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Fig.6 SEM micrographs of phytic acid-modified corn
stalk-composite superabsorbent (PCS-SA)

3 4 it

1) BlEF 1A R NVP JiE LGk, PCS-SA JK
F AT PR R R RO R A i
{524 1A I NVP i L >70:30, PCS-SA JR Z W JE
M DRE PR SR OE F ) R IR FEE A

2) 1A 1 NVP Jiisll A 70:30 41 PCS-SA
40 min JREZFHIMAEZRIE 360 gfg, FHIN PR 22T
4 3.81 g/g, PCS-SA I 10 g/L R 2= /KR IE
Hble L Bk 3d IREFIR N 66.14%, X 13
78I 0.5%PCS-SA I 5 d 1 )R B HUR A 47.6%.

3) FTIR HPLRE R 1 KA FT 25 M 50, VP
FG. 1A BIoH AM BT IRFE R, #)20R 1
#1451 PCS-SA b H bR

4) SEM K] PCS-SA HATAHU MY Btk
I, JEHEEVFE RILR/NBAISL, AR 7K o FR
RO PRBIE Y BRI AR = 4E % Z5 i

(& % x Wkl
[ EAR. ZERIEEHRIIT R A2 R[], fe L rpim
&, 2010, 6(3): 11—15.
Wang Yuexiang. Research advance in slow/controlled-
release fertilizers[J]. Chemical Intermediates, 2010, 6(3):
11—15. (in Chinese with English abstract)



