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Adsorption of Ag" onto cardanol aldehyde-amine resins
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2. College of Material Science and Engineering, Fujian Normal University, Fuzhou, 350007, China)

Abstract; Three types of cardanol aldehyde-amine resins, cardanol aldehyde-diethylenetriamine
(PCD), cardanol aldehyde-1,2-ethanediamine (PCE) , and cardanol aldehyde-1,6-hexanediamine
(PCH), were prepared by the condensation of cardanol aldehyde resin with diethylenetriamine,
1,2-ethanediamine, and 1,6-hexanediamine, respectively. Their surface structure was characterized
by X-ray photoelectron spectroscopy ( XPS), Elemental analysis (EA), and Fourier-transformed
infrared spectroscopy ( FTIR). In addition, adsorption mechanism of Ag” in water was also studied
by using these cardanol aldehyde-amine resins as adsorbents. Results indicated that the three
cardanol aldehyde-amine resins had high adsorption capacity for Ag’. Specifically, the adsorption
capacity of Ag’ reached maxmum at pH 5.5, and adsorption equilibrium was reached within 2 hours.
Additionally, the adsorption behavior of the cardanol aldehyde-amine resins was well fitted with the
Langmuir isotherm. Further results showed that the adsorption kinetics could be well described with
the pseudo-second-order kinetic model. And thermodynamic studies revealed that the adsorption
process of Ag" was endothermic (AH>0) , entropy favored (AS>0), and spontaneous ( AG<0).
Inorganic salts in the solution had little effect on the adsorpty capacities of Ag®.The adsorption
mechanism of Ag" was mainly attributed to chemical adsorption, that is, Ag" would coordinate
strongly with amino group or hydroxyl group, and exchanged weakly with amino group in resins.
Moreover, the desorption and regeneration processes were easy to carry out using a nitric acid

solution.The adsorption-desorption efficiency of the resin was over 90% after four recycle.
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JREZE 107 Pa.

2 R 55He

2.1 AR PIERRIE
J12 R B SR Ty e A O R | T 5 22 SO UM 4 SR SO T il A, e — 2R A M ik R R R AT 1 58
RN g AR R AR SR g 2 R T AR Bl 1 A 2 2 A =
OH

—NH(CH,),NH(CH,),NHCH, CH,NH(CH,),NH(CH,),NH—
CIS H25731
PCD
T
OH OH
—NH(CH,),NHCH, CH,NH(CH,),NH—  —NH(CH,),NHCH, CH,NH(CH, ) NH—
CISHlﬁfS] C]5H2;731

CH, PCE CH, PCH
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B, &S FE B o E R C N F O, 3 H €, N_F O, HL 77 XPS 3% F#8 HA 1 N JLH &R g
FRHEFTAR C N O JEFHEA R T [F— b2z A5 TR /T (EA) 25 R bl /R , PCD \PCE Al PCH B
B N(O) S50 1.64%(9.55%) 1.51%(7.87%) Fl 1.42% (7.72% ) , Al {5l HE (258 ) FL &7
4 1.2 mmol-g™'(6.0 mmol-g™") 1.1 mmol-g™' (4.9 mmol-g™") F1 1.0 mmol-g ' (4.8 mmol-g™").
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Fig.1 XPS spectra of PCD, PCE, and PCH resins

2.2 WARAI KL RE

5 3 W R RS P 8 K T A 2 VR A R 1 R PR BRI T R RO IR R4 B AR D Y 5
B, FEAHA /N> Zr 4 BRI PR T i g < o 8 5 I P % TR o 5 A ) T 8 i W i D) RE
VAT FR A FH 25, AT B2 e PR D X < T 2 O 41 . e 8 B SR 5 T g s 97 7 v ) 3 A A 5 L5 A
DIRHISR, 3 B AR AR A0 B A PR RE (I A BE i) ane 1 AN 2 i AR 1 TR Y IR — TR T
3 BB IS AEA MLV P AT I PR BE AN [R] , B IR £ JC K 1 b A ¥ I R e R, A 1E 2 068 P BRI K EE A /)
BV ] 8 A P 5 P (T AR AR R AR 850 o R 2 vl TR R iy 5 A M RS A
VAT, SRR AT S B R AR TS SR 2 n] T, BEE TRLEE B T, 3 AR IR 7K P A ¥ I RE 0 K.
DA A i L 7, 91K 3 BB, AR TR RN 1 I R PR B, AT R TR A 9 A
PERE. LA, 3 BB BT [ — A I Ik R RE D PCD>PCE>PCH, W] BE A AR 14 43 25 H4 AN R) T 24



