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Abstract

After the surface water is polluted, it reacts with the surface sediments and releases the pollutants to
form the secondary pollution source. In order to study the adsorption and desorption of F- in soils
and determine the chemical reactions that happened during the F- analysis, Kinetic tests and ad-
sorption and desorption experiments were used in this study. Combined with pseudo-second-order
Kinetic equation and isothermal adsorption equation, the reaction kinetics and adsorption analysis
between the mud and the reservoir water show that when the reaction time and the initial concen-
tration are changed; the reaction rate, the reaction process and the migration and transformation
rules of F- in water are obtained. The results show that: 1) The Kinetic process controlled by chemi-
cal reaction may be the dominant surface sediment, which can be described by pseudo second-order
kinetic equation. The fitting equation is y = 0.7401x + 0.1266 and the correlation coefficient is RZ =
0.9985. 2) The isotherm of F- adsorption by surface sediment is in accordance with the linear rela-
tionship, and the saturated analytical volume of F- is 30.56 mg-g-1. 3) After the soil sample is in
contact with the fluorine solution, the pH value of the solution increases with the increase of the
F-mass concentration, indicating that OH- is continuously released in the F- analysis progresses; it
can be seen from the change of other ions. The chemical reactions of F- occurring during the analysis
process are precipitation-dissolution, adsorption-analysis, and ion exchange.
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1. 5|8

PETFEREENP BT RAESRY, HREZHR L FisBoh™aEmER L —[1]. T
9 FIREA R AR AL 3 FERREEep [ 40 A0 FZ RS L BRI [2] . T80 0 3 S 7 S U
ST — ARAT . SORL P O R

FFRE F e L3P S SRR AERR 5, RE TR BhERA TR TR F 1K LAk B b 01T A8 AL L
Bl SRR, E RS FIIEBHETR AR 2 HTFIE[3]-10], FHEA4FR AR [ H9 5t 2 PE 2 H R [ S5 R
B, A 5 22 1 S e T B 2 2 M 25 R R W 3R (345 Langmuir S5 /772, Freundlich 2254
A Temkin 7E3R). v, T PCEE[S )L BF 70 T HAT F RO HHLER, 43 E I8 Fm
4 Freundlich ZIMY I8 IR 20; M ZE[6] (WL HATR 2B MCLB A MCLRB 4 FEUA 55 2 (M B 2 i,
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W% b SR 26 Langmuir 1 Freundlich #2835 GEAR 4 ML AR50 25 55 Bos 2= S5 [ 710\ 38 140 R B 26 I ke 15
AATARA, T8 SR T R B ) UE 2 AT, A5 X F W AT B Freundlich J7 #2455 40L, Langmuir
TR AEARIR FE (WI AR IR 0.5~2.0 mmol/L)IE . Peek [8]555% 10 A48 ) S5l Ak 1 (¥ W R AR T I
MFEATHEFL, AN Langmuir W PSR U7 & BT A LR FEVE R, Freundlich PRSI £63& FH T W46
FREJEHEITE 0.0~2.5 mmol/l. Zhu [9)5 R FHRUACERE AR, WFFT T BRI 21 - 388 X SR R BC  IRBR, A
9 F IR BE BRG] 7 8l B PAOET N BB I, B D 28 R B e B IR BB DA RSB

AR AR K R K IR I R JZ AR )2 158, 3547 F 3 70 50 A0 F AR e b = ke,
Fi T IRBLEN 150 R F WP AR AT R I B A A S O REHLER, B TE MK SR 5 A B R AR R FAE R DT
B R IR AR, KRS Ge v B AR AL B8 S 4%

2. RIS
2.1. RKIEHRL

B RIET 2016 4 8 7 13 HEE P54 12 30 7 B 2 B = JR0K e e vh gk oK BT, B3R R 0~10
emo BREAFIR - KA - Tl TRACEE, A EAL S B LA 13,

Table 1. Particle analysis results and soil classification

1. BRAOERS TS

RFE S AN R AR JOR 25 (%) + 153
>2 mm >0.5 >(.25 >0.075 <0.002
+JEIEE 0~10 (cm) Wkt
0.06 0.45 1.04 20.00 9.77

