 VOCs 2
ST AF AW B ROR o kAR A58 2 HNO, FIHLO0 X P 7
BREHEATEOME BN M e T EUE RE A I Bl TR PR AR
FMH C=0.0-C=0 55 RE A 14 15 in A7 ) F AR 1 IR o
Gil ZE A S A i R R VR, ) R A A2 TR Ak 12 ol 4
R AR A 2719 m?- g™, % VOCs AW FISCR  325 , F A
700 me/iE 5 g0 Yakout™ F FH A FEAE A s, A FH i R 1
2% 1 PR 2RI B R 365 mg/g TR PR 2R, HLIZWR IS5 — 2 5h
D12 R AR B, B L LAk A Bk 32

R T % P A X VOCs 1Y HLAT 55058 110 W BFH: BE =2 4B
TEPE A AT AR A AR 4 PR RESE IS A9 VOCs MR
Abdelouahab—Reddam 2™ 41 1 28 48 — S A% I, 306 4y
FRCE TG 1 A ) 2 T, AR T 096 42 e e b T L iR G 2
FF K E AL T X5 VOCs AL R B RE

5 4

SR REB A TS B T B A 2 DAt 2 e, 1 1k
BN SHARMI G o BREZER R T ¢ A o 1Y) L T
PR REALA (2~5 nm FLAGFLAS) RIS IS5 H SR EE . foy:
TR A ) IR B 9 Ik S ) o o PO S TR AR AL A0 P A
AT RCRAR , T P T A A 5 1 5 oo PR BE T PR A BOARATS 2R
15 B AE S0 B I A B B, AR 2 o e 4 A e 1) ol B B 45 1
TUREAATIIR T ZEHE T, T 5 3 Tl 14 v P R A2 4 1
i #5B AR P G R Ml 38 V)R B R R —

8% 3k (References)

[1] X530, 5B, B g i T AR R BUR K #. SARE T,
2001, 31(3): 21-23.

Liu Yongfeng, Wu Ming, Lii Lu. Development status and trend of VOCs
recovery technology[J]. Morden Chemical Industry, 2001, 31(3): 21-23.

[2] XU, 2 AL, Phaig, & RSN AR TR R IS
f#iz, 2010, 29(10): 726-729.

Liu Jing, Li Zili, Sun Yunfeng, et al. Development status of oil- gas
recovery technology[J]. Oil & Gas Storage and Transportation, 2010, 29
(10): 726-729.

[3] Wang G S, Lee J] W, Moon H. Performance evaluation of carbon
adsorbents for automobile canisters[J]. Korean Journal of Chemical
Engineering, 1998, 15(15): 297-303.

[4] S8 TG PEAW B TTUL VOCs B RERFFE 5 TAREBEHD]. Jbst: i
Mol B85, 2014.

Guo Hao. Study on recovery process of volatile organic compounds by
activated carbon adsorption and engineering design[D]. Beijing: Chinese
Academy of Forestry, 2014.

[5] Fiani E, Perier— Cambry L, Thomas G. Non-isothermal modelling of
hydrocarbon adsorption on a granulated active carbon[C]/ Computer
Supported Acitivity Coordination. Springer Berlin Heidelberg, 2006: 3—
12.

[6] Fuertes A B, Marban G, Nevskaia D M. Adsorption of volatile organic
compounds by means of activated carbon fibre— based monoliths[]J].

Carbon, 2003, 41(1): 87-96.



RS 2016,34(9)

2,

(7] F8UF, EEm, MM, . T ben ORI M5 04 i 44 A 52D
MRS Toll, 2005, 25(3): 5-8.
Jiang Jianchun, Wang Zhigao, Deng Xianlun, et al. Study on
preparation of granular activated carbon for n— Butane adsorption[]].
Chemistry and Industry of Forest Products, 2005, 25(3): 5-8.

[8] Tolles E D. Preparation for high activity high density carbon: US, US
5206207 A[P]. 1993.

(O] vk, B . AR M AT SE )] 2 S B A 2012, 34
(2): 36-9.
Li Bing, Ye Xianfeng. The selection study on the activated carbon
adsorbent for recovery of oil vapor|J]. Chemistry and Adhension, 2012,
34(2): 36-9.

