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< SUMMARY >

Z=W S D-02

Purpose&
Contents

(O Promoting the distribution of agricultural and livestock products through
analysis of shipping and market conditions for high-priced fresh
agricultural products

- Application : High-quality fresh meat, pine mushroom, fresh medicinal
crop

- Analysis of demand, delivery and market situation for applicable items

- Gain market competitiveness by evaluating appropriate production cost
of a developing shipper

- Business scenario for magnifying online direct transactions and
expanding product development

O Developing insulated packaging for international shipment to maintain
temperature for a long period of time

- Maintain 4~10° C under 35° C of ambient temperature
- Develop insulated packaging to maintain at least 72 hours

- Optimal structure of packaging thickness and outer material to gain
price competitiveness

Application Target Temperature Duration
High-Quality Fresh Meat -2C ~ 4T min. 72hr
Pine Mushroom 0C ~ 5T min. 72hr
Fresh Medicinal Crop 4C ~ 10T max. 120hr

O Apply appropriate PCM (Phase Change Material) technology and develop
insulated pack

- Apply appropriate PCM technology according to the target temperature
for each product

- Develop a pouch exclusively for PCM to reduce production cost

- Performance test for developing pack (insulation, chemical resistance,
physical safety, etc.)




O Design packaging structure for delivery purpose

- Optimal design considering safety and economical efficiency of target
container in distribution logistics environment

- Design development considering visual design and convenience

- Performance qualification to validate product freshness and distribution
safety

(OQ: Operational Qualification & PQ: Performance Qualification)

(O Commercialization Indicator
- 2 or more patent registered
- 1 or more technology transfer

- 3 productization

Results - 1 job creation
O Research Base Indicator
- 5 SCI class
- 2 or more KCI class
O Strategy Outcome
- 1 business scenario for expanding shipper development
O Utilization Plan and Expectations
- Promoting export market by activating online direct transactions by
improving safety quality and reliability of fresh agricultural products
through securing long-term cold storage in distribution process of courier
- Promoting consumption of fresh local agricultural products with high
Expected

Contribution

consumer preference and increasing farm income

- Prepare for pre-shipment when demand quantity increases by extending
temperature duration and produce consumer satisfaction by minimizing
delivery delay

- Growth expectation of packaging industry as back-linked industry from
expansion of online commerce of fresh agricultural products




- Provision of antecedent materials for

low-temperature distribution

packaging of new export-oriented fresh agricultural products and expand

market to other industries such as passive type pharmaceutical packaging

Keywords

Delivery
Service

Temperature
Control
Packaging

PCM

Insulator

Fresh Food
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Thermal Controlled Transport Packaging for Parcel Delivery System Shipment+

A &z &3k= Summer Profile /
Hot Shipping & Hot Receiving #7+& XA 3] HAE @ Q=8 23 3 oA,

o}l o}

ze zAL

ETv acAl=

A 2

3. ISTA 7D summer profile 72Hr

1ol Wi

Winter Profile Summer Profile
Cold Shipping & Cold Receiving Hot Shipping & Hot Receiving
Cycle Period | Total Time Cycle Period | Total Time
Temperature Temperature
Hours Hours Hours Hours
18C (65°F) 4 4 22°C (72°F) 4 4
-10C (14°F) 6 10 35C (95°F) 6 10
10C (50°F) 56 66 30C (86°F) o6 66
-10C (14°F) 6 72 35C (95°F) 6 72

¥ remark : Cyclic Test Profiles: For winter and summer transport conditions for

international shipments from the United States

: 72-hour international expedited

airfreight transport.
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Time [Hiy
1. ISTA 7D summer profile 72Hr
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E AA G EEY B4 et 234 W4 48 F 9= &

A &F HEls A A2
IFAAE -2C ~ 4T A& 72N

oA 0C ~ 5T A T2X3F
R s 4C ~ 10T A 120412

- 2R guuE el AR G4 Gusr) Sle Ha A LEf
24 5

A7k Base, ol one-way MEE71) S4ol R AWHY P ) 2EA
g TS AT JlzHolol B IAdRdE 22 guudasld A%
B 1x BIYSRRE PAS ATEHGOM, ot 2HEE AAFE Aol 2A%

- ol & 8.olA A= uiel Zol, one-way o2 35ty G 714 F
o2 AAo] g1 H EPS(expanded polystyrene)E 8 ©d87] $THE 83
1, 8 9987 =3 dFAL 2 AAE AFe] ek AlEd ol &&st

- T AHAEe ©dAdo] BlwF 3% EPS(expanded polystyrene), XPS
(extruded polystyrene), EPP (expanded polypropylene) &S AAst 0w, =Huj
HEE&7] Wie WejA(Rye s RyseA))rt AdEE 4SS 188k,
Wi payloadE 4HAste AHS JPstAh 24 2o AFHR &7] A 540
A W] pack-out(@wiAe] A F wiX)S WAE A£A= JANE 10 literd]
payloads FRITHHA, DFIIHA A FE F8F F e TS TEITL A
=

=

- Ha 2470 LERAYL asiths AAE B e GuAel £% 71
o= 7-8kgel WelAsl Wastthy APAZ Gl @ 4 Yor], o= AAE A
A3 AP AR oA AUl HolHE AF A @

3. EPS Ajde] 2= dujujE87] AAlF

i
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Material EPS (expanded polystyrene) , 354]-&
Thickness 80T
Payload 10 liter

outer : 440 x 440 x 430
Dimension

Inner : 280 x 280 x 270

3. EPP Ao 2= dujuF87] AlAF

o T A
Material EPP (expanded polypropylene) , 13.5 #lj &
Thickness 38T
Payload 10 liter
outer : 430 x 370 x 435
Dimension
Inner : 250 x 310 x 310

3. XPS AAe] 2= dnjuE8r] AAF

9% T3 <k
Material XPS (extruded polystyrene)
Thickness 50T
Payload 10 liter
outer : 400 x 400 x 450
Dimension
Inner : 300 x 300x 350
FF AZD g0 F2E FLetE, okgfsk Lol Hel F = U
- AEL = EFH(payload)S 71Fo 2 10 liter o]t (FujAle} SLA)o] F7A |
=)

- £7] EA(body)et FA40ide] HEE =

- 87] BAG AA s
- wdAe) T g
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- du(heat bridge)E H4ET T e &7 7= A

Aodrs =28 guipE87]1e 2574 e Al 7Es Fi e

3}0&1;} B R HE gddAd] %H g EAL AR AFsta,
%-’F(’”‘%Z)i HAwsted Bagk A& o WE H2EE A ok
JJr Zol, 2294 duiiE&rle Wi AF

S &+ ®x(product box)e} 3w A

o
j_?—ﬂ

(refrigerant) , 28|21 ©E&7|(box)E FAo] ot WujA|e] A =& one-way
of A Ry e AEY L5 fFAo wE F e Fa3 AT 2k

°f &3

Wy (Refrigerant) Pack-out

EPS Lid

Product Box

Refrigarant

EPS Boo

QEEA(F/HE GEA) 54 &4 L A4 A7

Ob FRx gdade B4 B4 8 229 dugrle AgY a7

AN 72Xk BREE A & 8.olA 7j&d UES dAAZ Yo &
A

- AZAARAC) F2 AGHE GdRe] 712 B4 ofule Eo} 2ol Hste]

sttt g Huleld AREHL e @A eEE tewel FE
Ha 9o, EAAZF 48A17 o1 e] ddo] B3 dgd 8o A|Z o=
7ket Wb 2 A8 o] MEE 9l

®.GEANY TF BF (EF dF5EY JYRGSEA ] E
THL FHEE HS KS M 3808, 3809 % KS L 9102 ¢]gt




(KS L 90161 2J3F 20+5C

k=4 ANFxNA EFES)
W/mK feal/mhC ALk
- dEHELY B 135, 23, 3%
-BEHRed 2% 135, 28, 33, 4%
- AAsYeEERed 1% 15, 235, 35 % 2%
7} 0.034 o] &} 0.029 oJ3t | 1%, 2%, 3%
- Jgk~g B 48K, 64K, 80K, 96K, 120K
- 78} @dEAEA dA=EEo] 0.034 W/mK
(0.029 kal/mhiC)ol3tel 7
-BERRed 1F 135, 23, 3%
-Huge Bev 15, 235, 35
1= 0.035~0.040 0.030~0.034 |- 18}~<8 Be% 24K, 32K, 40K
- 71E} dEAEZA @ =8| 0.035~0.040 W/mK
(0.030~0.034 kal/mh<C)o]atel 2%
- HEHRELY 15 435
=5 0.041~0.046 0.035~0.039 |- 7]E} BEAZA dHE=L°] 0.041~0.046 W/mK
(0.035~0.039 kal/mh<C)o]atel 7%
2 0.047-0.051 0.040-0.044 | 71eF gdEAZA FHELE0] 0.047~0.051 W/mK

(0.040~0.044 kal/mhC)o]3tl 75

&3k EPS (Expanded Polysterene)2 ot ©EAle] Adx o
Aol, Aol Augo AFol AFstar, Hy-4do] EPPet 2ol
Qo g AEStE TdE 87 AT AEAdE 2EE F A=

oY

- olgo] o= EPS ©EANS} 718t fAF dEAde] 754 SHS vluste] A
23t =

3. EPSe} fAF dEAd e 75 nlnAe
A= = | AR | gAelE | Z2E dUYAST 88| 594
EPS O O X O X X
EPP O O O A O O

EPP + HE(&3hH O O O A A VAN

A SH O O X A O X

e X O O X O X
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Q) =24 9ul viE &7]18 2 AAF A

NE
~

b 2 A= A £ wE By dFAL

A3 AFoZ2 MASE Ao wel AF AAZe} A
F =24 Aol7t wASHA "ok ol 93l
BRI2=9l AEAZ ] s Buyge] g dHFS A

e AFE F U=

- A FI}I7HA]
of dA3ste=
AAsta 19
of, By 9

o 1>
R=P e
fu o2 o

o

A\

o
=2
2
1o
=
2
o
ook

O 2= U AFTe 4zt =4 44

- Bydo] ALREE A FTS ol S ARIIFA] AL ERFE AAS)
o, 72} AFY 5ol BHA B} AEHAZe] WeE AAs, WuAE &
AE exdo] #g3 4HstE2 (PCM : Phase Change Materia)Z 417,

® ngse] Yoy AFY HBLE U AL
HgES LT EERE )
AFAAS -2C ~ 4T FHA T2AZE -2C PCM
FolHA 0C ~ 5C FHA T2AZE 0C PCM
A k82 4C ~ 10C FHo 120413k 5C PCM
O W AFT Al wE Ry AF A
- HgUd ATl WE ASAN BHLE E UG Lo AR, FA%E
4e FHE BYHe] 9FL ANY £ Atk ol RLE =AW 1t
ofglom, nyHe THsE AU HgAEC] B Y L= B B
WEE ;A e ol&ae] A

o) ool dF A4 wuH FEd auasers] AAd Qo] ofF

=

F8F 8kolm, AF ABIIMS AAF AE FH AFo MeA Bas
t}. ol ¥ validationol et YANA L23 oM o IR IbH 2 FEuroh
2 wole, ojobE 5 % Belrh Bad &FMAN BFETo Hol sw 9
o
=



917] =5 2| &5
A A A

L2(C) | 5(C) | AN

O Ry AWs 54 -2C : HdHF

250j/g (6.4kg Z L)

72 @ 0.4592(m2) x 0.19516 (W/m2 K) x 30

(K) x 72 (hr) = 422 (Wh)

@ Byl dg Ak : 400kcal

O Ruyee] st B4 0C : HEHF

300j/g (4.8kg Z &)

oA 30 3 72 @ 0.4592(m2) x 0.19516 (W/m2 K) x 27

(K) x 72 (hr) = 380 (Wh)

@ By Ao I . 360kcal

O ruyHe] gWs =4 5C : FJEH

180j/g (10.9kg 2 )

A kg2 30 8 120 | @ 0.4592(m2) x 0.19516 (W/m2 K) x 22

(K) x 120 (hr) = 516 (Wh)

@ Buyae] dg d%F : 490kcal

o

TFAA S 30

(W) istede o] &3 By AAF

- 229 gl el HEe RYPHe A AR BRE FES 4 Utk 1iUs
Zgogd#@ (high density polyethylene, HDPE) A& AZ" AZx A
(carton =38, 18]3 sheet B} Q] 7154 dohyio] AHsER S 9514 A
28 A Felty. 22 gujuFo] aTFEHE By Ueks AR, HA5s
gelste= Ade 2A Ad=o HA3 9 AFS 48 A8

< o83 Wmje] =7] AAgI BF
- X*%Xﬂ% HE Yz ARSE o e AHE &
3 HEoz AANAM AHEEE By

& o

Btk o < 0.5kg ~ 2.0kg 7}A
theFsith. 7| 2H o2 1.0kge] RYHs AESTL JHESH EX2Eet HAA
ol met EARE & 159 &S A &3t S7i~1170 8 Buydo] &7] Wi
Al Eolok dtha B & S
AW EAS o] &3 By V[ EAR
A &E= e 2| &A1k s Ed dad
AFAA S -2C ~ 4T | H4A T2AZE -2C PCM (V]A) 400kcal / 6.4kg

A 0C ~ 5C Ha 7247 | 0C PCM (water based) | 360kcal / 4.8kg

H
A FEAE | 4C ~ 10C | Hdl 120A1%F | 5C PCM (Tetradecane) | 490kcal / 10.9kg




TFAAF AHGEE -2C PCM & dafd o= idake] iA1= ot
Faldzol= 0C PCMe g2 22 By A)&ete], validations X &etarat st
= AAlez HIst o], Adzo]Fe AF & MEe 53 ATl WY
g A4

oW AT & 17tel MAlS water base?t 1FFATA S.AP)S o] &3 gel
packe A& ste], RIS A&t WHOE
of cartons /¢ WrIE A3 AHFAA 454
7] A

WAL = o Eda HF st

IR R AR B B

2o =
9 AEFAZES BT SEE A9 ‘r}XﬂO]E‘r. ‘éﬂ_XH gte 2= 5C PCM
A

(Tetradecane) 0.2 Al E#olA3ta gow, Hadefo] 7| BAH O Z o} pack-out
= AFAZE BHA MAdsteE HE g ok

O dHsted s o83 i AAF M

7s4 sheet: @A shel, B4 LEvle] ANHEAL £8T & At F1Hcel)
£ “zj A BT Fdse Al e

dxole AF A dAet AAE Aztel] a3 a7AE S HESR &
d g Es8re] 712 AAle AeE SsEHE, 1 87
ol ARt Huge] o] Aoz XY & o<

29 sheet Bl Bude] AAEY DAL YEow, ol 713 sEHel T
Ao FF cell o FFolu), sheet® TAHIE Uwel T Fe F2W o
5871 A gAF e weh Ao WA sde UL,
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: @FM-;'

12, Sheet BF9le] By (2D) ' 719, Sheet E}<]e] B (3D)

T3l sheet BRI E /S xdPshr] wfjEo] oA FU8 dust=2
o] Fa(leak) =+ Hol(migration)@ o] WA st=A BLstA HEZF L3t
HAA7MA AYakd D FFleak Aoz Q13 AE /fARe] HyPE o,
sheet (Aeh) HHo|A e A7+ 5 H.

3. sheet B}9] Huialo] Ak F = (layer)

T4  FA (F4:350um) 7% H] 31

MDPE d A4

EVA 250 WA, SFEAFTA] - MDPE/EVA/EVA-3layer”} 3+ #E
EVA Wad, FEAaA o7 74

Nylon 15 Do d(waxA L), 44 - MDPE® 3%, PVCH %3 Az
PVC 80 a7 AY

JYel= HDPE A& 875 o]&3% RuyHdeS mdsty ot 7|EHA AF
OARl# 71520 FHE ML 27|dA A bty 2 Estd o, HDPE A& &
28 =t mock-upo.Z AL st o] WA AZT AT MASE o
g o] &k 3 FIUFAQ B & & FRkEo] Apd ko] 2 duju)sE7]9
Z|zAAS] 48 A WPkt

Aol 7l=T viel o

=3
15 WA QY 5

_

FHe FAE 30~40TE HAAs, Bydde] oo
=5 AASAE.

