548 254 8 kL @3‘5 ;iui %‘» :}& Vol. 48, No. 8

2020 £ 8 A August, 2020

JOURNAL OF THE CHINESE CERAMIC SOCIETY

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20190773

BRI U6 B BRAG P BT 5 FER 7K 81tk AR A R4 4 4k B S i

Em, T8% mAHL B 24 % B

(1. L@ R KM RIS TSR, Fi% 710055; 2. TRHEECIIAEREARIHT AR, B 338 721100;
3. T SRHIMMAR LREERAR, #2% 710100)

B OE BT IR AR R AR KU, DRI A B A A . AR TTAR R X BTG X AT
B ST B BRI LR MR K, BRI I BRI, DL ROK e D )AL B S e R K Ptk REAN
IR . 2R R E SRR LN 153%, HA&E Cry Mo, Niv Cu. Zn FEGEE T, FTH
WA AT S DA ER RN, S R B I R AA e, TRV T IS 52 30.0%; v5leh Fy Cr #stR i ASE b, (A
Ni. Cu. Zn #PHR HUER, SR T RSB EASGEK . KV E VMR E S S Ie i et C5S 2R, Wi sk e flk s,
EXKYEPEREREIAN K, 15 2.0%T5 e IZKTEAE 28 d TR A NS0 PRI A — e PR ALK

(=] Ecciy

K TG WA KA FRLE, et
HESES: TQI729  XHHFER: A XEHS: 0454-5648(2020)08-1295-07
4% HARATE):  2020-06-03

Physicochemical Performance of Fluorine-Containing Sludge and Its Effect on Cement
Properties and Environmental Safety
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Abstract: It is necessary to concern the safe utilization of the fluorine-containing sludge disposed in landfills due to its possible
leaching toxicity. The effect of physicochemical performance of fluorine-containing sludge, used in cement kiln on the cement
properties and environmental safety was investigated by X-ray fluorescence, X-ray diffraction, scanning electron microscopy,
immersion extraction and leaching toxicity tests. The results show that the fluorine content of fluorine-containing is 15.3% with a
small amount of heavy metal ions (e.g. Cr, Mn, Ni, Cu, Zn, etc.). Fluorite is the major mineral phase, and secondary mineral phases
are sphalerite and nantokite. Fluorine in fluorine-containing sludge is mostly calcium fluoride, and its content (mass fraction) reaches
approximately 30.0% in the sludge. In addition, the leaching toxicity of F and Cr is below the toxicity restriction. However, the
leaching toxicity of Ni, Cu and Zn is above the toxicity restriction. Therefore, the fluorine-containing sludge is subordinate to a heavy
metal solid hazardous waste. Also, the incorporation of fluorine-containing sludge assists the formation of alite, and improves slightly
the compressive strength of cement mortars. Meanwhile, 2.0% (mass fraction) fluorine-containing sludge doped cement could not
cause the secondary environment risk after curing age of 28 d.

Keywords: fluorine-containing sludge; fluorine occurrence form; cement kiln co-processing; environmental safety
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BTGV KR T SRR TREA IR A
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TR HIE A () ] — 4 [l 2 A =, AR T
TR E= T ESHoE e, FCC AUREAR
W BB E AR 2.0% (1) & S5 e pe e, £
LTE-2 FEENE BCC [ £-CaO (im0
J 1.47%, FCC [ -CaO N 0.36%, B3N
/NF1.50%)

B HilfiE R £ 7K e : 3 7 H FCC F1 BCC P Fif
ok, AN AT KV R 5.0% KR KA E, F
FH S 6 & BR R ML HEAT M B, 5 o) Bl 2 T AR K
(3705) m/kg, SM A S BAERR HKYE FC FIR
B REERR £ 7K e BCo

oAl )50k} ISO ArdfERD; CFE. L. HHIR
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(1) 7R

W RS RS VR AR 45 CHET 5 d B fETE, HFEE
2k 0.08 mm J7fLI. FREL 10.00 g WA E T
150 mL [RREpFH, BINR L5, 7E DF-101S BU4E
ACTE R AL AL R, #3900 r/min.
e 1 TP IRERAE, WL 5:1, 98—
BEETERE)E, HRRESR MR AR, R N

F1 IRFREENES

THE S R HBR Bk B NG E, K B4
HRMTEHEN TR S IFRE RO
PLES O G PR AR, €754 100.0 mL Wl 5E 55 1
WL, IS ORI 1) R S E K
H HI999—2018 (AR FHIME -2 11k
PRI FRUED 2 o

