40

#2921 &l TR R Vol.29 No.21
2013 4 11 A Transactions of the Chinese Society of Agricultural Engineering Nov. 2013

IKFEERBEREBZRATIRIZMMK
TR, E AT, BE¥S B, K HEL A EL (R

(1. BT )\ —REKFTIEYRE, KK 163319; 2. #HFHTE2FA S, $HFHT 157011
3. RIAbARMR2ZETRE2EBE, WR/RIE 150030)

& . KRG T L o R UE B T B WA B SR M DGR R 35 o o T B GRS R
AR I KU SRR A B3R, %S DUKFEHE R B R N0 %, RIFZER TR, DIZEIR TR 1
AR R BRI HR bR, I AR RS, AATRFIT T H RN TR B (0] . AR 0] . A4 PSR S5 - JgR e )
SRR MRS, BT T R BRI S R A 3 BN R RIE T R . R IR BRI RO FERE L, R ROEASTE
ARG T RS ZER R, JER R R W8T TS5 R SRR Z M C R, e
FAEHCARR A B E N . IR HERER S B TR At T B 4 R B TIAL B (] 2l 10 h, T8 i)
h21h, TSRS 130°C, FEIAPE FRAENR IRETIME R 0.4 MPa, WAFIRIGTS 2] S Frig i N 0.395 MPa,
S TIMEMLG, A IRZEN 1.25%. 105045 RN K FERUF R & B T e =3t — e i 38 .
FHEiE: TR, MMk, KA, KEHRAFTRE, T2, AKX
doi: 10.3969/j.issn.1002-6819.2013.21.006

RESES: S226.6; S223.1%3 XHERRERD: A

FiBM, T & HEF, F KEERSEREFSATHRIZMHI]. R TEFIR, 2013, 29(21): 40—49.
Yu Haiming, Wang Chun, Han Zhixue, et al. Optimization of steam drying conditions for seedling-growing tray made of
paddy-straw[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2013,

NEHS: 1002-6819(2013)-21-0040-10

29(21): 40—49. (in Chinese with English abstract)

0 351 &

IKAEHLBURA T B chRE S0k . AR O
B AR IR AR Tl M T g A%
T2 e, Hrh T AR B A 1
HEIAT L, RIBUATRR T AR5 T 22
R T 1 G DR 3,

MBI S ARl it 2RE, BRI o
JEERNRR AR RTINS B3 Pl o RS 68 ot R RGO 5
PRASE (1) AL AR AL R ALK AR SR, IR 1 ik
B AR s PR VTR 8 Pk e o Bk 7 R A
AL DAL IRR SR, g AR I
FZ BRI T o 230k o st ) T8 vk
BAG EHARIAE TR TR ZRIT RS 3

WA E I 2013-04-30 21T H#: 2013-09-27

FEETH: FRARMFH RS (2009GB2B200101); HpiT A R
ki H (GZ1IB503 ) ; M il & B @ J& B4 W6 0 H
(HNK10A-09-05); BIRILABH T RER A RIE (12531459);
BT AR 0 e A R )\ AR B AR B U AL R 7 2 S T I
HEE BT E  (Hljbynd gc2013007)

e i FilgEW (1973—), B, BT A, @iz, mt, E
TENFIARB AR ST R BRI KPR BT\ —R B K%
TFE%BE, 163319, Email: yhml1973@163.com

RIMEMES: 1 & (1963—), B, BRITHEFEN, #8%, HL
AR, R, RN HK R AR BRI . K
JEAT )\ AR B2 T RSB, 163319, Email: wangchun1963@126.com

Pty K7 R R I, LR,
AR IR B KT8 (R B A A0 320 28 K H AL AR 1 11
FEOATAEY, WIS OURFI R, DA B SR £
AR5, ARERR O R AR T AR N
TASRAIL, FIFHPLEHTRRN, KUy~ AN,
LT I AT AN RS IS, R
TR SR R TR, AR
B T EIREREE, (BTRARORABAR, B B
DUTE R AN AR A G /D80 Pt B T
ABEIG, P ESEN TR I A TR AU
PR BRI 2T R B, JEA s
TR RO TRALSEIG, (HARE KT8
SRR PR R B A B8 pe M S i UK. i 2%
VUT A RERCR 3 AR ARBOR . PR
TR R JCERKER R KSR AR TR
PTG R 3 R TR B
BT TR ST IR R AL L, #E 2%
PO SO KRR TR A TR 1 3 27 5K