2
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-9, HDPE plates] BW= (20) 1%, HDPE plate®] %9 (3D)

@ =23 9 v 8718 94487 7= AT

(b RFPS] A 2Hes ARH #3743

- ) AAAe] AFARE 2AG AT 20-8C0) L= Wk Ha 7247b]
SEAAERE UEsE, MM TR WA, DEAME -2C - AT |
SolMA 0C ~ 5C [ AMSFEZE 4C - 10C = Hold AFED o= #Wo2
ARHOR NI 5 e AOE AR,

- o8 e S8, AAE 35 FRAIBOIA HASL At BARHE ALS
shol, £EEHL DA Hos, ol BT RHARE oot Zo| 1%

O EPS A& 8~] (EPS Insulation Box)

EPS A4 Gd87] T =4
s EPS insulation / ISTA 7D
@ EPS Lid =
- (@) Product Box n
i
i Refrigerant gn
e
() EFS Baox ¢ : — =
W o 1 15 P T-:lhr:] - % Y *© - =
EPSE 8719 F SIAEZE Ag3t4, 10litere] payloadg SHE 4 UEH, AAF




AR

298 gujuls FA0 A e A ISTA 7D(summer) 202 2=EA4S A

olN

d= A3t

H
o 2R HFTEAVIPIE HES 1BIIHA AF8 18E dd87129 74

O XPS A& £7] (XPS Insulation Box)

XPS Ao @87 2=

E /KC-)]

XPS insulation JISTA 7D

Z Product Box

i Refrigarant

41 WFS Bag

XPSe 8719 F ©d Zﬂéli Ab8-3a, o] inner caseE AFg3le], 10litere

payloadE R o JYEF AAFS AZsA =

XPS panel ©f| aluminum % @S 9438, heat bridgeg 7N 313+

=29 gjujs F4) Hgs H3s ISTA 7D(summer)

ZAoE &

S8l Agstel B A A

A

2HO% 2C-8C | BHAZE 2A7HS WESE 4o &
Bd gy ATz A" ¢, L5 ol Fu )
SHE oA A9,

4= A

A
olN

3}

=54 1.

0{




O EPP A& £~7] (EPP Insulation Box)

EPP A1 29| 9§l ox E4

1 EPP Lid

B

L]

=

| Product Box

3} Refrigerant
! ABS Bou

1 VIP panal
| EPP' Box

EPP + VIP insulation / ISTA 7D

EPPS §7]9 F TdAdE A83tal, EPSKETE EPP7} 718 @dAso] HolA & 7
o2 dA oz, Hx ddAdR JAedIdA(VIPE &3
EPPS} EPS ¢ 722 54, @dz 545 wjAd dgadAe] HHasds 4 7t

a2l of

29 s F40 AE3E 23 ISTA 7D(summer) 2102 - EAS AS
HEE 2C~8C | HAAZ 12A2E B3l Ao 2554 19
PP A|Fo] Fx=et 48] EPSHT Fof, d3jAo] ofd 3 &&=l AT

12}

h
=
-1

es!

) g4 24 9 v B4 189 9der] T2 A7
- B2Aese) BANY FAE YAAE BAeE FASE B vdAe A
A3} WelAle] FES 2eH dFo] FUAAN EAANA Y AF| 4AsT
ARG MEe BAG F ZolT. odF FH 24RIE, ddgr|e TEA
295 nz BAAY A& D AN So dea BA, AT WTHH Bdw
axE AAQ0 JolAE WS Fad A,

- olEd A& GEEAY BHE FERATE 2AdE 22 g s8] 7]

Z 9 AAEA jEFE] 188 BYET] AAF AR V2AdTE AE 2
o g
O == ghjuj$8r] FxAF
- 229 ghpilE8r)e] T2 FHAAME 7IEY IRt 71 A S,
ZPEA S &4 Heat bridged] A#bol] TdS 7 AAE Aot =3 1
2k A A 124301 4] LERFA FHU B oz Byl Afde Ay
AE AL, R} WH2ES e dARE HAFstd Hd 1204179




SRA AeRES
. obdlel ®E 712 W
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71E AA AAN 2 F2AF

A A

2% 84 7z A
S%FA o Lid Ao %
A

W @rle) 9RRE A 7]

-

[€)

Heat Bgidge & 43} 44

Yujgid v4& 93 &8l
9 &

Yol d 3 FebEo F4WA|
Heat Bgidge A7+ A7
Wojsid nAe o3 2% <
Ad R

7 A #HeAd

)
@M

|
4|
o ¥

Ho] @ o] oFF E-Fut 2o HA
3t | Fx 9 A4
gGdaid 188 gk gt
AFddad (VIPe &3
Heat Bridge A7+ A2 A

Wl A& A8t EAA ML

=& fAss 5587 24
ks
O Ha T2AZ ~ Hdf 12043 A&AF 54 183 AAF AlEdelA
- HEA Y VEEA AWste &olde dXESE, d8RE T 8ot Asd,
SAEEL S FA0 U HEA, dBFES ST U

94 R g WReol Aste
Aota, GF AL o3 dBFE AL

s AT o, Ha 7243

il
WA o] s A ((7.2kg)sAl I
=

&3t 8719 AA FAE 4




87| FH'E XSAZHL0H 7.2kg 7| F)

g
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2 o
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B g
m — i
1
- — |
1
- S |
——————— |
oo 12 za L 48 [-+] 7L EL 86 ips
A 2E hrs

» & T
a9, &7 FAE ALz daaA

=2 dhfu]$87]o AHE ALt st dEAY] dAEEH YA H
&9 ZHBAE ALtete] GAP Y TAAE A=, EPS A-e A 1H
9} Zo] Axtgd & doh. F, FAE 80TolA 100T=E S8t 2F 904 Zko]37b

AS GHT 5 Advks A,

- A7IA, FAL el wE FAY Stet FFAS dES I A

- gL oUX Hgnche, 2R duuserle] A7 sde AR
doldstn Ar) 12047e] LEEHS AFoE U FHE Fu ATIES 5
FEH, AMEREE o)F IZARE so] AR D AUATEE N
A7E AYFEE I 95
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FREL MR A RIAERERERREEREEAREanE
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EPS
e payload : 12L
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AV I e

A& : C-12L-EPS e AF L% : one-way [/ HFOl

« AEY : C-16L-PU

. EFLE . 2C ~ 8T

o EXAIZE : 48AIZE | T2AI1ZE
o T A: Poly urethane

* payload : 16L

A& : C-16L-PU o AFELE : multi-use / vlol L, A2 F
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- ozl == ARE HARW, AFY C-16L-PUS 2C ~ 8T BAe
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(Z4: Vacuum insulation panel products: A state-of-the-art review and future research

pathways)
Initial thermal initial gas core
Manufacturer Product Conductivity g . Envelope
pressure materials
(mW/mK)
Jinko VIP 1~6 - - -
Va-O-tec Va-Q-pur 7~9 <1 mbar PUR-foam Al foil
Va-Q-mic 2.8~3.5 <1 mbar Micro fleece
Foamcore INC Therm-max - - Aerogel MF
Silica, titani
Nanopore VIP 4 - a, titania MF
and/or carbon
Xiamen Goot VIP 4 <0.1 Pa Fibre glass -
American .
Aerocore VIP 1.9~4.2 - Organic aerogel MF
Aerogel
Fujian
: VIP 2.5 - - -
supertehc
. Fumed silica, Laminated PE
Unifrax Exelfrax 200 3.75 - - .
opacifiers film
Initial thermal initial oas core
Manufacturer Product Conductivity g . Envelope
pressure materials
(mW/mK)
Neofas AG Vakutherm 4.5~8.0 - Pyrogenic silica MF
Va-Q-vip 5 <5 mbar Fumed silica High barrier film
Va-O-tec 80% fumed silica,
Va-Q-plus 3.5 <5 mbar opacifiers, organic -
fibres
Va-Q-plus A 3.5 <5 mbar - -
Qingdao Creek VIP 3.5 <0.001 Pa Fibre glass -
Inert alkaline
Caralon Global CG Max-Thermic 3.8 <1 mbar earth silicate glass A1203
Wool
LG Hausys VIP 4 - Glass fibre board Al laminated film




Fumed silica,
opacifiers and
fibre filaments

Vacupor NT-B2-S 5 <5 mbar

Fumed silica,
opacifiers and
fibre filaments

Vacupor RP-B2-S 5 <5 mbar

Al laminate

Fumed silica,
opacifiers and
fibre filaments

Vacupor PS-B2-S 5 <5 mbar
Porextherm

Al laminate

Fumed silica,
opacifiers and
fibre filaments

Vacupor TS-B2-S 5 <5 mbar

Al laminate +
sound absorbing
plastic board

Fumed silica,

Vacuspeed 4.3 <5 mbar .
opacifiers

Al laminate

Vacupor NT - <5 mbar -

Dow Corning VIP 3.69 Fumed silica

MF

Filament
reinforced silica
and opacifier

Microtherm Slimvac 4.2 <5 mbar

Fumed silica,
opacifiers and
cellulose fibres

Vaku-isotherm Standard

Fumed silica,
opacifiers and
cellulose fibres

VakuVIP B2 - 5 _

Pyrogenic silica,

Variotec QASA 7 <7 mbar o
opacifiers

Suzhou VIP VIP 8 - Glass fibre

% A58 AT v 24

(&4: Vacuum insulation panel products: A state-of-the-art review and future research

pathways)*MF : The metalized multlayer foil

=W wez ;o-a o, o) A% 3
i ?;Jcour Jﬂ?xqoi 7HaAE AE
F 927t AR F

Y

- WF AEEE 7HAAF A8 e AE dEAY A5 oF 1 mbar ols}, A&
5 SEA NN R = UEgen Hd5E I
o

mbar ©|3tE UFE IF
= F2 fumed silica AA 7} AHL3S 52l

2 fFAEEE, ols

&2 7A8L et 1.0~9.0 mW/mKe
5~8.0 mW/mKo. 2 7} A #83
GdAANA B e

s = B
GAEIAE AAY] HFOE YR AFol AAHA F @ AP
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Initial thermal o
initial gas core

Manufacturer Product Conductivity . Envelope
pressure materials
(mW/mK)
Va-Q-VIP B 4.3 <5 mbar Fumed silica Foil apd glass
fibre
Va-Q-tec 80% fumed silica, Foil and olass
Va-Q-Plus B 3.5 <5 mbar opacifiers, organic . g
. fibre
fibres
Fumed silica,
Porextherm Vac?g(z)r_SXPS 5 <5 mbar opacifiers and Al laminate+EPS
fibre filaments
Fumed silica,
o MF + rubber
Gum-1 5 - opacifiers and
granulate

fibre filaments
Fumed silica,
SP-1 5 - opacifiers and MF + polystyrene
fibre filaments

Fumed silica, MF + polystyrene
SP-2/E 5 - opacifiers and plates and sides
fibre filaments covered with EPS

Vaku-isotherm Fumed silica

Protekt-1 5 - opacifiers and MF + fleece
fibre filaments

Fumed silica, MF + plastic
Bauplatte 5 - opacifiers and plates and sides
fibre filaments covered with EPS

Sandwich Fumed silica, MF + glass plates
aneel 1 5 - opacifiers and and sides covered
. fibre filaments with EPS




sides covered
with EPS

MF + Al/Al and

sides covered
with EPS

MF + glass/Al and

Fumed silica,

opacifiers and
fibre filaments
Fumed silica,

opacifiers and
fibre filaments
Pyrogenic silica,

opacifiers

<7 mbar

pathways)

Sandwich
paneel 2
Sandwich
paneel 3
QASA

#]: Vacuum insulation panel products: A state-of-the-art review and future research

Variotec

=
=

(

oF 30 d o=

A= e

!

- 7k A

10

I AR ]

Helow ol R

=

=

]_

S

mW/mK ©]

T Mo
,LlL ;01_
A
o o
T N
T
oF _J
— B
B
T
W o
Mw F

o
w A
==

el
I e
o_w ajo
roy
™=
do o
fo oF
BN
= T
Uk
He B
T T
Jo ™
el

ol
N

=
2

ol
=

she By

SHA

¢

St AgHo AFAALET 2

1l

14 HA

b, AAjet #Age] W
, AR FollA fumed silicazt JEFEY

L —

[e)]
AT

°]
o}

°

o] =4 de

s
a

ol
file)
o/
o
il

B
)

)
T



40 T T T T T i fib
o Do =1 bt o N glass fibres
2 TSHG === PU foam
= 5 30p 1 —-PSfoam
S E R
g 1= S | T 7 - ] - precipitated silica
§ = 20} — fumed sifica
5 & ;
X &
] 10F L v
E = w2l I
i
< _::,‘f: '::::':Ir : . & ZAE Bayem
O%D'I 0.01 0.1 1 10 100 1000
gas pressure pg,s [ mbar]
O A FRE AEHC e EEE

(ZA: Vacuum Insulation Panels - Study on VIP-components and Panels for Service Life
Prediction of VIP in Building Applications, 2005)

h AZME AF DDA GASEUTH 5 AN AY =3

O ZAAARE e o g By &7]o] ALstA7] 93 g ddA= &9 22 =4
= ZE AFS AAEFS A T AFQ.
X RYLy] AL AF ddA) AZA AL
EAEE 4 A = &(mW/mK) 71 &% (mbar) W4
22 = 8.0~12.0 7 o]} 134
A= 5.0~10.0 5 o]3} 134
@) AZE AEF dEA FH AA AF
O & @Al A& AA &4 9 A3 AA 473
- AF gdEA Y YWEE FASE AAlE dEA9 FH fFA9 Ul - R TtxolE
< At dAEgs HAS gte 98-S FoEN IF dEAe ddiaHfE
A 98ge &
- 2F dgA49 AlAE= Fumed silica, glass wool7b 7F4 o] AF&% ™ glass wool
S AL A YRo TAAE ALY glass woolol A HEHE ZF 714 2
TS FASY WHE JAIFEE FAFES oH, ol9ol= gut dEAZ ALS
&= EPS, PU board 58 AAZ AFES A= A& S
- AF gdAe %7] AR AB8E glass woole] AFEE A=), glass woold X F
GdA AP dx Fox HA HE 72T dol (o] Alzto]l X whEt Y
FAETE7} Asste] olE Bsr] 93 FRAAE F71E AYste JATEE 7
Azt AMEEHI S




- Glass wool& 71 &€& 7|F Z7] 2o 49 H& AA Ay 1 ddA 9
A7l WTARS R F Je 983 EAA Asoly AAESA glass wool 7§t
3}

= o] Foix 3 glo] ARAFHE 7H4.

Glass wool ARzl glass wool F2-&A glass wool AA-&A

19, GLASS WOOL A4k &4

- 2y S we AAG~10 um), Dol(=100 umE A F3go) B AT}
A9 Folm B Aol AF g Agste 13 wdAol® WA glo] A
857) WEol sh& @ A4S, HAFEF AET 5 Q7] BE glass woole] Abgo]

o

HAsA B Ao B,

1}
=R
T

- fumed silicax ¥ TGEA ] AAZ 7HE dE ASHI e AEE 7] 94
Z&& glass wool Bt} EX|, Azt mE dAEE AeZo] FHi FU1F

A7 BastA gt FEe 7 4.

