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Abstract: The influence of complex water quality in waste paper pulping on Ca®" removal was
systematically investigated, focusing on the effects of three characteristic pollutants—volatile fatty acids,
cellulose, and lignin—on the calcium removal performance of a fluidized bed crystallization reactor

(FBCR). The crystallization rate of calcium carbonate in the presence of these pollutants was
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measured using the pH-stat method, and spent seed crystals were characterized by energy

dispersive spectroscopy, infrared spectroscopy, and thermogravimetric analysis to explore the

underlying mechanisms. The results show that volatile fatty acids inhibit Ca?" removal due to

competitive adsorption of acetate ions on the seed crystal surface and their complexation with

Ca’". When sodium acetate concentration reached 20 mmol ¢« L ', the Ca?’" removal rate

decreased from 41.3% to 24.6%. Microcrystalline cellulose interacted differently with seed

crystal surfaces at varying mass concentrations, leading to a concentration-dependent effect on

calcium carbonate crystallization: promotion at lower levels and inhibition at higher levels. At a

microcrystalline cellulose concentration of 100 mg « L', the Ca’" removal rate reached a

maximum of 56. 8%. Lignin significantly inhibited calcium carbonate growth on seed crystals due

to chelation of active surface sites and complexation with free Ca’" in solution. At a lignin

concentration of 240 mg » ™', the Ca®" removal rate dropped from 38. 0% to 13.0%. This study

clarifies the complex mechanisms by which characteristic pollutants influence the FBCR calcium

removal process. To achieve improved calcium removal, it is recommended that pretreated

wastewater entering the FBCR contain volatile fatty acids below 2. 5 mmol » L™ ', cellulose below

200 mg * L', and lignin below 15 mg + L™".

Keywords: calcium carbonate; fluidized bed crystallization reactor; induced crystallization; waste

paper papermaking; volatile fatty acids
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A 1.0 mmol « L' 1 A kK H] FBCR 240+ pH {H
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A VR T T P A 2 24 B 4 A3 A i 9 Y SR
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Tk Z AN B AL (NaCD) , A= Wi F1) 9% 11 w6 1k AR
JB 25 RN J2 BT 9 A Tl 41 4 R (MCO)
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Table 1 Experimental water distribution parameters for Ca’” removal in FBCR with NaAc
e ZMENHEE/(mmol « L1 Na,CO; ¥/ (mmol « L™') NaHCO, ¥ /(mmol « L™')  NaCl # B /(mmol « L)
1 0 0.63 1. 33 41. 54
2 2.5 0.62 1. 32 41.55
3 5.0 0.62 1. 31 41. 56
4 10.0 0.62 1. 30 41. 58
5 20.0 0.62 1. 29 41.59
k2 t4%FE s FBCR 8 Ca®' X% o 52 B Ao K A 2
Table 2 Experimental water distribution parameters for Ca’" removal in FBCR with MCC
45 MCC FREWE/(mg+ L' Na,CO; ¥/ (mmol « L™1) NaHCO, #JZF/(mmol « L ') NaCl ¥ /(mmol « L™ 1)
1 0 0.62 1. 34 41.54
2 50 0.62 1. 34 41.54
3 100 0. 62 1. 34 41. 54
4 150 0.62 1. 34 41. 54
5 200 0.62 1. 34 41.54
6 300 0.62 1. 34 41. 54
7 500 0. 62 1. 34 41. 54
&3 AMA FBCR # Ca™" & rh ¥ vh 5 3 fie K A 4

Table 3 Experimental water distribution parameters for Ca*"

removal in FBCR with lignin

) NaHCO,; ¥ /(mmol « L ') NaCl ¥ BEF/(mmol « L")

gis ARBRBERAEIKRE/(mg+ L") Na,CO; #JE/(mmol *
1 0 0. 62
2 15 0.33
3 30 0. 30
4 60 0. 28
5 120 0.29
6 240 0. 24

1. 34 41. 54
1. 62 41. 85
1.65 41.70
1. 68 41.70
1. 66 41.70
1.72 41. 85

F A HAET FE M CaCO, 4 dsh h F#Hvm 5%

I B K A4

Table 4 Experimental water distribution parameters for the effect of key pollutants on crystallization kinetics of CaCO;

L™

H# CaCl, ¥ /(mmol + ')  Na, CO, #JE /(mmol *
LR 0.5 0.524
MCC 0.5 0. 524
N 2.5 0.393

NaHCO; #JE/(mmol « L™')  NaCl #J#/(mmol « L")
5. 40 91. 49
5.40 91. 49
4.05 87.23
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Fig. 1 Effluent quality under different NaAc concentrations
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Table 5 Effluent quality under different NaAc concentrations

