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T E LARZLZRE(SS) R BT AL 2,5- B IR T et 22 AR M R (SO) IR T R A
W R IR 2R, I3 U ISR T AS IR 2R A W BRI Ag ™ B FEA T 5 SR B 7E pHL 1.0—6.0 5 [l , W %
Rt pH T i3S K AR ST, SO W BR 25 62 A0 0 B S5 B B A8 1 SS, 7E 54l 4 Ag™ W W P, pH5.0 B, SO 1
SS Xt Ag” AWML B 34351 R 96.29% Fl 57.8% , W BfF 75 52 5351 47 20.8 mg- g™ Fl 12.5 mg- g™ . FE =414 (Ag"-Cu™ -
Zn™) KA Sr (Agt-Cu™ -Zn® -Ni** -Pb™ ) I 1, SO i Ag® s H R ) R ke B . pHS.0 A, SO St 4
J B TR DGR T X Ag™ FA R B 243 5] 5 35 95.89% 11 93.7% 5SS A %o B W 4 J B8 1 i 2-th A {1 4L G
X Ag” BRI HRANN 25.4% F1 23.7% W 3l 7272 W1 R BESRINT Ag™ B A5 o 3 7 A AL IR Rl AR
Ak B W B ARG AL AE E,(SO) = 43.23 kJ-mol ™', E,(SS) = 59.32 kJ - mol™". W 8 7 27 35 BH W i 5 72
A A &SRR, 25 C LB P A, Ag” 7E BV AR I /3 BL R B0CR KG) (SO)= 5111, K}y (SS)=273.S0 Xf Ag"
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Selective sorption of Ag® on chemically modified silk sericin

ZHANG Sijing' WANG Yongping' ™" AO Fengjiao' ZHAO Junxue®
(1. School of Science, Xi'an University of Architecture and Technology, Xi'an, 710055, China;
2. School of Metallurgy, Xi’an University of Architecture and Technology, Xi'an, 710055, China)

Abstract; A silk sericin-based novel bio-adsorbent, named “SO”, was synthesized by immobilizing
bisthiourea ( BTU ) ligand on silk sericin ( SS). The factors which influence biosorption were
discussed and biosorption behaviors towards Ag" along with other coexisting metal ions were also
comparably studied by batch tests. The results indicated that higher pH favoured biosorption in both
single and multiple metal ion solutions in pH1.0—6.0.Biosorption efficiency of SO was much higher
than that of SS under the same conditions. In single component Ag"* solution at pH5.0, the adsorption
efficieny of SO and SS was 96.2% and 57.8%, and adsorption capacity was 20.8 mg- g ' and
12.5 mg-g™", respectively. SO exhibited better selectivity than that of SS for Ag" over other metal
ions in both Ag"-Cu*-Zn** and Ag"-Cu*-Zn>*-Ni**-Pb*" solutions. Both SO and SS adsorbed little
coexisting metal ions at pH5.0 in both systems.The adsorption efficiency of SO for Ag" was 95.8% in
the former and 93.7% in the latter solution, while for SS, the corresponding values were merely
25.4% and 23.7% respectively. Biosorption kinetics revealed that adsorption of Ag® obeyed the

pseudo-second-order equation, which indicated that adsorption involved chemisorption. The
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activation energy, E, for SO and SS were 43.23 kJ - mol™ and 59.32 kJ - mol™' respectively.
Biosorption thermodynamics showed that biosorption process was exothermic and spontaneous. The
partition coefficients( K} ) between biosorbent and aqueous phase at 25 °C in equilibrium for SO
and SS were 5111 and 273 respectively. Possible mechanism of biosorption mainly contributes to
coordination through the thiocarbonyl group, and intraparticle diffusion step is probably the rate
limiting step in biosorption.

Keywords :silk sericin, 2,5-bisthiourea, modification, selective biosorption, sliver.

