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Preparation and characteristics of urea coated with water-based
copolymer-biochar composite film material
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[ College of Land and Environment, Shenyang Agricultural University/Key Laboratory of Arable Land Conservation
(Northeast China), Ministry of Agriculture/ National Engineering Laboratory for Efficiency Utilization of Soil
and Fertilizer, Shenyang 110866, China |

Abstract: [ Objectives ] Biochar could be used as a support material to enhance the properties of coated
materials and deliver plant nutrients. A novel slow-release fertilizer was developed using biochar and water-based
copolymer of polyvinyl alcohol (PVA) and polyvinylpyrrolidone (PVP) as coating materials. A further study was
conducted on the properties of water based polymer-biochar composite coating materials and the surface
microstructure, slow release effects of coated urea . Finally, the optimal proportion of water-based copolymer-
biocar film materials, which are widely sourced, environmentally friendly and relatively inexpensive, was
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obtained. This study help provide a theoretical basis for the development and application of environmentally
friendly, nutrient sustained-release fertilizer. [ Methods ] The water based copolymer-biochar composite film
materials were prepared from polyvinyl alcohol, polyvinylpyrrolidone and biochar. Through the analysis of its
water absorption, permeability, and biological degradation, the suitable ratio of coating materials and slow release
effects of coated urea were screened out and its surface microstructure characteristic was further studied. A field
trial was conducted on the effects on yield and yield components of maize when the rate of nitrogen was reduced
by 20%. [ Results ] The water absorbency of A,B,C,, A,B,C,, A,B,C, were 35.3%, 37.3%, 26.7% lower than
those of corresponding non-biochar copolymer. However, there was no difference among the three treatments.
Among A B,C,, A B,C,, and A;B,C,, A;B,C, had lower NH," permeability and water permeability, and early stage
mass loss, but higher mass loss later (after 45 days) at copolymer concentration of 6.0%, biochar 3.0% and the
particle size 0.250-0.150 mm . Scanning electron microscopy (SEM) showed that the surface of the water based
polymer-biachor composite coating material was rougher after burying, and the tissue was looser. While there
were different sizes of pores in the coating layer, the coating material penetrated into the gaps on the surface of
the urea particles. Meanwhile, coated urea prepared under this condition had better slow release properties with
nitrogen leaching of 67.19% after 22 d. With a reduction of 20% of coated urea-N, the yield was increased by
1.45%, along with improvement in ear diameter, grain number of row, and 100-grain weight. [ Conclusions ] The
water based copolymer-biocarbon composite film materials prepared under the experimental conditions was a new

environment-friendly coating material.

Key words: water based polymer; biochar; microstructure; weight loss; controlled-release
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1750, ZiERTF 90%, EZEREEHARA
Al), RO Be R (1 2 4 AR AR A BR A
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BIA)R A 0.5 h il 15 7K HE A J YA 1y o A0 RS 4% g R
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Table 1 The ratio of water based copolymer-biochar coating films

b3 K (g) RZIFE (9) R ZIFEMEIELERR (g) W (2) AW (mm) T (2)

Treatment Water Polyvinyl alcohol Polyvinylpyrrolidone Biochar Biochar size Butanol
ABC, 468.6 22.11 7.89 0.9 0.250~0.150 0.5
AB.C, 468.0 22.11 7.89 1.5 0.150~0.075 0.5
A B,C, 467.4 22.11 7.89 2.1 <0.075 0.5
A,B,C, 458.6 29.47 10.53 0.9 0.150~0.075 0.5
A,B,C, 458.0 29.47 10.53 1.5 <0.075 0.5
A,B,C, 4574 29.47 10.53 2.1 0.250~0.150 0.5
AB,C, 448.6 36.84 13.16 0.9 <0.075 0.5
AB.C, 448.0 36.84 13.16 1.5 0.250~0.150 0.5
A;B,C, 447.4 36.84 13.16 2.1 0.150~0.075 0.5
A, 469.5 22.11 7.89 0.5
A, 459.5 29.47 10.53 0.5
A, 449.5 36.84 13.16 0.5

