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Kinetics Law of Absorption and Release of Water and Nutrients by
Super Absorbent Polymers

WEI Chenchen' LIAO Renkuan® WANG Yu' WEI Rong' YANG Fengru' YANG Peiling'
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. China Institute of Water Resources and Hydropower Research, Beijing 100044, China)

Abstract; In agricultural production, the characteristics of water absorption and release of super
absorbent polymers (SAP) are generally affected by soil solution and nutrient icons. The study on SAP of
absorption and release of water and nutrients was mainly focused on through laboratory tests. These tests
were used to investigate the kinetics of repeated absorption and release of water and nutrients in three
particle sizes of SAP (0.8 ~1.6 mm, 1.6 ~3.5 mm and 3.5 ~5.0 mm) at different NH, H, PO,
concentrations (0.02 mol/L, 0.04 mol/L and 0.08 mol/L). The results indicated that the water
absorption rate of SAP reached the maximum value initially, and then decreased gradually and finally
tended to reach the swelling equilibrium state. The water absorbency was decreased with the increase of
solution concentration while water absorbency under different particle sizes of SAP ranked as follows:
1.6 ~3.5mm, 3.5 ~5.0 mm and 0. 8 ~1. 6 mm. Meanwhile, the water absorbency was decreased with the
increase of water absorption times. The ability of SAP to absorb water and the amount of water released
per hour were decreased with the increase of rotational speed ( soil suction). The water retention rate was
decreased with the increase of solution concentration when releasing water, while the water retention rate
under different particle sizes of SAP ranked as follows: 0.8 ~1. 6 mm, 3.5 ~5. 0 mm and 1. 6 ~3. 5 mm.
However, the influence of centrifugation times on water retention rate was not significant. The
concentrations of NH, -N and PO, -P of the released solution were decreased with the increase of

rotational speed (soil suction). The cumulative amounts of NH, -N and PO;~-P were increased with the
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increase of concentration of solution, while the cumulative amounts of NH, -N and PO -P under
different particle sizes of SAP ranked as follows: 1.6 ~3.5 mm, 3.5 ~5.0 mm and 0. 8 ~1. 6 mm. The

cumulative amounts of NH, -N and PO, -P were decreased with the increase of centrifugation times. It

can be concluded that the amount of water absorbing, releasing and nutrient releasing at particle size of

1.6 ~3.5 mm for SAP were much more than the other treatments.

Key words: super absorbent polymers; particle size; solution concentration; water absorption/

centrifugation times; absorption/release water and nutrients; kinetics law
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Tab.1 Comparison of centrifuge speed and soil suction
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Fig. 1 Changes of water absorption capacity of SAP with different particle sizes in different concentration solutions
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Tab.2 Water absorbency of SAP during swelling equilibrium
WKEER/ (gog™")
K42/ mm VWO RE/ (mol - L~! - - -
" (ol 0) W1 ok 92 Yok 93 ok
0.02 (73.91 £0.49) (67.50 £0.45)% (62.32 +0.58)
0.8~1.6 0.04 (54.18 0. 87)* (46.65 +0.79) 84 (42.02 £0.72)¢
0.08 (36.49 +0.28) "¢ (32.01 £0.38) " (27.06 £0.48) %
0.02 (81.05 +1.07)4 (75.04 £1.99) " (68.82+1.14)%
1.6~3.5 0.04 (56.49 +1.30) (51.60 0. 64) " (47.26 +1.42) ¢
0.08 (39.88 +0.70) (35.34 +0.61)"% (31.75 £0.71) ¢
0.02 (79.60 +0.59) 4" (74.98 =1.15) 8 (69.12 +£0.51)“
3.5~5.0 0.04 (57.56 £1.27) 4 (52.91 =1.50) B¢ (47.83 +£0.71)¢
0.08 (39.53 +0.71) A (34.36 £2.13) B (30.37 £0.91)“

W A FRE F R Al — A7 b B 22 53 .25 (P <0. 05) , ANR/ING FE 3R 7R W] — 21 gh B ] 22 57 {225 (P < 0. 05) , R[],

PRI AR AT R R W 7K R KR M 22 s Tk i 48 T 5t
WEW/NEE SRAA LR B RB/NERER N
1.6 ~3.5mm.3.5 ~5.0 mm.0.8 ~ 1.6 mm, {H W Ff