A R R RRECR 8, ARG, A A RS e SR A, 7 SR 4 B DR 9 A2 B R I AR
FE P At 5 4 A0 A T BRI 5 B A o T i 4 A, RHR LT TR A R RSN L i SR A
2 Y INZ R FAE SR 1, & SRt R I DL SR RE AT, S EAE % A W B R R
FESR 220 TR 22 R (A, 221 K 22 Btk /K HEil , RETR 2% T 96U, th 55 5 | 2 K I s 8 374k 31 S
kAR B BR AT 5 T2 IR T AT o R B A AT L A 5 T 22 B T SR £ F
XIS RN, 22 A R A= W B 00 B R 98 I R 2 Hyo 2504 BF 98 T 22 e W R Ak v Ce (VD) |, el ]
ik 70% L) |.Chen 255 BB 7 TLZH 43 (Au®-Co™ -Ni** -Cu®* -Zn* ) VTR P, T 22 22 [ 3of Au”™ B BT
(R R e | T 22 JEAE 20 (Cu™ -Ag”) TR Ag” WA B I, 5 AR TR S R 9 45 L ARIA O

PRI, 488 0 22 %o A g™ W B 5 i R R R 3, ot 4R %) Tl DA B 24 e 1) e WAL R P LA B 2 S
AR SCUATR 22 2o e R HEA SRR 2, 5- T IR 22 e, RIS TR e A T B G TR 2 X LR AR AR T
22 P S AE 22 A0 B AR R Ag ™ I PR BE  F X IR BB R T T 3B

1 SEHGHR 47 ( Experimental section )

1.1 MRS

el FNEEARE R 2,5- 6% R (BTU) N, N-—H ZH EE i (DMF) AgNO, . Cu(NO,),-3H,0,
Pb(NO,), Zn(NO,) %, A4k s Hraf.

B BB 4 2T NI (TR-21, H AR B i) IR 43 66T (Sollars2 , & & Thermo ) |\ JTZ 44T
¥ (Vario MACRO cube, f[E ELEMENT) Zeta {71 (ZS90, %< E H/R30) , fHEYR 7 %% (SHA-B [E1E).
1.2 A=W B 500 il £

2 (SS) BEHU FREL 13.0 g A VEWE T, BT 1 LA+ A 700 mL 55 F/K, ik 2 h j5id
UK IEDEE Thedr T R FAS IR B 2 IR IETRIR G5 5 W4 65 °C T TG fF B

HCPEZZ I (SO) il 45 SO A WL T 3 22 5 36 1 1 4 35 A1 4 3 03 o A0 AR B A S T e 7 6 35 I
AL BTU AL, A U A A&l 1 Fos.

(1) &I

FRUL 3.0 g 228 T 250 mL = B HT, A 90 mL 2585 F /KA H 5 A0 ik 5 A 60 mL F B,
FEGEIZIE N 15 mL HEERT 4 mL 2R HEE T 60 CHiHk IR N 4 h. A 68 mL 5% NaOH 120 mL HIEE,
PR¥F 60 CHEFEIEI 12 ho B0 008, Je DL I, 4k D) 25 38 ok ki, Mt T4 .

(2) 2ZHk

B ER Y E T 100 mL = HESHES, iMA 60 mL 5% NaOH, THEZ 55 °C %M E %% 15 mL,
LR 8 h,45 CHET 4.

(3) FERk

FREUZEE =9 0.5 ¢ T 100 mL = 88, filA 0.8 ¢ BTU,50 mL DMF F1 0.8 g BEREN,65 °C ik
B3 10 h, DLE B KB, M.

