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Abstract

respectively changing the phosphoric acid concentration, reaction temperature and reaction time,and simulated Cd?*

Nano-carbon black (BC) was modified with phosphoric acid. Through the single factor experiment

water sample as research object, the best parameters of the phosphoric acid modified nano-black carbon ( MBC)
production were determined. MBC was characterized by Zeta potentiometer, electronic scanning microscope (SEM)
and X-ray diffraction (XRD). The adsorption process of MBC for Cd*™ was obtained by adsorption isotherm and
adsorption kinetic experiments. Research results showed that optimal parameters for the MBC was phosphoric acid
concentration of 2 mol/L.55 ‘C water bath heating for 1.0 h. Adsorption reached equilibrium after 20 min. Maximum
adsorption amount of Cd*" by MBC was 345.329 mmol/kg and a preferential adsorption, according with Langmuir
equation. The characterization results indicated that the surface porosity, specific surface area,crystallinity and surface
charge of the MBC were significantly increased. Tt was indicated that MBC had a strong passivation ability to Cd** and
suitable to repair Cd pollution.
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fLgEH . Haix BC WHEFEX Co BMHILT
Cd gyl e,

BBMA= AT RR, TURMBCETNEB
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1 ZHBHESH

1.1 2Z#MBEMLE

T Al BC Mg & T#v g 5L e R MERLE 1.

R ERER A AL R AR PR I ER N 1Y

s WEAKFLRSH (HY4); B FXFE
(MP200B) ; JRF R UK 43 6 56 L 3T (WEX-IE2) ; Zeta
B Y (4R 3¢ Zetasizer Nano £ 31); XRD {{ (Ul-
tima V) ; SEM(FEI-Prisma-E),
1.2 MBC #hH & &8k

BEER YR E e L1 - 43 BIFREN 2.0 g BC FHEE
Wb, mEH BCHmA 1.2.3.4.5.6.7 mol/LBEER
WL FES)GE 85 CARB M 2.0 h ¥ BC ¥t E pH
BE.TREHE. H&K MBC, H5IFHM0.1g
MBC F 50 mL .08 &, 800 20 mL B4 A Cd*
5 e ALK BE (L pH 39 5.5 89 0.01 mol/LEHBREA N
SFF R AL ], Cd BERWE R 2.0 mmol/L), 25
CHEEARS 2.0 h, B.od i, # AR FRE S EE
Wil E g CI iR E.

RBLRE MR 2 FIFRE 2.0 g BC THIE
M a4 BC A 2 mol/LEEBRIBW . IEA R
AYBIFE 25.385.45.55,65.75.85 C R KB M 2.0
b L Atk 25 R ) 498 TR K B OFS e SC T

N A B AR 32 56 - 43 B FRER 2.0 ¢ BC T4
MR, MEM% BC RiMA 2 mol/LEERRB R . A
F 55 CARBII 0.5,1.0,1.5,2.0,2.5.3.0.3.5 h, &
fth b RE B R VR FE IR SE IR .

HERESE T H B MBC #47RIE K a4
1.3 MBC # &4E

F Al SEM W82 MBC MM 454 . ¥ MBC #
KEETFFHEEL, BTRHES S RHETHE.

S Al XRD X &8 MBC ) 5 50, 3% T 1% 1%
MBC M AKEFTIHNESZEF. EEEEHRER/RHXK
HATWE , AL E R 5°~90°,

R Zeta B E Zeta B L. ¥ MBC fin
NGB PR E 4 HE 30 min, L4 0.1 mol/LIE &
fLen FEb BRI 55 /- R R pH /5, 4 BIBUR R pH
B4 OB T HE S Rl E .

1.4 BMEH
1.4.1 Cd7E MBC kKM ah 2#3cme

FREL 0.5 g MBC F 150 mL T8R4, I A 100 mL
BE/R¥RFE 9 2.0 mmol/ LAY Cd™* 15 Je Ik #E, 25 “CE
EAKBIRS 2 BFE 1.2.3.5.7.10,20,30,40,60,90,
120.150.180.240.360,480 min BURE B0 5 38 F B R
FR BTN E IR Cd ™ R
1.4.2 Cd # MBC &R M %8

FREL 0.1 g MBC T 50 mL &E.LBH 4 3in A
BEJRMEEE R 0.5,1.0.1.5,2.0,2,5.3.0.3.5 mmol/L
B Cd* ¥ 20 ml, 25 CHEE K 2.0 h,4 000
r/min N &0 10 min J5 33 38 . #4406t
BTN E S Cd® MR EE.