R¥AEZ M ZEFALE T GG B 2K
o M 1.6 ~ 3.5 mm REAR R KGRI BRI A2 I K
RO AR



5513

BRI & KT BIK A 535580 12 U 5 279

2.2 BEOMRAKE

PRI PR AT BB A8 JH: AR Y /K S5 44 K
S FAHEAE PR3 B2 o 02 DR AR 7K 3 AN 1 2 A 1Y
BT ARAK A IR K R A K R P S ] e g T H:
ToKBESZ . 2 ATE Y, ROKFII RS K 5 1 BE
JI W o (W T ) B3 KON sl Bl i (-
B 7)) B4 0 N R K S B R, 75 1 000 1/min

BN (HEM F1 0,02 MPa) BS540 1 h BERSRR 4%
Z 197K 43, 4E 2000 ~ 11 000 r/min 438 ( +IEW 14
0.07 ~2.04 MPa) T 7K Z842 1 000 r/min ( 1580
J1°4 0. 02 MPa) B FRAK, X BRUBK E it 707 22
YR Z E A (P <0.05) KB, HiBf iR e s | s
OB N 8 2 AV A6 RLAR T Fh R B/ MRy
1.6 ~3.5mm3.5~5.0mm 0.8 ~1. 6 mm,

100 100 - 100
—— IR —— IR E L —— UL
80 oo BENRBLL 80+ oy SEWCELL 80 g BEIUCELL
——n — - AL ——n — - 3L ———- L
& i 20
= 60 = 60f = 60
2 3% 3
=Tl B, =2
o 40 e 40 5 40
20+ 201 20 .
2 &g g
S
oF . . o : . Ot :
0 0.5 1.0 1.5 20 0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
|- e 4 /MPa |- M H/MPa + HEE 3/ MPa
(a) 0.8~1.6 mm,0.02 mol/l. (b} 0.8~1.6 mm,0.04 mol/l. (c) 0.8~1.6 mm,0.08 mol/L
100 100 - 100

—— I AL
g GENRELL 80 ¢
——— - I

80

0 =
= 60 = 60
5 40 40
® [

20t 20t

(=]

—— AL

e SIRELL 80T —
— = —- EIRELL

—— UL
2L
— = —- W EL

60

&

B e

20 "f.g_.__i_‘_"
ey

(1 0.5 1.0 15 20 0 0.5 1.0 1.5 2.0 0 05 1.0 1.5 2.0
|- i J3/MPa + B H/MPa + B0 3/ MPa
(d) 1.6~3.5 mm,0.02 mol/L (e) 1.6~3.5 mm,0.04 mol/L () 1.6~3.5 mm, .08 mol/L
100 100 100 ¢
— FIRELL —— LI L —— UL
20 e SENELL |0+ g SRR 80 e HENELL
= B — AL e ERKEL
= = £
= 60 = 60k = 60t
2 ) 4
& % =
-3 40 2 40 D40
4 B =
204 20¢ 20 Eg.
0 " A . 0 OF .
0 05 1.0 1.5 2.0 0 0.5 1.0 1.5 20 0 0.5 1.0 1.5 2.0

L3 F1/MPa

{g) 3.5~5.0 mm,0.02 mol/L

4L /M Pa
(h} 3.5~5.0 mm,0.04 mol/L

11800 1 /MPa
(i) 3.5~5.0 mm, (.08 mol/L

K2 R [EPRAR R KR TEAN R BE T 8 P e i PP K 2 Al

Fig.2 Changes of centrifugal water absorption of SAP with different particle sizes in different concentration solutions
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Tab.3 Test results of final centrifugal water retention rate
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Fig.3 Changes of NH,; -N and PO, -P concentrations in centrifugal filtrate of SAP
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Duncan ZH (P <0.05) #—E 0] H1, B O IR
HONH, N S i i /K ) R 7K V5 T e 2 11 244
i E AN AE AR T T KRNV IR R IR 1.6 ~
3.5mm.3.5~5.0 mm.0. 8 ~ 1. 6 mm, {HFFig ki
o 22 ) 2 S AN i 2 5 0 B0 B0 T R B /N AR
TR 1 KB 2 KB 5 3 L, (T

PIR B D Z ) 22 AN 3% . B DU D POS™-P R
SRR W K VA TR M B 0 I = 1S i 0 YO
B 2 b s FERLAR D T R BRI 1.6 ~
3.5mm.3.5 ~5.0 mm.0.8 ~1.6 mm, Zi [ frik,
1.6 ~3. 5 mm AR PRGN B H A P Aok A% 1T 5 7E 7]
FEARMF IR R CE 2 R0 T

