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Effect of Flue Gas Desulphurization Gypsum on Colloidal Flocculation in Sodic Soil

ZHANG Wenxin', ZHANG Wenchao® >, WANG Shujuan®?, LI Yan'?, ZHAO Yonggan® %

(1 Center for Ecological Restoration of Saline—Alkali, Shanxi Research Institute for Clean Energy, Tsinghua University, Taiyuan
030032, China; 2 Beijing Engineering Research Center for Ecological Restoration and Carbon Fixation of Saline—Alkaline and
Desert Land, Department of Energy and Power Engineering, Tsinghua University, Beijing 100084, China)

Abstract: In order to clarify the ion exchange effect in the flocculation process of sodic soil reclamation by flue gas
desulfurization gypsum, sodic soil groups and sodic soil groups were carried out in the experiments. Under the conditions of
different soil-water ratios (1 : 5,1 : 10, 1 : 20), different amounts of flue gas desulfurization gypsum (0.1% ~ 2%) were added as
sodic soil groups, and different amounts of desulfurization gypsum were added to the sodic soil colloid prepared by the method of
soil-water ratio of 1 : 100 as sodic soil groups. The critical flocculation values and the molar ratio of Na* to Ca?* of flue gas
desulfurization gypsum in the process of colloid agglomeration were analyzed. The results showed that the critical flocculation
value of the colloid of sodic soil and sodic soil (pH=9.84; EC=496.1 uS/cm) was Mggpc= 0.008 g and 0.5%, respectively. The
amount of FGDG used in sodic soil (Rs =10.4) was approximately 1.8 times that of the colloid of sodic soil (Rc=19.4). At the
critical flocculation value, the molar ratio of Na*/Ca®* was 2:1 in the group of sodic soil. That the amount of FGDG continually
added reduced the thickness of the layer of sedimentation and the decreasing trend of pH tended to be flat. The smaller the ratio of
soil/water increased pH of the mixture. The content of Na* in sodic soil group changed little at the ratio of soil/water was 1:20.
Ca®" were directly adsorbed on the colloidal surface and flocculated while applying FGDG. The experimental results deepen the
understanding of the colloid flocculation mechanism in the sodic soil improved by FGDG and provide a reference index for the
critical dosage of FGDG.

Key words: Sodic soil; Flue gas desulphurization gypsum; Colloidal flocculation
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1.1 R

FJZ0 ~ 20 cm)fEfb 3T H A K2 TR
T4H(4514'24.08"N, 12335'38.75"E). ¥4 HHAE(AE N
1.45 glem®) XU T, BRRE, 3 2 mm RIS, T REFEIME
A Biigr. HBORE LA, [EHIBFEREEG, i 100
Hif, AR FH o DI A 5 AR ) B
FREAAT, (PO BEFEEEAN, 33 100 HIf, FAA76H .

ik 3% pH & 9.8, EC 4 496.1 uS/em. BHfk
TR P T KR T SR Lk 1, T
BRALBE (ESP) S 49.00% . B A1 7 B RLAR 4341 2H JC UL
2, 10 ~ 250 pm Z [BSURL A Ak 358 RN A A B
(1) R AR AR 43, AR CRAR/INT 2 pm) 75 4
S 72.7 glkg (B 5 g b - S8 i A 5 5 R 0.364 )
BB AT SH Al H T KA MR 3. BERLA LA
CaSO, N FH ALY, AL SiO, (4 50%) M T E ALY .

Fz1 BHTEZHRMESKAMNSF S E(cmol/kg)

Table 1 Contents of exchangeable and water-soluble ions in sodic soil

T K* Na* ca* Mg* AP Fe?*+Fe®*
K 0.04 2.14 0.23 0.18 0.84 0.27
e 0.14 3.58 2.58 1.00 — —

*®2 WULESHEBOBNES®

Table 2 Particle size distributions of sodic soil and flue gas desulphurization gypsum

R Fe/ME@mM) <1 pm(%)  1~5pm®%)  5~10 pm(%) 1~10 pm(%) 10 ~250 pm(%)  >250 pm(%)  fR KAH (um)
B Ak 14 0.4 2.7 13.9 9.2 23.1 72.6 1.7 399.0
JR AR AR 0.4 2.3 6.5 1.9 8.4 89.2 0 100.2
%3 BRRASSHELTIETEAR (@K
Table 3  Element compositions of flue gas desulphurization gypsum and sodic soil
R C N 0 F S cl Na Mg Al Si Ca Fe HoAt
Mo aE 131 6.6 551 6.2 155.0 25 7.4 75 2.7 6.0 239.0 1.0 2.0

Y 30.4 4.8 521.0 0.6 11 05

17.4 12.3 64.5 258.0 38.0 16.0 354
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1.2 RKWHE
1.2.1 i b EMES G A EMLER RALK
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PERNAE B B 5 1 o
1.2.2  WBELAEXIE DI IR LB RS
i 100 Hf +4£ 59 F 500 ml M+, 5 500 ml

FRAKIR A, R o e s rh 43 30 min,
M5 Stokes &, ILHT b5 W ok B9 B AR /N T
2.0 pm*, EE 24 h J5, BT MR A S
IR ARAT I AR 3 W8 ol P T 000 5 % e A v
1.69 g/L. i W6 BE 4 600 nm 22 A £k + 3 g A
PR, bRiEI el A= 0.104 C(A AWIELHEE; C
AR, g/L).

