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Synthesis and properties of Hippophae rhamnoides Linn branch powder
grafted PAA superabsorbent composites
XU Xiao-hui' , BAI Bo** |, DING Chen-xu’, WANG Hong-lun’ , SUO You-rui’
(1. College of Environmental Science and Engineering Chang’an University, Xi’an 710054, China;
2. Northwest Plateau Institute of Biology, Chinese Academy of Sciences, Xining 810001, China)

Abstract: HBP/PAA superabsorbent composites are synthesized by free-radical aqueous copolymerization, using
waste Hippophae rhamnoides Linn. branch powder as matrix,acrylic acid as monomer, potassium persulfate (K,S,0q) as
initiator and N, N “methylenebisacrylamide ( MBA ) as crosslinker. HBP/PAA superabsorbent composites are
characterized by FT-IR and FE-SEM. The composites have the best absorbency of 190.0 g/g in distilled water and
40.0 g/g in 0. 9% NaCl solution. The absorbency of the composites in the studied salt solutions is in the order:NaCl >
CaCl, > FeCl,. The composites have excellent water retention capacity and reusability.
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Vol — T 7% REAR, BAT DR FR K L By XU
T R IR OE R AR . TEIRIE VIR Oy, REAAYD
TR VPR PE R . ARV IR 3P ok
PR A RE R FERAS . H T, 1D BB R
s N RIS R SN W S BN P LA A B8 G
AR, I T IR ET 2 3R 3 vy W K P A i ol i
W APEA RS S )2 e i A AR RS FE 2
I g AT 3R AR R K R R TR
FH Vb Wi A 45 4 ( Hippophae rhamnoides Linn. branch
powder, HBP) 2y J5URL ) B AR B A7 418 . F SR,
VOIS T RE R T 2T 4E R B 3 Ol 64.74% ~
78.96% , KEFH4EZ 050 62.4% ~79.2% , Bl
BE TR MY ALERS . FENTHEES
Al HBP B4 Jo7E | il AR W R vl R4 ik 2
J&, T HBP (K PE ORok Mg 22 A T [
ZRR

RENIGTR =5 WA PR IR (PAA) J&— P I E =

IR RORE, B AR PERE AN R4 B SRR PERE
B2 R F AR 25 E kA A e
AR WEFCUESE A PAA BRI R IR LT 2
ST, 1A SRR R SR DR TR i TR K R AR D A 7 J AR
R T 2 A R S

BT Lk R, A LIRS VD B Ak 5
R, R N B S B AR B S 51 K50, N, N =
XU MR o SRR, 3 1y B0 R ik il
b T —FhBGE R R DROK RS S R WO R P RE R
) HBP/PAA HIRIKZ B

1 REHES

L1 R 55
UBREAR, B IRA ™ s NITR (AA) A2, K
KU A i A PR ] A2 75 N, N =0 00
M mENE (MBA) | KT AR R AL 2GR T A 7 5 i i
FRPN (K,S,04) , K HEEH KUBE AL 2 il A7 FRZS R A 75

7 A HE:2014 - 06 —23

E&WE : P E 5 R3 % B0 H (201104615) |, o e g 5 FE AR 55 2% % 5098 42 (2013G2291015)
VBB VPRERE(1989 - ) Lo FgE e, BB RIThBEA BL BB 5T , 1204119126 @ qq. com; [ (1972 = ), 3 18-, #82, FEMN TG E
B B o R TR RS, S IRIER R, baibochina@ 163. com,,



2014 F 12 B

AL (NaCl) | Jo K S 46 85 (CaCly) | & A AL 4
(NaOH) | =540k (FeCly ) , A4l , 7522 4k 2 1R
J7HE . B REAL, LWMC -201 #Y, pg 57 b VLR
KA RTAEA A E,

L2 DERE 5/ PAA BERKESYHIF &R
RAE

VD BRR S5 W T4 B K VD IR S5 K Uk L T8
g, 1 100 H i, B 8.0 g LA 150. 0 mL = 148
Hr LA 100 mL B33 $50Ch 20% 1Y) NaOH 5K, 7K
B 80°C , AW T S iz 4.0 ho [ [ &5
Ja, I K VE 2= p o, BT 70°C #t T, BIAS 1F
Ffl HBP,

