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Study on the treatment of Cr( V])-containing wastewater by natural
lead-bearing pyrite
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Abstract: Natural pyrite has strong treatment capacity for Cr( VI). In this study, a natural lead-bearing pyrite sam-
ple from Shiyan, Hubei Province was selected to treat the Cr( VI)-containing wastewater. The structure and compo-
sition of the sample were analyzed by X-ray diffraction and X-ray fluorescence spectroscopy, and the influencing
factors of Cr( VI) removal reaction were investigated. The results show that the natural lead-bearing pyrite sample
has a good ability to remove Cr( VI), and the removal rate of Cr( VI) wastewater with a concentration of 50 mg/L is
95% ~99%. The effects of pyrite particle size, reaction time and pH value on the treatment of Cr( VI)-containing
wastewater were systematically studied. It was found that Cr( VI) was mainly adsorbed on the surface of pyrite parti-
cles to form flocculent substances. The results of SEM and XRD analysis of the products after the reaction showed
that the flocculent substances was needle crocoite containing chromium and lead elements, which had further re-
search significance for the use of secondary mineral precipitation as a new method for chromium removal.
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A H P (Kota and Stasicka, 2000) , H.rp Cr( VI) 1975
PeEfsm, fE 3, Cr( VD)@ % LA CrO3™ il Cr,0%
BT, Wtk B o kA%, AR MERE
B, XA BA BRI R FAE M. R TRk )
Cr( VD) W LMB AR & I XA 7E, = EPRAIAR 3
FhEUR &R Z — (SRaRIFAE, 2005) . Cr( 1) F 2
LI Cr(OH)* M Cr(H,0) ;" S8 X AE7e, 2P X
BN, G IR (Goulhen et al. , 2006; Sarangi
and Krishnan, 2008) . #f Cr( VI) %4k >h Cr( II) If:
SEPLTTHE A AHDCEARAIT ST B A AR

AEERYE AR TS e 3R R K, HATELA R &
B GBSk . A SCEIRIE , B
WHHEERAN T HEIRESH R, BERERTH
Cr( VI) (Desjardin, 2003) , ft4E 49 A r= 9 vl LA
[ #ER J5 Cr (VD) 4n 5 46 B8R E J5 T BE I8 Ji Fe
(), 2 Fe(1) iR Cr( VI) ( Van Nooten et
al., 2007) , {H{HCE Y b BRE ARG 5 A 01K H &2 356
B A, Cr (VD) B9 JFE = I ATEE B “ IR 87
PRSI A 0 1 25K R0 W) (VR 7555, 2000
BIARAE , 2002 FERAE, 2003) DL Rk B e 01
TR RN A 55 RIR W) (215 1 5%, 20065 B
B4 2017 X FRAR, 2009) kbFEE Cr( VI) R KBIBF
TR RIE

WEYIew Vak T DA BRAL 4 4GSR Y i
ST W B A8 TS SR B R B ) . DAREER
R AR A 1 R BT ) b R R T 5 IR S AR
Cr( V) 5 YL 3i B v oA B A (A 45, 2021) ,
A B RN e Cr( VD) Rl Jy Cr (1) 2
BEHL L B AV 5 ( Anderson et al. , 1984) , W53
B, B IIYK FeS TIESE Cr( VD) 155 T3 ST
K, HXF Cr (V) £BRfigJ1i5 683 mg/g(Li et al. ,
2019) . [RIABESESE L, JoE B FeS, L BRigidh
Cr( VD), BAH ] 1R R NS R Fe (10) 777E,
TR AL Wy T 2 fe s SR AL I Cr (VD) B 1Y
M, RIRERBRALYI T TR Cr( VD) 38 5L Ay ) Bsf 5 2R
FHIEY R EW ML (Liu et al. , 20165 Lu et al. ,
2006) ,