- 84y fumed silica, glass wool & A8, 7FAAFA ASE= A3 &
A7) 8 HetA @y) el Al EA GFHA @AW, @)
AR A ABAEE A7 S gl ool tE tHo] FT

- olgg FAE 23ty fstd oAy ZIAEE] PET9 22 A& PET
fiberg AAZ 83 Ay AT Ax7F Hu oy o= AEHIERE &
F71 7hs ek olE A &3 IFy dIAE A Fo] HQgh
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O ASTM D 4169 Standard Practice for Performance Testing of Shipping
@ ISTA Test Procedures 1, 2, 3, 5, 6 & 7 Series
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O = u.9 Hydd §7] A5 9 A7 dd A 2 FFFA
D Rydd 87|98
. IU-e EHEHE Y| e
- A 23] A
A =) 1=
s (A 22) EA A}k A ZE AR
(5)FMS ol . A= =
GTX- ;ao} oame g 87 LEHY L AEE &%
004 & AN &5 BUEF He derbs
(=) FAIAZE 8 ~12A17
guw | (oc | T 2EE ctelame eEmsl g
24 (@) I35 I&H GaA FAAIZE 2 150 AlZE
o A& (MAX)
3 AT ks w8 &
.}_\_U]'E CJ:]:l(il—)% E%%—7] ° %Eﬁﬁl‘?’] . 2“’8 T
- o .
Ao | ST - ane wagen | TG AE
52 8.7] (MAX)
(—Zr)%./_\_ %Etg'?’] : Z‘"%‘Br—_:! %E
Thermod olE & o oFF, 9 =7]7] He derbs
eSign LHA:]% E—‘/g%7l (2’“8 OC, 15"'25 OC)
(33 AN L5 ZYUEHF FAAZE T2 A3
(MAX)
Bag Olivo e oJokE 9gr)r], |exHY 28 C
Container | (Z#2) AFEE By FAAIZE 24 N7
Pelican “19:5—-%4‘?’] . ﬂ]%ﬂgﬂ %E
Credo biotherm 88 oJokEZ 9§77, -8 e A8t | @ @
(7)) FAARE 120 A3 i
(MAX) =
gl v E8, 3-8
Thermo | Sonoco e ;QFE o e=W9 ;16 C
safe (=) : & =717, o R A|7F - 8 A7t
AESE 147 AR 8 A2
2) wuje] ruvtd &7] %5 - AsHF U A% =4
.U EYdd 87 )15 - AsHI At
2ok A & e Es H 9 H] 31




=g AELE o] ¥y
KS T ISO TEEHAREA B oenzd
Ay E2-A 15 AR = -
4180-1 (#HAD o)l o] X GHEF ALY e
=iz ASE o] 3y SRR
KS T IS0 TEEASES B S A
4180-2 (A A EHE 524 28 (e =g 22 ) -
w2 G g dolg sHe
Evdvd i B4
KS T 2030 Ag EUHOY | e | - -
EF Mg 23 21 | Fexzd |- 24
kST Tz A QAU | - 71U -
=P
By
3 dEs AsAke . - 71
KST 1049 | 22 32 A% A9 (io; E]ix} - NEA4 -
Kk s AA 5%
- 7IAA A=
HEHA
=Pl
BeA
5 7 legEd = (A&7
ZEFA G REA_BHL g7 (Ah ) Sy 7 9130 k! ol = 2}
QA4
= =4
=Pl
. . HoA
3 H ol A < EH o] Y L ey 712 4
!
2o
BYygr] AlgZAaxr A k=t A H] 2} WA
FEA AL
3 A HGd &7] JAF - AeHrt A A =4
® .99 R¥TEd &7 AS - 5B A
A& =i By H H] 31
American
ASTM Standard Test Method for Society - BHeA
D3103 | thermal insulation performance of | Testing and (&<, ¥7h -
-14 distribution packages Materials - 7144
= (ASTM)
“ I(;lterngtlipal _ gapel
Air cargo-insulated container reanization - 2eA
8058: ;thermal efficienc for (&g, ¥zh )
1999 ’ Y Standardizati | = <%
on (ISO) -
ol= | ISTA Standarq 7E & Stan@ard 20 International g E]X}?E_l H ista
;Insulated shipping container thermal Safe - EYHAEA | oo asonsrony

- 73




Transit
performance Association
(ISTA)
American
Certification of cargo Bureau of
ABS . .
containers shipping
(ABS)
Russian
The refrigerating plant is intended Maritime
RS for the cooling of cargo carried in | Register of
the insulated containers. shipping
(RS)
CR
CR Standard for thermal container clasaﬁcatlon (g, W7h
society )
- HAd
Standard for freight container Det N.orske - B
DNV . Veritas
;Thermal container (g, ¥7h
(DNV)
- 7144
- g
Guide for certification of - B2
. . Bureau
BV freight containers Veritas (BV) (&g, ¥zh
;thermal container - 7144
- }\]
@ 229 NEe A Gigr) AF7E 2 45H P 4 B
O =u.9 #d FF XA

g vlsg Rygd 8719 A% 97 35 % BE
ot *E, 74, AT
2y KS A 1712 w68 43 B AU
(B, KS T 2030 A2 E7= ol
=5 ISTA 7D Temperature test for transport packaging
dH=

KS L 9016 R2Ae) dA=& 4L

KS T ISO 2248 +&x7 st=9] 2 YA g
ASTM D 4169 Standard practice for performance testing of

rr




shipping containers and systems
ISTA 1A,2A,3A Packaged products 150 1b (68 kg) or less

KS T 1SO 12048 =3-4HA 87 E ol &3 5% =4
st A A AAEE

(A, b= ISTA 2A Packaged products 150 1b (68 kg) or less

SR FHUAFAY 0 AAANEES 19 A ARdEA.

A FHE AT HUdFstE
ASTM D 4169 Standard practice for performance testing of
shipping containers and systems
Random (Air, Truck, Rail) - 3h
ISTA 1A,2A,3A Packaged products 150 1b (68 kg) or less
- Fixed displacement, Random, Over-the-Load etc.

2) @) W58 HyTd 87 ARt W

- 9 mjEE Hvd 8719 &= A2 [KS A 1712 vi$8 &% Hix AP
THlE #Este], O YERd A3 o] &7] ulFel AXA|sta, AlRtel wE
2 = 54 Bl

st7] flslA, =54

/719 shdi, TG, ARl A st SAHT gl v Hidd

S fFAAIZES [ISTA 7D Temperature test for transport packaginglel
=

- HZE FAEE: 4C, 10C (EFAAIZE : 1204 7h),
2T (LE=FA AT 7243 o]4F 120A1%F o])3h)

([ ] © & e2ESyYEQE
=7 | ¥ H|
= . -2 T | M5 A"
= 4 -
: = 2223 =
- — () ‘ .
= ) S A — 10 ¢ -
."’ [==py 7 =S e =l (Data logger)
,, P e = T A7 ISTA
<= (hour) 2440 D
Hgd go]ul®
2 o B exagza= 4y

a9 . 2Ydd 871 =5 54 AAYA A4

o
5
& A4 BFAIAE dEhtA %

# 2
5 BAF W5 20 Lx AolF APL A

, 35 C FAZE Hol oy o &
2 =
%



- wehA otef®o] YRR A o], ISTA 7D Summer profile & 7% 7}
%7121 Hot Shipping & Hot Receivingg W&l A FAIZE 72417 &8 120
o2 HE3le 2ESAES AANT A Y.

2> o
o

3. ISTA 7D Summer profilee] &% %7 (Hot shipping & hot receiving)

SUMMER PROFILE
Hot shipping & Hot receiving
Temperature Cycle period Cycle Period Hours Total time hours
22 °C (72 °F) 1 4 4
35 C (95 °F) 2 6 10
30 C (86 °F) 3 56 66
35 C (95 °F) 4 6 72
- w3, Bywd 879 M F2@ BAe gd a%E o83 Hu4 fAo]
th ol #ste] G MEA Y HFol 2o
- Hugd 879 BEdE 24 fste ade) dAEEL AwL AU
o, ZAHWME [KS L 9016 HeAo AL =AU Fild, dAE=LS
A3
l A . (91 _92)
dHA=S = _
A& (W/m « k) = R, _ Iz

;L AdAe] FA (m), Re @ Al@Ae] €X& (m2 - kiw), A : FEH
& HWHm2) , 61 @ AFAY 12H 25K), 62 @ AFAY AW 2%
K, P : Fa2e B3 &5 AHW)

@ 3o (FA)AH

- g8 Ryyad 87)9] 54 7}=+ [ISTA 1A Packaged products 150 1b (68 kg)
or lessloll &3t A A3



E . 2B T2 A 2L G <A

PN
zH4stge] T2 Eﬁ 3 A3 AL
A
Corner s
1 7H3 H kst BE Corner 2-3-5
(7h)
Cornerg 7|#o2 7Hd #2 4ol9
2 edge (%)
H
1 6 o =
e 3 | edge (%) Cornerg 71&o.2 F3F 4dolo] W
44— Edge 1-2
4 edge (5) | Cornerg 7|22 71 71 Zojeol #
y— ‘ 5 | face (%) g Ao mAe @
/ > facuers Jon | 6| face () 7HE A2 dA e | ()
] 7ol A G A eh
3 Corner 2-3-5 7 face (U‘i) %Z—]— %;ﬁ"q] D‘j

8 | face (H) T "o | (i H)
9 | face (A) Mg 2 W8 |
10 | face (A) 7Hd & WA W (k)

- KS T ISO 22489] Y3slAld w3} ISTA 1A 4

F9] 2ol KS T ISO 22482 3l A7} Uﬂ%%l o A Fou, ISTA 1A
o A e BEs A e, Iu - QoA 7 BusiEo] AgH
I AE HshAE HH .

- ISTA A9 Y3 A1d WHS Freefall Drop, Rotational Edge Drop, Hazard
S o8 7Y A el oy, THA Ay du] g AR A
GRS b mEHoR Aty Slg

Drop
Mo 2+ Freefall Drop(AH

- ISTA 2A9) =BAE Y93t =ol= FHo 970mmeoly, I ¢ ISTA 1A, KS T ISO
2248 9o & 4L Ao 760mmIF-H EAsIE (Package)e] FAlol wel yr
1A A=

- @ FANAE, Il Grje] FEEAC st 9t wo] Hol 760mm=E A PS

MAFgom, AF wHE 9o F 408 o] 12} 3% - 67 AA|
- x4 shEe) gu) WEg QANS Gusb] ekl ® 41, 23 2o 24 A
253 24 2o FFol B2 AP 202 Mdsie] A3
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A=A E AL uF A+&2] (newton, N) H] 21
Wt 224359 F TH
Apply and hold S AAH TASIES
ASTM D 642 X (§—1)X Fx9.8
test Force S 6 ( ) F: dAASF
(ISTA 3 ~6 &3

2

- gug BRygd 879 £5AE RB) E 443 Zo] [ISTA 2A Packaged
products 150 1b (68 kg or lessl¢} [ASTM D 4169 Standard practice for

performance testing of shipping containers and systemslol] &3l Al@S AA|
g
- [ASTM D 4169 Standard practice for performance testing of shipping

containers and systems]ol HWAl®E A" A%
environment (45.4 kg ©|3p) ‘o] FZ ol F3}o
2 Agzde A9s

37 W F 'single package
A =3, &5 A5 w
o2 s (1: high level, 2:

Ay Jm

Assurance Level 3-2-1
medium, 3: low level)

- A

1

SAE

Lo
N
J}Ol'

== s O =M, ISTA 2A7} 11502 Alm
of tid M=V = < A. (ASTM D 41699 7%, Assurance
leve1°ﬂ w2}t 0.73, 0.52, 0.37 9 2159 A5 AFAIRE
o 2AIZF oYy 2 ATk thal 7}25—‘:— 1.15 GrmsZ ®j-$- 733k Al golt}. o]9
3] ASTM D 41699 A%+ AlgAIZFS 3412 olulolH, 7} 733k Assurance
level 1°] 0.73 Grms= ISTA 2A¢] AR 713 %

rEi rl

- 27HA AlES BF AASY A Rydd 87]9 MF GAHAALS FrE oF
ol™, ISTA 2A¢] A LS A FRT 2-38) AE 7 z
A= ASTM D 41697 A A& Ho 2 Ads.

ISTA 2A

ASTM D 4169

LS AEAE

=

A A

AW AEA
A 25

1 Azt 3 ARt
A
i o] ASTM D 999 ASTM D 999
A ASTM D 4728 ASTM D 4728

d o

E R

- 1AM 1 inch (25 mm)
- CPM, Hz 2 A

14,200 vibratory Impacts

Test duration minutes =
estduration minutes Cycles Per Minutes (crPm)

- AWML 1 inch (25 mm)
- CPM, Hz 2 A

14,200 vibratory Impacts

Test duration minutes =
estauration mInuULes Cycles Per Minutes (cPM)




(dAD (el A
CPM Hy Tgst dyration CPM by Tgst QUration
in minutes in minutes
150 2.5 95 150 2.5 95
180 3.0 79 180 3.0 79
210 3.5 68 210 3.5 68
240 4.0 60 240 4.0 60
270 4.5 53 270 4.5 53
300 5.0 48 300 5.0 48
: Frequency PSD level
Power spectral density (H2) (92/H2) Grms
(PSD) (g2/Hz) 1.0 0.0001
Hy Assura | Assuran | Assuran 40 0.01 s
nce | ce |l ce |l 100.0 0.01 :
1 0.0001 0.00005 0.000025 200.0 0.001
4 0.02 0.01 0.005
% 1—/-]:'_] 1 6 002 001 0005 (01] }\]) Random Vibration S pectrum
40 0.002 0.001 0.0005
80 0.002 0.001 0.0005
200 | 0.00002 | 0.00001 0.000005 g 5 3
M 7 5
0.73 0.52 0.37 £
(Grms) 0.001 :
ES 7
180 180 180
A| Ij_l- e 1 10 100 1000
AF A% X ISTA Q15 (FH-&%)
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E. A FAF Aerd FH 25
4 129 4 2-39 % A 2 129 F4 2-3Y 4%
AL} 3~10C 3~10C of A3t} A 2~ 0~5C 0~2C
=3 4~8C 4~8C &4 0~8C 0~4C
L E XA 4~10C 2~10C &l 5 0~10C 0~6C
ERS 8~15C 8~15C Ao vl = 0~8C 0~4C
s 0~8C 0~6C I 0~6C 0~2C
EHsof 0~7C 0~3C A FA] 0~5C -
Ak 0~3C 0~2C I 7~10C 7~8C
25 0~7C 0~5C Q0] 10~15C 10~13C
RS 4~10C 4~10C Zuf 0~5C -
7] 1~2¢C - EnlE(m] %) 10~15C 10~13C
ol & 10~12C 8~10C EnE($S) 4~8C -
vhubut 12~14C 12~14C T 0~8C 0~5C
el 0~20C 0~20C o} -1~20C -1~13C
@ 9#ujg By 8] M B4E JE A LAY AF

b A4 4

Fol AHEE 9E87] A% 4

O W Bg §7]
- T ©g §71E FE duje] AgEE EPS 98717t shAol Adskel 4
TAY 5 gof 7HE wol AEH

- dibF o AMgEE dE87IEAME A ©EAde] = EPS 8717F AHds)
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Energy (Store)

PCM

at liquid state

Energy (Absorb)

PCM

at solid state

Energy (Release)

Melting Temp.

I, d¥stEd (PCM) &4

- AAA S EASAY et o Az

3 S4oloiAl, Bdriy tan A
=]

aAR 7bgHoln B4 FoA AdHo

2 PCM=E 22410 A& 7He3t =42 100~200 S/F7F SAE

- e 2E0A JRistE dov= &
& (Organio® F714

Do
3}4d (Salt hydrate) AlEe] F7]18}3E&E (Inorganic) 18]l

Salpa, AFAGAE AL 7713

2% ol¥el HYE (H/1AAB+7INTE, TV GET/ TR, RSB
&

F718tek=)ol £9d &

- 71 E dHstede] dEe ga)

B EgtdZh, SEERE, =uUERE 59 st
2lAlE, PEG, ®4, &= 5o AgAY

TeAFE Y A EF, 982w, @

F 9 F3E°] U=

&3E (Eutectio® 73



Phase change materials (PCMs)

Organic Inorganic Eutectic
Paraffins Metallics Salt hydrate (())rgani.c / Inorgani-c / Organic-/
rganic Inorganic Inorganic
Non-parafins(Fatty
acid, alcohol’s and
glycol’s)
9. AHsEd ((PCM)] B/
- #7182 POM| EA Ao "Il B Aol e whi, 73
& PCMoll wlal FAAdo] zta Rajsigo] 22 Aol A+
F718gE PCMY SRS #fristdeEd w2 d5r 511 Frd ko] & wibd,
Fr715kekE PCMoll Hlste] FAAdo] Zpstal Fasido]l & @30l A&
- F71& %ol 93 eutectic PCMo|Y, A2 PCMo 2+ &85 = 84 HE
2 PCM& FA4ste =245 49 + AT
F. AL A AHEEHE PCMe 943 54
o Melting temp. | Heat of fusion | Density
Composition Type
() (kJ/kg) (kg/m3)
NaCl (22.4 wt.%) + | Eutectic water-salt
) -21.2 222 1165
H20 solution
Diethylene glycol Eutectic -10 247 1200
6 wt.% KCI + H20 Inorganic -10 - -
Dodecane Organic -9.6 216 -
Triethylene glycol Organic -7 247 1200
16.5 wt.% KHCO3 + )
Inorganic -6 - -
H20
Tetradecane + . .
Eutectic organic -4.02 227.52 -
ocatadecane
20.5 wt.% NaCO3 + )
Inorganic -3 - -
H20
H20 0 333 998
91.67% tetradecane + ) ,
Eutectic organic 1.7 156.2 -
8.33% hexadecane
Tetradecane + Eutectic organic 1.5-5.6 234.33 -




docosane
Tetradecane + . .
. Eutectic organic 3.54-5.56 200.28 -
geneicosane
K2HPO4 - 6H20 Salt hydrates 4 109 -
KF 4H20 Paraffin 4.5 165 -
Tetrahidrorurano ) _
Eutectic organic 5 280 970
(THF)

Paraffin C14 Organic 5.5 228 -
n-Tetradecane Organic 6 230 -
Pentadecane + . .