% U B 4 A R %5 9 (C=1.55 ¢/L)100 ml T
150 ml #EJE3HEH, ¥ 0.002. 0.005. 0.006. 0.007.
0.008. 0.009., 0.010. 0.015, 0.020. 0.025. 0.030.

0.040. 0.050. 0.060. 0.075. 0.090. 0.100 g f¥H
AEIMAMEIH R, &35 . 585), FEor Vs i
Xof I A A B A 100 mil Al 7K rp AR Sk BB
3ha, LI HOEETT (LR RMY R 7226 #
IEEEETE)ZE 600 nm ZbINSE L IE R MOGE (A), T
A AIAG M 5 R 3R EC; it FH A S 25 LR
IEW, i 0.45 pm PERE, A L HLRES, T LR
B A B TR B 2 S R v 0 ) 4 S R Vs TR
TS 5 (3% 4).

4 BRAEBRIPBETFEE
Table 4 lon contents in colloidal solution

EC(nS/cm) 7 &R (mg/L)
K*  Na* Ca* Mg* AP Fe?*+Fe®
118.2 435 26556 1524 529 16.95 10.44

1.2.3  HIKHImA T R B %
M 5 43 I HL 5 g A [R] HL B 9T &4 T 100 mi 5.0
(K 15811 : 10, m: V)FT 150 mi(+K
120, m: V)HIBHRH, il 3 4UANIE] L Y
RIGLH A 25, 50, 100 ml #B4lik, £33 24h 2
RLPCRE S, TIE W pH PR P, R ERE
2 UAENFATIRE

x5 BRMAESEMIRECER

Table 5 Flue gas desulfurization gypsum/sodic soil ratio

AL B S LL A8 (%) 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 1.0 15 2.0
R B 22 (0) 0 0.005 0.010 0015 0.020 0025 0.030 0.035 0050 0075  0.100
itk e 5 (g) 5.000 4.995 4.990 4.985 4.980 4.975 4.970 4.965 4.950 4.925 4.900
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Fig. 1 Effect of flue gas desulfurization gypsum on Ai/A, of colloid
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Fig. 3 Effects of high applying amount of flue gas desulfurization

Z(E 1), HEZEREENIRE, TEREZEE gypsum on Ai/A, of supernatant
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Table 6 Particle size distribution of flue gas desulfurization gypsum in solution in different time
R BFREI(h)  FME(um) <1 pm(%) 1 ~5pm(%) 5~ 10 pm(%) 1 ~10 pm(%) 10 ~250 pm(%) >250 um(%)  Fe KA (um)

iR aE=1 Oh 0.37 2.34 6.49 1.91 8.4 89.25 0 100.24
3 1.00 0 8.64 4.52 13.16 83.7 3.14 399.05

27h 0.40 1.56 9.02 6.21 15.23 75.88 7.33 632.46

oK HOT A B A R AR S e i, 7

TKEE R 12 20 1E BT, BeiAk 3R MO FE ARk
Mk Z 1, IS 2LEEE R 0.5%(1& 4), LR 4
SR A B L (Rs) S 10.4, TN T-HiAk T 558 e 4
GG, G AR B A A i S A R 2 (Re)
194, R Re SR L - AAILEE R 1Y 1.86
B, KT 2 um (9 BRI Ca®* 284 R BFE A
KB, X F R A EH1.5% Fl 2%)7E 5 min
B B 0 43 )23, o o B e S Ak - S R B
B 3K ILIRIGHTE 0.5% AbITRE T TR] T A -
Ty 55Ty 10>Ty 00, Fe IR L W AY & B R
TR T R 1) o

4,14,

ofs 1.0 1.5
TG B L) (%)

B4 LokEE1:20 BIRERABXER A,/4) BT
Fig. 4 Effects of flue gas desulfurization gypsum on Ai/A, of
suspension at soil/water ratio of 1:20
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Fig. 5 Effects of flue gas desulfurization gypsum on pH of supernatants at different soil/water ratios
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Fig. 6 Effects of flue gas desulfurization gypsum on electrical
conductivity of supernatants
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Fig. 7 Effects of flue gas desulfurization gypsum on Na* and Ca®*
contents in supernatants of colloidal group
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Fig. 8 Effects of flue gas desulfurization gypsum on element contents in supernatants under different soil/water ratios
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Table 7 Ca®*/Na* ratio at critical flocculation values under different
soil/water ratios

FEbR 1:5 1:10 1:20
Nca/Nna 0.6 0.5 0.5

B AR IS /T 0.5%, by Na*® &
RN BN, B3 Ca®t SR A AR AR
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Fig. 9 Effects of flue gas desulfurization gypsum on content proportions of Na* (A) and Ca®* (B) in supernatants

3) LK L Ll N, IREW T pH R, A
WAEE, pH TR, MEHAE ARG R
LEHAS, pHFBEIGESBE T Z.

