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AR KRBT 517K R ER AL bk 50 5 15 it SOK B 3, (H = A A/ b X 7 i s e 0 Bk ik
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2 H A K B8 52 I ) 2, B, A 2508 1k 2R K AR 0TS G B R B AT bk
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THAE 5 BRSO AN BB Bk B R B T AR M T AR L AP S A B RIHEDS, LA A R DT
JE T (CaO) 2t pH Bt T i 1 22 3 A 2, AN BT A SR KARBR 3 CaCl, E vl s M 85 5 vl 42
R & Ca™, Pt bRk CaF, UUTE M AEBL, SR I AN CaCl, B Ak 33k AT 75 45 i pH A [A] B £
AT RS 1Y Ca™ P MR AR CaCO; (K,,=2.9%107) Fil CaF, (K,=2.7 x107") (% A 5, fii F CaCO; 1]
TR MK F % A6l CaF,™ s 35 fk iR AR /K U8 (187 AR K Ui ) A W kg ik 6 83 oK, O 32 2 b B4 4%
CaO. SiO, FI/b 5 Fe,0, Fl ALO; 55, AHFFERI, KA kR ERK Yo B FK AL FR IR Eh Kk U8
AR BRE M R, MR KA . BELY L AL K U A A A R R LA BR BUSUR . TARALIL %P
FERTAUL 5 FUA R I 10% 19 7K U8 B K R 8% 11 96025 3 = Wk B2 A 30 mg L™ P IR 11.67 mg L' (&
BRE N 61.1%), KANG %527 {5 4 55 1 i W 100 mg- L BB & UA I h 50 1% B9 K e oK
J TR TV BE AR 52.7 mge L (BRI K 47.3%) ., KB NG Bk 1 FH T 5 N 48 8 1 A 42k 7 7K A 34 2
AU & SR KR D Bl UE B K VR I M 3R 7K U5 Y ih B W AT HL A R B 7 T S

TR R SR AR 1 R DG 5 349 R 52 56 2 o A RS0 RO IR U, e D, 5 A SRR
ABRESR, XWMHBETIHATWBRIREARE A RKEPRFRBCRAP R, kKB R
PRI US30T ACHIF 5% DA LS 1 b 3R K AR M R GE AT 42, 3BT CaCO,. CaCl, MK 3 Fidtkl, 4T H
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JEIE A DUTE F= AT T RAE T, BRIE T AT RERYBRBUALEE , A /K R GUTS Yo i $R 136 2 2 R A
1 MG *®

1.1 9-.: E‘?[: 7}( *i 116°0'0"%: 118°0'0"%< 120°0'0" %< 122°0'0" %5
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BBRZAFE]; KUE (P.O 42.5R) WK F 5 BT AR 7 A SR IR A BRA ]

1 KEREHD

Fig. 1 The site of water sample collection
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2) SR . FALEN (GR). R (AR), R 1 SHARAK R ER
. NN S kb e e Table 1 The water quality of experimental
TURFFERIR = 4N (AR). TR H 5 (IND), 2 water samples mgL”

L (AR) #4910 3K 5 R AR 7 A} [ fb 2 il A R A

KFEKFRE TP TN NHi-N COD,, #IHLUF I

A5 ERIR (36%~38%) Wk A BUER TR g AL Tk

GB3838-2002

?ﬂJFo %ﬁ@{&i@1ﬁﬁﬁiﬂ?¥7k (18-25 MQ'cm) V Kok kR <04 — <20 =I5 <13
P il o SHOKFEKE 006 976 008  9.77 1.52
3) SCEG AN RS . BE I BERERS IB-10 B . B VE: IR R AU

71 PXSJ-270F A | 9§ 5 + & A B PF-202 B |

fE#EC pH 1 PHB-4 %I Fl L 5% [ DDSJ-308A B340 35 [ ¥ LB 22 A B ey A BR S F] 5 /S BKH
L RS J-4A Bk [ N T S IR 24U M4k HL UPR- 11 -40L #4700 )1 P38 88 2 B4 A
BRA

