§a8 % s U S NS D A N = Vol. 48 No.8
201648 H JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Aug. 2016

doi:10.11918/].issn.0367-6234.2016.08.017

HEHIEREEEERTERMESRE T

oA ARES B, RER, R R

(L5 S T AR A B A SR S 3R TR &R, J K 401311 ;2.0 7R Tl K2 T BUEREE TR~ B
IR 150090 3. 7 N R 69330 HBEA , 75 1A% 839200)

W OE. IRFEERTEACF) XN AKTESBE TR, KR W AR B M 77 % 3t ACF $EAT B M A0 22, A HExE ok
F Ph(11) Cu(11) 2 Co(1L) #y 3 4 R I 2 fE , 36 <t Bk M AT J& ACF R T oy 4 3B L AR AE T AL 34T A 25 Rk 9 B M ACF 3
H B R TR A I A AR HNO, & Fe R ACF 45 & 12 JE Bk B ACF 4 1K, L Fe M ACF B 91 &ty Fe 47 4t
I ACF 3t E 4 B & F R M2 2 5 5,60 min B M 3£ A 3K 3| F 47 HNO, X Fe B ACF 89 %% M F- #7 B 18] 4 B 38 o, 47 46 pH 7t
B YW ACF 3 Ph(II) .Cu(T1)F8 Co(I1) By =AM B3 A ACF HEA BB FWEMYIFH H Pb(I1)>Cu(I1)>Co(1I) , F
T R B R E B3, B3 Ph(TT) A2 Cu(T0) 69 B &3 &, T 2 Co(T1) WY R Mt & 2 538 in B T M # % . Langmuir 2 Freundli-
ch B B3 88 B 3 38 T8 4R P Ph(ID) A Cu (D) B F o R I i 42, (B 688 B 3L Co (D) B F o R Iy 1 72

KB, EFRRAE, LB, RERM, S pH; EHEHA

FESES . TU9I XEREREAD: A XEHS: 0367-6234(2016)08-0102-06

Enhancement of heavy metals adsorption on activated carbon fibers
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Abstract: To enhance the adsorption capacity of activated carbon fibers ( ACF) towards heavy metals, the surface
modification of ACF was conducted and the physical and chemical characteristics were analyzed. Additionally, the
competitive adsorption of Pb(II), Cu(II) and Co(IT) from liquid solution on the modified ACF were evaluated. Tt
was found that both the modified and unmodified ACF had large specific surface areas and pore volumes. Compared
with the unmodified ACF, the crystallinity of Fe and HNO, modified ACF showed a trend of decrease, and the Fe
modified ACF appeared on obvious Fe characteristic diffraction peak. The rate of heavy metal ions adsorption onto
ACF were so fast that the adsorption equilibrium achieved at about 60 minutes, and the adsorption equilibrium time
increased after the Fe and HNO, modification. The removal of Pb(1l), Cu(Il) and Co (1) were influenced
significantly by the initial pH. The adsorption affinity to the three heavy metals was in the order of Pb > Cu > Co for
all types of ACF. With the increase of initial concentration, the adsorption amount of Pb (II) and Cu (1II)
increased, while the adsorption amount of Co (II) increased firstly and then decreased. The Langmuir and
Freundlich models could well describe the competitive adsorption process of Pb (1I) and Cu (II), but not
effectively simulate the adsorption process of Co (II).
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28R K IR B v E B n) 2 — | B R R TR R K
TAEFRAE) (GB5749—2006) HiL5E Pb(11) MICu(1I)
EFIIRRES 34 0.01 F1 1.0 mg/L.

H AT, A 48 51 LB NE A AE DIE
I T LR 3 A B R 43 g A0S e B
AR T HA P E Rk A5 AT (5 B A S B R AR
JIZ R T A S Y W ) 2 BRI M e £ 4
(ACF) 1| Ry — B B3 4 ¢, HA AR R 1 b 2 1 AR
PR R f AL RN = 5 B RE A W B e R 4 T
I, IR o2 AN 2 B 8 i 0 AR RN T RS 28 50 T 1
BH T 38 i s A4 o A AR 3, O S 3l RS
Yel1OT A T K AR BE AT SR SR 1T, ACF X B 43R
B R 2 BRBE 0 A B BIR i A 4 e K Ak
B A S5 R HIVE HNO, J& Fe WX ACF
PEATIRAT O DA 4 O 4 i 5 1 T B g
TE53HT ACF R M) BRAL AR i A L | 3 ok WA ff
3715 Wl pH 20 A SRR ZE AR 5T, PPN AS [A] ek
P AL ) ACF X Ph(I1) . Cu(I1) F1 Co (IT) 1
e e R ARLRE.

