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Study on the Procedure for the Simultaneous Removal of Silicon and Lignin from High-Yield
Pulp Wastewater from Wheat Straw Using Polyaluminum Chloride
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(1. College of Light Industry Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China; 2. Tianjin
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Abstract: In this study, polyaluminum chloride (PAC) coagulation was studied for its ability to remove lignin and silicon from
laboratory-prepared wheat straw high-yield pulp wastewater in order to reduce the inhibitory effect of lignin on anaerobic digestion
treatment of high-yield pulp wastewater and to overcome the obstacle of silicon on the combustion of concentrated wastewater. After
coagulation treatment, the wastewater's treatment paths were compared in the following analysis. The results show a robust linear
correlation between turbidity removal and the removal of silicon and lignin in wastewater. The optimal PAC coagulation treatment
procedure was established according to the coagulation mechanism of PAC in wastewater. This recommended process increased the
wastewater's biodegradability, methane production rate, and methane yield by 66.7%, 77.63%, and 36.46%, respectively. Upon
concentrating the wastewater to a solid concentration of 20%, its viscosity decreased by 79.40%. Following the optimization of PAC
coagulation treatment, the combustion heat of solids obtained from the evaporative and subsequent incineration of wastewater is 1.8
MJ/kg, while that of flocs is 2.2 MJ/kg.

Key words: polyaluminum chloride; wheat straw high-yield pulp; lignin; silicon; coagulation mechanism; anaerobic digestion;
combustion heat
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Fig. 1 Effect of PAC flocculation process on turbidity, lignin and silicon removal in wastewater, and correlation analysis
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(f) pH 10.0
2 PAC BRI ZXMEKPHELRMRE, Zeta BUK
REL R A A
Fig. 2 Effect of the PAC coagulation process on
turbidity removal, Zeta potential and particle size changes in
wastewater
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IS BE (Ware B TF) 3R T IE HLA 75 5 (Zeta FRLAZ L
Tt), 2t PAC A Wy ey A A B B 5 2 4 R AR
R MR R A S s 5 5558 BRI PR L A
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& 0~140 mg/L Y[l NI 7L PAC 1E & LA A 7K
PR SN S5 KW], PAC {ERFFTEHEA &
W = A B S BNEAR IR 22 7 1 LR ML A AR E
BRI R, AW K ) PAC Skt %1F
R (&K pH 5.0~6.0. PAC 3N 0.25~4.0 g/L), it
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Al(OH)s BAARAEXS & S B T AR AI(OH)3
J A 3= B3 3 A AN R BB ot R S S TR A A
VS Rl YN 1) 2 (97 N el o AN S
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BAHA . HEL RIS TR SR T R R 4y
Al(OH)s J& A 2 A it it I B s WA T A - (K
(6)), ¥EK T RARBURLA FAaf 5 7). FIREE R FEUE
FHIE ) PAC S INEZF T pH 9.0~10.0 &K H i ik
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Fig. 3 Polymerization form of aluminum ions under different
flocculation conditions
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2.3.1 PAC K # X33t R KA KRR 69 %o
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— BIRAR ATV (R FR KL TH), TR 4e T
Yo A AR IR A, 558 PAC ZRBENS IR K A RE
NHIREN, KERZ: PAC ZRBEALEE ML K B0
MEZH, OO B A I 45 R L3R 1.

& 1 v, & PAC ZBHbHLE, W4
EKII R % E 4.3 mPas, AHET % HE4(20.9
mPa s) it 35 [EMK 79.4%(P<<0.05). PAC L] =2k
i 3k PR K rh B REZE 7y, R TR AR TR 7K R B R T P
FEJRP, %A R A RO R i R K AR s
AR AR N BRI 12 ik — DR 7t PAC Skt
AEBER PR IR A TP pE B RE T . iR 1 o RBE A
HAEnrm, itk PAC 2 T2 )E, RK4
TR BN 1.8 MI/kg, MET xRN 2.6
MJ/kg, %FEFS FRE 30.8%, HitZESRBEAGIHFE
X(P<0.05). fHEUHIHIZE, Liffltit PAC Skt L
A, AR LT R AR IR IE 1L F) 2.2 MU/Kg,
XfEHT PAC ZuEE R kR 1 ARtk AL
GWEG(LCC), FBREREE KT RA Y S &
B2, #5 ARR SRR GV R Rk A &)
HAEARP, SFHAE PAC REBAIE S H > 558K
PRS-

1 PAC ZERNIERS KK B R AR AR B SN
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Tab.1  Effect of PAC coagulation on wastewater characteristics and combustion heat of dry matter obtained after wastewater
concentration

JFEIREE (/L)
5 IRAG R IK B EE/(mPa ) 137K [ T AR B 3 (MU k) ZUABREERY (MI/kg)  CODI/(g/L) — -
R SRR ORBIER 6k
IR A 20.9 2.6 — 32 42 19 123 46
PAC 2t 43 18 2.2 19 40 14 19 20

VE: WRARDEK eI & R 20%.