(2) IR EEE

FREL 10.00 g IRFEE T 150 mL Feprrh, I
50.0 mL BAEH, MBI HFENLBEFE 20 min,
900 r/min, #H'E 100 min. 1€, FREGRILE, KW
10 g/L NaOH Al 1+5(/+V) & FL Ltk HNOs i &
pH=5.6~5.8, AN 10 mL B 795 5 8 5 G2 v
(TISAB), &4 100.0 mL W2 F S TS, I
HROR S R, BARER 2 #iE.
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Table 1 Determined occurrence of fluorine by sequential immersion-extraction process

Occurrence form Immersion extraction solution

Operating Existing form

Ws—F 70 C sub-boiling water
Ex-F 1 mol/L MgCl, (pH=7.0)
Fe/Mn-F 0.04 mol/L NH,OH-HCI dissolved in 20% acetic acid solution

Stirring for 0.5 h {121

25 °C, stirring for 1 h
60 °C, stirring for 1 h

Free fluoride ion in water'
Exchange adsorption on sediment!'' %!
Adsorption or co-precipitation of fluorine

with Fe/Mn oxide!'?

Or-F After treatment with 0.02 mol/L HNO;+30% H,0,, added 3.2 mol/L 25 ‘C, stirring for 0.5 h Entering or wrapping on organic
CH;COONH,4 particles“lflzl
Res—F Residual fluorine is the difference between the total fluorine and the Inside the mineral particles[IHZ]

sum of other forms of fluorine

F2 EENREENSFETRPAEMRELK

Table 2 Determined occurrence of fluorine by separated immersion-extraction process

Occurrence form  Immersion extraction solution

Existing form

Ws-F Deionized water
Alkali-F 0.10 mol/L NaOH
Ac-F 1.00 mol/L HNOs
Weak Ac-F 0.10 mol/L HNOs
Salt-F 0.10 mol/L KC1
‘Weak Salt-F 0.01 mol/L CaCl,

Soluble fluoride (e.g. NaF, KF, etc.), F~ adsorption on the surface of mineral particles!"®!

Clay minerals-OH +F <> Clay minerals-F +OH’, Organic or inorganic colloidal adsorption F '
Under acid pickling, insoluble fluorides such as CaF, and MgF, are dissolved in the solution!'”!
Insoluble fluorides such as CaF, are slightly soluble in weakly acidic solutions'"®!

Partial dissolution of insoluble fluorides such as CaF, under the effect of non-identical ions!'"

Partial dissolution of insoluble fluorides such as CaF, under the same ion effect!'!

2 HRE5®
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Table 3 Physical properties of fluorine-containing sludge

Moisture Fineness/  Apparent density/Density/ w(organic
content/% (m*kg") (gem™) (grem™)  matter)/%
58.10% 405 2.15 2.34 10.47  Gray-black

Color

100+ /o/g——O—O—O ]

%

—o—Cumulative volume
—o-Differential volume

1
=
=)}

208 Nopoo*”
208 AN

1 1 n 1 n 1 n 1 n n 1
100 150 200 250 300 350
Particle size/um

Cumulative volume/%
=
'S

Differential volume/%

S

|

K1 &y Y R 2 A

Fig. 1 Particle size distribution of fluorine-containing sludge
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212 FREIGRMISEET R 4FIE S A Hh
BT A 2R 2 R T 4

3R 4 R 5 Bl vl W, & a5 322 CaF.
P. Si. Al. O PLE/DH Mg, Fe. S & 0410,

H4EItE Cr. Mn. Ni. Cu. Zn 8K, 205
1 22.99x107°, 31.44x10°°, 133.90x10°°. 181.01x10°°,
130.71x10°%, Ak, W7 o e ml REAF (e T T
AR 277 B B AR 1 e fE .

x4 RTEMLFEN

Table 4 Chemical composition of fluorine-containing sludge w/%

F Cl SiO, ALO; CaO Fe,0; P,0s MgO SOs K,O Na,O LO.IL

15.32 0.21 9.15 6.03 34.58 223 9.58 2.43 1.23 0.08 0.39 15.82

w is mass fraction.
*5 BRSERNEEERE

Table 5 Heavy metal content of fluorine-containing sludge wx10°

Be v Cr Mn Co Ni Cu Zn As Mo Sn Sb Pb Zn

1.23 5.66 22.99 31.44 0.94 133.90 181.01 130.71 9.06 6.54 3.11 2.34 7.77 130.71

i XRD 341 17 HL 78 S35 Ve AT RA A
iR 2 pros.