VA S5 K/ PAA SR R K 5245 W0 1) 6 G
AL FERL A HBP (1. 0 ) in ABEA HLIRIERE A L
P AASE M 150 mL = KR H, A 30 mL 2
B AW % o 38220 min FFAK IR
2 60°C, A 0.09 g K,S,0,, fH 6 F KW 10 min
J5 . HIZE 50C, 18 MA 0.017 ¢ MBA F18.4 g
RN 65% 19 AA, F 70°C )R 3 he V45
Ja KK 3 T R S L 3 60 H A5 H

PAA (SR K PERT B 15 B 5 B3R S0 30 2he
50 BR NS N HBP, A i145 PAA S WK PEAR B o

P2 RAE TR HBP (PAA HBP/PAA /3]
5 KBr JEA 7 F, ] A Bio—Rad FTSI35 e B 75
LT IR (FT-IR) #4707 o

VFIRNESE DR RHD/ PAA B3R UK S SMBVHISE RIEREAR

. 85 .
L3 bR/ PAA EBRR/KE S RSN E
WA 52 5E : FREX 0. 05 ¢ HBP/PAA F 100
Hig k4erh, BT 500 mL L5 /K, #i & 12 h
Ja B Je e 4S8 15 min BIC/KHE T G FRE,
FEI15 HBP/PAA IR A «

Q = (m, —m, —0.05)/0.05 (1)
K, Q AMEIRAE R (2/g) smy IR AK 5 1Y 5T &
(g)sm, N AERE(g) -

W B 4 5 - FREX 0. 05 ¢ HBP/PAA, B T J&
IR, BB — B T #2 (1) TR R B
)R PR A

PRAKPE BRI A < B A0 NI KIS 1 5 5 ) T4t
M e — e WEE N, 4 bR — B[R] FR i HBP/PAA
T . PRACRIITHE AT

WR = (m,/my) x 100% (2)
A, WR S IRIKF (% ) smy HIFEIK G G W)
IR (g) smy NAFRIBZIZ AP R (g) o

S W TBCPERE I A « FREX 0. 05 ¢ HBP/PAA, I
KL T R K R 5, SR 5 WK i B e T
100°CHE T, FEHT K 16 RS PR DU W K A% 232, n ik
RE S W

2 H#R5WE

2.1 HBP/PAA HJ&EE#H1EE
HBP/PAA B9& MALHE A 1 Fis,

S,0% S,0,
Cellulose~~CH,—CH ~CH, — CH~~CH,—CH—CH,—~CH~CH;~CH-—Cellulose
COONa (|:=0 COONa  COOH c|=0
NH NH
. "
CH,0H CH,0H
o o_sc Wo_o_sc—n " T
/T NCOTT N /o NCO N C=0  COONa C=0
HCOH  CH HGOH CH HC oW CH HGOH  CH T |
~0 He—ci ]}$_0/\_0w—’—~0 He—c, H\(lz—o/l—o"“ CellulosewCHz—(lle-CHz—CHwCHZ—CH-~CH2—(|IH-~CH2—CH-~Cellulose
OH  CHOH 0" CHOH (=0 =0
(Cellulose) (Cellulose) ITIH IFH
CH, CH,
NH NH
(=0  COOH COONa (=0 CoONa
Cellulose~CH,—CH~~CH;—CH—CH,—CH~~CH,~CH~~CH,—CH,~ Cellulose
Bl 1 HBP/PAA # % H K E &4 b KR ALIE

M1 A LLFE Y, HBP 274k %50 14540 A7 AE
KEFREL(—OH) , 51 & F (K,S,04) A5 it 5= 1
BRI B ES 7 At 3, 5 HBP 2148 K [1)—OH JE 1k
AUk, IR I—OH (W &R, A8 ke S0 3t AA
FEbE A Bt E R R HeE S HBP |, 5 R EES 1K
[FlHf , HBP ZF 4 28 (AA 43515 N, N' =31 F 30N #i