4) FEREFRAE . R X B AT S (EMPYREAN, 7 22 44 AR 7)) 40 Fr b B3 51 J5 A4 R4 #1200k
A5 4E s £EAM AL (NEXUS 670, 32 [ 388k IR BHE A W) M@ B R A A8 4k s 94 il 7 B 0 B
(Helios G4 UC, [ FE 8k C A /RBHEA A TR MM L5 H, fE %X (Symmetry, 5% [H 4= H (Y
) T M IX e R H ARk
1.3 S5 E

WETHRERES S ORI N E B 7Rk ) (GB 7484-87) i br i il £ 74
FE, 02mol L™ ZUKAFERR =401 1 mol-L™" AR ENAE N b B8 15 B 28 vV W o 9IS T 1 5 L A A 52
6 12 PG FH U B R AT T AL RS e o T E IR TR pH=5~8, 5l F R R R Y pH, A FH TR B R AR R 5
FIWTS W pH, WK IE R 15 W PR 2R (0 A S B0, RN KRR (B B RHBE AR TP O 8 T 0 ) B 11 2%
b, ERBORRE ST IR AL MR (B (m V), T8 S AR 2 A B R R T R

FBVBE (TP) M E 225 (oK BB R SRR 4% 3 e 6 YL ) (GB 11893-1989); B4 (TN) Ml 2
% CORBT BRI E B 1 Ao B R A 55 A0 o Y6 G TR ) (HT 636-2012); 2 A (NHL-N) I =%
CRBT Z AR E D RF 7L ) (H) 538-2009); il B £5.45 £ (COD,,,) 72 2% (/K it
AR PR ER TR B I A2 ) (GB 11892-89); pH {H M2 R B IS ML 25 FiL 7238 (EC) Ml R F HL 03k
1.4 SLWHE

W RGNS I ST AS TR E ) BRI . SRR B RS AR B SRR R

1) N [R) B TR R SRR A5 MR 1) 1 L KRR O & 1.5 ¢ L7 7K IR AR, #E 100 r'min™
B R IEFE Smin 5, 2090 00 12, 24 F136 h Ji7 B [ 2 WA 2 4605 7 i W B . pH il EC,,

2) CaCO,., CaCl, FI7K & 76 A [ 4% fin £ Ak B XF B SRR R 952 i o 3 FhBR S8 BEEL 0.5, 1.0,
1.5 gL B HE IEOMmZE 1 LKREF, XFIE4 (CK) AT B RE, 7E 100 r-min' A543 F 5+
5min, #fE 24 h 5 BT RN 2 S BTV . pH A EC,

3) AN IR 2 8 B B AR R s e . 1) 1 LK AR 1.5 g L7 K R, 23 el
PEFESE B (0. 100, 200, 300 rmin”") A REEIE] (0. 5. 10, 15 min), ##% 24 h J5 B E 5 W0 & 58
B EWE . pH T EC,

4) CaCOy, 7K Ue A [Al 4145 B 1% bR SR AR 52 . [8] % CaCoO, It 1.0 gL', KL
05, 1.0, 1.5 gL' 3FFMELHIE CaCO, A IMA 1 LAKFEF, B CaCO, 5 /K 6 1Y 5t = Eb 43 51 R
2:1, 1:1, 2:3, XL (CK) AT TR AR, 7 100 r-min™ AYFEH T HEFE S min, #E 241
i B V7 N A S T RV . pHL R EC,

1.5 Zitoth
SE R A AL PR T E 3 E R, B A bR 22 (SD) I 5RR o 2% Ak PR AY RS 1 o i
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W B (B W] (9 2 5 L 3R A Dunnett’s T3 75, W E MK T2 0.05, N [A] 9 36 S BEAR 2 B0 a4 1
] 22 5 W 3 o {di 1] SPSS 25.0 #4748t 3 Hr . K H] Origin 2018 £ K1 3% .
2 #HR5iTiE
21 AEFFERBEXREAI RO
£ 0~24 h N, Bl 8 B TA] A 3, Ik A

