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Abstract

NaCl in De-icing Salt is one of chemical components in soil itself. An investigation on the effects of
NaCl on adsorption of Cd2+* in the Tongren, Qiandongnan, Qiannan in Guizhou province were car-
ried out using isothermal adsorption and Kinetic experiment. 1) The adsorption behaviour of Cd2+
was different when NaCl was added into solution. Under the action of NaCl, three regional soils
adsorption capacity of the metals were lower. About different metals, the adsorb ability order of
three regional soils was different. 2) Under the action of NaCl, the desorption rate of Cd?* was from
8.69% - 43.3% to 17.5% - 54.1%. 3) The more suitable mode for the two types of solution in three
regions to adsorb Cd?* is Langmuir mode. The low concentration range was suitable Henry, but the
high concentration range was suitable Langmiur. 4) Elovich equation has the highest correlation
coefficient, and most suitable description of kinetic adsorption process. The highest R2 is 0.9098.
From the parameters, under and without NaCl, Cd2+ had no effect.
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H4=. BERE. BE=SMXER RS EET A RRRTAR. 1) CdzE BB R T A B TS
WHIANaCITTE i E R ENaCHER T, SHX LM ES BRI G A TARESE,
SHIX R EEAIRFE AR . 2) ZEENaCHER T, Cd2HIfER R H JFE KK 8.69%~43.3 %1 N
17.5%~54.1%. 3) PiFhIR BV b = X EREST Cd2+ B B A LangmuirfE SR P& B A8 . FERIRETE
B i Henry XA LB AE, MERKENES HLangmuirfl & B EE. 4) I HFRRERH:
Elovich 5 E#l& H AR R B H 17£0.9098, BEAWRIABRMLE. AWESEHETY, £F
TNaCHEA T, MXtCdz/ERBERHE.
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1. 5|8

FH R FRAR UK 25 UK A 1 R AR AL UK £ 3Rk S5 77 (de-icing salt). KHILISK, {H 535 [ B M AR 2 1) 5k
FERAWR S, RIS, REEEDR, SOk M E K2R, s in. SRR BRIE B
KT ER, BEESREH &, &8 SRR S K E R 5 3 N TE 2% 0 IR R KRS, &k
CEVERT AERE . R ASIE A CBORERSZ B % EAEY) . AR IRETRE A S R .

WAk, [H Ak Eberhard Werner [ 115517 2 5 0 Rl S5 770 5 38 R /K . R 7K 3 ys et
BB AR AN RAES AT TS . RAE /D BOCEREEFT T Rk S R g T S R
S2MA . 4 Ann Catrine Norrstrom [2]8F 5 T ¢ F @ F 7% 3L Pby Cd. Zn. Fe iIER R, M
BEFSCERARE, BN AR WA = Hey Cd 5 5tE 1) 138 7E NaCLEH T Cd TR AT AR TR

S BRR. B S MBX R cd - E R RE Y R, AR R A T cd”
WS B AR IBCR PR (R A |, 45 G TE B AT RS IS L, AT R R Na ' Al CL gk N 338 50 Bk = X 20 %
WL Bl s g & IERAT NI E RS BN, VR X IR R . RS PR HGE s T kiR
IR Y UK R R T XS AR s Do Ja R B @ R AR Ak e

ASCHFFT NaCl A 5eM 401 B AT . B = 1 X IR A 3 Cd™" ARV B AR A F 5

2. HEmALTE K LIl
2.1. iK%

B EHEN BN AT RE X (B . B AR R BRI . SRRSO TE: X
Th W EE N2 BRI X BRI ml T2 B HhX . #S— L m IR L, Bk
WELRBENLIEEL 20 N RAE S, KARREEN 0~20 cm, TRATN M =AU X i 3R . AR SE AR AL 5
SEAE[3] [41 055 1. BREAERT BiE, 25l 20 Hif& .

2.2. SERBMEEE

2.2.1. UBREXSH
KIGR T 53 HHETHNov AA Contr 300).
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Table 1. The properties of tested soil
=1 HIREAREBUMER

B g 5 MR B LR AR LA
pH 5.70 5.86 6.01
HHUR AR (gkg ) 16.01 15.99 16.03
CEC/(cmolkg ™) 20.58 20.32 20.84
KR/ % 24.71 23.55 25.94
Cd(mg/Kg) 0.508 0.534 0.497

K R: Cd<0.001.

