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Abstract

A composite water retention composite was synthesized by using inverse suspension polymeri-
zation with acrylic acid (AA), 2-acrylamido-2-methylpropanesulfonic acid (AMPS), humic acid
(HA-K), and bentonite (MMT) as main raw materials. The agents PAA-AMPS/HA/MMT (PAAHM)
and PAA-AMPS/MMT (PAAM) were tested and evaluated for their application performance, and the
water-swelling Kinetics of the superabsorbent resin was simulated. The results show that: PAAHM,
PAAM and the market the Water-retaining agent sold has a good short-term water absorption rate,
and the water absorption rate at 5 minutes reaches more than 80 g/g, and the PAAHM, PAAM, and
water-retaining agent all reach the slow water absorption stage when they absorb water for 30~40
minutes. By quasi-first-order kinetic model fitting, the water-swelling behavior of PAAHM, PAAM,
and Water absorbent resins can be fitted. It can be found that the water-swelling behavior of the
three water-absorbing resins is non-Fick diffusion, and the water-absorbing swelling is affected by
the penetration and diffusion of water molecules Behavior, elastic relaxation of the polymer gel
network, and interactions between hydrophilic groups and water molecules. Compared with qua-
si-first-order kinetics, quasi-second-order Kinetics is more suitable for describing the water-swelling
behavior of PAAHM and water-absorbing resins, and the quasi-second-order kinetics model for
the swelling equilibrium ratio and experiments of these two types of composite water-absorbing
resins. The measured saturated water absorption ratios are very close.
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S LT 7 7 R WL 1

Table 1. Reagents and raw materials

= LRI R

AR ik ETI

GLEY 2R ok RAFEFHH L

JE AR AR KA GG LB
PIHIR AR R R AR A PR A
Gk AR KW R EARAE R A

G 80 AR I 244 [0 21 A PR 2 )

2- TN R I -2- PP AT R R AR IR FIAL AR R A A
N, N-I7. FFY 22 XA s e AR KT RVE B AR A A TR A A

TR AR I 25 G L 2R A PR A =)
Al AR RETEXM AL ARG IE A IR A R
wok AR RETEXM AL ARG IE A IR A R

IR K REEAFABA TR A

2.2. PAAAMPS/HA/MMT IRk BE B

JEFERREIA T %2 % 0.2 g A 1.0 g BRI IR G, IINEE B /K A 5 & H

AKAR S FREX 20 g PAMRER NN 50 ml AR b, FEDKIKIE T i & A U VA R A 22 o Hh R S
60%, FRRININEFEIREVE, 5 9 2-mMEIx-2- F BN AMPS DL OE & 5| KIS AR R4 KPS Fl
ZEHKF N-N-2 P SE XU MG L MBA, HiFE 515, 18 /KAH&

THAR T £« 1) 2B E F AP FE RS | [l B0 VR AR N, 287 1) 250 mL DY FHBHR A A 120 mL
RO E AR, SRS IN TR & 43 #L5) 0.7 g Span80 A1 0.7 g Tween80, 7E 40°ClHIE/K¥Hi+E 0.5h, J5H
IS EANIEIZ I + MMT, B ZU R 5 19 A

R ER: AE Ny GRAPIISFAE T, RN S 21K K AR A b, n 52 R FHR 2 67 CIY,
PRI 2.5 he RIBIEEH G, BRiG 30 min, SRS =0, Bedk, T8, R, 0 )E88 7 R W
B2 2- TR 5 T e - 2- FR B PR A R g AL R M = 52 & s W K i (PAAHIMY) [ DA 7] SR 6 20 B il 6t R
TN IN B A R 1 2 A v W /K I 58 TR 44 TR 1 2- TR 7 Tk i 3 -2- R L T R R V2 11 £ (PAAM)
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2.3.1. BK{EE
WK A 200 T R ) 28808, PRI 1.00 g UK IR & T e e i&rh, B T3F 1000 ml 2585 17K BBt
o, R IR F A KRB, BRI ERRE, RN A 2 B KR i R A
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2.3.2. kKiEZE
M 7K SHCR I R AR 4805, BRI 1.00 g TRoKMS AR & T 100 H A48, & 1000 ml X &7k
WK, FERG— BRI S EUCH . FR
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K1 ONEMRK R R ZL A I, ot PAAM S DA I R 1 2- 1 445 Tk e ik -2- FR 35K TR s R i -
AA-AMPS/MMT, PAAHM JyARZEH A 1) 2 G RKHIE AA-AMPS/HA/IMMT .

