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Effect of Potassium Sulfate Fertilizer on Flocculation and
Sedimentation of Static Yellow River Water
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(Key Laboratory of Agricultural soil and Water Engineering in Arid and Semiarid Areas s Ministry of

Education , Water and Architecture Engineering s Northwest A& F University s Yangling s Shaanxi 712100)
Abstract: There are many factors affecting the flocculation and sedimentation of fine sediments. The objective
of this study was to explore the effect of potassium sulfate fertilizer on the sedimentation of the static Yellow
River water. Taking potassium sulfate concentration and sediment particle size as parameters, five potassium
sulfate concentrations and four particle size ranges (<100, 50~100, 34~50, and <{34 pm) of Yellow River
sediment were studied by pipette method. In the sedimentation process, the effects of different potassium
sulfate concentrations on the flocculation of fine sediments were discussed. The results showed that the
higher the concentrations of potassium sulfate were, the faster the sediment concentration decreased, the
higher the sedimentation velocity was. The initial particle size was <100 pm, and when the concentrations of
potassium sulfate were 0, 2.86, 7, 14 mmol/L, the sedimentation time was 30 min, the relative sediment
concentrations were 35.35% ., 30.75% ., 27.02% ., 14.00% , and the median sedimentation speed w;, was 1.55,
3.00, 3.91 and 4.93 cm/min, respectively. The smaller the initial sediment particle size was, the more

obvious the promotion effect of potassium sulfate on flocculation sedimentation was. The sediment of <34
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pm sediment was most affected by potassium sulfate. When the potassium sulfate concentration increased
from 0 to 60 mmol/L, the median sedimentation velocity after flocculation with initial particle size <(34 pm
increased from 1.38 ¢cm/min to 8.53 cm/min, increased by 518.12%, and the median sedimentation velocity
after flocculation with initial particle size of 34~50 pum increased {from 6.29 cm/min to 8.43 ¢cm/min, with an
increase of 34.02%. The median sedimentation velocity of sediment from 50 to 100 um increased from 7.12
em/min to 7.59 cm/min, with an increase of 6.60%.The smaller particle size of sediment and the greater
concentration of potassium sulfate gave the greater influence on the median particle size after flocculation.
When the concentrations of potassium sulfate increased from 0 to 60 mmol/L, there was no obvious rule
between the concentrations of potassium sulfate and the median particle size after flocculation of sediment
with initial particle size of 50 ~100 pm. There was no significant difference between different treatments.
Potassium sulfate had no effect on the flocculation settling of sediment with this particle size. After flocculation, the
median size of sediment with initial particle size of 34~50 pm increased from 38.8 pm to 41.0 pm, increasing
by 5.76%. After flocculation, the median size of sediment with initial particle size <34 micron increased
from 15.7 pm to 21.6 pm, increasing by 37.82%. After flocculation. the relative contents of small and
medium-sized particles decreased, the relative contents of large-sized particles increased, and the maximum
particle size increased. When the particle size of sediment was <(34 pm, the concentration of potassium
sulfate was 60 mmol/L, and the maximum particle size after {locculation was 200 pum.

Keywords: potassium sulphate; hydrostatic sedimentation; Yellow River sediment; particle size grading
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527400 0 o, FEAS it 35 L 1 B0 A 52 A 2% g T
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4.76 % /minFl 5.50 % /min, 4+ 9 R B0 w5 R 4 Ak B

