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1. Pressure system 2.Forming mould 3. Control system
B 1 RY-1000 B AR 46 F A AREAL
Fig.1 RY-1000 type forming machinery of
seedling-growing tray made of paddy-straw

&1 RY-1000 ERFEREMBENEHEY
Table 1  Structure parameters of RY-1000 type forming
machinery of seedling-growing tray made of paddy-straw
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Fig.2 Preparation processing of seedling-growing tray made
of paddy-straw
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Table 2 Factors and levels of orthogonal experiments of
forming ratio
SIS

KoF A B C D
MR kg BRIk B/

1 0.8 0.002 0.08 1.1

2 0.9 0.005 0.09 1.2

3 1.0 0.008 0.10 13

*3 HEILZEXRBERRKTE
Table 3 Factors and levels of orthogonal experiments of
preparation process

SIS

Ko A B C
J L 3/ MPa TR B2/ C RIS A)/s
1 25.0 140 330
2 27.5 130 300
3 30.0 120 270
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JH AR ABNE L B KA *30%.
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Table 4 Experts judgment result of index weight
LHRA LXB TRC

B e e e M
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2.1 REE LM ERAE MR
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%o Yk KT 1.0 kg I, MEAKERIEARNAR,

100 10

90 |

80 |- 8
L 0F L
5 601 6 3
jgso_ %

40 L 4 =

30 F

20 L 2

10 b

0 Y 0

1 1 1 1 1 1 1
0203 040506070809 10T1.1
L = /kg

e BRI 0.005 kg, BT 0.09 ke, HEHE 1.2 ke
Note: 0.005kg curing agent, 0.09 kg intensifier, 1.2 kg mixed materials
a. TPt R BUER 7 BRI RS
a. Effects of glue volume on performance of seedling-growing tray made of
paddy-straw
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[i 17 2 kg

e R 0.9 kg, SETRAIE 0.09 kg, EEMHE 1.2 kg
Note: 0.9 kg glue, 0.09 kg intensifier, 1.2 kg mixed materials

b. [k TR LT B P RE R I
b. Effects of curing agent volume on performance of seedling-growing tray
made of paddy-straw
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e CE 0.9 kg, [HALAH 0.005 kg, B 1.2 kg
Note: 0.9 kg glue, 0.005 kg curing agent, 1.2 kg mixed materials
c. SRR RLTE B B M R

c. Effects of intensifier volume on performance of seedling-growing tray
made of paddy-straw
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Wk kg

e JRCE 0.9 kg, HERFEE 0.09 kg, [El4LFIE 0.005 kg
Note: 0.9 kg glue, 0.09 kg intensifier, 0.005 kg curing agent

d. VRBH R BT B R R A R
d. Effects of mixed materials volume on performance of seedling-growing
tray made of paddy-straw

B3 AR E S ae e #on (AR ) 27.5
MPa, #iER/Z 130C, fR/ERIE 330s)
Fig.3 Effects of molding ratio on performance of seedling-
growing tray made of paddy-straw (molding pressure27.5 MPa,
molding temperature130C, holding time 330s)
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o 110 IR TR O RER S8 I, A TR DR P
T ewns s PR, TR A T . 4 R ) 76 30~31 MPa
g [ sk 6 % i, PRALARFRRE . N HE A HE RRAIE e 2
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. . JEJ3/NT 20 MPa I, SEHUT oK B BB 7850 IR

¢ | | I I
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T BLEUE 130°C, {RIER A 330s
Note: molding temperature 130 °C, holding time 330 s

a. R 0 R BOER AR PE AR S
a. Effects of molding pressure on performance of seedling-growing tray
made of paddy-straw

100 310
80 | 18
- & Rl N
S 60 o Tl 16 5§
W] 7]/ & Joi!
< 40 L 44 =
o N
20 2
0 1 1 1 1 0
100 110 120 130 140 150

BEER S/ C
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Note: molding pressure 27.5 MPa, holding time 330 s

b. AEEL BT A B P RS I
b. Effects of molding temperature on performance of seedling-growing tray
made of paddy-straw
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Note: molding pressure 27.5 MPa, molding temperature 130°C

c. PRSI A0 RSB & B VE e 52
c. Effects of holding time on performance of seedling-growing tray made of
paddy-straw