[10] Britt s, AEAE . FRIdE KL WLRRR) b g 5 158 A Be I IE ). A1
S RIRAAET, 1999, 2(2): 95-7.

Chen Jinfu, Ai Chunhua. Study on Adsorption and desorption
performance of light hydrocarbon in KL adsorbant[J]. Chemical
Engineering of Oil and Gas, 1999, 2(2): 95-7.

[11] Tolles E D, Dimitri M S, Matthews C C. High activity, high density
activated carbon: EP, EP 0557208 A1[P]. 1993.

[12] 251 . i A& Y15 e RILX SR M. JEat: B4 Rk, 1987:
225-2217.

The Chemical Society of Japan. The pollution and solution of
hydrocarbon[M]. Beijing: Science Press, 1987: 225-227.

[13] Derbyshire F, Jagtoyen M, Andrews R, et al. Carbon materials in
environmental applications[J]. Chemistry & Physics of Carbon, 2000,
27: 1-66.

[14] Foster K L, Fuerman R G, Economy J, et al. Adsorption characteristics
of trace volatile organic compounds in gas streams onto activated
carbon fibers[J]. Chemistry of Materials, 1992, 4(5): 1068-1073.

[15] Allen J L, Gatz J L, Eklund P C. Applications for activated carbons
from used tires: butane working capacity[J]. Carbon, 1999, 37(9):
1485-1489.

[16] Boki K, Tanada S, Tsutsui S, et al. Characterization of adsorption of
nitrogen and n—butane in microporous activated carbon[J]. Journal of
Colloid & Interface Science, 1987, 115(1): 286-287.

[17] RIHUER, 200, 73, —Phim o WOR: K 4 07 1 LR o
[, 201510629711[P]. 2015.

Si Zhichun, Li Xuankun, Weng Duan. The preparation of one kind of
activated carbon and the canister: Chian, 201510629711[P]. 2015.

[18] Kosaka H, Hirota H, Iwashima Y. Chemically activated shaped carbon,
process for producing same and use thereof: US, US 5039651 A[P].
1991.

[19] XUet, XAeqe, TR, 5. REi OGP IE T e e B R 1O F
FEJ). ATFZEREIR, 2013, 1(1): 60-65.

Liu Xiaomin, Deng Xianlun, Guo Hao, et al. The study on the
adsorption performance of Butane by impregenated activated carbon[]].
Renewable Energy Resources, 2013, 1(1): 60-65.

[20] Huang H, He Z, Yuan H, et al. Evaluation of n—Butane gas adsorption
performance of composite adsorbents used for carbon canister|]].
Procedia Engineering, 2011, 18: 78-85.

[21] Boehm H P. Some aspects of the surface chemistry of carbon blacks
and other carbons[J]. Carbon, 1994, 32(5): 759-769.

[22] Qiao W, Korai Y, Mochida I, et al. Preparation of an activated carbon
artifact: oxidative modification of coconut shell- based carbon to
improve the strength[J]. Carbon, 2002, 40(3): 351-358.

[23] 3 LR, MG, 770, 55 . TR PR AR IR Mk 7% S0 B AR X 05 fi Y

SCIENCE & TECHNOLOGY REVIEW

[ERSZIR[)]. PREE TS YL 5 7R, 2010, 32(3): 18-22.

Mei Fanmin, Fu Chengcheng, Yang Qingli, et al. The effect of add
functional groups of modified activated carbon formaldehyde absorption
[J]. Environmental Pollution and Control, 2010, 32(3): 18-22.

[24] ARG TR VOCs XHMPBOCRBIFED]. THHIRE, 2014,
Song Jianfei. Studies on the adsorption of VOCs by activated carbons
and the structure—function relationship[D]. Centural South University,
2014.

[25] Villacanas F, Pereira M F R, Figueiredo J L. Adsorption of simple
aromatic compounds on activated carbons.[J]. Journal of Colloid &
Interface Science, 2006, 293(1): 128-136.

[26] Marban G, Fuertes A B. Co— adsorption of n—butane/water vapour
mixtures on activated carbon fibre—based monoliths[]J]. Carbon, 2004,
42(1): 71-81.