WER 27.61 % 47.45%
®1 BEBEREXTEHSSHNEN

T R 0 ok g/ . , wso/ t./ c./ V./
(mmol « L71) (cm * min™ ") min % (% * min 1)
0 107.72 —0.321 1.55 14.62 45.47 3.73
0.14 104.85 —0.323 1.98 14.33 44,40 3.88
0.28 103.50 —0.329 2.23 14.22 43.17 4.00
0.57 93.59 —0.286 2.18 12.88 45.08 4.26
1.14 82.43 —0.267 3.00 11.48 42.93 4.97
1.42 85.95 —0.296 3.02 12.15 41.03 4.85
2.86 86.32 —0.304 3.00 12.26 40.24 4.87
7.00 95.56 —0.378 3.91 13.50 35.70 4.76
14.00 125.48 —0.664 4.93 14.27 21.49 5.50
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0 66.18+1.71a 46.000.98a 27.51+£1.23ab 23.63+£0.10a
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) e A3k 21.22% F 13,71 % , 43 50 Fb 3 hn B ik 4 :E
b B /> 36.81 % 1 59.17 %, v, A il 25 7 1 480 Vi 5 60 —— 0 —o— Smmol/L
IR, MY 50~100 pm.r BY  Bao lh e mommelL 0mmoll
LA e BB B OB RN R B, .
BEN 30,60 mmol/L Y c. 235k 19.42% F1 8.48% : : —1 .
A 3 0 B R 0 Ak B A 15,97 % 1 63.31 % 10, Y 0 100 150 200 250
oL L A i 17/ min
YV BV il Sk e I Ao S 1 A R 100 © <34pm
KRR ek, s 0 T
BB KRR G R ke B o 15 mmol/L —— 30 mmol/L
BUMRRBIAS (e Flo (RMBR MBBRES  E o7 S0mmollL
50~100 pm, LIRS EIEA AN Z R EH 52 2
SRR AR <34 pm AR BRI E T bR 20
S R L 4L TR 0 R R U AN [ 20 A 0 -
8 VB Tk 10 B S S T A 3 4 % 0 0 o e ™
A AR AR T P B AL T B3 RER SRR A X R R 1R 5 R T B O
£3 MBHRENARNZEDNESEBZIE
Wk BRIRAR MR/ . ) w5/ t./ c./ v,/
LRl /pm  (mmol « L™1) (ecm * min™ ') min % (% * min™ 1)
0 120.50 —0.308 1.38 15.84 51.52 3.06
5 114.92 —0.302 1.49 15.25 50.41 3.25
<34 15 82.34 —0.303 5.01 11.81 38.94 5.17
30 25.57 —0.306 7.95 4.83 15.78 17.42
60 17.92 —0.318 8.53 3.74 11.78 23.57
0 43.19 —0.153 6.29 5.15 33.58 12.89
5 41.49 —0.151 6.49 4.93 32.59 13.66
34~50 15 43.58 —0.285 6.76 7.10 24.95 10.57
30 45.20 —0.368 6.99 7.81 21.22 10.09
60 16.60 —0.195 8.43 2.67 13.71 32.33
0 36.05 —0.252 7.12 5.83 23.11 13.19
5 29.17 —0.177 7.43 4.03 22.78 19.14
50~100 15 34.16 —0.275 7.46 5.79 21.09 13.63
30 39.08 —0.360 7.51 6.98 19.42 11.53
60 116.56 —1.150 7.59 9.75 8.48 9.38
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VBB BA W, YP) M ARi A2 Ry 34 ~50 pm B,
ZRBE T DR AR B i R A Tk R B I g KL R B
H Co<<Cy<<Cy << Cy << Cyy << Cyo » TR MR B AL BEAY v
fEkIfe 2w T Co AL B, 2R Bk 5 1 P EREAR M 38.8 pum
BEANF] 41.0 pm, K 5.76 %, SWIHEKIAR<34 pm B,
SRR (B A4S I A7 TR B e B 1 14 hm T 4 KL 2 B
Co<<Cy <TGy <TCs << Cyy << Cyy s H Cy s Cs \Cyy , Cp A0 R
BERKF C A, Y6 B M o 3 K F 60
mmol/L B, %S P ERAR M 15.7 pm HENF]21.6
pm, K 37.82 % . 3K Ud WA R B X KL AR <734 pm 1Y
LEEE R TRIAZ N 34~50 pum B, XPRLAR S 50~
100 pm B SZ MR /DN o 3X 5 B R 40 ke B2 X AN [m] kL A2 3
Bl & Vb i 5 ) ) 25 R — 3, MR AR <<0.1 mm
R it TR 0 W B2 1 14 I 2R B R AR B L S G
oo Gy~ Coo A0 PR Y 225 J5 rh R AR 35 3 K3 Cs |
Coo AL PRIH] TG 275 26 5% . MBRERHH MR M 0 35 K 3] 60
mmol/L i, 2 &k J5 /9 R4 AN 18.3 pem 14 /i 3]
23.6 pm, K 28.94 %,