KIRBLERAVE Ry MR TP B 5 WL ER B A
Hrp R R Binl 5 Cr( VD) B, REUEE 3R
JE I 2 P VR T, ELRE R UA B R AR R, T
WA AL B e ARG O R B S L, TEAL B
15 g IS T K b i Tk B A B R AT 24 5
(Doyle et al. , 2004; Lan et al. , 2007) , JTSE4E X}

FHB B4 (A 5 22 SR I et s ol 4 4 ok 9
YikERE, DR LBRAEh Co (VD) BE ) (AR
%, 1999, T PEAE4E, 2020), 00 FH R AR B8k
Wbk Cr(VI) MAHSCRF SR 4 /b 3™ th T ™
FAFEARIE RS B BN ES, IS
JEITCR AR RS, &0 KAR B AR 1E RS v v
ST YT 4R 0 E (Chen, 2014) , 1E BRI H
s B S eI BRI T AR A R R
PIAIXT SR Bk b B Ce (VD) 14 52 80 ML DA B %
LR HM RN G HRIE, AR SCRE B R
SR G IR IR T R BRI R Cr (VI Y SE 5
AT IE, HA T2 5 o A K i L X
Cr( V) EBRFmE AL, FsHEmy s cEs
BT A T8 B ) Ak AR A B UK SR A
IR REEA 115 G ih BE LA SR H R 2R3 W B dg, SR
W E B A EEE L,

1 SRS ik

1.1 RAREHT MR

FE e BT R IR BT (T A% HSP) , 7™ A ]
Je HHEN AT I B SR B X,
1.2 TYERHHERIE
12,1 Fdh X SFeqi St

B X S AT S (XRD) I 7E A 50 K7 23 b
WM XS 26K & A5 55 4L ( XRD, Rigaku Dmax-
2400, JAPAN) | 58 B¢, i ik L 40 kV, HLR
40 mA, X HFERUEA Cu #U) Kal H4E (A =0. 154 06
nm) , AFFEE, K 0020, HiERE 5° ~
75°, HAEE B 0. 25 s, F] H Highscore Plus
(4.6.1) R KR HF YA TEE
1.2.2 X HE&uOEm

X S EOEIE (XRF) 7EIL 50 K7 Bk 5 25 (7]
Rz B U 20 X 28 611 (XREF, Thermo
ARL ADVANTXP +, SWIT) b5, K H3h% 4.2
kW, WURHE 70 kV, U HLEE 140 mA |, #5 oK Uk:
HEaiF T ERICRE R/ (TR F-U)
1.2.3  HHRT RS eI

FH L7 B T (ESEM-EDS ) i b 50 K o
WyRRAE BE b & SRS A4 F T W AUBE (ESEM,, Ther-
mal Fishher Quattro S, USA)7E WK HL T4 T WLE foi
RIWOUIESR , (i FBCA EDS fEiB AT ST R
M, MRKIEARE 2 #850, T/ERE 15.00 kV, F%8
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JE#% 110 Pa,
1.3 EHHRFLEE Cr(VI) EKEH
13,1 RiARXTEERA™ 23R Cr( V) T B2
HUFES 5 (9 HSP, R HIHRFEHLZEEL 100~400 H
Feah, MEBFKE ks & T T8 1 h,
Bt B e N 50 mg/L A Cr( VD) ¥, B 100 mL ¥
THEEH, 23 5IMA 1 g BRRIAERY HSP, SO 5
OV B THE 200 v/min I8 E A 25°C BOFER Y,
1.3.2 B X Cr( V) KBRS ] 1251
U1 g Rife R 200~300 H A HSP B F 250 mL
HEIEIR 43 SIE A0 100 mL #& BE K 50 mg/L ()
Cr( VD) AW, B e s TR o beas L, e
200 rv/min, AHFESEE S50 E 3 A PAT4, BR
— 7 AV HORE B0 AR B IR i &5, W E Cr
(VD)W
1.3.3 pH {EXTEERA LBR Cr( VI) BEJI YR
U 5ok A% 200~300 H () HSP, & ¥ i2
IR 5 g/L F 10 o/L, #4h Cr( VI) HEE N 50
mg/L, SOWVIERAEFHER R SR A oM e pH (&
SR 3.5.7.9. 11, JFETEOE T, E T
200 r/min Y EE K 25°C BEEIR T SO R )
VIR )2 R A3 B
1.4 Cr(VI)FENEREBREITES X
WEIFICR A E /) Cr (VD) BRI C,, FNE
WA B DA PRIS B TR IR, SR FH R B e — 43t
SR E Cr(VI) W ¢, R %% 4 Evolution
220 AR WL AR T, BL bR 7], Fe R
PET N2 e ik, fr i 8 5~ 10 min 5, 8
540 nm PACHATMOCEEDE , SC50 A KR
TORBR I R TR B W I B btk AEak