I (Note) : A, A, A, SMRIFRKIEIRIIRIE R 6%, 8%. 10%, B,. B,. B, FnAEWsc i 5L RYHES IR 3%, 5%,
7%, C,. C,. C, #REYIHRILSH A 0.250 mm, 0.150 mm, 0.075 mm, A, A, and A, represent the concentration of water based copolymer
of 6%. 8%. 10%, B,, B, and B, represent the biochar contents of 3%, 5%, 7%, and C,, C, and C, represent the particle sizes of biochar 0.250 mm,

0.150 mm, 0.075 mm, respectively.
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Fig. 1 Soil column leaching device

9 J 28 HLEDR BHAR M R 245 Py B 5 b4 7 [ 3aX
5 RIS X AERE K R 574~684 mm, J& TR
TR AR o KA . R AU R, I oK
HHLE 508, THIEIEAPRILPER . AL 13.83 g/kg.
2% 0.81 g/kg. 4 0.38 g/kg, 24 20.11 g/kg. B
fift A 105.52 mg/kg . A AW 6.52 mg/kg . BT
97.94 mg/kg. pH 6.58,

R S MR, 1) NiEANEAEE (CK); 2) ff
HIY4H AR PE R &, i 300 kg/hm*(CG); 3) 52H4
Hi AR 7= PR F i A A E AL PR 2 X(CL); 4) DAY
Hiu A 7 PR 2 it AR 20% BB IR 2 X(CM); 5)
DA 2 b A 77 R R it A I 20% A fil LR R
(CB). 45 kb FH i HE A0 IE FH & — 2, 20 9]k o i 1R
5 (PO, 46%)163 kg/hm? | BRERET (K,0 50%) 210 kg/hm?,

BRI 3 WS, NMXTEA 12.5 m*, FE N
5.8 B/, /NXSERBEHLAES . TUCREIE K
RIE ATRIEC, R, BRI R TR,

2 HPRE

2.1 EYRBRIRT REM R BRAY S
2.1.1 AW A xS K IR YA o B A AL
MR K s KSR YR IE R 6%(A) .
8%(A,) . 10%(A;) 7K BE A AL I K 2R 43551 Sy
333.53%. 288.89%. 284.42%, /KILILEEY) A, WK
RREST A MA, HEWEZRZESARE, ¥
T, BEE SR B2 0 14 T A4t (R W KR
TR

3 2 AR T K ISR YA 9 o 5245
B K, A R I RE 5 A A5 B 3 K S St
RYREM B PR, FEARH MoK R, Hr, 4b3
AB,C,. AB,C,. ABC, W/KFEALH =FZ A
WX, 5K A KR B RRALT
26.7%. 37.3%. 35.3%.

X 7K S R g 0 e R IR K SR HEA T4 25 40
B (% 3) AT, 520 7K R 1) F2 R R 28 Rk JE S 2R
Yk B> e B> e & it ULBHZEAS IR0 4%
PR, IR B R A R K R A 3
., ®ILATE N AB,C,, HIILRYIKE N 6.0%, &
Vi HER 5.0%, Wb 0.150~0.075 mm,
A3 A,B,C,. AB,C,. AB,C, B /KZRTG 2%
S, N T HEE R A R AR H, X 3 A Ak
AT HE— 2 R85 Hr o

®2 FRKFTRELRY-EMRE S EMRHIRKE

Table 2 Water absorption of water based copolymer-biochar composite coating films at different levels

KbFH Treatment A (%) B (%) C (mm) I 7K 3R Water absorption (%)
ABC, 6.0 3.0 0.250~0.150 215.89 cd
AB.C, 6.0 5.0 0.150~0.075 209.12d
AB,C; 6.0 7.0 <0.075 236.45 be
A,B,C, 8.0 3.0 0.150~0.075 237.74 be
A,B.C, 8.0 5.0 <0.075 302.33 a
A,B.C, 8.0 7.0 0.250~0.150 29427 a
A,B,C; 10.0 3.0 <0.075 306.11a
A;B.C, 10.0 5.0 0.250~0.150 208.36 d
A,B,C, 10.0 7.0 0.150~0.075 253.21b

