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Preparation and Performance Characterization of Hydroxypropyl
Methyl Cellulose Based Super Absorbent Resin

WANG Yuxin LI Xueyuan ZHAO Yanan WANG Pingzhi
(College of Water Conservancy and Civil Engineering, China Agricultural University , Beijing 100083, China)

Abstract; Super absorbent resin was prepared by graft copolymerization of hydroxypropyl methylcellulose
(HPMC) with acrylic acid as graft copolymer, ammonium persulfate-sodium bisulfite as initiator and
polyethylene glycol diacrylate as crosslinker under microwave radiation. The absorbent ratio, absorbent
rate and crosslinking rate of super absorbent resin were studied. The water retention properties and IR
spectra, thermogravimetric and apparent morphology were characterized. The results showed that the
optimum preparation methods were as follows: the mass ratio of HPMC to acrylic acid was 1/7, the
neutralization degree was 65% , the mass ratio of initiator to acrylic acid was 1% , the mass ratio of
crosslinking agent to acrylic acid was 0.4% , and the reaction time was 4 min and 30 s. Under the
optimum preparation conditions, the water absorption ratio of HPMC super absorbent resin could reach
497. 13 g/¢g and the salt absorption ratio was 61. 70 g/g. This hydroxypropyl methyl cellulose based super
absorbent resin could absorb liquid to reach the state of preservation in 30 min quickly. The super
absorbent resin could retain water for more than 48 h at 35°C, 6 h at 55°C and 5 h at 75°C. After six
times of reuse, the water absorption rate of the super absorbent resin could still reach 69. 7% of the initial
water absorption rate, and the salt absorption rate could still reach 44.2% of the initial salt absorption
rate. The super absorbent resin had good reusability. Thermogravimetric analysis showed that the super
absorbent resin had good stability at 330°C. The hydroxypropyl methyl cellulose based super absorbent
resin had good water absorption, salt resistance, high water retention rate and excellent reusability.

Key words: hydroxypropyl methyl cellulose; super absorbent resin; microwave-assisted; water

absorbency ; morphological characterization
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Fig.2  Effect of dosage of initiator on water absorption
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Fig.3 Effect of neutralization degree on water absorption
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Tab.2 Orthogonal test results and analysis
) %) % 2 x 3 7 EEM2 WOKAER/ (grgh)

1 1 1 1 1 1 1 1 350. 27
2 1 2 2 2 2 2 2 333.92
3 1 3 3 3 3 3 3 247.50
4 2 1 1 2 2 3 3 340. 40
5 2 2 2 3 3 1 1 274.72
6 2 3 3 1 1 2 2 404. 20
7 3 1 2 1 3 2 2 283.85
8 3 2 3 2 1 3 3 297. 68
9 3 3 1 3 2 1 1 472.09
10 1 1 3 3 2 2 2 248.12
11 1 2 1 1 3 3 3 289. 30
12 1 3 2 2 1 1 1 402. 46
13 2 1 2 3 1 3 3 380. 33
14 2 2 3 1 2 1 1 296. 58
15 2 3 1 2 3 2 2 276. 07
16 3 1 3 2 3 1 1 298. 11
17 3 2 1 3 1 2 2 461.73
18 3 3 2 1 2 3 3 341. 69
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Tab.3 Orthogonal test variance analysis
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Fig.6  Rate of liquid aspiration

W AR ML FIS 240 min B ff 7K 2% 42.2% , WK 4 Al

100
—a—75C ——55C —e—35C
80
I
;5‘ 60
)
® 40
20
0 600 1200 1800 2400 3000
i} ] /min
Bl 7 ksl k

Fig.7 Curves of water retention rate

J5 6 h I 5 2 BT A Wi K 435 75 75 °C BR 8 4%
T KA A G 1) K R A T g b I K
JG 2 h B KR T HEZE 44.12% ,5 h 57K &L
50,
2.3.3  FE ARSI BT

PP 8 T 3 D S P R T 4k 25 v W K P A A
F) T 2 W 9 R i 2 T A0 P O BB B I i R R, HL
N EE NN L P e G Y S E
2T 2 2w K P A TR 1 S TR K, R
WK 35k 99. 53% , i 4% i s 25 7 4 4% 1 BR R S
T 4k 25T 0 TOE e 5 W K AR i, EL 28 6 Wk R R A
JE 30 79 35 HT SR 2F 4 2% 8 WK AR I 1 R K A 2R AT