2.3.2 PAC % #4323 R AR R AH 7
NZ5EE PAC 2R BETI AL B0 7K IR S AL 1 g

FITEIRCR, R TZER PAC Stk R AL HE

() RBFLEfIR

JRK, EMIRESRE RN 20d RS R EESE
55, FFUAARIEIN PAC ZEEALEE 1) 5 R K AE = A Xt
M, g 4 K3k 2 iR,

(b) AIAEALTE

E 4 PAC ZRAIEXTEKKE L ERERI RN
Fig. 4 Effect of PAC coagulation on the anerobic digestion performance of wastewater

% 2 2t Gompertz IBRE & = RIRE HFRESY
Tab. 2 Model parameters of biomethane production
simulated by the modified Gompertz model

Yml/(ML/g)
4 5] K/(mL/(d g)) R2
SEBRE TRAE
X R H 58.7 58.9 15.2 0.99
PAC £t 80.1 80.1 27.0 0.99

HE 4 (a) WA, ik PAC LR T2k
MK, 4 20 d JREHME BB g3k 80.1
mL/g , %% Xt H® 40 (58.7 mLlg) & # #® Ft
36.5%(P<0.05). K f Gompertz #5745} & 7K 7= H
PR AT, BLA TS duE R R 0.99,
T IZAS R AT A R K R TS R . TEAR
e PAC 20k T 24035 1 K B Bt e K= 2
(K)i&#) 27.0 mL/(d g), 5x LA EE (15.2 mL/(d g))

BIT 77.6%(P<<0.05). LiRZEFRFEH, PAC Lkt
A PERT 2 R T 2 HE AR R R K I P H e R
HHSCHR[32] P 401 ATk P& /K ) BODs/COD LHUAH,
XPIRAR AT AR A B R PR R IEAT E VP . B 4 (D)
A, Ak PAC Sk T2 G, FREER
R K] BODs/COD ik #| 05, 5xf 44k R
(BODs/COD=0.3)fH Lt {2 Tt | 66.7%(P<<0.05).
XK, PAC ZEAbHERT LAMLBR 22 5 s 5 R H E K
HRIARR R, STt T BRI A R AR Re, BETT
BERTE T B IR A E I B o

3 & it

(1) =) PAC #NEAE 0.25~4.0 g/L. JR/K &
pH 4 5.0~10.0 X[f], #R5T PAC 2k T 20 Kk
HHOR R 2K S RETC R B BR R (s A, ik
2 200 5E N PAC TSN 2 g/L, 7k % 2% pH 7.0
TES T 2ARIEN PAC 2l T 24T AKX, H



2026 4 EREIE, -
EE L R R KA S LB  IE ] 79.2%.
84.9%7#11 56.0%

(2)iE LT # %2 PAC 2k T2 XS IRAK P PhFE . hifs
N Zeta HALHISEM, #RFT T PAC FEE /K H ) 23 EHL
. EWREMR T ESHGEE N (PAC #mE 0.25~
4.0 g/L. JR/K&m pH 5.0~10.0), BEAKHMUE Lk
RERFREBRER? = 0.98) LM ZBRER? =
0.88)%) R I i B 2R MEAR Gt o« 75 R /K 2835 pH 5.0 Al
6.0 51+, PAC #53= Bl ik B AL B B A 22
At TIAE R /K5 pH 7.0~10.0 X[Aly, PAC Xt
R P ot 53 = 238 5 I 3 A AL 2 ko

(3)PAC ZiktAbH I MR AR, RTHEKM)
AIAEAGYERE RS TR W LE R K ) PR AL
PERE: I B PR 4 23 S IR 4 A2 7K R B PRI
PAC ZUEEALBEMLRR T KA 3= 2o R &
Y, SEEEE K P b & ORI 4T )5
BRI I T B
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