) Eutectic organic 6.23-7.21 128.25 -
heneicosane

Formic acid Fatty acid 7.8 247 -
Polyglycol E400 Organic 99.6 1125

Paraffin C15-C16 Organic 153 -
Pentadecane + i _
Eutectic organic 8.5-9.0 271.93 -
octadecane
Pentadecane + . .
Eutectic organic 7.6-8.99 214.83 -
docosane
n-Pentadecane Oraganic 10 - -
Paraffin C15 Organic 10 205 -

O PCMe] EAH
O Iz |4
- 3y 7+ (Super-cooling)@Aolst, ZEA 2571 FHst 250 Tgd= 4str)
= = 9

dojukx| @, 7 7k

-t PCMollA o] &do] LA s, APz =7t 2

EERE

- P e af Aol oyl wiEel &9 Ry, &
= = =

FH o A ARkl o3 22 = ol

- 7S A E] YalA FE WA (Nucleating agent) S AH&31H, =3 A7}
ZmA8S 7] i FPgt ATt FoE

Aol UhEh
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off
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Edolm A83E A MNIAAANA 9 THANA YERAE 5 20E& gl of
st
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Heat Functional
insulation fiber
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SZEIEEE:
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LS A & A A} 719 =
2015 FEEES o] &3 AEFEA &7] o] Aa=dA, 871,
W4 57t 9] 39 W48 Al
a2}
s AY 2nEAF EydgaoR ] POM, UFNWPE JH}.
2015 | A E Heorg A A do] Balol A% o]@A | g2, SSPCM, absorption
O = 9l 4m method, SSPCM
> e composite, latent heat
aftertreatment,
7ol EZA(PCM)Z Nylon 65 o] &3 . antibacterial finishing
2014 Sheath/Core HEjS] E3HF A=, ;1; agent, berberine
293 EA v §gF JJZEAH AT ° chloride, PCM/Nylon,
PCM
2013 o]F PCMe| Aelzd gzl Ao dxdg | 237 | dsE4d, 3, §3l
3 A 9] 39 FHst, CED
RS =3
AZHEL AP UEH BAG o8 | Ay | o S
2013 =4, JF T3, oyA
4 PCM Al = 2 69
A 7+
2012 CDF& o] &3 <13 3E o]F PCMe A¥= | Awst=4d, 31, &
g 314 9] 39 st A A o s
@ =9 A7+ A%
- ol AHstEd AT A 2y AW =229 A& EokRE H& WH H
A MAdel tig A7 Bol X
- 53], o= PCM< Encapsulations 3t L&A A 83t AF7F Bl o]
Fol 3

- Wilson Chalco-Sandoval (2016)2 PCM3 PVOHE H7|WALE 3o A|2FHgE PCM
Aeste] FHed 2 4 S Ui A& %S

- Tingyu (2016)2> PCMe] EdAAZY dHE=E MAS 8 A<Estd Praffing
expanded graphiteE ©] 83} phase change composites (PCC) 7§dol gk A+

- Mohamed Lachheb (2016)& PCM<]

= Y

44,

=84 EA /M-S ¢ske] Lithium

nitrate/Graphite compositeE Cold uni-axial compression 7]&2 ©]&3}o A =}s}

of BA3
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HWe A & A A 7191 E
Applications,
Development of an ) )
Wilson biopolymers and
encapsulated phase change
2016 _ , ) Chalco-Sandov | renewable polymers,
material via emulsion and .
, o al et al. DSC, electrospinning,
coaxial electrospinning ,
fibers
Enhancement on thermal Thermal energy
properties of paraffin/calcium ) storage, PCM, Network
Tingyu Wang
2016 carbonate phase change ot al structure, Thermal
microcapsules with carbon ' conductivity, Thermal
network stability
Magnetic microencapsulated :
Magnetic

phase change materials with an
organo-silica shell: Design,

Fuyun Jiang

microencasules, PCM,
Electronmagnetic

2016 synthesis and application for o
. o et al. shielding, Thermal
electromagnetic shielding and , o
, o regulation, Polyimide
thermal regulating polyimide ,
, films
films
Structure and thermal
_ PCMs, Octadecane,
properties of . .
) Dowan Kim et Expanded graphite,
2016 | octadecane/expanded graphite N
, . al. Shape-stability, Thermal
composites as shape-stabilized ,
. properties
phase change materials
. PCM, Salt, Graphite
Thermal properties
, o Mohamed waste, Latent heat
improvement of Lithium
2016 , , ) Lachhed et storage, Thermal
nitrate/Graphite composite .
. al. conductivity, Thermal
phase change materials .
diffusivity
PCM,
Use of phase change materials . Electrohydrodynamic
Wilson

to develop electrospun coatings

processing, Heat

2015 _ , : Chalco-Sandov )
of interest in food packaging Al et al management materials,
applications ' Food packaging,
Encapsulation
Composite nano-structured
James H.

2008

calcium silicate phase change
materials for thermal buffering

in food packaging

Johnston et
al.

Calcium silicate, PCM,
Packaging
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po0g | S A=, 10-2008-0074366 | 10 M= £
ofo] 23] -
AT EA
2007 REEEE I ELR 10-2007-0048717 | =L, ==
@ =) 3 WG
- ¢ 53l& 15 AAE PCM AA 9 PCM A= W} A2/4AE 2 =X

WRlol tie 5315°] ¥l =dH

‘Thermally-controlled packaging device and method of making” <}

Al el gk W&ol BAIH

‘Package
having phase change mateirlas and method of use in transport of temperature
sensitive payload’ oA+ EE/FAE str7|9lsl] RS o] &3 wis8& =44 A

£ 9 53 g
W k) =dHs =4 S H
. Tegrand
Thermally-controlled packaging US8443623 , .
2013 , _ Diversifie | &%
device and method of making B2
d Brands
Packaging
Phase change material bladder for Technolo
. US9267722
2013 use in a temperature controlled B2 gy 5
product shipper Group,
Inc.
E I Du
Pont De
, . US8308861
2012 | Phase change material compositions B Nemours =
And
Company
_ US7919163 | Benjamin
2011 Thermal packaging system =
B2 Romero
2011 Packaging including phase change | EP201107106 | Nestec =g
materials 27 S.A. =T
Package having phase change
. . Entropy
mateirlas and method of use in US8607581 ,
2011 . Solutions, | &%
transport of temperature sensitive B2 I
nc.
payload
2010 Active thermal insulation system US7797950 Beal ==

- 103 -




Energy
Managem
ent LIc

B2

utilizing phase change material and

a cool air source

O =l A& &

Hu ol PCMOZE Eo| 714 ®ol ]84

#)

- A AREEHA A=

= 98 & =40l ¥lst

A -QA EE dges

T op

A

A2 500~1000 uj <]

ol

o

oju

el

E
__OT

ol 5kel 735
e o

= 2570 C
5

3}

s A}

glol A

]
=

3 of

zk= A2 PCM# A A&

il

Jelm HUgoR wol

A

NI

oo
—_
)A

—_—

Y
i

3t

S

- 104 -



- PCMe] Abg-gol ofd o] AMAoE ALgHIAA ¥
271 chepshe gatel wheh muy gl RFof AaAL W
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- A3 e DSC (DSC Q10, TA instrument Co. Ltd., Delaware, USA)E o] &3}
A z7194 PCM03} PCM-102 -60C ol A 60C 7}x] PCM-25+= -60C ol 4] 40C
7FA] PCM202 —-60C oA 50C7HA]¢] &% WstE 2, 5 10 C/min (Scan@2,
Scan@5, Scan@10)2] & W3l&=2 =A%

- 7t AEE o l0mge AFate] WA

= AE T4
Samples Composition
PCMO Distilled water + SAP
PCM-10 Potassium chloride
PCM-25 Sodium tetraborate decahydrate + sodium chloride
+ ammounium chloride
PCM5 Tetradecane
PCM20 Capric acid + Lauric acid
A9 2

@O PCMO (Distilled water + SAP)
- B3 318354 £A (35 wtu)E o] Fo]A PCM0L Scan@2oA =% (.98C,
=72 -948C S X<

- Scan@59 A4l 5+=3 0.51C, oJ=4 -11.66C, Scan@l0°|A =4 0.48C, o =H
-11.76= ®.<

- Scan@2el A AdEe wiolA 3353 g, ool 305.0 Jig
Scan@5= %%7& of A1 305.1 J/g, ol&=HlA 2854 J/g, Scan@10->
342.1 Jig, ol=HolA 306.0 J/igel Aol =HH

froox
e i

2 30
ki

||V

2

- dH3lEo] Z71E4E =& Hd7Z (Supercooling) &%=7F A E =6 Scan@?2
o A+= 9C, Scan@5°l A4 11C, Scan@l09 A 11TCE RY

oj =
- Sharma A (2009) Ao M=d A T <] FYz+e Buyof Jojr &8s
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% Melting (0.51°C)
Supercocling (11°C)

T
20 40

L = o =
HolEgH, 5~10C AR A &+ o S A4 &
[s13
=
L 14
12
g
10 A /
6 ol
D =
E.,; g 35 4
& / E4
w
3% / 2 4 - :
£ / Crystalization (-9.48 °C) 2 Crystalization (-11.66°C)
0 _A_J 0 ==
a/ Meiting (0.98 C} 5
2 Supertooling (8°C)
44
41— - ; : ) | ;
20 -10 0 10 20 4 #9 0
Temperature (°C) Temperature ("C)
124 y
10 /|
8 ,"‘ ;‘I
5° /1
z [
z 4 g}
& [ |
T 2 |4 Crystdization (-11.76°C)
$ /|
0 —
7
2 v Meiting (-0.48°C)
Supercodfing (11°C)
44
£ : v .
40 20 0 20 40

19, PCM09 DSC =41

£ 10C/min

Temperature (°C)

©

(A) @ W3he 20 /min; (B) LBSE 5C/min; (C) LA

3E.E WESo ©E PCM0S €3 54

Samples Melting Latent heat Freezing Temp. Latent heat | Supercooling
P Temp. () lg) (©) ulg) ()

Scan@2 0.98 335.3 -9.48 305.0 9
Scan@5 0.51 305.1 -11.66 285.4 11
Scan@10 0.48 342.1 -11.76 306.0 11

@ PCM-10 (Potassium chloride)

- PCM-10914 At8-9 EsdE52 T2 F&qd A ALEH

- Scan@20A =3 -10.52C, =4 -20.36C S HAF oW Scan@50|4 ==
A -1045C, =3 -26.22C, Scan@l0A == -10.07C, =3 -26.62= H
o)

- Scan@2o| A HEHFe

Scan@5+

=rdod 2754 Jlg, oledolA 2775 Jig ZAHHIYT
=ro A 2727 Jlg, ol=AlA 2586 Jig, Scan@l0L = o A
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it

267.3 Jlg, ol=dolA 261.1 Jige] Aol =4

- PCM0¥} mizi7tx 2 EWstEo] 71845 =2 A4d7 (Supercooling) =%7}
ZAE =4 Scan@29 A+ 10C, Scan@59 A4 16°C, Scan@109| 4 16CE HA=

8 10
84
64
6
41 = 4
g g
£, 3
= =2 Crystalization(-26.22°C)
5 20,36 B
% . Crystalization (-20.36°C) f 04 = ~
E 1 Melting (-10.45'C)
p Melling (-10.52°C) 4
¥ 24 Supereooling (16°C)
24 Supercooling 10°C
=
- T T R
-40 20 0 20 40 40 20 0 20 40
Temperature (°C) Temperature (°C)

Crstalization (-26.62°C)

Heat flow(w/g)

Melting (-10.07°C)

Supercooling (16°C)

b & & M o v » O ®
S T

-40 -20 0 20 40

Temperatire(°C)
©

1%, PCM-109 DSC =41 (A) € W3t& 2C/min; (B) €WH3& 5C/min; (C) ¥4

38 10C/min

3. E ¥skEe & PCM-109 €3 54

Samples Melting Latent heat | Freezing Temp. Latent heat Supercooling
P Temp. 0 lg) () lg) (©)
Scan@2 -10.52 275.4 -20.36 277.5 10
Scan@5 -10.45 272.7 -26.22 258.6 16
Scan@10 -10.07 267.3 -26.62 261.1 16
@ PCM-25

- PCM-252 Sodium tetraborate decahydrate + sodium chloride + ammounium
chloride ©. 2 o]Fojx ZgMAoF o]Fo|R

- PCM-259] €2 542 Scan@2o 4 =3 -24.70C, ol=4 -39.00C <& HoF3]

o
o Scan@59 A4 ==5 -24.55C, oAA=5 -40.66C, Scan@l0oA =% -24.4
0C, =8 4244C<S =Y
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- Scan@2o| A e Il 224.0 Jig, A=A 223.7 Jig
o] =34 2151 J/g, Scan@10-

Scan@5+
228.0 Jlg,

- PCM0O3} wizlb7tA 2 dWistEo] F7td<

[ R=%
AN

=49

AE sl a2

_‘:24
T

A 220.0 Jlg,
of =Xl A 222.3 J/ge] FdTFe] 544

|| Crstalization(-39°C)

Heat flow (wig)

/ Melting (-24.70 °C)
1 | supercodling (15°C)

-40

-20 0

20 40

_]

S 3P 7}+ (Supercooling) =7}

H] Scan@29l A+ 15T, Scan@5°ﬂ/\1 16°C, Scan@109 4 18C =& ©&
Fu7 AEE 1

Heat flow (w/g)
o

A
|

/| Crstaization (4066°C)

o )
J Meiting (-24.55°C)
supercdoling(16°C)

T
40

T T
20 a

® Temperature (*C) ° Temperature{*C) B
(A) (B)
g .
3 Crstalization(~42.44°C)
2 supem_oo;‘l;ng (18°C) Melting(-24.40°C)
4
-8 - T T T T
-60 40 20 ] 20 40
Temperature ("C)
©
1%, PCM-259] DSC =41 (A) € W3& 2C/min; (B) €93& 5C/min; (C) ¥4
3§ 10T /min
E. g W3l g wE PCM-259] €4 54
Melting Latent heat | Freezing Temp. | Latent heat | Supercooling
Samples N . .
Temp. (€) J/g) (€) J/8) (€)
Scan@2 -24.70 224 -39.00 223.7 15
Scan@5 -24.55 220 -40.66 215.1 16
Scan@10 -24.40 228 -42.44 2223 18
@ PCM5
- PCM52 Tetradecane® & Paraffin waxel & FTHFE PCM59 4% B2
Scan@2°ll A =E3 582T, oleF 243C S BY
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- Scan@59| A == 5.97C, of=H 1.67C, Scan@l0dlA ZH&=3 6.24C, A=A
1.87C & B4

- Scan@29| 4 FHAHFE Ze=HAA 198.6 Jig, oA=HolA 2028 Jig =
Scan@5+ Z+=AolA 2188 Jig, ol=HolA 2234 J/g, Scan@l0e =
199.9 Jig, A=A ANA 202.1 J/gel FdaFo] ZAHH

B E AL
=3 ol A

- 3y Zt (Supercooling) €%+ Scan@29] A= 3.39C, Scan@5°) 4 4.30C, Scan@10
oA 437CE 4 H3l&o] E45% 2 AU AEE HAFE

6
3
4
|
2 (|
= [ =
S [l 92
/] ) 2
o= | | Crystalization 3 Crystalization(1.67°C)
& | Crystalization {2.43°C) i 1y (1.67°C)
WO S — &
8 o Melting (5.82°c) 01
Superceoling (2.39) &3 ) Melting (5.97°C)
44 Supercooling(4.30°C)
24
24
3 T : : . T 4 . . . . .
40 20 0 20 40 -40 20 0 20 40 60
Temperature (°C) Temperature(°C)
8
64
44
=
=2
2 Crystalization(1.87°C)
= =
30| i -y
g =
Supercooling (4.37°C) Melting(6.24°C)
24
44

&

4;0 _2‘0 Tem;aeléalure("c) 20 #0

©
9. PCM52] DSC F4 (A) € W3t 2T /min; (B) €HE & 5C/min; (C) W3}
€ 10C/min

. d WgEo ©E PCM5o €3 54

5 I Melting Latent heat | Freezing Temp. Latent heat | Supercooling
EUINfRIEE . . :
Temp. (C) J/8) (€) J/8) (€)
Scan@2 5.82 198.6 2.43 202.8 3.39
Scan@5 5.97 218.8 1.67 2234 4.30
Scan@10 6.24 199.9 1.87 202.1 4.37
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® PCM20

- PCM20-2 Capric acid®} Lauric acid® o]Fojz Fg&oo

2 A% AAo] Hgso] o] gy

2 o]F4H 9o

=
T

- PCM209] &7 E42 Scan@2°ﬂ/‘1 =S4 19.36C, o3 18.04C& HoH
Scan@59| A =% 19.74C, o]&=3 17.79C, Scan@l0o|4 == 19.91C, &
A 1746CS BY

- Scan@2o| A FIAFE Fm=F A 93.76 /g, o]

=-oA 90.27 Jig

A AL
=3l A

=
=

=
=

Scan@10-&

=2 7 (Supercooling) &
2.00C, Scan@l0ol|4 2.4

Crstalization(17.79°C)

Scan@5= H=Aol|A 89.02 Jlg, ol=AelA 93.28 Jlg,
108.7 Jlg, olE=H-olA 111.1 J/ge] #dzo] =44