HH\HH
icm

IIIIIIHI
.1cm

FIAF, B ora,

FARZR Cr( VI) BBRFRHHRARXN: w=(C,
—-C)/Cyx100% , XH w Ky Cr( V) B EBRR, C, N
SRR Cr( VD) WIMRIREE , € Ry 5 — I 2] s o A &
o Cr( VD) M

2 ZER5HE

2.1 RAERY W WHIBFE

¥ HSP (K 1a) RIVERE W1, Jbse B T
WEER W HLAT G B 0 Y S 8 FROE (BT 1b) o 7E
SEM FX§ HSP #F1TREIETC R AT, KIAEAE S 4T
R (K 1c) , XF HSP #47 X SHRAT 04T,
FE 5 BT R R B 32.98° 37, 00°,56. 16°3X 3 />
SR (& 2), 43 BI6 R EE AR BT (200) L (210) |
(311) {1 ( PDF-2004-01-089-3057) , FEHARE 25
TN AN EY, AR,

FHIUE GRS PERER, FEf HSP & Fe
(40.99%) .S(50.08%) .Zn(0.09%) .Ph(6.98%) .
Na(0.25%) .Si(0.31%) Mg(0. 12%) .Ca(0.16%)
HCL(0.13%) , A4 99. 11%, Hp 34 Fe S JC
£, WE RSB AL 90%, H Fe 5 S JHF1)
JEEJRBEE A 0. 469, H2 B8k (FeS,) 0.5 1Y Fe S
JRFEEJRELLL, 5 XRD /45 R G . i8 & B HSP
THDREITER, DT ST g At
THEH RS T, S EIET XRD A AIRR
2.2 RAHEBTRIZMEEETR
2.2.1 FESRARXT EBRR AT

FRIRGERA WORLRL L8 H A 1~20 mm, A5
HIE (7 b

, 2016) , FE— 7 YU Bl N B R AR B

1 10 pm ]

200 pm ' Pb || Fe . Electron |
=)

Kl 1 HSP SEWREA (a) DL RGN (b) 5 EDS A (¢)
Fig. 1 Picture (a), optical micrograph (b) and EDS energy spectrum (c) of HSP
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S . S Co( VD) BEAK, KBRS TR B BE, HSP %
& - ARG A4 Cr( VI) BIBE ST, 7E 120 min P HSP
Xt Cr( VD) 22038 0 85.32% , M 12 h J5, HSP Xf
Cr(VI) B9 £ BRRILF) 99. 21% (& 4), X2 Cr
(VD) (s RS S AT , 5k 2 i A s A0 k45
B Cr( VD) 38 JE [ 2 | (EbE 5 BN R 7, B
5 BRAT R (A A o5 0T BRI, RIS S N T R A A
_ A Cr( T ) B4 SR R SR A A A 2 1T, mT g 2> ik
- | %5 § B LB S BT , PEUR LR BT TR
o UL L3 ——
20 Zlﬁ 3I0 RIS 4I0 4I5 SID 5I5 {.:U (:5 ';0 ';5 SIU 0
26/(%) %
& 2 FESH HSP B XRD &% N
Fig. 2 XRD pattern of HSP R
%% 60 |-
AN, RN 2 W Ce( VD) IR SR E |
SR AR, [ A BE A B AR T X Cr( VD) B9 2% m
BRECR , ANSCELIGES BN, RIRBERE BRLAR 6]
EERFA M (E 3) 24 HSP R KT 300 0 R t
B R 60 min B, BEEA X Cr( VI) 2Bk 5 b 2 - - ' ' ' - -
0 100 200 300 400 500 600 700