4)ifst Ca®*, Na* Fi FlEE/R A 45 R RN
[] 7K ot im A S e A R . oKl 1 20,
BB AR AP Na® SRRk, RN 7E
FHRBLKEIGIN, B TR RS, A R AR
PRI AL 2R BRI, s> Na™ A8 Wi . A
PRE AT T, AR Nat 5 Ca® LA # e . [
W, BB REIETE Fe? +Fe® . APTRYZREE.

SE k-

[1] EAF B, sk, 45 A8 FUE IR BT 5
LXK N B MR A K A [J]. 3, 2020, 52(2):
327-332.

[21 ®%, Ehe, B, % RTER AL L pH S Rk
BRPETEFAC PR S EAC R[] 13, 2018, 50(2):
319-325.

[81 Z=E, KW, B, 55 BRI SBERE A8 765 s
TR P TS I]. RS HBE AL, 2010, 19(7):
1682-1685.

[4] Yuan R Q, Zhang W X, Tao X, et al. Coupled effects of high
pH and chemical heterogeneity on colloid retention and
release in saturated porous media[J]. Colloids and Surfaces
A: Physicochemical and Engineering Aspects, 2020, 586:
124285.

[5] #EEHiok, k308, FHZE. AL B P oK R
A B 550 T s ) 3], BRSRRL 2= A5, 2020, 33(2):
431-437.

[6] RyanJN, Gschwend P M. Effects of ionic strength and flow
rate on colloid release: Relating kinetics to intersurface
potential energy[J]. Journal of Colloid and Interface Science,
1994, 164(1): 21-34.

[71 Syngouna V I, Chrysikopoulos C V. Experimental
investigation of virus and clay particles cotransport in
partially saturated columns packed with glass beads[J].
Journal of Colloid and Interface Science, 2015, 440:
140-150.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Torkzaban S, Bradford S A, Vanderzalm J L, et al. Colloid
release and clogging in porous media: Effects of solution
ionic strength and flow velocity[J]. Journal of Contaminant
Hydrology, 2015, 181: 161-171.

McNew C P, LeBoeuf E J. nC60 deposition kinetics: The
complex contribution of humic acid, ion concentration, and
valence[J]. Journal of Colloid and Interface Science, 2016,
473: 132-140.

JERT. B TR LR BER M [D]. HIK: PUE
K, 2014,

BER, N, B, A FLBUK B R R £
AT ERB ). KRR, 2010, 24(5):
101-104.

R, RATI0. B RN =R AL H i 1 SR T R A
Zeta LA FSEIA[I]. 3%, 2015, 47(2): 422- 426.

Molnar | L, Johnson W P, Gerhard J I, et al. Predicting
colloid transport through saturated porous media: A critical
review[J]. Water Resources Research, 2015, 51(9):
6804-6845.

Wang S J, Chen Q, Li Y, et al. Research on saline-alkali soil
amelioration with FGD gypsum[J]. Resources, Conservation
and Recycling, 2017, 121: 82-92.

EERHE, BT, PR, S BRI AR R P e R
Ak 1 8 I R IR B A 0], Aedb A =4, 2004, 19(S1):
10-15.

N, mEL, B2, & ABRRATEREITE].
467, 2001, 32(S1): 97-101.

R, kiR, TR, S5 BLERAE SR R HET +
HeE 4 EAEERE ). B EAOLBHE S48, 2010, 12(6):
86-89.

R, B, B0, % AE SR M RCR
(M) ——fifl -3 SR Mt AT A B I A R[], KL
KPR (A RHR) A 234, 2006, 3(3): 111-114, 137, 3.
TR, REM, Hihar, & DU S R AT R
B EACRIPISEN]. A AR, 1999, 18(1): 25-29.
ST DOE, B, L AFREBITH L. [ 2%
RIZAEHEAED]. A8, 2012, 31(7): 1745
1750.

http://soils.issas.ac.cn



562 + 1 % 53 &

[21] W, BehhAe, Ml LRI PRk Y o0 i —— B AT [24] sHusm, sKICHT, EMG, 5. FLBRES WX R LA A
S K Hosg i P2 3], bV A8 KA A (RO B S ), W ER SRR [I]. K AR, 2018, 32(4): 339—
2006, 24(5): 407-413. 345,
Sori ' _ ' ' R4 4 5 I B S A P AR H fer 0], R EAER,

pringer New York, 1989: 1-111. .

[23] Shainberg I, Otoh H. Size and shape of montmorillonite 2019, 56(3)%672;681' L o N

particles saturated with Na/Ca ions (inferred from viscosity [26] BEZE, MTT, (RIS, AR FORIE T SiOp Mebhoxt i

and optical measurements)[J]. Israel Journal of Chemistry,
1968, 6(3): 251-259.

WA IE SR TR A T oM BB [D]. SRR, 2018, 55(2):
411-421.

http://soils.issas.ac.cn