UK, VFZWFTTH ot SRkt e i,
AMCO, Rk, v P A AR T4
BT T NIRRT TRORIIEERE . o2 AT
Wy T SRR TR TS TR e
o R T R PR AR O 4
Fihix—S et the, e Tod Rt o g By (532520,



21 W

R KRRUTR F AT T S al

T A T 0 G 1 T R v e S E R (1
FE] TS T R AT R TS Rk
TR AR MBS R HT, KRR R S
P 2 VR TR B A AR R s i) DR 220 5 0 i 2 1
AL A2 TR H 28V T 5 R AR 7K A A o Bk 7 R A
AT TR, DLk e B2 v e 28 R MU AL F A
PR PSR A VP FEAR, WO IR TG e 256 A
JIUER T A 00 R A, MDD IR R 78T
2N PR A R TR S e S e S A, DU
Shy YU R 42 ) 7K R B A 1 T T i R T K RS R
BEA PR S AR

1 5 R%E

1.1 RIe sy

1.1.1 ##

IKFEAE R B R K FERE R B i o —
VLR B AR P FE AR 7=, BB RST A 495 mm X
277 mm X 23 mm, VRIETIKEN 22.27%, BELH
JREAN 2.2 kg, THEATFAE L 1,

B1 FROHRER
Fig.1 Trays photo before drying
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a. Steam drying system diagram
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b. Drying device object
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1. Steam boiler 2. Steam distributor 3. Steam meter 4. Solenoid valve
5. Pressure sensor 6. Gauge 7. Safety valve 8. Temperature sensor
9. Automatic infusion valve 10. Weighing sensor 11. Drier body
12. Supporting seat  13. Switch door motor  14. Closed doors
15. Control system

B2 KBERATRERATRAEARBAZEY
Fig.2 Material object and steam drying system diagram of
seedling-growing tray made of paddy-straw
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Table 1 Coding of the experimental factor level
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. . . Steam drying
Coding value  Natural environment  Steam drying
. . temperature
Pretreatment time/h time/h I
+1.6818 17 31 130
+1 15 28 125
0 12 23.5 117.5
-1 9 19 110
-1.6818 7 16 105

1.4 FREREERNRAE

WM S E B 30~35d AR 54
KR 20~35 d BAL TR s 6 LL R B, [A]—
UK TR VR R R 7E B3R 2 P4 E T e s g
FAR—2, LA T AR R, RERAERIG I,
HB A2 LK B RS K iR 20 d 1E BBV o
JEE W S b A o I IR 5 S I, KRR 20 d AR EE (B
HA AL I R~ 495 mm X 277 mm X 23 mm) 43K 5
S0y, Ay R WDW-1 p L6 7 7 g HL



21 W

TR KRR B T 2 0 43

R[5 7:w= N0 15 [ A o £ = I 3 (= W (S Y M T
PEAE . ARIGELM 3 IR, o B,
2 HR59H
2.1 BERZARBERSESH
2.1.1 FRAZERT ] Z xR 5RE A7 0A

AR FHUALD FE AP T ) o) ARt P T s v L] 3
0.34r
0.33¢
0.32r

0311

R

Wet strength/MPa
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1 PR BRI T A B 1)
Natural environment pretreatment time/h

e AR N 110°C, ZATHRING g 22h, 5T 0.
Note: steam drying temperature was 110°C, steam drying time was 22h,
drying time in dryer after stopping steam supplying of tray was 0.

B3 B ARIRSLIL 20T 1) 4R % ) FoR
Fig.3 Effect of natural environment pretreatment time on wet
strength
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Note: steam drying temperature was 110 C , natural environment
pretreatment time was 12h, drying time in dryer after stopping steam
supplying of tray was 0.
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Fig.4 Effect of steam drying time on wet strength
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Wet stren
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FaEL 15

Drying temperature/C
e EARFREETIACERIN (] 12 h, ZGATFHNTIY 22 h, S5 0.

Note: natural environment pretreatment time was 12h, steam drying time
was 22h, drying time in dryer after stopping steam supplying of tray was 0.

B 5 AATREESTRREGZ A
Fig.5 Effect of steam drying temperature on wet strength
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Drying time in dryer after stopping steam supplying of tray/h
e ARIPEETAC LI 00 12 b, Z8PCTHRIN Y 22 h, 27T RIS
110,
Note: natural environment pretreatment time was 12 h, steam drying time
was 22 h, steam drying temperature was 110°C.

