« 44 - Multipurpose Utilization of Mineral Resources

W EEaNA

Z MR — e B A R BT R e L e
REE, ERE, FREL, BAR, IFE

(1. BT REH W TEFMR, Ade EW 063200; 2. TAEHHAWBRAE,
rdk B 0643005 3. EWLMmEE/RUUCIARAR, dt B 063000)

FE: W SLIRHT A T =S B-TE R S SRR 1 L A SR A R Bk R . SRR SRR, WA R
H1V (BUEEREWBD - vV (CZSACBRIERD B0y 0.5, &Iy 45 °C, [RSIIFEIDY 3 h, LAY
18 h, il #% If) LB ZUBE RO BT R Z 2R AL 2E 200 mL (MEH K, BH K pH{EA 7.0, REFIHEN
21.18 kg/t, ZEEFILBRNT ] 60 s, MEERRFNIL 98%. LLAMGIE /M HTal REW], =SULBANER I A2 16
RS, TRARA TGN, YR AR .

KA =SB ek, B, REHERE

doi:10.12476/kczhly.202210090641

FESES: TDIS1 NHEFREE: A XEHS: 1000-6532 (2025) 03-0044-07

2025 4

SIAME: S, TR, A, 55 =SBk —TEm =& BRI H 8 R PERELT]. BT SR B A, 2025, 46(3):

44-50.

ZHANG Jinxia, WANG Conglei, NIU Fusheng, et al. Preparation and properties of ferric chloride - starch

composite flocculant[J]. Multipurpose Utilization of Mineral Resources, 2025, 46(3): 44-50.

PRI 225 IR, 2R 771 SR G AR K
%, KIGEON & AP E R R BES . H
B, N TR ARG, 8 26 SRR
{5 7K BEAT AR BRI, 23 BIAE K R R B/ [ R R
R BBOR IR, WU TR, T8 F75K
MR ZEGREAR BT BLRI o N B SR B
HLZ - LA L2 = R, ol 2Bt
ANAT HLER B A AT AR T 1), A9 2R 5 A
N FE AT R B RCR S SR R R ) 2 . AR dh
ANk ER A2 TCHL SR BT A A BB 2 i, =&
BRAE D9 oL 2 458 770 30 T of A AR TS e ) ok PR
K, T e B R v KBTI D LR A TS
IKAE PR BORAI R B2, R = A BRBR T b
B, e BRIk, A AR AR UK B
AR TS — S R, BT DAAE K A B A i N B2 3 T
—E MR TR, AR DL = SRR WA

Wi HEL: 2022-10-09
E&£WB: it BRI 4 (E2021209015)

NIERL, XFHBEHT T = SAER-TE R A SRR
fil 45, N FRH TR AT K I 2R BT R S
5o, DL = S BR B oM N 2 £ R A A
FRO-181

1.1 SEER SR
JERL: BAK (ARSI /KA L
W T B K « BYWH ¥ pHIEN
7.5, W HIREN 4.5%, HIEZ) 3500 NTU.
Bl =&k, FoRIER . SR, R,
=EARE BN 30%, HE 1.36 kg/m®, &
IS E<25%.
12 ISR
1 3% : HI-6B X HLR TH IR MG e 3% SGZ-
400A VMUETF; HH-S2 B A RERKIG I W EL

EFRE N kT (19790 , &, 4, #Hd%, WEASIn, BFTr o 2Ry s ik
BIEMEE: EHE& (1995 , 5, WLHRA, #HRIT7 RO ERE Wl 548 F .


https://doi.org/

3

2025 4E 6 H KTEF. ZFAB - A AHERN R &R « 45 .
FARARERRE L 1 ATANTE FC-St BIECEL A 0.5 B, AbEE

1.3 ZESTRIHIZ

FREL S g M B KiER FERCHI AR 1 L AW 1R
WEH KT, 750 C KB IR &8 T,
5 = F1 R A C B 4T 1 R OK T R T P,
TE I #4f aok F2 H 22 1% (1 5 N 6.25 mL NaOH
(1 molV/L) , W EH NFFHHE, W HCl (4
BralD AT pHE . I — & 1 = &ALk
W, N — B ] S A A & SRR SRRV . R
—EAER-TER E A AT (FC-SO 1Y,
1.4 ZEHMERESCIS