PAAM [T 4P f 3695 cm ™ Ak Hi B SR 04 A i b Si-H RO 43R 2h I e, 1552 em™ J& T
-COONa ] C=0 JxxtFRIH4EIRENIE, 1722 cm™ H-COO-H1(f) C=0 Xt FR{HZEIRZ &, ViIA R T
AA-AMPS/MMT & & WK # i .
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1163 cm ™ 4 AT B & T ISt AR T S L ) C-O-C HUM4E#RshI4;  Forb 1041 o™ b v A& T R R v v A0
ff) C-O fi4E#Rzh; 804 cm'. 630 cm ™ LRI AENEHER 53K L) C-H BT 4MRSh, BEEAA R T
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Figure 1. FTIR spectra of PAAM. PAAHM
[E 1. PAAM. PAAHM BYLTSNSEiEE
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BB T PAAM. PAAHM 5 &M K TE 4l 5 7K BL % 0.9 wit% NaCl ¥ W P PR K 5%,
ZERUNFE 2 Fos:

Table 2. Water absorption rate performance of water-absorbent resin (Unit: g/g)

% 2. IRk AR EIIR K (S R RER (AL : 9/g)

JUES R PAAM PAAHM
EETK 340 386 490
0.9 Wt% NaCl 73 56 73 56

M 2 Al LA, SR 2 FOK B AR AL, PAAM BLE PAAHM WK g To 18 7E 25 B8 1 /KiE
F2 0.9 Wt%/1) NaCl #01) BAT B A& AWK PERE, Hrh PAAHM BN /K I HETE 25 B9 -1 /K (RIK £ R A4 490 g/g;
PAAM TR/ EARAE 238 FOK IV K A5 3R 55 PAAHM b, HHAE 0.9 wt%ff) NaCl ¥~ mlik 73 g/g,
PRI H B R EEPERE . X EEZ A, PAAHM BUR/KGRIH 5] N T B HERR 4 4, FELAE 0.9 wt% NaCl
IR Z MR A oy, KR53 DRI T NAS R g NS MR 2 b, DR PR A 17 MR AR g R W 7K
(EE

FHECT S, WROKAR I 7E SR VR R IR K BE 70 R BRIk B KB IR TE Atk 20%, 1% 2 ZL& i Tl
B FHIEREC T R EDME N ININBIEIE, I H A0S BB T IR EERRAR 7 WK i 46 44 v o2 7Kk 28 1% 7K
Pamm oL G

3.3. WR7kixt BE MR KR SR 14 E

W2 7 AR JIgE B 7K TSR P P R ot IR K b i o7 FH A3 L A s A FH - 29 Sl PAAM LA K PAAHM 7E 25
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Figure 2. Water absorption rate of water-absorbing resin in deionized water
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Figure 3. Water absorption rate of water-absorbent resin in 0.9 wt% NaCl solution
& 3. MRKHAETE 0.9 wt% NaCl i& & AR 7Kk iR 2

M 2 v LLEH, 755 min iy, PAAHM. PAAM VL K 65 iR R T /K B IR 28 RE S e st Kk, 9 L
WK f5 2576 80 g/g DAL, Jrp 3 FPIEUKH AR 5 min BRKAE R MR ENINIFAR KA : PAAHM >
PAAM > RFF; Bl 5 W KIS 8] (54T, WK 30 min ), 3 FhIR AR A AWK A% 38 K E/N U : PAAHM >
KFF > PAAM; 7K 150 min B, 3 FRIRZKB AR IR £ 2 AR /NIy : PAAHM > PAAM > {RF. 3
RS KB R, PRAERIR KR B E 40 min i, GEBIROK KT, WoKERIZHFE, 1 PAAHM W /KA
IR K A 24T RERE I b T, IX ] R RN R AR (1 51 N IG5 T SR A W I 48 S 14 285 44

HE 3T LLEH, 7E 0.9 wit% NaCl ¥, 3 PPk B R IR /K £ 2635 B 2 R %, 3F B 3 IRk A
JIEAE AR (R IF 1) T s B OK A5 208 G KB By, Fod 3 RSO IR 5 min WK A% 28 A KB/ 1R
WK PAAHM > JREFE > PAAM; B R KES B TEAT, TRoK 30 min B, 5 Ffl 8 i iR 7K A% 28 A
KEPNU Y : PAAM > PAAHM > JR4F; WK 150 min B, 5 Ffl KB AR (008 7K £ 28 OK EIZN Iy : PAAM >
PAAHM = iKHf. HH PAAHM 7£ 0.9 wt% NaCl i 4, fAERCON IR AR H IS, X2 FER
EhACH S ETHE N R 3 2R