[27] C arvalho A P, Cardoso B, Pires J, et al. Preparation of activated
carbons from cork waste by chemical activation with KOH[J]. Carbon,
2003, 41(14): 2873-2876.

[28] Hui D, Li G, Yang H, et al. Preparation of activated carbons from
cotton stalk by microwave assisted KOH and K2CO3 activation[]].
Chemical Engineering Journal, 2010, 163(3): 373-381.

[29] Njoku V O, Foo K Y, Asif M, et al. Preparation of activated carbons
from rambutan (Nephelium lappaceum) peel by microwave— induced
KOH activation for acid yellow 17 dye adsorption[]]. Chemical
Engineering Journal, 2014, 250(6): 198-204.

[30] Wu F C, Wu P H, Tseng R L, et al. Preparation of novel activated
carbons from H,SO,—Pretreated corncob hulls with KOH activation for
quick adsorption of dye and 4-chlorophenol[]]. Journal of Environmental
Management, 2011, 92(3): 708-713.

[31] Chen Y, Zhai S R, Liu N, et al. Dye removal of activated carbons
prepared from NaOH-pretreated rice husks by low—temperature
solution—processed carbonization and H;PO, activation[J]. Bioresource
Technology, 2013, 144(3): 401-409.

[32] Jagtoyen M, Derbyshire F. Activated carbons from yellow poplar and
white oak by H;PO, activation[]J]. Carbon, 1998, 36(7-8): 1085-1097.

[33] Kilig M, Apaydin— Varol E, Piitin A E. Preparation and surface
characterization of activated carbons from Euphorbia rigida by
chemical activation with ZnCL, K,COs;, NaOH and H;PO.[]J]. Applied
Surface Science, 2012, 261(5): 247-254.

[34] Li K, Zheng Z, Ye L. Characterization and lead adsorption properties
of activated carbons prepared from cotton stalk by one-step HiPO.
activation[]J]. Journal of Hazardous Materials, 2010, 181(s1-3): 440-
447.

[35] M.A Lillo-Rédenas, D Cazorla— Amoros, A Linares—Solano. Understanding
chemical reactions between carbons and NaOH and KOH: An insight
into the chemical activation mechanism[J]. Carbon, 2003, 41(2): 267-
275.

[36] Martin—Gullon I, Marco—Lozar J P, Cazorla—Amords D, et al. Analysis
of the microporosity shrinkage upon thermal post—treatment of H;PO.
activated carbons[]]. Carbon, 2004, 42(7): 1339-1343.

[37] Mohanty K, Das D, Biswas M N. Adsorption of phenol from aqueous
solutions using activated carbons prepared from Tectona grandis
sawdust by ZnCl, activation[]]. Chemical Engineering Journal, 2005,
115(s1-2): 121-131.

[38] Oliveira L C A, Pereira E, Guimaraes I R, et al. Preparation of
activated carbons from coffee husks utilizing FeCl; and ZnCl, as

activating agents[J]. Journal of Hazardous Materials, 2009, 165(s1-3):

93 Im



2,

RS 2016,34(9)

SCIENCE & TECHNOLOGY REVIEW

87-94.

[39] Pereira R G, Veloso C M, Silva N M D, et al. Preparation of activated
carbons from cocoa shells and siriguela seeds using H;PO, and ZnCl,
as activating agents for BSA and - lactalbumin adsorption[J]. Fuel
Processing Technology, 2014, 126(126): 476-486.

[40] Rios R B, Silva F W M, Torres A E B, et al. Adsorption of methane
in activated carbons obtained from coconut shells using H;PO,
chemical activation[J]. Adsorption— journal of the International
Adsorption Society, 2009, 15(3): 271-277.

[41] Yorgun S, Vural N, Demiral H. Preparation of high— surface area
activated carbons from Paulownia wood by ZnCl, activation[]].
Microporous & Mesoporous Materials, 2009, 122(s1-3): 189-194.

[42] Yang H, Li S, Chen J, et al. Adsorption of Ph(II) on mesoporous
activated carbons fabricated from water hyacinth using H;PO,
activation: Adsorption capacity, kinetic and isotherm studies[J].
Applied Surface Science, 2014, 293(3): 160-168.