2.4 7 [E) B S IR B X 3R i A 42 4% BT 40 B2 1

IR AR <34 pm 1Y U VD 228 UL R T 10 18 U
Tict I 7 T e A AR Ak DL TR 5. 5 R i s R A Ak B
FHLY , Bl R 0k B2 A 3 L O I U 10 b /N UKL
AR B U /D, OB AR 1 I, U0 R e V0 14 e Ok A AR
Ko WK AGTEREP I, B 42 <5 pm B V> FH X &
N 29.96 %6, YERER PV 4352 1,3,5,30,60 mmol/
LB, K42 <<5 pm (9 U8 V0 HH XF & & 43 90 Sy 27.37%,
27.04%,26.43% ,19.23 % F 18.72 % , 43 1) Ht o in 5 1k 4
fb PR 2 8,64 %,9.75%,11.78 % ,35.51%,37.52%
RANATRIR B0 1] R 42 =20 pm B8 70 AH X & & N
39.85% , MER RN Mk FE 43 %I 1,3.5,30,60 mmol/L
B, DU 43 51 A 40. 35%, 42.55%, 45. 61%, 5 4.02%,
54.11%, e oK I R #F 4b B XS m 1.25%, 6 .78%,
14.45%,35.56 %, 35. 78%0 . 4 i BR B ¥k £ 4 30, 60
mmol/ L i , LR YRV 1 e KARLAZ 5351124 100,200 pms
LU i Foe KORLAR G N 2.94~5.88 £,

E=J <34um == 34~50um
50 - 50~100 pm [Ct] <100 pm

R4 MEBEHFIREXHEZE <34 pm iBid A EHE & =
- , L
& B H R BrK
— g40 [ K
TR B , . . , < =
4 min 30 min 120 min 240 min W35t E:.g
(mmol * L") gi‘ Eg::
30 | H4
0 81.60+1.06a 39.614+0.68a 29.8740.55a 26.3241.80a i E?
25 | B
5 79.18+2.00b 38.1441.32b  29.1140.50b 26.3941.33b 20 EE:E
=% X
15 50.2642.71c  29.86+1.50c 10.94+0.82¢ 15.2140.97¢ s =0 1, .0 :
30 20.5242.08d  8.59+0.20d  6.95£0.47d  5.85%+0.25d 0 1 3 5 30 60
W/ l.L"
60 14.71£0.51e  5.40£0.06e  5.15£0.05e  5.1240.10d B R (mmo )
E4 mBEREMNZEEEFENEZN
x5 HMBHARKENAREEBEYREEHRENZHNZIE A pm
EUR R IR
. 0 mmol/L 1 mmol/L 3 mmol/L 5 mmol/L 30 mmol/L 60 mmol/L
6 [l /pm
0~34 15.7+£0.25dD 16.1+0.34dD 16.9+0.08cD 18.1£0.09bD 21.540.51aD 21.6+0.28aD
34~50 38.840.04eB 39.240.11dB 39.5+0.12¢B 40.94+0.07bB 41.0+0.03abB 41.140.04aB
50~100 48.5+0.28bA 48.3+0.16bA 48.440.22bA 48.3£0.08bA 48.8£0.11aA 48.740.09aA
0~100 18.3£0.10cC 17.6+0.16dC 18.3+0.01cC 19.2+0.03bC 23.4740.04aC 23.6+0.01aC

TE R PORTENG TR R [F47 40 B A] 22 53 2 35 (P <<0.05) s AR K 5 bk 2 7 [ 41 Ak B 8] 22 53 1 35 (P <<0.01) .

3 W

S 0 R R 8 0 TR = Rl 4 R0
8 bk FE ke TR 18] ) T 447 BE 2 0/ 1
LR, 22 AT B 2 L 0 I 7 L o 25 Y 10 v i
SR SRR PR AR ZUT L VIR B PR U
BEAE 10 /L, #9005 5B T I WK S0 3 2 48 - 3
VDA kN 5.79 @/ LU, ST BR M AR L 2 U
WM TR T E R E B KRS EEZE 1
/L LR . (HA B2 45 W] I Vb 2 BHE T
1 g/ L ARBURL 8 v th 2 76 o 0 5 1 P 2 7 2 0
PR PR A W T 100, R B 0 2 O A T ol T

230 PR TR K A% 3 IRAR R W, 24 52 P 9 K Y8 D
BAE 1 g/L LUT I, 2R T AE B A7 A 1L 56 W] i
LR AT TR B0 AL S5 2 X 4 0K ¢ v 1Y 2R BEAE AT
—E R

AR S B o ARG e JRE A T 0 X R TURE A0 30 5 vb E
I 0 A 35 VR ARG R R B T AR/ UK A
WAV, SEBRFEBE T K UM HE & A 3 22 A R AR
GE U2 Sk 0BT I 1) B A [ 95 T R MR I
ANTRI A B A fE — e L A JL o B R AR <35
e B3 20 BORL & 4x AR U8 U BORL B B R 6500 LU
TR DR — R Ak T R T R B B 7 I B B TR
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%33 &

BIE 2> (2 9 TR 2R G0 A IR AR T OK i P Y 20 BURE
PRV ULRE (G 4) o DA 23 38 A3 il % ¢ 48 1 Bl K %
S5 JE B KU DRI e v 7 2R 0 A T8 O K i
UL AR A

