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EFFECT OF FREEZING-GRINDING ATTAPULGITE ON THE PROPERTIES OF
SUPERABSORBENT COMPOSITE
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(1. Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000; 2. Graduate University of the Chinese
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Abstract: A series of carboxymethyl cellulose-g-poly(acrylic acid)/attapulgite (CMC-g-PAA/ATP) superabsorbent composites were
prepared by solution grafting copolymerization of carboxymethyl cellulose and acrylic acid in the presence of freezing—grinding
modified attapulgite. The effects of freezing—grinding modification on the morphologies, physical properties of ATP as well as the
swelling capability and rate of the corresponding superabsorbent composites were investigated, and the swelling properties of the
composite in various pH solutions were also evaluated. The results showed that the specific surface area and pore volume firstly de-
creased, and then increased and finally kept constant. The pore size initially increased and then decreased. At the same addition
amount of ATP, the greater specific surface area is always corresponding to lower water absorbency and higher water absorption rate.
In addition, the superabsorbent composites showed excellent pH-stability in various pH solutions.

Key words: superabsorbent composite; attapulgite; freezing; grinding; swelling behaviors

EB KPR R R — R B R K AR B
M=SMR GRS TR, CEafds 4
R RREE. BB VB 25 £ 58E
BTN P RRES TFORRETHE, 7
MRS &R S EE LS 5T
E LT YR & RS AR &RmRKE AR

WEBAM: 2010-07-07. HUEEEBA: 2010-08-16.

BEE&WE: BFX “863” I H(2006AA03Z0454); L7545 M+ B9 H|H
B AR S T A & (HPK200901) R BHIR H .«

E—EE: B 40986—), &, WL,

BEEE: TE®(963H), B, §L, HRA.

AMCAT LB B oK R RS A AT, 1 LR RESR
BEGAHRE, TERCTIRAMIMRE AR, ¢
2 B 3L 47 4 & (carboxymethyl cellulose, CMC)
R—MEERTERRENALEETED, A6
REMEREANREFE. P monELAE T
(attapulgite, ATP)R: &K ERENEFRER

Received date: 2010-07-07. Approved date: 2010-08-16.

First author: CHEN Hong (1986-), female, graduate student for master
degree.

E-mail: chg126@126.com

Correspondent author: WANG Aiqin (1963-), male, Ph.D., professor.

E-mail: aqwang@licp.cas.cn



F38EE 111

B 4% RURAREAEINEA TN E S RBUKER IR RE R © 2149 ¢

B Y, REMEEERENTS 5BREENE
HEBRMN. O % ATP [H+ 2B E, BT
THEMEIMENE, THE-PRERE SRR
BARR AL, PO (XS v R AR
ATP #B &R, FIRRYE, GHRERTET PR
ik FHRRRESE, MITHE ATP B 5 RA 5 %
B, U GRS T A ATP (R, 1
&4 M1k, FRW ATP 2 URRURR B U SRR =
IR EEMEIBOK YRR FUR RARIE. Ak, &
Sext ATP AT T GRRUFIBR BB AL 3, AR J5 7E KV
5B (acrylic acid, AA)F1 CMC HHTHEH LR K
N, & TREFRAEREENER/MELF L
(CMC-g-PAA/ATP)R &KL, B8 T HBAAR K
HO0E B AL TR ATP KBS BALME R B &
R R RE R K P RER R .

1 % B

L1 RERIEAR

ATP BITLHRNN G R RHEH R A F Rt
ERIPRREE 200 BRI A 75 pm)iIFH;  AA A
B CERA A, WE, BERBRE
f§f; T BR% (ammonium peroxodisulphate, APS)
ARBETWERR— 7=, e N, N-TFE
WA B (N, N-methylenebasacrylamide, MBA)
B BT BRI A, fheal; CMC E 2R
WERFIE R A AR, fh#d. SRFHFHER
W2 AR A S Hr it

PR SR 2 88 LSRR A F ™ Mettler
Toledo 320 %! pH W E¥FW pH {6, Al Thermo
Nicolet NEXCUS £LAMGIEX S HTHE M ALK, A&
KBr JE i 4# . F Micromeritics, ASAP 2020 {X#%
7r 76 K 5 FE M BET(Brunaner-Emmett—Teller)
bt 2 A (specific area, SA). L% (pore volume, PV)
FIF 4 (pore size, PZ). F JEOL /A& JSM-6701F %!
% K& # T BB (field emission scanning
electron microscopy, FESEM)WLMIEE R, Wik
[IEE TRl gL (S
1.2 ATP H% H-TRELLIE

FREL— & AR i) ATP TR, &R E
10:1 K H 5EBKES, Z\E IS 6h (1250
r/min), AV 24 h FERER. REBLHE, &
105 CFHTF, BBREERN 22 cm MAE LI
B 0~10 (5 HE A ATPO~ATP10), BRES 5 HFE
LN 7S um IS, BATERSBNEH.