# (Note) : A—/KFEILEY) {1 Water based copolymer concentration; B—~E#)J7% % & Biochar content; C— ¥4k Particle size of
biochar; [RIFEUE G A E/ING FREF R AR AL E] 22 57 8 2 (P<0.05) Values followed by different small letters indicate significant difference

among treatments at 0.05 level.
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Table 3 Range analysis of water absorption of films (%)

HiH A (%) B (%) C (mm)
Item
k1 220.4883 253.2444 239.5033
K2 278.1119 239.9378 233.3581
13 255.8939 261.3119 281.6328
R 57.6236 213742 482747

¥ (Note) : A—7/KIEFLRY) & & Water based copolymer
concentration; B—/E#) 5 it Biochar content; C—AE¥mAigl
Particle sizes of biochar; ki (i=1. 2. 3) A BIERHZ A, B, CTE
55 i DI EIOK A, R R —3] i R E 5 5/
{24 ki (i=1. 2. 3) were the average value of film water
absorbency for 3 levels of each factor, respectively. R was calculated as
the difference between the high value and the low value in each

column.

2.1.2 W AR I K SEIE R Y ok S A AL R
MEB B REE & 2 FARFR AT KRy
YR E G AEMBK B &R MR BER, #
KA, AbFR A B,C, KHYBIERERE, N 10.5037
g/(m*h), BFEMMTAIE ABC, 1 AB,C,, /KIKEE
KR 17.3% . 50.4%, (HHE RSB IERN i,
4 0.1733 mg/(L-cm™h), .3 & T HRPIALEEE; 4k
i AB,C, KIBEF I, N 21.196 g/(m*h), B3
BTN A B,C, F1 A,B,C,, {HIE M55 20 &
fi&, 29 0.098 mg/(L-cm’-h), KT HAAM AL
O 53 % NH," permeability

020 ~M/KIZIEZ Water permeability - 25
a
=
i 20 =
Eoo0as | o
Sz b E%
=% b 15 57g
EE 010 ¢ c % E
fe = 10 8=
g w8
L2 005 | g2
= 5 %
i
0 0
AlBlCl AIB2C2 A3B2Cl
AL P Trentment

2 FEKEHBY-EYIRESBEMRINEZER
Fig. 2 Permeability of water based copolymer-biochar
composite coating films under different treatments
[E (Note) : A, A, 73 HIFRISKIEILRYIEEN 6% . 10%;
B,. B, EA s it S IBY M0 3%, 5%; C,. C, &
IR BRI ST 0.250 mm. 0.150 mm; A FRIR/NE FAER
JRALFR[E] 22 53 5.3 (P<0.05) A, and A, represent the concentration of
water based copolymer of 6% and 10%; B, and B, represent the biochar
contents of 3% and 5%; C, and C, represent the particle sizes of biochar
0.250 and 0.150 mm, respectively; Different small letters above the

bars indicate significant difference among treatments at 0.05 level.]

B, MK 21.5% ., 43.3%.

2.1.3 AW AR IR K L LT WA o A A R
MR FR I Z ) iR 3 AT, BE A HE A ]
PG, ARG T 0 R R T O, (H A b B
A BB KRES, TE45 15 d i, Ab3 AB,C, fYFi i
PURFER 15.7%, mETA0H ABC 19 9.0%. ABC,
1 6.7%; %] 45dif, bR A B,C, RS R G K
A HE AB,C,, N 23.8%, {HHERIFEA T2,
76 120 d BF, AbH A B,C, BYEEH A RE K, H
32.4%, @ERETALH ABC, Ml ABC,.

31 aABC
30 | -e-AB,C,

2 L —-+-A,B,C,

20 +

B ZE Weight loss (%)

Jii
(93
T
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Ff 18] Time (d)

3 FEBELATE TRELBY-E YR EE
MR REMEAR
Fig. 3 Weight loss of film material in different
soil-burial time

[IE (Note) : A, A, 73 BIFIRAKSEILRYIMR LS 6% . 10%;
B,. B, ZR AR S IRV N 3%, 5%; C. C, %
IR IRRLI S R 0.250 mm, 0.150 mm. A, and A, represent the
concentration of water based copolymer of 6% and 10%; B, and B,
represent the biochar contents of 3% and 5%; C, and C, represent the

particle sizes of biochar 0.250 and 0.150 mm, respectively.]

