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(mass balance)

dt X 0
d\/lp&g) GDA ext
dt X joo
av Prb (ﬁﬂ)
dt i
V
t
P
A
P
X
R

RO.w

PeS, + rRa-w (32

pkg \ 1

pro/ + MW

(33

(transpiration rate)



(2
C02
HY .
ext
pkg
RO RO
[7]
(31)-33)
RV A
P22 hipih - Py
f - Rco2wx
Pco, —
VAPe2 - ¢ >,
- N
Ph20 —
A<0 - pEo>
311
[11 51 617]
(2.9)
aohoPo:

A" a0P02 "' aoloPoZPeo;

RO = RORQ



a0 = K'Fﬂz
b, =V,
= K
2
po~
p®

RQ (respiratory quotient)

1
(39
31
a0boPo2 o Er fl _1
A - aoPo,  aoloPoPeo? R T 7L
(Arrhenius equation) (3.10) (3.8)
32
ROZ = RORexp(-ERRT)
RO = R /RQ
312
(3.12) [46]
m= < ;0 -¢
pkg  __ RHHg Psat
o w

(3.10)
(38)

(3.11)

(3.12)



31
2 2 T(0)
(%) (%)
10.0-21.0 0-9.0 289.18
10.0-21.0 0-9.0 289.15
1.0-21.0 0-10.0 291.85
(golden delicious)3 0-21.0 0.5-5.0 292.15
(Elstar)3 0-21.0 0.5-5.0 292.75
3 0-20.0 0-20.0 291.75
3 0-21.0 0-5.0 291.05
3 5 278.15
3 5 283.15
3 5 283.15
4
3 5 293.15
3 5 298.15
1 [16], 2 [7, 3 [6], 4
a(o) kPa ', b(o) mmol kg'1lhr', i(o)
3.2
2 2 o2
(%) - (%0)
(blue lake) 3 5 9.35E+08 1
3 3 3 3 6.13E+09 3
4 1 7 321 E+22"
3 3 3 3 2.20E+12 3
1 [9] 12 [14], 3 [15], °
Raoe
E

RH (%)

a(0) b(0)

0.3500 0.3900
0.5480 6.4700
0.1631 7.5446
0.1418 1.1116
0.2022 0.7188
0.3046 2.2500
1.2184 1.2679

3.09 0.8190

3.09 1.4000
3.09 2.3500
3.09 3.8700
3.09 6.2700
(32]
kPa 1

Er
(°0 3

42.151 278.15-293.15

49.103 273.15-293.15

117.28'  283.15-293.15

59.103 273.15-293.15

[12]
(ml kg 1hr")

(kJ moi")

I(0)

0.1320
0.0569
0.1229
0.0292
0.0231
0.0265
0.0753
0.0691
0.0691
0.0691
0.0691

0.0691

RH

(%)4
90-95

92-95
47-50

90-95

RQ

0.835
0.835
0.835
0.835

0.835

RQ



(2.6) [46]
( ~0) = -5.8x 103T 1+ 1.391 - 4.864 » 1027+ 4.176x 10"T2
- 1445 10'8T3+6.545 0') (2.6)
T (K)
p*d (Pa)
313
(rigid packaging)
(3.13)
f
1 RHAG
00 + 313
P % w0 P (3.13)
\ Vv Vy
<
vd)
—
V
prig (atm)
RHi9 (%)

k K rvo W
Po! gt (3.14)
0

Pt P (3.15)
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(diffusion coefficient)

(solubility coefficient)

(Fick's Law)

(Fick's Law)

(3.17) [19, 20, 21]

J = -Dde
ax

[21]

(316)

(317)



" (Fick'  Law)
2
[21]
321
(3.17)
) =83 ¢, >0 (3.18)

cv C2 ( C2

X

(Henry's Law) (3.19)
[22]
c=sp (3.19)

32



DCexp(-EART)
(exp(-AHSRT)

(3.20)



10
Ed
AHS
PO

— o

Ahs

R 13 1§

P = 0 Cexp[-(AHS+EQRT]
P = Pexp(-EpRT)

PO= 00

Ep = Ah+E,

Permanentgas  AHS

33

(329)
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(Natural Rubber)'
(Polybutadiene)l
(Polychloroprene)’

(Butyl Rubber)1

(PVC-VF)
(PVC-RMF)'

(PVC-AF)

Rubber hydrochloride’

(Mylar)2

5111

0.914)2
0.922)"
0.967)2
0.955)2

0.964)'

Pn(02)
7.96E+04
3.37E+04
7.97E+05
9.83E+05
9.55E+05
1.62E+06
6.17E+03
5.32E+03
6.37E+02
1.21 E+05
2.61 E+06
5.70E+04
4.25E+04
6.77E+03
1.59E+01