1.3 CMC-g-PAA/ATP 8 &5 Rk 14 AR R H &

ERAVRH S, FRAERE. AKFEN
8 R LB R 250 mL DU OBES, DA 30 mL &
WK, RIEMA 1.03gCMC, RBMREHRIIEN
Bll. BB HIHEZE 60 CHAEE 30 min J5, 0
A 5mL % 72.0mg APS FI/K¥E¥, 10 min /54 KL
PAHIE 40 C, MEHHAE 72g AA, 7.6mL 8
mol/L. NaOH ¥, 21.6 mg ZTELH MBA #1094 g
AURTREE A EIT K ATP IBEBE. WNEEEEH
BE 70 C, #EEERN3I0G, BYETHHE
WE 70 CTTRZEREEE, BEEIILRA
180~380 pm M 7 .
14 CMC-g-PAA/ATP

iR

141 WoKFEERKHWE  AEFFREL 0.050 0 g(m))
FLFE N 180~380 um FRIFE UKL, N 300 mL 778
KB 4h EFIREKEE . REHAFLEN 150 um M
FREH A K, WEBKERERE@m). 8
BB i (1R KA 2 (Qeg) ¥ T T E

Oeq = (my—my)/imy (1)
142 ANE pH v B MK RS20 2 A 1.0
mol/L ¥ HC1 1 NaOH ¥ J — IRZ& 187K 5
%) pH (LA 2~13). F pH +13lE % pH .
HERAFREL 50 mg BE, 7F 300mL A[ pH BB +HE
¥ 4h, REATLEN 150 um FAMTFER L REH,
WRE. BER()IHERMEARE pH &4 Tk
KEEE,

2 EXR51t®

2.1 AE-REAIE ATP B FESEM 7 4f

B 14 ATP [R L. AURALE ATP. TRES 4 (XA
BREE 8 IRALFE ATP iy FESEM B /5. Wl 1a ATLLE
H, ATP & o & DU SR e 2 B B & AT 4
HHRA. 2AGREE, BERARKNERTS
YR, BHESPKEIRREHBZUE 1b).
23t 4 KRB ESE, BRRAZEE, AN
HERTESTEWE 1c). HBERECEME 8 X
E(E 1d), BREEEE. hE 1 b ATP FERRE X
BT LLEY, ERELREY, BiEE~ 4
BAKBIE. BIRRRFMNS, STREAEREH
) ATP ¥ SR BEAR TR KB VMER, (RFH
BEKEE, H5ER, XERKERBRE.
22 AH-AREAIER ATP BRI

n#E 1 FiR, A%-BREER ATP KtLRE

& B Rk i BE Ay 1 A
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(c) ATP groun
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1 ATP JR 4. A URALSE ATP.BREE 4 KRR EE 8 IR ATP
f¥) FESEM [
Fleld emission scanning electron microscope (FESEM)
micrographs of raw attapulgite (ATP), freezed ATP, ATP

ground for 4 times and ATP ground for 8 times

Fig.1

K1 ZRG-RELER ATP BUMRMTL
Table1 Change of physical properties of ATP surface after
freezing-grinding treatment

3 -1

Sample  Freezing-grinding time SA/(m’g™) PV/(cm’g') PZ/nm
Raw ATP 0 126.90 0.1790  5.6302
ATPO 0 260.42 04157 64076
ATP4 4 148.87 03425  9.0573
ATP6 6 126.25 03360 103695
ATPS 8 217.45 03796  7.0150
ATP10 10 216.77 03713 6.8869

SA—Specific surface area; PV—Pore volume; PZ—Pore size.

MBEEUMRREBRATN, RIS —KA %R
HIERE, SA M PV 338N T 2.05 f12.32 4%, PZ
BRI T 0.777 4 nm. i HLBHRBE AR FIVREL ATP )
SA, RIRFETREE KB, SA F PV sew/MNEHm,
MijaaT1EE; T PZ BT KBRS
—fR i, ATP FIBHEHERE=AEK: —& ATP
MEAZH R, ABRERA, FRES; ZR_H
MR T AT RET MG R, =& hEfRE
SRS A ERENLRNEhRERE, P 5
RERER, KR ATP B 5 058 % LS SR ek 4
POREE, BTEMEMTHE 3 ABR. M g
AR BTG, ATP AEBMEHERRE
W, BEERRSBREERMYE 1b), # SA f
PV N & . i3t —UREEE, RETREE B,
ATP B RASVINER THRERENEN, BREEE
RIS S PV /b, BT SA TR, 20T 6 kg
BE, REPZEK, (HPV I SA BN, 2518k
MBS G, Mdit— T, PZ XZ/ME PV K,
PRI SA thi8 K. %4 KK, ATP Lt )5 8
5 SA 5PV BIEMX, 5PZ 2HMxX.
23 AH-RELIE ATP MESEWAKRAER
FTIR 3tig
AR 5 1) ATP F1R &K FEH9 FTIR Y
B 2 frow. WE 2a HafDUEH, 234 FERNAR
FIRERBE AL ATP HOFFETR I 3 415~3 614
cm, 1652, 1196, 1028 cm™ #1985 cm™ %74
WY BN, VA G-BEEX ATP W EEHEHE
BRRINRENRE, TTRAERERBEHNTE
AkAsdk. 51 B 2b WTLAE H, CMC 2 1061,
1115¢m™ Al 1159 cm™ (C—OH 453 3h) & 5 J5 B
BIRI5, E1712~1 714 cm™ JEEH 1 576~1 579
cm™ 75 Bl 94 B AR T —COOH 1) C—O 45 {5%h
WRI—COO # MK COO K3t FMgiiRzik, 7
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4000 3000 2000 1 000
Wave number/cm™
(a) ATP ground for 0, 6, 10 times