(4) AW

BEr= i BT 2% HCLHIR 12 h 5l i€, DLk vk, 50 C L.
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Fig.1 Preparation route for SO ( Hypothetical structure is shown, where “SS” stands for matrix of silk sericin)

1.3 MRLERAE

K KBr e 7m0 A S B 206 AT R 7 A O SS B2 SO 1 C NS Fr i i AT IlE | >k
HEIRSC Zeta AL E AR pH T AL Y Zeta HLA.
1.4 WERHSESS

FREC— s 5 B39 SS A SO B F 100 mL = fAkeifi , IA T Ag” 1.0 mmol - L™ AgNO, ¥ 20 mL,
TE R IR , 28— B 1] [i] B BEORE b 0, R0 P W S0 53 D' s B 00 R B T J W v A 5 i, 5 58 IR
WHTIEﬂ\pHJ]ﬁW S5 ek LA S %o R o ﬂazé Efﬂril

25 %?'rﬁﬁﬁfm 15h m#ﬂaﬁ,{mlmaﬁ@*% Eh&&?ﬂ’w&ﬁ %,T\ftfgéﬂéa\/m«z(,ﬂﬂ & Ag
61.8 mg-L™' Cu®* 77.5 mg- L™ . Zn*47.0 mg- L") R AA4 FHABKMRE R (Hh & Ag
62.0 mg-L™' .Cu™77.0 mg-L™" . Zn>"46.0 mg-L™" Ni**60.0 mg-L™" . Pb>* 124.0 mg-L™") A i W ffk e 2.

LA 1.0 mol - L™ IR AT 1.0 mol - L™" Wi R TR & WA Ry Mt MR, B 3R MR Ag™ JR 9 1 13 SO & T
100 mL=AAFMH, MA 20 mL fENHE ,25 °C MEIRYRY 8 h HURELL U, 0 D8 b 4% 46 e B 7 n ik i
DAy i 82 358 S . 50 5 W o - 00 B S 8 4 %, W0 4% TR A I B 23, BF 0 SO i 5 fof FH ki

1.5 WA
W o 710 0 o 5 e AR B e T XA
(CO—CE)XV CO_Ce
qezT n= C, x 100%

K, g, H AT RN 2 (mg-g7') , Co N B BB FRIRIREE (mg- L"), C, N4 @ B T 1 vk i
(mg-L™") VRV RARFL(L) , M AW i (g) ,n AWRHER (%) .

2 5 51718 (Results and discussion)

2.1 AHRIERTE
2.1.1  FTIR YGi%43#r

LT AN AT 5 PE B AR A 1 Wi o 590 25 1T B AT (A A G £ U8, SS A SO T e &l 2 Fiw, Bl Hh
3300—3500 em™ A FEIEE O—H K N—H M4 IR 515.2937 cm™ Fl 3446—3288 cm™', 43l Bk A
FIEERE B /) N—H 4580014, 1641 cm™ (1655 em™ A EEME 1 3547 9 A0 C =0 A9 45 Ik 3h 1% | 1530—



7 K SRR | AR 22 i A W R R X Ag ™ B TR P I B 1519

1570 em™ g kB 0 3 b i) N—H 11 P9 A i 3% 2y, b 3R 0607 55 SOk [ 8 i 35 11 Tk e 5t 06 437 4H 4.
1400 em™ fy C—N BYMP4EHESNI% 1242 em™ ) N—H A925 fh#R3h1% 1071 em™ (1076 em™ 5 C—OH ()
TGEIR S AT 5SS B4 BTU J5 B T B M Il 1161 em ™ALL T C—0—C (IR4aHR 3h% 872 em™
TR T C =S RIM4E PR3N, B SO 5 ¢ =S MIFFEHE, 1460 em™ LT C—N AY {1 45 3% 51 F1
N—H 25 {h 4R sh 241 & 7= A AR BRGS0 ol L, A= e BEE 500 2 NS 25 B fig A 1) &85 g e i i o
Job C S A FH R SR 4 B8 1l T e
2.1.2  Zeta AT