[43] Kilig M, Cisem Kirbiyik, Ozge Cepeliogullar, et al. Adsorption of
heavy metal ions from aqueous solutions by bio—char, a by—product of
pyrolysis[J]. Applied Surface Science, 2013, 283(14): 856-862.

[44] Liang S, Guo X, Tian Q. Adsorption of Ph*" and Zn** from aqueous
solutions by sulfured orange peel[]]. Desalination, 2011, 275(1- 3):
212-216.

[45] Rivera—Utrilla J, Sanchez—Polo M, Gémez—Serrano V, et al. Activated
carbon modifications to enhance its water treatment applications. An
overview[]]. Journal of Hazardous Materials, 2011, 187(s1-3): 1-23.

[46] Rosas J M, Ruiz—Rosas R, Rodriguez—Mirasol J, et al. Kinetic study
of the oxidation resistance of phosphorus—containing activated carbons
[J]. Carbon, 2012, 50(4): 1523-1537.

[47] Rosas ] M, Bedia J, Rodriguez— Mirasol J, et al. HEMP- derived
activated carbon fibers by chemical activation with phosphoric acid[J].
Fuel, 2009, 88(1): 19-26.

[48] BEHE. AP T ZAEM]. dbnt: PIEMOll I R, 1996: 70-159.
Huang Liixian. The technology of wood pyrolysis[M]. Beijing: China
Forestry Publishing, 1996: 70-159.

[49] Ismadji S, Sudaryanto Y, Hartono S B, et al. Activated carbon from
char obtained from vacuum pyrolysis of teak sawdust: Pore structure
development and characterization.[J]. Bioresource Technology, 2005, 96
(12): 1364-1369.

[50] Lua A C, Yang T. Effects of vacuum pyrolysis conditions on the
characteristics of activated carbons derived from pistachio—nut shells
[J]. Journal of Colloid & Interface Science, 2004, 276(2): 364-72.

[51] Kouotou D, Manga H N, Bacaoui A, et al. Optimization of activated
carbons prepared by H;PO, and steam activation of oil palm shells[]J].
Plos One, 2015, 10(7): 1735-1740.

[52] Usmani T H, Ahmad T W, Yousufzai A H K. Preparation and liquid-
phase characterization of granular activated—carbon from rice husk[J].
Bioresource Technology, 1994, 48(1): 31-35.

[53] Olivares—Marin M, Fernandez—Gonzalez C, Macfas— Garcia A, et al.
Porous structure of activated carbon prepared from cherry stones by
chemical activation with phosphoric acid[J]. Energy & Fuels, 2007, 21
(5): 2942-2949.

(541 4 I, A1 SC U, Bl 2 S, AL I G R e i ] # K R AR (1]
Advances in Material Chemistry, 2015, 3: 45-52.

Yang Jiaying, Lai Wenfeng, Zhang Ping’an, et al. Preparation and
Characterization of Leaves Activated Carbon[]J]. Advances in Material

Chemistry, 2015, 3: 45-52.

Bl 94

[55] El-Sayed G O, Yehia M M, Asaad A A. Assessment of activated
carbon prepared from corncob by chemical activation with phosphoric
acid[]J]. Water Resources & Industry, 2014(s7-8): 66-75.

[56] THIHE, WA BRFEMRHML 136 AR T2 B AL, 1991:
220-228.

Wang Zenghui, Gao Jinsheng. Carbon Material[M]. Shanghai: The
Press of East China University of Science and Technology, 1991: 220—
228.

[57] AREZR, XUTRAM, Helf, 55 . (b 24 PR G 15 AL s ] 8 15 M 2 ()], ¢
HKHA, 2008, 4(4): 30-34.

Dai Xiaodong, Liu Xinmei, Qian ling, et al. Activated carbon prepared
by coupling approach of physical and chemical activation[J]. Carbon
Techniques, 2008, 4(4): 30-34.

[58] Vilaplana— Ortego E, Lillo- Rédenas M A, Alcafiiz— Monge J, et al.
Isotropic petroleum pitch as a carbon precursor for the preparation of
activated carbons by KOH activation[]J]. Carbon, 2009, 47(8): 2141-
2142.