100 -

(=]
<
T

=~
~.
X
h
¢ 0
:!:, 60 O 1mmol/L
Bk A 3 mmol/L
ﬂﬂ 40 X 5 mmol/L
X 30 mmol/L
;;“;: 0 | © 60mmolL
N
H_' 0 1 1 ]
< 100 10 1
2/ pm

B 5 MBHREA<34 pm i E R TSR &

4 T R R T R T BH B R RS R
XL E B -5 G H A U8 U 0K R R 8 VD SR 3 T
LAV B L U Vb IR 22 0] XUH J2 5k 7 08/ i 400 U
J2 UKL 22 18] 04 ~F- 7 B I UKL A2 5 1 AR, AT 5
B 22 (6] 2 AE B R IR VD URL TR . SR AR AN A TR
RN 7E 77 N S i e RS (U S WL T - Bt ]
FRiAR N Z N 10~40 pm, BIRIRIEVS  HRi4E=>40
pm s, ZLEEAE AN B . R AR U 50 v R VR R R
BEXT 34~100 pem R4 (14U V0 DT RS R — 2 1Y
PEHEAE R X 50~100 pm WA L #E/E M, EE XA
h BB R B MR BE 2 60 mmol/L B, A (R B W A 1Y
s PR TR B BOR & 1D A — o R B R B
TR B B v i SF-F 0% 1B AT BT 1 o AR AT 24 5 2
T IR G, A S R S 4R AN BE DI ORI AR
R BRI B AR, DR Ry BV Y VD BRI AR > 40 pm
SRS, AR R, MR RAE <734 pm., B B
PRV BE R T, P TR B BN PR R TR B BOR
Vi b 3 AR DR D0 o B B VD a7 2T R R Y
T, DL I R P R B I R <34 pm RV
BEVTRE RS AE L, 55 F 3 K PR 42 <35 pm 198 41 50
KLJE VD IR 2 o I 5 JEAE 0% 2R 0 DU it i ik B B A AT
— 7 A 3 DA I VD ik i RUORL AR Ul B A )

AR & B, 2 R A vk B A 14, 30 mmol/L
BF L, UORE 10 min 2247 MV /K & U0 54 90 T B 73 %6 Ml
80 %0 ~87 Yo , B K 43 U8 U UKL B 58 WL UTRE . Y
B R B K 2 =30 mmol /L I, it iR 5 Ve J3E % 5 0 &
(I e AR 4 VR A i TR 0 ok 1 385 22 W 34
R B TR B vk B 6T 2R B 5 b (kL AR 1 AR R
AN B T v ) e S P S R g L X
FK A MU A 7 Ab 2 3% 3k 1 R ME 10 min (7 85 907 7K 8
DX XK rf e b 7 A i S A A TR A vk Y
& 14~30 mmol/L.

4 45

(1) BRR B U8 VDV B 1 T B LA A 1k 4, BV
PR AR 1 A ASORE e VD 2L BE TR . W) 4R kA2 <7100 pm
I B EREP R 9 14 mmol/ LAY TS A (B E 5 K
TG R A4 U0 AR HE 38 K 21890, MR 42 <34 pm
i, BB AR ¥ & A 60 mmol /L 1) e ¥ o {5 T e 3 FE b
8.53 cm/min, A NIERER AL FRIG K 518.12%

(2) W14 U8 V0 IURE A 41 L UL I I U8 Vb R A% AR 1k 2
T T2 50 1Y) 2 A B R 2 R I Mk B A 0 14 K # 60
mmol/L B}, ZZEERT R IR KA R 34~50 pm B Je Vb4
BeIn T E R AR M 0.038 8 mm ¥EANF] 0.041 0 mm, 34
K 5.76% , W) UA R AR <34 pm BY U8 Vb b R AR A
0.015 7 mm ¥ /1% 0.021 6 mm, K 37.82%,

(3) B o2 B T LA S 35 5% Wi DL B e ) 8 U0 R L B
T A1 2 A4t S )8 VD A X e D, R Uk e VD 1
T, YO R U6 Vb B e KOk AR AR KL B R B Mk A 60
mmol/L B, JURE J5 . ¥ 45 ki A2 <734 pm AEHLAY <5
pem Y& VAR B L A I B R B Ak PR 37,5296
=20 pm Ye VD AT E BN 35.78 %0 5 W U R AR <34
pem [ U6 VD 2R B S i KUK R 42 0T LSS #1200 pm.
Fb 225 R 1Y) S5 OB AR 1 K 5.88 i,
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