HY 200 mL JE# /KT 250 mL Fe#k i, 7E 35
WEEEs LI THRE, AT E A 400 r/min HHRSE
PiHE 60 s, HRJ5 T B HEE ) 300 t/min, I
Bic B 47 () FC-St, #tbk 60 s Joih®, 0BV ET
FERIET ] R ERA R TR 8L , B8
60 s J5, 7ELEIEWAE 15 mLiEw, JFiit s
FEASCRT T 2375 R e B A0 g 2
1.5 ZESOINE SR

W 1l & 4 1 = AR -V A R VA TR
WAEME R, EMRIRT (60 C) AT T, K2y
FIR NN RS, JEATLLAM GRS AT

2 #XR5i%®

2.1 HIFILZEHRTT

2,11 ZEACERFNTE R AR AR bE ZLE: BRI 52
AN [E) P B A 2 5 A2 B R 24 91 1) R R 7

ARSI, AEAS A B AR 2% 1 T A 2k, B Ak

FELbrE, SR 1.

99.00 =

98.95

S

T 98.90

b

=it

98.85

9880 L@t
0 05 10 15 20 25 30 35 40

V (JEH) 1V (5L
1 =SS FEEM A RATRE TE & 2R
HE
Fig.1 Turbidity of the composite flocculant at different
volume ratios of ferric chloride and modified starch
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composite flocculant
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Fig.3 Influence of reaction time on flocculation of composite
flocculant
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Fig.4 Influence of curing time on flocculation of composite
flocculant
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Fig.7 Effect of pH value on flocculation effect

M 7 TH, BEEREN K pHEE K, B
Kb B BEAE T E, SR K pHME N
6.0~8.0 i}, FC-St Fl = Gtk 8k 3k B 2 B R e vy
I3y B BRI F) 98.9% A1 96.3%, FC-St )M F £
RUE T =& . K2R AWML T
FC-St % 5y KA KM M0 2R, FC-St Xf
W IR R BRI s 9 I 2 b M0 55 B P
i, DRI SERUR . R, AR R IE
HE BN SRR pH BTSN 6~8.
233 TEEERT 2R MURE 22 R 2R 1) R

HABSZAEAAR, A F R FE 1) 2L R
Kl 8.

H P 8 T, BEE RN KRB N, A B

M/ C
B8 REX LR
Fig.8 Effect of temperature on flocculation effect

BHVRAFIEIR, BG5S R /K R Y Al
MR K, HECE D R B, MR ERET S,
H FC-St ZUERCR I BAR T =S ALk 2 5E51), 41
JEEHE N F 40 C B, FC-St 2875 7 FE 26 B % A
N 97.2%, WeET =SALER BT, GREThE
T, =SB BT M B R R R, X
TN IR E X I h BN UKL 1) A BT 32 20 5 W S
%, 40 C JaBEAIRE N T, MBEsgr, X
I B3R N 2, B WMEREOR,
U TN =R AR R BEBCR B, i EiS
WM RS K

3% #

(1) FC-St Z&E il 2% 5 v By A = S4B
ML & RN R B ] R R &
Pl il & FC-St RBAMIE 5 &M NV (ke kh
WD« V (ZEABRIERD N 0.5, &
R 45 °C, RBIEFE A 3 h, ZALEF A 18 h,
MR R ZETTIA 98.7%

(2) AbEE 200 mL A KIS, i 255 1)
N 2118 kg/t, EH K pHAE N 6~8, WIEN
40 C, B KRB, WELEETIA
98.8%.

(3) AT R, & I Z B
HIA7TE Fe-O-C B RER], 300 T 2UE8R .

B2 i
[1] 5B, 2 b4 A B 1 B 51 240 8 240 PR B R

D). Pizz: K22 K, 2012,

LYU X L. Research on economical & intensive utilization of



.480

W E A

2025 4

land resources for highway construction in Jilin province[D].
Xi’an: Chang 'an university, 2012.

