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Morphological structure and pore property of polyethylene
controlled-release film sprayed on urea

YANG Xiang-dong, LI Juan, SUN Ming-xue, QIAO Dan, ZHANG Jian-jun, LI Chun-hua
( Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Key Laboratory of Plant
Nutrition and Fertilizer, Ministry of Agriculture and Rural Affairs, Beijing 100081, China )

Abstract: [ Objectives ] The morphology and pore properties of the controlled-release film directly affect the
nutrient release rate of polyethylene (PE) -coated fertilizer. The study on them will help predicting the relationship
between the structure parameters of PE films and nutrient release rate of a coated fertilizer more precisely.

[ Methods ] Polyethylene coating fertilizer samples were all prepared by spraying process in the study. The
surface morphology, pore structure and maximum membrane pore sizes of the obtained controlled-release
fertilizers (CRFs) were quantitatively measured using scanning electron microscopy, mercury porosimeter and
water immersion method. [ Results ] The films of CRFs were smooth, uniform and loose, a few of holes were

observed, which were mainly distributed in the range of 1000—-50 nm. The thickness of the controlled-release
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film was about 60—100 um, and the inner surface of the film was rough. The total pore volume of the film was

in range of 0.4686—-1.2260 mL/g, and the average pore diameter was in range of 25.1-86.8 nm, the porosity rate

was in range of 33.0%-50.6%, and the structure was loose. The maximum pore size of CRFs ranged from 990

to 480 nm with a release period of 1 to 6 months. [ Conclusions ] Comprehensively considering the results from

the three measurement methods, the controlled-release PE film is generally an even and closed spherical shell, and

about 50 microns in thickness. The membrane is roughly continuous and evenly compact with diameter of 3 mm.

However, there are pores of average 50 nm in the partial position, and the maximum pore is about 1 pm. The

maximum pores are the main pass of water and nutrient, determining the release rate of nutrients in the CRFs.

Key words: coated controlled-release fertilizer; polyethylene; membrane structure; pore parameters;

release characteristics
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Table 1 Basic parameter information of controlled release fertilizers

FERAD FEf R WIER (%) IR (%) RO (d) Firfe R
Sample code Sample donator Initial release rate Differential release rate Release period  Figures and tables appeared
M1 Meister ( H 7% Japan) 0.12 0.70 115 3 Fig.3
M2 Compo (f#% Germany) 0.31 0.63 127 % 5 Fig.5
M3 SIERA S TRER A R A ] 0.20 0.76 106 5 Fig.5
Kingenda Int. Ltd. (China)
M4 Ol R 0.14 0.66 122 2 3. %% 4 Table 3, Table 4
ms  China Agricultural University 0.30 0.92 88 %3, % 4 Table 3, Table 4
M6 0.62 1.32 61 3. 3 4 Table 3, Table 4
M7 1.70 1.80 45 %3, 3 4 Table 3, Table 4
M8 2.90 2.60 31 F3. k4 KT
Table 3, Table 4, Fig. 7
M27 R EARRHEE AN B S ARl X Rl i 0.27 0.90 89 K2, K7 Fig.2, Fig. 7
M2y ARRP. CAAS 0.31 1.26 64 & 3. [ 9 Fig. 3, Fig. 9
M31 0.13 1.29 63 & 5 Fig. 5
M32 0.30 1.23 66 &l 7 Fig. 7
M33 0.24 0.68 118 [%] 4 Fig. 4
M36 0.13 0.43 186 % 3 Fig. 3
H9 ARl R 1.56 1.28 62 %] 3 Fig. 3
H10 Shandong Agricultural University 289 0.76 102 3 Fig. 3
H13 2.11 1.51 53 [# 3 Fig. 3

# (Note ) : IARRP, CAAS—Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences.
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Fig. 1 Typical surface morphology of large granulated urea
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1 mm 100 um 10 um
FLOTU LEI 1.0kV x25 WD 8.0 mm FLOTU LEI 1.0kV x100 WD 8.0 mm FLOTU LEI 1.0kV x500 WD 6.4 mm

10 pm 1 pm 100 nm
FLOTU LEI 1.0kV x1000 WD 6.5 mm FLOTU LEI 1.0kV x5000 WD 6.6 mm @FLOTU SEI 3.0 kV x50000 WD 7.0 mm

B2 RZHBERRIRERENHBFIRIFE FERARE: M27)
Fig. 2 Typical morphology of polyethylene coated fertilizer film surface (Sample code: M27)

KE] 5000 5 EZRIIES . BARSFEMIIESR  THRAERMIRE S,

WA 2S5, AR RBUHILFE AR AR . AR . & T3 8, AR LGS TR LB 2 245 F) SRR AR 1) AF 5
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1 pm 1 pm 1 pm
FLOTU LEI 3.0kV x5000 WD 7.8 mm FLOTU LEI 1.0kV x5000 WD 6.0 mm FLOTU LEL 1.0kV x5000 WD 6.6 mm

1 pm 1 pm 1 um
FLOTU LEI 1.0kV x5000 WD 7.7 mm FLOTU LEI 1.0kV x5000 WD 6.9 mm FLOTU LEI 1.0kV x5000 WD 6.1 mm

B3 RZGEEIERIHIREREEENTFLSREFE
Fig. 3 Typical nonporous morphology of the surface of polyethylene coated fertilizer film
[ (Note) : M1, H9, HI0, HI3, M28, M36 —EEHEH1CHS Codes of fertilizer samples.]

