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Abstract: [ Objectives ] Starch based polyurethane, a type of coating materials for controlled-release fertilizer

production, is easy to degradation after entering soil, so results in low environmental risk. However, its strong

hydrophilicity, high impurities and poor densification reduce the controlled release performance of nutrients. We
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optimized the composition ratio of starch based polyurethane with other additives from the chemical structure and
physical properties of the coating materials. [ Methods ] The composite coating materials (NBPU) were
composed of starch-based polyurethane (BPU) and nano-TiO,-modified polyester polyurethane (PPU). The
coating procession included three steps, i.e. polyolefin wax as the base coating, BPU as the internal control layer,
and PPU as the external control layer. Total 20 combination schemes of BPU, PPU and TiO, were designed using
the response surface method, and the response models of initial nutrient release rate and release period to the BPU,
PPU and TiO, ratio were established. Electron microscope scanning, atomic force microscopy, Fourier infrared
spectroscopy, and GCMS were used to investigate the morphology and chemical structures of the composite
coating materials. Thermogravimetric, Zeta potential and hydrostatic extraction method were used to evaluate the
stability and nutrient release kinetics. Soil embedding bag test was used to evaluate the degradation performance
of coating materials. [ Results ] 1) Compared with BPU, the absolute Zeta potential of designed NBPU increased
by 34.8% under neutral condition, and that was further increased by 26.5%—64.6% through addition of nano-TiO,,
indicating the improvement in physical stability of the NBPU After 365 days of natural degradation in soil, the
weight loss rate of polyester polyurethane with 1.00% TiO, increased to 4.92%, which was 3.3 times higher than
that without 1.00% TiO,. 2) The surface of the composite coating layer was smooth and flat, with few pores, and
the section surface was compact and uniform. The particle hardness of PPU was 85.2 N, which was 37.0% higher
than that of BPU, the surface roughness was reduced by 71.3%, and the fertilizer mechanics and wear resistance
were improved. BPU played a significant role in regulating the early stage of nutrient release. When the added
amount of PPU was less than 3%, the nutrient release period was gradually extended with the increase of the
added amount. Nano TiO, had a significant effect on the nutrient release rate of 3—28 days. 3) Response surface
method was used to establish quadratic polynomial mathematical models of nutrient release period, initial release
rate and addition amount of BPU, PPU and TiO, (P<0.01), the model could be used to analyze and predict the
corresponding indicators. The contribution of design variables to nutrient release period was determined as
PPU>BPU>TiO,, the contribution to the initial release rate was TiO,>BPU>PPU. [ Conclusion ] Nano TiO, can
improve the microphase uniformity of polyurethane coating materials and reduce the initial release rate of
fertilizer nutrients, and its photocatalysis can improve the degradation rate of residual coating materials in soil
after nutrient release. The composite coating can improve the structural stability of the coating materials, and the
nutrient release period can be controlled by adjusting the addition ratio of PPU, BPU and TiO,. The characteristic
response model of fertilizer nutrient release based on curved surface center design can provide technical reference
for practical production.

Key words: starch-based polyurethane; bio-based polyurethane; nano-TiO,; composite coating procession;
response surface methodology; initial nutrient release rate; nutrient release period
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Table 1 Coating materials design based on Response

Surface Methodology
F5 TERHERANS (BPU) RMERAME(PPU)
Code  Starch-based polyurethane Polyester polyurethane
1 2.00 0.50 2.00
2 3.00 0.50 2.00
3 2.00 0.50 3.00
4 3.00 0.50 3.00
5 2.00 1.50 2.00
6 3.00 1.50 2.00
7 2.00 1.50 3.00
8 3.00 1.50 3.00
9 1.66 1.00 2.50
10 3.34 1.00 2.50
11 2.50 1.00 1.66
12 2.50 1.00 3.34
13 2.50 0.16 2.50
14 2.50 1.84 2.50
15 2.50 1.00 2.50
16 2.50 1.00 2.50
17 2.50 1.00 2.50
18 2.50 1.00 2.50
19 2.50 1.00 2.50
20 2.50 1.00 2.50
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1 cm

