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Adsorption and Reduction of Silver Ions onto Carbon Aerogels
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Abstract: Four kinds of carbon aerogels prepared by ambient pressure technique were used to investigate
the capability of adsorption silver ions onto carbon aerogels by static and dynamic adsorption experiment.
The effects of pore size, the Brunauer-Emmett-Teller( BET) surface area, the initial AgNO, concentra-
tion , the ratio of aerogel mass/solution volume and value on adsorption properties were studied. The mor-
phology of silver-containing carbon aerogels were investigated by means of scanning electron microscopy
(SEM). The results showed that the mechanism of silver ions adsorption onto carbon aerogels is conduc-
ted by way of oxidation and reduction reaction. The adsorbent granule silver was distributed mainly on the
surface of carbon aerogels, and adsorption capacity of silver was related to pore structure, the extent of
activation, solution pH, the ratio of aerogel mass/solution volume, Ag" concentration and so on. The
SEM figures showed that the state of silver adsorbed on the surface of carbon aerogels was various in the

solution of different pH.
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SRR N B R AT LA BN B AR E 4R, [ At
AR S AT AR B 1 Sk oKk P B DL A Ep
S TCHLARIR , 3 W] LA S0h 10 o) S B 1 AR K BT
T AT LU F AR Ak s k). BaT, F 2 BF5e L
MEEH I TRIERP B RS RBAKNFLUSE
BRI LEM  E R AL EREETY A E
REFHERT Ag™ B TR B E R R LR LR, o 1l K2
Mok sk &P BEVEABT I, BT T AT i & 4%
1 R R A B LA B SR 3R ML S5 X 95 P 2 2T 4
WIRAE I HIR . g REW A H,PO, 3¢ ZnCl, {51k
PG IR 4EXT Ag* EFF WA RRNEE, 2t
HIAT 3% 250 1 700 mg/g, 249 M 7K & TH AL S BRIE 75
YEDCETHEXS Ag" IR M A BRI 2 f5H 5 5. A
FIEHR T BB FFLEE ) F2R iR f s BRI
Xt Ag* BB RARLAR , XA TR 5 B B G W B P
HWEAE RN FRT S —E TR B L

1 #R57EE

1.1 EEEAFNNE

1.1.1 %% |8 B (resorcinol) : /3 fr 4, |75
HE{LT ) ; B (formaldehyde ) \ R EE (furfural ) : 43
e, M F AR AR E =P R
(CTAB) : 504k, B ARAEYRERERAR;RA
BZ (isopropanol ) \ Z,BZ (ethanol ) : 43#r 4k, KHAL 1K
Fl—) 7 ; WY BR4R (silver nitrate) : 344k, E25 £ AL
FRAAE] EE AW B, TN HEE
AR & A BRA T

1.1.2 /& A6 &4y Bl PHS-3C $5% pH
T & # ZDJ-4A B B S il 2 A : LIEEE R
IR PR T AR AR N 217 BB B AR vk
2.5 mol/L #J NaNO, ; SHZ-82 S iFERIRG2%:)
MIE—RHEA R E]; WEX-1C BURF R 6ot E
AR RN R FRA TN ERSEE
AR, - S R E R BB BT R . JSM -
6330F Ak St A FRAME, WEXKEREH.
ASAP2010 AU bt [ FR B fLA2 23 Al i AR, € ek
R R FLEE, R H#E Brunauer-Emmett-Teller ( BET) J5
BEHARMEFREXITELRER, R Horvath-
Kawazoe ( HK ) 3 15 1 Barret-Joyner-Halenda ( BJH) 7
B R

1.2 #RiE&

KR4 pE TR G A S BR EER AR, B
WAL W CHR[3-5]. H & Carbon Aerogel 35
(CA35) Fi1 Carbon Aerogel 25 ( CA25) BRAEHLER &
RIAFSHER, LA 2 8 (R) FURERS (furfural )

HEBUR(ng/ Mg =0.5) , 7S IK H LT i (HMTA) 1
AL, 2351 LA SR I BE (1) (me/V, = 0.1 g/ml,
ng/Myyry =35) ML B (E) (myp/Vy = 0.2 g/mL,
ng/yra =25) R, BUBEER e EET
s B ALK E 15 B M HOR R SBERE. Meso Carbon
Aerogel (MCA) 7k th R BulR R, L R F0
B (formaldehyde ) - B8 {4 ( 1/ Pfoemadebyae = 0-3) , T 75
fit = H 2R 168 (CTAB) (np/nerg =100) YEfEAL
7, 7K ¥ (R 0 formaldehyde [T 20 $tt 40% )
#1452 M7 F]. Granule Meso Carbon Aerogel (GMCA)
IEL )T 5 MCA A8 R, 2 LATEAE AR T AR, SR I & %
RA B A BRTE 5SS ORL

ALt 72 7E 800 mL/min &M N, 1, LA
5 C/minfFHR R, £ 900 C 24k 3 h H13 5% TEE
JBE. WEAE AR R R KB A BN IE AL R EE N,
P 1 h WAEZ 900 C,REHEAREN 200
mL/minf#] CO, K& 600 mL/min ¥ N, #1715k, —E0f
[AlJ5 , 4kE0E A N, A B E R, SR SEER.