B4 HRARTHARESE T LA A AR ra( 56082 0.9
kg, ELFHZ 0.005 kg, 3E3&F5Z 0.09 kg, ®AE 1.1kg)
Fig4 Influence of preparation process on performance of
seedling-growing tray made of paddy-straw (0.9 kg glue, 0.005
kg curing agent, 0.09 kg intensifier, 1.1kg mixed materials)
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Table 5 Orthogonal experiments results of forming ratio
o Wi FEfE R

MER VAR S H%ﬂ{/w/ srof

kg  FE/kg FlE/kg kg %
1 0.8 0.002 0.08 1.1 75.51 5.44 0.649
208 0.005  0.09 12 8419 531 0714
308 0.008  0.10 13 2249 737 0245
4 09 0002 0.09 13 9925 215 099
5 09 0005 010 1.1 97.75  3.03  0.899
6 0.9 0.008 0.08 1.2 73.37 4.28 0.666
7 1.0 0.002 0.10 1.2 95.58 2.12 0.974
8 1.0 0.005 0.08 1.3 98.51 2.16 0.989
9 1.0 0.008 0.09 1.1 95.78 2.42 0.938

s il L AR R Ty 27.5MPa, BLEIRLEE 130°C, fR I H] 330s;
S = CBRAL3/BR LR PR x70%+ AR B8 I K %45
HA KA <30%.

Note: the preparation process: molding pressure 27.5 MPa, molding
temperature 130°C, holding time330 s; Comprehensive vale=[(the percent of
pass)/Max(the percent of pass)]x70% + [(the expansion ratio)/Max(the
expansion ratio)]*30%.

xo6 HEILZEXRBER

Table 6 Orthogonal experiments results of preparation

process
P R *ﬁf‘i?ﬁﬁi/ TRIENTE), RILE, I/ o
J1/MPa C s % %

1 25.0 140 330 85.59 1.25 0.866
2 25.0 130 300 59.38 1.15 0.705
3 25.0 120 270 39.28 1.12 0.571
4 27.5 140 300 89.06 1.10 0.927
5 27.5 130 270 63.72 1.18 0.728
6 27.5 120 330 96.57 1.12 0.974
7 30.0 140 270 76.16 1.13 0.828
8 30.0 130 330 99.26 1.13 0.991
9 30.0 120 300 99.46 1.12 0.992

T BOMEC LA M 0.9 kg, AL T 0.002 kg, S8 0.09 kg,
TEHR 1.3 kgs ZRer{i= CRALRMALRAT IR x70%+ (IR
BB I A B R D B R D x30%.

Note: the forming ratio: 0.9 kg glue, 0.002 kg curing agent, 0.09 kg
intensifier, 1.3 kg mixed materials; Comprehensive vale=[(the percent of pass)/

Max(the percent of pass)]x70%+[(the expansion ratio )/Max(the expansion
ratio )] x30%.

2.3.1 ARALER N

1) DAL RN R 0 FaAs v Se AT A 22 43
Mr, B L2450, ekl b, 455
FELRAE T, SRR G R YL L S HOd AT
5T s

2) N L S E AL b, S 1) X
R B 4% TS T et T .
2.3.2 A B

ZE LR B 3Rl -, 78RR 4y 27.5 MPa,
FEEIELE 130°C, fRIEI A 330 s 4548 N AL ik &
BRSO, AL, PAA 4% 1 2 4 kAT
WL, WL RIE 5. DURILE Fabs, B
MR (WER 7) , P ZRH AL w5
R TRR A R S ) S R AR
He WERCE. FEbFE. SRR REHE. XHE
TIRI SE AT ZZ 00T (R 8) , MM 224y
Wi e A 7 R4 &4 AsB,CoDyo [RIEE, DARZHK
HAFEbR, W 2 (R 7D el s, i
R[] A 0] R I S A 52, 8 i) R
R R 2, R K I K R Y
Wi, GH AL S A B PO /K I 5 T P I R A IR
e WERCE. FEfRFE. SRR JRRHE, Ea
W2 AT (UL 8) mldn, i Hlk 2= Hr i e ik
T RMAE N AsBICDys

