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Abstract: In the process of treating landfill leachate using the upflow anaerobic sludge blanket (UASB), microbial
mineralization products can deposit and block the circulation and effluent pipes. Repeatedly replacing pipes to
remove blockages is a labor-intensive process and exerts a negative impact on the stable operation of the system.
The mineralogy and microscopic structural features of scaling in UASB system pipelines were investigated by miner-
alogical characterization methods in this study. The mechanism of scaling formation was explored. It provides a

theoretical foundation for the prevention, inhibition, and cleaning of scaling in UASB reactor pipelines. The results

iR B 2024-03-27; #Z A 2024-12-04; HiE: FHHOE

E&WE . EFESH AT (2020YFC1908600, 2020YFC1908602)

{EE R A W2 (2000- ), &, L0504, R TEEL W, E-mail; dailla@ 163. com; iH/EE . BEXE, ML, #4%, E-mail; chent-
ianhu@ hfut. edu. cn,



464 A oA OB W o & K 5 44 3

indicated that the pipe scaling constituted a complex mixture of microbial mineralization products and organic mat-
ter, primarily consisting of acid-soluble materials. The main crystalline phases were monohydrocalcite and struvite.
Struvite presented columnar crystals with diameters ranging from 0. 2 nm to 0. 5 mm, and arranged in bundles or ra-
diating patterns. Monohydrocalcite appeared as spherical particles with diameters ranging from 50 nm to 350 nm.
The anaerobic process producing methane production of landfill leachate consumed H" and generated a large amount
of CO,, which increased the carbonate alkalinity of the anaerobic digestate. Meanwhile, organic nitrogen was am-
monified, and organic phosphorus was converted into phosphate. In the digestion, phosphate, magnesium, and am-
monium ions combine to crystallize into struvite, while calcium ions and carbonate ions combine to crystallize into
calcite. Although the ion concentrations in the anaerobic digestate were supersaturated for hydroxyapatite and cal-
cite, the presence of magnesium ions and high concentrations of organic matter in the anaerobic digestate may in-
hibit their nucleation and crystal growth. In the UASB system, struvite undergoes heterogeneous nucleation on the
pipeline surface, growing into large columnar crystals. Monohydrocalcite filled the gaps between struvite crystals,
incorporating a small amount of organic matter. Then, struvite and calcium carbonate were cemented together,
forming pipe scaling with a certain level of strength resisting to fluid flushing. Considering the use of an in-situ acid
dissolution method with 5% acetic acid to remove pipe scale, the residual acidity of the acid wash solution will keep

as low as possible without altering the pH of the liquid inside the large-scale UASB reactor. Additionally, Low con-

centration acetic acid can serve as a substrate for methane-producing bacteria to enhance methane production.
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Fig. 1 Sample of the pipeline scaling
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Fig. 2 XRD patterns of pipeline scaling in the effluent pipeline of UASB reactor
a—7HJEFERD XRD L b—FIERS> XRD i
a—XRD pattern of the stratified sample; b—XRD patterns of the two parts
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Fig. 3 Polarizing microscope images and SEM images of pipeline scaling
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a—characteristic image of the earthy part under polarizing microscope; b—characteristic image of the coarse crystal part under orthogonal

polarizing microscope; ¢—SEM image of pipeline scaling in the effluent pipeline of UASB reactor; d—SEM image of single hydrated

calcite crystal
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Fig. 4 Thermal SEM element scan image of pipeline scale from the effluent pipeline of the UASB reactor
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Fig. 5 TEM image of the soil-like sample of pipeline scale from the effluent pipeline of the UASB reactor
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TEM element scan image of the soil-like sample of pipeline scale from the effluent pipeline of the UASB reactor
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Table 1 Influent and effluent water quality parameters of UASB treatment system

R HEZKFEN 1 HEARRESN 2 BEOKEER 3 HKEERCERE KRR 1 KRER 2 HKRER 3 KRR ERE
pH (& 6.34 6.57 6.57 6.49 7.94 8.24 8.04 8.07

BA 2 980 3310 3 095 3128 2 230 2 082 2128 2 147

TN 3617 3634 3 998 3750 2 586 2 580 2 301 2 489

TOC 19 655 19 059 21 191 19 968 3099 2 262 3173 2 847
PO,-P 16. 02 16. 02 20. 47 17.50 4.24 3.50 7.75 5.16

TP 29.70 27.15 28. 80 28.55 10. 64 8. 88 16.24 11.92

Ca 2 408 2212 2 938 2 519 454.9 280.7 321.6 352.4

Mg 403.2 343.9 500.2 415.8 193.8 173.1 185.6 184.2
ZCO%‘ 1282.5 2214.5 1122.5 1 540 11 500 11 440 11 755 11 565

*2 PHEBREREHREOMERHE
Table 2 Solubility product constants and saturation

index values

YA WEBEB(Ksp)  HEAIEEL(SD
NH,MgPO, - 6 H,0 2.5%x107" 1.58
Cas(PO,),0H 11078 17.52
CaCO;4 3.36x107° 4.45
CaCO; - H,0 1x1077-° 3.58
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Beorfe o S0 B R A B4 BRI IR R A AR
( Stoffers and Fischbeck et al. , 1974) , Li Z(2012) k&
BLEIK T A AR AR ES WK B AT h A I S
TIfAT A A5 A A R D AR RS K 8
=i pH H(9.4) \Mg/Ca EE/R L (10~15) = fL 2
(1.7 /L) AR ABE) (AHTA (BB B ik B A IE
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Fig. 7 Suspension state of pipe scale blocks after dissolution in different concentrations of acetic acid and hydrochloric acid
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Table 3 Time of dissolving pipeline scaling block with

different concentrations of acetic acid or hydrochloric

acid
BRI e WA IR b B pH i FRVE T8/ %
5% IR 5.5 4.02 89.24
10% s R 2.5 3.43 90. 36
15% Pt 1.5 3.06 90. 57
5%ERR 1.2 1.15 93.20
10% 518 0.2 0.83 93.40
15% LR 0.1 0.41 93. 80

pH (B8, /s il R R U 5% it A R UASB 2 i
WG ARESUERR R pH AE, JT FLESERYE A UASB J
IV 25 PR 0 77 FR e B RS 4, R A e A A HE e S B0
REVRILFIH

3 4t

(1) Wil m) B IETR UASB RA K AL E
FEEEYG NI E T A R IR R (53, 69% ) 1%
FE41(30.79% ) K/ B WL SR, BT 9
MBI A, A FEEREL 0.2~0.5 mm HHR
A AARHCIR HCFPIR RS 5K 5 A S B 50 ~ 350 nm
BRI Jo0R

(2) BV BUE R P AR A B B TR B
FEDR U™ st E AR BRI R BT AR R 1
CO, , $E = T IR A BRIERARBREE , Rl A HLA A DL
(R AL T B R VR P e B T B RAR 25 1, S B
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