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Preparation of Novel Poly Titanium Coagulants and their Properties for
Removal of Chromium(VI)

YU Dezhong, XIN Tingting, ZHAO Hui
School of Chemistry and Environmental Engineering, Wuhan Institute of Technology, Wuhan 430205, China

Abstract: Novel inorganic coagulants poly-titanium chloride (PTC) poly-ferrotitanium chloride (PTFC) and
poly-titanium silicon chloride (PTSC) were prepared by using a slow alkaline titration method and the dopping
modification. Properties of three types of poly-titanium coagulants for the removal of Cr( VI ) in water were
studied, respectively. And the influences of basicity, pH, dosage, temperature and coexisting ions on
coagulation effect on Cr( VI ) were investigated. The results indicate that under weak acid conditions, the three
types of poly-titanium coagulants perform the optimal removal efficiency of Cr( VI ), all reaching over 95% when
the basicity is 1.5. The optimum mass concentrations of PTFC and PTSC are both lower than those of PTC,
indicating effectively saving the cost. Temperature and coexisting ions both have little influence on coagulation
effect, suggesting that poly-titanium coagulants have a wider applicable range than other coagulants. In
addition, the three coagulants perform well in the treatment of Cr( VI ) in actual water samples.

Keywords: inorganic flocculants; poly-titanium chloride; Cr( VI ); coagulation
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Fig. 2 Effects of pH on coagulation
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Fig. 3 Effects of coagulant mass concentrations on coagulation

(Inset: enlarged view of the part)

100
®
P
]
Tg 95 —&— PIC
£ —@— PTSC
= —A— PTFRC

90 1 1 1 1

0 5 10 15 20 25
t/C

B4 BEMEELRENZM
Fig. 4  Effects of temperatures on coagulation

25 HEBFERLRENEIE

FE BRI T  FEAE £ B R SR TCHL B+, X 4k
W5 2 52 i) B2 0RE 5 6 S PR KRR TR BE RO, L
AR B FHE N 5 mg- L7, i Ay 185 1 Mk
4 3x10™ mol - L', 7E pH=4 , e AEF & T, WF5E A
[] A TE AL 5 - X SRR 1 5 >

&S W] AT, A T 5 A5 0 B TR L, —
JEH LB Na® K" Mg . Ca® SO HI CI % 3 Fligk 2
ZLE ) I TR B RO 5 i AN K, LR Cr (VD) 1 25 B
BHERTE 95 %L b, AL HoPO, T Si05 % 22 B R0 Y

S H LB R IR T 90 % LA I, H st is B 3

FE BT 3Rk R ZLEERI R m EL /. 18 R4k K
f A B, AT R T S R T G K Ak B
2.6 ITEERAKFEHREMR

TE SRR RE (AR WK FE) v, AU i — o 4
BB AR, A Cr( VIR BE R 1 mg- L7 ARG LI B
SEAL TE AR pH RN & S 0E T SR AL Ry
1.5 119 3 Fhik 28 2288 700 % S B KRR v Ce (VD) 1) TR 26
RO, 25 53], PTC . PTFC Fl PTSC %} Cr( VI ) iy 2

ERIES
120
PTC
PTSC
100 2 pTrC

Removal rate / %
N
<)

Mg™ Ca™ CI' Si0y” H.PO,

Bs5 HEBFIRENRAZINE

Fig.5 Effects of co-existing ions on coagulation

B % 4 96.05% .97.08% F1 96.27% , 5% B3 % 75 & 4%
51 0.039 mg+L".0.029 mg-L".0.037 mg- L, # /)
TR PR HES Cr( VD) & 12 (0.05 mg- L) ,i5 8] T
R 2 1 Ak BRI

3 4 iE

AR SC o 12 T B )l 4% 1 PTC L PTSC
HPTFC, Tk FE Cr( VD) Y 5Bk, &5 SR R0 .
PTC ., PTSC Al PTFC Xt Cr( VI) 3475 {1 55 9 TR %88 &%
B EBERY KT 95%, = TG s kb 2
EEF 5 1B 445 (19 PTSC A1 PTFC, 6 TR BE i #2
FAEBOM & W BAX T PTC, AT 45 29 iU A 5 3 b 22
FIREF T 52 BrACRE o Cr( VD) B 25 B, 2495550 51 W4
A 2R Ay — 2 A = R JE ML L ).

B2k

[1] MARTINEZ S A, RODRIGUEZ M G. Dynamical
modeling of theelectrochemical process to remove Cr
(VI) from wastewaters in a tubular reactor[]J]. Journal
of Chemical Technology and Biotechnology, 2007, 82
(6): 582-587.

[2] DINDA D, SAHA S K. Sulfuric acid doped poly
diaminopyridine/graphene composite to remove high
concentration of toxic Cr (VD) [J].
Hazardous Materials, 2015, 291: 93-101.

[3] QIN G, MCGUIRE M J, BLUTE N K, et al. Hexavalent

Journal of

chromium removal by reduction with ferrous sulfate,

coagulation, and filtration:  apilot-scale study [J].
Environmental Science & Technology, 2005, 39 (16) :
6321-6327.