R ARE: Cd>0.995.
TCRAR AR Z: Cd < 5%,
EAL LB 299.99%.
SRR A FH K38 25 8 K

2.2.2. FRRMHRIE

FREUAE 132 1.0000 g (+0.0005 )& T E.OEH, 2 AWA: @ 233 BLE BTk NaCl 7K
(0.1 mol L™ AAFIBCHI ) CA> W, W358 0.1 mgL™' . ImgL™. 5mgL™. 10 mgL™". 20 mgL™"\
50 mgL™". 100 mgL™". 200 mgL™", 300 mgL™"; @ MMAUUAFEKE NaCl /KHE#(0.2,0.4,0.6,0.8, 1.0, 1.2,
1.4, 1.6, 2.0 mol-L™") ¥ I il A [ FE 1) CA™ ¥ (50 mgL™"). ikl 1:40, 1HIEQ25C + 0.1°C)
TR 16h, BOJEEEER. KA WM CdP R ARSI RIARE, T R R B AR . AR
IIANEE KA 0.1 mol L™ i) NaCl K¥EW, 1HIRQR5C + 0.1°C) FEH 16 h, B.LJaB EFER. H
nOVAA300 JNE T 7 MR IS B A I 52 WL B B - A S v P Cd YR EE € A0 €y B AR R Cd® i
B X FARR R X7 L3R Cd I SRR IR AR O AR langmuir SEIEJTREMLA . IR E R S K.

2.2.3. WMIEh AR

FREUAER 3% 1.000 g (£0.0005 g) B T ELE T, 20BN BLZ B 77K A1 NaCl K& (0.1 mol-L™) N
VEFIELH ) CA™ W N 50mg- L™ VAW, Wit 1:40, 1HIE(25°C £ 0.1°C) F4HI#R% 1 min. 5 min,
10 min+ 15 min. 30 min. 45min. 1h. 1.5h, 2hs 3h. 4h, 6h. 8h. 12h, 16 h. 20 h JFEUH—HE
O, BOEE RIS, KGR TR e E T E CATRE, 8T T A AR B AN [ i A
(IR B B (S) o 40 S PSR BT AR Elovich TR — 2k )12 07 R S04 757 R e — 25 1% 75 FEsk AT 0
Ao RIGELE 5.
3. R
3.1. NaCl ¥t Cd B9 B 2 A0

S lHHEAK, RIRE LA CA™ HIMRPR RE o, 2 rh i = 2 H0E #0 Bos E VWA I NaCl s
S Cd™ W BT RE JTBEAG, 1T 28k, TR Ay ek 4 O B P SRS IR Fds, RO R L ek S 4 )
IR E AR S], e 2 h R a4, T AR, RS I NaCl BUSE B RE /)R
B o X5 SEISE R,
3.2. MR - RNk R

B 1 RoR = A PR < B R PR B G, AR B BN, X SRR . BEE R
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Table 2. The fitting parameters of three soil adsorption isotherm equation

2. AN IR REAHIENESH

Langmuir 5#£: C/S=C/Sy, + 1/(kiSm)

R Es
S ki R?

NN NaCl 2500 0.500 0.9902

A=
¢ NaCl 2564 1.300 0.9894
NI NaCl 2439 0.680 0.9674

E OyeS
¢ NaCl 2500 1.000 0.9901
¥ in NaCl 2564 0.390 0.9826

Loy N

7¢ NaCl 2702 0.925 0.9917

BN, R A R BRE RS, A B CAP TR 2, T R R I R B (S R B ZE A
PrBE S CAP A Gy R, AT -S9O A R e 38 e T % BN R, A EH I NaCl it Cd*
W B AR B OGRS A e, M R AR RTIAH] 0.9 LA b

T SV IR CA IARICR 8.69%~43.3%MISE Y, TN T NaCl I8 5 Ia Ot - 3my bt
CA* IR 17.5%~54.1% TR P . H langmuir J7 B2 TH50HY Cd™ 85 R B 545 RS I NaCl i P4,
SR N NaCl 45 10 A A /D N, XU Cd™ 78 R R sh Ry i

Xt CA* M E, AT NaCl FIER, 3t CA™ MMM ESS, DUMRA AL S s b A, AR
XS, ETERIN NaCl J5, Cd> e & 5 w2 (1 6 R A K.