SS 1 SO 1EA[H pH [ Zeta HLA7 78 T 3.7] UL, SS (%5 240 3.7, 5 Voegeli! " S84 18 B AT,
SO A% HL 2955 SS A TRRAIR , 20 3.1, pH AR T 55 s i, A= 40 W2 o6 591 6 i B B T ) Jo Ak 4 HG Ay 1 v
g, A5 R T3 Ao A PR O R s A T B . pHL B T A5 RS A A R B R R T T R A, R T
3 38 7 LR FE R B T v 4 P

SS
1071 S
2937 130N a4
>
R 1533 Z 0 |
31 3446-3288 87 = 9
2 % =
E 1161 1076 'g s
g S 5t
@ 1460 g
= g
= g -10 -
S
—15 +
! 1 L 1 1 1 L 1 1 1 1 1 L | r
4000 3500 3000 2500 2000 1500 1000 500 oL .
Wavenumber/cm™! P
2SS iSO MYLIAMEIE B3 SSHISO fEANN pH Y Zeta HL{Z
Fig.2 FTIR spectra of SS and SO Fig.3 Zeta potentials of SS and SO at different pH

2.1.3 JCEMT

JUER AT AT 5E B4 B A= 0 W B 50 1B BE T A G JC R Y 2 1. SS M SO JUE AT ZE R LR 1,88 &
N 13.45% , 5 3CHk[ 11 ] #RIAAY 12%—14% A0 ,S SN 0.254% ,SS F5IAT BTU J5 SO 1 S i
EE 2.031%.

*R 1 SSHISO TLENIES

Table 1 Elemental composition of biosorbents SS and SO

7 B 351 JLE NS elemental composition/ %
adsorbents C H N S
SS 39.86 6.033 13.45 0.254
SO 40.01 6.108 14.65 2.031

2.2 W Rt R s R R
2.2.1 WL RS ]

25 °C, W R R XoF 2 B 550 IR B A R SE M AN 4 7. T 4 AT DL, 24T 2 h PN I B R AP, 15 h
FEA TR B [P AT, SS A1 SO X Ag”™ AW B3R 53511 57.8% Fil 96.2% . W [t 75 /43 510 12.5 mg- g™ FlI
20.8 mg-g_l.

22,2 WRRHRE N

W RS S8 X A W B 23R AR B 25 s R s i s 1 5. T S R UL, Ag™ 118 I I 3% I 5 TR RS 7510 43
FyBE AT, S HnEh 5.0 g+ L™, SS F1 SO XF Ag” A kR3]~ 58.5% 97.1% W [} 5734 % | A %%
L 2 T RRURITIRE A7 o 18 22 2 o 23 - v o 25 kD ot 45 e 348 Jon g i/ . 8 o 70~ i WO o 550) 3% 1T ) 7
BRI T A7 553 o 4 O R o PO 7 25, T B 2 430 M 14, A 8K R B R0 e TV MR s M 2 (R TR AR iR
W2 e 551) 2 T A7 9 BEE A6 B8 AT A 0 3 AR O Joi DI 12 381 0 A R 551 4 T B0 o 5 £ 1 %
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100 122 100 128
120 126
90 L
{18 9l -@-ss(n) 124
80 16 80 ~¥-SO(n) 1n
70 114 = _—A—SS(‘II) i e
o 60 1 & . [ -0-s0@) » s
LN g S L 118 =
= 50 110 < = 60 S
-@- SS(n) N 116
40 18 50+ ]
- SO(1) 16 14
30 - 83(q) 14 40 112
20 - S0(q,) 1> 30k 110
o T S SR Y
0 2 4 6 8 10 12 14 16 18 20 22 1.5 20 2.5 3.0 35 40 45 50 55 6.0 65
i/h Biosorbent dose/(g-L™")

4 WEREFIRFRDXE Ag” MBS 5 0 5 WGRNFRIEIN XS Ag” MR B 14 5 )
(pH=5.0,#mEE=5.0 g-L™",C,(Ag*)= 1.0 mmol-L™") (pH=5.0,1=15h,Cy( Ag")= 1.0 mmol-L™")
Fig.4 Effect of contact time on adsorption efficiency of Ag” Fig.5 Effect of biosorbent dose on adsorption