1144 R /INGEA e RUBR By RE R AT Ag™ A I B 1915

R 3 FARLEA [F)PAGR P RGO I PERE (298 K)

Table 1 Swelling properties of three resins in different solvents

Rg CHCI, THF CH,COCH, CH,C00C, Hy CeH CH,CH,0H
PCD 1.16 1.17 1.08 1.12 1.00 1.24
PCE 1.12 1.14 1.06 1.08 1.00 1.18
PCH 1.08 1.10 1.04 1.07 1.00 112

K2 AFHEET 3 R BETEK o ik RE

Table 2 Swelling properties of three resins in water at different temperatures

R 293 K 298 K 303 K 313 K
PCD 1.04 1.07 1.13 1.18
PCE 1.02 1.04 1.08 1.12
PCH 1.00 1.02 1.05 1.08

2.3 VW pH (EXT BRI Ag” 52

FREL50.0 mg 5 W08 7 43 & TR, 250 A 100 mL Ag"#R7 (20 mg-L™") , 78 pH {H5-518 2
3.4.5.,5.5.6.7,298 K T4 2 W T, M 3 FIART Ag™ i Mz B 6, 45 2R UL 2. DAIE1 2 AT DL Y,
VAN TR T o VR o et S i e R, W et it pHL S A 35 M e 38 IS BRAIC, 224 pH {ECR 5.5 B 3 FhREAE X Ag”™
AR B0 £ 38 B B K5 pH (R T 5.5 P B G BT AR pHL B AR, E B 120 5 Ag" e g b A3 1k
W BREASE A5 TR X Ag ™ AR B pH R38R S, AR B3 IR T A A A, L FR35E B) fift 8 i 4R
TE T, RS TS BTGP, R TSR Ag™ AOMR R pH (B R, &R B T 2 K e e,
AF T2 B, ARGt Ag™ Fe 082 ok . i i 20>
2.4 W RFRSE [RD X AR R IR BT A g™ 45 e B W B 8 g 2

FRHL 50.0 mg B fi & TR, K23 KRS, BN Ag™ AR, %W pH {H28 5.5 T 298 K 18
TR | A I A A I RS T, R 5T 3 R IR X Agt O 3l 124 AT o SEBR 25 SR LA 3.
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Fig.2 Effect of pH on adsorption of Ag" onto three resins Fig.3 Adsorption kinetics curves of Ag” onto three resins
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Lagergren {fE—Z W i 3l 7122 07 2 lg(Q.-0Q,)=1gQ,—k,1/2.303 (1)
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W HOTHE ~In(1-Q,/Q,)=kjt (3)
TIURL N 10 2 < Q,=ki"” (4)

A, ¢ IR BT E] (min) 5 Q, AR BEXT Ag™ (49 1 02 B £ (mmol - g™ ) 5 Q, S R FFTAFH] ¢ BARERE XS Ag™ YW
BffHE (mmol-g™") 3k, (min™") .k, (g+mmol 'min™") . ky(min~")  k,( mmol - g™+ min~"?) Ay W Ff} 33 K H %L
h(mmol - g™ " min™" ) Sy fy W BfF o 3 4
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Table 3 Kinetic equations of adsorption of Ag” onto three resins

Bl MO 3 )2 WEZ ORI %0 WRY BT ORI T e

PCD  1g(Q,-0,)=—0.829-0.0084¢ /0, =100.6+5.639 -In(1-Q,/Q, )= 0.01781+0.289 0,=0.0144¢2+0.0197
PCE  lg(Q,-0,)= —0.862-0.0076¢ 1/0,=136.7+6.2331 -In(1-Q,/Q,) = 0.01621+0.247 0,=0.0134¢2+0.0095
PCH lg(0.-0,)=—0.881-0.0063: /0, =210.6+6.908 -In(1-Q,/Q,) = 0.0136:+0.174 0,=0.0121¢2-0.0010