(2] 3K, K8, Ak, 55, RA MR ARG A 2 L
A5 ] B 7 A5 R, 2015, 31(3): 260-271.
2015030260.

ZHANG Z, ZHANG C, LI M, et al. Preparation and stability
mechanism of polyaluminum ferric sulfatochloride [J]. Ion
Exchange and Adsorption, 2015, 31(3): 260-271. 2015030260.
[3] 250t BHE, ERAT, &5, BR BSUIHM B ) 46 B L P At
AR COD WAL LI, 57745 6 R, 2019(2):103-108.
LI P L, HU Z, WANG C X, et al. Experimental study on
preparation of acid modified fly ash and its degradation of
COD in mineral processing wastewater[J].
Utilization of Mineral Resources, 2019(2):103-108.

[4] THAE, TKIH, EHFH. FHE TR BCIRE (12-BR) fES R
KRR (7], RS4RE T, 2014, 31(7):882-887

NING C H, ZHANG L, HAN Y. Application of cationic

Multipurpose

dendritic poly( amide-ester) in dyeing wastewater[J]. Fine
Chemical Industry, 2014, 31(7):882-887.

[5] RZAR, £3CH, k. FARERR £ KK CrdIl) #1
Cr(VD) W58 [J]. 5 =22 & FI H, 2019(5):98-101.

ZHU L J, WANG W J, JIN Q. Experiment on removal of Cr
(IIT) and Cr (VI) from wastewater by steel slag[J]. Multipurpose
Utilization of Mineral Resources, 2019(5):98-101. (in Chinese)
[6] Anchao Zhang, Jun Xiang, Lushi Sun. Preparation,
characterization, and application of modified chitosan sorbents
for elemental mercury removal[J]. Industrial & Engineering
Chemistry Research, 2009, 48(10).

[71GAO B Y, WANG Y, YUE QY et al. Color removal from
simulated dye water and actual textile wastewater using a
composite coagulant prepared by ployferric chloride and
polydimethyldiallylammonium chloride[J]. Separation and
Purification Technology, 2006, 54(2).

[8] #RER, BRH3C, TRALL, 55, sk 7R i & Fe-Al 3 2
B L2 ). 0 P25 AR, 2019(4):117-121+82
GUO Q, CHEN S W, ZHANG J H, et al. Study on spodumene
phase transformation in microwave field[J]. Multipurpose
Utilization of Mineral Resources, 2019(4):117-121+82.

[9] A. 1. Zouboulis, P. A. Moussas, F. Vasilakou. Polyferric
sulphate: Preparation, characterisation and application in

coagulation experiments[J]. Journal of Hazardous Materials,

2007, 155(3).

[10] A1 2k, B4, AR, &5, Tlipz-iik M 1 () A BE A AL R K o
PAHs[J]. /=45 &FIH, 2019(5):111-115.

SHI'Y, ZHAO Y, ZHAO X, et al. Microwave-activated carbon
Co-treatment of PAHs in coking wastewater[J]. Multipurpose
Utilization of Mineral Resources, 2019(5):111-115.

(1] T ERA . K A 5 A 4 T o P o o8 B e 41k 2 -
LI A= ER R, 2021(1):199-203.

YU C Q. Preparation of hydrophobic modified polyacrylamide
and study on selective flocculation-flotation[J]. Multipurpose
Utilization of Minerals, 2021(1):199-203.

[12] TR ER, A-Ra A me S T2 A AR R AT 2B A7 1B AT
AT L) 4R AT, 2021(3):22-26+38.

ZHANG J X, NIU F S. Optimization of flotation behavior of
hematite flocs in sodium oleate system using response surface
methodology([J]. Utilization of Mineral
Resources, 2021(3):22-26+38.

[13] . WA LR LR 7T (1], WE i RHE S
2357, 2002(7):98-99.

Multipurpose

TIAN C. Study on flocculation mechanism of microbial
flocculant[J]. Inner Mongolia Science & Technology &
Economy, 2002(7):98-99.