2 GR5WE

2.1 MBC Z#4%
2.1.1 BEERURE

75 [ B R Wk BE F il & 19 MBC Xt Cd** Y M B
BHPBMWER(p<<0.05). HE 1 TUE L BB
BEREE N 0~2 mol/LET, EEBBMEENE X,
Cd A BREFERE LA HBBRBE/RKE N 2
mol/Lif, Cd*" KR & K; Z 5 b B 5L vl BE 1 1%
KCAP LR EH B . XD T EBR
JEE JR ¥ BE /NT 2 mol/LEd , BER ok HE IR 2 RASE

&1 BOCHEXER

mH HERER/ (m? - g7

Table I The basic properties of BC
IR KN /% BRARE/ (g - ke ) KA/ % ®HE/(kg>m™®)  pH
800.0 5.0~8.0 340.0 9.10

e 1259.¢ 1.0

e DYk i - G2
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Fig.1 Effect of MBC produced under different
concentration of phosphoric acid on Cd®™ adsorption

LM% MBCRENERB ALY, H BEAFETE MBC %
T B B2 A i (B B AR B R T 5 T 2 Wi IR B AR R
AT 2 mol/Lig,  THWE L KA WS BIR
MBC 1 [ FLER, i MBC 2% 1 FL B S g /N, AT 66
Cd™" KRB, HIRERBRE RN 2 mol/L,
2.1.2 BERBRE

TEAR[R) 4 R 38 B F il 45 59 MBC X Cd** W
BERHBEER(p<<0.05), C&T EBE KK FE
B NI B R Ft s T B 7, 7E 55 C B & 49 MBC
M CE MERERA.ZEE FTREAHR(WE 2,
XERTE-ENEHT . AN BEEAEY S
FREBMP, FHRRERRA R B R LR & 6
R R &, T B M R 3T e F MBC L B B R
PR SRz TR B 3 ) T 5 3 3 B R, A3 B R R
TH. SR RERMNEREN 5 C,
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Fig.2 Effect of MBC produced under different
temperature on Cd*~ adsorption

2.1.3 QiR [E

72 [R) B BT (8] T il % 9 MBC X Cd** iR it &
HAEBBEER (p>0.05), FEE KN B MK,
MBC 3t Cd*” WM EZMAKR(LE 3., XEH

THRE BC B2 o L2 , AT LA A3 ik B F 4
B T H PRI L FE 43 » HL ST I 1] (#3524 2 A A
TH:ER S BC &M, T —FRE FEF MBC
BRI R BR A R R A (] 1.0 b,

70 -

fé’,‘ss-
g .

60 i i T i i i ]
0.5 1.0 13 2.0 2.5 3.0 35
(&l /h

3 RE KRR E§ & H MBC X Cd*t BRI
Fig.3 Effect of MBC produced under different time on
Cd** adsorption

2.2 MBC 44 %
2.2.1 SEM HIEL R

it SEM W% MBC HIREH. ki 4 7
PIEd , MBC AHEIRIAR, kA EA MBC R 27
50~100 nm, A K #, R A BRI Tk, RE
MBC Sk 2% mi ML K&, B [N ARE, 8 MBC 1|
FLBR B C, th R E AR — B3 K, AR M AT LB
H— 5 W M. B, MBC Xt Cd** B9 1%
BWEEM.

4 MBCH) SEMERK
Fig.4 SEM images of MBC

2.2.2 XRD{YEELEHR

53 XRD X MBC ¥y @B # 470 E . B 5
A PLR B, MBC 5 BC i 5 0 (H 5 & 4 75 26.4°.
44.5°, % B F (002, (100) & TH. HH, 002) &
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Fig.5 XRD patterns of BC and MBC

2.2.3 Zeta B UKL R

Wit Zeta B AL E MBC A& e S DA & B 2
RETH Zeta AL, ERIE 6 MR 2, fEF pH
fI3 K, MBC B Zeta LB IEB i, FH AR
3.04, 2 5% pH Ky# K, MBC BT fit B3 £ 7 i
WK, W35 —30.73 mV, BC A KRET mEE,
MBC Bt ; BC S PERTJG Zeta UL IE .06 mV ZF
H—1933 mV, RERGTHEER . FARFHAE
Wk, W UL MBC 7E W B3 F8 o AT 5 Z A v R B
YER, B X T4 E s Y Cd*+ a9 MR Btk BB R A3
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Fig.6 Zeta potential of MBC varied with pH
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2.3 MBC st Cd*" #4 & Wit 42
2.3.1 RKtghJi2e

# Cd** #E MBC _E MR f 3 J) 2 o BB 4 vE—
FAE— R hEFRETEE. AE T AUE
H,0~7 min, Cd®>" #E MBC | 1y 1 B & e 5 1% K
7~20 min, B M 2 2K 18 ; 20 min J5 R M B TF
BHORWEBILEAZ. REMH . MBCREA XKE
B R A7 2, RO BT DR 4T - 22 S R R A 6L A A R
A e CdP™ ke B Y PRI, W% B o B R R, R A