R4 3 MRIEWH Ag 1B 1A SR

Table 4 Kinetic parameters of adsorption of Ag” onto three resins

M~ 2l 2R it Uiy VAR O R RO R
0

Wik 0/ b/ 0/ hy 1% by by

" (mmol+g™") -1 ~l—| R? -1 —21 1 R? -1 -l ~3—| R —T . _1/2 R

(mmol+g™")  min (mmol+g™") (g'mmol™“min™") (mmol-g™min™")  min (mmol+g™*min~ %)

PCD  0.179 0.148 0.0193  0.966 0.177 0.316 0.995 0.00994 0.0178  0.982 0.0144 0.967
PCE  0.161 0.138 0.0175  0.959 0.160 0.284 0.996 0.00731 0.0162  0.968 0.0134 0.956
PCH  0.147 0.132 0.0145  0.967 0.145 0.227 0.998 0.00475 0.0136  0.973 0.0121 0.976

MF 3 5k 4 FTLLE H, Lagergren 1 20 [t 3l 2= 5 #E Xt 3 R AR W B Ag™ 3l 2= ad U6 1Y
FAOCHESRAF (R?>0.99) , HWREHE BT (Q,) 5EEHE (Q,) AEF LI, /T LUE 3 MR AEXT Ag™ A
WA BRI Lagergren 1 — LI 31 J1 2 ) B, 5 40 0o FIRl— G @ B T, 3 R IR Q, K2 k /ey
i PCD>PCE>PCH,, 3 15 52 56 0 45 1) W [ 2y g 24 45 5 — 3, ULHH 3 Fhb R X Ag™ Y545 %5 =i 1 W Ff 2, g
M#:fE PCD>PCE>PCH.

W B R AL G 3 25 TR« R BT 2 Ao VR R ) S R i ) T YRR 0 ) 5 W B o DA i 2 T R A A
JIg PRI (UKL P40 ) 5 82 RF T3 7 A B A7 6 R AR i 2 F PR B 52 7 ) . R o 7 v O S5 7 R 3R A P, A 2
Ay W e A 1 s ) A DR A A 38 5 B T Y FE ™ BRI B P B P 3R 3 RN R 4 A5 TR
PO PR O R LA R A LR et R AT (AAE o IR A R AR XT Ag” W B i AR
IR B Y Bl A0k P I s 1 Y TR A2 A R S R R
2.5 WG Ag NI RE IR B Ag” A M B W B A TR

FREL 50.0 mg £ FAE 6 43 B TR, 20 BIA0A 100 mL 1) Ag bRk (4.8.12.16 .20 24 mg-L™") ,
S1oMAESIREE S 293 K 298 K303 K #1313 K, %k pH B4 5.5 MEIRIRG B 2 WP 3 — 20058
3 PR XS A" BT ] 4 RS BERRXT Ag™ MM B S5 IR 2k, vT LG, — D7 T B W1 46 Ag” VR EE 1)
B3 BEAERT A" AW B R B 3G 3K AT R R TR S RIS Ag VA A TSR T 20 Ag R
PRI > Wi REEFEA S A" b L3R4 K [R) At P 1) A 0] W BRF A 1l A% 2, i B 154 .
i — T T it R L B T, 3 IR A X A G R R R B R, Pl T R g R e R G R
LR 5 3 T g A R IR B S R A AR AT 5 D 0 W o 3 Rk v A i 1 Y B M BB A (% 2) BT RR R4 T
BRI 25 BRI 2 3K, Ag” BB Gy AR Aig P, LW B+ 34 . W] BHE AR R 25448~ PCD PCE \PCH
X Ag™ 1AW B R AR R /I, 5 SR o 2 S %) PR T BB 3 AR AR 1) o0 T A A A I M RE AN ).
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Fig.4 Adsorption isotherms of Ag" onto PCD,PCE,and PCH resins

*H Langmuir (it 5) .Freundlich (;—ct] 6) 1 Dubinin-Radushkevich (:—Et 7) N Bt S5 1R 7 FE 0L A SR B AR
P (B 4) 451 03K 5.

