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Abstract As a processing technology that can rapidly fabricate customized products in small batches, three-
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dimensional (3D) printing has a great application potential in horticultural gardens. On the basis of existing
studies on controlled releasing materials for 3D printing, the carrier materials for solo nutrition were developed
after a range of formulation screening. The new formulations were suitable for material extrusion 3D printing and
the single-material carrier formulation fertilizer contained sodium alginate or xanthan gum as a binder, mannitol
as a filler, ethanol/water with fixed ratio as a solvent, sepiolite as a thickening agent, and urea as the core
fertilizer. It was confirmed that the maximum adding ratio of urea could reach 1:4 [V (urea): V' (solvent)] when
using sodium alginate as a binder, while the maximum adding ratio could reach 3:4 [V (urea): V' (solvent)] when
using xanthan gum as a binder. It was confirmed that the developed formulation could also be used as the carrier
of other types of nutrients including KCl, K,HPO,, and ZnSO,. This work also demonstrated that it was possible
to combine different nutrients and achieve element couplings by using multi-material extrusion 3D printing
technology. Through the printing parameter adjustment experiment, the optimal printing was achieved when the
printing speed was 200 mm/min, and the extrusion speed was 0.02 mm/s, and the extrusion height was 1 mm, and
the nozzle diameter was 1 mm. The release rates of different formulations were further studied by the sand
column leaching method. There were significant differences between the controlled release cycle of single-
material carrier formulation fertilizers and post-treatments. The formulation adding with sepiolite can obviously

change the release rate of single-material carrier formula fertilizer and the longest controlled release period
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Table I Formulation table
(i) Hm TR BEIR E VRV JRE TR (285 7K) A
Formulation Mannitol/g Sodium alginate/g ~ Xanthan gum/g  Urea/g  Solvent volume ratio (ethanol:water) Solvent/mL
F1 18 0.2 0 0 3:7 20
F2 18 0.2 0 5 3:7 20
F3 18 0.2 0 10 3:7 20
F4 18 0.2 0 15 3:7 20
F5 18 1.0 0 0 3:7 20
F6 18 1.0 0 5 3:7 20
F7 18 1.0 0 10 3:7 20
F8 18 1.0 0 15 3:7 20
F9 18 0 0.2 0 3:7 20
F10 18 0 0.2 5 3:7 20
F11 18 0 0.2 10 3:7 20
F12 18 0 0.2 15 3:7 20
F13 18 0 1.0 0 3:7 20
F14 18 0 1.0 3:7 20
F15 18 0 1.0 10 3:7 20
Fl6 18 0 1.0 15 3:7 20
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A. Experimental printer; B. “Ji” character structure; C. Printing design diagrams of the first layer with different porosities.
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Fig. 1 Experimental equipment and printing one-dimensional (1D) and 3D structural design diagrams
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A. Front views of formulations of F1-F8 (the red box marked
represent solid-liquid separation); B. Front views of formulations
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Fig. 3 Steady-state mechanical changes of viscosity and shear stress with shear rate for different formulations
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Table 2 Adjustment of printing parameters

sy TOMEE  BRHEE BORAE
L. Printing Extrusion  Nozzle
Printing . Temperature/
arameter speed/ speed/  diameter/ b
P mm/min mm/s mm
( ) (mm/s)
a 250 0.05 1 25
b 200 0.05 1 25
c 150 0.05 1 25
d 100 0.05 1 25
¢ 250 0.02 1 25
f 200 0.02 1 25
g 150 0.02 1 25
h 100 0.02 1 25

IS S5 SRR I, B N 0.05 mm/s B, B
T BN E ) BRI, 2% i 2 I B R K RN % R
(5, %oF B ) 26 9 P B KT 1 mm, 177 SRR 78 6
KT 1, 1 B 2% B8 B KT B4R, X 5 60 7l
W—5: 5 0.05 mm/s FH5 HE BEAHEG, 7E 0.02 mm/s
I H R BT, A [T B0 3 B2 T 3H 78 R 45 B 2 PRI
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Fig. 5 Band extrusion performances of formulations F6 and F14 at different printing speeds and extrusion speeds
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A-B. Band widths in different printing parameters of formulations F6 and F14; C-D. Fill rates in corresponding to different printing parameters.
Please see the Table 2 for the printing parameters of a—c, and e-h.
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Fig. 6 Band widths and fill rates in different printing parameters
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BRI U (1 AR S, B 7 R KSR 4T Y
BB R E B R K. R PRI, M
FE — % (41°0.02 mm/s) B, 7 B33 FE > 200 150
mm/min B , £ 77 58NS 50 — 30 0 S 4T B s R
250100 mm/min I, 5577 — EUME A 2 , HY B 2%
HRAFER .

