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1 #R57E

1.1 e

RIS FTH Tk A= Bk B AL R %, 3 2R/ 0%
43 H: Ky0 10.57%, NayO 0.49%, P,0s0.007%; H HE 4
J& Hg. As. Cd. Pb fl Cr & &5 3.1, 42, 5.1, 10.5
A1 13.5 mg/kg. JRH o BHE s g bk, Hl& 15200
A= BE, B AOIRIES A = B, i 30 B 4 FETR,
SRE WG 1 A = BER B FNR A, Sy, —
BT [A] f5 B A A, iR 0, 43 3 B R i n] Vi 1 B
FHIH5
1.2 fRKFIESHI &

DIARZEER (Bamdo NEE, WK (O,
REWILRT ERAN D MAEEE Orbral, R
BB R FA R AR LRk, LN, N-T7 5
MAIERE A al, REETRNS B 220 K )
AR, AEEREE: (el B 254 B R R
AT FREERERE (rbral, K AR50 A R
ANFD CNEIEM, REKERRAERY, & aiie k&
TRAKGH o I R RS, 7R R E 60 °C, TER 20%.
AEHRF 0.04% 51 KT 0.6% BRI & 20%A1 Al
FE 80% ISR, il RIRK MR R K (232 g/g) 1)
TER B OROK TR, BET U, KRR E I B = BEE S BIE
MK AR R, 413 B0k BB AROK ) (ks
fAiFR: WRAELRAKFD .

1.3 Rt

I Lig(@)IECRE, #% A A = BRI
(20%-+ 40%. 60%- 80%) + B-ZZHKH (0.02%. 0.04%.
0.06%- 0.08%) « C-51 K71 (0.4%-. 0.6%- 0.8%- 1.0%) -
D-FFIE (60%-. 70%-. 80%-+ 90%) Al E- P4 Bk i FH &
(10%- 15%- 20%- 25%) XiF M A 7K IR RR 4 1 R 11
R . BEERNIRE 60 C, HUARIRE 25%~30%, JEM
& 20% (2 g) , RERMAETREZE SN 10 g,
SFL b RT 2% P VA I 8 1S A AR X T A s T R A 7 T v 1) A IR
BHME.

FEIERZ R L R ER E, B PR NIEE
60 C, JE M SZIEF 51 R 70 AP 945 Wk e FH #2291 M 20%
0.02%-+ 0.4%7F1 25%, FAIE 80%HIEHL T, Wi H = B)
BINE (0% 20%- 40%. 60%- 80%) X HH R /K7W
WA . i, T R RB IR LA
T R TR 6 B e ) S R B 10 g i
1.4 MEMBSAHZ

LA AR
Wbk BRE R 2030 H TR RAG R

mo, B NAE T 250 mL BZAMAK. BHRK.
0.9%NaCl ¥ R, FENIBARE » 15 B AR A5 I H
. HUEARIE R 2 R KKD, JERRBE, KA AR T
SRS AR

S, =(m,~mqy)/my 1)
K SN ¢ ZIGOKFIIRR A5, o/gs m, o ¢ I ZIER
IKFRE, g5 mo NTIRGOKFIRE, g BRI E
F Sinax 2755 o
TRAKPERE  THEBRAR B K AR R IR B0 AR K SRR B g »
BTEIE 40 CHITEF T, Gha—BE CRE ¢ [z
AR my, 4% F 5N 52 A RK ¢ 2 (1 £ K
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w=m,/mg 2)
FEEFFVERE: KR K A B R 7 B T 70 “CHY
JERE TR T R E E UE myo, SNSRI EH B T 2K
M, 48 h JEEE TR R m,. WIkEE FRDIE, KF
FIA RS K AR S AR K PR 5 2R 0,0
O =(1m,—my0) My (3
BEAP e &R (R RL) ATk bridE (HG/T
4215-2011) #E PIFRKFRSIRSEE (25 C) Mw A IR
KGRI R R TBURFAE o 70 BIRRBUS A6 (1 = BEFE 5, 20~
30 H AR EKFRER 0.3 g, JN 100 H 2 M8,
25 C MK MASE T 250 mL Z&1E/K IR, BE B ()i
FEHL 5 mL 323 CE AN 5 mL Z8187K) , BT 100 mL
HRERMPER . R FIRUCE FEE N E #% BOR B 2 T
B, JEARYEFTIAE SIRIRAARR v, tF R A RKH
Y R AR B AN BRI R
M=CxVxN (4)
W=MIM, (5)
P N OO M ORI SRR, me/gs W
FUAREE L ) BRI R, %; My NIHARER 28R, mg.
1.4.2 ##ME5HmELE
LA ERESHT: KR A B ERE L EN A S
BE, DLRGER SERE CROKFIFESTE 70 C R 3 h, H
Avatar370 BUE L IHZLAMR SO S SO S AT L0 A1
IIHT, R ThRER AL
F BT BT A = BEHERFE SR R A=
TSGR AR R, DL e R B R KSR R T
HAEWE 4, I HILA TR SUS010 AU 494 By 7 WA
FE G 0 3R T SR AT RAE
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2.1 ARIREMNEHMELE = BRPEEZME
.11 HORRE