Langmuir 2550 ft 77 2 . €/0Q.=C./Q,+1/(K.0,) (5)
Freundlich 253 W% B 7 2 . 1gQ, = 1/nlgC,+1gK, (6)
Dubinin-Radushkevich W& B 4576 52 . InQ.= InQ,—B - &’ E=(-2B) 03 (7)

K, €, R R Ag™ HEBE (mmol - L") 5 QA A AR A (4 R B2 ( mmol - 7' ) 5 Q,, AR AR A 4 N
Fff & (mmol - ¢™") ; K, A Langmuir % %% ( L-mmol ™) s Kl n & Freundlich # %5, 43791 55 W o 351) B i o6 AR
W BRI AT 5 B R H R, SR REAT ) (mol®T72) s& K Polanyi W 1LAE[ e=RTIn(1+1/C.) ] ;R N UKH
008.314(J-mol “K™") 15T AN L (K) s £ R F 340 B RE (k) -mol™ ) .24 E>8 kJ-mol ™", W fff i) 7 18
TEAL 2 B 17 E<8 kT ~mol ™" W2 FRF1k o2 DU g oy 24 57 o 2%

H 2 5 B0 T 0, AN RIELE T Langmuir W2 45 IR B2 A AHOC R EL(R*>0.99) ¥ 1L Freundlich W45
HEITFE(R?>0.91) \D-R WEFFFEEE TR (R?>0.96) 051545, ULEH 3 FIBARXT Ag” i mi BFF 341 4 B 00 22 W
B, EL Q, Bt 55 Wi A3 88 s 86 K Py b 4 5 S i 8 SR — B0 W] e 6 5 808 7, D-R OB S5 AR LA
FEsR i E(EI KT 8 kI-mol ™, ULHH 3 Rl BEXT Ag" Wk i 2 32 B2 S Al 2r W
2.6 TEEXTR BRI Ag” )R e B W B 2F

WA 22 R SR e R (8 o)

AG= —-RTInK (8)

InK=AS/R-AH/(RT) (9)

R K ARS8 W BGR SRR B(8.314 Jomol “K™') ; T AZXFIRE (K) . LA InK XF 1/ T 1ER G
PTG RIS T 225509 T35 6.

2 6 BE WoR ,AG Y 0E, UL 3 RS RT Ag B R g 1 S e, L IR A R B ) 1 kR
FEACAS S IE(EF AT Ag” 1M BFE A M o A B B e PRk R4 AH 420 IEAB W 3 i A Xt
Ag " R 5 Ay i ARG A T ) R B 3k 5 9 B T v S S5 o 9 1 25 SR A — 0 3 R B R
Ag" B9 AH {H¥7E 35.06—44.33 kJ-mol ™' Z [A], F WML Bt LAk 22 Bt £ 55 41, g3 6 Kl nl i,
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[ —E BN 3 A IR IR Ag™BF AG . AH Fl AS {EAS[R] , 3X 1T BB 2 AR i 19 D) 58 35 141 25 5 S I 14 e AN []
iEse
RS 3 MBAEH T Ag”AY Langmuir  Freundlich FI Dubinin-Radushkevich 25 5 W& B 7 F2 5 5