MR I 2 A B TR S Y = 4 R 4 2541
R LR RN, F TR £ R K B AT 5| A % HBP
I, il 75 HBP/PAA K E A1) -
2.2 FT-IR 44F

PAA HBP F1 HBP/PAA 14T 40 1% (& n [&] 2
fimse B2 fIZE 1 1 724 em ™ Ab N R EE C =0



- 86 - LA AL T

RS R " ) 1569 .1 410 em ™' —CO0 -
() 5 X FR ORI OXE B 0 W e, AE BT 2 il £k 2 e,
3 400 cm ' —OH B H4E PR 2h1% 2 925 em ' 4bhy
C—H fhZ54R s W Ukt ié, 1 449 em ™' H—C—H #1I
O—C—H WTE N 25 th 4% 3h W ki, 1 054 895 em ™!
o HBP 1 B-1,4 BHFHEAFRAEME 1 LEI&] 2 il
23 1,1 727 .1 569 .1 410 ecm ™' I T RN KR
FFAEDE, 1 047 (895 em ™' Ab 45 HBP B HRAE I IS 06
2 fiiZk 3 H, 3 400 em ™' Kb W R T 2%,
3 450 em ™' 4b 3 B—OH B9 W il X {581 HBP |
)—OH 5 AA LA T #:8 N;, BT il % (%) HBP/
PAA J& PAA 5 HBP (3R 2RI G 59
1,

1410»‘;:1:: =

\/y' %WK

E
=h/\/\ %
\

321‘ 895
J

I04 ]04

\\ //\VJ \/ i) \vx‘\
s/ |

\m/ ES
4000 3500 3000 2500 2000 15

BB /em

\
00 1000 500

1—PAA;2—HBP;3—HBP/PAA
K 2 PAA HBP f1 HBP/PAA #) FT-IR % [&

2.3 HBP/PAA W ikiE %
HBP/PAA IR AR M Z AN 3 B

200 70 =

>
3
g

&
I
10.9%NaClK AT L /(g g

N
S

v S
3

WRRER (g g™")
]
S

N
=]
.
=

10 20 30 40 30 600

t/min

1t B K 6 32— 25 B TR TP A
B3 4 44 HBP/PAA By K& 5 it a1y
X F o4&

M & 3 AT LLE H, FEW 4G B Be, HBP/PAA I
BRI, 16 min F5 857K B IR0 1, R
WA %M 190.0 g/g. FEAEBRER K H 10 min K%
BPA87 , B KRR A 368 40. 0 o/g, S8 HBP 1y
W AE FAL Ny 10.0 g/, W] UL, BE RGN 16 W2 I 1Y
HBP/PAA TR A2 2534 . HBP/PAA 5 Wi
WK P RE T2 2 B AR S5 44 P AP B35 35 TR 22 D
FEVS I R T 7K 53 55 BEAS T v AR P 45 245 4 PR )
BIBIE" BB EEBK, KB EFE AN

FIMBHI12H

KB, HBP/PAA si—COO ™ 2 [a] ) #f L &
JIAd 28 L5 FEAT MR 1805 e 25 BTG K, Ko F
PR 7/ T BV BUEE S: [P b = P A D) G e ai
AW LERE 1535 e 22 B WA, 7K o HiCH 280
I, BN W R BTG, Bre R B M K-
2.4 HBP/PAA ZERERE FTHIRKIEARE

IRV R, HBP il HBP/PAA 7 %5 8 1K |
0.9% NaCl 9 B A3 7K 2 5 1) 5] f) 56 2 2n 4] 4
IR o

1—25°C ,H, 0, HBP/PAA ;2—25°C ,NaCl, HBP/PAA ;
3—80°C ,H,0,HBP/PAA;4—25°C ,H,0,HBP;
5—80%C ,NaCl, HBP/PAA ;6—80°C ,H, 0, HBP

