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Abstract: [ Objectives ] Surface modification is a key step towards realization of nutrient-release control of
coated urea production. We tested several abrasives, and studied the basis for modification in improving the
coating property. [ Methods ] In this study, large granular urea (3—5 mm, N 46%) was used as the fertilizer
core, while the tested abrasives included brown-fused alumina, white-fused alumina, zirconia beads, alumina
porcelain beads, and aluminum porcelain column. By measuring the repose angle of polished urea after
polishing with the abrasives, alumina porcelain beads with a bulk density of 1.336 g/cm’ and a diameter of 6 mm
were chosen as the abrasive in the later research stage. 1 kg urea and 1.5 kg alumina porcelain beads were loaded
into a drum granulator, discrete element software (EDEM) was used to simulate the motion, collision, force and
distribution of particles in system of abrasive friction and urea particle self-friction. The surface and sectional
structure and the roughness of modified urea were scanned using electron microscopy. The microstructure of the
coating was observed using atomic force microscopy (AFM). The nutrient release characteristics of polished and
ordinary urea, coated with 3%, 5% and 7% of nano-Si0O, modified castor oil-based polyurethane, were determined
by static water dissolution method. [ Results ] According to the simulation of EDEM, the urea particles near the
bottom moved fast (1.125 m/s), and those at the edge moved slowly (0.00309 m/s), causing the segregation of
small pAccording to the simulation of EDEM, the urea particles near the bottom moved fast (1.125 m/s), and those
at the edge moved slowly (0.00309 m/s), causing the segregation of small particles at the bottom of the drum
during the mixing process. The self-friction force of pure urea was about 0.035N, while the total friction force
when mixed with the abrasive increased to about 0.042 N. This enlarged force increased the collision number of
urea-abrasive mix system by 13.0% than that of the self-friction system, thus creating more efficient modification.
The modification significantly reduced the surface average roughness (Ra) by 79.2% within 1 pm’ of detection
area. From the electric micro-morphology images we could see, common urea surface was rough, film material
filled into the low parts causing extra consume of film materials and obstructing the close bonding of coating layer
with the urea chip, thereby the coating film was fragile during transportation or long-time storage and lost
controlling capacity of nutrient release. While the modified urea surface was smooth, preventing the waste of film
materials. The film layer was even in thickness and uniform in intersecting surface, and closely bonded with the
core. The nutrient release period of urea coated with 5% nano-SiO, modified castor oil-based
polyurethane increased by 6 times, from 24 days before polishing to 169 days after polishing. [ Conclusions ]
According to the simulation of EDEM discrete element software, the mixture of alumina porcelain beads and urea
greatly increased the modification efficiency, reduced the surface roughness of urea significantly. The surface
microstructure of the modified urea core of controlled release fertilizer was significantly improved, the amount of
coating material was reduced, and the nutrient release period was prolonged under the same coating rate.

Key words: urea; abrasives; surface modification; discrete element simulation; coating structure characteristics;
nutrient controlled release performance
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Table 1 Basic properties of tested abrasives

JE AR BERUESR R (mm) % IGAERE (HRA) HERA B (g/mL) ER RSy

Abrasive material Shape Size Rockwell hardness Bulk density Main composition
ZRIIES 23174 D=6 =115 1.303 95% ALO; F12.9% TiO,
Brown-fused alumina Spherical
SITIES HIE D=6 =115 1328 99% ALO,
White-fused alumina Spherical
AR I D=6 =115 1.336 ALO,, SiO,
Alumina porcelain beads Spherical
SAfesizk L D=5 =90 3.369 710,
Zirconia beads Spherical
RN (ERN w=5 =87 1.794 ALO,, SiO,
Aluminum porcelain column Columnar L=16

I D—HAA; WK ER; LR,
Note: D— Diameter; W— Bottom diameter of cylinder; L— Height of cylinder.