FTEF 20 mmx20 mmx5 mm FAIBCR S5 K, $ 1R 5
W72 AN [T B S 40T YO ARk B A0 58 B 301
RO T b . K FE LR DA B R R 30 HE AN [R] 4T Ep
SR YUIRZE 4 B Y 8O, K 5 Ll 1 i, 5
HZAT ED S 0T B SR BT, S e 4T BN &
B HFFHIERE N 0.05 mm/s B, BE & FTED I R %
%, BUR G5 M sl B A 72 , K 56 LU IR B KT 1 7D s i
TEA FFT BRI BE N, PR B o B )5, HOR S5 48 R
RUTH 4, BB 04 bR Al 4548, SR I FE ey, K%

EU B 3230 1, S INAF A R S5 M BT 7R B4R 1

A0 56 B s B AT TR AL . 8
W OL T, FT B IERE AN H 18R T 1 45 4 R 2D
FEA R, W 7 B, 8 g 24 0.05 mm/s
I, 7 AR 1 4T BRI E 2004 150 mm/min |, Bk &5
P35 O B B A 8 B G B A
0.02 mm/s I} , AH L FT BV IE B T 1 BOtR 45 40 e 28 4
U, SR SR

BEAk . BT FT ERIEEE A 150 mm/min B $T B RS [
KT 200 mm/min B (B &), A & T ENRLE,
T 2 3T ED I S A S B T8 0.02 mmYs, 4T F1E
J& 200 mm/min, %% B 4% 1 mme.

W 9 AT, A 56 ) FH 07 346 H (A0 R IC 7 3
17 8 W 5 T B, AR 72 T W KBS, W 2 P
I A TR SR, HETT AN T i B, BA RO
I FH AT
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Fig. 7 Modeling structures of the printable formulations in different printing parameters



10 #oe K& % B ORISR MR

55 XX %

1000
. 800}
3
= 2
25 oop
5 400k
hragy=
&
200F
0

0 50 100 150 200 250 300
FTED

Printing speed/(mm/min)
8 WEMEITENEE SFTENATE Z B AKX 2
Fig. 8 Relationships between printing speed and printing

time of nozzle

24 BEMBEEBRAFSBEBHEHR
24.1 R F BT 6 S Aol Kot

FTENZHA B RG , AR T 1 AN FRC 7
TR R 2R 2 M 22 57 . BT IL 77 F6 Fl F14 BR
TR A b, ARG S 5T T G T F6F14 M Hek
R BC 7 )% o0 BTt 26 16 22 57, DN i 4 3
BE KR TN T 77 0 B O e 42 ks S A1 2
Fo FERFE RN R WA LR 3R
I3 RETBORE : 24 h R THI 77 0 AN IS 15%,28 A
FEL I 77 43 AR I 75% , I HLAE R E s 1R) 4220
B T5% HFE 4350,

WEN10 fros, ARE T 2 R ATE AR R R
JE R AN L L F14 B R B BOE R, (5 S
REVIE R 75% , T F14 FRas i A 5 Ha 2B iuE
R ZE GRS 10 RER RIPRINEATE R 75%,
FEREAMAIELE 1 5 d; (EBT 7 F14 Wiy g 5 F 3t

FUERBEWE R A 7 (F14+HPMC) 7£ 55 7 K 1)
REBIFRIE N T5%. LA EWF 50 &0 o BB 7
BA — 8 P RE G5 3 B U RO, 1X 5 1 AN 72
gh JREs 0 — 50, HE M & g AR HPMC ¥ mT DLd
B 7K M PR AR B R I 55 W e Y e TR AL, A T A 1)
TEZR IR Ay BRI /E F o TBE U7 F6 7F 28 d B ik 2
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Fig. 9 Display diagrams of “Zhejiang University school emblem” printed by different formulations
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A. Display diagram of composite structure; B—C. Display diagrams of composite structure printed by different combinations formulation;
D. Display diagram of core-shell structure; E. Display diagram of core-shell structure printed by different formulations. F17: F6+sepiolite;
F18: Replacing urea with KCl in F14.
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Fig. 12 Multi-material 3D printing design
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Fig. 13 SEM images of formulations F6 and F14 before and after modification
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Table 3 Compressive strengths and moisture contents of

different formulations

(Wi PR E R

Formulation Compressive strength/N  Moisture content/%
F6 33.5+£6.25 1.54
F6HIEFILAT

>
F6+sepiolite >0 1.48
Fo+54L55

>
F6+CaCl, 30 2.68
F14 38.33+7.68 1.58
Fl4-+0 41

>
Fl4-+sepiolite >0 1.55
F15 >50 1.10

OYPERE A B K AT 3k 30 d WA 3 A 4T ENIE 5 AE
UG AE R FT EDHL T 1 S 4T D 2R, RIHT Bk 5
200 mm/min - % 13 FF 0.02 mm/s F5 5 FE 1 mm.
55 I B4 1 mm s F HL7E G000 B0 R Bl R — AU 2
REARE b S B SRR o AR R R A 2 MR 4 A 1 A
IHATEN . BhAh, BN A % i &AL A5 i iz
TR 35 R R A 4 2T Tk — D KO A R ) 4
B A A . AT 8 5 O AL ) 2 R R S0 4 R it
T AR R, T 2 AR e AR AR PR
HEMNRTFEX
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