1 TR ZHEHNEREKRE
Fig. 1 Coating-urea prepared with different coating designs
IE: PPU—RMERAM S —AIRE, BPU—IER IR AN R —MBIRE, 0%Ti0O-NBPU. 0.16%Ti0,-NBPU. 1.00%TiO,-NBPU,
1.84%TiO,-NBPU 43 HIHE I T TiO, 0%, 0.16%. 1.00% FI 1.84% M54 Mk NBPU, Hih, BPU HEHIH 2.5%.
Note: BPU and PPU are starch based polyurethane coating materials and polyester polyurethane coating materials. 0%TiO,-NBPU, 0.16% TiO,-
NBPU, 1.00%TiO,-NBPU, 1.84%TiO,-NBPU refer to the composite coating materials with 0%, 0.16%, 1.00% and 1.84% TiO, added to polyester
polyurethane, among them, the amount of BPU is 2.5%.
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Fig. 2 Fourier infrared spectra of coating raw materials (left) and prepared composite coating materials (right)
TF: Starch—FKVEN; LS—IEMIELICEE, PAPI—ZWHIRLZHILL Rl . BPU fRIRENIRIZMRHER LR EBE, PPU N IRFSH
WIZHRRERRZRE . NBPU 8 NIR)Z 4 BPU, SM&RJEN PPU RS EIEIRE, 0%TiO,-NBPU, 0.16%TiO,-NBPU, 1.00%TiO,-NBPU,
1.84%TiO,-NBPU 4+5I84MEZHBH PPU I T 0%. 0.16%. 1.00% Fl 1.84% TiO, IE AR E
Note: Starch—Corn starch; LS—Starch-based polyols. BPU is starch based polyurethane used for the inner coating of urea, PPU is polyester

polyurethane used for the outer coating of urea, NBPU is the composite coating urea with BPU and PPU for inner and outer coating materials,
0%TiO,-NBPU, 0.16%TiO,-NBPU, 1.00%TiO,-NBPU, 1.84%TiO,-NBPU refer to the composite coating urea containing 0%, 0.16%, 1.00% and

1.84% TiO, in the outer coating layers.
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Fig. 3 GC-MS spectra of composite coating materials containing different TiO, ratios
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Fig. 4 Electron scanning morphologies of surface and cross section of urea with different coating materials

. a, BPUB—AEERE; b, PPUBR—MIHIRZE; ¢, BPU M PPU ESHIEIRE; d, BPU Ml 1.00%TiO,-PPU H SR, 1.
TP 50 1% . 100 f5 IR B REE, 3. 4 505000k 50 1%

2 A
100 5 PR i m 1#

Note: a, BPU single coating urea; b, PPU single coating urea; ¢, BPU and PPU composite coating urea; d, BPU and 1.00%TiO,-PPU composite
coating urea. The 1 and 2 were the surface images under 50 and 100 fold magnification, and 3 and 4 were the cross section images under 50 and 100

fold magnification, respectively.
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Fig. 5 Morphology (A) and micro-phase diagram (B) of coating crusts under atomic force microscope
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Note: BPU and PPU are the coating materials of starch based polyurethane and polyester polyurethane. 0%TiO,-NBPU, 1.00%TiO,-NBPU refer to the

coating crusts of polyester polyurethane containing 0% and 1.00% TiO,.
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Note: a is the thermogravimetric diagram of the production temperature tolerance (25°C—100°C), b is the thermogravimetric diagram of 25°C—800°C,
and C is the diagram of the thermogravimetric loss rate of 25°C—-800°C. 0%TiO,-NBPU, 0.16%TiO,-NBPU, 1.00%TiO,-NBPU, 1.84%TiO,-NBPU
refer to the composite coating urea containing 0%, 0.16%, 1.00% and 1.84% TiO, in the outer coating layers. BPU and PPU refer to the urea only

coated with starch based polyurethane and polyester polyurethane, respectively.
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Fig. 7 Zeta potential of coated urea under different
environmental pH
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Note: 0%TiO,-NBPU, 0.16%TiO,-NBPU, 1.00%TiO,-NBPU,
1.84%TiO,-NBPU refer to the composite coating urea containing 0%,
0.16%, 1.00% and 1.84% TiO, in the outer coating layers. BPU and
PPU refer to the urea only coated with starch based polyurethane and

polyester polyurethane, respectively.
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Note: BPU and PPU are urea only coated by starch based polyurethane
and polyester polyurethane, respectively. 0%TiO,-NBPU, 0.16%TiO,-
NBPU, 1.00%TiO,-NBPU, 1.84%TiO,-NBPU refer to the composite
coating urea containing 0%, 0.16%, 1.00% and 1.84% TiO, in the outer
coating layers. Different letters above the bars indicate significant
difference among treatments at the 0.05 level.
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Note: BPU and PPU are urea only coated by starch based polyurethane
and polyester polyurethane, respectively, and 1.00%TiO,-NBPU refers
to the composite coating urea containing 1.00% TiO, in the outer
coating layers. Different letters above the bars indicate significant

difference among treatments at the 0.05 level.
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