1400

1400 ¢
~ 1200 - ) el 2 _
£ 1000 - R = 0.9899 5 120 K= 0989 9
) = 1000 -
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Figure 1. Relationship between Cd adsorption and desorption in three regions

B 1. = rExt Cd IR SRR X R EhZk
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3.3. WMizhh=E

55 4R AR AR R, FERIE 7 P e - ST 4R ) Sh AP IN  FRIRE BI NaCl 3 48 R W Ff R A 410
WIMER, HIEIRIE H, 00 NaCl R A 6% )~ 4 5 B e (B S

550
23 2 T .
e
" 400 #
=
£ 350 F
LE 300 |
§ 250 3 o A EH o AR LHERMNaCT
200 s B LA X TR TEINaC]
150% PR o IAAFY AN INNaCl
100 ¢
0 200 400 600 800 1000 1200
i 18] (min)

Figure 2. Cd adsorption curves in three soil samples

& 2. Cd =4 LRI D F

B2 R b AR R R T ERE RS . PR ST AR I B B AR R, TP R E
2 T, SR TRORINS I N BRI R I SRR R B o TR PR R A e 90 RS R AN 2 S (1 S
IR B, it VA VR A W B 7R A FH B ) PR e R I P T 268 1519 P 2%, TR B AR 2%, T B 5 AR B i
TP o 33 S s B AL BB HE DL R NS 1) SRS TR LB S (RPN 5
2) W B2 G N ] B 22 1 Ja B N AT R 8 S A8 o 4 S 1 25 R H AR I RITT R 48 5 R e S5 L LL
WIEWR 1815 %

W B 2 5 25 5 IR IS 2 P PR B i AR B ) A G o DB R B — MR AE T L2 A0 B LR A 3t Pl BLIA 3
SRy EBPAE, AE R R R W B e R A A W B e B R K R RE AR AE TR S SR IR . ST
B4R TS YA L% e IR o BT B R S S U B BRI B By, — A PR B B AT A R T
o2 SN RN R T BT (R T T S 2 R A 3R) 11 180k B B 575 0 1) TG AL P A0 g B o ) A £
SN e A BARAL A5 B A S R VTR PG4T 5% Lehmann [6]18] Cu> W 5 J1 2R 56 R W, 94%(1) Cu® W
MEZE 15 08P se k. o Cu™ e e SR S b Wil o’ &, RN Cu® A AR AL A,
IXRh AL A A I N T FREE S LN B — R A AT« Cu FEEHERAT b (KW PR S N7 e A 8 ZE 0 2% st 1) R
ks

AR B A AT ARR 9 P B Bl B2 (bi-phasic process), I8 % A7 1AM LAY R P BB LB
[7], BEPY SR (two-site model) A2 /2 HE 18 (multi-1ayer theory). P A I\ AW B O A5 AN B B 43531 ERAS
[ (W B (R Be A AT = RE L) = A, T 22 S W B BB N R S ] PR PR W B 2 T s PR B = T T ) B — A
TR IEE R, T8 I B R o W B 0 2 M B o 76 28 — 20 1 )2 I Rl B4k 2R RIS R, AR
(02 T PR PR ) 2 W B S5 A RSORSE [ 1) A7 A5 PN 8 B i A . 22 )2 BRI H 48 BET #Eif. Shonnard [8]55 1
BRI — BEAR AR RS T RO B

34. BHEFEUE
WP SR B TR N 30 0 2 R I B R R AR P — SR ST AR 2 By SR IR |,
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WLTTRE. — RN N0 KRR YEJrRE, A Elovich J5 R KXW H B RE 4891 [10].

