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Abstract The treatment and disposal of biomass ash residues (BAR) were investigated in this study. The BAR with different particle
sizes (i.e., L1 with a range of 0. 25~0.50 mm, L2 of 0.50~1.00 mm, 13 of 1.00~2.00 mm, [4 of 2. 00~4.00 mm and L5 of
4.00~8.00 mm) were obtained by magnetic separation, screening, and cleaning via a multi-layer mesh synchronous screening
machine. The effect of particle size of BAR on the purification effectiveness of micro-polluted water was verified by rapid small-scale
column tests (RSSCT). The characterizations of BAR were detected by the scanning electron microscopy (SEM), X-ray diffraction
(XRD), and fourier transform infrared spectroscopy ( FTIR), respectively. The adsorption effectiveness was evaluated via outflow
turbidity, chemical oxygen demand (COD,, ), and the content of total phosphorus (TP) and ammonia nitrogen within 15 days. The
results showed that the L2 and L3 possessed superiority purification effectiveness, of which the average removal rates of outflow
turbidity, COD,, and TP reached over 88%, 40% and 35%, respectively due to the higher adsorption capability of BAR and
microbial degradation. The rejection effectiveness of ammonia nitrogen of 14 and L5 with large particle size reached 95% due to the

improved biological activity of nitrifying bacteria as their low filling density and sufficient oxygen content in the later stage of operation
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(11~15 days). However, the bulk density and filling density of L1 with the smallest particle size were relatively high. Therefore, the

water flow faults, oxygen deficiency, and insufficient microbial activity occurred, hindering the removal of various pollutants in the raw

water. In addition, the M-L2, modified by citric acid and chitosan, increased the removal rates of COD., and TP in raw water from

42.05% and 40.97% to 80.28% and 60. 36% , respectively compared to L2. The improved effectiveness of M-L2 was comparable with

that of common packings (i.e. ,

zeolite and ceramsite) on the market and the cost was lower. The research results provide certain

support for the high-value application of BAR with different particle size and the development of modified BAR in the pre-treatment

technology of micro-polluted water.
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Fig. 1 SEM of BAR with Different Particle Sizes
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Fig. 5 Changes of Outflow COD, Concentration with Operation
Time under BAR Treatment with Different Particle Sizes
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Fig. 6  Changes of Outflow TP Concentration with Operation
Time under BAR Treatment with Different Particle Sizes
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Tab.4  Average Outflow TP Concentration and Removal
Rate under BAR Treatment with Different Particle Sizes

HK TP

K

R ARIREE/ (mg- L") T R BRR
L1 1. 06" 29.55%"
L2 0. 89° 40.97%"
13 0.97* 35.92%"
14 1. 08 28.56%"
L5 1.15" 23.46%"
S 0.99 33.82%

T :pgp =0. 295, p s <<0. 01,
2. 1.4 HIKEAMZ
ANFRIAE BAR 4B R S0 /K Z Rk AR e an &l 7
FIR o FEREASIRIR ] KRR BAR (14 \L5) AR 58
A 7K SRR B AR, 25 BRSO B A, JE W (1~
15 d) X A LBR AR ATk 2 95% LI L i & A
PP (S) XA L FRECE (79. 46% ~86. 14%)
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Fig. 7 Changes of Outflow Ammonia Nitrogen Concentration
with Operation Time under BAR Treatment with

Different Particle Sizes
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Tab.5 Average Outflow Ammonia Nitrogen Concentration and
Removal Rate under BAR Treatment with Different Particle Sizes

HKEA
R
-1 SR/ (mg L) TR
LI 3.92¢ 65.71%"
12 2.73% 76.25%"
L3 2.47" 78. 85%"
14 2.10" 81.27%"
L5 1.80" 83.91%"
S 3.17 72.91%

R K COD, Fl TP P-4 2 BRFAUH 42. 05% (3=
3)F40.97% (K 4) . Fik— 82T L2 XK AL
15 YW I W B A5 RE , 0 25 R A AR R — e SR X 12
AT A hE SO JS 9 BAR 8 M-12,
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Fig. 8 Effect of Citric Acid and Chitosan Modified

on BAR's Decontamination Effectiveness
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Tab. 6 M-L2 and Common Commercial Packings Cost and Efficiency Data

HUR AR N 5% JISLOE RBRECR WA/ (J6t") E= BTN
Ve i RS A Wk 5 YL MK COD,, COD, :80% 7 960 [29]
A (50~100 mg/L) COD, :80% 8 000
{5 73 BE S A Wb 215 Yt R A HA:45% 7 960 [30]
WA (5~10 mg/L) AR .85% 8 000

IR B L SRast 73] V5K WD 7K COD, CODy, :75% ~90% 30 000 [31]
T R - ks (75.55~123.45 mg/L) COD, :75% ~90% 7960

3 B H CODy, :75% ~90% 6 800
[f5p 73 RS ik A ALK & A (20 mg/L) HA:60% 30 000 [32]
M-L2 RSSCT 2% & TS Yl 1 JFUK CODy, :80. 28% 1 660 AR

A :86.21%

0 S E M SR, 52 BB 150 J0/kg 11, AR LA 5. 8 7T/kg H

3 ZEig
AT T AR X e 43 )5 5 AP [RIRLAE BAR
Ab BRATS Ye il 38 R K B R R 5, #8598 T BAR K

FEXT 15 B8 ) B S e L BRALER, B EEE
mr,
(1) B& L1 Ab, B RLAR T 9980/, BAR X i
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IR (1) K R R B i s, L2 13 b S H K
(3 41 2 s 3R 0T 43 1) 35 %) 89.99% . 88. 17% , X 5
12 L3 BN R i BV 2%

(2) Wiz 47 B 6] A 388 0, BAR AE A 28 AL 1 jf
WIS R SR, PR F B 0 I R R A R
ARCERR COD, . 12 7K COD,, it vk B % 5l i
AN SRR ETE 17,27 ~22.75 mg/L,

(3) M T HA K 42 BAR, L2 438 A1 75 25
FITF G0 N AU A e, 400 38 66 00 2R ol 5 ol
FIFEFEMER , s A7 B X TP 22 BRAIUR B A AR
5t P RBRR AT A 3] 40.97%

(4) B HRiA%E BAR XA 1) 25 R ¥ a1
WA LS 7RI A (11 ~15 d) XF 2R 25 bR due i vl
KE 95% L) I,

(5) L Fe RpE-Fr IR L2 47 2 Aok,
R T FUK Y coD, FI TP (I ZBRF 15 d N
-2 2 [ AR A )3k ] 80. 28% 1 60. 36% , B K kb
PR 5 A PR A5 OB Y, Bl AT
KRR, HIAT N, 7o R -Ar i R 2 A ot 2 52 7t
BAR 5 8 1 0 8GR R, /&) BAR S E1LLE
BRI B Al T e SR K 30 A B AR 19 A KR
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