(b) (©)

BERLSRL Abrasive particles, 15.1236%

(a)

JR% Urea, 84.8764%

(d) i Tim: €0.119771 s (e) M Time: 119771 s ® i8] Time: 0.119771 s
H 1% Diameter (mm) H % Diameter (mm) Hf% Diameter (mm)
6.00e+00 / 6.00¢+00 // ' 6.00e+00 1
6.00e+00  / 5.40e+00 5.40e+00
6.00e+00 4.80e+00 4.80e+00
6.00e+00 w‘ 4.20e+00 | : 4.20e+00 |
6.00e+00 'v I 3.60e+00 3.60e+00
6.00e+00 3.00e+00 3.00e+00
“€DEM VA V4 V4
-] -] -]
Y Y Y

B #RMESHAERERE
Fig. 1 Model construction and particle filling process
e oa. by c RN ERRI R EE . ORI AR EE LR B RV RI PR B L] . el £43B MBS RHE R R . IR R B L MR R
Note: a, b and ¢ are the construction of roller model, particle construction and number ratio of abrasive and urea, respectively; d, e and f are the

abrasive filling process, urea filling process and the movement process of particles with the roller after filling, respectively.
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904 R R R L S 29 %

26
24 % 219b El

22 i E
20.1¢

20 18.8d19.0d

= B

18 ¢

ol

K1 Angle of repose (°)

CK BFA WFA APB ZB APC
AbFE Treatment
E 2 ARIEBNIRERIEAZIOEFEZE

Fig. 2 Box plot of repose angle of urea treated with
different abrasives
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FPheig, b TFHEIRERRAT 25% RS 25% MR MEUE . BUA
Ja RIS RE R R b P 22 57 B 25 (P<0.05),

Note: CK was the original urea, BFA, WFA, APB, ZB, and APC
represent the urea modified by brown-fused alumina, white-fused
alumina, alumina porcelain beads, zirconia beads, and aluminum
porcelain column. The number above the boxes is the repose angle, the
red dotted lines inside the boxes represent the median, and the up and
bottom frame represent the top 25% and bottom 25% of the repose
angle. Values followed by different letters mean significant difference
among tretments (P<0.05).
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B3 ERR (A) RETFHEMEER (B)
Fig. 3 The shape (A) and SEM photographs (B) of abrasives
H: (A HE R Fa, by . d, e BPNERENIE . ANE . BOREHRE . SMA8K . BRESHE: AfETFRENEAE B) T
al~el Fl a2~e2 GBI ER T 30 fi5F1 500 F5 EUGBORHE T kLRI .

Note: In the photograp(A), the abrasives are brown-fused alumina (a), white fused alumina (b), alumina porcelain beads (c), zirconia beads (d),

aluminum porcelain column (e). In the scanning electron microscope pictures (B), al—el and a2—e2 show the abrasive surface at 30x and 500x image

magnification, respectively.
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Fig. 4 Three-dimensional position distribution of particles in the drum with different velocity (A), particle diameter (B)
and coordination number (C)
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Fig. 5 Axial velocity of urea in self-friction system (a) and abrasive system (b), and the number of particle contacts (c) and
particle total force (d) under the system UA-U and U-U
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Note: UA-U and U-U represent the movement, collision and force of urea in abrasive friction two-phase particle system and urea self-friction single-

phase particle system, respectively. X is the transverse direction parallel to the bottom of the drum, Y is the longitudinal direction parallel to the

bottom of the drum, and Z is the axial direction perpendicular to the bottom of the drum.
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Fig. 6 Scanning electron microscope photos of the surface and edge of urea at different modification time
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Fig. 7 Atomic force microscopy images of coating layers
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Note: The coating material are nano-SiO, modified castor oil based polyurethane.
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Fig. 8 Scanning electron microscope images of coating layer structures
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Note: The coating material are nano-SiO, modified castor oil based polyurethane. Figure al and a2 show coated non-surface modified urea, and bl
and b2 show coated surface modified urea, respectively.
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Fig. 9 The nutrient release curves of common urea and surface modified urea coated with different
coating materials and coating rates
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Note: U-NS-CO and P-NS-CU indicate common and surface modified urea coated with nano-silica modified plant oil-based polyurethane, the number
3,5, and 7 at the end of codes indicate the coating rate of 3%, 5% and 7%. U-LS and P-LS indicate common and surface modified urea coated with
ordinary straw-based polyurethane; U-DLS and P-DLS indicate common and surface modified urea coated with silicone and polyether double-
modified straw-based polyurethane.
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