[14] WHEETT, B /K0, B %2 7n. ZUBEFA 8 FRRDTAR IV 52 iR 1)
FULI). W P55 R, 2021(3):149-151+139.

XIE T F, LUO Y G, MA A Y. Effect of flocculant on zinc
electrowinning[J]. Utilization of Mineral
Resources, 2021(3):149-151+139.

[15] B4R, B e, 3, &5 3 TG AL I WA B 1) 20 5%
FRIE L] 025 BRI, 2019(6):49-54.

CAI Z J,LUO H H, WU J, et al. Shearing flocculation flotation

Multipurpose

of low-grade collophanite in Jinning[J]. Multipurpose
Utilization of Mineral Resources, 2019(6):49-54.

[16] =) b, b A & W K AL BRI FE (D). 0777 2%
R, 2020(5):34-44.

YAN Y B. Research on modified fly ash treats for phosphorus
wastewater[J]. Multipurpose Utilization of Mineral Resources,
2020(5):34-44.

[17] P75 Ve, PREEIBR, HESR A%, 5. i R 3% 2R I Al 1k
[I). P45 5 FIHT, 2019(3):108-112.

SHEN Q F, LIN G Q, ZHUANG R C, et al. Flocculant

optimization for the neutralization sludge[J]. Multipurpose


https://doi.org/10.3969/j.issn.1000-6532.2019.02.021
https://doi.org/10.3969/j.issn.1000-6532.2019.02.021
https://doi.org/10.3969/j.issn.1000-6532.2019.02.021
https://doi.org/10.3969/j.issn.1000-6532.2019.05.021
https://doi.org/10.3969/j.issn.1000-6532.2019.05.021
https://doi.org/10.3969/j.issn.1000-6532.2019.05.021
https://doi.org/10.3969/j.issn.1000-6532.2019.04.025
https://doi.org/10.3969/j.issn.1000-6532.2019.04.025
https://doi.org/10.3969/j.issn.1000-6532.2019.04.025
https://doi.org/10.3969/j.issn.1000-6532.2019.05.024
https://doi.org/10.3969/j.issn.1000-6532.2019.05.024
https://doi.org/10.3969/j.issn.1000-6532.2019.05.024
https://doi.org/10.3969/j.issn.1000-6532.2021.01.033
https://doi.org/10.3969/j.issn.1000-6532.2021.01.033
https://doi.org/10.3969/j.issn.1000-6532.2021.01.033
https://doi.org/10.3969/j.issn.1000-6532.2021.03.004
https://doi.org/10.3969/j.issn.1000-6532.2021.03.004
https://doi.org/10.3969/j.issn.1000-6532.2021.03.004
https://doi.org/10.3969/j.issn.1000-6532.2021.03.023
https://doi.org/10.3969/j.issn.1000-6532.2021.03.023
https://doi.org/10.3969/j.issn.1000-6532.2021.03.023
https://doi.org/10.3969/j.issn.1000-6532.2019.06.011
https://doi.org/10.3969/j.issn.1000-6532.2019.06.011
https://doi.org/10.3969/j.issn.1000-6532.2019.06.011
https://doi.org/10.3969/j.issn.1000-6532.2020.05.004
https://doi.org/10.3969/j.issn.1000-6532.2020.05.004
https://doi.org/10.3969/j.issn.1000-6532.2020.05.004
https://doi.org/10.3969/j.issn.1000-6532.2019.03.024
https://doi.org/10.3969/j.issn.1000-6532.2019.03.024

3
2025 4 6 A

REEF: Z A — LA EBAN 5 &R

¢ 49

Utilization of Mineral Resources, 2019(3):108-112.

(18] Ak, A SR AN SBAGAURM RH % L 8 R IR
BHPERED S (D], B0 B ImiE R, 2012.

YANG X. Preparation of graphene oxide and graphene
nanomaterials and their application in heavy metal ions
removal [D]. Wuhan: Central China Normal University, 2012.

[19] ¥ ¥, 2 Fh 2R U R AF A s (D] 3 1l Hedb 2l T
KA, 2019.