BRI NE PR TE, 2GRN 07% ; Sk A2/
F 300 HEF, gkSei/Mpiie, BRI K,
I, AR PR K Tl AL At i, B Y25 G 4= T
ZELR, OB A TR, A X
BROT S5 bR AT R R R N T, el R R
%, A B b PEne
2.2.2 AR 2L B A S

FRRRARSC 1. 3.2 SEIR AR E, URE S HSP 4b

(
100 pa— -
95+ ,/’/’/’%/,,/f”
o W
& g5
tul ]
5 80t
75+
70+ % —e—HSP
| I EE— N T— R — R U T——1
100 150 200 250 300 350 400
kit A

K3 KERD HSP X Cr( V) B9 L BRARRIOR AR 122 4L
Fig. 3 Variation of removal rate of Cr( VI) by HSP with

particle sizes

1/ min

&l 4 FE& HSP X Cr( VD) (9 25 B S BER ] 9 28 4E
Fig. 4 Variation of removal rate of Cr( VI) by HSP with time

2.2.3  TURIRAENEXT K BR R 5

ANFIRRBE AT, RIRERT K BR Cr( V) 1
SRR, ERMEZMET, KRB EEKY X
Cr(VI) A BAF AL BERE J7; WG pH (XN, K
FEE PR, X Cr( VD) B9 R BRECEIT b5 30T R
MV pH (B K Bk 25 AR I, R AR R X
Cr( VD) By BRI R R, LA 25 B 64 L i 1
RN T 23% (B 5) o XK E g F AL
NART 7, MRS T R Fe™ 558
+, BEEARGL IR W TR Ce (V) , W HOWRE
B, AR R U A 2R TR 5 A IE HL ey, DT
FF Sz B 3 5
2.3 EHHHAES Cr( V1) BEKBFZWR SR

TEFIH AT A T BT B S N /R )
FEAIER, AR AT ) BT (1 6a) S BORLIR
RIBE R V-3, O 5 A7 2R AR B & 2 (A
6b) . XTSRRI G B HSP AR T T REIS 48T, &
PRAE SN 5 B/ IR R T A 1R IR R I 4R
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Fig. 5 Variation of removal rate of Cr ( VI) by HSP with
different pH values

10 pm

2 um

HUWE, 45aHI3C Cr( VD) ZERFZELRED, IR
SRBCHN 8 T 70 S B G (V) FRUCEE R Oy =X, %t
B Cr( VD) oK EAT B b AR

SN HTA Y RERE /3B 5 0 SC FE R IT R 4 4 R
HA—F(E), RMFER™YEZEE Fe S Cr
HoUE, SAT ARG A A (A BRANEE, 1999;
B4, 2001) R4 R P S U T RS R R
THEASONT S 56 2o A v AR A IR 9 5 (BT 6b L 6c . 6d)
PRI RETE A AT 25 SR R, HFEZHA Ph Cr 0 %5
JLE, [FREH Pb 5 Cr ERBEE/RHLIEIT 101, O
TR FERME R, FHIHEN Pb 5 Cr R A T
UUGE, BOSBFFE A P ITTE T 250k Cr( V) AL
HAEREEY,

10 pum

2 um

Kl 6 HSP ERHEONAET SEM B (a) 5 BRSSO A B 1) SEM [ (b ¢ .d)
Fig. 6 SEM images for HSP(a) and the product after reaction (b, ¢, d)

& 1 HSP R R MAETEMEIK=#E EDS TE
BEILEIHER wy/ %
Table 1 EDS element energy spectrum data for HSP
before and after reaction and the product