Sample CMC

Wave number/cm™!
(b) CMC-g-PAA/ATP ground for 0, 6, 10 times

B2 WEE 0, 6, 10 KJ5 ATP Al CMC, CMC-g-PAA/ATP
ff) FTIR #

Fig.2 Fourier transform infrared (FTIR) spectra of ATP, CMC
and CMC-g-PAA/ATP ground for different times

1458 cm™ 1 1 412 cm™ LWL T —COO Z By xt
FRAMZEdRBhiE , X Hode (4 B 5 BN IG R AL B H0E,
RPRBBREKTLERE cMC HTFEEE.
CMC 7£ 1 613 cm™ ZbHI—COONa [ i) 52 % B fe
iR U BLE R K R BRI A A il o
MBS REEBK—COO AN IEES. It
b, ATP 7E 3615 cm™ ALHI(Mg)O—H {45 g Al
£ 3 550 cm™' &bHI(SHO—H HZERENEH K, 1
1197 cm™ 4b#) Si—O—Si R FR IR 3), 7E 1028
om™ 4L 1 Si—OH) R M FRMGE RSN FLE 985 cm™ 4
(¥ Si—OH XHFRH4EIRBI7E R 5 I Bkss, 4
ARG X B4R AL R B ATP i it 3R [ IR fr BE A
Hs5TEEERRN. 7
2.4 AF-ARELIE ATP W84 5 Wk EWR K14

FA:EAT

B 3 BRTEAG-IRELMSE, ATP i) SA &

FE R 52 B e MR K AR TR TR 7K 35 28 B 1 B X B 24k
. WNE3TTUEN, WRHEKEERS ATP )
SA B EMR . 24 HLE ATP K SA &
K, EFFIEREEBTKMIER KB RRE. A
BB, ATP [ SA W/, 6 RIRELHE)G
SA X E|B/IME, (HAHN I E A TR R Rk £ 2
EIEMAE638g/g). MEE 8 /G SA XA Frim,
WK RN . BRERREZE 10 IR, SA THUAK,
KR AN AL N . ATP ZEH A Rk
BT B TENBAER, 7 AR TRABM
B =EME, B R EETKER BRI K fEGE.
BEETRE KB, ATP R REAEREE, R
o e R ATIT, XREKRE R SRR,
MTARFERE MR RRAKME LR, Bl
FERREE BN T 6 IRETW R K A5 R 2 B W18 N
E, BERE RO, ATP Kk BIER
BT — SR, BEERREREN, B
WREFERNERF I SY N EEA S 52
%, HEERK-EMETHEEER, BKEE
N, U REREE k¥ ATP #&HE &M IER
KEXEERBRHERNTMBREE, RAE
ATP B R HUE R BT BN THBEESRTUK
MR BE A fE 2B AR A RK A BE .
2.5 AE-REIEMEESSRAMERERKER

A0

K 4 4R A& EBAKER RS )7 thek .
ME 4 FATLLE Y, R A SR/KHER BRI 20
min WR/KERRR, TEEHE, HEIEINE

{640
260t :
1620
240 1
{600
=~ 220 ]
) 4580~
& 200 1.,
S 1560 &0
< 180 =
5 {540 Qi
160} ]
1520
140} ]
1500
120 1
1 L 1 1 L I 1 1 | 1 480