DONG Q. Experimental study on synergistic effect of various
flocculant [D]. Tangshan: North China University of Science
and Technology, 2019.

[20] ¥ k. 4 1 2T 4 35/ 2R ML s SR A% 5 i 2 & AR 1) 2%
HRAE[D]. kifg: RAERE, 2013.

TANG L. Preparation and characterization of bacterial
cellulose/polypyrrole flexible conductive composite membrane
materials[D]. Shanghai: International Journal of Science and
Technology, 2013.

[21] 5K M. PDA (] 2 S0 7K o A5 LTS G 40 10 22 3 25 B
[D]. HJR: KK, 2011,

ZHANG P. Preparation of PDA and applications of it for
removal of organic pollutants in water[D]. Chongqing:
Chongqing University, 2011.

[22] 5K, TR ACTT, VRN, &5, AN TEAM RIS I T Z
P B BRALAE BURIT E (0], PEACAR MR R 2 24 (8 R B
fiK), 2013, 41(2):203-209

ZHANG Y, ZHANG J F, XU J, et al. Optimization of
extraction technology of Abelia engleriana leaves pectin and its
physicochemical properties[J]. Journal of Northwest A& F
University(Natural Science Edition), 2013, 41(2):203-209. (in
Chinese).

[23] X HERE, BRAESC, 36 CaF,/ZnO (il £ f e fb 1
R 7T ). 4RI, 2017, 46(3):441-445.

ZHAO Y L, OU Z W, XIANG W F. Preparation and
photocatalytic of CaF,/ZnO[J].
Chemical Industry, 2017, 46(3):441-445.

[24] maLHT, TRAEHF, W2, 5. FRAERR 3R 5 O 2B AT )
(7). (L3RR, 2009, 29(1):71-74

GAO L X, ZHANG Y J, JIANG J, et al. Preparation of

Activity Contemporary

polymerized silicate composite flocculan[J]. Environmental
Protection, 2009, 29(1):71-74.

[25] Marie Tholstrup Sejersen, Tina Salomonsen , Ross Clark,

et al. Zeta potential of pectin-stabilised casein aggregates in
acidified milk drinks[J]. International Dairy Journal, 2006,
17(4).

[26] A543, T7KR. TRk ER R /K A LA S IR BN HE AR (0],
FRERLE, 2007(1): 113-119.2007. 01.020.

FU Y, YU S L. Hydrolysis law and coagulation mechanism of
poly-silicic-ferric sulfate(PSF)coagulant [J]. Environmental
Science, 2007(1): 113-119. 2007.01. 020.

[27] 2%, SEUER, TR, 55 B sSSIR/ RIRIRAE &
JE M R ] g S MERE L], & AR T, 2018, 41(6):455-459.
LIJS,LIY L, WANG Y F, et al. Preparation and properties of
sulfonated graphene/natural rubber latex composite film[J].
Synthetic Rubber Industry, 2018, 41(6):455-459.

[28] BLHUA. #EE-Chryseobacterium sp. 22 ¢ 7 F 1) 2% S H
REMERIFFT (D). Bk EAREL TR 2, 2018.

QIN M J. Study on preparation and characteristics of lead and
zinc-Chryseobacterium sp. flocculants[D]. Guilin:  Guilin
University of Technology, 2018.

[29] AR, &KL, P2/NE. ZSBE R R BT A LUK
AKEHLELHIE 72 (9], £ di 5 AE WD BOR 24, 2018, 37(8):875-
879.

SONG M, LOU Y J, YAN X J. Study on the mechanism of
flocculating surimi wastewater with ferric chloride[J]. Journal
of Food and Biotechnology, 2018, 37(8):875-879.

[30] XL, Bk 55, XAk, 55, RLSWRS In 77 /4 % 4 23 i
(1. R4 T, 2015, 44(6):1237-1239-1243.

LIU Z J, DAI D Y, LIU Y T, et al. Qualitative analysis of
electroplating liquid additives[J]. Contemporary Chemical
Industry, 2015, 44(6):1237-1239-1243.