1.1 KIeASK

HREAS 7] S 40 75 2K, >R FH 25 8 1 /K S i — 7 &
) Ph(IT) .Cu(I1) Fll Co( TT) 254k £ Y e 1 Fir o o
Ve BE/K IR IK o Ph (D) | Cu (11) FT Co ( ID) fiff 5 W
SR FHAH L A RIS R SR 1 A 7 T, 5 VT VR 3
1 000 mg/L,Ph(Il)  Cu (1) Fl Co(IT) ¥4 W ) pH
Y35 5.5.

1.2 SRgHH

ACF WA FVTH5 F Bk £F 4 PR 2> 7). #F ACF 59
410 emx10 em WIEJ B A 1000 mL (1)K 5E
PR SEZE IR Mk 24, SR 5 HEAT B 3 1
FihJE ks /Nt 2 ACF R A,
DL AR K R R I, SRS T RE AT,
it i ACF-0.

B —E R TALTE G A ACF 855 2 emX2 em HY
NP SR GRS TR SRR 65% ~ 68% WK R
TE 20 CAKIBZATFEAL 2 b, SR )5 R 28K R & v
Ve, ZUEWE P, 105 CHETFEERE, ICH
ACF-1; %1% ACF /N BAE R 4 0 1 1Y
0.15 mol - L™'FeCl, + 6H,0 Fl FeSO, - 7H,0 IR &%
7 200 mL, ZH A 5 mol - L7 ) NaOH % ¥
50 mL,7E 80 CREHiHE T [ 4 h, HZE K E
gk 105 CHET R ETTE, 10 ACF-2.

1.3 XEHE
W B 5l 7 2 S 6 v, X T b R Y N

10 mg/LE Ph(I1) .Cu(I1) Al Co(11) H 4 JE@ B T4
T, A 500 mg/L ACF, I B THERH 25 °C1HIEZ
W, 9T 5,10,20,30,60, 120, 180, 240, 300 min
S BBV, Ao U D e A 4 S T i TR

W B 25 Ui 2 S 4 v, W 110 1 o R il
5,10, 15,20, 25,30 mg/L % Pb (1), Cu (I1) F1
Co(ID) WK 100 mL TR+, IF A 500 mg/L
ACF F 25 CHEIRH N 6 h, i 38 Je i e % Ay T 4
JE B B R

WIlf pH 52 R R L5, 500 me/L ACF il A
WA 5t H v BE 410 10 mg/L 19 Ph(11) , Cu (11) F
Co(I1) ¥, A 0.1 mol/L HCI F1 0.1 mol/L
NaOH 5% 45 pH 75 2.83~9.54 784k B FHER
25 ClEIRED 6 h, W IEFME pH AIFR R EE R &
TR AR S5 pH 4 6.0.
14 HHFE

LR BT R ICP-OES HLEH A%
BRSO 2 , 5 DU R T 420.45 pm T
HLIE N E)E ; SEM i i FEI-Quanta200 #EIH1$HL T
ARSI R , A B 7 REIE 1 EDAX Genesis 2000
XMS Image 60S i 47 # i 7T & 14 5E £ 43 Hr; F1 H]
ASAP2020M 4 H 8y LR AR M ALIRBE /3 MU 77 K
RS R BT ACF 28 T8 f% W - R oo
XRD % H A HE 6100 Y X SR A7 5H G E .
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2.1 ACF RE#H4
2.1.1 BET 4538507

1 ACF WfLAR i 4RI 2k, 3 A ACF 1YL
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Fig.1 Pore size distributions of ACF
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RIS ACF [ LR AU 5 1 Fe 21 ACF H
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LT AR BRI LA A R .

