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Effect and Mechanism of Vermiculite Flocculant Coupled with Coagulant Aid in the
Pretreatment of Leather Wastewater

YU Zhuoyang', ZHANG Qilei', WANG Shaojian?, WANG Li*,ZENG Ming!, WANG Chang?
(1. College of Marine and Environmental Sciences, Tianjin University of Science & Technology, Tianjin 300457, China;
2. Haomei Environmental Technology Co., Ltd., Shijiazhuang 052400, China)

Abstract: The coupling technology of inorganic mineral vermiculite flocculant and organic polymer coagulant aid

polyacrylamide (PAM) was used in our current study to investigate the effect and mechanism of vermiculite flocculant alone
and in combination with coagulant aid PAM on the flocculation pretreatment of high-concentration leather wastewater.
Experimental results showed that when the dosage of vermiculite flocculant was 6 g/L, the turbidity, chemical oxygen
demand (COD), suspended solids (SS) mass concentration, total phosphorus (TP) mass concentration, and ammonia nitrogen
(NHs-N) mass concentration of high-concentration leather wastewater were reduced from the original 1240 NTU, 4415
mg/L, 911 mg/L, 2.49 mg/L, and 49.50 mg/L to 35.6 NTU, 1303 mg/L, 72 mg/L, 0.3 mg/L, and 41.6 mg/L, respectively, with
removal rates of 97.1%, 70.5%, 92.1%, 88.0%, and 16.0%; when the dosage of vermiculite flocculant and cationic

polyacrylamide (C-PAM) coagulant aid were 6 g/L and 12 mg/L, respectively, the supernatant after flocculation was clearer,
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with turbidity, COD, SS mass concentration, TP mass concentration, and NHz-N mass concentration reaching 23.90 NTU,

1113 mg/L, 28 mg/L, 0.25 mg/L, and 36.1 mg/L, respectively. Vermiculite flocculant mainly relied on the synergistic action

of soluble substance’s charge neutralization and mass force adsorption of particulate matter to form flocs with a dense

inorganic mineral particle framework, effectively promoting floc sedimentation; whereas coagulant aids C-PAM or anionic

polyacrylamide (A-PAM) primarily utilized long-chain polymer sweeping and their mass force and adsorption with

heterogeneous groups to re-cluster flocs treated by vermiculite flocculant, forming larger permeable, fast-settling sediments,

with the sediment volume accounting for no more than 7.1% of the total volume of the treated turbid liquid. In the

flocculation process primarily driven by charge neutralization, both C-PAM and A-PAM coagulant aids showed good

treatment effects and can be used in practical applications.

Key words: leather wastewater; vermiculite flocculant; flocculation mechanism; synergistic effect
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B2 K 540 R S BRI G 5, NG,
#ZER BREEEFRG, BT 105 CHEMHH
T, HIPEEE. B4 2B P ESYR S
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Tab. 1 Effects of different dosage of vermiculite flocculant on the treatment of leather wastewater