%2 1

ETIR A BRI 2T A R K AR I ) A 5 RE SR AT

303

AT 3 B KA 3R 1 69. 7% , Wk 6 7% 3 A7 n] 4 %]
WIUE W A A 44. 2% o F2 TN Ak HY O 2F 4 K 5
TRV i £ 45 ) 16 R K R T 44 1 1 O 5 AR rh R AR R
P, = 4 9 2% 25 4 T RE 18 B BSR4 T A R R B
TR o T W R IR P R e R A
TE WS A2 ok 20 28 D, SR W0 9 E8 o 20 B
7T WKW i PR 08 o 2 T, 4 P U R AR T YR B
R 7K RS O 5 ) ) A A 2 2 T I T RE D A, B A Y 4
P L X W R e s RS R A T A A A
RTFER R

100y

o5
=] (=}
T T

=
(=)

| =\ Wk
R LG

HET RIS %

]
=4

0 1 2 3 4 5 6
EE W RIRE

P8 EE AU Rk

Fig.8 Curves of repeated liquid absorption rate

2.4 BWRAKERENEAERIE
2.4.1 F3 A58 (SEM) 73 B

P O Sy 3 A P 2 A48 0 A5 T O R 2T 2 X
L& SRRy ENNERE A S I N S Y = N L
PR R L SAFE W 8 2 5 . RN R 4E R
SR — BRI A, 2 1 254 B SO Wi A
B -, 2% v AT 1 Ak 2 O S AL BR A . BRI
e PP e 2 A8 3R 5 W K PR AR T T DR S A DU i Bk
TG W] LB, R SR A7 A 22 2R 4, i Ak
I MRS A7 AR R AR SRS , R A BRI R
T AR, X 98 A 4y MR AL DR A AT — 7 1 e BEAE

(b) FRPEL R LT 42 SRR AR

2.4.2  ZLAMEEE (FTIR) 43 B

] 10 58P0 56 FY 3 2 2 28 R F2 0 356 3L 2 2
i WK N 20 AR 6 B 1Bl 10a AT F
3443 em BT A WY 2 FH—OH A 1 45 B 3
S 9,2 901 em ™' 4k & —CH,— 1) i 4 4% 3y 4§ 1E
i, 1048 cm ™' &b {7 fh 2 3 E—COC—H1—CO 1
1 5 B 2 4 F W Wi e, 1 452 1 373 .1 314 946 cm !
A 43 51 S — CH I AR X B A2 TE 4 3 6 B A8 T2 4k 51
T PN AT A 25 i A 20 5 AR W U . 18] 10b AT A
oA RN T %R A 3383 em ™
BF ST (9 —OH. {455 4% 3l 7 AiF 0 2 931 em ™' [} 3 119
—CH,— {1 1 45 i 3l %5 4F % . 1 042 om ™' Bff 3T (1
—COC—FI—CO 1 fif 45 ¥ 2y 5 4F W Wi 0%, H 7
1689 cm ' B 3T H BN S R T —C =0 LI i 78
1402 em ™' &bt BP9 5 iR Hh—OH 3% 1) 25° il % 2 1%
Wi L% 1556 cm ™ Al 1454 cm SIS 0 TR 4N
[ —COO ™ 114 BT At 245 4 2l W WAz g R %of ik i 2l Wi
WU o DA B RRAE T Y DN 0 R S TN 0 IR B 340 ) b 4
FAE RN IR AR 2 b, &0 2 80K A JOh AR B
TR EE TP R AT 4 R WOK PER B o
2.4.3 T (TG) 4 Hr

B 1T 520 5 F 3 2 4 2 1 W /K M A DT i) 44
T, LT LA, R A B ST 2 R = )
KPR IR AE 100°C & HF 4 LA i 2k L 4,
330 ~450°C [i] 5 B 1 fe K BE R L4, 550 ~
600°C [H] B 755 3 I A A R S . 100 ~
200°C [] , 32 7N 3L F L F 4 28 /= W K 1 B BIR 2R T &Y
4.5% , FERERG Y A dKRZE G KB 2330 ~
450°C [A] 32 e W K PEAR i 2k 2 24 48. 03% , & W /K AR
g £ BRI B, B R A ) I L R T