HH () RS T TR R AIR, PR 1.50 mg- L
B 1.23mg L' (WK 2) o BG4 s n
BOEE 0. 12 124 h S R TR R I 0 2
622 5, T 24 WA 36 b5 IR T AL =
WP 2 R B I, 2GRS e
R 24 h S B 3 RO 5 KRR T 0 S R % o4l
e ® ol
2.2 CaCO; CaClL, MACREA AR MELIET
X4 B3 938 SR S s
AR AR GBS T B R R B9 483 O A A R Vs BRI KR S U RS T v p
(1€ 3) A1, CaCl, 7€ 3 FpHEIN A B 198 P E(P<0.05).
T R T (85 X R 2 SR s e e R
KEEHR N 1.0 g L7 A1 1.5 gL' ) CaCO, A, Fig.2 Effect of stanli\:;iime onﬁguoride removal after the
R TR S R 2 R R, R addition of cement to water samples
FARF XA, 430 B 1.46 mg L7 B & 1.36
mg-L™' Fll 1.38 mg-L™"'; /KIRFE 3 Fh 8 i = 4b 2 i@iﬁgg%ﬁﬁ;ﬁg;ﬁﬁmg
I 98 B 340 . A T B LA S T T I
CaCO, AbBRZH , FHE T XFRELL, 7E AR T 4 18 120
0.5, TLOMI 15 gL MOKIBI IR THARE  Lofmphieic 1 T
B o146 meL MR 123, 125w 127 OV [T RS NN e e 110 {4
mg-L', 753 FK IR TR TR 2 1 ez
I 2 53R % = %21, 00
53 FER R B TR B, E R
CaCl, R FIMRAMAE S, CaCO, AWTBE = 1] |N | s T
g AR KR P ) S0 B8 R T, K 98 P B R ol ¥§ NN\ Iso 12400
AR T CaCO,. ik BE BN 0.5 gL 9K T TN /A
A1k %] 16% RIS, THN 1.0 gL i CaCO, X oao e o
J5 B 3 RAL N 7%, CaCly By i /K, Wl fies BHEHIEI R (g - L)
et CaP il O, OBy Ol e 72 e — i 19 32 5 e sy | TR
%Bﬁ,kicfﬂﬁ%uI@%ﬁ%ﬁ:&;&;{:ﬁiﬁ%ﬁ?ﬂ B3 CaCO, CaCl, KRHEFFERMELETXH A
FRKIE WA S AR 2 KM & 7, AT
[R) AL B8 B B 8 7 KR = UK TR U B S8 Fig. 3 Effect of different dosages of CaCO,, CaCl, and cement
IZ% {Ei (31 on fluoride removal

FEIKFEHIA CaCO, Fl CaCl, X pH WA Bl A2 . A KIS, KA pH R F+H5, HpH
Bt 2 B B g o, 7E 1.0 g L7 LS g L7 YUK R EINE T pH 0 ik F] T 10.25 F110.53,
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BEMAKVE S I pH KM 3G T+ 5 AT IA S oK A6 S N 1 Ca(OH), 1A, [RIE i 25 Y Ca® Al 55
F N Az B CaF, TUTE ,  BEAR K R i 980 88 7 o o ok 3 B

HRE EC M2 &5 3 0T 0, FE/KEEH I CaCl, J5 2512 EC I3, #in CaCoO, /KB G, KAEE
ECH A AN REM N, KIETIER EC T MK CaCO, W, 5XTHAML, #hnos.
1.0 F1 1.5 gL' WK VB JG, ZKEERY EC B 2090 uS-cm™ FEMIKE 1892, 1896, 1943 uS-em™', EC 1] Jx
AR T B i B - 1 3 i B, CaCL VRS R EE S 1 B ARG, W T KIS SRR 85+ % i 7t
R EARIKFERY EC 2 B I #; M CaCO, F/KJe 5 /K FE i i 58 7 B ik FE A, B iE B 10
B TR TSP E , SRR S EEEIR, S EC BRI
23 ARIEEIEEMNKEREBIRNZN