Fe S C 0 Cr Pb Si
i/ 7 33.3 359 14.9 9.0 - - 0.6
fid10 39.5 351 6.1 58 4.7 8.8 -
fiis 11 39.1 358 5.1 55 58 8.5 -
fifdi12 384 39.1 15.7 53 1.4 -
i 13 47.2 46.7 6.1 - - -

2.4 EHTRES Cr(Vl) BEKMEEHIREDDOHT
STRE S HSP B 5 Cr (VD) /K 5286 3 Fit rp 2R

BAERIRPI T (] 6b ~6d) #1471 XRD 4041, 45
on, KRS EA 32.97° .56. 28° 37, 11°3% 3 il
(B 7)), 205X R B ERDT19 (200) L (311) F1(210)
Ifii ( PDF-2004-01-089-3057 ) , B H: & 5% 25 19 ) o
RN FRAR R IR B, [RIREAE 27. 16° ,29. 45°
25.58°1X 3 M EAMENL, 5HAT (PbCrO, ) FfiT
S WXt N, B AR IR RS HE Y (120) L (012) |
(200) §41f ( PDF-2004-00-008-0209) ., XRD 434 &%
LW, O 5 A AR B A
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K7 i HSP RO A= AR M1 XRD [#]3%
Fig. 7 XRD pattern of the solid product after HSP reaction

FEfh HSP R gk Bt R B R, &
Cr( VI) P Bk, Rt ferh, bt ST 9
FESh AT E LR DL P B R, 5 E
Cr( VI) BN . PhS+H =Pb™ +HS |, Pb™ +CrO>
=PbCrO, | , LI T IIE(E 8) .,

Cr(VI)
504107
cr(vl) .
=y
V4 h
PbCrO; e

Kl 8 HIRATULIE R EIA

Fig. 8 Formation process of crocoite

PhCrO, [ K, 4 2. 8x107"° , JREJ ¥ W S 59 1R
PE, 6 B IRAR B -] 58T B T8 IR o £ 1Y) 4%
MRBTITIVE (I BIAT , 2001) , 2% CuCrO,(K, =3.6
x107°) \PbSO, (K, =1.6x10™) [ PbCO;( (K, =7.4x
10°7) ZEA0 A W s BE BRAR GBSt , AT 4 00 4% PR AR 25
TAEWIIRARAS I KA e, 5 U0 25 540 B8 1B sk
FREUIE , RO U AT IR AR A0, R AR 4k
T AR TR B OE A, RO

SRR B F IO, A SO A BT B A —
AT REAE UL DLV 1 7 A iU A2 1 B Jo
BRATET, AR LER R AR BB AL B Cr (VD) SRR Y
RIS, HLBERS 2 BRES 0RO LY 2 2577 18 TR
FRYECER , XX TR A IR Yk 7 Cr( V)
F TR 7 40 DT R 282 B T e HA H 255

(1) SES0 BN R AR & By IR X% Cr (V)
SRR BA B AL RO , 78 Cr( VD) BRI EGVR FE
50 mg/L B ERA SN A 10 g/L RLAR{E I 200 ~
300 H R 25C AT, 12 h P ARESTT XF
Cr( VI) LBRFE2H 99% .,

(2) BB BURDRAR DR/, R 4% il A A 22,
XF Cr( V) LB 5 R ARORAA B RIET, B2
BB /NT 300 B, FREU/NKRLAR, ZBRRIG IR
K, B I SA G s 24 SO PR S R M I
A BRRCR LT, VAR pH (XSGR, HEAERT R BRACR
AR TESERRIAL R K Tk Ak b, NS 45 &
AT EBOR, GRE 5 w4 R,

(3) Frithedah HSP A BT R g T, BEAT 84T
SEFRBETT . BORRE TRV ORI Y S R IR AR B
TE— 8 S5AF T AT LOE B e 8 B S8 85, 3% T
FIFARIR Wik J5t Cr (VL) DA R A A= 5 [ 5
W W) SR R PR TS Y B F S
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