,.r
- J)«" Moo

P9 FR TN KR Y R 27 4 32 R 5% Tk PP R 2 248 32 v WK R AR IR 41 4 v
Fig.9 SEM images of HPMC and HPMC based super absorbent resin



304

2019 4

100

90

80

70

B

60

50

T B/ em™!
(a) BN LT 4R

&l 10
Fig. 10

Br ARk -0.24 mg
o SRR -4.5%

> b -3.85 mg
= 4r JREAALER:-72.21%
D
=0
Ak -0.82 mg
D1 B

—
T

| R (L :-15.38%
0 100 200 300 400 500 600 700 800
EIEC
B 11 PR 3k F JE 2 4 3 WK A g A i 2
Fig. 11

PR LT A 3 B M 20 o A5 SRR WY EE N Bk TP L 2 2

2R W R AR I 2 AT B 0 IR E A, R T AR
4 Al L FR I

TG curves of HPMC based super absorbent resin

3 Fig

(1) LAFR T 3 2 2 4k 3R Ry 1 22 61 B, T3 97 R
SRR A BRAR 1 R B R LA B R,
R R 200 P M R T Dl S B SR FH I TR e AR
(1A Bk B 0 B 0%, I T R TR R R AT A R v oK
WRE. IEXCIAIGZE SRR RN LG RE RSN
IBR oL & Lo /7 N I R v RN BE R 65% | 51 Kk R

L 1 1 L 1 L 1 1 L
3800 3400 3000 2600 2200 1800 1400 1000 600

1 1 1 1 1 1 1 1 1
0 3800 3400 3000 2600 2200 1800 1400 1000 600
W B em™
(b) BT IELT A 2 B WA RIS

APy
FTIR spectra

PRI SO 1% SS9 5 14 TR T it 44
H0. 4% TS 4.5 min R 0G0 & 7 i L %
S 6 0 05 7 PR S 0 22 5 K b T Tk
FER T34 497, 13 o/, W E AR R T35 61.70 /g,

(2) H e 4% 4T i 6 1 950 49 5 0 36 2 445 22 725 1
JKPE RIS T 6 30 min P 0 30 60 W0 0 2 e
15 35°C T WK FE R I T 4K 48 h Bl 1, 55°C F
K 6 h,75°C TRl 4K 5 hy & 3d 6 W EE 4 H
5 6 WK P U K A5 % 473 T 3 51 9 06 0 K A
1 69.7% , W Hh A5 5 075 7 ik 5140 a0 A35 2
44.2% | FLAT B 10 T 7 50 P B 5 T DR
W1, % 5 WK M B IS E 330°C BLF B B I I B
A

(3) P 25 P S 1 326 14 0 0 2 4 26 75
KPR LA e WA e D W e
i F 4K i 7 B e 0 T PR 5 A
i Y37 4 22 B P K 5 K B EL A 58
W 5 8 0 0 S A ) 7 A
52 A K K R L T 7 4
Hefl A FEV B WG T2 7 AR

2 £ x #

(U] i3 v B K B B 20 A 5 T 3 A e SR e [T ] B e VLR {5 5., 2017 (9) 1243,
LIU Haishu. Analysis of China’s water resources status and countermeasures for sustainable development [ J]. Heilongjiang
Science and Technology Information,2017(9) :243. (in Chinese)

(2] 24 0 ER BB, ARG MR X HAR T % 2 P M B e 3R [ T]. SRR % ,2014 (1) 394 - 400.

LI Xi, LIU Yurong, ZHENG Yuanming, et al. Characterization and soil environmental safety assessment of super absorbent

polymers in agricultural application[ J]. Environmental Science,2014 (1) :394 —400. (in Chinese)
(3] Moo, JRakzR, B, 5. A TS LN Z S B R 9E T3 S R A506E T 3L [T ] ol TR %3] ,2013,29(23) :

99 -108.

YANG Yonghui, WU Jicheng, MAO Yongping,et al. Using computed tomography scanning to study soil pores under different soil
structure improvement measures[ J . Transactions of the CSAE,2013,29(23) :99 - 108. (in Chinese)
(4] BATE, 50 AT . o KR i DR K ) 52 e IE 20 B e A0 Al T s 4 [ 7] ol AR 24 ,2012,28(17) =1 - 10.