[59] Molina—Sabio M, Almansa C, RodriGuez—Reinoso F. Phosphoric acid
activated carbon discs for methane adsorption[]J]. Carbon, 2003, 41
(11): 2113-2119.

[60] Almansa C, Molina— Sabio M, Rodriguez— Reinoso F. Adsorption of
methane into ZnCl,—activated carbon derived discs[J]. Microporous &
Mesoporous Materials, 2004, 76(1-3): 185-191.

[61] Ramos—Fernandez ] M, Martinez—Escandell M, Rodriguez—Reinoso F.
Production of binderless activated carbon monoliths by KOH activation
of carbon mesophase materials[J]. Carbon, 2008, 46(2): 384-386.

[62] Kosaka H, Hirota H, Iwashima Y. Process for recovering a
hydrophobic organic compound by absorption and desorption with a
chemically activated shaped carbon: US, US 5118329 A[P]. 1992.

[63] it &, BB, JIAa, 45 . BeHesd B 1 e LB K 5 M
WEFEN]. M=z 5 Tolk, 2004, 20(3): 60-64.

Gao Shangyu, Ikuo Abe, Zhou Jianbin, et al. Study on the effect of the
gluebond process upon the pore structure of activated carbonlJ].
Chemstry and Industry of Forest Products, 2004, 20(3): 60-64.

[64] ZEAR, 15 W i . BERE 70 B JHC P e X 3 M 1 IS o 5 YRR B R 12
RERYRZIR[)). ARP=4k TamIR, 2005, 39(3): 5-9.

Zuo Zonglin, Gao Shangyu. Influence of bonding process on the
adsorption capacity of activated carbon composite in aqueous phase|J].
Journal of Chemical Industry of Forest Products, 2005, 39(3): 5-9.

[65] Lozano— Castello D, Cazorla— Amoros D, Linares— Solano A, et al.
Activated carbon monoliths for methane storage: influence of binder|J].
Carbon, 2002, 40(15): 2817-2825.

[66] ZEEEN, 2T 5, VT A, 55 . OB e i ) o B HC e g 1 g
BIBFFE[D]. B AARL 2004, 19(2): 114-118.

Li Jiangang, Li Kaixi, Ling licheng, et al. The preparation and
methane adsorption of formed activated carbon[J]. New Carbon
Materials, 2004, 19(2): 114-118.

[67] BFZE, A RTY, AIEF, & RIRAUBAATIZ LR BTSE 1L Bk
ZALIRMY L P H iR AR SRR3R, 2004, 23(1): 1-5.

Yuan Aijun, Zha Qingfang, Li Zhaofeng, et al. Study of porous
carbons for storage of natural gas II. Molding of Porous Carbon and
Re-activation[J]. Carbon Techniques, 2004, 23(1): 1-5.

[68] Qiao W, Korai Y, Mochida I, et al. Preparation of an activated carbon
artifact: factors influencing strength when using a thermoplastic
polymer as binder{]J]. Carbon, 2001, 39(15): 2355-2368.

[69] e, T T I, ZEHF 5, A5 WG P ekt FH e Mg BFHA: R AHE 510, B



RS 2016,34(9)

2,

HIREL 2000, 15(4): 13-16.

Song Yan, Ling Licheng, Li Kaixi, et al. Adsorption behavior of
methane on formed activated carbon[J]. New Carbon Materials, 2000,
15(4): 13-16.

[70] Nguyen— Thanh D, Bandosz T J. Activated carbons with metal
containing bentonite binders as adsorbents of hydrogen sulfide[J].
Carbon, 2005, 43(2): 359-367.

[71] Yates M, Blanco J, Avila P, et al. Honeycomb monoliths of activated
carbons for effluent gas purification[J]. Microporous & Mesoporous
Materials, 2000, 37(1): 201-208.

[72] Yates M, Blanco J, Martin— Luengo M A, et al. Vapour adsorption
capacity of controlled porosity honeycomb monoliths[J]. Microporous &
Mesoporous Materials, 2003, 65(s2-3): 219-231.