BT SRR S A S K R 5 1 7, B 20 ~
40 B R/ R . AR R BRE I BRI R
T, B 10 ~20 B (DA GMCA, £/R)f 20 ~40 B (LA
GMCA, F£78) #H.
1.3 RSEEMNRE FHBRSHRERE

¥—EBEREBRENRIEEBHEM, HARKA
100 mL FEFRARVE R A4 250 mL TR, 76 35 CfE
BT IRGRM 6 h, KR E MR SEEAERIEL,
FRELALER I E W AT IR WD Ag " WREE R R ML, F
[Fet A pH iU E R pH FZE4L. X TR pH 45
T R EH g, SR IR R4 b0t BE 1 E TR
MiEE Ag " IREHIZELL.
1.4 RSERXREFHHERMRE

PRI —E BRI UBERERE R 2 1 (84 0.2 g),
SrEIRTFIUE pH FEAR B AL, RO G THIER
A 100 mg/L KR BR4RE WK 50 mL, iR T FF3h
RESTBERE , VI 31 5] 8 — 160 00 — YKV AL
& AR pH, BRI A W 2L
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2.1 ZSERMIREFHIBSRHMERE

2.1.1 RENLHMEALRBKAT Ag” R MME N
FLEHIAHT (R 1) GEE AT TAE™ T4, CA35 ok
JBeEH o LASRAL AN AL 0 3, BB A9 CA25 A1k
FEUPFLAMIL R E, MEEER HKEERRER RS
BEBE MCA DU L E. GMCA, MFLEH 5 MCA £
101, (B RAE BB O R A —E B AR
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Tab.1 Surface and pore parameters of CAs
) T XA
#HD P/ - 2 -1 . 3 -1
s specific area /(m” + g~ ) a4 o/ NI specific volume /(cm® - g~ )
sample (g-cm™) -
BET $##FL. micropore P4 FL micropore HR¥(, mesopore
CA35 0.25 678 564 0.44 0.26 0.20
CA25 0.42 525 314 10.00 0.15 0.54
MCA 0.45 623 339 13.40 0.16 1.02
GMCA, 530 348 8.90 0.16 0.46

K 2 AR LG B 5 BB TE AN [ o B o BE
MEREEATHRAEE. AP EERRN
PRI BER (MCA, CA25) 5 500 mg/L ()il AR 4R
WAL, JURb B A B AT BB S R L B
B RER BT 5 TBEBE (GMCA, (GMCA, ) JBUhL I
ShRMILTF 2 UREE, B R O G BRL, X ¥
ZIATRERE Ag " B BEBEE I A i 4R T R B
I ; T BEBAR, LIRFL AL A E RSB
(CA3S) MR REIXFIALR, RATREFEERERE
EIRIEE R

R2 KSEBERFRERE Ag" BRTHORMEE
Tab.2 Adsorption capacity of CAs in various mass concen-

tration of Ag” solutions

plAg*)/ R B% 2 adsorption capacity (mg - )
(mg-L7") €35 CA2S MCA  CMCA,  CMCA,
5 4.58 4.60 491 457 4.5
10 9.60 976 10.3 9.81 9.81
100 ng  NH 6% HB N0
500 50,03 1012 1483 14935 155.67

AUTFRA, SR K R M PR £ L&
MREE A PE" " R AR5 E R TLBR
ZHEARABRERE L, RERM RS 7T
BESTIRA AR FLERA AR FLBE. XFF CA35, 8¢
BeEEMIEAL , A AL A R LR S B E M 1L
FHRH(MCA) R K. TERYRBET BT M A B/, H
WM AR F B S WA K TE R T B AR
MERK, RNAR T ESHYILRATRAX.