192 Aol TR 4R 2013 4
[21 E5B, ML RS RN 2 hbeE s TR AR [14] Xie Lihua, Liu Mingzhu, Ni Boli, et al. Slow-release nitrogen
(I8 SR, K L E, 2008, 317(8): 44—47. and boron fertilizer from a functional superabsorbent
Wang Yong, Kojima Toshinori. Preparation and formulatipn based on wheat straw and attapulgite[J]. Chemical
application of multi-functional polymer composite Engineering Journal, 2011, 167(1): 342—348. _
material to improving desertification soil[J]. Soil and [15] Wan Tao, Huang Rungiu, Zhao Qihua, et al. Synthesis and
Water Conservation in China, 2008, 317(8): 44—47. (in swelling  properties  of ~ com stalk-composite
Chinese with English abstract) superabsorbent[J]. Journal of Applied Polymer Science,
(81 i, LhaRrh, UK. AR RS TR IR (4 K 2013, 130(1): 698—703. _ _
PEREBIFSE[O]. ShBetkl, 2011, 42(4): 116—118. [16] Wan Tao, Huang Rungiu, Zhao Qihua, et al. Synthesis of
Bao Yan, Ma Jianzhong, Li Na. Preparation and properties of Xheﬁte g s;g?wn;(;?g‘ggzgs 2?)‘126?280;'[)%?([)?' 3 4J100urnal of
super absorbent acrylic resin[J]. Joumal of Functional Materials, PPICA T OYMEr SCIeNSe, 00> (5):3404- .
2011, 42(4): 116—118. (in Chinese with English abstract) [ H%E%é*%fzﬁifj ;Nﬁfﬁjﬁgﬁi mAMGT_%;Mﬁ
(4] AR BRI, WES, 5 BRI LTJC; /Ee? WaEb[T]éo Xion A,Lei et’ al (S)t:ructure and
:EF%K.%M‘J]' TRHBAIERISL, 2002, 20(3): 4953 propertie’s of whéat stgraw lgrafteci-poly(AM/AM)
Du Talsheng,_ Kang Shao;hong, Zh_ang Fucang, _et al. Study superabsorbent[J]. Guangzhou Chemical Industry, 2013,
on water retaining properties of solid water and its effect on 41(4): 60—63. (in Chi ith Enalish abstract
soil and crops[J]. Agricultural Reseach In The Arid Areas, 18 }’/J\(Q)Jilﬁ e 7—? (mﬁg :‘glneS/%W|£ ){&gt'%/a_ira;”ii Kbt
2002, 20(3)5 49—53. (in Chinese with English abstract) [18] ) é‘ﬁﬁ‘{“ J FTWGI 2‘012 a 4058 H '?4_777 H
51 Ll S, REWR, % GRS gun Zisﬁun E{/bv[agw. Tao Xior;g Lei ’et aI(Fzr:eparation.and
e E ) R / N ,ﬂl», s . _— . > 1 ’ ,. .
%%Eém' [ AR, 2012, 39(12): 7679 properties of corn stalk-composite superabsorbent[J].
You Jing, Li Yongsheng, Zhu Guoppeng, et al. Research and Guangzhou Chemical Industry, 2012, 40(8): 74—77. (in
application status and development of super absorbent Chinegse with English abstract)y ' ' ' '
polymers in agriculture[J]. Guangdong Agricultural Sciences, N R SRR A
2012, 39(12): 76—79. (in Chinese with English abstract) [19] Eﬁ;&@;ﬁ;ﬁi 7{?; %ﬁﬁﬂ%ﬁ u3§4A A3'\3A—S§GS
6] F&&E, QR RAHERLRRTIINE R 2ng7Tiaanhun j\)&aﬁ Tao hZhang R’ui et z;l S(tu)(;y on thé
it ES N ft g 'ﬁl’r ’ H - . .. ' . ! ! '
l&)ﬁ[‘]] qjl_l.ﬂ(iﬁhﬂ% .201.2 10(1): 114—120 kaolinite composite-AA-AM-SSS  superabsorbent by
Li Jingjing, Bai Gangshuan. Application and development of photopolymerization[J]. New Chemical Materials, 2010
wa_ter holding agents in soil and _water conservation[J]. 38(4): 33—36. (in Chin.ese with English abstract) ' '
SC|en<.:e of _SO|I anq Water'Conservatlon, 2012, 10(1): 114— [20] Wan .Tao Ya.o Jie, Ma Xiaoling. Preparation of poly
ﬁ(%(ln ;hgeﬁsﬂe Wg;én%mhi?ﬂ?c% KM (R AR (AA-AM)  water  superabsorbent by inverse
s » ] P oER D T /\ ”/7,07 Jpig ] ﬁ microemulsion polymerization[J]. Journal of Applied
5 AR £ X A AR I A ). T A AR Polymer Science, 2008, 110(6): 3859—3864.
5?’ 2011, 38(24)=_ 50—53. [21] Wan Tao, Wang Lan, Yao Jie, et al. Saline solution
Li Zhen, Wang Baitian, Cao Xiaoyang, et al. Effect of absorbency and structure study of poly (AA-AM) water
Saplings’transpiration rate in different conditions of superabsorbent by inverse microemulsion polymerization[J].
water stress by using super absorbent polymers (sap) and Polymer. Bulletin, 2008, 60(4): 431—440.
fertilizer mixture[J]. G_uango_long A_gricultural Sciences, [22] Wan Tao, Wang Xiaoging, Yuan Yi, et al. Preparation of
%011, 38(24): 50—53. (in ChAlAnese with English abstract) bentonite-poly[(acrylic  acid)  -acrylamide]  water
(8] XUFIE, Whn, EBEA, . NERFXIRER DR superabsorbent by photopolymerization[J], Polymer.
(IR R[] TEVGAL 244, 2010, 22(7): 125—127. International, 2006, 55(12): 1413—1419.
Liu Chunxiao, Cao Yang, Wang Xiaojie, et al. Research on [23] Wan Tao, Wang Xiaoging, Yuan Yi, et al. Preparation of
absorption of wheat straw to nutrient in urea solution[J]. a  kaolinite-poly(acrylic acid acrylamide) water
Acta Agriculture Jiangxi, 2010, 22(7): 125—127. (in superabsorbent by photopolymerization[J], Journal of
Chinese with English abstract) Applied Polymer Science, 2006, 102(3): 2875—2881
[9] Liang Rui, Yuan Hongbo, Xi Guoxi, et al. Synthesis of [24] Jii5, IS0 B A KRR G LR AR
wheat .straw-g-poly (acrylic a0|d') superabsorbent WK REIIBEFE[]. #edkik, 2004, 14(5): 43—46.
composites and release of urea from it[J]. Carbohydrate Wan Tao, He Wengiong, Yuan Yi, et al. Study on kaol
Polymers, 2009, 77(2): 181—187. _ inite composite water superabsorbent by water solution
[10] Liu Jia, Li Qian, Su Yu_an, et al. Synthesis of Wheat_ straw polymerization[J]. China Elastomerics, 2004, 14(5): 43—
ceIIulose-g-poly(po.tassmm acrylate)/PVA  semi-IPNs 46. (in Chinese with English abstract)
superabsorbent resin[J]. Carbohydrate Polymers, 2013, [25] Jith, fSCht, WAk, 2% RARREEAWME L2 s
94(1): 539—546. S5 T W ’_‘T'“j ‘;&.ﬁu X b”\ payed i
[11] Li Qian, Ma Zuohao, Yue Qinyan, et al. Synthesis, ?ZEIJ;Bﬁoﬁggmlgzljﬁzﬁﬁ%ﬁﬁmﬂﬁu HIBRSTL). #
characterization and swelling behavior of superabsorbent Wz;n Tao’He i/v)e:n ion .Xi uanshou. et al. Studv on
wheat straw graft copolymersJ]. Bioresource Technology, bentonite’compositeqpolg:s,odiu%acrylate’-acrylémide)r/ﬂgh
2012, 118: 204—209. . - - .
o : - . water-absorbing copolymer resin by inverse suspension
[12] Liu Zuoxin, Miao Yonggang, Wang Zhenying, et al. A . : o
Synthesis and characterization of a novel super-absorbent Eglﬁmegﬁ?:ezz[j\]ﬂ'tf E';;S?;‘;?::Q;S' 2003, 13(2): 8
based on chemically modified pulverized wheat straw A R .
and acrylic acid[J]. Carbohydrate Polymers, 2009, 77(1): [26] Jiks, ARIGATS, VIGEAR, 5. AKIRHCR G il LA AA-AM