- e MBS M E GusEe] 2/185S
T7F A E =0 Scan@29 A= 1.36C, Scan@59 A
5CE BE AE F MY e 7 JEE 189
g - Crystalization (18.04°C) 131
3 oo C 1] ‘?:o
g Supercooling i"fé;i."C) Melting(19.36°C) §

- Medting (19.74°C)
Supercoaling (2°C)

T T T T T E T
60 -40 20 0 20 40 60 80 -40
Temperature(°C)

- 0
Temperature("C})

(A) (B)
2 4
Lg‘” 1 Crystalization(17.46°C)
%o
?_1 | Supercooling(245°C) Melting (19.91°C)
2 ]
< - ; ; - ;
0 40 2 0 20 40 60
Temperature (°C)
©
9. PCM20¢] DSC =4 (A) € ®W3& 2C/min; (B) €¥3+E 5C/min; (C) &

3}-& 10C/min
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jzel

EXx
=

=R

A3l So wE PCM202]

= 9

Supercooling
C

1.36
2.00
2.45

Latent heat
(/)

90.27
93.28
111.1

Freezing Temp.
C

18.04
17.79
17.46

Latent heat
(/g

93.76

89.02

108.7

Melting
Temp. (C)

19.36
19.74
19.91

Samples

Scan@?2
Scan@5
Scan@10

i

e
wK
m
pul

e

lel DSCe] &

S

- PCM¢] ¢

oR
X0
_Z__l

Fof

=
=

i 3}

VA=

&

2, 5, 10 C/min

o X egrA

2 ol g

79l

FrE e Wt

W3t gof wE

oA <&

=
=

AN
=

=
_EYL_

TR

o)
o

g
1

1712 @7 o

o]z‘g

M
o}

3}

g
wAO

\

Eff of] A 2

R

4
o

B

)

palll

;é'l—

Z PCM AAA]

o
T

& of

- ol

+ PCMO}

R

7FA 2

o
o
XA

ol
H

of

~

ol

&, PCM -103} PCM59] &< o

>

PCM59]

et
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2. 22pd =
7V 3713 FMS

(D AL & 712 AA
b 9§ 2Hy87] 71248 A

O 4ol W2 BYgr] 71 A4
- Azt 2249 El]le] 27bA EBle® B8] J1x AAE stk 2744

B BF DFAAET Folmd, AHFEAE FEOT AE 5T

= s = 1%
R 7
l i s
— A
\ / g
I"' A SECTION M-y
[ = 254

-

e a 3
' e e = ;|
"B 2 ]|
[ p—
- Syp—— . | - %: z'.‘- - .‘.
i &l . ,
. A N | of
k) il ceTalL G
S 3 : a——xt | SCALE 1:2

440 SECTION A-A

Y. A R Ruygr] 9 PCM 7] Z2A A
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OHHIE

74
2l o

O

2

Lo

A, W B EEACl Ror, AR A4 SHAe A WA
SR s A B0 HF AR

et

AR EA S o] 83 Ry (gD md

b '-
—

.L
LHne
i
2

i

o
i
b

il

=
5 TR
W
TaE
& L
. EY

=
=
i N A ™ T ™ T ™

= 1
P AL (Wi LY A |
i
E
e A5G .l
L L AT Al i
i = = - "
i L
— =
oy 0
E =
.- }-*
e =
T T -
A Lk mn | T
114 - -— #o
- 7
—
i | = T E U
=] T |
=
1 | i L ; "
356
- -

99 A7 ER REl(sheA) ) 24
PulEA AAD LS FuFaE)

xR AAsgon 9ne 4 0 Qv o A B3] FHE A% 3
Aol WAE U A LS =
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O wa 3% H$ Aol 44
D Bg 249 43

Image UE CHEYs(EHES)
EPS V 30kg/m? 0038 W/m.K
EPP e _~ 68kg/m’ 0.038 W/m.K
J
XP5S -1 30kg/m? 0.03 W/m.K
2 250kg/m? 0.005 W/m.K

3

J[m

F.EYEE Ao g 24 9

EPS (Expanded Polystyrene)

-HIEHOE AAE ddA o, 2B ERCE VM Wol dEA e &4 4.
7P dRAEEAC] st 43 H UhEo]l AR ARol dov, "R vol W
ZA /4ol ofstm ol FHekg T o] Us-

- EPP (Expanded Polypropylene)

- Polypropylenes 73 H 2] HI=gEZ w5 € 2 IV 4F3tA AFES A
L1
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- 4Y g 7hEAel ¢

o g H

A LI
o] o

=K

- PU (Polyurethane foam)
- EYe-Ew 2 MDIERAL she

D GHEA SO

= gl 4§ 9.

- XPS (Extruded Polystyrene)

Frael £248 112 £F o4 W ol
3tel 209 o4 YIAA Agshe Bdds 2

doll FHofstar WA -7 Slof W @I

L EY2AS GEBPOE AN BYOE EPSel uls] FrEol o} wdye] &

3,
2o
gol A8,

- VIP (Vaccum Insulation Panel)
- EdF EAo] &
Hl&) 108) ©)A %43+ A

LB gl Bl Bt =

Ae dHol A+

- A% 24 87
SRR

Z QI3 BT Yo

/\g /\}o]

gt AF Wi 2uF AHZ BE7] b
JZo] 9L,

woH, HE Bjo=nt 7hFo] ket AP0l Eoj

Termparwtnrs | L]

EPS insulation / 1STA 7D

Ho wele BRI YR A

Fit

ok daA

i
T [l

XPS insulation [ ISTA 7D

T
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EPP + VIP insulation / ISTA 7D

= R ——— e e
™ m’"T - - o
a9, RYEr] LA 2ERA As
EPS, XPS, EPP 37F#] &A=& Payload 10818 &S Al&ste ISTATD 2T ~8C

ZASE HAE Z3 g

EPS A&o] 7% 48A1%k, XPS M Ze

B87]E EPP A& A, @A PU, XPS, VIPE # &3t daAF&, total &

F, o WnEge A

Yol 7Hd A2 VIP=

2 A% ¥ PUSH XPSe] 4%, Wulzo] U

9 A gs7] olele Aow BoHol,
EERESIEIE[E TR OIS EIRE
wol 7 9 Wul oy A R3] 7 A% W] oW PAE 3
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=
-

EPP AEe] A% 247 £ §4 Hed ¥ 5 98
- EPP &719 2&5/A A5l 7Hd o, dujuls87] 5474, ¢t
gt FA0] Be AOE qiEo], 44 EAo] i, WA, 94Ed, 7t
Kol S2gk BPP 4412 AAske] WA
- SR
i Ar .
ST =487 |@mss |Tow g8 |ocecMm R} =X
A T3 AT Wim=.K] [ | OR 2F [
. " L i Oid SHE fea) = UFw A= AT « Timelseec)
K E U E [wimk]
PU 20mm | EPF 20mm | .74 2.913 g7 U IR B W)
A: EH )
AT £ Packagiog U1 2 & 2 S5H%]
XPS 20mm EPP 20mm | [LB4 3,320 11.1 a4 X5 Mim]
Time & K[ 4] THsee.]
1
wirngnggay U= TEY T
VIP 20mm | EPP 20mm | 0.22 ays 28 [{;:-,)"'{&_ o]
X, &AM Yo 4=

=

A 3247,

7



a2 E ARgste] Ry (ah--A)e NEE.

@) AANE 7l& ZAEA

1y

D AN T FA DA

Insulator cover : ABS. Top: £PP

———= Insulator ; VIP

—= Insulaior cover ; ABS

PCM
Side : EPP

Insulator : VIP

Bottom : EPP

e CltEr COVET - ABS

O Hygr] [ By Y 9 A % 3D RE
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% € E TR N = o
- =~ 4o _ 5
W X £ M.. .n._n.. ‘ml =3 H_l _._.L H_—l
m M &3 Wr m m ..__ a & E = UG O_ oy
L L
o a e |. Vgl | K = Kl i _
Gl gx g m.mrﬂ% M.mﬂ._ﬂuﬂ ol o) S e
M 4 & ARk G uﬂ oo
& Tyow T
- oW B w N
.Mﬂ . ,mmo _ % ) OU_O :._O ﬂ
X 5 s " & op N ok &
i fo—e i oF R ol =
= o)) 3 — 5 B
v ) N S_w7F T
! —_ < N —~ —
U_A 0 m ,q_OI 1JI o ~ .Z._
z : % 3 T 3
w 3 A S 5
W \ = e m_—A ﬁ_: o O_H ‘Dl T
% Py X =
El N = I = E_]E 0
o i+ gL A o
B W~ oF
o = :2 X
B " o) N i
— oLl B oo Jo X I
- o o 2 4
N an % X T = oy R
% ,mmu T ° <° E‘._ H Mﬂ o ,M._
H A Tww g XM
U -
ﬁ Hew,m.m_.ﬁoqo; of Tk
wawpTEr T2
d w T X -
Gl AT
g R®ERTI T
- N R F M
M_u. O M % T W i Y
o ]
|
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@O gui& By&r] 3 Ry CFD(AHA S

- EPP Ry87] 9 SdAVIP), R3S 43} st

shH AlEd ol
mdyg 8y

- Y AF FxE 2dd 5 A4 YR FHLEEANS dHE GHdAY &= &
25 Ao wat ALtete vl EAst At g
- Algd ol A "I o] AFgAAE, FolHA, AHFEAE dE By
7l 2 Byd dF A& 1Y
Outer Inret Incses ABRE
£2 EOER | =Rimm] =8 BHE=F | EMimm] 28 FEER | FAEmm| | Mmkg
Side PP oo m I o00S 30 TEAPE 005 o 022
Top [ 03 10 i G:008 an HAPE [ 0 6.22
Bostom i no3s 3 VIP 0005 26 ZPL 005 0l 822
I L (DS HHEE) E?UE:KKJKEHHME{SH}
KRR wns
LEpRLaC[T] ‘1 = F = A= AT = Time(sec)
T A TH ey ] 7r=imm] | M| | @EimY
Sidu (F/E) [T 308 9 0 05304 K EHEE W/mE]
pm  |SdE L T R U AR E Wik
Tap 6 258 0078336 A EE w3
Eottom 106 256 0078334 AT Packaging 214 2 £ XL
side 175 Kl ad: ATS M m]
fra ag Tap 132 7 : [
Battom 132 [ Time:: K| 54| ZH{sec] .
euAs % ssaggugaan U=
Total B3 655 [T (f—c‘)ﬂ:%‘)...]
R BWIE 300 Khfig BLA N pep UnnERR Y '
gaw N (S8 .2 kg EEERE TEAYE
®. 1gAAE A4
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Outer cover Insulator Incase HOEE
8 EHUEE | FHImm] E5 SHEE | FHImm] EF EHEE | FH[mm] | MW/m2.k]
side EPP 0.038 20 NP 0.005 20 7}PE 0.05 0 0.22
Side (R/L) PP 0.038 20 VIP 0.005 20 FHIPE oos [ o 022
Top EPP. 0.038 20 Ip 0.005 20 FHEPE 0.05 0 0.22
Bottom EPP 0.038 20 VP 0.005 0 JHAPE .05 0 022
> DA M ozt LW
i) ED[]]:KXAXEX Time(sec)
Q71 2E[T] 30.5
WEESE25(] 3 = U x A x AT x Time(sec)
XA ZHhr] 72 | 7=mm) | s=mml | emmd
Side (F/B)| 306 92 0.056304 K: SHE 2 [W/mK]
. Side (R/L) 256 92 0.047104 U:gms 8 [W/mK]
e Top | 306 256 0078336 A:HE[m
Bottom | 306 256 0.078336 AT: Packaging LI 2] 5 2 AT
Side(F/8) 89 K
Ad: T 5
—_—_ SideiR/L) 74 K , T:J:B[;;]
EE Top 123 < Time: A|Z A ZHsec.] .
Bottom 123 K wstagganze g U = 3 N
A 15 [(g‘)’r(g‘) 1
Total 25 ar BN M RET ARG Y v My
= Lk [k = = A &I
z5+ eanE 300 Kikg o i
2os L0 (B 20 kg
3T A=
E FolMA AFRA
- 37FA AF ol "isiA AT L5E AL
- - -
- By 9 ddAe A3 FxolH, AFTol wet AdE= e ol dishA
= °
5 kol 7} 9l
{;:-:'h“““-m. Outer inner | Incase . ABFE
.| z2 | enze | smvm | #& | wezs [mmem| =2 | gmcg | Emimm | pmzi
tide EFF 0038 mn P 0.005 0 THEPE 0,05 0 022
Top EPF 0.038 2 MiE N o005 20 EL: 0.0% ] 0.22
Bgttom EPP 0033 Fl vip 0005 bl PP 005 L] 022
P EEA L (M HRER) EEl=K= 4 xz—:x Time{sec)
27 8EX] L5
eERSR]T] 7 = U= A x AT = Time(sec)
T & AL ZH ] 130 nEpmm] | =] | SEm
side (7w [ 206 03 0.656304 K: EHEHES (W/im.K]
i Side (AL 56 w GOaETI0E u:HNiR S [WimkkK)
= Tap 106 756 0.07RIIE A EHm)
Elull't:rn mj J':«IE D.O7EIIE AT Packaging U215 & 5 K]
Side 232
- fu: A B 5 [m
ang ey | Top 178 T fTTL:
| sottom 176 ! Time: X| & Al ZHsec.]
Py 1
it ol i sasgeage Ay U= —g=—a5—
Total Eey 875 K [ -A-_‘- +{i':}]
ShSAST 09 W E SR Y N R )
e 2T (285 29 kg ERUGE NEALHE
£, Adk8AE dFEA
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1
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i)
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fu
2
el
>
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o
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ol
ok
N
do
2
[l
i)
o,
2
=
2
a
B
oflt

kS
X
ojo
i,
e
S
rlo
i)
o
i
s
ﬂllrﬂ
N
X
okt
ko oox

Fogo] 7
Aol G M)A = We WA wE 7

BERT| &7 EPP 1‘5’5“\
opzsl 470 ABS '—L~.‘_’

———
CRE

Air
R T ARS o

=

I AE Fx 9 2dE

- Tetrahedral Meshe] A, v|AE AA=ZH BAZAZ FAdAE Az Ao 71538
o, gdukg o2 Boundary Layer 5 F< FHolAE AAE AE & F e AHES

7}A31 9lo] Tetrahedral MeshS A}£-3}.