F RSO I S e A T 4L B M AsBICaDs o

IR 45 R B E REFRbr: BRFLR A 99.25%, [
WKk 2.15%, R B BRI R T 2
233 #l&ET LA

HZEAE 0.996 YT R FL b 7 R4, Lk
LN Fabs, W ZEAERM (W 9, &3
ENERFLE A B3 . % IE AR 45 S AT 2
M CLEE 10D, DR MR ok & Ak il R v i
SO ()2 R BTy BRI . B ) R
JE TR, W B ZE o B e AL B TR
AsB\Cyo [FIFE, DUEIKE b Tabs, Hid 2z (&
9) TN, BRI EX MR ICE . WA
IYHT (IR 10D, WP T & B AP0 R 5 mi i)
FRREM I s PRSI, Y Ty BRI,
T AR ZE Ay T e AR T BALA 9 AsBLCse

X R B ATELG AT (R 6)
CES R KAE R 0.992, Wl &AL TT RSN
A3B;Cse

Fz7 HBEELLAENR
Table 7 Variance analysis of forming ratio
—_ AL [ 73S
Ji ZE RS
2T B Ji % Fii BEE WMV Al Ji % Fii Yk
it s 6 583.4 2 3291.7 1723 o 71.1 2 35.5 218.8 o
[ A7) 47263 2 2363.1 123.7 *x 10.8 2 5.41 333 o
iR ) 2009.3 2 1 .004.6 526 o 3.7 2 1.8 11.6 *
VR 1238.1 2 619.0 324 ** 0.4 2 0.2 13 —
BRI 343.7 18 19.1 1723 2.9 18 0.1
AR 14900.8 88.9




5 TRARDASE KRR TR A A % L2 RS HAAL 159
Fz 8 MEECLIRED T
Table 8 Range analysis of forming ratio
PRALAE k=
T I £ ) TSR EYE S R [ £ 77 TSR MEYER
K 546.5600 811.0000 742.1500 807.1000 54.3500 29.1200 35.6400 32.6700
MO K, 811.0900 841.3200 837.6400 759.4100 28.3900 31.4800 29.6300 35.1200
K; 869.6000 574.9300 647.4600 660.7400 20.0800 42.2200 37.5500 35.0300
K 60.7289 90.1111 82.4611 89.6778 6.0389 3.2356 3.9600 3.6300
%1 K> 90.1211 93.4800 93.0711 84.3789 3.1544 3.4978 32922 3.9022
K; 96.6222 63.8811 71.9400 73.4156 22311 4.6911 4.1722 3.8922
WRAE 96.6222 93.4800 93.0711 89.6778 6.0389 4.6911 4.1722 3.9022
e/ ME 60.7289 63.8811 71.9400 73.4156 22311 3.2356 3.2922 3.6300
W R 35.8933 29.5989 21.1311 16.2622 3.8078 1.4556 0.8800 0.2722
AR 32.3279 26.6587 19.0321 14.6468 3.4295 1.3110 0.7926 0.2452
Fz9 HEIZAEDN
Table 9 Variance analysis of preparation process
i 2V 5 il H I % Fii BEE MM H I % Fii B
R g 43675 2 2183.7 241.9 * 0.0113 2 0.0056 0.5718 —
E=p]| 405.5 2 202.7 0.0090 0.0045
[ 5434.6 2 27173 301.1 * 0.0089 0.0044 0.4502 —
PRI 1) 248.5 2 124.2 13.7 * 0.217 0.0108 1.0975 —
R 2E 162.4 18 9.1 0.1885 18 0.2394
eyl 10618.5 0.4347
Fz10 FIFIEMEST
Table 10 Range analysis of preparation process
AL il %
BRLE D) el RIS LR BT B ) el TR I3 LR BT
K 552.8000 752.4600 844.3100 746.3400 10.5900 10.4700 10.5300 10.6800
MO K, 748.0900 667.1400 743.7200 696.3900 10.2100 10.4200 10.1300 10.2300
K; 824.6800 705.9700 537.5400 682.8400 10.1900 10.1000 10.3300 10.0800
K 61.4222 83.6067 93.8122 82.9267 1.1767 1.1633 1.1700 1.1867
¥ oE K 83.1211 74.1267 82.6356 77.3767 1.1344 1.1578 1.1256 1.1367
K; 91.6311 78.4411 59.7267 75.8711 1.1322 1.1222 1.1478 1.1200
PN 91.6311 83.6067 93.8122 82.9267 1.1767 1.1633 1.1700 1.1867
/M 61.4222 74.1267 59.7267 75.8711 1.1322 1.1222 1.1256 1.1200
W7 R 30.2089 9.4800 34.0856 7.0556 0.0444 0.0411 0.0444 0.0667
W4 R’ 27.2081 8.5383 6.3547 30.6997 0.400 0.0370 0.0400 0.0600
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Fig.5 Final product
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Ak Az =S, SR, RIS KA e 4
W M ARAE P IR K, BRI SR U B
Fre A A=
32 RARSHR