K 4 HBP HBP/PAA 7 £ & F K A
0.9% NaCl 8 {% AR 5 & 7] #y % £

M4 W\ LA H, B A B[] A 3 i, HBP Al
HBP/PAA [{R7K 8 ) S 21k T B, 76 25°C i &R
2j 540 min J5,HBP B 584k /K, i HBP/PAA /4
FEER K AN B 7K R AR KR 551 R 69% i1 86% 5
£ 80°C i & 100 min J5 ,HBP C.52 44K, i &Y
FEA BEER K RN 25 B 7K T A PR K 253 31 2 57% il
81% , H437E 420 min F1 540 min J5 ik K KP4 .
FEF IR R EE T, HBP/PAA BRI 55 1)
K, XK RE T 4 ] 1) S B e e
JigesE' . 5 HBP AL, HBP/PAA (9 44 454 |
TR KERIL , 5K I8 B A i Y Al A
T, LR A BA AR HERE . B TR
FHEs, K orFis gl , #4545 A HBP/PAA F
HBP Hr e X, i L 38 (0 AR 7K 238 B 2 L B 1) - v i
B A, HBP/PAA 78258 /K ih B RK L [R]
— R AR K . X D 2 B F K fE HBP/
PAA $ 3R 7 TIE AT € R Z , FEARK 43
[A7% %

2.5 HBP/PAA Bk EWikHEaE

FEER 2 6 5 W K M 2 0 1Y) B AR AR
HBP/PAA 1E L& F /K MA AR K 28 5 A Al
FG ok M Re AR b ang: 1 s,



2014 F 12 B

%1 HBP/PAA fEEEFKFIEIRER ki

R E WA RE
A LNt ¢
{[TERI 3
Wk Tk 7 0.9% NaCl 7
1 190.0 40.0
2 188. 4 38.5
3 180.0 37.2
4 175.8 36.8
5 174.4 4.7

I 1 Rl B PR ORI, LR A R
AR A K 3 S W, aWE L 1K
F10. 9% NaCl #5914 W8 KA 55059 S fie R W KA
KK 91. 8% F186. 7% . %k & PNy HBP i it 5215
55 R IRTRIE B =2 M 45 254, WK R SC RS B
IRARWTRE, FF AR T A K SE A, DR R K fiE
TS RN K, B R I SO WOBOR TR RE . 31X
Uil HBP/PAA Ji—Ffv 5 &2 M i 1 BE e 11 56k 1 7K
25

3 #ie

(1) DA 5500 BB 45 4 (HBP) Sy SR, T3 95 2
(AA) B AR IR B (K,S,04) R 51 &5, N, N~
I EE XU A e ( MBA) Sy 32 B FHI), J ) [ H 2R3
R A 25 HBP/PAA R KE G4, FT-IR
2R R W il 45 19 HBP/PAA J& PAA 5 HBP fi 3%
3SR AR A1) o

(2) HBP/PAA 58 W /K 52 & Wy %t 8§ F /K Fil
0.9% NaCl ¥ ¥ 1) W /K A% 2R 43 531 24 190.0 g/g Fii
40.0 g/g, HBP/PAA @R IK KR GV HA RIFH
PRk MR REIIN R I 183 5 WE , &
BT KA0.9% NaCl ¥ W WK s 2R 40 51 o0 e K
W 7K A% 2 1) 91. 8% F1 86. 7%

(3) HBP/PAA B 5 W /K 52 45 Wy vl I FH F 2% B¢
PRNE B FH AR AR S50 45 T T, 1T 4 i ARl 28 B 4 25 o
Hh LS VR [, o SV o R R 1 90% |, I
VB 35 U0 R 2Ky il o R SR WK B2 4 0 e B R A
1) % JEE I 5% o

275 3k

[1] Xie L H,Liu M Z,Ni B L,et al. New environment-friendly use of
wheat straw in slow-release fertilizer formulations with the function
of superabsorbent [ J ]. Industrial & Engineering Chemistry Re-
search,2012,51(10) ;3855 - 3862.