IR
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Fig.7 Adsorption kinetics of Cd** adsorption by MBC

HEIAUEH. E—EHNNEHTER A
0.900,E 3 17 R* 4 0.941, #% MBC X
C MBEHMEREE R HEFE, N CI &
MBC LR EEEYRET BN ETRE.
2.3.2 TRHMERL

% Cd* 7 MBC EM R M B L A Lang-
muir FFH Freundlich B #FTHIE., mE 81
DA 7 v SRR, MR ER K,
BB FH C K& 2K MBC Fr & M ; bE & F
A v BRI A, R BH A IR AR B R TR D, H BT
%,%0 MBC X Cd&* IR EERE . BEET
A,

3 4 A7 LAFH H, MBC Xf Ca™ B B 45 1R 2

Table 2 Co risi f pH and Zeta potential R i . -
t;giveegnB(é :nd KZlBC e potenha S i #b Al Langmuir 57 fl Freundlich A # 17
HA pH Zeta 0L/ mV WA R BB 0.9, Langmuir FTRAEGH R K
BC 9.1 9.06 F Freundlich % . #10 MBC Xt Cd*" fy i bff 3 1%
MBC el _— & Langmuir 7 # . MBC 3 Cd** B9 % X % & N
%3 MBCH CHTHBRH B AERESE
Table 3 Parameters of adsorption kinetics equation of Cd*" adsorption by MBC
- R iR B W= E ¥ R
ky/min™! g./{mmol » kg™1) R? k2/(mmol « kg=! » min™?1) ge/(mmol « kg™!) R?
MBC 0.470 264.000 0.900 0.003 272,200 0.941

Tk KM — R RS AR min T 5 g AT IR R mmol/ ke sk S AE G R E B H L, mmol/ (kg ¢ min),
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Table 4 Adsorption isotherm parameters of Cd*" adsorption by MBC

- Langmuir 78 Freundlich 7 &2
gm/{(mmol « kg™!) Ki/{(L * mmel™1) R? Kp/(mmol'™Vn « LUn « kg™1y 1/ R?
MBC 345.329 7.881 0.973 297,210 6.271 0.926

P g AR A M E , mmol/kg; KL Langmuir TR H 4§, L/mmol; K¢ Freundlich 5B ¥, mmol!=V" + LV /kg;1/n B 5B HE

FINES /&
345.329 mmol/kg, 3t H 1/n/pF 1, 328 MBC %

Cd™" i Mt o 1 2R

350 —
300 f
250 |
wol [ Langmuic 2
,l ] ~-eeo- Freundlich 5 78

- #T 0% B B Ammol - kg™)
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Fig.8 Isothermal curves of Cd®*” adsorption by MBC

2.4 TWEIEMEF KE)E
HREZE B £ EX BC Wk EHT TH
B FTAF B BC X T Cd™* A B 3 3R 3 AR FE 48
(W5, WAHFRH &R MBC X Cd*™ i1 &K
W B £ R BR B0 BC &9 1.4 %, B BR M BC #93.4
%, TR+ B4R ER A it BC /9 3.8 %, B ER el BC
B 10.6 5. Eik,MBC XF Cd*" 4 B I B W& B %%
R.EHMTESE CAdBLMIEH,

®5 FEMEFEHEHBYE BC X C* i
=KW= LB
Table 5 A comparison of maxium Cd?*™ adsorption of
modified BC by different methods

BT P uihaliE 22

2 mol/L#% % 345.329 P

Y AR S0 o
65% (RES ¥ Mk 245,943 cEr12]
0.05 mol/LA} R 101.092 k23]
SON(RESBOHE 32.474 Skl 24]

MBC /&4 B 4 )& FE bl , A0 1L T oAb B Ay
e BC, AU 451 B N8 A, AT A7 2R R ER B Y
7 FEEE FRAK AR, T ELXS T Cd*™ IR M K k3
B, SREENLXEHE - SMABRRIETZ R
B 3 o SE B RS MBC W Ff Cd B #LER , b 3 R A
FCIRRRELRBEGERIAERMIKE.

& i

(1) MBC M BRI & LESHCN B MR E RIK
BE 2 mol/L, e N AE] 1.0 h, K NEE 55 °C.

(2) MBC Mt BC, RE F A8k, FLER 1 X,
bl e AR K, R B A AR P 5 R R R R R R N AR 4
SRERE EREAE KA EM M ESR, A
BT REA. H ik, MBC W86 {E T BC,

(3) MBC g fff Cd** 8% 20 min /55 38| E 4,
S RIS B 1 r . MBC Xf Cd**
HI KRB & A 345.329 mmol/kg., ML R K,
¥4 Langmuir 7. MBC X Cd W% fff ¥ 6 B 47,
AR AT Cd 55068,
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