- & Ao ARRH AR Alol=2= Hbmm o)™, 110,335702] AAE FA skl .
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- AAe A5 Yell= A EZ Skewness #H2 ol &&3) Skewnesse AAFo] HIE
d& U= AEEA, 03 1409 #s 7FAH 09 77k @ 7HEFS AAkY
ol Fom, 0.95 oY A ALt A A HAY EAGS A AHgE = &
5 oy, B #AA9 Skewness # -, Aigkol 0.8424 Azt A2 F &4
A ST

- AA=EA
- Case 1 : Board =% E}Y] / Side + Bottom ®Holwt PCM #2}3k 7§

POMA | Water T

P #H Condition Rermark
.__[_" Bottom PCM (i ENEE, Water
[ sidePOM i ET|2E, Water
SHRE [Air] 1'C ENEE. An
HIEE Al YUNRE e THEC SIATD BFRT

9. Case 1 A=A
- Case 2: Board =9 ©E}Y+AZ / Side + Bottom W%+ PCM #2Hel 7 -$-

PCM - Water {1
A Condition Remark
Bt PCM oC ENEE Walor
—_J-—- H7lEs WA 2 S
Side PCM 0aC EN2E Water
SNEE [A] 1C EINRE. Air
7= 305°C JHEE, STATD BFLC
FUES A 1Y NEEE = e
HERT 1T

3. Case 2 AA=A

- Case 3 : Union B}$} / Side + Top + Bottom ® =% 0C PCM &3k 2%

PCRA - Water 00T

wHa Condition Remark

§ Top PCM 0C 785 Wator

" Hilg s 5T -
Baotkom: PCAM 0 7R Walos
Side PO vy @ i_?l i E . Wator
FVEE JAir] I 2NRE A
- BBRE AT #rEs wsc | ayes s wRes

HEE2= 1< TNES

REEE:1X

9. Case 3 AAxA
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- Case 4 : Union B} / PCM 5C + PCM 0C &85l AF&3F A$

BOM : FE S 5T

POM + Water 0T 2% | Condition Remark
Top PCM ':_'IC EINEC. HHEZHRN
— T IO Bottom PCAM g E 2L, Wate
Slde PO g =25, Wate
STEE M 1x I RE. A
HAEE 30.5 APEL, STATD BEE2%
FOEE AT
MEss 1" g o3
MERE 1%

9. Case 4 HAA=xA

. Board B¢ =< A, B &7] A} Al SideF-<} Bottom*F boardE A|2ste] =
Hale BYo g EF olFA I3 E8L Y F = AHo] 9. Union B¢
7% board A2 glo] Side/Bottom*= Union B} S8 AZ3 EA7} glo] A e

S48 o5 BXHE ol AAeE Bl AL

- Case 1 A5} (Board =9 €} / Side + Bottom W9 PCM A3 7-9)

e AL

Side View Ul F-2-7¢
138, CASE1 Temp. Profile

. Case 19| AA=xA slollA 9B =2 Fo A

U 3t &= F2F5 Fske] Bodyel Topto] HEHHe £57F w8 e &
om, = Bodyel Topi-o] =#HE7} heat bridge 4 & & AL ZHEE S35
@717} loss H& FE5 /A & 8 s AR #dd

Case 19 7%, Side¢} Bottom-olg+ PCMo] A2t ® 7-¢- Side¢} Bottom}-9] &=
of vl TR Xl B& o Hol 7IF X AL 9E ATRA
PCM& 2t 8t Zlo] & Zog Agd
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. B89 49, BodyE Union B} o2 A|Zst= Zo] ofbd SideXF-<} BottomF-E
Ztz} Board FE|E WFEo] XYste EFYolth webx xHE A& FiEdA W
717} loss7t A E o] @A 2HF ] 257t Ao 2 ZoE dAdHET
AF Az AL W79 lossE E0l7] AsiAl+= SideF-o BottomF-E ZHsl= I E
7} obd Union FEjE A2 & a7t & 208 By

- - Case 2 A3 (Board =9 ©E}J+A= / Side + Bottom Ho5F PCM A2Hsk 74 -$)

H“"‘-.h_“ ~_| ""\M

Top View Side View

198, CASE2 Temp. Profile
CUEe AFE A2E st AlgE | A9

=

o2 & Case 29 Ui Alol=

De. U AFe AR A, AE Al w2t ofR2RE 2 do] A
2 2w, POMog dH=o] o]Folx Ae|l=e] 2E7F Fohdl oz AAHM,
PCMe.2 Qlsf o] AFH 37 2271 B & 4 2 F & A= Ady

. Case 18] A4FATtsl vwstel, R L= vasES W, WP 42 B A
=

- Case 3 Z3}(Union E}Y+A1Z | Side + Top + Bottom W XF 0C PCM #=H3h

39)

\__‘.
rd-* N
% . ﬁ%‘ 1\\““.& =~ |~N /

S
P
5

Side View R 23
138, CASE3 Temp. Profile
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. Case 39] A%, AZ Ao PCM 0C 3713 o2 Adx PCM =71E E3)) Yy
S7HA17171 184,

<5 A /\] =

. Case 29} ®luste] o] PCMo| REHES d& Fdtd R 25 45
AAAN 713 Y. stdolvE PCME A Eels ARG 4a7tA] AxAZE A5, =5
A7 8 8 AL 2 F S AOE AREHY Ao A= PCM F3ke
Z Q3 AA AF BHP Byt FoE F gornz HHI PCM ¢& =4 & &

27} A+

- Case 4 A3 (Union E}Y+AE | PCM 5C + PCM 0C &8&3l] A3 49)

Side View W5 23t
138, CASE4 Temp. Profile

. Case 39} Hlmale], 4o PCM 5C AH&3h

. Case 39 Hluslle o, AFer Z Aols HolA oy A5 A¢
4C olst=z frAeloF 2= PCM 5T AAA ¥& AC2 AR HH, Fo|HAl
I AdFE2ES] A9, PCM 0CRE ARE & A5, Aoz 2Eo|de] dAAE
Aol eu= 5C PCM3} E83to] AHgshe Zlo] F& Aoz AdE 3.

D AN 71Eo] AFE A2

O ®YPgr] A=E A=
- Ry 87 5 AZ
EPP &A &2 A2 A2
Gray A4, 13.54] H= A4, U= 75kg/nd
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a3, 2y87] : EPP &A|

o, gddA : VIP
Fumed Silica 2412 A& 53514}

%“ﬂixﬂ.?— AREE = VIPS A, AATE Tl":q =2 A 2= o O‘Zﬂoﬂ TrSH”OE

Fumed Silica VIP A =&K) 4.6mW/mK o, 7] dA=&L faAF=2 Azt
H VIPe} Hlwsle] =2 AFo] Jot Azt mE EA =
o] Jlom €u) 87|} Zo] LA GdEEaFI B 87| Bel AMEE
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- By gl Bl 294 PE

9. gGgdA o VIP
EPP B &7] AZF AZ} &5 (154) HlE, Black Mo =2 A2}
AA ¥ 2 ddA =94 HES 9l EPP RES o] &3] A2k §
S 2948 AE A3, ol jle

- R ALE AF
wuyse] A9, Sde &9 AEe] 0C Wil FFF L 5C QJulg HEe

e FAske] Az

@ AA =9
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@ AA

Jo

R ojn
o o R
H |z Rz B
T gl g x
GO
xAO wAO ,@l
< = = =
SR T 20 o
0 —
— 0 S S S
%0 8 8O 8
0 (e} () (e}
p | 888
Nro o) 15e) o
< = = =
@) @) O
o fad [ [
= ) @) O
OL (e} () Lo
3| 2| & &
il S S S
fo o) oo 0
<] = = =
@) @) O
5 A A a
= @) @) @)
OL (e} () Lo
oy
O
A Hm K| N
AEIEEE:
- o °
Xl i &o ,AL
re

!

N
oo

K

23

bol 23 A LA

J

78 WA

=
o

=i
=

- PCM FA

Fom™, PCM A& F7/9

J|

g

=

y

PCM Epat
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2% XY 25 dE HAE (227))

1
—
h—_.—l-""-:._ —

R RN AR A A AR AR A R AR AR AR AN ARARAEAR AR AAAAR A HAR
Eaz;353glﬂ.i:_::gf:tbﬁ:aﬁnﬂﬁr.nmi:l.:nﬂﬁi .E::"::'."::::-3:91;‘.‘.2:5:&2:3:3115:‘32:b
LTI

—i —E] =—p] =T =TI

I8, A &5 A5 H2E(L7]) 3=
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2%} XY 2 95 HAE (HA)

S

gaszsan

EERHRBEHER

foesuuases

HEBEEEER

uEn

BEHEBEEBERE

EEussuEEEEn

Fhvm b

hya

I, 2z AA &5 A HZ2EMA) 1

R

NN 2%7t ol&

654] 3

KeN
-

Faeu, HA

£ AH83S

=2 3y

&)

A3 WA AR DgFol Fopr] L= f

o A9, FFe F7h AW L5

AL
By §7] Apolze]

|

s

- 1

A

R

bof Wejge FHA71E Ae et

Q]3]

HA 2

3
pul

(4 A2 22F Bk A Y

O 1A A& 2k U§

t W 7t

Apokg o] YujF 2Hol LS

=i
=

- ZHAE2E A3 WA

Hy g7 Aelz=E @

A=

3|

AZ171 €

A B} of 30%014 F/AA A Eslokd

A HE
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D 22 A2 Het A

O F=x= AA B2 x542A
O HYgr] 7= 9 A+ 2A

- ™I o] 1k A AFe] B e JiAdste] T dAE I

- AF & 20% °1% F7

_.d
o

330

15
=

=5
|

!

!

!

!

!

!

!

|
e
370

Y

9. 2ygr] 8 PCM 7|24

O 4HstEd s o] &3 By (ah-¢4]) 2A
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VOOOO . |
I e

a9 YA E 712427
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(WP 22 AZRE Al AA
O Bygr] 3D nd
AFE =2 74 4 3DELDH

ox Top : EPP (25T)

+J—' Insulator : VIP(12T)

—> 0°C PCM

> 5C PCM

— Insulator : VIP(12T)

Box Body : EPP (25T)

Outer cover : Fabric

a9, dgadds 2 WA 7= A4

Incase : ZtIPEET) + FH2T
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Box Top : EPP (25T)

Insulator : VIP(12T)

0°C PCM

— 5C P(M

Incase : 7IPE(RT) + SH2T

— (°C PCM

Insulator : VIP(12T)

——— Box Body : EPP (25T)

Quter cover : Fabric

Y. ANFERE TE A



@ ®yg7] 3D 2

» Top/Bottom VIP
- Size : 490 x 306mm
- 53 12mm

- =2F: Zea

» Side F/B VIP

- Size 1 478 x 92mm
- 12mm

- %=2F: Jea

155

» Side F/B VIP
- Size : 294 x 155mm
-5EH : 12mm

=2t : Jea

204

I3, gddA 7% 9 Ato]=x 3D »d
= 3L
@ 2z AZE dF AL
= =] A [e) 2= fe) =
- BeE A AAE T 18 2ol agAAE, FolHA, &A=
. - -
gt dEF A %18
Outer cover Insulator Incase UREE
5 SEEE | FHImm] 5 SHEE | FHImm] EF EHEE | SHImm] | W/m2.k]
Side (F/B) EPP 0.038 25 VIE 0.005 12 FHIPE 0.05 10 031
Side (R/L) EPP 0.038 25 VIP 0.005 12 Z+EPE 0.05 10 031
Top EPP 0.038 25 VIP 0.005 12 FHEPE 0.05 10 031
Bottom EPP 0.038 25 VIE 0.005 12 7raPE 0.05 10 031
AT
b BA M SEHJ|=KxAx e % Time(sec)
97[2E[C 35
ez 1 = Ux A x AT x Time(sec)
XA ZH 72 | 7Zi=(mm] | MEmm] | BEmY
Side (F/B) [ 350 370 0.407 : HHEES (W/mK]
- Side (R/L) | 370 247 018278 : HAE 2 [W/maK]
s Top 550 370 0.2035 s [m]
Bottom 550 370 0.2035 AT : Packaging 2|5 2 X{C]
Side(F/B) 1,101 K
— Ad: 28 T
— Side(R/L) 204 K . TT.T[;T
= T =24 e Time: X|Z A 7Hsec.] .
Bottom 550 K sstamjageg Ay U =gx—F5—
OFF A= 1.0 [(El) +(EZ) ]
Total =2 2,696 K 2 z
=+ 8une 320 Kikg WM W 22T 0T oE ET Y
ST PCM SHEE 302 Ki/kg ZEY0EE AS A E
203 FO0iEE (5°C PCM) = kg
Zos Bl (EFD 8.4 kg
hv A o & [e] i=]
. AFAAS dFEH
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Outer cover Insulator Incase HUES
&5 EHEE | FHImm] EF EHEE | FHImm] EF EHEE | EHImm] | W/m2.K]
Side (F/B) EFP 0.038 25 VIP 0.005 12 ZtHAPE 0.05 10 031
Side (R/L) EPP 0.038 25 VIP 0.005 12 ZHEPE 0.05 10 031
Top PR 0.038 25 VIP 0.005 12 7HAPE 0.05 10 0.31
Bottom EPP 0.038 25 VIP 0.005 12 7HHPE 0.05 10 0.31
> B M ZEHJ = KxAx g x Time(sec)
2r12=rq 35
HEsE25] 3 = UxAx AT xTime(sec)
E| 2 A|ZHh] 72 Ft=[mm] | ME[mm] | m=E[mI
Side (F/B) | 550 370 0.407 : EHEEE W/mK]
i side (R/L) | 370 247 018278 U: 2 2 [w/mK]
Top 550 370 0.2035 EHE[my
T TER R T Packaging L 2] 5 2 EXHC]
= 0% ad: AT EM [m
axg gy o) o Time-iﬂlljln|[7|':s.ec]
Top 518 K SRR "
Bottom 518 K sstarjanze s U =—7gx—g— 1d
oFF 24 10 [(El) +(EZ)'"]
Total 22 2,538 KJ * ?
S5+ sume 320 Kikg
5°C PCM SHE S 302 [/kg
2 Wojgk (5°C PCM) 20 ka
Taw UnE (E5% 60 kg
E Folulsl FPgnA
Outer cover Insulator Incase anss
£5 EH=E | FHIMmM] £5 EHEE | FH[mm] £5 SHEE | FHImm] | (W/m2K]
Side (F/B) EPE 0038 25 VIP 0.005 12 ZEmPE 0.05 10 031
Side (R/L) EPP 0.038 25 VIP 0.005 12 ZtmPE 005 10 031
Top EPP 0.038 25 VIP 0.005 12 ZtuPE .03 10 031
Bottom EPP 0.038 25 WVIP 005 12 ZtHPE 0.05 10 0.31
b BLH L HEJ| =K xAx g x Time(sec)
BFIECC) 35
RS2 7 = Ux A x AT x Time(sec)
K& A ZHNr 120 ZEE[mm] | MEImm] BE[mM]
Side (F/B) | 550 370 0.407 K: SHLE [(W/m.K]
i Side (R/L) 370 247 018278 U: G2 2 [W/mK]
Top 550 370 0.2035 : HE[m2]
SBdCttIC::nB 5510511 3;0 05 AT : Packaging LI 2| 2 2 = X}HC]
ieetivhl - ad: AT EH[m
ong my | Sl i Time‘ﬂ_—r"ﬁiﬂ:ﬂ':se{:]
Top 756 K TR
Bottom 756 Kl SEATH A2 S AlAH U — #
oFFE A2 1.0 [(K—l) +(—-‘—)...]
Total 2k 3,701 K 1 2
ZE+ EWEE 320 Klitkg BLE SN EET AT SE 2R Y
5C PCM SO4RE 302 Kikg TOUKT S AL E.
25 WIS (5°C PCM) 4.0 kg
20 AT (SR 7.8 kg
E. Ak AE AR
- 37HA AF ol thai A AT 1.0 = AL
HYEr] 2 ddAe L3 FxolH, AFaol wat AdEE Wl sy

AT 3ol & F.
- 23 ARE PA A g
AR .

o
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(Th 23+ A1=FE A=}
O »Ygr] AlEF A=
- EPP &A1 2 A& [ 158) Hl= ALg

a9, 2yE7] - EPP &)

@ SIAVIP) &
- AA : PET fiber

a9, @EA VIP A&

® g AF ope 2y A2
- myEe] A5 sHg Ao AEd 0C Wulg FR4
1 st AR (A8 FREE YulF ol
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IECRECE

- By A% S a9 AES 0C Puig FFF L 5C Julg dE
g FYstel AR,

O 99 AFES 7ML 3ad=ol= AE AFE A4 d5H2E 2 dF 184
PrE QYT 43
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U Al 198E 7 FE22 2

X
b 12 AAF A 2 B A
O 1x+ AAF A=
- 1xpd =ol Az aA FoAA A BFAEVF & FHSHIE
FHE 53T AHDY), EFra5A25AHDEE AANE HEsta HAAlE=
board type fumed silica, PU boardg& ©]&3% & TEA AAFS A4

o
)
1o
o
1o

= d AAA 1 A9 A 2 A A Hl 11
1 HD95 HD95 Board type fumed silica
2 HD95 HD95 PU board
3 HD85 HD95 Board type fumed silica =7 -
4 HDS5 HDY5 PU board 10mm
5 HD85 HD85 Board type fumed silica
6 HD85 HD85 PU board

E1A AAE FEes
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HD95/HD85/PU board HD95/HD85/board type fumed silica

HD85/HD85/PU board HD85/HD85/board type fumed silica
1933 AAF A2

O 1x AlAIE &4

AEF T4 %27] ¥4 = &mW/mK)
HD95/HD95/PU board 48.1+0.1
HD95/HD85/PU board 48.5+0.5
HD85/HD85/PU board 48.9+0.3

HD95/HD95/board type fumed silica 48+0.1
HD95/HD85/board type fumed silica 49+0.1
HD85/HD85/board type fumed silica 49+0.2

. 9A 13 AAE TE 2 RS

- 1Adxo) A=E oI A9} fumed silica, PU board AAE &3 23 TIA
ANAFSY dREs EAZEH, A9 F/Fe A AAd IE Aol B
Fom PU boardol A= <F 48 mW/mK board tyoe fumed silica® < 4.9 mW/mK

H ]33

Z PU boardg AH&3$ JFdHEA= 7] €dEE&0 ygk=dl, ol WHE I3F
Z A PU board7} s o] YF X-go] HAs A g mE A3z HY.

