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Abstract: Owing to the widespread grid integration of renewable energy, deep peak-load regulation
in coal-fired power plants has introduced novel multimedia pollutant partitioning behaviors. This
study investigates a 600 MW coal-fired power plant burning high-arsenic coal to examine the effects of
load variation on the speciation of arsenic in slag, fly ash, and desulfurization gypsum. Under high-
load conditions, arsenic in slag is dominated by the stable residual fraction (72%-77%), whereas the
proportion of labile fractions remains low, indicating that high-temperature melting and vitrification
favor the stable sequestration of residual arsenic in slag. In fly ash, arsenic fractionation is highly
sensitive to load variations. Under high-load conditions, the proportion of labile fractions (F1-F3) is
relatively high, whereas under low-load conditions, arsenic accumulates in the residual fraction
(F5). This pattern is closely associated with the availability of reactive Ca- and Fe-bearing sites in fly
ash. In desulfurization gypsum, total arsenic content and fraction distribution remain stable across
loads, showing that occurrence characteristics are primarily governed by the wet flue gas desulfuriza-
tion system s chemical conditions. These findings establish a basis for coal combustion byproduct uti-
lization and environmental risk management under deep peak-load regulation.
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Table 1 ~ Program parameters of microwave digestion instrument

Stage
Parameter Name
1 2 3 4 5
FE 1 (MPa) 1 1.5 2.0 2.5 3.0
RECC) 100 120 150 170 180
(W) 3000 3000 3000 3000 3000
T A (s) 300 120 180 120 600
TH R ] () 60 60 60 60 1200

1.3 IRFREE R
AR 7% Wenzel %5 HRRST, W S03E A IR 20 7 B 1 20 B AE SR B = ) IR 7T 25
T BRI A SRS AR SRR A (F1) . RR e IR 2 (F2) . Je e TR 55 45 ke Ak i 45
BAR(F3) . AL AR 4 575 (F4) BRI (F5) o PR A, B T T EAERE A A B
BTG P S e A 1, HoP R 3 MRS BB oy, ARG EE R . SR R 57 ik
W2,
%2  BRNFRECHE

Table 2 Step—by—step extraction procedure

Occurrence forms Reagents Extraction Conditions
Fl 25 mL(NH,),80,(0. 05 mol/L) ¥ FIERZ% 4 h | 20 °C
F2 25 mL NH,H,P0,(0. 05 mol/L) ¥ [REdR 16 h, 20 °C
3 25 mL(NH,)C,0,(0. 2 mol/L, pH=3.25) ¥ WEOBIERE 4 b 20 C
F4 25 mL(NH,)C,0,(0. 2 mol/L) LI Il % (0. 1 mol/L) 90 ‘CULIEKIE0.5h

F5 1 mLL HF+4 mL HNO +1 mL H,0, T it
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Speciation of arsenic in slag under different loads
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Fig. 3 Arsenic content in slag produced under different loads
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Fig. 4 Speciation of arsenic in fly ash under different loads
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Table 3 XRF characterization of fly ash under different loads

0
® 9 Do A b A0
PP PPV PP BB P WMo e T

Type Si0, ALO, Fe,0, Ca0 Na,0 K,0 MgO TiO,
[V TR 56. 13 24.93 6.95 5.39 1.48 1.43 1.30 1.19
B A R 53.01 24.09 9.39 6.79 1.44 1.42 1.38 1.09
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Fig. 6 SEM images of high—load fly ash(A) and low—load fly ash(B)
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Table 4 BET characterization of fly ash under different loads

BET L2 i fl BJH W fft BAHFLAARFR BJH R RAFLAARL  BIHWZPEEFLAE  BIH MR- 351L4E

/(m*-g™) /(em® kg ™) /(em® kg ™) /nm /nm
1R B far &K 2.21 2.06 2.04 4.19 3.53
I far &K 4.13 3.52 3.30 3.84 3.03
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