Annotation:
+CaF,
+ #CuCl

&7nS

Intensity

70 20 30 40 50 60 70 80 90
20/°)

B2 s XRD i
Fig. 2 XRD pattern of fluorine-containing sludge
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o] SR AH A AVBE FRIAT SR U A 788 A U BRI, 9.58%P,0s
A REE T Ui R P S s A AT I, #E
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{fHH SEM X 5 e MO B S AT T 40 #s
SERIPE 3 Fron. W 3 AL, S RTE e RO
FARURLIAZOIR, S ARTESIF AT, X W e
AR R B N BT AR AL, 3B A KRR SO
Wy, JFHIE 3 wAHAN SRR, ST
Kol REFAE AL, AT BOR AR Y1 5 R
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Ve SEM [
Fig. 3 SEM photograph of fluorine-containing sludge
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Table 6 Determined occurrence of fluorine by sequential
immersion-extraction process

Mass fraction of

Occurrence form Content of ﬂuorine/(ug'g’l)

fluorine/%
Ws-F 316.23 0.21
Ex-F 110.58 0.07
Fe/Mn-F 112.04 0.07
Or-F 213.28 0.14
Res-F 153 047.87 99.51
T-F 153 800.00 100.00
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Table 7 Occurrence of fluorine by separated immersion-
extraction process

. . Mass fraction of
Occurrence form Content of fluorine/(ug-g )

fluorine/%

Ws-F 302.34 0.20
Alkali-F 2341.56 1.52
Ac-F 4052.75 2.64
Weak Ac—F 110.13 0.07
Salt-F 103.06 0.07
Weak Salt—F 100.88 0.07
Res-F 146 789.26 95.44
T-F 153 800.00 100.00

& 6 FIEE 7 AT WL, U7 vk il K A&
B E RN 316.23 pg/g, R T IER 0.21%, A2
s RS G LAV ERMR T =W,
BRIV TP ELIE 99.51%;: T A Wiy, 7iAd
JH 0.1 mol/L NaOH 5 1.0 mol/L HNO; i 42 7 ) 4
e N 5T 1 I O o == D O 5/ =TI 8
2 341.56 pg/g F1 4 052.75 pg/g, 23 5 15 U8 H s
HON 1.52%F1 2.64%, oA $2 8 454 T Bl o)
PR ARG, Bl b e 95.44%. itk
AL, AEH 2 BRI BTN B TR R S TR
rh VIR ) A9 ARG, 1 BH O B DU ER  TB
RIRTE T V50T . 454 XRF F1 XRD BI04 1,
ATHEN HL 5 TS e R R DAEE AT CaFy A7 11,
CaF, 7EV5 R T IS =40 30%.
214 SHEIGIERER TR
T B EE R

R8N H I

*8 BRITEFHRL
Table 8 Toxic leaching of fluorine-containing sludge

wx10°
Toxic leaching environment F Cr Mn Ni Cu Zn
Deionized water 10.12 1.75 1.23 16.13 88.19 83.23
Acetate buffer solution 25.03 272 2.67 19.96 101.18 103.43
Sulfuric and nitric acid solution ~ 30.15 4.32 3.72 27.15 119.32 132.16

Standard leaching limit 100.00 15.00 5.00 100.00 100.00

e 8 w L, AR KRS, s
PEIABE SRR KIS, SRS Fy Criih
W B A% T B K kv GB5085.3—2007 (& R4
W AR AR IR H BRI PR A
100x10°°, 15x10°°, BiWI& RGBT Fy Cr &
THRHBAR I G R [ R PR 754 REE S br kA W
ffs Mn {3 H RS, (HA S 5T T Mn (iR H
WRFEARAN, AN 3.72x10°% fHJE, V5T Ni Lik

FEMIANR RSN, 5 IR P 132 K T A v H R
{E 5x10°°, 1f Cu. Zn 7ERRPEIREL N (3R IR IE Y
KT ARUER R 100x10°°, PHIL, SHs)E T
T4 125745 HH R R T [ 4 F B B 0
22 BETREMKEMREMER S MM
AR BT AT 40, 2 TG e AL A A
30%, ff Kzt IR AL B iZ A yE e, T i
AT B AR 2 R MBI E o BT K sE
B SRR MRS 45, AEKVET IR — 4274k I,
RITTE T BN 2.0% 5 575 Je 5T 2R AR #4 1 %
IKPEHERERIFEI, XTI N 575 e A2 77 IR K e 1Y)
BT A EAT T v
221 FRIGTRAIKIRARW YA E 4
FE S 53500 45 & 5 TR BRI 3RL FCC RIS &
e BRe Y #VEL BCC (1) XRD i .