T SR R 3 5 M 73 SRR HE

Table 2. Physical characteristics of the test sample

2. kAR ER R

KFE R RKRF2HE/(g-cm’) EI AR & IKZE (%) F 2 /(g cm’) B2 /(g cm’)
+ FE%E 0~10 (cm) 1.44 0.08 0.14 0.15

Table 3. Chemical characteristics of the test soil samples

3. ik A

TR RS ) - TD% BYUFR/  FAY SV EREREL/ B/ i/ BE/  WREREY/
(us:cm™) (gke) (gkg) (gke (gkg) (gke) (kg (gke) (gkg) (gkg™
LSRR 400 821 200 12.45 122 1559  147.14 02512 0.076 373 12223
0~10 (cm)

AKEE: RIRACE 8 4UKEE, b, FIkEREAFKEQO0.5 mg/Ly 1 mg/L. 2 mg/L. 4 mg/L. 6 mg/L.
8 mg/L. 10 mg/L. 12 mg/L), ARHEMIMATREENIKIEKFE, 15 HKE P& BT, HARLE IR
FEE 7K M A T 2« R A B T IR B I AR AN AR, 43 2 C(SO;™ )=150 mg/L.C(Fe) = 0.4 mg/L.C(Mn)
=0.15mg/L. C(Na") =120 mg/L. C(Ca’") =30 mg/L. C(Mg"") =60 mg/L.

2.2. WIEHE
NI1ERTS: o LR I RS 120 g 24, RS BRESAREL 10 47, B4y 10 g, 435 E T 250 ml
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(0 = AR HE IR, AR I 5 PR P2 7K s 42 B L A8 T B A0 /KT K R RK AR B 48 50, E =R T L 250
r/min ISR ARFFE IR KBRS, BFEFE 0.5, 1. 1.5. 2. 3. 4. 6+ 8. 12, 16, 20 F1 24 h B —/MEES,
B2 B - E - &

SRR HRLS: EEEAET, B 10.0 git 1| mm HHHEE T O % S MRS, MARER 8
FASRIR ) F 88TV, pH = 7, 1EKIBIRY 4 LA 250 r/min fE3% 8 h, ff2ik BN PH-F47, S7ZIHL
HTE B OAHLH LA 5000 r/min B0 8 4B E, REUE, B IERL W KRR AR B T PR E C(mg/L),
THE AL B IR A& C(mg/g) [10].

B KRR R 58 3 TE 2 KA A3 S B == N e A, ME I H 36 pH, B 7. ST BRERIRES
T8 L VBT BT BRIk o Wi, b pH R T WL ZDI-4A E B AL E SO pH A
el sg, s &E T MERR B K 883 Basic IC plus B F g0l &, 2. & 8+ 855 1.
BB TR TAS-990 J -1 e 3 66 BE v E
3. BRE S

KH MBS Z M — RN 1%, hZRs) 1%, BRAY L BURCR S #, Elovich 3l /3% Tih
BN AR S K R & B TR TR BRI AR, 73 2R B 30 70 4 5

Ty, R BT ERE OO P AT G I FR ST IE, ARAE ()T &= (0,), AR LR F
2 7 B (mg/g) HEAT L1117,

(Ce _CO)V

m

0= M

A, Q. AP HTIN - 3E0 F RO N R (mg/g),  Co NI F R EZ (mg/L),  C. O FHEFIBAAAERA(L),
m AN A B () .
3.1. SHFRBERSHT

H A 32 30 77 A R BT 5T 5 B S B R Ty R BN Bl 1 2205 R e AR AL 2230 70 22 IR B AN 3
JIESEIR AR, LR = SROK R SRV F R PRE TSR 5 MR R A, S TR 3 115205
FEXS F O AT ]G, MESHILE 4.