LIAO Renkuan,YANG Peiling, REN Shumei. Review on super absorbent polymer application for improving fertilizer efficiency

and controlling agricultural non-point source pollutions[ J]. Transactions of the CSAE,2012,28(17) :1 —10. (in Chinese)
(5] Akfd, R EHR, S WKW IS AR 2Rk PR R IR OF 52 [ T] . K R K 4k ,2010,30(4) - 167 - 170.
LIN Jian,MOU Guodong, YANG Xue. Agricultural application study of super absorbent resin[ J]. Bulletin of Soil and Water

Conservation,2010,30(4) :167 —170. (in Chinese)



%2 1 ETIR A BRI 2T A R K AR I ) A 5 RE SR AT 305

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[17]

[18]

[20]

[22]

(23]

[24]

CAO Y,WANG B,GUO H, et al. The effect of super absorbent polymers on soil and water conservation on the terraces of the
loess plateau[ J]. Ecological Engineering,2017,102:270 —279.
BAESC, A H, EL0M0, 5. 288 77 KRR G e S B IERICR [T ] Rl AR 2241 ,2011,27(8) :56 - 62.
YUE Zhengwen, WANG Baitian, WANG Hongliu, et al. Application of nutrient and super absorbent polymer compound and effect
of fertilizer slow-release[ J |. Transactions of the CSAE ;2011 ,27(8) :56 —62. (iin Chinese)
WHEAR 5007, 3k H, S R DR R Ik 5 B[ T]. b2 549 T#2,2013,30(4) :8 - 13.
XIE Xiuyin, WAN Fang,ZHANG Yan, et al. Research and development situation and prospect of water retention agent[ J].
Chemistry and Bioengineering,2013,30(4) :8 —13. (iin Chinese)
PNER Tl T SRR R A S R S W RS = ROK AR BT S U R [T ] Ak 2 AR, 2014 (11) :37 - 39.
SUN Binbin, MENG Long. Research advances in preparation of synthetic polymer series super-absorbent resin by microwave
irradiation[ J]. Chemical Engineer,2014(11) :37 —39. (in Chinese)
ek B, Db B LGRS oK M IR BT S R (] A6 TR LB KL, 2016 ,44(2) 43 - 45.
LI Xiaolu, BAO Yan, MA Jianzhong. Research advances in inorganic-organic nanocoposite superabsorbent resin [ J ]. New
Chemical Materials,2016,44(2) :43 —45. (in Chinese)
VR T . SR O T A LU B s ROK AN IR B e J [T ] 24016 10 ,2015,44(2) :278 - 281.
SUN Binbin, MENG Long. Research progress in preparation of organic-inorganic super-absorbent composite resin by microwave
irradiation[ J | . Contemporary Chemical Industry,2015,44(2) :278 —281. (in Chinese)
SAGAR P,GHORAI S, CHINMOY D, et al. Carboxymethyl tamarind-g-poly ( acrylamide ) /silica: a high performance hybrid
nanocomposite for adsorption of methylene blue dye[ J]. Industrial & Engineering Chemisty Research,2012,51(48) :15546 —
15556.
TR WA XBAL D, L EOKIE R HE B ORI R s A (T ] B R 5 0AE ,2016,16(16) 1238 - 242.
ZHANG Ming,HU Da,DENG Shiying, et al. Study on the preparation of corn starch grafted high water absorption resin[ J].
Science Technology and Engineering,2016,16(16) :238 —242. (in Chinese)
WRIUR . 2F 4 3R 2R KM R ) 38 L 20 PR RERF S [ D ] KRR b K 2% 2012,