1.61E+07

P,(C02)
4.33E+04
1.04E+04
4.69E+05
1.02E+06
8.90E+05
2.38E+05
2.35E+03
4.21 E+03
3.51 E+02
9.50E+04
1.34E+03
2.69E+03
2.06E+04
2.25E+04
3.70E+01

2.25E+05

PO(H20)

7.01 E+05

9.00E+00

2.06E+04

E(02)
31.40
29.70
41.40
44.70
42.70
43.10
34.73
33.47
35.10
41.40
36.90
40.50
30.50
35.10
26.78

66.50

E(C02)
25.50
21.80
35.60
41.40
38.90
34.30
28.87
29.29
30.10
33.10
27.60
30.60
23.80
36.00
25.94

51.50

E(H20)

33.50

33.47

2.09

G

1.38-1.41
0.91s
1.2-1.35®
0.917-1.13®
0.914
0.922
0.967
0.955
0.964
1.3-1.354
1.3-1.35*
1.3-1.35*
0.93-1.15
1.11
1.333-1.455

1.65

Cost

20.008

28.50-29.005
30.50-31.00®
28.50-29.00®
28.50-29.00®

29.00-29.50®

31.507



6
PO(02)
PO(CO2)
Pp(H20)
SG

Cost

33

(molded)2

(extruded quench film)2

(
(

0.907)2
0.8871)2
0.8931)2
0.8998)2
(unplasticized)3
[15], 2 [21], 3

[36], B [37], 8

(baht kg')

()

p.(02)
4.19E+06
5.84E+06
4.00E+06
1.68E+06
1.48E+06
1.28E+06
2.57E+06

[13], 4

, 9

PO(CO2)
3.65E+05
2.09E+01
3.45E+05
2.49E+06
2.13E+06
1.85E+06

1.34E+07

[19]'5

PO(H20)

1.30E+11

1.30E+07

3.58E+03

2.93E+04

( !mil cm'2 hr'latm')

(ml milcm'2hrlatm')

E(02)
47.70
48.12
47.70
46.00
46.00
46.00

55.80

(ml mil cm’2hrlatm'])

E(C02)
38.07
13.81
38.10
44.00
44.00
44.00

56.80

E(H20)

41.84

42.30

23.80

22.90

G

0.900-0.905
0.900-0.905
0.907
0.8871
0.8931
0.8998

1.30-1.35

Cost

26.00-27.00®

26.00-27.00®

26.00-27.00®

26.00-27.00®

26.00-27.00®

26.00-27.00®
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33

FILMS IN SERIES

Qe=01=02=Q3 (3.24)
a, - Al- a2- A3 (3.25)

(3.24) (3.20)

Qt _ RAlpl P) _ PA2p- P) _ PA3p~ p2)
t X, X, X

Qt X



A
Pi_ 2 9t . + X + =
tr ¥ P
X X X
— = A P)—F F— (3.26)
(3.26) (3.20) T
(¥
PT
P At
(A)
PR\ 2 (3.27)
' P, P, Py
XT
X, X2, X3 12 3
PT
Pv P2 P3
12 3
- = 2 - (3.28)

P1
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331

332

[15, 52]

(3.29)

(Objective function)

(Constraint function)

A

zm = AZP.C.X,

S I

24

Cooksey [54]

(3.29)

(330)



£ -No o= — — (331)
I=1"c02,i Aco2T
£ -N- = A (3.32)
i=1 HQi Mo T
Zx. = XTI (333)
L1
A
P
y
X
XT
pO~,
P01
PHO.
Al
(MI(STP) mil cm'2atm'Lhr')
R 1

PHO 1



(334)

(simplex method)

Z =cx1+ Q02+ .. +clxn (3.35)
kl+al2+ .. +akn <>l =1 (3.30)
al+ a2+ ... +adxn <1>1 =02 (3.37)
3 l+an2+e+anPn 4 > =bm (3.38)
§ >0
7 =
q =
ay =
)1 =
I =1,2...
J :1121 ]
(extreme point)
(extreme

point)
[56]
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6 (Microsoft visual basic version 6) (Tora program)

34
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RH

XT
RO

Rco.

34

(golden)

(2
0.03
0.03
0.05
0.03
0.022

C02
0.03
0.06
0.03
0.03

0.049

(kg kg'latm 1hr')

(kg)

(ml kg'1lhr ")

(cm?