Table 4. F five kinds of adsorption kinetic model fitting
F 4. F AMIRMEI N FREUE

RERA Oy — AR Oy RN PRy OB ROk R Y A Elovich 2l) 77 247

ki R ki R k, R k, R o5 B R

LB =
0.89 0.78 0.62 0.998 6.59 0.87 10.66 0.71 3.66 7.35 0.93

GZaESEER, WTUEN, TS SRR SR B, MR REOE B R E KT, b
AT AR, K1 R RS T A . RERZR A XA 2RI AR
BAEWI BN 2L, ERIEE ROE R AR — @R L BV F 7 /KB e e FO R M s A A Rl AR 3L R 4 T 1
giR, IFH A =3 712 05 REVE ST BB S B RORZE U AR /D o IR IR K KA
R R, AT DU AT RE R tg, = 0.74t + 0.1266 ik o 7ELEHR AL E T n]BE AGAE R ]
Wz 7oA R, AT OO s Ay s R A
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3.2. F f@trign

Bl 2(a) A2 30 FH 26 VE [T A 5 PRI VR B I 6 03 SR 8 5 ~FA 10 S5 Y F 1R 0 Bk B 2 T ) o6 Rk AT
WA, WAERKFEN: Q,=0.0047C, + 0.0115, U ERE R IEF] 0.99, KW R EMIAKT, AL
RATLLE W, BEE WD FRR, M3 R0 PR R, R ELIEMHIOKE, &5
TR EERARKKR, B EGR/NIWERTE, AR F, HRR S 2RI L 4 il — A B
ik, HEMDEEEAC, 2Bbx FOomR bt MRS LA S A R T, = SRR PEREK D3R
JZEREERY, KRS RAT, HOKEMEFARMEN 122 ke .

21 ¢

181 t/q,=0.7101t+0.1266

2=
15 R?=0.9985

12

0 3 6 9 12 15 18 21 24

t/(mg-L")

Figure 1. Pseudo-second-order kinetic fit

E 1. A= hFUEHER

IEAR, AR SCI I A 2 1 S5 IR B 5 #2 Langmuir S50 % B 772 . Freundlich 2256 XF1 Temkin /7 #22

SHRLE BT LA BT o 1] 2(0)~(d) A5G BN A 45 1, IRAEHIOC R M R Bl 3122 3047 HEF) : Langmuir
Ji £ <Freundlich 77 f#:\<Temkin 7730, 13X F AT 835 5 Freundlich £ —2, JERINFF
& Langmuir 723K, HILEFEEA W Freundlich /772, RIS Freundlich 21 Temkin /5 #2145 Fh
BB IR T P AT AR AT AR 2R o A3 F AR AR IR IR AE I 2 7T I, Temkin B n > 1, R+
X PR A AR, 75 FIREERUCR, b ih 2RI BEN BT, X EWE 30 F A BUR IR

Hrag BEE AN F Bl FR EERISE N, AT N ik R b, W i 2la T g2, I RE
JIZEHRES . RV RO A KR F O TR, BEAE ORI F BB b, PRI R FORE SR
R

3.3. MRETHIR ST AT

3.3.1. FEEH) T

K 3 KRS FIREMIE K, B pH 198RS, MWEHFRTUUE L, ME FIREREK, pH
AP K, HEFRELE 7.45~7.5. BEE FIONIRERIIGI, WM-FEn pH ELH, WHEE F
FENT AT AW B OH # R R . [l OH 425 F A dE W Hal, BT B B, ik ik
ARACL, D SRRt TR T AN T OH R i ok, SR 3VA W pH IR Tt
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Figure 2. The fitting curve of F~ desorption
& 2. F ATl & phk
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Figure 3. The change of pH value with F concentration