Kl 1a JBE)Z ™ NaCl 5 =B E N 1.5:1, K&
B2 2 h B, MR IR XA = BERE R S . B
R FE RN, TG = RERR R AR ) R
N JE R s SRR A 950 CHF, TEfk
Hz BRI (66.1%) FIUBHE (29.60 mg/g) iAF
BOKs MIBRIR S KR 1 000 CH, B AIRE
P K P 22 28.8% 1 23.6 mg/g.
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LR, WikE A s R E B TR E B R IEE.



23 8

FISCIAE: b 2 AR DR R R i) 2 R AR S TR/ RE PR RE DAL 153

K 1a o A BEROREAI R B IR S s TG oK, FIREH T A
= BERU I RE G IR, RS IRSN R ZY, T A R R
TR ADBEIEMETE 950 CRIBbEIRER AR A
B R A RNHET, s DRSS A s R
PR IF 3 BN JZ RGBS B KBl

AR ) Na B ARTT A BE N o, O T T PR
IR LSBT, SR @A IREh gk s n ], ARA T
RERAE — ERE L LR A SR K, S BA = BHEE
SR FEAG. B Bbeii T 950 Cif, H = BHIORE
EES T U

o I3[ ——FHHIFK releaserate 135 o 90 35 o 100 35
: —A— R4 K release amount S 3
£ o5 {30 3= £ 80 30 3o g 9% 30
3 L2 3 S8 .8 sl
% 5 55t {252 % § 70 pHeg g 80 25
£t Wi T EES BT |
Lgs {0%28  ¥eg 0 ®52 ¥g 20
Z £E 'z £E ‘7 60
2 S8 2 S8 72 Y4
£ 354 15 &~ S 504 15 =~ 8 A 15
<] 5] S 504
£ L = £ L
25 " - 10 40 10 10
800 850 900 950 1000 05 10 15 20 25 Vo 15 20 25 30
BRI ] NaCl: [1 2 FF(R ik H) it 5] Time/h
Calcination temperature/C NaCl: muscovite (mass ratio)
a. SN b. By . S i)

a. Reaction temperature

b.Cosolvent dosage

c. Reaction time

B 1 KRB R &M EIG =4 6869 %A

Fig.1 Effects of different reaction conditions on potassium release capacities of activated muscovites
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K 1o RAEBERIRE 950 °C, OMIIE 2 h i, Bhkg
7 NaCl FHEXF Az BEREH M REIFIZ M . 4 )55 NaCl
5HERRELINE 2:1 1, [ BERA R AR R i
K 3 HEF] 87%F1 30.60 mg/g; 24 K LU A 4k S Kk},
PR BB S B o R DL, 38 2439 I Bh %75 NaCl (1) H &,
FHTFEZMNE TN BEREW S, Bl
BRES, AT AL BRI T 2 BB TR VE s (H Y
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WEZE TR, O s e T E i, (154
= BRI R R
2.1.3 JRBEETIE

el 950 °C, B NaCl 5 H =B &N
2:1 B, MRk 2 h 0T = BERTE A ROR B 0, R 2R (92%)
MEAE (324 mg/g) HiEFIEK (B 1c) . HaBHE
o i PR R — A O A S R 1) A B SR A v R
PERE: (ER I K B eI (8] i) B8 2 203 AL = BRI Z5 44
fEPE T BE, TR T B = BRI R AR B
2.2 GEANEMR SRR K IR R R S 1 R
2.2.1 R R A IR AT PR KA BORAEAT ML AR 09 B