(73] I3 e, XURME, TR, 45 . O GE e f] 25 BOR BT it g ()] AL T

IR, 2008, 12(12): 1868-1872.
Yan Xinlong, Liu Xinmei, Qiao Ke, et al. Research progress of
preparation technique of activated carbon monolith[J]. Chemical
industry and engineering progress, 2008, 12(12): 1868-1872.

[74] 7507, fa DR BRI, AP . AR EAL ) i A6 g i B 0% e B v 25 P

[76] SRAAT-, XUTE L . WRHACHE A T2 DS B 15653 10 D). A i
b TIREELR, 2006, 3(3): 57-61.

Zhang Xiangping, Liu Jiebo. Absorption method and adsorption
method combing applied to oil and gas recovery[J]. Environmental
Protection in Petrochemical Industry, 2006, 3(3): 57-61.

[77] Qian Q, Gong C, Zhang Z, et al. Removal of VOCs by activated
carbon microspheres derived from polymer: a comparative study[]J].
Adsorption—journal of the International Adsorption Society, 2015, 21
(4): 333-341.

[78] Chiang H L, Chiang P C, Huang C P. Ozonation of activated carbon
and its effects on the adsorption of VOCs exemplified by
methylethylketone and benzene[]]. Chemosphere, 2002, 47(3): 267-
275.

[79] Fitkte, BEere, T AR, 45 TGP FLAHA I 11 B RE AT XS 5 B Y

EEPERERZIR[T). He AR, 2007, 26(3): 21-25.
Tang Jinhua, Liang Xiaoyi, Long Donghui, et al. Effects of micropore
and functional groups of activated carbon on adsorption behavior of
formaldehyde[J]. Carbon Techniques, 2007, 26(3): 21-25.

[80] Gil R R, Ruiz B, Lozano M S, et al. VOCs removal by adsorption onto

WL TIREMEL, 2007, 1: 97-100.
Su Fang, Meng Qinghan, Song Huaihe. Study on the performance of

activated carbons from biocollagenic wastes of vegetable tanning|J].

Chemical Engineering Journal, 2014, 245(6): 80-88.

activated carbon prepared by carbonization polymer blends made of [81] Yakout S M. Removal of the hazardous, volatile, and organic compound
PF with PVB and PEG for EDLC[J]. Journal of Functional Materials,
2007, 1: 97-100.

[75] ZEEN, ARIFEE, BT, S5 BT R ) o B HC P e e B
BIRIFSELI). Rt Rl 2004, 2(2): 114-118.

Li Jiangang, Li Kaixi, Ling Licheng, et al. The preparation and

benzene from aqueous solution using phosphoric acid activated carbon
from rice husk[]J]. Anaerobe, 2014, 8(1): 1-7.

[82] Abdelouahab—Reddam Z, Mail R E, Coloma F, et al. Platinum supported
on highly—dispersed ceria on activated carbon for the total oxidation of
VOCs[J]. Applied Catalysis A General, 2015, 494: 87-94.

methane adsorption of formed activated carbon[]J]. New Carbon

Materials, 2004, 2(2): 114-118.

Preparation and progress of active carbon for canister
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Abstract With the increasingly stringent exhaust emission standard and the mature application of exhaust treatment technics, fuel
evaporation has become the main source of vehicle emission. Canister containing formed active carbon is the key part of automotive fuel
evaporator to reduce emission and reuse fuel vapor significantly. Formed active carbon needs to have a large surface area and large
effective pore volume (pore size of 2~5nm) for high working capacity, high structural strength, fast adsorption and desorption of fuel, which
are typically obtained by chemical and physical-chemical activation methods. Chemical and physical methods are common in preparation of
activate carbon, chemical activation may produce pollution, which leads to environment problems, although to develop a preferable structure
of pore, the physical activation costs a large amount of energy and investment, and the pore structure by this method is relatively poor.
Chemi-physical methods can combine the benefits of both physical and chemical activations to decrease the pollution and produce high
quality activate carbon. Activation and formation are the main processes for preparation of formed activate carbon; the precursor can change
into activate carbon through the activation, and then have the solid shape and structural strength after formation. The integration of
formation and activation is the development trend of preparation of formed activated carbon. The performance, characterization, preparation
and related mechanisms, and the application in VOCs removal of formed active carbon are reviewed.

Keywords canister; formed active carbon; evaporative loss control
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