1-w(C,S)=65.38%
5 1 2=w(C,S)=14.65%
3—w(C,A)=5.69%

1 [ r 4—w(C,AF)=14.29%

z POy o P e N N I 1. VA
S—=w(Ca()=0.26%

1
2

Intensity

I¢ulated value

itterence value
1 1 1 1

n n n n 1 n n L
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20/(°)

K4 BERGIe AR Y 2 b
Fig. 4 Quantitative analysis of mineral phase of clinker doped
with fluorine-containing sludge

1-w(C,8)=60.46%
2-w(C,8)=18.72%
3—w(C,A)=5.45%
4—w(C,AF)=14.01%
5—w(Ca0)=1.36%

Intensity

Kl 5 ABE TG Te 2T YA E o B
Fig. 5 Quantitative analysis of mineral phase of clinker doped
without fluorine-containing sludge
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o ZHH

%9

f-CaO &R, ZMEEIRE G, EIRGUREK
M. E RIS AR AT SeR AR, I
et C3S HIA k.

222 ERIGIERS KBS ] bR KR
AR 2 PEREMI 2 BC 5 FC IMBEE I A] L bR
HERR L ity Kl Jy oA R e, WAk 9 B

EETEERATRKCRRBRERE. fEREFKERNFMEEE

Table 9 Setting time, water consumption standard (w,,) and mechanical properties of BC and FC

Setting time/min

Flexural strength/MPa

Compressive strength/MPa

Cement wy/%

Initial Final 3d 7d 28d 56d 3d 7d 28d 56d
BC 166 204 243 6.3 8.4 9.0 9.4 28.0 36.0 53.2 59.2
FC 160 195 254 7.1 9.1 9.9 10.2 31.6 39.7 58.3 68.3

9 [ M., FC Y] g | 43 ) Lk BC
58T 6+ 9min, FC [FFRHENE FE /KL BC 14
KT 1.1%. FC I 3. 28. 56 d fchbHidramEE ML
BC 43787 0.8, 0.9, 0.8 MPa. FC f] 3. 28.
56 d IR HUE L L BC 2530 T 12.5%- 9.6%-
15.4%, AW, FC W15 RERS LT BCo 95k
) CaF, 1] FRARRRHBOR A H IR E, A BT

2t

N =R

C.S 5 CaO Mg &y, A G B B C5S
SR Z, KU LS N RIS G,
S T

223 FRRIGURXT PR 2 A 1) 5 ) PLIK K L
A 0.5 (IKPEEIK, bR 3. 28 d, AR IR
Bf, B PR ERES, 15 KR KA = e
giL, g5 10 P,

F10 BERTRKEFRELKZHENE
Table 10 Toxic leaching of FC paste hardened body wx10°
F Cr Mn Ni Cu Zn

Toxic leaching environment

3d 28d 3d 28d 3d 28d 3d 28d 3d 28d 3d 28d
Deionized water 0.04 0.01
Acetate buffer solution 0.35 0.18 0.04 0.02 0.03 0.01 0.03 0.02
Sulfuric and nitric acid solution 0.52 0.38 0.05 0.03 0.04 0.01 0.02 0.01

R 10 7] L, Cr. Mn & FER HIRE 5K
R HOR2 Wk, Fy Niv Cu M Zn B 146 AR
BB AR, BRI N TR
PEBRAE o 1X 0] g T 7K V8 K AR 7= 4 % K 2 125 1 )

A RN A AR U™, L KA B i) 94K AR P
W

3

1) S I5 e AR, UL RN 1S 20 3l A
2.15 g/em’® F1 2.34 g/em’ s AR a2 BAT 4404 |
iR Eh . R, WML E Cre Mo, Niv Cu.
In HEEEEE T, HSH— 282N IW. 15TkN
T E AR N B A Je D B R A N BT, SLROU
JESL S MURL AR, SRR IE AN ] sl 580 DAAE
WHERAES T AAE e, VElerh AL Es & =40 30%,
MER AT AT BT 95% L Fo V5 o EE R A

bR, H Niv Cu. Zn BRfERHERS, &5k
Je& 5 4 FE I [ AR R 57

2) KIBEHFEIAEE 2.0% K W & w5 e, X
HEHB R RK PR PERE SEMIAS K, H A2 HE C5S AR R,
PE KV HUR IR o

3) KIEEFHMEAT F. Cre Mn. Ni. Cu.
Zn S @ErrptER N TR RE . P, 7 28 d
TP TR AL E S 2.0% 5 W5 I K Je A
DRI A R I A

SE R
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