(b 22k AAF A 2 B4 B

O 2z AAF Azt

- RBEE 3 F 5 e ANAE 8 2E DAAE AR 9k
Fz TS EE Vs NEP AT DA AFS fumed silica, §714

AL AEste Az
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= ¥ a4 1 A3 A 2 A Al Hl o1
1 Enjge Z 29027 fumed silica
2 FHAdE S225A 71 A -
3 Z20Z 7 Z212% A fumed silica T - Smm
4 225 A 225 A 714 A

2= A [fumed silica
A=Y

_LIHO

221 N AF A2

O 2z AlAF B4
AEF T4 %7] A =&mW/mK)
EddE/522% A /fumed silica/8mm 49+0.1
Z 225 A [F 225 A [fumed silica/8mm 5.5+0.3
EW1dE/F225A /7714 A /8mm 44.2+0.8
Z2 =X [Z 22 =] [ 7] A A /8mm 43.7+0.2
E. 9A 221 AAF 2 2 EdEE
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- 27] A EEL fumed silicax= board type silica?} A #e HIow, {7
AA = PU board® o} ofzt AN Mg @A Z ARSI ol & dAEE
e FHEES d8sldxE ddEE&2 IA WHslstA gsker, A wH3H0.2

K<l

mm A5 dAEE FFFo] gl
(T 32 AAZ A2 2D B 1A

O 3k AlAlF A=
- PET fiber & & dEA d¥Es Ui dFvesd dAZEE, &7

F5A2FA, FHIAE 59 gAY st st om, PET fiber 4A#]<
FAE 10, 20mm 5 7FA = A 2k
& H 39A 1 A3 A 2 Al A v 31
1 G EHFISAFA FHEE PET fiber -
_ , A 20mm
2 dFu|FS2A2F5A EHdE PET fiber
3 GEHFISAHFA FHEE PET fiber -
. _ , =74 : 10mm
4 GFuFS2A2TA EggdE PET fiber
X 3 AAEF FAA8A

dF T2 A FHEF/PET

LT ESA2ETA T8 EF/PET

fiber/10mm

Z/PET fiber/10mm
a3, 3x AAIE A2}

AdFHFIIGA/IFHE

O 3z AlA

o
r-{m
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1

9
yil

E&(mW/mK)

2.5%0.2
3.9+0.2
2.9+0.4
4.4+0.5

z7] &

R

°

PR

/PET fiber (7] 10 mm)
Z3|

/PET fiber (+7 10 mm)
/PET fiber (7 20 mm)

I A 3AF AAS

=

=
=

E/PET fiber (-+7 20 mm)

=

]
=
=
ix
=
=

A

ARG 7H @2 oF 25 mWmK &S ERom A Wstol| wh ofF

=) ) &=
12F2 /8
A/ EwE
A /B
A]
1~2 mW/mK zto] A3t

o

1

H
=

5

0.

o
I
o

Z
]

-

<

- PET fiber
A

3

ToF %
o]

I

o
=
o)
=

o

o7
o
ol

() Ber] He 7

el

i

mel PET

A Aol

fiber, fumed silica®, PU board @ S7]AA] €2 =74 e
A 2+

[e)

=

by
-

= A%°] PET fiber AlA1R T} fumed

s}
=

|

o
R

35}

fumed silica A =2 A A

|

L

bol 414

A A2 ol A
°

fe=]
=
o

T
silica A A e] Abgo] B%

|

pZS
!

A ehcha

R
N

e

712 3

°
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I fumed silicaZ

L.

O HzF AAF A=
Pz
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& u o154 1 BEE 2 A Hl 31

o= ] == 3%} or=E ]l == 3%

0] 554 I E S fumed silica 380 % 330 X 20
22 %] 2% Al

Or = gl =) A 2p| =2

Salhacs P E S fumed silica 380x92% 20
2332 2% A

OF &= 1] == X} olEn| =31

1] 554 I E S fumed silica 330 X 92 % 20
232 25 A

HFP) 5 HFA LT EH2EA

o

=

[fumed silica (top/bottom)

T ES22FTA LT ES22TA

343} AAE T8

F5225 A/

/fumed silica (front/back)

v 3523

Hyg7] A&

[fumed silica (left/right)
" 4zF A AFE A E

O 4a AAF £A4

Ax T4 %27] AELmW/mK)
Ao FE=RER /L E20] FZH2ER
EI_-T ]‘E‘o F]/r—_]’—r‘ ]‘Ero &5 ] 45403
/fumed silica(top/bottom)
G FH FFA2TA LT wE22FA 4504




/fumed silica(front/back)

0

[fumed silica(left/right)

FrlESA2TA L F ol w5 A2TA

4.6+0.2

X, 47

AAFE 4

-ol W 7] dAEEL F7])¢F BAIGo] ¢k 45 mW/mKE 239 s 28 2 H=E
Bgnc e JAES #e Huagon, WTAe s AR 437 6
2EE WY T4

mp A7 XEF GEA] 47 £4
O @A ¥7hEs
- AYEE X GEA dUHEA
E=REY ] T+ A o 7HRD)
Jag fumed silica (board type) 23,000~34,500
1 " glass wool/fiber 8,050~13,800
2] 3] 7| dFu|FFER2TAEE 2,300~3,450
2 A| 4] A7), AAn], 7 5 6,900~1,1500
i} fumed silica 33,580~54,280
X %0J7 > 9 9
3 S glass wool/fiber 18,630~33,580
. 4P E JE GEA TR
- B8] 48 dE gdA 2ot
Ay ddA 7 7 A
GEHFELHA/GF U]Erio“%x]/fumed 10,1001 /EA
silica(ton/hottom) ' -
GFP A A /LT FE DA [fumed 473591 /BA
silica(front/hack) ' -
GFr gL AL FrF5dFA/funed 44409 /EA
silica(left/right) '
. 4YE AE GEA dUHEY
O ©EA d7F £ 2&
- F gEgA drte] AL IR, AA 5 FAAFH AR¥E, JddH] Fo=
A5 v]E, Adn] Fo] & HFS AA G
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e IF ggAe 97kE =71(1000 X 1000 % 20), ALY 1WDE 71EL
2 4YE E dEA AU 19 Zo] AN

fumed silica 28 F GEA = fumed silicad] @77} A 3= Bl &0 FoH,
glass wool/fiber= fumed silica Rt} w& 7pA 0 g AmjEa QS

ey g wdAle] A7ks AN, 3706l weh ug shmEeln shARtel s
AT w20 o4 F71 & & lthe ool glo] A% g, WA F SR
o Ao 272 AR A7ME VAN Fels A B 5

o]l o
P =

ol ATFolA AFT By &7 HE XF ddAe dries = AT
o, dA BY {r|o AHABHE /1Y FT AL 38550¥CE AFEHIE
12,0009/m2 B} gdo] & spAo R AR R,

[ 30

Hy §7]9] 2EfAC 24 2 AR Ay ddA AAEFS

22 A S ol =

2 AP goz At AYxEIA 7] g7 wS =2 JHAUE dAs 4 A
Ago] gle AdHolA R ik Al drte SR mEk vl spAF o g et
L7 ALt AbEo] 71 st
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Transportation route

ﬁ,% =

Packaging 1%t terminal

et [ L

Hub-terminal 3 terminal

1.000000
—A corporation X axis
(0.200 Grms)
- b % .
0.100000 | - 4 B corporation Z axis oA SHPORHONT wuis —A corporation Y axis
(0.440 Grms)
e \k = P 7 A
3{ AN + S --A corporation Z axis
s F (0.810 Grms)
a:-:- == B s = P T PR - B corporation X axis
o = I N Y 2 P . S PYNR  NN E A} (0.510 Grms)
O gat000 |Acoporstion X asis N N A Sl T
o $ == --B corporation Y axis
f == (0.460 Grms)
550 W X
E:'t’ 0.000100 I’ 4 —B corporation Z axis
: i (0.780 Grms)
i : i
<
0.000010
"}
0.000001
1.00000000000 10.000000 00000 100.00000000000 200,00000000000 500.00000000000
Frequency (Hz)

a9 =d g wE s A

@ %% #5874 24

X
- Ran Zhou 5(2015)& =9 T2 %7, Ego £5 7

BAetE AEss 38, 39 EE2EE 7IsH 1E5HE V|EeE A 1
(Highways), ZFd==(ARs, Arterial roads), 22} ==(SRs, Secondary roads), 3%k
S 2(TRs, Tertiary roads), 42} ==Z(QRs, Quaternary roads)® F&H. AT =
T Sy 1,500t vRreY] 43 EEE A3 EEE Ao E E4siRon,
45+ 0-30 km/h, 31-60 km/h & 61-90 km/h Al ZFo=2 F&, FA
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g2 £5o|A =43 RMS(Root Mean Square) 7F&% A3 gholw. Hx @
A RAEF L2 47 0-30 km / h 2 61-90 km / hollAd Yeld. EE S £ &
WY % F BASeE A FEY S 9FE 13 . 2

TRs o4 7} =A ko™, SRs, ARs, Highways olAl& 745
Wt TRs 9 Zo] duidgoz dofgt =2 AHolA H2 Meddoe] Yepd &
& & e =3 TRs oA RMS 7t&% e n&==29 Hlwste] 61-90

km/h & o, 1.329, 31-60 km/h & o, L11¥} &5 o8 A= =2 HE7}
AFADA VAL GFo] ALRT T&EAN © 2 FFL vAE AHE Bol
=

B 030 kmin|
C—131-60 km/h
8.304 I 61-90 km/h

4.25 o a

o

0204 a

RMS accelerations, g

=
wn
i

Highway AR SR TR

a9, EZY &9 T 2XAH W3l mE
RMS accelerations value(Z=, 35 AA 2 A))

- Ran Zhou 5(2015)¢] A& =3 <4t stF B HF3t @ EZHA] RMS
W

7F= 9 H3 PSD(Power Spectral Density) kel EE &x9] Sz A f938h
A F7t3s Bo%E. TRsAlA 7HE & 2F 55 UERH, SRs, ARs, 1455
2 #0008 UFY FFo] Hopx E”Y AR AAV}E 3o NS EFe
A3NE Yl o, A& s it 5 s 5 498 daAF.
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5160k
0.1 6180 kmih

ASTM D4189-Assurance lovel 110 233Gims
ISTA Stoal spring-Fiald level-0.242Grms

R

8100 kavh
ASTM D4168-Assurance level [1-0.233Grms

030 kv

4160 kv
01

ISTA Steet spring-Field lavel-0. 242Grms.

Power spectral density, g?/Hz
Power spectral density, g%/Hz

1E-6 . —L
2 10 100 200
Frequency, Hz
— osokmn — os0ikmm
i
i —
~ ASTM D4169-Assurance level II-0.233Gms N ASTM D4169-Assurance lavel 11-0.253Gms
= ISTA Steel spring-Field level-0.242Gms. L ISTA Steel spring-Fiald level-0.242Gems.
o, 001 . o, 0014 [ d
5 \ C i
= ,‘ (c) = @
) { 7] t
s 1E3] | N\ g 1e3{ | Al
2 A e /
g T [S] f \ WY
FR ‘\ B 1E4 /
Q. J/ " (=%
3 \ i ST
< \ 'I' 2 \/ Il
g 1ES g 1ES \ My
[ ! g
1E6 . — 1E-6 - ——
2 10 100 200 2 10 100 200
Frequency, Hz Frequency, Hz

a9, guk A el A2 PSD levels((a) highways, (b) ARs, (¢) SRs, (d) TRs)

@ ASTM D 4169 Eglo]A 9] 45373 ==&
- g =234 Ui EYe §534 AFU A FH 57
E7F Z/lE o] AN HZd 54 H dolE Y =Y ZFE= ASTM D 41699
A de H EE s RS 32 AEE eI & @A
EY zEagde] Egy HE AR 5 - dvY ME ZEIAYS
1 #ol7F & 293

LY

ATTAA DA 168 Truch Profies

a) ASTM D 4169 Truck Assurance Levels 1 to 3
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d ol l7H2012 A &)

.g—u

_

A

AA 248 A7 A% zehag
1] P?} D 223 ~HEY 2ef 2) 23 F5(Grms2), 3) L=

:Lal EH o]]/\-]_/]
HiEk o 2 ASTM D 41699 & Ald

ASTM D-4169 Truck PSD Comparisons
2014 versions vs. 2016 versions

1.00E-01

1.00E-02

// \ J_//_/,-:\

1.00E-03 ‘V
s 2016 - PSD Low - 0.40 grms.

1.00E-04 —1
— 2016 PSO M - 0.54 gms
2016 PSD Hi- 070 grms
2014 - 4160 Assurance Lovel 1 - 0.73 gnns

2014 - 4169 Assurance Level 2 - 052 gms
1.00E-05 2014 - 4169 Assurance Levei 3 - 0.37 gms
1.00E-06
o 1 10 100 1000
Frequency (Hz)

298, ASTM D 4169 Truck PSD(2014 vs. 2016)
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o

HEe Bygu ZHuolEE o g ASTM D 7386, ISTA 3 Z=ad3} 2

of @A Bl AMEHI Ae A HZE AGH QAFES AL

B A 8 AP, kA AREET A8 )
IAEE A48 A5y 2 $E8E 24 1@ ARe AsUshiEe
Waom A4 2 kdAel U AEIt ARIE AHsIGon, BAYTE
By, GAES, I, SENFEA, 45 AP 52 Yo T

KSA 17128158 43 21 AH3H
24y + KST2030 2 S0
1 (B9, 2E87) -+ ISTATD Temperature test for transport packaging

ISTA 7E Testing Standard for Thermal Transport Packaging Used in Parcel Delivery System Shipment
KS L9016 22712 2HES SHUH

KSTISO 2248 +5 2% 2129 3] HotAE

ASTM D 4169 Standard practice for performance testing of shipping containers and systems

ISTA 1A, 2A, 3A Packaged products 150 Ib (68 kg) or less

KSTISO 12048 ZH-A= A7 £ 0|88 -5 ZH 220 A AH HA) A EEH

ISTA 1A, 2A, 3A Packaged products 150 |b (68 kg) or less

g
ra
H'|
Mo

2 HRHEHANE

E!IH' or:
CRES s waee o7 oip 8 AEP 0d 9 o HOIYSE He
3 + ASTM D 4169 Standard practice for performance testing of shipping containers and systems
2&ME - Random (Air, Truck, Rail) - 3h
Hs) + |STA 2A Packaged products 150 Ib (68 kg) or less

- Fixed displacement, Random, Over-the-Load etc.

9. 4%t 3% 3 AEY 27

Aenrbiael A 2 Ag4el U ARst WS WA A9 ¢ by
Mol eEfA, 1%, 40 U AT AP AR FrETtE oz

O

, W F=e F7b 2 gE PCM 3 1A
B astths Be ojzle] 9lg.
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ot #Ot AN HEN B AAN TSt Bt 2AAN
1. ame

A,
A 4

O A4 A%W7t Wy neH vl W BY Ag

A4S 3 Bxo FAHOZE 72, 144 A AL, 1L T

47 @73 t3 2= zeEade ATt JAFo= ISTA DEG gujs 9

= =37} Wo] E Ao 2 AudE. JdsiAFdo2E 71E ASTM D 4169

Ho}p BHFog ARH glow, Y o)y}

ISTAS} Hlwsle] 7] wj&o] 713535 79 ISTAS ALIE2 3 Ax|, 4=
Al =R KS, ASTM Hoh Bidos ALEH I e ISTAS &S HES

ok of

S AW} B 93 R PPPES Sig, e
b e oleleh g

D ®Y¥A . ISTA 7E Testing Standard for Thermal Transport Packaging
Used in Parcel Delivery System Shipment

2) €7 %&  KSL 9016 RAje] dAES SHUH

3) 43kAl§ : ISTA 1A Packaged products 150 Ib (68 kg) or less

4) AA, =A% : ISTA 2A Packaged products 150 1b (68 kg) or less
5 215 A3 : ISTA 2A Packaged products 150 Ib (68 kg) or less

O AAF TF FHY HE
- AAES] RS AES )
ERERES

| 188 By &7 AAIF o HeAde

ol

) BuA

- LEFA AlFe A WRL = ISTA Procedure 7E : 2017¢] Heat temperature
(72 h) €& 1< 05 7EE 9] &% 4 & =% 59 == HolHE A7)
b EE FEk LR AY WHOoE 7€ TDO Hlwsty #hjeds #1%



ISTA(= A - =53 3] ol A

©
ofo
2
i
=
@
Q
=
s
o
fu
rfo
b
Ho
N
A
ol
>,
()
Do)
o2
iy,
As)
rlr
u
oo
i)
LM

F:6629 h B3 25(-2 C ~ 4 C)E &A%
AE 3595 h 28 250 C ~5 C)E X3
- oFR 2R 5497 h 24 £5(4 C ~ 10 ©)E A%

53X 25 A AR 72 h & BEF @A5HA Edon 53 AR tiH %
G2 AZFE ST 921 %, SFLFE 763 % HAE 499 % «o2 UEY S
o A, Y FH T M Ee 2EE fAEYoF AT &7 AAIE A
AR Q3] 5% 25 FA AH P fAS 5 FA ARS UERE Ao
2 AdE. &A= g8 F&ol vlE 54 2297 =oF HA T HlE|
FrAAIZEe] FA e eH, AR A5, HA AA Y g I e 53
250 C ~5 C)E J3 7 2 1A AHE YEd Fo 2 dds

2) EdEE

dAES AP KS L 9016 Adz=ACZ ‘EPP 87]° of ta Ad3  ‘EPP
£7] + VIP'ol tig AgS AAE A3 Addes v 25

- EPP &7] : 0.043 W/(m - K)
- EPP &7] + VIP : 0.010 W/(m - K)

‘EPP &7]° o tigt 4 =& A
0.018 W/(m - K) o3}
W/m-K 2 M 22X G459

A3 0.043 W/m-K) o2 /g E3Z X2
3)

3
%3, ‘EPP &£7] + VIPP= Alg Z3} 0.010

stARE, AlE<Q]l EPP @dAe] dAE&2 0.030 W/m-K) ~ 0.040 W/m - K)
2 A, AY 23 i 871 AHE® EPPo EXE&o] 7E dEA et
Hlaste] J5o] Hojf o= EPP 879 HEE ol T4 /iAol Bosny
aeE.