F4 RAFIBEOIEENH, -N.PO; -P RRAEL
Tab.4 Changes of cumulative amounts of NH," -N and PO -P in centrifuged filtrate of SAP

- TR/ NH, -N & R/ mg PO}~ -P M BB/ /mg
(mol-L°") 51 REL 52 WEL 53 WE L 51 B 52 WEL H3 KB L
0. 02 (9.73+0.16)% (10.30 +0.17)" (9.72 +£0.39)5" (23.65+£0.22)*" (22.88 +0.30)%" (21.43 £0.74)*
0.8~1.6 0.04 (17.88 £0.52)% (16.43 +0.62)5 (15.85+£0.38)5" (43.38 +1.13)*! (36.78 £1.23)5 (34.15+0.95)¢
0.08 (23.64 £0.50) % (23.73 £0.79)* (21.13 £0.57)% (56.91 £1.35)* (54.57 +1.48)5% (47.68 +1.39)%
0.02 (11.54 £1.01)A" (11.72 £0.57)™ (10.77 £0.94)™¢ (26.89 £2.59)" (26.38 £1.42)" (24.59 £2.00)*¢
1.6 ~3.5 0.04 (20.79 £0.23)4d (19.63 £0.49)5 (18.69 £0.69) ! (50.35+0.98)" (46.71 £1.08)5¢ (43.69 £1.76)“
0.08 (29.93 £0.62)" (29.72 £0.37)" (25.54 £0.37)5 (72.26 £1.95)* (67.13 £0.96)% (59.70 £1.15)%
0.02 (9.85+0.47)% (10.98 £0.87)* (10.06 £0.63) " (23.89 x1.12)A" (25.09 +1.75) " (22.92 +1.02) *¢
3.5~5.0 0.04 (20.05 +0.75)™ (19.09 £1.02)" (17.34 £0.40)% (44.73 £1.09)* (41.99 +2.04)"% (38.77 +1.02)%
0.08 (32.46 £0.90) % (30.83 +4.09)* (24.22 +0.88)% (73.92 +1.85)%* (63.56 +5.18)% (57.04 +2.52)
3 it KABARLRIK TN KA 22 FIFA R (P >0.05)

AR A Bt AR K R BB 08 Ak BT K 1
FE B R A AR, BRI A oK
SRR R ASEIOR R a5, L 3 205 i R K R ik
(FEZTr0) PR Iy 08K SO T R4 Bk H
A, PTLAE R R A K ARG T 3 Ff
ANRPRAE B RAKGR]  BF 5 HAEAN IR EE NH, H, PO, T
W R G REK o 535 W 8 ) 2 R, SRR,
PRI 7K T AE AT Uy WK B B 2k 31 04 (L, 5 ik o
S [1) b7 AR 1 AT B 3k s PRI Ry PR AR R R AR
JIN, 5T Rl ) e TR, R VR BB A B P e A
S =2 ARG

WK ARG 22 H W R K R K M B Y — A~ T 24
b o ASHIFIE B, LK T W 7K A 56 Bl s Y v B 184
BEW/N(P <0.05) , HAAE 3 1R REUC R, X
R R H IR EE R 222 SR
FE R IRES R FH A9 NH, H, PO, S — F i B i 5, 7
IR AR L B, DR K TR P 938 358 R B AT, 2 1
KRR SIREAL

T DG T RAK AR A T W K A% 252 el AR U AN
— o ZEMAETIRR Y R AR AR R, WK
SN, TSR EERIAE IR R R K R K
MK, BRSPS 5 & B, Ry AR AR K 5
WK AR Gt /N TR IRAR K . AHIFFEFIH 1.6 ~
3.5 mm F13.5 ~5.0 mm FARLRKFIEE 0. 8 ~1. 6 mm Hir
FRARK N AR AS 3 I (P <0.05) , (AP FlEx