D Rl A: 32 H /T im i EORCAh 100
JG/to

2) AP PR T ARCE N 1T A, A
TR 80 Ju/(N-d)ils HATA 0.60 JG/(kW-h),
KA EE 1 Jo/t, T4 A 894.9 /1 e

3) HrIH At [ h5 iR 30a FrIH, WK
W 1Sa P IHTESE, s 24T IH 2R A 63.2 Jo/ 0 s
izt oA 34.7 7T/ F e

4) A IR TR R R ) R
AN 1121.4 JC.
33 NMABS

20T 6 a IFARWERAHE N A, SEpeR i,
LUK FREAE R B R KRB B Rk, B s
AR, BP0 EIA R 13%~20%, (FUE B
B B N 3780 0/ hm?, FEK T B A

2006—2012 (1], K FEAE R B PR A AE SR BT
B RIGHET N 4 J7 hm?, 152807 A& AT .

i A Rr A, B W Sk H a4 A
ek T A (R THOY, KRB R T R A
fi] PR S FH T 5

4 & g

D srirfs i E B e g m bk %=,
SE T RSP ZR U L, W A A B A
TEBH N Wik 0.9 kg [EALFIE 0.002 kg,
BRI 0.09 kg JREHE 1.3 kg ALK 17 30 MPa,
BEHURE 120°C PRHs 1] 300 s.

20 JE IR A% R K RERE IR A H )
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Preparation technology and parameters optimization for
seedling-growing bowl tray made of paddy straw

Zhang Xinyue', Wang Chun'*, Li Lian hao'?, Zhang Wei
(1. College of Engineering, Heilongjiang BaYi Agricultural University, Daging 163319, China;
2. College of Water and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: The establishment of rice seedlings is most important in cold regions in order to promote the desired
rice yield. Planting technology of the seedling-growing bowl tray made of paddy straw is an effective way to
promote the desired rice yield in cold regions. The preparation process of the seedling-growing bowl tray made of
paddy straw is the main technique for the seedling growing tray to improve the planting technology of the
seedling-growing in china. Therefore, the study explored the preparation technique of the seedling-growing bowl
tray, which was the combination of hot-setting glue, curing agent, and intensifier through hot pressing. The study
analyzed the performance influence of several factors on seedling-growing bowl tray made of paddy straw, and
confirms the major factors and the ranges of value with single factor experiments.

This study also analyzed the performance influence of the forming ratio (the quantity of glue, the quantity of
curing agent, the quantity of intensifier and the quantity of mixed materials) and the preparation process (the
forming pressure, the forming temperature, and the holding time) to seedling-growing bowl tray with orthogonal
experiments. The optimal parameters through the analysis of the results were found 0.9 kg glue, 0.002 kg curing
agent, 0.09 kg intensifier, 1.3 kg mixed materials, and the forming pressure, the forming temperature and holding
time were 30 MPa, 120°C and 300 s, respectively. The optimized parameters could support the findings of the
laboratory research requirements ( the percent of pass was and the expansion ratio was 99.46%,1.12%respectively),
and the industrialized production, which provides the technical findings for the further research and exactly
permissive for the industrialization production. The preparation technique also provides a new ways for the high
value-added use of paddy straw and significance to insure food security and to promote high quality of rice
production in china.

Key words: straw, processing, optimization, seedling-growing bowl tray, ratio