2.1.4 AR WS I K SR o A A
WAL ROREE 52 & 4 AR A B, C, 1E
T I R R T AOW S R P A B AR IR R (% 1000),
M 4a v LIE H, BERIEAEREMNE, HaMm
FAXT RN $45), HL B R v T A R A W A
BRI B ; & 4b Al LA, G 4 5%
Je WSS Ak 2 T AR A5 BN U™ RSP, SR L 26 T 5 8
FEATAH LB AR, [R]E A BE R B HE 4 B 57 IS A
BRI BT /NG 24

22 KEHRY-EMREEMRIEERZ MR
o

2.2.1 REEILRY A= Wy ix 52 A A BHEL I PR 25 1 3R 1
KB ORZE B RRIE 2 5% A K SR Y- )
B A BNRIRZE (CB) 1432 A T A 7 45 4 i B3 4y
Br, & 5a Sk A AL R 2 R R 1000 155 191
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(b) HEE 120K
120 days after buried

(a) H

Before buried into soil

E 4 PEMRRERMNEEN (< 1000)
Fig. 4 The electronograph of coating film surface

[ (Note) : @B EKIEIIRY 6% AWM 3%, W5
B2 K 0.250 mm The coating material in the graph containing water-
based polymer 6% and biochar 3% with particle size of 0.250 mm.]

10 um
I

(b) FUJE R 2% Wi T

(2) CLIPR K I

TS5 R (x1000) TR EE R4 (x3000)

Surface electronograph ~ Fracture electronograph
of coated urea (x1000)  of coated urea (x3000)

El 5 SRR RE KNI e R

Fig. 5 Electronograph of coated urea’s surface and
fracture

[ (Note) : a EIHAUEIRE R MBULL (x 1000) Fig.a is
surface electronograph of coated urea (x 1000); b A4l JiE fR 2 Wr ki
THLZE ) (% 3000) Fig.b is fracture electronograph of coated urea (x
3000).]

MEEHE, HETLE L, KRy LY RE S
JBE A L X R R RS . ek, JF H AR
W, BT — 2 A YCR SRR Y T B
CB WK 2 3000 %55 Wikl 5b s, HERTLLE
W, ARE R B TIRE PR, RERSIR LS
APRZE BRI R AN Z 25 Fm, I B RIFLBHES 2
et

2.2.2 JKILFLRY) W) A MR IR 2 1 A
WIS T B 6 MR R AR BBUK I,
P, ARIEBEIRE CB. WERE X, i
FRE U AR50 15.2%. 13.3%. 31.5%,
B2 RV OB BN, Rl R R U AL PR SR R
R R R TARICA R, 7255 13 d i, U AR
HRIREI T 89.8%, HEMUIKIKE CB 5MEKE

100

= AB,C,
3 --X
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S
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Eﬁf&ﬁ
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<
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6 TRIAEHRERAMLE
Fig. 6 The accumulated leaching rate of nitrogen under
different treatments

[ (Note) : AB,C—aEI RS KEILRY) 6% . LWk 3%,
H W BRI A 0.250 mm Self-prepared coating urea with the coating
material in the graph containing water-based polymer 6% and biochar
3% with particle size of 0.250 mm; X—A R Z Commercial coated
urea; U— il JRZE Commercial urea.]