— RN I TTREREFET IR NI L S 2 (R PSR R A AR B) 12 TR . I TT R T
WRE B 5 g M L AR PO 7 IR SZ LR Elovich 77 75 7 22 T Wi PR 738 T WBE B 0 i 3 i 67 i 2 0 088 g e 4
B, I e AR Ao BRARR PR 45 J U LSSt T HE A 2RO 1R, S 1R B R RS — A8 S B 1 1 A
U BUAE AR AH B S TH AL B9 B RIS S KSR RIS, EAE A IR B — R N AL L AR
AR E M T OB R A A RE AR . B — R B SN ML R 11] [12], W3 AnyTAR Y Fim L
MR B A . XU BT PR R 25030, BME Y Freundlich 52, SSEIGMFHERM, & FME S THA
RSB AR BN %778, ATt FOmE . S R AR AN 5 4 1R B A B 52 (10]

3 AR 4 RMNREN AT R AT A A AR S S . AT Elovich MUXUR 807 R0 & HIAH G
Bk BT BEKE, AR R ML, Elovich J7 FEHE S A WIFD 131 3h ML FE . Elovich
i, a (RN BT AR R PRAE, X T Cd, Elovich Gtk J7 FERAHOC KRB, VRN NaCl I
PHLAE a fEHTE NaCLAEFIR R, BEHIXT - Cd MWK RE A, NaCl BIAIA, E2 2SR AR T i 41 A i ik
Cd WRBffe XUEBTTIER[13], a BHUABIABEN A, a (Em, WA R BE ARG b Wk 7 —
SEVE I N B s RE 0 — P, b (R, EWRE R B IREETEE N, MR, b > 1,
U 3 3 TR PR ST s 2 0 <b< 1IN, WS PR3 Bt 18] (R A T 1 B 2R b i T 1,
PR THRGITRE(14], DI, W R Ry — 8 R LA, WHEEO R, T Cd, AER
M NaCl, a fEAHZABIE, BHIAIN NaCl X Cd 2R/ PIE I b E#VNT 1, ST EA TR B 11 22 1
HRHERBEIS (8] (U EA T T B, JCWRAEAJE NaCLAERI T, 38 Cd OB Bt R AR P 3 0 TE AR M o

Table 3. The Cd fitting parameters of three soil adsorption kinetics equation

= 3. MM =TT Cd s NF MG IEEE S

— 5 1% TTE InS/Sm=a + bt WL TTRE S/Sm = a + bt™?
+-3
a b r a b r

= 7E NaCl -0.4712 0.0007 0.269 -12.958 32.077 0.5951
780N NaCl —0.3294 0.0005 0.2177 -16.433 33.917 0.4971

L) JE NaCl —0.4952 0.0007 0.272 —12.642 32.178 0.5997
7)1 NaCl -0.2755 0.0004 0.1693 —15.448 31.783 0.402

PR 7E NaCl —0.4408 0.0007 0.2583 -12.915 31.519 0.5617
7)1 NaCl -0.2905 0.0004 0.2053 -17.227 34.169 0.4594

Table 4. The Cd fitting parameters of three soil adsorption kinetics equation (continuation table)

= 4. MR MR =M Cd MEh HFERMAIEBESHER)

Elovich /7% S=a + bint XUH BUTHE InS = a + bint
+
a b r a b e

= JE NaCl 157.85 54.202 0.9098 5.1178 0.1849 0.8267
RN NaCl 225.84 45257 0.8488 5.4031 0.1403 0.7596

B 7 NaCl 152.92 53.918 0.899 5.0841 0.1884 0.8133
78I NaCl 254.03 41.553 0.7771 5.4971 0.1262 0.7027

BRF 7E NaCl 169.23 52.97 0.8888 5.1762 0.1759 0.8212
N NaCl 246.58 42372 0.8172 5.4873 0.1265 0.7438
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4. g

R 7 NaCl /e NI 3B b Ao e g o i 4 U W PR 3o A B 3 7 27k, B8 1 NacCl

SR BSZR M BYRE =AM X T e R A S O IR AT . 1) CdP e 3R R B AT
AR I NaCl A fTZ 5. 75 NaCUERH R, =X R R 3 48 Bt g F1 BRI X1
[Fi) 5 4, — ML IX A (R B 8 IR A BT AN 22) 7E NaClAE R , Cd> g = e TR SR 1 8.69%~43.3%
BN 17.5%~54.1%. 3) PRI =X HREXT CA* B ] Langmuir BRI A AE . TEIRIK
FEE B H Henry #0A LACE &, TE SR EERNE & H Langmuir L& WG 1E . 4) 315X R 8
Elovich 7 FERLA H A< REUR R T IA 0.9098, F&E S iR sh I TR . HASEATEY, 6L
NaClfER R, it Cd* 1 FRURAN &

E&WE

B X 3R 75 4:(2176070134); A A EFR0H (B FHET- 6 A[2017]5719-02).
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