(4] HEE, BEE, BRI AP mES AR
(PAC) TE BT 7K Hh i TR BERIOR 15 4% B 40 ik S 21 4
[J]. Bl , 2011,56 (14): 1103-1111.
YANG Z L, GAO B Y, YUE X Y. Coagulation



5530 UL, 5 R A LB R 0 A BRSOV OB

215

[13]

performance, and speciation and concentration of
residualaluminum in Yellow River water treatment with
AICl; and polyaluminum chloride (PAC) (1.
Science Bulletin, 2011, 56 (14): 1103-1111.

SHARP E L, PARSONS S A, JEFFERSON B. The

Chinese

impact of seasonal variations in DOC arising from a
moorland peat catchment on coagulation with iron and
aluminium salts [J]. Environmental Pollution, 2006,
140(3) : 436-443.

LEI M, WANG N, ZHU L H, et al. Photocatalytic
reductive degradation of polybrominated diphenyl ethers
on CuO/TiO, nanocomposites: a mechanism based on
the switching of photocatalytic reduction potential being
controlled by the valence state of copper [J]. Applied
Catalysis B: Environmental, 2016, 182: 414-423.
OBEE T N, BROWN R T.TiO, photocatalysis for indoor

air applications: effects of humidity and trace
contaminant levels on the oxidation rates of
formaldehyde, toluene, and 1, 3-butadiene [J].

Environmental Science & Technology, 1995, 29 (5) :
1223-1231.

HOFFMANN M R, MARTIN S T, CHOI W, et al.
semiconductor

Environmental applications of

photocatalysis [J]. Chemical Reviews, 1995, 95(1) :
69-96.

ZHAO Y X, PHUNTSHO S, GAO B Y, et al
Preparation and characterization of novel polytitanium
tetrachloride coagulant for water purification [1].
Environmental Science &Technology, 2013, 47 (22) :
12966-12975.

ZHAO Y X,GAO B Y, SHON H K, et al. Coagulation
(Ti)
compared with aluminum (Al) and iron (Fe) salts
[J]. Journal of Hazardous Materials, 2011, 185(2):
1536-1542.

ZHAO Y X, GAO B Y, RONG HY, et al. The

impacts of coagulant aid-polydimethyldiallylammon-

characteristics  of titanium salt  coagulant

ium chloride on coagulation performances and floc
characteristics in humic acid-kaolin synthetic water
treatment with titanium tetrachloride [J]. Chemical
Engineering Journal, 2011, 173(2): 376-384.
SHON H, VIGNESWARAN S, KIM I S, et al
Preparation of titanium dioxide (TiO,) from sludge
produced by titanium tetrachloride (TiCly) flocculation
of wastewater [J]. Environmental Science &
Technology, 2007, 41(4): 1372-1377.

SHON H K, VIGNESWARAN S, KANDASAMY J,

et al. Preparation and characterization of titanium

[16]

(TiO,)
TiCLflocculation with FeCl;, AL(SO)); and Ca(OH),

dioxide from  sludge  produced by

coagulant aids in wastewater [7].
& Technology, 2009, 44(7): 1525-1543.
OKOUR Y, SALIBY I E, SHON H K, et al. Recovery

Separation Science

of sludge produced from Ti-salt flocculation as
osmosis [ J].

Desalination, 2009, 247(1/2/3): 53-63.
ZHAO Y X, PHUNTSHO S, GAO B Y,

pretreatment to seawater reverse
et al.
Comparison of a novel polytitanium chloride coagulant
with polyaluminium chloride: coagulation performance
and floc characteristics [J]. Journal of Environmental
Management, 2015, 147: 194-202.

DONG H Y, GAO B Y, YUE Q Y, et al. Floc
properties and membrane fouling of polyferric silicate
chloride and polyferric chloride: the role of polysilicic
acid [J].
Research, 2015, 22 (6): 4566-4574.

BAI S Q, NAREN G, NAKANO M, et al. Effect of

Environmental Science and Pollution

polysilicic acid on the precipitation of calcium
carbonate [J]. Colloids & Surfaces A Physicochemical
& Engineering Aspects, 2014, 445: 54-58.

RCH . BRERTR BETT (IR BEAT O VEIALH L &R IR R
PERNS R ABEGE [D]. 5 R : ILAR K%, 2014,
SROIGE. Bk Bz )], Bleez k2011
(9):15-16.

ZHANG M D. The

determination of hexavalent

in wastewater [J]. Friend of Science
Amateurs, 2011(9): 15-16.

KA, WA, O S RO T E e R 2 BE
CSAX BB PERE B 52 [J]. ¥k $ER , 2008, 27(2)
36-38.

ZHANG Y Z, CHANG Q, HAO X K, et al. Study on

chromium

removal by macromolecule heavy
CSAX [J]. Water
Technology, 2008, 27(2): 36-38.

K. AW S5 BRI Je BRoK P R 4 B TR
RE AL (D ] W IR < W ZR I alk R, 2013.
FITZPATRICK C S, FRADIN E, GREGOR Y J.

chrome

metalflocculant Purification

Temperature effects on flocculation, using different
coagulants [J]. Water Science & Technology, 2004,50
(12):171-175.
i A S GRS O PR TS VA SR A G IR IR
62 TR, 2004,108(9): 3-6.
HUANG J. The influence of typical posion in natural
water to fenton [J]. Chemical Engineer, 2004, 108
(9): 3-6.

ALt K