LR B / (mmol « L™1) pH SR/ (uS e em™ ) R R S AR 0%/ (mmol « L) Ca®" &%/ %
0 7. 89 2 205 4.21 41.3
2.5 7.90 2211 4.25 40. 6
5.0 7.99 2 376 4. 38 33.7
10.0 8.03 2 530 4.41 27.1
20.0 8. 08 2 822 4. 57 24.6
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Fig. 3 Effluent quality under different MCC concentrations
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(6 RRBEFEZRE MCC T hAKREEWL

Table 6 Effluent quality under different MCC concentrations

MCC T/ (mg - L) pH LS/ (S em™ ) TR & AR / (mmol « L) Ca®" KBRE/ %
0 7.96 2 323 4. 24 39.7
50 7.99 2 087 4.18 46.5
100 8. 04 2 032 4.11 56. 8
150 7.97 2111 4.12 54.9
200 8.01 2192 4.15 51.4
300 7.98 2 264 4.18 44. 9
500 8.02 2 302 4,20 43.0

MCC %} Ca** LRBCR AT BB, hE 30 SRR 28T Ca?™ £ BRI 1 , 45 A 4
12 6 AT, MCC JFTRtWREE M 0 34 MIZE 100 mg » L A8 7 B, b PR 4 () oo i 45 2o 4 1 B2 ol 2 (1)
f,Ca®" 25 B Bl MCC J5 a1t vk 52 38 i i 2 &5, A THE S .
39. 7% TFZ 56.8%. N5k B — b &= 18F ATH I (m + 1)
300 mg « L' B, Ca®" 2 Br 1942 iF /E FH 3 M7 05 55 Ilg
TR 56. SUREZE 44. 9% AHIE LS T 25 AN IR con
2 R 2 T i 2 9 Bl Y MCC R T Ca®* i1 25 240
B, Ca®" A CaCOy JB 2 TE R 26 1 A KB L 51 A VA VR
v COR R TR RS vk B (1 AT L BT 5 380 A e
M S R L P SR R L 555 6 45 SR AH— 3L

T 3 Ch) AT 21 H ok i 7 Al b # 5 5  F JR
B )E L —3, B E MCC JFi & e & 38 5 1% 1% 08 530 45 0 75 90 105
J5 B TE B 2 A T 1 0 BRE Y 3. 71 NTU, MCC R em
RV FE 100 mg » L0 I ok R B2 G (a)Ca®" ¥ BE Wi S 07 #4515 BE 1 22 b
2.89 NTU, X FEZIEHN,MCC 51t CaCO; ki ¥ Kb
AR LF S R4 5 CaCO, T I8 AT 52 7} P I
A0 R R MCC A 32 75 A% 3 B, b 5
B 2 e B L 4 4 T D) (R 3E CaCOy B EY 3

2

o ES o
T T 2]

Ca” #J% /(mmol + L™)

=)
T

AR . B MCC [t ok 5 19 4k 2538 T, CaCO; iy
PRE 0, A K 28 A] 32 BR 7 AR B 225 ) a7 BEL 2800 ' 1
FOUAE ] P 482 A A A5 & A RS 3 — 25 Bl /N O 1l o 13
5142 R T K R A T BB B R B
Cat A K W B B 2 4 36 7 L e
WRELART 200 mg » Lo MINGR B AT AR LK SR P < ) B0 5 00 2 K

2.1.3 KREHH A B 4 ANTR BTk B R BT R R KoK B AR £k
Eﬁﬂ( EPJJI]/\K Iﬁjlﬁﬁ(ﬁ@i E]‘J?k}ﬁ% , ﬁﬂ:%,ﬂ\: Fig. 4 Effluent quality under different lignin concentrations

7 RRBEAAKRERETHKKR T

Table 7 Effluent quality under different lignin concentrations

RRR P A

ARTRBTEASEE/ (mg « L) pH HEE/(pSem ) W R A E % / (mmol » L™1) Ca’" BBR%F/%
0 7.95 1 303 4.01 38.0
15 8. 00 1 885 4.12 29.1
30 8.03 2 007 4. 31 23.0
60 8. 09 2 141 4.43 17.6
120 8.12 2 308 4.47 15.1
240 8. 10 2 420 4.59 13.0
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T T %5 3 RT3 T v AFL PR TR B S G I L BB B
AR5 2 T AR S T v T PRI, AT 5 30K v S R e 1
5 S T RE ARG L 3X 7S Ca® ' 5 COE - g & J L3 [
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