WA 2B RIS &/ (g L) MEEINTU COD/(mg L) p(SS)(mgL?Y)  p(TP)Y(mgL™)  p(NHa-N)/(mgLl?)  Zeta HAZ/mV
0 1240 4415 911 2.49 49.5 -12.70
2 76.9 1473 90 0.46 40.3 -11.60
4 472 1393 78 0.32 38.3 -10.40
6 35.6 1303 72 0.30 416 —8.14
8 44.9 1423 75 0.28 42,6 —9.07
10 51.7 1483 79 0.30 419 —9.20
12 52.6 1523 80 0.30 416 —9.50
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PR, XL A )% FE 5 8 A ZUER B B
BYIRZR, #HEAHEMRESR . L5 n 25
Behns JA 2 g/L B, JURE p VS AR S 1240 NTU
FEAKH] 76.90 NTU, EBRrZFIAH] 93.8%, [FIf SS Jit
Bt R KK 911 mg/L FEIKE] 90 mg/L, FEk&
ik 90.1%, COD Al TP FiEWkE 4 MM 4415
mg/L F1 2.49 mg/L [£AKF] 1473 mg/L 1 0.46 mg/L,
F B Z 05 66.6%A1 81.5%. X & HT Al £ Fe )
WAy B AR 5 5 B 0 T R s A AL 7
HEA S SEERTE OEE Z &9, 57 B AR 2
T HACE VY AT B RR 58, X e XEVE MR T A%
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MIZRBRBOR AR, R 18.6%H £ FR%, XnlfE
R TR TR E T LUK E B TR AEE, JF
Rk, ek, KEREBE BT geR h T
SR L B AR BAT s N AT R T . AOK
FHE) Zeta HUAZ B 84 0 ml LA, 2o Skt Ab B
SR L o) ARSI S TRV R iy s S AN R G
MTHEAT 22650 (1 AT S & K& Al Fe 5%
EJEITCRIIAE T, EATRER L A8 H AT,
fEEA MR BAS, 5 T REWMBR I H R, 2
TRy, ARHE T I S RORE R R B AN T TR 1l 2R
o BEEBINERZP RN, ALBACR AT Fragin,
MUEAT ORI RN 6 g/L N, R PR K ik
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COD. SS JREWKEE. TP JFismIKEM NHs-N i &=k
J& 53 53 P4 %) 35.6 NTU. 1303 mg/L. 72 mg/L. 0.30
mg/L 1 41.60 mg/L, % FRr# 5 HiEF] 97.1%. 70.5%.
92.1%. 88.0%#1 16.0%, ULAT Fi&¥EH Zeta H4L I
THEI-8.14 mV. FhnagkaEigm, ZUESCRRINA
FrRFE, 2 RREFIAMNTHRZE, MHESZ
AR TR RIS 25 ) JOT R UKL 7S ) o A 2 Bk B A L W
H, PHASH A AIEURL N 4SS, SR ISR R N .
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Peacid b, (EMREFAYERUL, #INE 6 g/L B 1%k
RAEEOR I 6 ofL 1A BB I SUR TR 2L
R 1R, HE LA 20 EFE 20s, 2k
DU S TFUEYT%, 10 min JEUTREIEARSE R,
b5 R KA LG, TRA B 5 PR K A 1 B € 40 5 R
KN EEAAR ] A B, T HIERAG IR
PERE, XN SRR TRAC B A 1 S a4 (1) 7y B i 7

1 6 g/l BEARZEETIMEERTEYR
Fig. 1 Flocculation and settling effects of 6 g/L vermiculite
flocculant
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Tab. 2 Effects of soluble and particulate matters of vermiculite flocculant on the flocculation of leather wastewater

2R

HEENTU - COD/(mgLY)  p(SS)(mgLl) p(TPY(mgL®)  p(NHeN)/(mg L)

Zeta HLAL/mV

RS 1200 4007 903
WKLY )5 1190 4003 897

ARSI 60.5 1673 81

2.4 49.1 -12.00
2.37 48.9 -12.10
0.44 45.3 —9.30
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A 2R 35.6 1303 72

0.3 41.6 —8.14

B2 BEARZREFPRRSYRMBAISY R R ETIEY
ES
Fig. 2 Flocculation and settling effects of soluble and
particulate matters of vermiculite flocculant
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Fig. 3 Microscopic images of sediments after flocculation
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Fig. 4 Mechanism of action of vermiculite flocculant during
the flocculation process
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PR A T M 2R P AR B B A AR, MR
() IREE I Bk . TEIEA BT IR N2 6 g/L
(FEA b, SR IEAE F B0 ERAE S5 A, 230k C-PAM Al
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R 5 iR,
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Tab. 3 Effects of adding PAM at optimal dosage on the flocculation of leather wastewater

CVEES 3 MIE/INTU  COD/(mgL?h)  p(SS)(mgL?) p(TPY(mgL™h) p(NHs-N)(mgL?h) Zeta Hfr/mV
F PRI A 1200 4007 903 2.4 49.1 -12.00
WA 2R 35.6 1303 72 0.3 41.6 —8.14
WA A BEFI+C-PAM 239 1113 28 0.25 36.1 +4.44
A L EEFI+A-PAM 29.8 1213 34 0.28 38.7 —9.01

El5 4FAREIHEE LB AR R E KB ERHR

Fig. 5 Flocculation and settling effects of four different

combinations of flocculants in the pretreatment of leather
wastewater
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OIEEE, IR BUNT R %, BEiF, C-PAM Al
A-PAM HITTR 73 ) 5 A R B S VB AR
5.5%H1 7.1%.

M C-PAM 5 A-PAM Z5EE IR .14t
Kkl 6 fros. 5K 3 i 2R BT I SRR L,
LU R NMER R ERAE TIRKRAZN, &
RIREE VIR, BB ROt A2t 7 2R ) IR 4h
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Fig. 6 Microscopic images of sediments after flocculation
with C-PAM or A-PAM
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Fig. 7 Mechanism of action of organic polymer PAM
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