[31] 5k, 25, 2R ORI, 55, USRI BRRE 1V 28 JBu A 74 5
W [J). A =255, 2019(1):44-47.

ZHANG C, L1 J, LI B W, et al. Effect of collector on flotation
desulphurization of iron concentrate[J]. Multipurpose
Utilization of Mineral Resources, 2019(1):44-47.

[32] PLAKIE . 73 BROGEF 18 B T 2 SER AL A AT o e S FH
FELI). LR AR, 2019(1):48-50.

SHEN J C. Study on new flowsheet of part of the fast flotation
for some sulfide copper ore[J]. Multipurpose Ultilization of
Mineral Resources, 2019(1):48-50.

[33] WRutE, WRaEHE, FE TN 7 B fh A R Al R fih [l i 1
ST RS A R, 2019(1):51-56.


https://doi.org/10.3969/j.issn.1000-6532.2019.03.024
https://doi.org/10.3969/j.issn.1671-0460.2017.03.019
https://doi.org/10.3969/j.issn.1671-0460.2017.03.019
https://doi.org/10.3969/j.issn.1671-0460.2017.03.019
https://doi.org/10.3969/j.issn.1006-1878.2009.01.018
https://doi.org/10.3969/j.issn.1006-1878.2009.01.018
https://doi.org/10.3969/j.issn.1006-1878.2009.01.018
https://doi.org/10.3969/j.issn.1000-1255.2018.06.011
https://doi.org/10.3969/j.issn.1000-1255.2018.06.011
https://doi.org/10.3969/j.issn.1673-1689.2018.08.014
https://doi.org/10.3969/j.issn.1673-1689.2018.08.014
https://doi.org/10.3969/j.issn.1673-1689.2018.08.014
https://doi.org/10.3969/j.issn.1671-0460.2015.06.020
https://doi.org/10.3969/j.issn.1671-0460.2015.06.020
https://doi.org/10.3969/j.issn.1671-0460.2015.06.020
https://doi.org/10.3969/j.issn.1000-6532.2019.01.009
https://doi.org/10.3969/j.issn.1000-6532.2019.01.009
https://doi.org/10.3969/j.issn.1000-6532.2019.01.009
https://doi.org/10.3969/j.issn.1000-6532.2019.01.010
https://doi.org/10.3969/j.issn.1000-6532.2019.01.010
https://doi.org/10.3969/j.issn.1000-6532.2019.01.010
https://doi.org/10.3969/j.issn.1000-6532.2019.01.011

CHEN J Y, CHEN Z G, KANG W G. Research on reducing certain arsenic-bearing copper ore in Xinjiang[J]. Multipurpose

arsenic and recovering mineral processing technology of Utilization of Mineral Resources, 2019(1):51-56.

Preparation and Properties of Ferric Chloride - starch Composite
Flocculant

ZHANG Jinxia', WANG Conglei', NIU Fusheng', GUO Jianbo>, WANG Wanbo’

(1.School of Mining Engineering, North China University of Science and Technology, Tangshan, Hebei
063200, China; 2.Qianxi Zhongxing Mining Co., Ltd., Tangshan, Hebei 064300, China; 3.Tangshan Sirier
Chemical Co., Ltd., Tangshan, Hebei 063000, China)

Abstract: The suitable preparation conditions and flocculation properties of ferric chloride and starch
composite flocculant were studied. The results showed that when the ratio of V (modified starch solution) to
V (ferric chloride solution) of the preparation system was 0.5, the preparation temperature was 45 C, the
reaction time was 3 h, and the ripening time was 18 h, the flocculant prepared had good flocculation effect.
When 200 mL tailings water is treated with this flocculant, the pH value of tailings water is 7, the dosage of
flocculant is 21.18 kg/t, and the flocculant flocculates for 60 s, the turbidity removal rate can reach 98%. The
results of infrared spectrum analysis showed that the ferric chloride and starch were not simply mixed, but
condensation polymerization and coordination reaction occurred, which enhanced the adsorption and

bridging effect.
Keywords: ferric chloride; starch; preparation conditions; flocculation performance
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