Table 5 Equations and constants of Langmuir, Freundlich and Dubinin-Radushkevich

isotherm for adsorption of Ag” onto three resins

Langmuir Freundlich Dubinin-Radushkevich
i T/K 0./ K/ " K, ] o 0./ £/ @
(mmol-g™")  (L-mmol™") (mmol-g™")  (kJ+mol™")
293 0.221 16.72 0.997 0.491 1.808 0.967 0.0379 11.11 0.994
PCD 298 0.238 31.71 0.995 0.512 2.196 0.989 0.0473 13.46 0.993
303 0.267 67.12 0.997 0.620 2.579 0.917 0.0795 15.32 0.963
313 0.280 86.56 0.998 0.659 2.712 0.940 0.0893 16.76 0.979
293 0.207 12.97 0.993 0.424 1.756 0.991 0.0270 10.89 0.993
PCE 298 0.222 23.44 0.997 0.472 2.077 0.987 0.0382 12,51 0.995
303 0.250 50.81 0.996 0.557 2.480 0.945 0.0625 14.70 0.979
313 0.252 69.61 0.998 0.553 2.714 0.962 0.0641 16.39 0.994
293 0.206 11.54 0.996 0.434 1.659 0.977 0.0264 10.40 0.995
PCH 298 0.211 20.72 0.996 0.473 1.918 0.954 0.0376 11.71 0.989
303 0.235 39.05 0.995 0.510 2.364 0.969 0.0501 14.10 0.992
313 0.248 64.85 0.998 0.566 2.581 0.929 0.0664 15.68 0.973
®6 3 FARIHT Ag AT E SR
Table 6 Thermodynamic parameters of adsorption of Ag” onto three resins
. K AG/(kJ-mol™") AH/ AS/
293K 298K 303K 313K 203K 298K 303K 313K (klemol™') - (JemolK7')
PCD 1.52 2.53 35.06 124.5 -1.01 -2.30 -3.17 -3.58 35.06 124.5
PCE 1.21 2.05 41.30 143.9 -0.46 -1.76 -2.93 -3.38 41.30 143.9
PCH 1.03 1.70 44.33 152.8 -0.06 -1.32 -2.56 -3.14 44.33 152.8

2.7 AT TCHLER X IS R Ag B

ATV T LR T 7 LR TR A, T RE 23 B 0 W R X Ag Y 25 BRATCR. 22 0K 3 RIS A A
100 mL7% 0.001,0.005.0.01,0.05.0.10 mol - L."'NaNO, Y 20 mg-L ™" Ag" & ,pH {E~ 5.5 T 298 K [HR
P& 2 h 5 AT TEHLER VR XA B W B A AR ) BN 422 B 3% 07 3, S5 88 T Kk ik b DR TEHLER BT g
F €17 \NO; .80, .CO,* .PO,*(0.001 mol+L™") XM BEMEIH Ag® FORZIR , SCUGLY S UL 7 AN 8. MK 7
AT LI, NaNO, #EE 0.001—0.10 mol - L™ 35 FE ARG X Ag™ i M BRERE AN . 26 8 M 26, Mk 4%
P K WA JCHLBA B 1 (€17 \NO; .S0,% .CO,> PO, ) ¥R XIS W ffF Ag™ BT 880 A K.

RTICHLEL NaNO, e JEXT 3 FhR R BfE Ag® AYEZIA (mmol g™ )

Table 7 Effect of concentration of inorganic salt NaNO, on adsorption of Ag” onto three resins

Cravo,/ .
- PCD PCE PCH
(mol-L™")

0 0.179 0.161 0.147
0.001 0.178 0.160 0.146
0.005 0.177 0.158 0.143
0.01 0.175 0.156 0.142
0.05 0.173 0.155 0.141

0.10 0.171 0.154 0.140
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R 8 TCHLERBES T X 3 FAIRILMT Ag™ AR (mmol -g ™)

Table 8 Effect of inorganic salts anions on adsorption of Ag" onto three resins

(e PCD PCE PCH
NO; 0.178 0.160 0.146
cl 0.170 0.153 0.141
S0%" 0.175 0.157 0.144
co% 0.177 0.159 0.145
PO 0.173 0.155 0.143