2.1.2  SEM 45543 #r

HE 2(a) AT LAE H, ACF-0 AR B 7E e H 1Y
SLREFNANGA A BE w22 11 SEAS 52 MIREDIR | 2F 7 2% 17 4%
1K A 4008 HNO, & Fe S ACF A B 45

(¢) ACF-2

P R AR AR SR 5 &2 T A8k, R A
B FRREURE B 1 R AR ) 2 Fe BCME ACF-2, HiZRTHI £
EEHAAILE nm FHEZRY), X5 Xa 5
NLZE 3] 1y W FFF A4 A 1) 2 THD 67 N2 — 3%, 7E 2K Fe T
PR A R R SR ER H SE g vl i SEM WL B3 P
IRFAFAE— 2 RO PR FFTE 20 ~ 80 nm 1Y 4 2K 8k
%1 ACFXESH
Tab.1 Properties parameters of ACF

B Spp/(m? - g7) FIALAE/nm LA/ (em® - g7h)
ACF-0 1281.57 1.93 0.62
ACF-1 1216.85 2.13 0.65
ACF-2 1 237.60 1.84 0.57

Element. Wt% At%
21 CK. 73.95. 86.09-
. OK. 11.84. 10.35.
FeL. 14.21. 03.56-
1.6 Matrix. | Correction. | ZAF.
1.0
0]
0.5
Fe
0
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ElkeV

(d) ACF-2 f) EDAX [&l}E%

2 ACF ¥ SEM E & ACF-2 #J EDAX Elif
Fig.2 SEM images and EDAX spectra of ACF-2

2.1.3  XRD 4555007

& 3 NAR[A] ACF 9 XRD [Eli.3 F ACF #1H Bi
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Fig.3 XRD analysis of ACF
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2.2 WEHMizhh%
Kl 4 S} 3 B ACF Xt Ph(I1) .Cu( 1) Fl Co( 1) &5
T B B 1) AR fE R, 1T LA H | W2 o B ]
A MG K. XF ACF=0, Ph (1) . Cu (1) F1Co(11)
B FTE 60 min Ff I BRI A 1K 3] -4 | e o s m T 4 )
ik 11.48 .5.07 F12.24 mg/g , 75 B I W R AsF ] P A4S
PREFEE A ACF-0 W B 72, HNO, I Fe Bl PE
14

ACF 118 B - 687 i [7] 39 < | 08 B o 185 K, 3 2 22
K HNO, J& Fe 0P mT LABE TN ACF 3 1 ¥R 3 A1}
FRIELETRME & A B BRI R, F iRk ACF S5 FH
BT B T 28 4 S B, T ACF -2 il £ 2o A o
NaOH ¥ A I A BT LLrb RIS 43 22 56 0 My 2 35, il
H 5 FHE T Z A EAE 55 T ACF—1, W B 2 A R
REAIR.

12 A 25 A 10 A S
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(a) ACF-0 (b) ACF-1 (c) ACF-2
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Fig.4 Competitive adsorption kinetics of Pb(IT), Cu(II) and Co(II) onto ACF

2.3 pH #g

H Sl 5% 8 4 8 8 T IS LU R A AR S
4 8 BT 2 180 (0 e A7 A FH T el 2 o 4 5 1 A
Bt 2 ) A AR T S b 4 S T I it
frh pH #9284k, o] LIE i, ACF-0 1 ACF-2 1Y
pH,, PRIFTE 3.66 ~5.5, 1l ACF~1 1Y pH,, PRIFAE
2.83~3.66.18 6 S ANFRILG pH S51F T, AN A6 2 A
LFYEXS P (1) Cu (1) 1 Co (1) £ ERFCR AL
ATLAE H BEE PG pH 3G, LR R T
BB A pH=6.94 I, Ph(11) Al Cu(11) B T £ R
R TRUE , BERBIRRETE 95% A 47 .3 Pl i 57
ACF-0 ACF-1 Fll ACF-2 %I Co (II) ¥ £ 5 3R 3 5
M 7.34% 541 }83.43% 7.43% 541 }76.25% il

6.53%34 TN 83.61%. X FZJEH T pH & 521N
Ph(11) .Cu(I1) I Co (II) fE /K HIE H L,
2 pH /NT 6 B, 3 Fh i 4 )8 FEZ S I 77,
Fi& pH FY3E AR, PbOH™ . CuOH" Fl CoOH* JE 27
A SR IG AR B PR LT e

207

—2—ACF-0
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Fig.5 Variation of pH value in the adsorption process
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s 60} S 60f S
& 40t & 401 & 401
e | B L H |
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W1k pH Wit pH Witk pH
(a) ACF-0 (b) ACF-1 (c) ACF-2