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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FEAE /DAL B 6 B R AR s 19 R A AL 0K 2
100000 1% (1 5, M2-b, M3-b), AEMEIEHEHE X

*2 BEREEATERAFLREMABERF IR SEEH
Table 2 The number and proportion of fertilizer samples with different types of pore structures
on the surface of the membrane

ZEBRZET Pore type
TitH JEX e
Item JefL GIEAN EEAN 2 PRE ik HE Total
No pore Round pore Net pore Rhagadia Urea crystal Other
B %L Sample No. (1) 89 16 5 3 7 131
] Ratio (%) 68 12 4 2 5

I pm
WD 8.0 mm

FLOTU LEI 1.0kV x25

10 pm
FLOTU LEI 1.0kV X1000 WD 8.2 mm

FLOTU LEI 1.0kV x100 WD 8.0 mm

FLOTU LEI 1.0kV

100 pm 10 pm
FLOTU LEI 1.0kV x500 WD 8.2 mm

r

1pm W07 ' 1 pm

L]

<5000 WD 8.2 mm J FLOTU LEL 1.0 kV x20000 WD 8.1 mm

El 4 RCHBIRERIRERBATFLIRGHMOREMR HRNKE: M33)
Fig. 4 Surface morphology of local typical pore structure of polyethylene coated fertilizer film (Sample code: M33)

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.
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5 um
10.0 kV 7.5 mm x 10.0 k SE (U)

500 nm
10.0 kV 7.5 mm X 100 k SE (U)

10.0 kV 7.8 mm x 10.0 k SE (U)

10.0 kV 7.8 mm x 100 k SE (U)

5 4um 1 pm
FLOTU LEI 1.0kV x5000 WD 8.2 mm

" 500 7m 1 pm

FLOTU LEI 1.0kVx20000 WD 8.2 mm

B 5 RZHESRERERBIFLREMIIRIFE
Fig. 5 Local pore structure morphology of polyethylene coated fertilizer film
[ (Note) : M2, M3, MI12, M31 RS AHS Codes of fertilizer samples.]
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(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.
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L 7

A

o N
10.0 B 7.7 thrm x 800 k SE (@0 Mi0.0 kv @S mm 800 k SE (U) L0 Hm

y

y . I' g - 3 . /
¢ (o) 5 pm " 10 umd
10D kV 7.2 mm x 10.0'k SE (U) 10.0kV 7.5 mm x 5.0 k SE (U) {

6 RZHERIERHREEEE
Fig. 6 Sectional images of polyethylene film for coating urea
[ (Note) : M2, M3 —AEAEEEF A Codes of fertilizer samples.]

'EME’
E @ )

50 um

FLOTU LEI 3.0kV x500 WD 10.0 mm j§i10.0 kV %7 mm X800 K'SE (U)

E7 RZGEERRAREMIMRE N REHELR
Fig. 7 Morphology of inner surface and outer surface of polyethylene coated fertilizer
[7E (Note) : M8, M32, M27, M31 —ERAEHCAS Codes of fertilizer samples.]

FXF R ORIl 4.7 nm, T HIEAR—F, £ PURTF 11 m¥Yg, AR SFLEBEEIER 18%;
B B 0] ) AP A5 P I B 3 25 57 IR WHEL VLS 10 nm DT AL S TS FLTAAR A 82%
FLAAUE B & T RO, X H T HA e DLl PEREBERNR LR Pr R i iy EFFLTE AL (1] 8A)
FAZEF TSR HAREE R, WIHFLEE 10 nm PR A9FLS 5 1

FRHLBEFAAR M SRR MMAOCR U 8, LA SMEfedE . WSLIER 10 (&1 8B) 16 KR,
PR AR R T 10 nm DL By BFALIERL (K1 8A)  7EFLAE 1000~50 nm i [l 9 43 A A i oAl FLAR

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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*3 RUBBRERGEHSH
Table 3 Pore structure parameters of polyolefin film
AT RB AR AL Lz i LR (4V/A) W LR
Sample Total intrusion volume  Total pore area Median pore diameter ~ Average pore diameter Bulk density Porosity

code (mL/g) (m*g) (nm) (nm) (g/mL) (%)
PE 0.1320d 4320 47a 84f 09a 53b
M4 0.4686 ¢ 74.7 a 53a 25.1e 0.8a 36.1a
M5 0.6339 b 535a 48a 474d 0.5b 33.0a
M6 0.7434 b 56.6 a 47a 525¢ 0.8a 448 a
M7 1.1666 a 589a 47a 79.2b 04b 429a
M8 1.2260 a 56.5a 45a 86.8 a 0.6b 50.6 a

# (Note) : PE RHHAH T 26413 L5 4% PE was polyethylene film made by stretching process; £ 5 AN [Fl/ING 7B R AE dh ] 22
5t it # Different small letters after data mean significantly different among fertilizer samples (P<0.05).

80 r o —=—M4
—e— M5
70 | —a M6
%860} —— M7
& —a— M8
Egsot ——PE
K &
E2 40y
=%
=307
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Fig. 8 Curve of cumulative pore area and differential intrusion with the pore diameter in logarithm

[7E (Note) : M4~MS8 —HEBHEM LD Codes of fertilizer samples; PE SR FHRLH T 25 il 45 HO B 206 I PE was polyethylene film made by
stretching process.]
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Table 4 Nitrogen release rate affected by pore sizes of coated films

R (% PO (%) M (%) BN () HKFLEE (o)
Sample code Initial release rate Differential release rate Release period Max pore size
M4 0.1 0.7 122 480
M5 0.9 0.9 88 540
M6 1.3 1.3 61 820
M7 2.1 1.8 45 910
M8 2.8 2.6 31 990
H (Note) : *F/R 100 P REALRHR KFLAEEHI{E Average maximum pore diameter of 100 coated fertilizer particles.
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Fig. 9 Photo of maximum hole priority release of polyethylene controlled-release fertilizer
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Fig. 10 Schematic diagram of typical pore structure in polyethylene coating film of controlled-release fertilizer
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