(mlkg'hr")

R°-
11
13
2.8
50

10.0

Roo

12
13
L7
50
9.0

[15]

CC) RH RH  k

214 - 8590 - 2.21

213 - 29 00342 05
2145 - 9295 0.3% 0.7
2815 - 890 009 0.2
2145 9% - 0.18 0.3

1320
627
1210
125
888

HHHHH&
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C:\Program Files

1)
@
@)
@

331

(MAP)

database fruit, Tora ~ MAP

Tora Database fruit

“start”

11} R u n . n
“Browse” MAP A
HO KH

1: MAP

(Step 1: Data for MAP Design)
2"

(Step 2 : Required gas permeability for fruits and vegetables)
(Step 3 : Polymer design)

(Step 4 : Design multilayer film)
5. (Step 5 : Summary)



35 ' start

Desion MAP Packaging for Fruits and

Vesetables Programme

oy

1130

Faculty of Engineering, ChulalongRore Bhiiversity, Pivathal Roud,

Pathmwan, Banzkok (0330, Thailaud

Tel 662-2186378 Fan-062-218

30

36.1 1
1 MAP
3.6 “Database”
3 37

MAP 38
39 3.10



" Do)
I 27400 . K Temperaturerange

100

:

" RHpackage

Optimum renge

Optimiim renge

Fom
300
300
| A 0005
; #mitandvegeﬁblé'ﬁ respiration data '7
. Proowp. Corbondionde respision. [ gkt Acivaion Energy
mpton . [Tgp Ml RQ
ras
g

Rate of oxygen consumption
" Rate of carbondicxide pmdydioﬁ e 700 m kg(-1) hr(-1)

kg kg(-1) atm(-1) hr(-1)
mikg(-Dhr(-1);

Transpiration coefficient

3

T mnspnatonrate

Miljauillig

S
&% %

%

kJ moi(-1)

] 37 Respiration Type
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TR EIREYAPRY

Pl S e

38- 3.0 ]
) CFruitr CRui Rt 1

(2) “Add”
(3) “Edit”
(4) ' “Select”
(5) "Delete”
(6) ' "Back” (36
(7) “Next'
“Next'

X
) ‘el MAP



A

!] {3 thl
( 3.6)
] “Respiration” "Transpiration"
1 "cancel’ N "exit”
3.6.2 2
I] 1 th ( 3.6) ' 2
311 1 “Back”
N “Next" 3

36.3 3

312



WUck ttam dojom  I¥ CO**b» fir deds» podachtla MA*

- Oxygen Permeability |- Carbondioxide Permeability " Water Vapour Permeability

[ |
O O [ weesemo
— S B S ]
T s ] s S o LSS
— ) e
- i e 3NN

[nputData | [ select | [Pemeasdiy] | «cBock | | New> | [ Ex |

312

(1)  “Plastics” ! !
2) “Database"
313
3  “Select”
(4 “Permeability” Permeability

(5)  “Back’ |

6)  “Next"
“Next”

(1 “Exit’



313

3.13
()  “Plastics” ,
(2)  “Add"
(3)  “Edit"
(4 “Save”
(5)  “Delete”
(6) “Back"
“Back” 312

3 1] Nextn



364 4
] next 3 A 4 3.14

(Tora)

3.14

(3.29) - (333)

1) . X
Objective function
v ¥
CoeffP(02
3) g

CoeffP(C02)



4) ht

CoeffP(H2)
5) X
Thickness
(6)
RHSP(02
(7)
RHSP(C02
(8)
RHSP(H20)
©)
RHSthickness
(Two phase)
2, 3 4
calculation (1)
summary (2) 5
back (3) 3
exit (4)
3.6.5 5

3.15

78



Fruit and Vegetable Name
Storage Temperature
Surface area packaging
[02}

R(02)

Water vapour pressure

Permeability

Natural rubber
PET(Mylar)
PP(d=0.8931)

No data
Required Permeability
Designed Permeability
%Error

Min. Cost

MAP DESGN PACKAGING REPORT

Cabbage(mamer lagerweiss)
273.00 K
627.00 cm(2)
3.00 %
1.30 ml kg(-1) hK-1)
0.005 atm
Oxygen Carbondioxide
7.81E-02 5.72E-01
1.19E-04 4.03E-04
2.34E-03 .12E-03
0.0056 0.0198
0.0056 0.0198
0.00% 0.00%
0.0427 Baht

Unit Permeability ( ml mil cm(-w2) hK-1) atm(-I) ] 1Thickness [ mil ]

3.6.6 Help

3.15

MAP

3.16

Produce Weight 0.50
Repackaging 92
Total thickness 1.00
[C02] 6.00
R(C02) 1.30
Transpiration Rate 20.2120

Water VaDonr

16.0000

79

kg

%

mil

%
mikg(-DhK-1)
ml kg (-1) hK-1)

Thickness

0.7794
0.0093

0.2113
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