RFEWE pH A2 1L 5b ) LR B 0 T B,
TSR 75 VE HE SR BRIXT Ag ™ BOIRPRHAE ). A< 5%
SHAIINRE T )R AR Ag " VU RN WL pH(E 1),
JREGTE B pH B Ag " IR VE B 4R = TR A T B
Xt FHAR I SBERE (CA35, CA25, MCA) , B ff )5 1K o
BN pH R IR B Bt TR MR EE T ¥
B pH EL IR B TR, SRR 9B AE
IKTEWF R pH EE Ag ™ BT R , 12 B ALIE IR P 5

BB HY B A S iR R WA pH
TR A1 hEIE RSB (GMCA) BURLIR 48
Ja VB pH LRI Ag” IR E S, HFREE Ag” ¥
FERFHRTIIREE T . 5 MCA RIAEACTT , GMCA BT
R SHER M pH b MCA /%, X T R 5 JIUhLBE IR 2K
FRSME L E RS MR EREAA XK.
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Fig.1 Variation of pH after CAs adsorptions in different mass
concentration of Ag” solutions

2.1.2 ik @R Agt BHMEG YA KK
PR ZHSBER (MCA) A CO, 4T84, TEAR R TEAL
BHE T 33— RS AE AR R AR TE R <
BeAT R, T O30 s BRI LR AR X Ag ™ TRt
REMEW(FE3). 7 CO, EHIBRPHHEERE
MELARTLIE R, LR E AR . B S 1k
e E] A AC , IR BERE M LR AR B . ik 3 o]
W, BEE RIR R Ag " M BESS I, e Fi 28 52 8 5 B
A TELMERE R, x EEBEXT Ag ™ 1R [ 22 Bt
n,{B{E 4k 180 min FYR STERBE R 2 B S A B T
e, X EER RSB EE L REREE G
RERD, FIEERBMER TR fm i, &
RAGHB R B 5 i A 4260, 5 R AR+
EERXRR, MEESRMBERAERREELS
3014,
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Tab.3 Surface area and adsorption capacity of activated
MCA obtained in different activation time
o BET HRE AR

) specific area of BET/ adsorption capacity/ (mg - g™")
mm (m* - g") 5 10 100 500

0 628 4.67 10.13 60.21 147.69
60 974 4.85 10.42 65.42 149.52
90 1165 4.99 10.23 68.79 166.68
120 1189 5.15 11.40 75.28 175.23
180 1399 4.71 9.64 71.71 154.12

1)5.10,100,500 3§ B 455 #% p(Ag* )/ (mg - L")

RABEE CO, [ELETEARRIMKIE Ag” Wl
G v pH A5 4b DL 2. B 2 AT, SRR
TEALE 7 Ag" P Y pH LR RIS, —FH S5 %
SEER AR Ag” Ja KA AR R R BB
H'AX, A—hESELEBFEEN S ERTEE
RERINEINA 6. RIGEER R, KK E TER
pH B, s B T oW pH A B TR TEILE, W
Fivk pH #RLLR R Ag’ VWK, HFREE LR E M T
T FFE; 1540 E 180 min MBS EERE, H pH H4E
WABRE, XEESHETE Ag” Bl R R 1 RE
I EES

% ®— JE A VA#E initial solution
T E— R
L P— VR )

[==]

% ’thmum=60 min

O /. aciaion— 1 80 MIN

3 1 1 | L 1 1 1 1 1 i 1
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Fig.2 Varation of pH when the activated MCA was immersed in

A2

the solution with various mass concentration of Ag*

2.1.3 RABRKERIL Ag" ARE BN YA

AR E 9 L MR BRI (MCA) £E Ag ™ ¥ VR AP I IR BT
B RWH WA pH 20 LA 3. B 3 BT, RS
HERT(MCA ) U5t P 2 5 ot (26 ¥ L O 388 AR F B f5 2B
#ita 2%, (B SBERC I Ag ™ TR B BB — B3 .
YV pH SR IE BT REECR H ™ 98 B R B R B
HIEAR R, LR B A KB P TR LL Ag®

A, BN T RS W R pHL (55 T 9, E R L
J0.001 g/mL ZE I EAK , SR /G X B &

2; E O Ag U it 7% 8 adsorption capicity of Ag'p 7160 o
sl o {0 2
| fo <
_ 53t I 100%@ =
52t 130 B Z
b 160 2 §
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o
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Fig.3 Varation of Ag" adsorption capacity and pH as a func-

tion of the mass of carbon aerogels
2.1.4 FXF pHAMBZSERESTHY A Hulkx
BEBE (MCA) FIERIE ik BRI (GMCA,) 7E 500
mg/ L AERER VWA I IR A A R pH AR IE R R L
K 4. GMCA, 71 MCA HyZE b ¥t A —30, W2
EFEE pH K3EASEIN, pH 4920 9 BFAEI R 1H,
JEZHT T W pH T Ag” RIMA B THEHMEEZ
BT Ag” TEUMBRGYHERFE, HE
b R AL P S | i I B A BRI, X — 7 Ak
RGP E R A N EREM R
WGBS Ag” BRI FrE F ZE RN AL T
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The solution of p( Ag* ) =500 mg/L; When pH <7, HNO; was used to
adjl‘lst the pH; When pH>7, NH, + H,0 was used lo adjust the pH.
B4 GMCA, fl MCA TEMNBRSRIE T Ag” R A B FE pH

B4
Fig.4 Ag" adsorpton capacity in solution of silver nitrate on
the GMCA, and MCA at different pH