2.8 PR A FIMLELAFSY

3 ol AR EE R Py T AR G R T A 4 R B SR e B AT ) A B A0 R W B RE X Ag ™ AR B 32 B
FE2EW B R T B E— 2B WE B R RF A BOAILEE , 588 T IR Ag™ HiTJR AV TR pHL fHL, L JZ A IR Y FTIR
TEEURT XPS 5% & A AR AR O 23 5000 5 7 W BRF R S5 VA TR % pHL (AL, 2 B0 M 750 1 5 T A I O o A S ¥
T pH (EIA AL, BaIA R B R &R T HY 5 Ag™ BB Ve, JE R AT BE S 55 BRPE (pH {0 5. 5)
AT RRE LA ML T IT 5 Ag” & AR B A i 8 [RIBHIN A PCD PCE \PCH #4511 25 -3 #
W Bt 243931 4 0.005 ,0.004,0.003 mmol - ¢ ™", BV & F 22 ¥ /E HI K/ PCD>PCE>PCH, Jf HiZ 45 5 558
6 A5 A5 R0 RN B (0.179,0.161,0.147 mmol - g™ ) AHZEHA FBAM R X Ag™ (1S T3 A 4055,
PRI Ag' 5 FTIR R LI 5, SRR FTIR 35S Hedeis s MR Ag' )5 , M b 3444 cm™
AR vy o WIS B S AR B, LRI B0RS B B
1384 1269 em ™ Ab I FR L By e o W0 PR
i, LI 1080 em AR vC_N[ﬂqﬁiﬂ@jZl cm ALY
N—H ZEJE % ) W Wi it gk 1) 55 5 650—400 em ™' X
BT N—M  0—M AYRFIE IR S0 | X SEA 13
BT MR R SE FNR FESE AT NLO TS5 Ag" kA4
BeAIHE L. S 40, g o 1650—1500 em™ Zb A FR 48
B v MR 5L B — i s | SR BAM AR A9 N O R P S R T RS S

3500 3000 2500 2000 1500 1000 500

B /%

T5 Ag" Bl AL BCHE IR, BT ORI I N 2R R B Jem”™
gh' ) R FE 1000—650 em ™ KIA y o K B 5 RIS Ag' I FTIR %0

AT AR AR A6 FTIR 2B 25 3 U6 B T AR g b e 3 |
I N O SN Ag™ 1) =0 A .

REREW R Ag™Ja B XPS 15 & (B 6) on , bt Ag™ [ MBI A S A C N A1 O JTE i H I Ag 7T
R, IR Ag” TR TG . A A B A TS 19 XPS 15 & &30, WM S B IR 19 C 10 )L P AN
KA, BEIH B Ag" TG WIS R C IR AL 2R 5 A A ], B C IR F AN S S5 B SO 1 N,
0, 15 KA ALRS UL N O J5 2 SR Sy, HEDIE B Ag" i B R BRI L RS 5 T A
ﬁ*ﬁ[%] .

N, FFERYE (pH (M 5.5) 50T, MM IR INA Ag™ VW, e 3k e /R 5 R AU E I R A5
G, RABCHAE RIS 2 | A T A/ A e 8D O R A IS R 2 1T N i 0 & A Ak 244
X 5 S pH ERRAR A LI 45 AT ARYE N, O JR 74544, R E A1 K42 71l gtk
BN ARG BRI B X 0T Ag” B, HIRANZ 2 4454, Ah 223 BB Mk & 45232 9106 L %, T LA
ARSI RS MR I P G N L O - A IO fL 73800 1) A" I S FLiB#6R8 )5, TR L T N—Ag.
O—AglC A5, Bl N O J5FAM2 %2 BE AR, Rk AE s , N 2B a5 SRt in, BRI N,
O, i ) R4S A RE R AN RS % s 2, Ag ANZ H T4 FERE N, B ik A 1G5, JHC P J2 /i 7 B 485 5 B DK
/N, Ag i 3d° 3R mIREE A Re R AR WO S RAE b Agt 1y 3d° 3T FAE G RE LIRS A AgT Y
3d° 3AHLFLEAHE(374.2 eV . 368.2 eV) BRI AR, iX 5 FT-IR #2855 — S0 Beobh, LB Ag” /TG
BEIET N, .0, M Ag" 1Y 3d° 3L FEE A REMARLIE, vT LA B IE DRESE 2085 Ag" LA /E 2

Fig.5 FTIR spectra of three resins after Ag” adsorption
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PCD %5, PCE W2, PCH %55 , 1X 0] REJE W Ii5 1) S REJE A1 5 f5 R B R RE O AS [ BT 5 B0 phy e ] L
I TR PSR I TR AR D X A ™ PR TRE R AL B S A A IR R, AR L A e RS S A 1 AR I AL 3
TR 4 O P R 55 1 B8 - SS eV E IS & Ag™ ARHE LA A0HT , IR LR Ag™ i B L& 7 .

