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Abstract

Scaling during the evaporation of pulping black liquor severely restricts the stable operation and en-
ergy efficiency of evaporation systems. To investigate the static evaporation regularity and scaling
composition of pulping black liquor, this study combines X-ray diffraction characterization with titra-
tion analysis. On the basis of identifying the scaling composition, systematic static evaporation exper-
iments were conducted to analyze the evaporation regularities. The results indicate that the primary
inorganic components of black liquor scale are sodium carbonate and sodium sulfate, with mass frac-
tions of 1.69% and 0.54%, respectively. The relative standard deviations of the measurements are
1.54% and 3.55%, confirming good analytical reliability. Under operating temperatures of 80°C, 100°C,
and 120°C, the static evaporation process of black liquor exhibits a distinct three-stage variation. The
initial evaporation rates are relatively high, reaching approximately 11 g/h, 15 g/h, and 25 g/h, re-
spectively. As a large amount of water evaporates, the evaporation rate decreases to approximately 5
g/h. Finally, due to the extensive scaling precipitation in the black liquor, the evaporation rate changes
at a rate of less than 0.1 g/h. Based on these observations, a predictive mathematical model for the
static evaporation of black liquor incorporating residual mass was established. The model was vali-
dated using evaporation data obtained at 90°C and 110°C, yielding average relative errors of 1.6% and
2.0%, respectively, satisfying engineering accuracy requirements. The research results can provide a
certain reference basis for predicting and effectively preventing scaling during the flow process of
pulping and papermaking black liquor.
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Figure 1. XRD patterns of black liquor scaling before and after calcination
under static evaporation conditions
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Table 1. Mass of 20 ml black liquor containing sodium sulfate and sodium carbonate
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[5igss F—H ot | -t EHUIES) HHA E vy
T /g 19.165 19.085 19.238 19.21 19.151 19.217
TR & /g 0.326 0.32 0.331 0.33 0.319 0.323
IR 2 /g 0.101 0.103 0.11 0.106 0.1 0.105
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Figure 2. Black liquor free evaporation stage
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Figure 3. Transition stage of scale formation during black liquor concentration
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Figure 4. Stage of limited residual quality of black liquor
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Figure 5. Graph of black liquor quality and evaporation rate changes over time at 80°C, 100°C, and 120°C
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Figure 6. Experimental data and model fitting plots at 80°C, 100°C, and 120°C
6.80C\ 100C. 120C TREHKIESREMAE

3.4.2. HRRIW

FETREM B R, 4 3.4.1, X 90°C. 110°C F I ERE A R T I 4, 55
S bRBEE AT L, TR R 2 T, Bl R 20 BRI TR N ARG ZE B, (E5 RS B SR
ARAERITN BARZE R AE S, VA BAREAR RS, 3 2P AR ZE 308 1.6% 2.0%, ~F3AH%E
RZE/INT 5%, BUE T AAILE 80°C ) 120°C I X [A] i HERF 4

Table 2. Comparison of actual and predicted black liquor quality at 90°C and 110°C for different durations
F#2.90C. 110CAEIRY A R EPR R E ST R EX L

90°CHFE/M  SEhrfif/g TR E/e MXHEZE/%  110CHTE/M  S2Prfi/e WFE S/  HIRZE%
0 79.718 79.718 0.0 0 71.115 71.115 0.0
0.5 73.031 70.514 3.4 0.5 60.039 57.866 3.6
1 66.711 62.576 6.2 1 48.997 47.558 2.9
1.5 60.505 55.730 7.9 1.75 35.837 36.222 -1.1
2 54.440 49.825 8.5 2.5 24.267 28.443 -17.2
2.5 48.183 44.733 7.2 3 20.789 24.666 -18.7
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3 42.454 40.342 5.0 4 17.547 19.441 —-10.8
4 32.072 33.288 -3.8 5 16.110 16.279 -1.0
5 24.261 28.042 —-15.6 6 15.189 14.364 54
6 21.051 24.139 —14.7 7 14.532 13.205 9.1
7 19.179 21.237 —-10.7 8 14.064 12.504 11.1
8 18.164 19.078 =5.0 9 13.664 12.079 11.6
9 17.370 17.472 0.6 10 13.343 11.822 11.4
10 16.699 16.278 2.5 11 13.135 11.667 11.2
11 16.159 15.390 4.8 13 12.925 11.515 10.9
12 15.788 14.729 6.7 17 12.416 11.440 7.9
16 14.822 13.398 9.6 21 11.942 11.430 43
21 13.979 12.945 7.4 23 11.616 11.429 1.6
23 13.735 12.885 6.2 25 11.472 11.428 0.4
27 13.441 12.834 4.5 27 11.399 11.428 -0.3
30 13.264 12.820 33 29 11.283 11.428 -13

FEJSEE IF) FR VB R R R A SRS AR P TS B 22 B0 A7, RENE BT St 80°C B 120°C 2 Ia) FI i A& 7%
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DKEFE T RESZ 2 — € UM, ) 7e 78 5 98 TOLVE el it — BB IEAN 52 35

4. e E5RE
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MUER RSy o b2 R 0t R, B h B FR A AR RR A (1 5 B 0 23 B2 1.69%A11 0.54%, I 5E &5
TS AR 22 53 7N 1.54% 3.55%

FRAS ORI IR R B, 1E 80 ) 120°CHR VIR N, B A A R RA W 3E I BEMERFE, T A
R BRI B R S5 IR I PR B R TR AR TR B2 PR B B 28 R B BB 28 R TR AR A R AT
Bm#E, 80°C. 100°C. 120°CH BRI ZE KA I3 A4 11 g/hy 15g/h, 25/, AR REZEK, Bt
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