B 3. pH {ERE F B FRETHAE

3.3.2. HESFRTHE

4 EBEE FIREAR AN B F IOV R A B0, F TR BT 5 R BE A LB B PR 12], X
PR BN AR R A2 SE e . MR AT LR, W2 g, 08 T RAMIT RN, Ho8ETRE
W R, Hort Feo Na'y SO KRAMMT RS, SO fEtrER A, Na'tkz; Mn. Ca*'. Mg &AM
KR, o Ca®ty Mg W AR o 2 R 8 R 2E 5 55 K T A AR ELAE P AR BB 5 7K T R
BRAE A R SR 1, (2 BRI AT R B A2 OB 12] [13] [14]6
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M 4 T DUE oAl 25 7B PR EE AR Ak T AR AL, BRER B 14, Bk S T AT S AR 24 R HF7E 0.0015
mg/g (K 4(a)). ME4(b)RT LR H, H0E5 T B8 FIRERIIG R REMER K, FRAIL, 75 FREH R
FIS LR, B T PSRN, BLE C(F) =10 mg/L I, Z5RFIR, HITFEM ik, M
Kl 4(c)~(f), Na's Mg™'. Ca’'. SO BIbMAELLE—5, H Na's SO RN LKEAMIT RS, i
Mg™"\ Ca” /& MK A LR AR PR IBE, BATT A AR AR KBS ], RGO BE T K, C(F) = 4~6 mg/L
B, R AR AN H VA, B S BEAIG, et TR e  F b Na VR JEAE C(F) = 4~6 mg/L fiffiT 1A %) 0.393 mg/g,
B JE R e #E 0.38 mg/g /iAr; Mgk ELE C(F) = 6 mg/L It A $-0.2295 mg/g, Bl & FaiE ££-0.232
mg/g L fio

0.0009
0.0024 }
0.0006 |- 0.0022 }
= 0.002 }
= 0.0003 | -
o © 0.0018 }
> £
£ 0 X 0.0016 }
< ¢ 12 ¢ 0.0014
= -0.0003 . § o I
o CoFmg'L?) 0.0012 |
-0.0006 0.001 \ . , , 0.36 ) , ) ,
0 3 6 9 12 0 3 6 9 12
0.0009 . ’
Co(F")/(mg-L7) Co(F")/(mg-L7)
(a) Fe W E AL, (b) Mn K JEAS AL (c) Na" R A2k,
C,(F")/(mg-L") Co(F")/(mg-L")
-0.228 , ; ' . -0.186 . . . s
d 3 9 12 a 3 6 9 12
-0.23 ~-0.188
S -
&-0.232 g -0.19
£ =
§-0.234 g-o_m
5’0236 |- C0.194
-0.238 -0.196 1.8 T T T !
0 3 6 9 12
024 L -0.198 L Co(F"Y(mg-L)
(d) Ca IRk JEAF Ik (e) Mg™" R A5k, () SO* ikEA L

Figure 4. Other ions with the F~ concentration trend

4. HiEFHE FIRETHEHE

3.3.3. RBHHIETHR

SINTRIGEHE UL, AR F AR RN, BTEERBULR. Z LR FIOMT R 8@
FREAZH R NS BIRENT F IBUR, WTRE F S 5% 6 RMVEURFEIE ISR % EFE F RIS N3 2R
w, FATRE R R EMIR Y, ERERTE L A%, Mg™'s Ca™ % 52 BIIAWL IR s AT 2 HAE R
Il BE% FkEERE, TRERIENG MO Sk, HIRPH R AR Mg™ . Ca® S I FAR/E
HUFIER, DRSS AR FOofddt, MRS T F IR . IR R, F o T5&ES
TRMEEEY, ErTRES I A S B TR RDUE, AR TFRIERINA R T FE%E12].

P - R AR B B R LR T AR RO SR T B8 0 R 1 T, R e e 3 10w DA e ok i P R 5 9 9 )
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B AT SN, A IR SR BRI W b AT ST S I S SEI 53 e R M 5 AR R
B(STe SALfE KBl F R BL,  HORIE £ B2 547 (CaF,y) #5441 (Ca(Cl, F, OH)(POL):) 30 1
AR SEACAIRE S K P 1 — LB ES i AP, F' RSB G . WEIRINRMAIEES Ca¥ b, 74
CaF,, L Ca® Mk RiEH] F A2 D H— A EERK[15].