1 ERAREASE (A« KBS (B) L 5l
KA (C) . hHE (D) MEEBEHE (BE) W
PR TR TR A B 2 o 38 3l 3ok I LR KGR FEAS
[F) 5 Y PR PRI 7K s 2 SR PEA DR K TR R  PE RE o TE 251
Ky EHRIKAT 0.9%NaCl R, S0 IR A PR 7K 75 I 1
REMI R R DTk K/ AR IR > W5 b L = BE >
HEE >AZBH > 51 &7, TE A 8= B> I e > 5] K
F> PRI RE > AZHEF,  TROAIEE >34k [ B> T
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0.02%-+ 0.4%- 90%F1 10%; T7E H HK/KF 0.9%NaCl ¥
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Table 1 Orthogonal experimental results for water adsorption and potassium release of starch-based potassium releasing
superabsorbent polymer

- X2 Factors WL q B
T Water absorbency/(g'g ) Potassium release
Number LA 2 ] SR TP TR R n 2 13 amemtmeeh
Activated muscovite/% Crosslinking agent/% Initiator/% Neutralization/% Acrylamide/%
1 20 0.02 0.4 60 10 385 227 43 2.26
2 20 0.04 0.6 70 15 259 161 40 2.07
3 20 0.06 0.8 80 20 225 136 39 2.03
4 20 0.08 1.0 90 25 248 129 37 1.77
5 40 0.02 0.6 80 25 206 98 38 5.28
6 40 0.04 0.4 90 20 320 174 55 3.89
7 40 0.06 1.0 60 15 269 153 35 3.80
8 40 0.08 0.8 70 10 288 162 39 3.25
9 60 0.02 0.8 90 15 247 130 46 4.61
10 60 0.04 1.0 80 10 227 135 41 4.86
11 60 0.06 0.4 70 25 129 87 32 5.49
12 60 0.08 0.6 60 20 145 96 27 4.88
13 80 0.02 1.0 70 20 133 78 25 7.63
14 80 0.04 0.8 60 25 125 68 26 7.30
15 80 0.06 0.6 90 10 276 117 41 6.24
16 80 0.08 0.4 80 15 163 108 34 6.92
1 Mean 1 279 243 249 231 294
V4% Mean 2 271 233 222 202 235
*F-#4 Mean 3 187 225 221 205 206
“F1 Mean 4 174 211 219 273 177 L1
7 Range 105 32 30 71 117
[KIZ WX Primary and secondary factors E>A>D>B>C
i fL/KF Optimal level A B,C|D4E,
V44 Mean 1 163 133 149 136 160
“F1J Mean 2 147 135 118 122 138
*F-#4 Mean 3 112 123 124 119 121
“F1 Mean 4 93 124 124 138 96 L2
7 Range 70 12 31 19 64
[KIZ& WX Primary and secondary factors A>E>C>D>B
KT Optimal level A2B2CID4E,
“F15 Mean 1 40 38 43 33 41
“F-#) Mean 2 42 41 37 34 39
“F15 Mean 3 37 37 38 38 37
“F-¥) Mean 4 32 37 35 45 33 L3
%7 Range 10 4 7 12 8
[KIZ& WX Primary and secondary factors D>A>E>C>B
ALK Optimal level A,B,C D4E,
15 Mean 1 2.033 4945 4.640 4560 4.153
V44 Mean 2 4.055 4.530 4.618 4.610 4350
F¥) Mean 3 4.960 4.390 4.300 4.773 4.608 T (K,0)
S35 Mean 4 7.023 4.205 4.515 4.128 4.960 Potassium release amount
% % Range 4.99 0.74 0.34 0.645 0.807 /(mg-g™)
[KIZ FE WK Primary and secondary factors A>E>B>D>C
I fL/KF Optimal level A4B,CD;:E,4

P LI L2 F1 L3 A3 IRRAEZEIEK ESRACRT 0.9%NaClIEHF IR RS 23; Ay By Cv D I E I RARE B BRI ARISE R DT i i &
Note: L1, L2 and L3 denote the water absorbency in the distilled water, the tap water and 0.9% NaCl solution, respectively. A, B, C, D and E denote activated muscovite,
crosslinking agent, initiator, neutralization and acrylamide amount, respectively.