Bl 6 ACF %t Pb(II) ,Cu(II)F1 Co(II) EBEZIRFEXIE pH HIZ/L

Fig.6 Effect of the initial pH on the adsorption of Pb(II), Cu(II) and Co(II) onto ACF
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TEH G JE S Pb (1) ,Cu (1) , Co (1) 4] 4R 5t
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Fig.7 Competitive adsorption isotherms for Pb(II), Cu(II) and Co(II) onto ACF

FIFH Langmuir FI Freundlich W[ IR R AR
SRR AT NG A S EL B LR 2.ACF -0,
ACF-1 Fll ACF-2 3 R Fff 550 %F Ph(11) Fl Cu(11) [1)
W B Ao R i 0 R P A L 4R R R E AT B4R, S
Langmuir F15¢PE R?(>0.98) {H#% KT Freundlich
KM R?(>0.95) , HAA LR 5 S &, il
Co(11) 7£ Langmuir 1 Freundlich W Fff 45 i £ 4 0 o
(AESCHE SR 0.173 3 F10.049 8 MHOCHEE 2%,
BERTHN FEsE Fr R Bk #2 rh, BT Co (1) 5 ACF 3%
122 e Bt 252 Ph (1) Al Cu (11) SEMETR, TG
EF) A Langmuir F1 Freundlich #£5 7 4] H. HE?2
Langmuir 048 5317 AT 1, HNO, } Fe 2 PR 484 2L

PER ACF X H 48 5 7 10 22 BRACR, 3 Fl g B 750
Ph(11) Fl Co(11) KFRFCR K/ R ACF-1>ACF-2>
ACF=0, MM %t Cu (11) ZBRRCE K/ A ACF-2>
ACF-0>ACF-1. Gk ik, HNO, Mt ACF X H 42 JE
BB R I, HtE Ph(T) . Cu (1) F1 Co (11)
FRI IR oA 531 T ik 38.61,11.29 Fil 4.88 mg/g.

AN, R 0.1 mol/L HCI X 3 it ACF 47/
AP SE XL 5 U S W S BRI 5 4% 3 R R
FIE R FRCR, 45 R EK W 3 Fi ACF ¥ HA BAr 1)
FRMEAPE DL Ph (1) Sy 6], JFCmE B o 53 S R 26 1 IRk
) 19.61 38.61 F128.17 mg/g FIEFI4E 5 KK 16.76
34.21 F121.13 mg/ g, 5 IRFFE = L BRALTE.

% 2 Langmuir % Freundlich &) &S]

Tab.2  Values obtained for adsorption parameters of the Langmuir and Freundlich models
Langmuir Freundlich
R 551 BT
qu/(mg - g™") K /(L-mg™") R’ K/ (mg - g™") 1/n R
Ph(1I) 19.61 0.413 0.988 0 6.80 0.346 9 0.970 4
ACF-0 Cu(1II) 15.77 0.089 0.995 4 1.87 0.658 4 0.993 9
Co(1I) 2.69 4.920 0.173 3 2.56 0.012 5 0.049 8
Ph(1I) 38.61 0.084 0.984 7 3.94 0.628 5 0.969 7
ACF-1 Cu(1II) 11.29 0.826 0.994 2 6.25 0.658 4 0.956 8
Co(1I) 4.88 0.439 0.822 6 2.23 0.230 3 0.882 3
Pb(1I) 28.17 0.139 0.996 3 4.38 0.555 5 0.992 4
ACF-2 Cu(1II) 16.73 0.153 0.990 3 3.16 0.658 4 0.982 2
Co(1I) 4.52 0.661 0.723 1 2.46 0.1853 0.8753
3 £ i T FTD 1 Fe Btk ACF iy THLIE S ZEMH L 3%

1) ACF 5 BABOR A L R 1 AR AL A&, HNO,
et ACF i T RE 88 T o 005 4 ¢ 21 24 o9 9 LB 4 1

T AT I R 5 ACKF J2: p 98 20 B8 A 4 50 1 G S
XAPEH, HNO, & Fe B ACK 25 ft 2 B2 P AIK.
2)ACF %} Pb (1) . Cu (II) FI Co (IT) iy W B 7
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