[13]

131—135.

Ma Zuohao, Li Qian , Yue Qinyan, et al. Synthesis and
characterization of a novel super -absorbent based on wheat
straw[J]. Bioresource Technology, 2011, 102(3): 2853—2858.

KB RRIVIIFST]. AT, 2003, 23(4): 35—38.

Wan Tao, Zhu Zhongwei, Xi Quanshou, et al. Study on
kaolinite composite polysodium acrylate-acrylamide high
water-absorbing copolymer resin synthesized by water



%21 BLRIAAE Ok TORAGAT 52 WA A 18 PR 3 e S S R g 193

solution polymerization[J]. Modern Chemical Industry, Xie Jianjun,Liang Jifu,Tao Guohua, et al. Study on
2003, 23(4): 35—38. (in Chinese with English abstract) fertilizer retention properties of PAAMPS superabsorbent
[27] ﬁ{‘;_fsr WL, A, 2 MAHET A AA-AM-HEMA resin[J]. Journal of Central South University of Forestry
;;Eéﬁ%gmmgamﬁﬁm IR AN T2, and Technology, 2010, 30(5): 149—152. (in Chinese
2003, 16(1): 26—30. with English abstract)
Wan Tao, Yang Kai, Zhu Zhongwei, et al. Study on the [31] BIAGE, #akiilee, (LR mlSuKRHIROOIGRIR IR AR
AA-AM-HEMA high water-absorbing resin by inverse AN GHYI]. AL TRE PR, 2012, 28(17): 1—10.
suspension polymerization[J]. Journal of Functional Polymers, Liao Renkuan,Yang Peiling, Ren Shumei. Review on
2003, 16(1): 26—30. (in Chinese with English abstract) super absorbent polymer application for improving
[28] Pourjavadi A, Amini-Fazl M S. Optimized synthesis of fertilizer efflglency and contrplllng agrlcultu'ral non-pgmt
carrageenang-graft-poly  (sodium  acrylate)  super- source pollutions[J]. Transactions of the Chinese Society
absorbent hydrogel using the Taguchi method and of Agricultural Engineering ( Transactions of the CSAE) ,
investigation of its metal ion absorption[J]. Polymer. 2012,28(17):1—10. (in Chinese with English abstract)
International, 2007, 56(2): 283—289. [32] David S G H, Mark T S L. Water—polymer interactions
[29] Pourjavadi A, Ayyari M, Amini-Fazl M S. Taguchi and critical phenomena of swelling in inhomogeneous
optimized synthesis of collagen-g-poly(acrylic acid)/ poly (acrylonitrile-acrylamide-acrylic acid) gels[J].
kaolin composite superabsorbent hydrogel[J]. European Polymer, 1994, 35(20): 4416 —4422.
Polymer Journal, 2008, 44(4): 1209—1216. [33] Qiao Jinli, Fu Jing, Lin Rui, et al. Alkaline solid polymer
[30] A7, 4E, MEEME, 2 PAAMPS /KM fIE electrolyte membranes based on structurally modified
A PE BERFFT ], P R A RHEG A% 22 3], 2010, PVA/PVP with improved alkali stability[J]. Polymer,
30(5): 149—152. 2010, 51(21): 4850—4859.