Ag AR

adsorplion capacity of Ag'/(mg-g")




E3H THES BB R SRR TR AR 105
2.2 RSERXIREFRISERMIMEE IR TEEE , CA3S/ Ag ™ P Y FEAR Hi AL 4 Ak i

WHCE AT IRE R EUE SR M BB AR IE
Lo R, AR o 3 b S A A 0 V2 VR 4R A AR B
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Fig.5 Variation of silver electrode potential of various carbon

aerogels in Ag” solution as a function of contact time
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HIIE S A, RAAP AL 3 B9 SBE M, MCA /
Ag ™ VAR RO PR F (L 7R AL A (D A U T e, BB
642 , R PO M R EE. UBFLAR AL £

[ 3N, FF IR oy B R R B Bk MCA F418 , BEJR F
SR B8 6 FT I, CA35 MCA/Ag* Y1) pH A5
e S H AR B A WAL E X N K R, S R
WM RIEAT , pH R TR R T, XN T
RARIRE R Mt R AW R HY RS pH 1
TEE. CA35/Ag” W ) pH ZEH A 15 min B 2]
5.0,T MCA /Ag™ ¥+ i pH MIFEE] 4.7 E?E
MCA F)30 JFI i 55 BE H CA3S PRI R H AT e —
—EHT MCA IR HEARELZHNIER rﬁs’é”‘é“éiiﬂ
ME K pH, Bk =R &8 B g S ILEH
FK,CA35 BEEAR, BEACBURLHE R A BAL , PR
MY BT &0 K FL A BB 23k S FL g I BT, 81 T W
HEEELE , T MCA % m , KE K R BURLHE AR
B AL E B TR /b 2, M B sE , IR
HIR s BB, BRIE s SBERS (GMCA,) 76 Ag™ ¥
W ERZ YRS, FEH AR 10 ~ 40 min BrE;
B ERENRFEANTRN LR, G XEET
R, o (4 Je BRl — 7 TS T BB A T T 5 A 45 e kL
SMNEY BN R EE RS, B — G, 5 —
TTHEA BETE T BRE I SBE A & B — & M it
(pH~10) , ¥ pH FETEIRALBE RO INE T LT, T 5
Ag T VR BRI M5 pH PR TR, ISR
£ 10 ~40 min B Bz 44 3 pH M52 1, [FI B th i i
VR P FELAR AL S B — R R R o B
2.3 PAFEBETRSERRHEEFENEHR

fiE

B 7 2SR BERE MCA TRt Ag ™ J5 M HE s 5
(SEM) . 7Efm Ag" WRERT (B 7A) , mRAEERRET
PERGRAT (B 7B) H I T Ag™ MR JEd 72, R7E -
IR BERER N TE MR 0 AL A BETE A K AR
RL, PRI % B A AR BRSSO 43 A 2 B LTRSS L.
LR R ERS SR AT (B 7C) , TR IR TR LA 4k
R 2 H 2 E10R, R H.

Ap(Ag®) =100 me/L YRR ;B TRFF¥E pH =2.09;C . M pH =8.08
A The solution with p( Ag* ) =100 mg/L; B:The solution with pH=2.09; C: The solution with pH =8.08
B7  HRSEER MCA TRHE Ag™ JR IR 8 (SEM) A
Fig.7 The scanning electron microscopy( SEM) photographs of Ag™ adsorbed onto MCA at different conditions
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HABEEXT Ag™ HIRFHHAFAE BRI N ALk
R AT A IR, HRM A B S U TRERSA
% (1) SRS AR BRERA X, RARHM
o Fais FRE S A AL B = A MM FLBR
(2) SHEARECGRIEEERE R ) B X, lE
TR BE RIS, S BERL Y LR AU K, TR B
AENSIHEIEEA; (3) SHE pH A%, BINA
BREA pH B ASCH N, pH 2925 9 BBl R A,
JRZET TR ; (4) SEB A, WM A REEE R’
LLEI3E KT ; (5) 5 Ag® WBEEA K, A B B
Ag™ W B3 K TIE AN

HRASEREXT Ag” WM BERE S LA R Ag' I
HOEBER K. R BRBEBXT Ag™ BT B 3
BEERFL R AL BEBL R, BRI UL B 1
TR A 2 B B B AR, Ag " MBEB BRI S ME Y BLEl
PIE R BEES . 1 2o o SRR P A 4R JB0RE = B0 A
FEBEB SR AT, Fo 401 52 W VBT R TR JBE L pHL S5 2%
150, SEM R BATER A pH K Ag ™ R T R
FHEBE R AR A .

ABFIE EEBOI TR 5 BRI 89 B 1 RERT
5, MERTE I TEEBEXT Ag™ B B BF P A Fr it — 2
WARBTIE.
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