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Research on the Application of Compound Doped APAM in the Treatment of Limestone Sand-Making Wastewater
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Abstract: Anionic polyacrylamide ( APAM) is the most widely used flocculant in the mining sand-making industry. The
phenomenon of compound doping during its production is relatively common, which leads to the degradation of APAM
flocculation performance. Flocculation sedimentation tests were conducted to systematically evaluate the effects of five
compounds, including sodium chloride (NaCl) , on the flocculation performance of APAM. The characteristics of doped APAM
were characterized by using techniques such as X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and
chemical titration. Cost-benefit analysis was employed to quantify the economic impact of the doping behavior. The results show
that APAM achieves the optimal flocculation effect at a mass concentration of 0.1% and a dosage of 24 g/t. High compound
dosages (=30%) severely degrade the flocculation performance of APAM. Specifically, when the NaCl dosage is 50% . the
median particle size of sludge flocs decreases from 95.3 um to 41.3 pm, a reduction of 56.7% , and the settling time is extended
to more than double, resulting in a significant decline in wastewater treatment efficiency. The established combined detection
system integrating solid content measurement, FTIR, XRD. and chemical titration can specifically identify the doping

components. The economic analysis indicates that 50 % NaCl doping can reduce the production cost of APAM to 6 150 yuan/t,
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with a profit margin of 48.75%. The research results can provide a technical basis for the quality control of flocculants and the

optimization of water treatment systems in sand-making plant.

Key words: Compound doping. APAM, Flocculation sedimentation, Economic analysis
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Fig.1 Particle size distribution of solid in the wastewater
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Fig.2 XRD pattern of minerals in the wastwater
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Fig.3 Flocculant selection results
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Table 1 Median particle size of sludge after treatment by

APAM doped with different compound dosages
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CO(NH),; 95.3 93.7 851 82.8 73.3 587 53.1
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Table 2 Solid content of APAM doped with

different compound dosages

Ntk & 1B BB 24 APAM B B K5/ ¢
wan AFEYiBERB 1) [ A =/ %6

0 1% 10%  20% 30% 40% 50%

NaCl 91.5  91.57 92.37 93.24 94.46 94.92 95.77
NH, Cl 91.5 91.55 92.33 93.25 94.03 94.99 95.83
Na; SO, 91.5  91.59 92.34 93.18 94.05 94.91 95.75
CaCO3 91.5  91.61 92.35 93.22 94.09 94.92 95.81

CO(NH2), 91.5 91.08 87.83 83.11 78.94 74.76 70.53
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Fig.10 Titration results of doped flocculants with 30 % dosage of NaCl, NH,Cl, and Na, SO,
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Fig.11 FTIR spectra of doped APAM

with 30% compound dosage

XRD A A 25 5 7 BB B AL S W 4L)
EPBE 30 0 B2 SR EEH 1Y XRD [ 3 4n ¥
12 Ji7R o 4% 2 03 e AR 5 20 APAM ARifEdis I — 2.

& 11

#CO (NIL),

. #CaCo,
# Na,S0,

# NH,Cl

BREE/ (au.)
Ll

i #% NaCl
1 R 4 APAM

10 20 30 40 50 60 70 80
20/ (°)

WEMBER 30%K 5% APAM K XRD EiE
Fig.12 XRD patterns of doped APAM
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with 30% compound dosage

# A CONH,), ] APAM {8 7 CO(NH,),
Y RRAE 6 (22,37, 24.5°) , (H W5 BEREARLY 40%, %
Bl CO(NH,), £ APAM H#B4343 5 8 A CaCO,
) APAM 7£ 29.4°Kb iy e b & 34 58, CaCO, 45 i B
PREF5EH B A Na, SO, i APAM 1E 20.2° By I £
B 20.5°, 0] A& T 0 5 B A% O K BB A