- 500 100
N 400 —e— 7%1f/KDistilled water N -
&0 3501 —a— [4K/KTap water 80450 S SEAL 1 2 R
B B 2 80f Activated muscovite
5 300% £ 400 8 dosage/%
E) S 2]
5 5 o 60r
2 250} 2 350 5}
3 3 kS
=
5 200} 5 300 &R 2 40}
2 5 WAL E & RE i
= 150l = 150 Activated muscovite <
o ) /\\A el = 20k
v 100F < 200
= =
=50 =150 : : : ) 0 : :
0 20 40 60 80 1 2 3 4 5 6 7 10 20 30 40 50
W o B WA IR i} 6] Time/h
Activated muscovite dosage/% Adsorption time
a. KA b. EE WK c. FKPERE
a. Water absorbency b. Repeated water absorption ¢. Water holding capacity

B2 FEAEEE =R K AP R AR A AL 4
Fig.2 Effect of activated muscovite dosage on water absorbing and holding capacity of starch-based potassium releasing superabsorbent
polymer



23 8

FISCIAE: b 2 AR DR R R i) 2 R AR S TR/ RE PR RE DAL 155

2.2.3 FEZHR SAEATRAKA T IR e Fh

K 2b SR TERIRE N 70 CH, WEbA =R =
SR R 7K 57 B R R K P R R o B A i i A i R K 51
R ER CR AR TR 2 (1 W i 2 38 75 265 DY VR W 7K 9 ik B I
BB, BTG W2 . A 245 A = B 2N 20%
i, A PR K T ) 5 K R R 5 R A v T i B R K
o XA RESE R NI = REH & 20%0), T R /K7
TEMR KIS FR OO I b HA SR Uit 2 B 8 7 > AR
IKFUM LG N AIMBE R R, B RT KRS P, 2Eimy
Iy R CRAK IR RS 2R s B T B = B R 4k
SRR, KR MG A = BEYE R A O K 57 o nT g R 2
TYEEHAMER, UETFIHIERKEK RS BEE T
PRI 2 Rk, IR R R B . thAh, RIS E
70 CHITHM:, T AE 2R AK T P58 A8 BR 45 44 7=
A SE REEE RN, RN T R IR A R ) A
2.2.4 FLh =H R EATRATR KA H AL 6978

TRAKFITE R ARV PTG, FE/K RE 0 B 55 B4 5
mi ELAE AR B A AR A A dr . B 2¢ W50, A
I FH 375 b 1 2 BREGHB (R ZK R R K 1 B S i 34—
. FFUEM 10 h PORPGERKBY B, 2 THIE 60%
FEA IR E K S B KIS K, RAKER R
IR, K 25 h g, RER KR BE4ERE 40%L 1
WIRIEE K 5o Uk B RIS PE R s A B S T, TR Rk
FIEA RUFIFKMERE, GBI TR 4ERFR R & K&,
FRELENAEAE KT . EmE, mAasBHERN
60%IT, WA LR IK 1 HE K 4 B F AL o
2.2.5 #FAE =E R EATIRAT R KA BRI IRAUEE 49
#h

W KR i PR TR K Vs R A — R K P deiE
5 R 2R T 7K 5 00 T S0 WK g 938, 28 )5
FEY BUE R R 51 M 4 N NSRRI 2, 3Em S 80
AT TERIT: BE AR T NGS5k, AR
TR KIS BP0 3% = ANB BEAR A AT RET B 2 PRk
PARL IR W 7K S 26 7 A B B2 ] o L SR RN I e 2 L
TR F R HOEZR, PR KR B R B T )~
R IE B4 o SRR K o 5 B e T 7 0 B A T Tk
R, U K ) B R 7k B 5 W K B i) B L, 5 R K R (]
T S B AR,

T B 7 A b SR AGE T B R K 7 AR A0 R K T I
T2, WRA R B Jy R R AR

F=@m —m)/(m-m)=Kt" (0<m/m<60%) (6)

BB EAEIES

InF=InK+nlnt D

S m KPR RO A R, g5 F O ¢ BEZIRK
7)1 Jo 2 AR ST 188 R LR s K AR AR FRIR K TR T S 2R
WEL E S BRI MK BRI E X R n
TRAKFIBAKFFAE TR R, RoR BN B Ak .