T Ao R A P R[] R e R T R A KA A R SRR B, A OGRS LR 4. AEJKUR AR (1.5
gL Y MFEM BT, BEFEEE R 0 rmin™ B, AHE A B T 57 2R B (. (1.15 mg- L") 18 3% HufiK
THEFEHE S 100, 200, 300 rmin ' B9 AL I 5 S FEEEE Dy 0 min I, KRR Y 9B0RS 1 5 6 vk B S (E
(1.12 mg L7yt @ 2 i THE PR E g 5. 10, 15 min AYALTE . BEPESEE 4 0 rmin' . BEFERT [A] K
0 min i, pH 43514 8.95 £19.06, it i f)a, pH HIAE] T 10.00 DL L. Bl 25 5t $F 8 B A4 £ i
[E] B I, EC tubfi =z 34,

5 & R KA G, 38075 Y 2K b 3R B vk B AN, BAT R BR SR R X A AR K A
BARE A RACY) L BRSO A B PO, DIVE R B T 2 e A S IR %, SR A KA
DUVETORL , 78 551K 38UV B2 25 A T AR XE TS S UL Ve I L i A% 00, R0 v Ok iz AR K #4532 3]
BORYLN, fobiEL R, RLEEWIN T TE P i R 3 BT

T Y FE T A AL B T T, TR L UTTE SRR . ASBIESE T, AR B R A K8 Y 1 L
T, Ak RN B A K RE RS T B B R BC AR, DR WAAE S FE S EE R 100 remin ' R0 PR
[6] 2k 5 min AR, R4 TE B Sl AR S5 A LR IR, A5 55 B - JEBT BRI TR P,

A S Tl iEs-pH ~-EC BT PORIE —--pH —-EC
110 12040 14 —— 115 2040
12020 o 1202
1105 n ,
12000 &~ @ 12000 =~
e E 10y E
J10.0 {1980 2 11980 5
T 1960 & {1960 2
195 lio40 8 11940 2
log {1920 ’ 1 1920
11900 1 1900
7,
1185 11880 / 221 7 zz4 19,0 1 1880
0 100 200 300 0 5 10 15
PEFEE/(r - min) P FE R/ (r - min")
(a) AR[EMEFE R (b) ANEIEFET R

T FRICA ) B AR SR W e T vk 32 2 (1 ] 22 5 . 25 (P<0.05),
B4 REEHIEE KRR AR
Fig. 4 Effect of different disturbance degrees on fluoride removal after cement addition

2.4 CaCO3. /KT [E)4H & bb 15 33 BR BBUR 69 721

MRIGLEH 2.2 0] H CaCO, MK IR BUH T — 5 M FEIRACR , K CaCO,. KA A, WX
2 FlRPR LA [ 9 45 e R & 0 IR BR AR B2, 45 5R A0 181 5 s .

WA BT A R w0, SO SRS TR 7 B Y R X (A T X IR (139 mg L), Bl
ARV LB T, G T B B PR s, ik E 115, 111, 1.09 mg- L™, {H/KR
O 15 g L7 I AY GRS 1 i I B (R S BN RO 1.0 g L7 IR SRS TR IR S e N
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[ AE, Bl &KV L3 m, BEC 2 TR, XA M ECH 2 110 pS-em™, K I
1.0gL". 1.5g LB, ECH/35IRE% 1875 pS-em™', 1876 uS-em™',

WA, Bl A A AR OK e L 38 i, KRR pH B Z T & o X HRZE Y pH o 8.31, K
J05. 1.0, 1.5g LB, pHZ 38 9.12, 9.47 1 9.78.