CHEN Qihu. Preparation process and properties of cellulose water retention material [ D]. Taiyuan: North University of China,
2012. (in Chinese)
B 6 — iR L R Rt S OROK R Y A AR REDE S (D] i AR R ,2013.
YU Sufei. Preparation and performance of a soil aquasorb modified by cellulose[ D ]. Shanghai: Donghua University,2013. (in
Chinese)
FHEI R AT, % R PR ARSI AMPS/AM/CMC = a3t B @M KW g [ ]. AL T8 Bk kL ,2016 ,44(1) .86 - 88.
WANG Yanli,ZHAO Nan, HE Tao, et al. Synthesis of AMPS/AM/CMC ternary copolymer superabsorbent via static thermal
polymerization [ J]. New Chemical Materials,2016,44 (1) :86 —88. (in Chinese)
fRTHIT, TP B, A PR P A T A TR — PR T e 2 W K A AR 1 I BB LT ] AL B B A4 K ,2010,38(8) 169 —72.
HE Ming, YIN Guogiang, WANG Pin, et al. Adsorption behavior of FP — P(AA — AM) superabsorbent resin[ J]. New Chemical
Materials ,2010,38(8) :69 —72. (in Chinese)
AU, S35 INIL, S5 BV P B B R BT R IR e R K PR R A R A SR R R RE AT X LT ] T AR 4B L, 2011,
38(9):13 - 14.
YAN Fengmei,DOU Yao, SUN Kai, et al. Preparation and biodegradation of the modified feather protein grafted acrylic acid
superabsorbent resin[ J]. Guangdong Chemical Industry,2011,38(9) :13 - 14. (in Chinese)
XM, FRBESR ) Me B 4% SOAH B IR 3R G v i % G R i TROK PE R IR 3 R [ T] . A2 1t 57,2013 ,54 (1) 54 - 58.
LIU Huanmei, SUN Xiaoran, LIU Huanyu, et al. Progress in humic acid super-absorbent resin prepared by inverse-phase
suspension polymerization[ J]. Chemistry World,2013,54 (1) :54 —58. (iin Chinese)
J 2 R, R A 5, S B R A = e S 2R R R KA i 1 o A B AR e R RE [T ). AL BT BB R, 2016 ,44(4) ¢
143 - 145.
ZHOU Aijun, GUAN Zheng, ZHANG Wansu, et al. Preparation and biodegradability of terpolymer super absorbent resin by
blending modification with xanthan gum[J]. New Chemical Materials,2016,44(4) ;143 —145. (in Chinese)
ETTH], SRR, DA AR e SRMI P A 2R P AR TR v W K AR B ) o S TR RE (T ] DR SRR ,2012,40(9) -4 - 8.
WANG Kaiming, HUANG Huili, WANG Zhongmin. Synthesis and antibacterial activity of the carboxymethyl chitosan graft poly
(acrylic acid) superabsorbent resins [ J]. Engineering Plastics Application,2012,40(9) :4 - 8. (in Chinese)
AU, R BTHE R, S T R e SROBE e R K i ) R s SR RE [T ] AR T ALAE R, 2017 ,45(1) 1160 - 162.
ZHAO Jing,LIANG Fei, MIAO Yanqing, et al. Preparation and property of superabsorbent resin with salt resistance based on
chitosan[ J ]. New Chemical Materials,2017,45(1) :160 —162. (in Chinese)
ZHAO Y,CHEN Y ,ZHAO J,et al. Preparation of SA —g—(PAA —co—PDMC) polyampholytic superabsorbent polymer and its
application to the anionic dye adsorption removal from effluents[ J]. Separation & Purification Technology,2017,188(29) .
329 -340.
FEA, XA XA, G TR SETR AN/ AR TP L AR A R/ TR TR XUEE R WOK PERT AR 1 & 5 R AE [ T]. M 1L K2 24,2016,



