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Table 1 Characteristic parameters of the stone wastewater

S HAE S HE
VE(NTU) >1000 COD (mg/L) 56.73
UV,s4 (cm™) 0.966 1L 5 % (us/em) 2145
pH 7.30~7.43 ZetaHiAr(mV) -24.5
BIFYIRE (mg/L) 2000~2500 NH," (mg/L) 1.1
Al (mg/L) 0.047 Ni (mg/L) <0.01
B (mg/L) 0.081 Sr (mg/L) 0.23
Ba (mg/L) 0.035 V (mg/L) <0.01
Ca (mg/L) 355 Zn (mg/L) 0.02
Cd (mg/L) <0.01 P (mg/L) <0.1
Co (mg/L) <0.01 Si (mg/L) 11.5
Cr (mg/L) <0.01 Ti (mg/L) <0.01
Cu (mg/L) <0.01 CI™ (mg/L) 105.7
Fe (mg/L) 0.01 CIO™ (mg/L) 88.1
K (mg/L) 21.6 PO, (mg/L) 0.2
Li (mg/L) 0.064 F~ (mg/L) 0.9
Mg (mg/L) 11.9 Br (mg/L) 0.2
Mn (mg/L) <0.01 NO;™ (mg/L) 15.2
Na (mg/L) 36.8 NO,™ (mg/L) 0.2
SO, (mg/L) 9.7

a) pHXHIDelta320%pHit(Mettler-Toledo, Ffi=-)&ill; CODIEILK,Cr,O, ikl &, Hh % R WGZ-40007 /% {X (Shanghai Xinrui Instru-
ment, HENIE; BIFYIKEEES E O IR IE; NH,-NRFHNessler L7231 5E ;. UV,5, it UV2600A 7 5 4043 )¢ E i1 (Shanghai  Unic
Instrument Co., Ltd., 7 E)J&; SR KHADDS-307% 1 5 R (Rex, " E)IME; 548 M3 7K E K Hoptima 5300DV HLBHE & 45 5 14
JRREA(PE, & BN E; B & TR E R FICS 10008 il (Dionex, J5H)MIE; ZetaHi K FiMalvern Nano-ZS90 (< )ik47 I %E.
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Figure 1 (a) Molecular structure formula and reaction equation of St-G; (b) infrared spectra, (c) NMR spectra, and (d) Zeta potential-pH curves of
starch (St) and St-G (color online).

2 StGsiil &AM 5 E MRS H R A T St-Gs S PACH) St fE

Table 2 Preparation conditions and the structural parameters of St-Gs and the flocculation performance of St-Gs and PAC at the optimal dosages

| sr:AlgDMc HLTHT 25 %%E% ?%js‘z’ﬁ% b el /E)E)ﬂ? ZetaHLfir” 4, (am) ® D, ¥
FEL (mmol/g) HEN KEL (mg/L) FY (%) (mV)

PAC - - - - 2.6 96.69+0.87 - - -

St-G1 1:1:5 2.92 0.005 1232 0.3 96.37+0.87 —7.54+2.12  86.52+2.13  2.03+0.12

St-G2 1:3:3 225 0.005 1834 0.3 94.97+0.96 —9.97£131 10424243  2.07£0.09

St-G3 1:4:2 1.40 0.005 2142 0.6 94.41£0.90 —11.99+2.41 127.4+325  221£0.15

St-G4 1:5:1 0.70 0.005 2436 0.8 91.59+0.14 —10.76+1.99 149.1£2.96  2.12+0.14

a) IAEZEGHARAIF TG

FFOINERA ORI @S EERBGIBRINER AR ERA TGS, X2 THE TR 55
B, R R ERRS RPUEGE BT, MR IBEE T RI(E o) S R A G LA R R R K R AR A
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Figure 2 Removal rate-dosage curves of stone wastewater flocculated
by St-Gs and PAC (inset) (pH 7.32; 7=25 °C) (color online).
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Figure 3 Schematic diagram of charge patching mechanism (color
online).
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Flocculation performance and mechanisms of a graft cationic
starch-based flocculant in turbidity removal for a stone wastewater
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Hu Yangl’z*
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Abstract: Coagulation/flocculation is an effective technique to remove suspended colloidal particles and reduce
turbidity in various wastewater samples. In this study, a series of graft cationic starch-based flocculants, St-g-poly
(acrylamide-co-methacryloyloxyethyl trimethyl ammonium chloride) (St-G), were designed and fabricated using starch
as a raw material and acrylamide and (2-methacryloyloxy-ethyl) trimethyl ammonium chloride as graft co-monomers.
The flocculants have the same graft chain distribution but the different charge densities and average grafting chain
lengthes. Stone wastewater, with the characteristics of high turbidity, was taken as the target pollutant, and the effects of
structural factors (the length of grafted chains and charge density) and environmental factors (flocculant’s dosage and
pH, etc.) on the flocculation performance of St-Gs were discussed in detail. The flocculation mechanisms were explored
and discussed on the basis of the changes in the zeta potentials of supernatant after flocculation, the dynamic results of
the flocs properties and the theoretic analysis from the extended DLVO theory. The experimental findings show that St-
Gs have better flocculation performance than a traditional inorganic coagulant, polyaluminum chloride. The efficient
turbidity removal by St-Gs in stone wastewater is mainly ascribed to the charge patching mechanism and also to the
synergistically bridging effect. With the increase of charge density in St-Gs, the turbidity removal rate increases while
the optimal flocculant dosage decreases, and also the recovery coefficient after flocs breakage increases. Nevertheless,
the size, growth rate, and strength coefficient of flocs are positively correlated with the average length of graft chain in
St-Gs. The results of the extended DLVO theory illuminate that the total interaction energy between St-Gs and colloidal
particles in stone wastewater is negative, and also negatively correlated with the charge density of St-Gs. St-G1 with the
highest charge density in all the St-G samples has the lowest total interaction energy, the strongest charge neutralization
effect, and thus the best turbidity removal performance. In short, St-G, due to the distinct features of safe and simple
preparation, environmental-friendliness, low cost, and efficient turbidity removal effect, has a good application potential
in the treatment of wastewater such as stone wastewater samples.

Keywords: stone wastewater, cationic graft modified starch flocculant, structural factor, flocculation performance, floc
properties, extended DLVO theory, flocculation mechanism
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