(pH=5.0,biosorbent dose=5.0 g-L™", efficiency of Ag"

Cy(Ag")=1.0 mmol-L™") (pH=5.0,1=15 h,Cy( Ag")= 1.0 mmol -L™")
223 pH

pH XF I B B Ag™ SE 7R T 6. pH TR, SS SO X Ag™ Iy R B 238 g [ 75 12 328 i 184 K.
XF LGP 3, pH s 45 AT VR B0 70 2% 1 22 97 R ey R T A AR P I pHL IR T A5 RS H ATl
W2 o} 591) 2 T B BE A2 L NS 2B TR T4k, DT VB3 %F Ag™ 14 57 A48 P R0 7 o R T D 3% 0K 8% RF 3] %ot
Ag" IR R T B 1k 48 B DL S AR DIENT ), BB pH =~ 5.0 S B [AI B 7EAHA] pH T, SO %) Ag”
) W2 o6 5 RITIA B 25 v F SS, AP Rl S SO X Ag™ I B RE 7 d 2 48 5.

100F -@-ss(n) 12
90F —T-so(m) %
P B AN ()
20k -1~ SO(q,) 18
cof 16 =~
< sof 14 ;.ﬁ
q0f 12 <
3L 0
20} 13
10} 16
0 : : . . 4
1 2 3 4 5 6

Bl 6 VAW pH X Ag"MIFERAGFZM (¢=15 h, #ME=5.0 g-L™',C,(Ag")= 1.0 mmol-L™")
Fig.6 Effect of pH on adsorption efficiency of Ag*(#=15 h,biosorbent dose=5.0 g-L™",Cy( Ag")= 1.0 mmol-L™")

224 RpE

25—55 °C R EXT Ag W B R A5 A 7 B 7SS 1 SO K Ag™ 1 W R 238 i Yt J32 1) T v T AR K, 36
HF IR B P M T . SS I TR I 57.89% % 5] 50.6% , SO B W2 Bt 2 M 96.29% [ 5] 91.6% , Ak |1
¥ 22 BRI 32 AN K.
2.3 WERfEREtE

25 °C WL R 1] 15 h, 2 854 Y)W B AE Ag®-Cu® -Zn® Fil Ag®-Cu®* -Zn> -Ni**-Pb** IF Wi /& 2 P Xf
Ag" WL R RRE , 5 3 an 3k 2 A& 3 Fos. v] UL, JGie e =4l ik e A4l iR & v, SO B 48 SS X Ag”
B T i W B e R pHS.0 1) SS T SO X%F Ag" WML T pH3.0, 5HTA pH B EHEW 5. H T Ag’
TR 1T SO FIF 2 BB IR EE A 23008, K SO X Ag™ B W B 3R 45 s, T T He 2 BB R Bl 58 SR K 156, W
FRER AR X AR
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100

90—V\V\V\—V
ol  ®ss

--SO
_ 0k
é L
r()o-.\.\H
50
40 F
10- 1 1 1 1 1 1 1 1 1 1 1 L 1 )

25 30 35 40 45 50 55
7/C
7 RN AgT W HPRAGEEM (¢=15 h,pH=5.0, %N =5.0 ¢-L™',C,(Ag* )= 1.0 mmol-L™")
Fig.7 Effect of temperature on adsorption efficiency of Ag"

(t=15 h,pH=5.0,biosorbent dose=5.0 g-L.™",C,( Ag" )= 1.0 mmol - L")

T2 AIE pH A IR = 2 3 RIS B IR R AR
Table 2 Adsorption efficiency of biosorbents in Ag”—Cu** ~Zn** system at pH3.0 and pH5.0