% n<<0.5 i, #F& Fickian ¥ BTN, KT
AR Y 28 S0 IR R AR S, TEVA AR I R AT v e AR
2% 0.5<n<1 K }E Fickian ¥, B FE K491t

A7 THEBA T RE LR E s 2 n=1 B AR
Fickian 371 BEIS K7 799 BOE R R, e THEBL
ARSI AR AR /N, T AR IR ph s ke

2 WAFEIH RIS = BRSO K R
HRAGE n 99T 0.5~1 Z 18], Hy ik B IR OR 7K 7 F W
IKIEHRFF A AR Fickian 371, /K279 UM s 2 18R B
FASERE P H IR E . BERTHIL A = B SR, n
TEARVGE IR, IR R A K 28 A&, By
BOR A IR A K T R 2> B R AL B = BE A & AR
IR eAh, TS E = BHESE K 753 B[R]
WA RN T R TR . XA R TR A S
B EIRH B TAEMRK RN, S2N 1 ORI TR =4 R 45 2584
FINANEIEIE, ESNEVA R ESE LI R, I 1 &
O TRERR FREAESE, A 70 T BERA S BE IR o

x2 FRELBZEAENHMERLSSY
Table 2 Model fitting parameters of experimental samples with
different activated muscovite dosages

RO 2 R T G xR
Activated muscovite dosage/% Linear fitting equation
0 »=0.702 9x-5.098 9 0.702 9 -5.098 9 0.989 9
20 =0.685 5x-4.964 1 0.6855 -4.964 1 0.996 5
40 »=0.670 6x-4.870 0 0.670 6 -4.870 0 0.996 4
60 »=0.657 1x-4.751 6  0.657 1 -4.751 6 0.9953
80 »=0.653 8x-4.710 1  0.653 8 -4.710 1 0.992 8
2.2.6 EAE FER B HAK T RAP R AP £ 49
AL

Kl 3 o, ANEHETE oz BEX R AR K 7R B
Rz s —2, M H AR AT, RV &
BN, JUHAERT 30 h Y, B RS B 30~90 h
W, ETHEABEBTZE, 90 h J5, WA R/K 28R
B, HREaTRE.

8 r
7k
o 6
g
= 3
g
©o2 A ARPREIEE
1 Activated muscovite _ g0
dosage/% —e—2380
0 50 100 150 200 250
i 1) Time/h
A3 RREAEEE =FT i AR AT R KA
RBBATZ69%h

Fig.3 Effect of activated muscovite on cumulative potassium
release amount of starch-based potassium releasing superabsorbent
polymer

2.2.7 RREMHEFE R

JEH E = B RM B 9 d J& , FRBCE IR T5E 73 i
R 0.08 mg/g Al 0.077 %48 2 0.12 mg/g A1 0.11%
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(% 3); Wi, RM WHERRBE NES. At
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BRI T 5.23%E 4 « X TIREIRIKF AM-SAP, +F
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BRI IR, XS RRE R A — e R, (3
X ) G 1 R TN R SRR TR AN 1 5 W] AM-SAP
X B EA — 52 I R R R S
%3 TRFROBTIELRE LS
Table 3 Comparison of potassium release properties of different
experimental samples

FARERE R R R
KH Cumulative potassium Cumulative potassium release
Date/d release/(mg'g") rate/%
RM AM AM-SAP RM AM AM-SAP
1 0.08 24.03 222 0.077 74.18 17.56
3 0.09 24.38 6.44 0.090 75.26 51.42
5 0.10 24.65 7.18 0.095 76.07 57.88
7 0.11 24.77 7.43 0.100 76.45 60.15
9 0.12 25.30 7.90 0.110 78.11 63.96
7: RM. AM 1 AM-SAP 73 SR R0 A 2 B AL E 2 BEIE RS ZE IR R

Kl T

Note: RM, AM and AM-SAP are raw muscovite, activated muscovite, and
starch-based potassium releasing superabsorbent polymer, respectively; same as
below.
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Fig.4 Fourier transform infrared spectroscopy of different
experimental samples

