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Figure 1 (Color online) (a) Preparation route of starch-modified flocculants and their (b) FTIR and (c) 'H NMR spectra in comparison with starch.
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Figure 2 (Color online) Variation curves of (a, b) FCMC, (c) turbidity, (d) CST, (e¢) SRF, and (f) s of shield slurry after conditioning by different
flocculants and their combinations under various dosages, respectively. The dosage of APAM was fixed at 0.1 mg/g TSS in combined conditioning
processes, and the dosage at the X-coordinate in b—f specifically referred to the dosage of starch-based flocculants.
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Table 1 Dewatering performance and floc characteristics of shield slurry with different flocculants and combined process at their optimal dosages

BAERINE ) . 4 TSI ELH , N .
. (s TSS) Rakr  omp ook SRR pea gme —seaw
2B g/g i 18] SRF -
— —— FCMC (%) (NTU) 10" m/k s Dsy (um) 44D,
APAM  JEH BT B CST (s)  (x1 g)
APAM 0.30 - 2273039 8.32+0.32 22.90+1.51  0.95+0.01  0.56+0.05 166.00+12.00 1.942+0.005
NPC-1 - 0.50 23.43+0.61 6.39£0.30 23.55+0.64  1.42+0.03  0.74+0.01  56.80£1.05 1.885+0.007
NPCG-1 - 0.30 2227038 3.00£0.20 16.20£1.13  1.03£0.07  0.60£0.07  63.10£2.40 1.929+0.009
NPC-1&APAM?  0.10 0.40 21.9940.29 1.09+0.62 17.050.21  1.11£0.06  0.64+0.02  138.65+0.35 1.922+0.002
APAM&NPC-1”  0.10 0.40 22.64+022  N.D. N.D. N.D. N.D. N.D. N.D.
NPCG-1&APAM®  0.10 0.20 20.8240.08 1.07+0.59 15.15£0.49  0.85+0.03  0.51+0.01  148.75£1.20 1.949+0.005
APAM&NPCG-17  0.10 0.20 21.71+0.21 N.D. N.D. N.D. N.D. N.D. N.D.

a) BT e MNPC-18NPCG-1, FH#IIAPAM; b) AT NEEMAPAM, FH#AIINPC-18NPCG-1; N.D.: Kl (not

determined)
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PFEBRrE, EBLH L BTS2tk R R kR T R, e R R, N R
PR BA B T O ), R ST RN, B G BRSO B U R
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Figure 3 (Color online) Variation curves of (a) Ds, and (b) D, of shield slurry after conditioned by different flocculants and their combinations under
various dosages, respectively. The dosage of APAM was fixed at 0.1 mg/g TSS in combined conditioning processes, and the dosage at the X-coordinate

specifically referred to the dosage of starch-based flocculants.
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Figure 4 (Color online) Rheological curves of conditioned slurries by different flocculants and their combinations at optimum dosages: (a) stress,

(b) apparent viscosity; strain sweep curves: (¢) G' and G”, (d) G*, respectively.
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combined processes at their optimal dosages

AN ZRER e A TR iR BN R T & MY K AL SE 56 2 SR B 5 24

Table 2 Rheological experimental parameters and model fitting parameters of shield slurry after conditioning by different flocculants and their

A Herschel-Bulkley#i 7! Bingham 7 " , ,
1% R - - - fitike HHE SH
2 = il MR WA MR e e b22Res EES pED e e
Mo Ny £ 4 EiFR A £ N Hy i EX 4 G'(Pa) G"(Pa) G* (Pa)
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APAM 8.26 39.75 0.051 0.67 0.993 118.15 0.009 0.953 0.31 0.14 0.34
NPC-1 2.73 2.89 0.012 0.73 0.995 22.33 0.003 0.970 0.22 0.08 0.23
NPCG-1 3.80 24.56 0.018 0.71 0.992 88.33 0.004 0.964 0.36 0.12 0.38
NPC-1&APAM 3.35 2343 0.011 0.79 0.996 20.31 0.004 0.981 0.39 0.25 0.46
NPCG-1&APAM 3.14 94.16 0.008 0.81 0.991 105.83 0.003 0.983 0.63 0.17 0.65
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Figure 5 (Color online) Schematic diagram for the synergistic flocculation dewatering mechanisms of the combined processes with natural and

synthetic polymer flocculants in the conditioning of shield slurry.
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Dewatering performance and mechanism of the combined processes
with natural and synthetic polymer flocculants in conditioning of
shield slurry
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State Key Laboratory of Water Pollution Control and Green Resource Recycling, School of the Environment, Nanjing University, Nanjing 210023,
China
*Corresponding author (email: yanghu@nju.edu.cn)

Abstract: In urban rail transit construction, large volumes of waste shield slurry were generated. Dewatering treatment
of shield slurry serves as a key prerequisite for its further resource utilization. In this study, two self-synthesized cationic
starch-modified flocculants with distinct chain structures, i.e., linear (NPC-1) and branched chain (NPCG-1), were
applied to combine with a commercial ultra-high molecular weight synthetic polymer flocculant, anionic polyacrylamide
(APAM), respectively, in the conditioning of shield slurry. The dewatering performance of the aforementioned
flocculants used individually and their combinations was systematically compared and evaluated. Combined with
apparent dewatering performance, floc properties, and rheological behaviors, the flocculation and dewatering
mechanisms were explored in depth. Compared with flocculants used individually, all combination processes achieved
prominent improvements in dewatering performance. NPCG-1, due to its distinctly cationically branched chain
structure, not only exhibited high flocculation and dewatering effects when conditioned individually, but also
demonstrated superior synergistic effects when combined with APAM. The superior dewatering performance of this
combined conditioning strategy was ascribed to the synergistic coupling of charge neutralization, bridging flocculation,
and floc structure reinforcement. Cationic starch-modified flocculants first weakened the thickness of the electric double
layer of slurry particles and obtained relatively small-sized primary flocs via charge neutralization and bridging
flocculation effects. Subsequently, APAM further aggregated these previously formed primary flocs through its highly
efficient bridging effect. The synergistic effects of the two flocculants contributed to the formation of dense,
compression-resistant, and large-sized flocs, causing the enhancement of the yield stress and structural strength of the
flocs, which was beneficial for improving the permeability and structural stability of the resultant slurry cake. In
addition, compared with the conditioning by APAM individually, the combined processes effectively reduced the
required dosage of APAM, improved the ecological safety, decreased the apparent viscosity of the slurry system,
improved the slurry flowability, and further enhanced the dewatering performance. This work provides an innovative
technical reference and feasible pathway for efficient, low-cost, and eco-friendly treatment of shield slurry.

Keywords: shield slurry, conditioning process of combined natural and synthetic polymer flocculants, starch-modified
flocculant, dewatering performance, rheological properties, synergistic dewatering mechanism
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