ERET - Co/ Ss SO
Metal ions P (mg-L") C./(mg-L7") /% C./(mg-L7) /%
3.0 50.4 18.4 17.5 71.7
Ag* 61.8
5.0 46.1 25.4 2.6 95.8
3.0 75.0 3.2 74.6 3.7
Cu®* 71.5
5.0 74.7 3.6 75.5 2.6
3.0 43.0 8.5 43.7 7.0
Zn** 47.0
5.0 45.8 2.6 45.4 3.4
R 3 NI pH T A Wy R R 7R 02 0 RIS A W B ASCR
Table 3  Adsorption efficiency of biosorbents in Ag*-Cu®*-Zn**-Ni**-Pb** system at pH3.0 and pH5.0
SRET , Co/ ss S0
metal ions p (mg-L7") C,./(mg-L7") /% C./(mg-L7") %
3.0 53.1 14.4 16.1 74.0
Agt 62.0
5.0 47.3 23.7 3.9 93.7
3.0 75.3 2.2 73.8 4.2
Cu?t 77.0
5.0 76.0 1.5 77.0 0.0
3.0 40.1 12.8 42.1 8.5
Zn** 46.0
5.0 45.8 0.4 45.7 0.7
3.0 52.5 12.5 54.7 8.8
Ni%* 60.0
5.0 58.7 2.2 59.6 0.7
3.0 117.4 5.3 118.7 4.3
Ph? 124.0
5.0 118.8 4.2 115.8 6.6

2.4 W sh 12

R Y 205 3 2 %08 48 7 WS P AIL B R 0 B o R T S B R 28 O E ) %o T IR W AR R, 22 R T —
0 R B A SR W PERESE R LRSS 0 SO R AINAS Ag’ 1K
B T X O < s AR A . PRLe , TR P BRI R SS SO K Ag” BRI BiF EAT 511 27 23 #r

Lagergren {f—20 3l J) BB I R =R

kit
2.303
Kb g, o 2R A i (mg-g™") L, UE—H B 1= D R BOR TR (h ™).
T gl 7= RT3 4 P B e e R R 590 -5 0% R i =2 ] 982 Bl ok HL SR T el R A A L

lg(q. —q,) =lgq. - (1)
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YR S A DAL (I RN - W
L (2)
4. kzqe q.
2 by W R 1 R R R (gomg b ).
HALRE (E, ) X W B s A7 8 22 , R/ T I W i RE LB 28 G TR 28 E, T Arrhenius 23
A5

k= Ae 5% (3)
Eﬂ
lnk=—RfT+lnA (4)

A, B RIRACAE (KT -mol™) , T 54X (K) L R A TR (8.314 - mol K™) .4 4 Arrhenius #
Bk ol 2 B

SR R R AL R0 525 BN 4 TR IR B 7, SS I SO X1 Ag” )18 W3 4
FE G A B R A A S SC IR (R . DL AT USRI, Ag™ 7 AR W)W BR75) SS A1 SO L fy ke e
o T 2 Y,

4SS SO WM Ag™ s fi2 58k

Table 4 Adsorption kinetic parameters of Ag” onto biosorbents SS and SO

B I i =2 pA L e
1085 [ 551 v Pseudo-first-order Pseudo-second-order Activation
Adsorbents k/ q./ ky/ q./ energy E,/
R R? -
h! (mg-g™") (grmg-h™") (mg-g™) (kJ-mol™")
25 0.1959 7.1 0.8519 0.0550 12.8 0.9908
35 0.3144 6.8 0.833 0.1537 12.0 0.9930
SS 59.32
45 0.1841 7.4 0.8684 0.5242 11.1 0.9992
55 0.1210 7.8 0.8928 0.4859 10.9 0.9980
25 0.2252 8.5 0.9549 0.0871 20.7 0.9903
35 0.2616 6.3 0.9451 0.1507 20.7 0.9979
SO 43.23
45 0.2501 4.8 0.9731 0.2599 20.1 0.9998
55 0.2598 10.0 0.9335 0.0780 20.2 0.9947