[2] MaZ H,Li Q,Yue Q Y,et al. Synthesis and characterization of a

[4

[10

[

12

[13

[14

VFIRNESE DR RHD/ PAA B3R UK S SMBVHISE RIEREAR

[

[l

[

—

[

—

[

]

]

]

]

]

[15]

[16

(17

]

[

- 87 -

novel super-absorbent based on wheat straw[ J]. Bioresource Tech-
nology ,2011,102(3) ;2853 —-2858.

Sahoo P K,Sahu G C,Mohapatra R. Biodegradability of [ pineapple
leaf fibre-g-poly ( n-butyl acrylate) ]/silicate composite superabsor-
bents[ J]. Indian Journal of Fiber and Textile Research,2005,30
(2):157.

Liang X T, Huang Z Q ,Zhang Y J. Synthesis and properties of novel
superabsorbent hydrogels with mechanically activated sugarcane ba-
gasse and acrylic acid[ J]. Polymer Bulletin,2013,70(6) ;1781 -
1794.

TR BRI, W A VD A AR Ml B S PR e A R
[J]. W5 ARl AH,2010,36(2) 243 - 46.

Teodorescu M, Lungu A, Stanescu P O. Preparation and properties
of novel slow-release NPK agrochemical formulations based on poly
(acrylic acid) hydrogels and liquid fertilizers[ J . Industrial & En-
gineering Chemistry Research,2009,48 (14 ) :6527 —6534.

Xie L H,Liu M Z,Ni B L, et al. Slow-release nitrogen and boron
fertilizer from a functional superabsorbent formulation based on
wheat straw and attapulgite [ J ]. Chemical Engineering Journal,
2011,167(1) :342 —348.

Wang L,Zhang J P, Wang A Q. Removal of methylene blue from a-
queous solution using chitosan-g-poly (acrylic acid ) /montmorillon-
ite superadsorbent nanocomposite [ J ]. Colloids and Surfaces A
Physicochemical and Engineering Aspects,2008,322(1) ;47 - 53.
Kashyap N, Kumar N, Kumar M N V R. Hydrogels for pharmaceuti-
cal and biomedical applications[ J]. Critical Reviews in Therapeu-
tic Drug Carrier Systems,2005,22(2) :107 - 150.

Wang W B, Wang A Q. Nanocomposite of carboxymethyl cellulose
and attapulgite as a novel pH-sensitive superabsorbent ;: Synthesis,
characterization and properties [ J ]. Carbohydrate Polymers, 2010,
82(1):83 -91.

Zhang Y, Wu F,Liu L,et al. Synthesis and urea sustained-release
behavior of an eco-friendly superabsorbent based on flax yam
wastes[ J]. Carbohydrate Polymers,2013,91(1) ;277 —283.

Ni B L,Liu M Z,Lv S Y, et al. Novel Slow-Release Multielement
Compound Fertilizer with Hydroscopicity and Moisture Preservation
[J]. Industrial & Engineering Chemistry Research,2010,49(10) .
4546 —4552.

Wu L, Liu M Z, Liang R. Preparation and properties of a double-
coated slow-release NPK compound fertilizer with superabsorbent
and water-retention [ J |. Bioresour Technol,2008,99 (3) ;547 -
554.

Liang R, Yuan H B,Xi G X, et al. Synthesis of wheat straw-g-poly
(acrylic acid) superabsorbent composites and release of urea from
it[ J]. Carbohydrate Polymers,2009,77(2) ;181 —187.

Sun J,Chen J,Yang L. M, et al. Synthesis and characterization of a
pH-sensitive hydrogel made of pyruvic-acid-modified chitosan[ J].
Journal of Biomaterials Science, Polymer Edition, 2007,18 (1) .
35 -44.

Li Q,MaZ H,Yue Q Y,et al. Synthesis, characterization and swell-
ing behavior of superabsorbent wheat straw graft copolymers|[ J].
Bioresource Technology,2012,118.:204 —209.

Patra T,Pal A,Dey J. A Smart Supramolecular Hydrogel of N a-(4-
n-Alkyloxybenzoyl ) -1-histidine exhibiting pH-Modulated Properties
[J]. Langmuir,2010,26(11) .7761 -7767. A