H6 JBTRIETZIREN A
Fig.6 Effect of drying time in dryer after stopping steam
supplying of tray on wet strength
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2.2.1 KPR ZATAETIRE RZREZ AN
TIRIEAS e A AR A5 R AR 2,
F*2 HWHER
Table 2 Experimental results
e YA W AR
Serial Specification variables Wet strength

number X, X, X; Y/MPa
1 1 1 1 0.3754

2 1 1 -1 0.3819

3 1 -1 1 0.3324
4 1 -1 1 0.3434

5 1 1 1 0.3782

6 1 1 1 0.3953
7 1 1 1 0.3451

8 -1 1 1 0.3656

9 -1.6818 0 0 0.3838
10 1.6818 0 0 0.3547
11 0 -1.6818 0 0.3536
12 0 1.6818 0 0.3891
13 0 0 -1.6818 0.3423
14 0 0 1.6818 0.3346
15 0 0 0 0.3485
16 0 0 0 0.3566
17 0 0 0 0.3469
18 0 0 0 0.3587
19 0 0 0 0.3689
20 0 0 0 0.3423
21 0 0 0 0.3419
22 0 0 0 0.3555
23 0 0 0 0.3479

1) AR [R5 R s T
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Table 3 Experiment analysis of variance table
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T H “EIr A H FA1E
Item Quadratic sum DOF F value
X 0.0007 1 9.9995
X 0.0030 1 41.5821
X; 0.0003 1 4.6268
X2 0.0008 1 10.8218
X’ 0.0010 1 13.2159
X2 0.0002 1 3.1713
XX 0 1 0.5965
XX 0.0001 1 0.6891
XX 0 1 0.1064
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Optimization of steam drying conditions for seedling-growing tray
made of paddy-straw
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(1. College of Engineering, Heilongjiang Bayi Agricultural University, Daqing 163319, China; 2. Office of Human Resources,

Mudanjiang Medical University, Mudanjiang 157011, China; 3. College of Engineering, Northeast Agricultural University, Harbin
150030, China)

Abstract: The seedling-growing tray was produced by mixing such materials as straw powder, biological glue,
and fertilizer soil with nutrient media, and shaping it by pressing and drying. The drying process is one of the
important parts of the production. Which drying method and process to be used is a key factor to ensure the drying
quality of the seedling tray. The seedling tray drying quality includes such aspects as warpage, crack, wet strength,
and corrosion. The warpage and cracks not only affect the tray modeling rate and agronomic requirements of
mechanized cultivation, but also increase the cost of the production. The corrosion of the seedling tray determines
the seedling quality and its shelf life. The wet strength determines the shape of the seedling tray as it is steeped in
water and the mechanized planting agronomic requirements. The seedling tray drying methods include natural
environmental ventilation drying, hot air drying, and steam drying. On an experimental basis, the three kinds of
drying methods effects on the quality of seedling tray drying and the advantages of steam drying were considered
in this paper. Then the steam drying method was determined to be the major way of drying the seedling tray. The
wet strength is also an important indicator of steam drying quality, which is one of the key factors meeting the
demands of seedling-growing tray molding and mechanized cultivating to ensure that the wet strength of a
seedling-growing tray could fulfill the demands above. In this paper, a seedling-growing tray made of paddy-straw
was taken as the research object, and the steam drying technology was used, with the wet strength after steam
drying taken as experimental indicators. Through single-factor tests, we analyzed some elements which could
affect the wet strength of a seedling-growing tray, such as natural environment pretreatment time, drying time,
drying temperature, and drying time in a dryer after stopping steam supplying of a tray, and ascertained the
influencing factors and the range of these factors. Based on single-factor tests, we utilized a quadratic orthogonal
rotation combination test to establish a seedling-growing tray steam drying mathematics modeling, and analyzed
the relationship between each factor and evaluation indicators based on a two-factor analysis method, and
prioritized factors in mathematics modeling. Experiments showed the optimum process conditions of a
seedling-growing tray made of paddy-straw drying we obtained: seedling tray pretreatment time was 10h, drying
time was 21h, drying temperature was at 130 °C. In this condition, the predicted wet strength of a
seedling-growing tray was 0.4MPa. And the actual wet strength was 0.395MPa in validation tests. By comparing
the theoretical predictions and the actual results, the relative error was 1.25%.The research result could provide
certain theory directions for the industrial production of a seedling-growing tray made of paddy-straw.

Key words: drying, optimization, vapors, seedling-growing tray made of paddy-straw, process, parameters
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