Urea solution absorbency and release properties of phytic
acid-modified corn stalk composite superabsorbents

Qin Lili*, Wan Tao™™, Xiong Lei*, Wu Daging? Sun Mengmeng®, Hu Junyan®, Tan Xuemei*
(1. Mineral Resources Chemistry Key Laboratory of Sichuan Higher Education Institutions, Chengdu University of Technology,
Chengdu 610059, China; 2. Sichuan Petrochemical Co., Ltd, PetroChina, Chengdu 611930, China)

Abstract: The growth of plants and vegetables is mainly a function of the quantity of fertilizer and water. It is
very important to improve the utilization of water resources and fertilizer nutrients. However, about 40 - 70% of
the nitrogen of the applied normal fertilizers is lost to the environment, and cannot be absorbed by plants and
vegetables, causing not only large economic and resource losses, but also very serious environmental pollution. It
has been reported that about 1/3 of nitrogen fertilizers enter into the atmosphere, where N,O destroys the ozone
layer, and about 1/3 of nitrogen fertilizers leach into the water, leading to eutrophication of water resources. As a
by-product of corn crops, corn stalk is an abundant biodegradable resource whose main components are cellulose,
hemicellulose, and lignin. Up to now, most of the crop residues have been focused on burying them back to
improve the fertility of the soil, using them as the materials for the paper industry and producing protein feed,
alcohol, and methane by microbial fermentation. Corn stalk can be used as a bioabsorbent, due to its large surface
area and a number of hydrophilic hydroxyl groups on the macromolecular chains. However, its fertilizer
adsorption capacity is still very low. Therefore, modification of corn stalk is needed to enhance its fertilizer
adsorption capacity. Up to now, straw was either gelatinized, or modified by acid or/and base treatment and then
grafted with some monomers to prepare straw composite superabsorbents. But there are no reports on the phytic
acid —modified corn stalk composite superabsorbents. The present work aims to investigate the urea absorbency,
urea retention, and urea release properties of phytic acid-modified corn stalk composite superabsorbents (PCS-SA)
prepared by graft copolymerization of acrylamide (AM), vinyl pyrrolidone (VP), and itaconic acid (I1A) with
phytic acid-modified corn stalk (PCS) in an aqueous solution, using ammonium persulfate and sodium bisulfite as
a redox initiator. The effect of the mass ratio of 1A to VP on the urea absorbency, urea retention, and urea release
rate of PCS-SA was investigated. The structure and morphology of PCS-SA were characterized by FTIR and SEM,
respectively. The results showed that with an increasing 1A and NVP mass ratio, the urea solution absorption rate,
urea solution retention, and urea release rate of PCS-SA are improved. However, when the IA and NVP mass ratio
was greater than 70:30, the urea solution absorption rate, urea solution retention, and urea release rate of PCS-SA
decreased. PCS-SA, synthesized with an 1A and VP mass ratio of 70:30, had a urea absorption capacity of 3.81g/g,
urea absorbency of 360g/g within 40min, urea release ratio of 66.14% in distilled water after 3d, and urea release
ratio of 47.6% in soil after 5 d, resulting in a significantly decreased urea release rate and an increasing urea
retention of soil. FTIR spectrum of PCS-SA appeared as characteristics of absorption peaks which might be
ascribed to a PCS structural unit, VP unit, IA unit and AM unit, respectively, as indicative of the target structure
for the prepared PCS-SA. SEM showed that PCS-SA had an irregular and rugged surface, accompanied by many
small and large pores, which can facilitate the permeation of urea solution into the polymeric network.

Key words: straw, fertilizers, urea, superabsorbent, slow release, phytic acid
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