4. &g

TERZDUR Fnl ReLMEE I N A 13 S R 3, wT DL O —Rsh J12E 5 Rk, Bl& 2
N tlgt = 0.7401¢ + 0.1266, 55 FRE R* = 0.9985, iZEFEXT F IR SR 2677 A Lk FE, L& 75 Hixt
F AL B 58 30.56 mg/g. Ah, LT H FE P EAW pH (ERE FINN R &R B3 K BT,
Xof AR FAE K R SRR AR R TE - VAR AN B — AR P

WHEKI, ZSKEREK TR FIREARGHA S, HildRIRERE 5 2@ th—i 5 F, A
R F RS Y. T R B T R K IANE X, NBANAIERBRE, NIRRT R
KT IEENE, DU G AR A A .

SE WK

(1] ®F, REsw, MM, & SRR RGO B s T I LR T]. w2 1223, 2016(4): 486-493.
[2] R, R, B, . LRESW R X R R (D], RS EFREEAR, 2008, 17(5): 1818-1821.

3] BER. K- ZRAFTBEME RSN TR, 1998(3): 42-44.

[4] VLFEZE, Sl KGR SRS TR 2 R LR T AU [T]. AL LIRTR, 2003, 23(4): 204-208.

[5] FIRC. T8 H KA FRIWR B 2h 77 2 I S HLEE AR [T]. T 5 3 TR 2% 4R (3 R B/, 2009, 28(6):

807-810.
(6]  ZRME. Mt oSk 7e BB i ) o o RAE KR IR 1 RO RFVE BT FE[D]: [ 2201830, F i hEE R,
2013.

[7] Bid=, Sk, fAoold, 5. A 0m L3 st Bt S mmeRerE[J]. 28R, 2001, 21(2): 161-165.

[8] Peek, D.C. and Volk, V.V. (1985) Fluoride Sorption and Desorption in Soils. Soil Science Society of America Journal,
49, 583-586. https://doi.org/10.2136/sssaj1985.03615995004900030010x

[91 Zhu, M.X., Ding, K.Y., Jiang, X. and Wang, H.-H. (2007) Investigation on Co-Sorption and Desorption of Fluoride
and Phosphate in a Red Soil of China. Water Air & Soil Pollution, 183, 455-465.
https://doi.org/10.1007/511270-007-9394-0

[10] BRI, RIR Bt M ALIERE AR R K T A M B B REIT 7E[D]: [ 224018 50). Jbat: i E i BUR
2012.

[11] BRI, mat R, th2esh 2edatM]. dbat: db st k2t RAt, 1987.
[12] S . FEL - KRFEFRITBHIES S HK A 7 D]: [H22 008, iz K22 K, 2004.
[13] R, FHARPEEPEIDIE KK R385 T R AT B ALY LT 7 [D]: [ A8 30, KR HMOKE, 2008.

[14] Nur, T., Loganathan, P., Nguyen, T.C., et al. (2014) Batch and Column Adsorption and Desorption of Fluoride Using
Hydrous Ferric Oxide: Solution Chemistry and Modeling. Chemical Engineering Journal, 247, 93-102.
https://doi.org/10.1016/j.cej.2014.03.009

[15] E#E. 2N TS5 EMIERS 1% M]. d6a: S5 80E AL, 2008.

DOI: 10.12677/aep.2019.95090 676 SR AT T


https://doi.org/10.12677/aep.2019.95090
https://doi.org/10.2136/sssaj1985.03615995004900030010x
https://doi.org/10.1007/s11270-007-9394-0
https://doi.org/10.1016/j.cej.2014.03.009

	Analytical Experiment and Mechanism Study of Surface Sediment on Fluorine Solution
	Abstract
	Keywords
	表层沉积物对水中F−吸附及解析过程的影响
	摘  要
	关键词
	1. 引言
	2. 材料与方法
	2.1. 试验材料
	2.2. 试验方法

	3. 结果与分析
	3.1. 动力学试验结果分析
	3.2. F−解析情况
	3.3. 解析机理分析
	3.3.1. 环境(pH)变化
	3.3.2. 其他离子的变化
	3.3.3. 吸附机理分析


	4. 结论
	参考文献