PCH-Ag" 532.49 015\ 400.33/ Ny

373.91,368.06 Ag 3d’,3d%/
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% |PCE-A 53258 Q1540007 N
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- 373.85368.0 Ag3d3d¥ —————
e 0 400.24
PCD-Ag 53232 1N Nigy
373.8,367.95 Ag 3d° 3" |
L 1 I 1 1 1 L 1 1 n
1200 1000 800 600 400 200 0
25518 eV
_ — (c)Ag3d’3d’
~ (@O Is (b)N 1s (©)Ag

532.49 400.33 373.91 368.06
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PCE-Ag* PCE-Ag* i f E PCE-Ag)r\ A
532.32
400.24 3738 367.95
PCD-Ag" PCD-Ag" PCD-Ag” N~ /b
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Fig.6  XPS spectra of three resins after Ag" adsorption
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Fig.7 Schematic process of Ag” adsorption onto resin ( PCD as an example)
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2.9 ik LAREME

SRR Ag” I B 3 FR R AR G BB R TR, O [R) & Y HNO, 39 7 (0.05.,0.10,0.15.,0.20
0.30 mol-L™") ,25 ‘C MEMRIRY 2 h J&, WEERH Ag" BYBER i, IR DR AR IR e e Bt T 5,
IR B ARG M HISOR , SEIn A R IR 9 Rk 10.3% 9 Bl R W] It 250, W TERT I F 1Y
Ag" By TR, HEGF HNO,#eBE BRI, BB SR da kg . i 2 10 7550, BEF 0 2H YR i, A4 A i
FhF- 5 BEERE 7 £ I I AEL R BRE 3 50 B 384753k 909% LA - T L, i 28 B SR I TR A Al — A ol 7 3
JEURERR A, 7T 2 A fok T A B B A e

R HNOMRBEXS 3 B ARG R R AYRE M (%)

Table 9 Effect of HNO, concentration on desorption efficiency of Ag” on three resins

Ciino,/ (mol-L7") PCD PCE PCH
0.05 86.11 88.26 89.80
0.10 92.33 92.91 93.12
0.15 94.01 94.15 94.56
0.20 95.89 96.22 96.65
0.30 97.07 97.36 97.78

R0 PEIRUCKET 3 FlbRs I A B 5/ 3E B4 Fr) B2 (9% )

Table 10 Effect of recycle times on adsorption-desorption efficiency of Ag” on three resins

PEF AL PCD PCE PCH
1 98.32/96.04 97.52/96.57 96. 60/97.03
2 95.53/95.01 95.03/95.49 93.88/95.96
3 92.18/93.33 91.91/93.74 91.84/94.10
4 91.06/90.85 90.68/91.43 90.48/91.61
3 45

(1) 3 Pl AU I 2 Ty 2 A g X6 Ag™ LA B 00 1 W B i, 2 FT o Sy = 0 4 = i AR SR T 1 AR PR
(PCD) > i BUER yEA AiR (PCE) > W BRI AR (PCH)

(2)pH {E>H 5.5 1,3 B R (4 W2 FRE SR S5 Sy 2 h 5, W B 328 381146 5 W Bf 2 0 2 i 7 o B
Lagergren 2% W [k >R 5 R R4 ; SF TR W BRI #2476 Langmuir WEFFARARY | FHEAG F) T 0 M 617, HL
W B 3k A A AR Y ] A R

(3) MR A 22 W B 32 5 s R LR RE I FRIE S A" & A R B LA A F AR 55 1 B - A e
YEM.

(4) 2R FHAHBRAE ]y I RHE] , B R ME BRI, 2 2R AT A SRy — 25 e 5 A e R B Ak
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