2.3.2 BRLE,H

P 5a H1, RM 7EFIHE L7 208 N ACK 5 000 £5 )5,
AILATE T HLE B A S BB JRIRE M, BRMEm I &
BB, AM BMAILGHRE, 4mEE%E (B 5b)
FREORE 10 000 50, RM KR, A/ ENF
JBAEE (B 5d) 5 R RIS S B E = B 3R 0 H
HBAUNIER S (B 5e) , UEBI7E ER BT A,
B RR G Z B — E RE NN, AR R E5
HEL T RN

v e o L’s< """"
d. RM=10 000 e. AMx10 000 f. AM-SAP>10 000

T X5000, X10000 73 HUFEA FHREEAE S EOK 5 000 5T 10 000 %
Note: X5 000 and X 10 000 indicate different experimental samples were
observed at 5 000 and 10 000 magnifications.

S AR LER
Fig.5 Scanning electron microscopy images of different
experimental samples
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RAF, RHRE i 2 1A T4 1 10 W 7K R RS A 42 e R 4
PREETHOR A 10 000 fi%, KI AM-SAP KA /b &R IR
WURDIRVI R ATAE, IR ATRER TR A B, HLbR
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Preparing and charactizing starch-based potassium releasing
superabsorbent polymer, and optimizing water absorption and
potassium release

Bai Wenbo!, Sheng Huiyou?, Liu Hongjie?, Lii Guohua®, Fan Liren?, Song Jiging"*
(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China;
2. Faculty of Materials Science and Chemistry, China University of Geosciences (Wuhan), Wuhan 300057, China;
3. Shangqiu Academy of Agriculture and Forestry Sciences, Shangqiu 476000, China)

Abstract: To prepare the cassava starch-based potassium releasing superabsorbent polymer (AM-SAP), an orthogonal
experiment and range analysis were applied to optimize the synthesis conditions for the best water absorbency and potassium
release capacity. A comprehensive feasibility study on the potassium release amount and release rate by activated muscovite
(AM) sample was investigated as a function of cosolvent dosage, reaction temperature and reaction time. The water
absorbency, repeated water absorbency, water holding capacity, water absorption swelling process and cumulative potassium
release amount of AM-SAP samples were all compared with different AM dosages. The structural and morphological
characteristics of the raw muscovite (RM), AM and AM-SAP samples were compared by Fourier transform infrared
spectroscopy (FTIR) and scanning electron microscope analysis (SEM). The results showed that the RM samples were best
activated as reaction temperature and time of 950 C and 2 h, respectively, with the mass ratio of NaCl and muscovite was 2:1.
Under such condition, the potassium release amount and release rate could reach by 92% and 32.4 mg/g, respectively. The
maximum water absorbency of AM-SAP sample was 358 g/g in the distilled water and 155 g/g in the tap water, respectively,
which was determined as the starch content, crosslinking agent, initiator, acrylamide and neutralization degree were 20%,
0.02%, 0.4%, 25% and 80%, respectively. The AM amount, that affected the water absorption and potassium release capacity
of AM-SAP sample were quite different. Compared with the pure cassava starch-based superabsorbent polymer, the repeated
water absorbency of AM-SAP sample was obviously larger than that of the former with the AM amount of 20%. While the
cumulative potassium release amount of AM-SAP sample was increased with the increasing of AM dosage. After 9 d
immersion at the temperature of 25 ‘C, the cumulative potassium release amount and release rate were increased by 2.59 and
3.64 times, respectively. The AM-SAP sample could maintain more than 40% of the initial water content after 25 h later, even
at the temperature of 40 °C. The swelling process of AM-SAP sample conformed to the non-Fickian diffusion, which was
determined by the diffusion of water molecules and the relaxation process of polymer chain segments. The FTIR data
confirmed that AM existed in the AM-SAP in the form of physical filling, and some powder reacted with organic matter in the
process of polymerization. The SEM showed that the rough surface of the AM-SAP sample was beneficial to the performance
of water absorption and potassium release. It was preliminarily concluded that the AM-SAP is expected to be widely used in
agricultural production due to its capacities of water retention, repeated water absorption and slow releasing and promotion of
potassium.

Keywords: water absorption; super absorbent polymer; swelling process; potassium release performance; structural
characterization