K1 8 Tz A SS i SO MR Ag™ 1) Ink-1/T JCZ &L, FARFFR W] 3K H 0 B 3k #8235 fL BB E,.SS Fl SO W Bff
Ag* HITEALRE S 54 59.32 kI -mol " F143.23 kI -mol ™", — A K TG AL BE R T 40 kJ - mol ™ gtk 2= Mg 1) |
ST 2 g R —2

_05 -
[ W SS
SO
-1.0} O
- y=-5199.82x+14.989
-L5F R?=0.9983
= 20|
55 I y=—7135.180x+21.079
T R?=0.9833
-30L
1 1 1 1 1 1 ]

0.0030 0.0031 0.0032 0.0033 0.0034
/T

8 SS I SO MMt Ag™ i Ink-1/T KR E
Fig.8 Plots of relationship between 1/T and Ink for adsorption of Ag” onto SS and SO

2.5 R
W2 3t b o 2 A3 T LA I 8 i A 1) T e | IR DA R R 2 TE 7 JE AR AR A O, A )1 2 S50,
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A RAEAGY K2R AH® JAE AS® . AG® Wi P,
AG® =- RTInK? (5)
%, KGR0 e 450, S W ST Ay sl 2 6 i 25— A R O 700 0 VR A 19 43 T AR BB A T 27, B
KR K R RAR 1A TR, T AR BE I G B, Rk K nl s R
Ky = ——
" C.d
A, d WL (grom™) IR d=1.0 g-em™.
A AG® | AH® | AS® =FHZIHIKK RS,
Ink® Z_AG® =_AH® +AS® 7
RT RT R
DA InKy XF 1/T LA THRIT #2580 AH® 1 AS® .
SS 1 SO MEFff Ag iy K . AG® | AH® LUK AS® LSRR T 5, 7T 0L, SS A1 SO Xt Ag* Wi 72
) AG® <0, AH® <0, WM BiHist 72 R igcii ) B it 7.
W Bt R AR AR H T IR S it R AR R . 4 B MVRAR R AR, 232k 25340 [l B, S B
FRJ /1N T B VR o 2o e O B 5045 4 D T R K, S A FR A e
SS W B Ag' i AS® >0, B LR FI Ak S i i L B O, UREA AR i Ag” BT R B, SO
WL R Ag™ 1 AS® <0, BEBRE iR AR S i B2 o5 00, D0 I K Ag " Bl B DA AR 1 22 S AR A R
W SO L SS EAT I B RE.

x 10° (6)

RS SSMISO WM Ag” M TIE S A
Table 5 Adsorption thermodynamic parameters of Ag”onto biosorbents SS and SO

% 64341 ,@ 0 K (¢]
I8 5 /K K© AG® / AH® / AS®/
Adsorbents (kJ-mol™") (kJ-mol™") (J-mol™)

298 273.4 -13.90
308 239.8 -14.03
SS -8.29 18.73
318 210.7 -14.15
328 204.5 -14.51
298 5110.7 -24.25
308 4044.5 -22.60
SO -25.75 -15.19
318 2374.7 -22.17
328 2169.7 -21.86

2.6 MR SO G FIFHIERE
SO G A 1o W B M S i LA VEA | 25 5K T8 9.S0 T4 i FH 4 kXt Ag™ my Mz B R 4>
B2k 96.32% 91.08% 80.46% F1 74.57%. 7] W, ;SO W] SLEL LA I B B4 A 96 4 AE.

100 [
7

90
80
70
60
50 |
40 |
30+
20
10
0

n/%

B9 SO rEEF RS

Fig.9 Plot of reusable properties of regenerated SO
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2.7 MW BRI RN Ag AYBLHRERTST
R Y BB B TR TS B R LB, R AL
q, =kt +C (8)
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