0 2 4 6 8 10
Grinding times

B3 ATP LhREBEWIEBRAKREE O, SETRERBHIZL
Hh £k
Fig.3 Dependence of SA of ATP and the water absorbency
0., of the superabsorbent composite on the grinding
times
Qe is the equilibrium water absorbency.
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600 | " . —e Table2 Swelling kinetic parameters for the superabsorbent
- — — composites
A Y —L
300 3 Freezing-grind- . . Kex10%
Sample . Ouf/(gg”) Ki/(g-(g'min) ™) o
a0l Sample ing time (g-(g'min)")
= 4 SPAO SPAO 0 500 322.58 12903  0.9992
& A SPA4
20
N SPA4 4 535 204.08 07130  0.9993
g 300r ® SPA6
¢ SPAS SPA6 6 617 228.83 06011 09997
200 ® SPAIO SPA8 8 521 268.82 09903 09988
100 I SPA10 10 571 275.43 0.8448  0.9992
T T T S S S Qeq is the theoretical equilibrium water absorbency; K, is the initial swelling
0 20 40 60 80 100 120 rate constant; K, is the swelling rate constant;: R’ is the square of linear
#/min

K4 SRRk IR R B AGE SR i 3h 7 2 4k
Fig4 Swelling kinetic curves of the superabsorbent composites
¢ is the water absorbency at time #; ¢ is the swelling time; SPA
represents the superabsorbent, and the subscripts 0, 4, 6, 8, 10 de-
note the grinding times of APT used for preparing the superabsor-

bent composites, respectively.

MR . AR MR R hEBRAT A, KA
Schott’s #E — 2 5h H%

10,=1/Kis+ (1/Q)t (2)
SEIRAATRE . 1 Hrh. 9 RAE ¢ IR S
RKER; Qo B FEBAKMEE (/) Kis RYIHR
TKIERE R K RBEE LU 10,5t ¢ (8
5), BUELMRLF, XUHEERAKR RS HB KRR
BEESZINNETE. BEE S FRHELNBERN
BEE, AIVHE AR PPIREKE R E R K (K =
KQo)r BERTTR 2. i 2 AJIBH, BRK
VI E R K % = BEAK K A : SPAO, SPALO
(SPA8), SPA6, SPA4. ZlifF5% 1 + ATP i PV
BHILF—3, RIRES ATP K PV REE SR
TP RR IR K . X R A AR IR K3 2 5 4%

025+
020+
0.15+

N I Sample

r A SPA4
0.05F B SPA6
® SPAS
0 * SPAI0
0 20 40 60 80 100 120
t/min
B 5 REmRBKHER IR KEERE = R A s

Fig.5 Plots of #/(, against ¢ for the superabsorbent composites

correlation coefficient.

grmEREERAG X, Y 2SR, W
ERKIEEB K, FRE 6 1K ATP () PV B/ MEEH)
RAGE R K FIREE 4 IREIRKMER, X BT K#
RURESBRKEREREEGNIHGER, RBE
6 {XJG ATP B 5IREE 4 KRG RA L&, X
PR RS, XA TR AR
Bm.
2.6 EARBRKRMIEERE pH N RPERAKMEEE
MR 5-REALEE ATP #]% M E & RN IS
IR KA 2B A B pH ALK B R T B 6. 18
6 ATLIEH: MV pH EM 2 % 4 1, Mokig#
RAE; 1F pH=4~9 X ARk EaTiEE,
FHE—D “FERN; pHEKT 9 B, BKBE
M HE pH (G54 IR m /N . pH 7E 4~9 [F] K “F
SR AR A m K A g M % s —C00-
M—COOH ERE M — Bk R, BEBEREMH
fef. ) % pH B AR, A TR Rg gk
ERNEMEE S . ERERMET, ®iEH—Coo L

pH
A6 HEBARIERAMS AR pH 281k 2

Fig.6 Dependence of the water absorbency of the superabsor-
bent composites on external pH values
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A EE A—COOH, Xk S & 15 i HE
FRER®AD, FBRTHEEEIKIEE, HBSumits
SRR, WA —COOH JLF-2#Ht A—COONa,
Na"X 4 F4E L F AT ERE AR, FESH
PERMRK A R T . i 5 3BT LUE 2], SHAEZE pH=
2 AP UFAERE, WA IR B R
(PH= 12)IPERKEEIIKT 100 g/g. XidHHE
SRR/ LG BERAE P (1388 K XA R R K 4%
EEEERIEW. 750, BRE 6 KEHIENES
R K Y R 3 pH A e tE AR AR B B A L B 47

3% #®

AGRNTRBERMESS S, o LME ATP FE4L
KBRS, M5 RMENEE & SRR
RER K M BB

(1) AURRTLUE ATP B RS, HLREBAN
LA RIESE I, REEATH—PREERR, B
B, TREESUM: ATP B SA FERRES B A3 0
Sew/NEE I, MEREIEE.

(2) BiH-TRELE ATP ZWAHN M E 5RK
WK ER, HESM ATP BRE RSB,
WK R MER/D, 5 ATP i) SA T EMR
mEH.

(3) &t 6 KBTS, ATP BA=BKY
WIENRKERERTREHE, MERFERS
HITR AKGE 2

4 HERPUKEMERAHBERGTH pH B
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