NH,Cl 5 NaCl i APAM (%47 5 15 6 s % . 2 13X
Wikh B & W5 APAM Ak 2%k B AE .
APAM Ak S 25 R A W0 o i 43 A B AR B0 4%,
ZRBAT RIREE X FL AR RS ™
A — A BB Sz 1 8 g, TEARAE T B XRD
T T APAM M &M% T,
2.3.3 &TrtEatr

i 28 B A AT R E R 4B 2% ik ORI R 2 [
AR RS AW b Z 4l B & T
HETE R X 22 5 52 W, K [R)RLAR M 4 22 SRR . &
4 R R T S KRB T A% BOR A S
G 45 B PR AR S A B SR AR S0 ) SRR R W v
A BRL— A% K 20 7 1] 4 JR 0 A A R

x4 HUIFERBHNIE

Table 4 Price of chemical products

i i/ Ot/o
APAM 12 000
NaCl 300
NH,Cl 400
Naz SO, 350
CaCO, 500
CO(NH3) 2 000

i i B 4l APAM i #& 4E #5778 12 000 JG/t,
HH 2% 5 AL A b5 4 3 St BB 42 o 15 0 i i AR
REAR R 2 1 0 e A, (E 18 S B i 2% . NaCl
5 NH,Cl##8 50 %1}, 824 APAM #) A< 43 5
M2 6 150 JG/t F1 6 200 JC/t, FIEHZF K 48.75% Fl
48.33% ., Na,SO, Bt J 50% i), B4 APAM 1y
WAR 6 175 J6/t, FE F 2k 48.54 %, CO(NH,),
BN 50% M .52 APAM B AN 7 000 JG/t,
FE 2N 41,67 % . AL-E PR <730 Vo i), Fl i a4
B, 1 NaCl 3880 10 %I, FlHE %k 9.75%,
BE R 30% B, R Gk 29.25 % b/ B E >
30% )5 BB I BRI N 1096, FIE 3G I N REL 500~
8% ., 4EHEFW, NaCl, Na, SO, #2114 W A 5
BN SRR BB A S 0E M B

x5 AEKEWIBE APAM HEFESH
Table 5 Economic analysis of APAM doped with different compounds

ARG WB RSB APAM WA/ OL/0

ARG B BB APAM BRI/ %

Lk 0 1% 10% 20% 30% 40% 50% 0 1% 10% 20% 30% 40% 50%
NaCl 12 000 11 988.3 10830 9660 8490 7320 6150 0 0.10 9.75 19.50  29.25  39.00  48.75
NH,Cl 12 000 11 988.4 10840 9680 8520 7360 6200 0 0.10 9.67 19.33  29.00  38.67  48.33
Na;SO; 12 000 11 988.4 10835 9670 8505 7340 6175 0 0.10 9.71 19.42  29.13  38.83  48.54
CaCOy; 12 000 11 988.5 10850 9700 8550 7400 6 250 0 0.10 9.58 19.17  28.75  38.33  47.92
CO(NHz)> 12 000 11 990.0 11 000 10 000 9 000 8 000 7 000 0 0.08 8.33 16.67  25.00  33.33  41.67
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AWF IR R G % 5% T NaCl, NH,CI, Na,SO, .
CaCO, M1 CO(NH,), HF k& W AX APAM
ZEEVERR I R A, $E R T B % APAM XK i b
J K Kb B 2 R TR A, RIS

(1) ZEP) B2 K [ AR 3222 h 7 i A A
= A1 S50 9 24, H R K BB0RL 19 (kR 42 ok 35
pms R APAM Ab BUSCR 44 s APAM 75 it i VK 3
H0.1% BN 24 g/t AT IA B e fd SERIRES 1% 4G
FERZHE T KA R G AR AL B AL T B AR

2) BB A2 T3 APAM 1) 22 5E 1 g
FHib.mBE(=30%) 8 NaCl,NH,Cl 1 Na, SO,
2 W ERIL APAM W BERCE . H i, NaCl B i
R 50 Vo s, AT T U8 TR ERLAR B /NS 6.7 06 L K TR
A I] S 2 AE K s N H, CL AT Na, SO, (938 A S 8075 1k
B2 4 i 9 2 52.5 % F155.1% . E4h, CaCO;
i CONH,)., B ARSI APAM 1Y 2288 M
RE 15 U P EDRLAR B 4 S0l ik 49.7 %6 R 44.3 %,

(3) BIALE W HA O 0 BRI R A5, T
FREARER B 9 A 77 A . a0 NaCl 48 5 50 1ol
A Z 6 150 T/t F 8 3 & ik 48.75 % o {3 Hxf
SUBEVE BRI 17T 52 ) 2% B A AR A K Ak B AR R 1
e K B K AL PR ORA SR AR A A ol X 4B R
APAM [0 T B AT 32F — 25 He 4 FLAE A7 25 [, B X
FACE DR S T R K b2 E CFTIR
il XRD % Z )5 kB 48 2% APAM ik &,
WA AT $2 0 T APAM 2205 791 A P 2% 551 7 B
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