X R R BB IERCN AT, 7R I 3% 53 B
WG, 22 d0, AREERKRE CBWAR
EBBCE 67.2%, FIRAZRBWR TR, XR
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JERT DA G 25 2 i oK i, BEE Ry, 7
MR, (H YA R, B A Y v
T 2 AN B E BRI N . AEASIKES T, 55X
FEAH HE 4% it AT AL B 7= 22.4%~29.2%, AbBE CL 7#
BN, K58 T 11836.35 kg/hm?, 5 CG
e, 377 1.8%, HPRRARE, [FET CB AHX T CG
= 1.4%, HPRURANEE

3 e

LA RHOK R | BB R RV AR
B ERAR . KRR K S, FLAL B
HEEH SRR MAF, K BB IE R KB B0
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BHOOR R | BB AREEAL, XU AT U G s AR
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Table 4 Effects of different fertilization treatments on maize yield and yield components

st 0t (kg/hm?) K (om) L (em) FrRCs PR (¢)

Treatment Yield Ear length Ear diameter Grain number of row 100 grains weight
CK 837420+ 151.10b 22.13+£030a 17.88+0.14b 37.33+0.75b 39.23+0.84d
CG 11626.83 +352.05 a 23.01+023a 19.06 £0.35 a 39.97+0.73 a 41.74+022¢
CL 11836.35+56.42 a 2343+023a 19.07+0.11a 41.03+£0.74 a 43.65+0.12 ab
CM 10798.50 £193.42 a 23.79+020a 18.85+0.04 a 4123+032a 43.22+£0.10 be
CB 11798.66 +£97.63 a 23.35+1.05a 18.95+0.36 a 40.20+0.58 a 45.05+0.80 a

& (Note) : CK—AJfiAE No N applying control; CG—¥-#JRE, %l 300 kg/hm? Commercial urea, applying N300 kg/hm?;
CL—Iiti A A %19 R 3 Commercial coated urea with N application of 300 kg/hm?; CM—5 it A4 7= A A HLIsZb 20% POALRK IR 3%
Commercial coated urea with 20% less N application; CB—1 241 p= it & S AH HLsi b 20% H HilfE R 2 Self-prepared coated urea with 20%
less N application; [RIZIHHE G ASE/INEG FR:R R AR AL BHE] 22 5 8 3 (P<0.05) Values followed by different small letters in a column indicate

significant difference among treatments at 0.05 level.

T2, ORRCON A R LR L, R A
K, 4 RZEWICE URE RS FIE AR, 2%
KERZE, SRS TRAYIRE, EW KT
TR S IR 45 4 A7 K 8 o R WY W TE S A M
R IR At B 4502, AR T ARG PE R, B
K BEREIL, AR T, A3 ABC,.
AB,C,. ABC, HAEEMRMMKZE, eSS K04%
fil J5 . RE % A A5G R ZE R UK A3 B W Wi, H Ak 3R
AB,C, KIBER N m THAMALH, XFRY]
IR AR DT AP A B,C,. AB,C,, T
A A B,C, W EA B &S BB R, XA
Sy S5 it o] A 1) A R R 2R R 43385 ok A R S AR
NG IR BN A RS R

H A 8% 5% 50 BE A8 BB 5 Ay M 5 e H R ) 11
FRPERERY, B SeFPIF oY R IR SRR AR 135
HAERMP B ER KR, KRN, MEAEY K
MU, K EEICTRY) A W) 1 52 4 A B i) I 4
T TR, (B AB,C, 175 15 d B F i
KEMNE, FEEM R E, AR TR
MORH 2, X AT RE S T 8L e N S i £ 1Y
A3 R AT 7 Tt A = SR PR B R b bR, SR TR
FEH, R R IR 45 d IR AL R A i 7 A5 AR X 2%
1, KRR AR E ARk IG, A SR R %
i, WG T AR AR, AL A B,C, WI7E + 85
F% 45 d J5 B UK IS T AN B, AR LR
B A RAC R (4 5 43 K 43 TR, LGB 5 R 14 o
IR R LI BRSO R, e G0 X 4 3 I
TG Y . R T R B A S - R R IS IR
B R B S RIE S LA T ARk, A T EE
2 PR Ry A W i ) AR A e 66 A% W% o 8 i
Wy T e 5 B A A R v R A T O i ok e
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B 257K R 25 I 2 5 i A - 398 i 110 S B A
MZR K, FRELNBENIEN Tk, RERK,
Z2 B8 N LI R b 1 R 6% A A b s e AT e
fiti A 395 AR AL A 2R R B R AT 55 431k
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BHR15.2%, BT 15%, xR bk s
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