3.4. Bk BERYIRIK BN D FE 5
X F T RAREEAAK P EIEIRTT S, 1 Q /Q,y < 0.6 B, I N AT A

kg =
Q/Qy =kt" @)
XA CRXT L, w1
Ith/Qeq =Ink+nxInt

s QN tINZIRIUIKEER s Q NIRRT T MK A% 5 K NMEREEHI S KL t ¥R Ik [] (min); n
BRI KR IE TR 2L

XFFE— B, AT DR B I KRR HR 2 n SR AW AT BURAT A, 2 n<0.5 I, W79 Hk
W2 Fick T #UE R, 29 BdEHE R 2 n> 1.0 1, WKW AR FESZ2 R & M2 akathdzdl; 4 n
=0.5~1.0 i}, H PRI KV K I AR Bl 2 5 R GV 25 sk st 2 A0 2, 8 T-E Fick 47 #%[6] [7] [8]-
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HE 2 A LLEH, IRRF. PAAM. PAAHM MRKA IR ZE M KK B HT 30 min P, WK IR Ak - okt
WAVERKITEL IFH Q /Q, < 0.6, TifE 30 min LS, MUK RN A IZHT M@ T RE, EEER
DR A I i 39 5 6 ) I it SR R i 5 I 8 N AMB I TR BRI . BRI, R R — B BB TR PAAM,
PAAHM R KB REZERT 30 min WK B 14T AT A, R 4. & 3 fis:

04t

©
-]
T

16 20 24 28 32 36
Int

Figure. 4. In(Qt/Qeq)-Int curve of water-absorbing resin

B 4. Bok#E In(Q/Q, ) - Int BAZ

Table 3. First-order kinetic fit constants of water-absorbent resin

5% 3. MKW BRI E—M I NI FEREER

WK fi ST KA 2 (9lg) Fick HFHEF £ n LA AR 7
R 346 0.5364 0.9932
PAAM 466 0.5085 0.9176
PAAHM 490 0.5794 0.9672

& 4 BH, =MEKF RN Fick FAEFa50 n KT 0.5, 31X 35 B IX =R 7K 44 B 1 W8 7K 7 ik 47 3
BT HE Fick K, BIHE KA g B MR /K V5 B 33 2R 55 58 5 ) P 4 5 s SR A — 30, IX i W] 73X = Pl K
W HE IR KB BRAT NER T K4 T B B Bz sl s, 23R S WER MR ER . Ko F55
O F 25 8] 3 1o 43 0 26 35 [T 1) ) B e AR A 0 DL R s ) BE D PO FE R IR 2 5o, TR 3 = i /KR g ik
S35 K~ 447 1 I (1 354 40 min DL L

N T HE— 5 2R W KB g R R K B S 2 AT 5T, B Scott” sl 7 2E AR T Sk W KR i P AR
KIGAT NIEATIG, HARXWT:

t/Q =1/KQZ +1/Q, )
e K(geg™ = min™) il BB 3 A
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Figure 5. Quasi-second-order water absorption kinetics of water-absorbent resin

[ 5. Wuk#BEEZM KK NFEIE

Table 4. Fitting parameters of quasi-second-order kinetics of water-absorbent resin

= 4. KRR EZMEn HEUESH

WS KA R K Qeq/(9/9) R?
R 1.74x 10 383 0.9974
PAAM 0.50 x 10°* 500 0.9697
PAAHM 0.90 x 10°* 492 0.9950

B 5. % 4 ATLLEH, 3 MUK IEH B sh 71 AE R* ™ THE— B, shah, o FikeE
PLAe PAAHM  BUIR KB S E — i 50 7 S BN R T S0 K ST 1 i 26 5 S0 WU 45 7 T R /K % 20 R 2
AT, 1 WIS Scott” B2l 77 SRR T e MR AR i K I I I R AT A I PR R AT VA B — 8
(AT AT 14

EOK B R KRR, BEE KA BEEN, AMBIEIR A B S PN . XFERL I T 2
ANEARTES R B TBE R G T8 AR R, SRR e ks N s
TP G (4 BH S 15 i KA T X 28 B Re B A, SRR IR N 5 i . TEVEIKBTHA, A
WoHHN, WIEM%EY K. mEHEKS—EREE, BaEH SR s FERER, Hit, &
WK I BT S B 7K B TR ok, R T IR . 3ok, BT HE— PR Y R P T B W B I R
RS R B AN 2 B o SR, E B AL TG AR B ) A R, 2 &M R R ], &
A B W B 20 g 27 B 3 AR IR KA g P W B ao R [9] [10]

4. g

PAA-AMPS/HA/MMT . PAA-AMPS/HA/MMT LA AIRAFIR KB g BAG Bt R A IS IR K G 28, 72 5 min
I I K f35 23R 3 80 g/g LA, PAAHM. PAAM. JREFIRKH ARTENL /K 30~40 min i, 34738 B85 I /K
BB, Hod PAAM. IREFIZETA BB KIEIKFE, 1 PAAHM BIWOK 52T R e 2218 7.

I BB SRR A A PAAHM. PAAM LUK TREG W K B A (WK Ak AT Nk T G, W]
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