PG AT B PR R /INREAR A A R e s e iy T 8
DI 1 FBOCIRAS 58 A s HAC 5 #4188 31 T 50K 1)
IR, BB Vs e B 8 Ao LI 27

PRI B R AR P B 2 S 7K 3 B 75 1 (K 39 i
PR A KR E bR, HAT k25
F9 FBEICTE T AR AKGRI A 1 | 5 e ol IR o 2%
TN RIBARLEE, TRBRAE FER A SR 28 RRES
B R — A K R0 4 2 7K T8 2R I B 1) 326 9 /N
IR E R IE T R KR K S 7 5% 3R 1500 ~
3500 r/min F1 40°C THEAMF T B PRIKPERE , & ILIR
K R i S 184 i SRR S T A8 > | LB e
[ B/ R WL, AR5 R B Do MLA [ s A
P HE A fr/NE R B AR fb e AR B 9T T AR OK R R
KERAETE B, 158 T RBEES 8, X 2R o7
R R O SRR GRS R A Fh K Bl o s
W 788 K AR R Ok 2 T BB 2 | S R i 4t
K YU DY 3 b R AR AR KR S R
A VK 15 min J5FAE 60°C THIEZE % 10 h 5 & B,
T/ INEURL PR KRG 45 5 LA /N B TR, AT
FERIURL 2 101 22 [R1TE B /NI 7K T 0 BE | R 7K R AR X
KBTI /N, 3 5 A 5215 B B 4518 2K 1,
A, ARBIF ST 5 A% i 2 0 49 B 5B MR IRD, R4
IR REAK B (R ) LA TR R 1 348 T A

17K ) BE A 0 32 | 2% 4507 2O A Tk
F BT eI E RN . AR EN, &
8 UG Ak AR S B F AR KR TEZR MK 28 d A
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SRBMAR N 71.50% 7 F RS R 4R
IR K [ s} B A R f W BRHS T /K R i NH I
S R EL I, sKE %D TR,
I AN, IR R O 5 0
PR NO, -N ¥ 32 Bl - 1 0% I (B ) 15 K B
fIK, 68 NO; -N H¢ R Fpith 2 21 -3 ) il . A<
ST B, PR 7K 300 ik 5% 43 i vl B I - 49 )
() BERMBEAL, B A 5 R B E 5]
WK VAT ES TV B 2 IE A G SE 3R, PR ORI AR A K 5
B IR KRS T3 B 5 8 SR e n

PR IK T 2 52 W K A 2 Al 1 L2 5 BB A 4 Al
FHWARE RO PR G s R KRR 1 1 BIF 5
KAEBSEAEXS IR K BEK R i S5 Al HEFT Y
ARWFFERW], SRR AER  RBUR K & BEM KX
B 22 GBI (P <0.05) , 48 3 YR 2 W BV W
Jo , B UR R R (B ) PSR BE AR 1 RSO W
HR(P<0.05) , il BEs2 B o PRk FI7E 52 2 W R oK
T AR PR T A R G A i AR AR A, XK
SEBETRRMEE S TR (Hl TRk Rk
D UREE N B 298/ (P <0.05) , SEA (#) m &
PR 5 I R 0 3 0/ (P < 0..05)

A SCHERAY 3 P[RR AR, WA [ e i
VRS T I 5 0 2o R TP B I K REOK R 1 e
LEARE KRN 1.6 ~3.5 mm AR K 8508 i

e, X SR A A RAR 1.6 ~2. 8 mm A
HRISUREAR KSR K R W oK S B K M RE B A0 B 45

B,

4 Zig

(1) PRARTRVRE AR V5 TRV R IA 7K VR 5359 o)
WK AT 58 AG 2 S 5 0 )« W 7K A% 56 B V5 R A 1) 34
NI T V€A UNE EATE S VNS RS DN
INFEI N 1.6 ~3.5 mm.3.5 ~5.0 mm.0.8 ~
1. 6 mm  FEMKHILR , 7K S 7K 838 58 3 Je K Bifi
Je B NI T IO . HARZKGR BSOS FR
MK, R0 a5 WK AR SR T Z U4

(2) PRIK TN FE7K 43 () 5. 3 AR /N e K 12 i
R (R HEW T ) I3 KA/ s SRR AR
HHRE/NEHH 0.8 ~1.6 mm. 3.5 ~5.0 mm,
1.6 ~3.5 mm, 76 % WO & J5 i th KB /NR BN
0.02.0. 04 0. 08 mol/L, B .0y IR B A X He = Ak b 2
PERZ

(3) AR FIBEK IS g o NH, -N PO~ -P A3
JIE R AR (R Ty ) B ORI S 9/ N e A R
538 SARRURE I 2 2 30t I 7 VR0 R o g 34 4
i 25 0 Y B 3 i g D R G R R 1.6 ~
3.5 mm LR AKGRI AR AR [R) B0 B AR TR B0 IR
KLZBEW RO 2 NH, -N PO, -P,
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