2 PR JEURE et 2 B A B2 L Bl Ak B R R T R . Y CaCO, B 1.0 gL, KU i
15 g LTI, 2 A A RE X KR T BRSS9 S BR R A B 229%, T AE KA TR BRI 1.0 g L7 1Y
CaCO; 1 1.5 gL' BYZK V8, BRFBCED A 7% M1 13%., BRIETHER BB LAAL, 445 b 2 20 A 45 4 i 32
Tl K AR R pH, X 7E A 2R ML R KR BRI P OL N B . #E CaCO,. /KUY 3FIALA LU T, KAEER
pH T FE7E 9~10, pH Fh i I B /N T oK e AL HE . CaCO,. /KR4 A i G pH FHIg L, XA F
T RIK BRI, FEHUIRE A A2 AR AT — L 5T o AESCI M 1 L b 3Rk AR (/N S35 v
KR HE B pH I TH s AN ATk G, TR SERR A K, BRITR SR R R 2B v R G . REIR M RERR R

1.6 1.5 9 2200

V) s T iik)E —m—pH —e—EC
1.4 2
o / 14110 4 2150
121 b |
/ 7 o od 4105 4 2100
fon) r T
=l n 2
S fon)
s | / 4100 2050 %
= 0.8 - b
® 0o | |
= — = !
= I 495 42000 Q
™ 06
® |
490 41950
041
02t / % / 485 o 1900
0 / / ‘/ / 80 4 1850

CaCO,:1.0g-L" CaCO,;:1.0g-L" CaCO,:1.0g-L"
7Kie: 0.5¢g- L Kig:1.0g L' JkijE:1.5g-L"!
CaCO, MK L 7 LA
TE BRI T B RO HR P R B 0 T vk B H L) 2% 5 1. 35 (P<0.05)
B 5 CaCoO,. KEFFRAELLFXBEELRNEMN
Fig. 5 Effect of different combination ratio of CaCO, and cement on the fluoride removal

LA KA DLRR AN HLIR 6 5 2 Fh 2w RG] AR HT, BRAR pH B2 4B,
2.5 CaCO3.\7KRAA L IR R AN IE

1) 148 B 58 (SEM)+RE TSI (EDS). 8 ik SEM A %2 51 i B i CaCO, UKL #E & 2 57 5 fAIR (] 6
(a))o 7K HRLAR YE FEl AR CRLAR AN X 2)) B BURLZH 1 (181 6 (d)), FIUREAM LA KON o JC 18 2 B 4% Jon
JKIEIL J& CaCO,. K YELH 5 B T /K REBR T, 7R AR UTHE ™ Hy v 2 n] W4 3] 8 A il i BRAR
URLFNEH B AR A8 o Ak 2 DTTE 25 A BR SRR 5 T MORL Y KON G, DTTERURLBOR , /K U8 7
Jo i B IR A T BRI K TE . CaCO, . K YR A& AL B iy T AR R RS BORL CaCO, 1Y
FAE, T 5 BB bR S B AE B UTTE 2 R S B E CaCO, TR, DT Ak B S 7K A FY) 3
BT PR EAR . AE CaCO;. KU AL G A K FERITLTE =4 . ORLAR /I 19 BRORURL A ET 4R

CK
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s " @,
(c) KTRAEFKAEJETTE =PI

JRTRRCRIE

(d) ke (e) CaCO, KM EMIIKFEIFIE ™Y (f) CaCO, JKIEALEABIKFEFYTHE
g ZlibN i ONE|

E 6 CaCO,. K:efnE A TR E R KRR =90 RO 3R
Fig. 6 Micromorphology of CaCO, and cement and produced sediments.
SER L TRLAR B R CaCO, I (8] 6 (e)), HEWA T CaCO, MIAETEA F T UUTE =M UL F% .

7 g kb BEFT CaCO,., 7K U8 FlAb B S ULHE P~ 1) EDS 3%, kb BEHT CaCO, Fl/K I i A 46 1 5]
TAHAWIOTE, WAL ULRE ™ ) BT 3R W OK U8 AL K AR IS TTVE ™ ¥ Fl CaCO, . /KB4 & Ab
FHOKRE T UUTE = W) () 380 & R 14 5N 0.06% . 0.24%), RN A KRR H iz 25 0888 1 B 20k
[ ZUCVEY) o A4E EDS T AR 45 (B 8), FIHI/KIEFN CaCO,. sK UL A b BE/KHE J5 1B s Y IL
FEFEY P ROTE AT, 5. B TR KIEBAEAEE A, s R OT R il aeE i
53k 3 Mot R IE B B4 A i O U e FUTiER T . R CaCo,. /K U4 A b BEOK FE IS DT TE
IR EE L BE L SROTE WA AR TR AEAS T R R L, S R K U8 AL K AR S TUTE ) TRk
B MITEMSMERS) . B B 3 RITR ETORA K (B 7 (b)), XL T CaCO,. Kk
HAEAIT , KIS IKFE R B ™= Y 2s W& T CaCO, F I, Mminl DO g R aE . 86, 50T
EOmXEES.