306 o Bl cE 20109 4
40(2):184 - 188.
HUO Quan, LIU Dong,ZHAO Jingjing, et al. Synthesis and characterization of double matriarchal SSA/CMC/AA absorbent
resin [ J]. Journal of Yanshan University,2016,40(2) ;184 — 188. (in Chinese)

[25]  BUpse, SR , XU B A R e 0 R AE AT 4 45 52 & g oK PR IR [ T]. Y035 R0L B 4% ,2017 ,45(23) 1296 -298.

HE Longqiang, HU Peng,LIU Zhongyang. Preparation of composite super absorbent resin from kaolin and cornstalk [ J]. Jiangsu
Agricultural Sciences,2017,45(23) :296 —298. (in Chinese)

[26] EGEMT, EHIT, AT . mBOKRIAE PAMPS BB 6l & SPEREDT S [J]. AL LA RA #,2015,43(6) :67 - 69.

TAN Dexin, WANG Yanli, CHEN Xiu. Preparation and property of superabsorbent PAMPS by microwave irradiation
polymerization[ J]. New Chemical Materials,2015,43(6) :67 —69. (in Chinese)

[27] SONSNIK A,GOTELLI G,ABRAHAM G A. Microwave-assisted polymer synthesis (MAPS) as a tool in biomaterials science ;
how new and how powerful[ J]. Progress in Polymer Science,2011,36(8) :1050 - 1078.

[28] CHENG D,LIU Y,YANG G, et al. Preparation of low cost superabsorbent hydrogel by urea and acrylic acid[ J]. Materials
Letters,2017,204 ( Supp. C) :16 — 18.

[29]  XUJrJr, %755 kh o 56 DR H R AE & nik 2F 4 3R e oK B IR T i BT 98 [ 1] 5 4 T i 4R ,2016(4) .88 - 94.

LIU Fangfang, LIN Xiufeng,DU Conghui,et al. Research of microwave technology in synthesis of hemicellulose super absorbent
resin[ J]. High Scores,2016(4) :88 —94. (in Chinese)

[30]  RARLL, AR AR 55 T S e v A B i 28 v R /K A g o s B e [0 ] KT ,2016,45(1) <111 - 115.
XU Jihong, LI Huiling, XU Huayan,et al. Preparation and characterization of sepiolite-basdiationed salt-tolerant superabsorbent
resin by microwave irradiation[ J]. Applied Chemical Industry,2016,45(1) ;111 = 115. (in Chinese)

[31]  El, EFR,IO0E . 2548 3R PR K 50 58 5045 4 7 8 R4 i AR K A 52w [ J/0L ] Al AR 2% 41 ,2016,47 (1) 1 162 -
169. http: / www. j-csam. org/jesam/ch/reader/view_abstract. aspx? flag = 1&file _no =20160121&journal_id = jesam. DOI;
10.6041/j. issn. 1000-1298.2016.01. 021.

WANG Yue, WANG Yuxin, SHI Guangying. Effects of cellulose aquasorb on properties of substrate and growth of cucumber
seedling[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 (1) :162 - 169. (in Chinese)

[32] R, AT HE A, TR A SR T R 21 25 3K B BT TR o WK M A g A A5 [0 ] Ak 3k Ji2 ,2010,29 (3% 1) 1) :606 ~ 608.

BAO Li,SHEN Yanmin,ZHANG Shengli. Study on carboxymethyl cellulose graft acrylic super absorbent resin[ J]. Chemical
Industry and Engineering Progress,2010,29 (Supp. 1) :606 — 608. (in Chinese)

[33] K&, ST MREkA. FR I RELT AR RGN AN/ AM/SSS WK g il 25 [T ] Ak 0B BB 8, 2013,41(11) .71 - 73.
ZHANG Chuntao, HAN Fuqin, LIN Tiehua. Preparation of superabsorbent resin based on carboxymethyl cellulose grafted
acrylamide/acrylic acid/sodium p-styrene sulfonate[ J]. New Chemical Materials, 2013 ,41(11) :71 —73. (in Chinese)

[34] tmesh iR EAE KR, R BLF 48 3 0 B OURE R85 TR K B IR (& R B PERE AR 9T [T ] 9 52l 41 ol 46 112, 2004,
30(1):5-17.

ZHAO Xiaokun, WEN Guohua, ZHANG Liang, et al. Synthesis and properties of carboxymethyl cellulose and starch super
absorbent polymer with double parent materials[ J]. Inner Mongolia Petrochemical Industry,2004,30(1) :5 —7. (in Chinese)

[35] ARWHWR, 00,32 b Bt SR MY JE £ 2k 28— 0 I Jig MR /i A 4 i i ) 8 S MR BB IS8 L0 ] DU &2 B3 R 24 2 4k ,2011,31(2) ¢
209 -213.

ZAN Li'na, YUAN Qiang, PENG Longgui. Preparation and properties of CMC — acrylamide copolymer[ J]. Journal of Xi’an
University of Science and Technology,2011,31(2) :209 —213. (in Chinese)
[36] AA]. B AR R BLVE A & & Rk 0 B L B 1 il 4 S5 EE REATF T [ D] 5 bk . 35 Mol K 2% ,2015.

ZHAO Li. Preparation and properties of distarch phosphate composite water-retaining agent and its slow release fertilizer[ D].

Jilin: Jilin Agricultural University,2015. (in Chinese)