2) X BT (XRD), 7K Y89 XRD K% 4014 9(a) Ff i, He 35 B4 s 4 M ik iR =45 (Ca,SiOs,
C,S). HEMR 45 (Ca,Si0,, C,S). CaCO, FIZk R 2 V55 (4CaO-ALO; Fe,0,)“", & 9 (b) 24 CaCO,. 7K
Yo 75 A BOKFERT AN T AR 3K AR 5 T8 U DLTE ™ ¥ 09 XRD B3, K9 (c) 24 260 7E 30°~50°/4 FY i K
B . BRAKUR A, 3 Flid B 35 s BB 1Y J7 f# 4 (CaCOy) FfiFIE, HE 9 () W LLEH, 208
33.510°F1 42.008°%} i MgsF,(Si0,),, 204 40.816°%F Iii AlF;, 20 & 32.341°%} i CaF, MIFE7E, X465
H1 I A S 0 R B ARG . KRR AS B A RS B VR B ARG, AT XRD Bl AL A A S i
R, R AU Y IR B T A B S P R S AR T S AL A DU -

XRD RIELF R RN, Tt & CaCO,. KIg A ab ML R4 &AL, Ve Y A 5k
CaCO,. REBRERW W) 5 & A Ok IR AL I B A= J, CaCO, ., iF FoK ISkt , Bk R Ak s 7 A 3 ook R 40 4%
3MRAR . 1) HIKELERE DR, KT C,S FI C,S KAk A: i Ca(OH), FIl C—S—H B 2) CO,
B AR F COPTE R 3) fb 24 BT B CaCO, JLHEM), Ca*Bx T nl LA Ca(OH), #2441, i w]
Pt C—S—H ., 547 A KAL) C,S Fll C,S it 45 $i ik 446l
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Fluoride removal effect of portland cement and calcium salts on fluoride-
contaminated surface water
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Abstract The problem of fluoride contamination in water bodies has received widespread concern around the
world, and the existing fluoride removal techniques are ineffective in fluoride removal from natural water bodies
and cannot be applied in a large scale. Calcium carbonate (CaCQO,), calcium chloride (CaCl,), and portland
cement (hereafter referred to as cement) were selected to treat water samples from South Jiaolai River in
Jiaozhou City, Shandong Province, and the materials suitable for fluoride removal from surface water bodies
were screened by studying the removal effects of the three materials and their combinations; the effects of
different degrees of disturbance on the fluoride removal effects were also studied by varying the mixing time
and speed; scanning electron microscopy, energy dispersive spectroscopy, X-ray diffraction analysis, and
Fourier infrared spectroscopy were used to investigate the mechanism of fluoride removal. The results showed
that only CaCO, and cement could remove fluoride when the three materials were used separately, and the
cement showed better fluoride removal than CaCO,. The fluoride concentration in the water sample decreased
from 1.46 mg-L™" to 1.23 mg-L™" after the addition of 0.5 g-L™" of cement; a mixture of CaCO, and cement
resulted in a higher fluoride removal rate than CaCO, or cement alone, and could reduce the fluoride
concentration in the water sample from 1.39 mg-L™" to 1.09 mg-L™". In the experiments with different mixing
time and speed, the fluoride removal rate decreased with the increase of mixing time and speed. Characterization
analysis revealed that fluoride ions in the water samples were mainly removed by chemical reactions via forming
precipitation. Considering the synergistic effect of mixing cement with CaCO, and the effect of disturbance on
fluoride removal, it is suggested that cement be mixed with CaCO; and applied in a less disruptive way such as
dispersion to remove fluoride from the surface water in the future.
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