3) kA

FF, AR, FEAES AE A AR JHE TS B F
AE &Fe} okeAEel A%, AT B R AR £4
Ge. T MAFY A%, AE BT BAT Qo
of st&HUh thE Amel Ws Beld F7] k@ mAe] vrel Frie
PCMel &g wol sl 44 WA §EL 7laA dio] AT o B
.
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%)
rpr

OY. G F ol WA B - MAR

D AA, FFAY
- FFAPL 10 & FAle) F1F2 504 kef ole] Yo 3 Hele] YFAYL A
ASFOm AT A% AF B Aol BATL THHA @2,

- Xl%/\] 3o ISTA Procedure 2A : 2017 Ag ZHd o2 3 =¥ AASF oY F
of o3t AFe I & L Aol ZAVF TASHA &
(2 229 9hjE 9% B §A 8719 B, AAES e 48 74 9 BA5H7E 238

O By #A4 wd g0 hF BF A4 AWt WA L U4 By shop
AAES A5 BE Bl 5 7K neRe EE

- A WA, PCM A& d=F AA Lol 2ad iy s4F wet 0 C, 5 T PCM
< ?_i?ﬁ}cl AHESERA T EEFA] AFAF oA YERo] FEAIZ O 3 7HA
5 £ LEE §A) AT A8l ¥

)Nk

==
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- WA, AR F2e] 37 Hust Bast B4 e5E &
PCMS 54 %3 @7 £4F. o2 s AR FAuzes
o, GakA AR vkl APA FFL VA EF, R

o

sl PCMs} &g 5@ AR A9 Fsit w4E ¢

)
N
30
v
=
i
L
it

- AR FREe] Bom AR AAA R 8717 25 FHolueA HAA
om, &717F AgstA EHEA K3t 2% fAd FAAAJ] dFE HHE A
olgtx T, ol F7IE HAlE PCMYFS nefstA Rk AAR <ls| Ay
BEAZ YE A8 =183 Ax Zre] drHel A=} PCMo] Ba® E3tol| A
AL de Fx9 7] Aol %‘ﬁf‘g}.

AA

23 YR HA) grho] BEF B - 8717 Holue

- A A, ddAek 8719 Fwd Agte]l dag VIPY AA Ar7F ARG

A Azl 0] BustA ARHA &= T4 AF¢ES fd FHsiA =

2 2¢dg A4, VIP B &717F vEd vheAel L, 543 EAF B ustA

AFEA ot HolB3 Fo= mAT Fo] T o] For 22X &40
A EAS ol AP o R olE JNAAF AlAF] AlFo] Hadt
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9% R HA) grko] BEF B - 8717 Holue

- d WA, PCM 218 9 WF FAEES Mol Zagh PCMO AHES 98 WA
2 dF AAYE A 23 Fart Skl B e wEt B =
o Z ZojA. PCMe EFH3 mofam Rio Zrl= 8799 AL ojHA
33 mES %owm =AEE VIPe| st g Heat bridges 4 A1 4
A% Bolks R st HAI YR THES Aok 59, PCM 9

9ol & 149 & ASF AMol R,

29, PCM3}t 87171 A%d

- o AWA, 8719 VIP 3 A% 3 ]
2 EXst] 2% 1+ Bol dAsta FoE 259 {t@j
H =9 £48 HAasE] 9 POE] VIPE A3 ElR
719 AA=Z VIPE d83t= 59 dHEA
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D 2YA ISTA 7E Testing Standard for Thermal Transport Packaging

Used in Parcel Delivery System Shipment
2) €41%& : KSL 9016 240 dA=s& =YW

3) 93FAg : ISTA 1A Packaged products 150 1b (68 kg) or less
4) A=A, d=A1g : ISTA 2A Packaged products 150 1b (68 kg) or less
5 AEAH

: ISTA 2A Packaged products 150 1b (68 kg) or less

e 23

g

tH BAHl WASA 2.
M §719 45 Brhsked AFsintn BuEel A Y5Hst Hos
ARAE. o 3R FohHoR AYHE TANAFEEI AFL A 2
8% A4S FU/\Be) A2 23F
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b 4wz =dPCM) 54 &4 Bt

O #7l=, F7l€ dHztede] 44 54

|
0%
®
[t o
fo
krl
I
o
o
of
ol
£
N
]
fo
ro
bl
Jo
N
0E
Ho
Ll
i)
12
ol
K
ml
e
of
52
i)
o
i)

2
b
u
rlr
N
r::l‘
N
r::l‘
g
>
o

ke PCM0O¢} PCM-10, PCM-25, PCM5, PCM20
R

rﬁr

1
=
& 5ol AES ol8so] £42

- Adu e DSC (DSC Q10, TA instrument Co. Ltd., Delaware, USA)E o] &3}
A z794 PCM03} PCM-102 —60C ol 4 60C 7}A] PCM-25+= -60°C o] 4] 40C
7hA] PCM202 -60C oA 50C7HA]¢] &% ®stE 2, 5 10 C/min (Scan@2,
Scan@5, Scan@10)e] & WH3l&Z =43 7 AZE oF 10mge ol &3t =4

.74 A PCM AEES] 530 HEFY @

T T4 ==3(0) = (kg
DW; Distilled water +
PCMO _ 0 305
S.A.P ; Super absorbing polymer
PCM-10 PC; Potassium chloride -10.7 283
STD;sodium tetra-borate decahydrate
PCM-25 +5C; sodium chloride -24.55 228
+ AC; ammonium chloride
PCM20 CA; Capric acid + LA; lauric acid 19 99
PCM5 Tetradecane 5.82 218

Q@ A Fol A FHsted A4 29 23

-9 55 5 FEF 28 e AP A=E BHoF PCMO3 PCM-10,
PCM5E AdA st dd< A=
- 9 IAFFAH TA (5 wihE o] FojA PCM0 Scan@29 4 =7 0.98C
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Scan@59| A =+=4
-11.76 & H.9

PCM-1001 4] A}-8-#

‘%1

=1
b B U = |

0.51C, o}]=4 -11.66C, Scan@109] A]

L ES FE FEHAA AEH

rlo

-10.52C,
] -26.22C, Scan@109]| A

0.48C, =4

oA -20.36CS BoFSon Scan@5olA Hi
=4 -10.07C, =7 26622 1B

Scan@2el /] FAHFe =E=Holx 2754 Jlg, ol=HA 2775 Jg SAHYL
Scan@5+= Z=-olA 2727 Jlg, A=A 258.6 J/g, Scan@102 H=H ol A
267.3 Jlg, AA==olA 261.1 J/ge] FHAHo] =43

PCM52 Tetradecane 2.2 Paraffin waxel]l 3 FHZ PCM5He] &7 EALS
Scan@29| 4] =+=% 5.82C, o]=4 243CE XY

Scan@59 A =3 5.97C, =3 1.67C, Scan@l0olA J=% 6.24C, =4
187C & B

Scan@29| A FEFL Z=HAA 1986 J/g, AA=HAA 2028 Jlg SAFAL
Scan@5+= == olA 2188 Jlg, oA=HdA 2234 J/g, Scan@l0e == oA
199.9 J/g, olE=HolA 202.1 J/ge] FLdaro] =4

PCM20& Capric acid®} Lauric acidzZ o] Fo3 FEHOZ o]Fojx glom F
2 A% AAol HgEo] o] &H

PCM20¢] €7 EAL& Scan@2olA ==74 19.36C, =% 18.04C<S HFoH
Scan@bol| A =+=% 19.74C, =3 17.79C, Scan@l0°|A =+=% 19.91C, o+
A 1746C S ®»Y

Scan@2o| A/ FFHFLE Z=FolA 93.76 Jig, A=A 90.27 Jlg SAHHJL
Scan@5+= ==FollAl 89.02 Jig, ol=AolA 93.28 J/g, Scan@102 == oA

108.7 Jlg, ol=A oA 1111 J/gé] &<

2o 49
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187 15

4 — g
A DW45APEC —_— s
10 4 "'II‘ — DWAS AP ESC 10 - — PUEIC
{ / ‘ r DWHSAP@IDC
— i fil "ll
I B f
e & !
T =0 - -
g of— = g o —_—— \ = 3
1 A\
54 51 \
-40 20 o 20 40 60 40 20 0 20 0
Exo Up Temperature (“C) Universal V4 Exo Up Temperature {'C) Universal V¢
8 4
/ f
&1 l STIHSCHACESC 14 —_— CATLAT
fl STIHSCHAC @5°C \ — CASLAGSC
] J | STD+SC+AC B10°C 2 | CASLA F10'C
4 3ol J |
= f / f B J :cﬁ_
g2 % ——— || =
f il o e — ——— i
é J W i e —
= 04 — = =1\ ] | '
8 3 © | /
= f = W /
o Yl of
2 / \
WA % !
4
& ———
80 80 40 20 0 20 40 60 -50 -40 20 0 20 40 60
Exo Up Temperature (°C) Universal V4 Exo Up Temperature ("C) Universal V4
6
4
—_— e
— TetmdrcaeE
— Tetradecane{ 10°C
2
a /
g 5 -
g0 L = —
('
i
z
-2
4
] v
€0 -40 20 0 20 40 80 &0
Exo Up Temperature ("C) Universal V4|

(E)
9. Thermal analysis of different organic and inorganic PCMs (A)PCMO;
(B)PCM-10; (C)PCM-25; (D)PCM20; (E)PCM5

@ 2E 5 1%

- PCM9] 917 25 wste] mE 44 S4¢ HA] 913te] DSCOl AW &S
2, 5,10 C/min ¥ 7HAE WH3&
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- ol AFE TeA v AL 2= w2 FITe ML e PCMOF
PCM59] &3, PCM-103 PCM59] &S o] &8t o F2 a37t & 2o =
e H
(D AL&F5E PCMe] SEM, FT-IR, TGA, DSCE &3 &4

b Azl e g Rastd FHstEd PCM 54 4

)

O AT =
o

- PCM2 = A3 Holal leakage7} dAste] E7o] &8 Al ojF o] LAY}
o] o]#]3t HS HYsty g EA F4S 93] Encapsulatione AF&-3H

elamine-based microencapsulated
B THMMP Polytextile)e] E4

- 2 dFoAME EanE
powder (MMP) ¥ o]& =
S FH0= 3

o
p‘ﬂ
2
N
_Qi
<
o
@)
Z
W E

O 4P As L Py

- Ao AFgH melting point C, 216 Jig FId =S 712 PCME& F=#7|% FMS =
2] oHGyeonggi-do, Korea)ell4] MMP$} MMP Polytextile, Tetradecane (TET) A&

o o =
S Fgwol B4 HgY

A1
]

J

h=

(FTIR)

Hm
rlo

Aejeta 24 SEMF dHE4 B4 (DSC, TOA), #3t4 54 &
45

A&

2
rulo

- AZo sty 5 9o Aoz A4S $3] FESEM (Quanta FEG 250,
FEI, Oregano, USA)E o] &3}e] 24

- dAEA BASe DSC (DSC Q10, TA instrument Co. Ltd., Delaware, USA)E o] 8
ste] A ZAA -60CoA 60C7HA e &= W3S 10 C/min & =H

- AEE oF 10mgs o] &3ste] SA RO AME AALGo] e MY 54
£4& 93l 9 54 100 cycles st %3y

- TGA (Thermogravimetric Analysis, TGA 4000, PerkinElmer Co., Waltham, USA)&
Abg-ste] 2o e FEEE (wweight)e) FEIFFEA S =H
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0
Tlmin 5% £5E 35/ L5 F7ld BE 2% W5E B2

ry

- A& (MMT, MMT polytextile, TED®| &34 54 &£4< <8 FTIR (Fourier
Transform Infrared Spectroscopy, Spectrum 65, PerkinElmer Co., Waltham, USA)
g g

- ATR (Attenuated total reflectance) modeZ ZA3F¥ 2™ 4000-400 cm-1 HE ol
A 163 202 Y

Polytextile +MMP

(A)
19, Images of (A) MMP polytextil and (B) MMP

O A3 g u&

O FeEEd &4
- x 1,000 ®j-&olA4 MMP&] 3W-S microsphere FEe|7} 325

- § %8 x 5000 #&l A MMPE close-pack microsphere e & 323
- ol AgAFoANA wAFEEste] FEVE vt AAHE HAE

- MMP particle®] Alo]Z2= H 5.11 ume A+
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Smooth shell wall\*

(A) Pure TETS HEd3 2Asess 247 6.24C, 1.87CoH 196.9 J/ge]
(B) MMP9] =43 AA3 &%= 5.24C, -7.25Co|w 151.4 J/go) 7tk

19(C) MMP polytextile®] H=dw AAS £x 599C, -12.26ColH 3.934
Jigel FEFE RAF

€3te PCMolA =33 242 2rF wopA ol »E s =3 Yolxl= HE
Hojs

i py

2D A 100 cycle DAL TETOIA H=H7 AR =71 242t 6.69C,
-1.92C & ey, FadHe 1969 Jgol A 141 Jgo g zhadt

MMPe] A% =ty A3t =7t zb2h 542C, -10.13C 2 Watga, %
© 1514 JigoN A 137 Jlgo. s 7razt

MMPo| A TET®| Hls) S=d3 2A3 25 WY HA=7F AU, ¢ 2 Z
oﬂak,] 7L_,_E_ quf
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Exo Up Temperature (°C) Universal V4
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(D)

9. DSC heating and cooling curves for (A)TET; (B)MMP; (C)MMP polytextile;
(D)The first and 100th heating and cooling curves for MMP and TET.

® AR5 BA (TGN
- TGA B42
%

S|
53k TETS| boiling pointe} flash point+=

Z¥zy 2535C 9 9CE 1B

- TET+= 30-150C el A 97.5 weight loss%E HAFAom™ DTGE 232C oA TET7}

3] BallH=

- MMP

_o]

rr

t 27t 27hgel Wt Fol Fa
47) AFE O} 61T A ALHow o

Aztel Fhgo] A RA LAY E A

T4 Ha3s 2AF
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— MMP
——— MMP+Polytextile
—— Tetradecane

Weight(%)
=

, DTG Weight loss(%)
(9
(=3

— MMP
0 —— MMP+Polytextile
40 4 —— Tetradecane

0 200 400 600 800 0 200 400 600
Temeprature(°C)

800
Temeprature(°C)

(&) (B)
19, (A)TGA and (B)DTG curve for MMP, MMP polytextile and TET

@ A EHL &4 (FTIR)
- TET+= alkane-based paraffin® & 2,934cm-1, 2,855cm-1 oA 1 3=
3t

i
_l {
o

- MMP+ 3,392cm-19l| 4] N-H stretching vibration 3] =2}, 1,556cm-13 815cm-1¢])
A triazine ring I35 <13}t

- MMP polytextilesl 4= 1,734cm-1 ¢ 739cm-1 2 E A &)sta MMPS} -FAHSH
93E HojFo] MMP ZHo] & AL A

Pure MMP
3392
815

1348
2934

3392 MMP+Polytextile
2934 1489

Tetrdecane 1731 1355 739
14381
2934
T

T T
4000 3000 1000

2000
Wavenumber(cm™')

19, (AYTGA and (B)DIG curve for MMP, MMP

(b Bglo g Fastd AustEdPCM) 48 WA F4 Wst F7t
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o) = (Wonju, Korea)ol A

A
Aol EA AE WAE 98] FEolMAL olv}
g 48 WAL AAS A

- ];]—] =
T3k, vz AFAE A ARG T dwoly
B}

- (m

- 99 dwxaE dmme) FAS 7R 270%180%150mm Abo] 29 ZHhA] ubrof ®
20 HogFE FAo wigl F 479l ¥ FH (Control, TET, MMP polytextile,
MMP polytextile+MMP) 2 ] 2+ =] 1 T},

T-Type
thermocouple

Polytextile +MMP

| Backview

L

Corrugated box
Thermal buffering

Mushroom in package

PET package

13, Thermally buffered boxes with MMP polytextile.

3t. Compositions of thermally buffered box samples

Samples Composition
control only corrugated box
TET non-coating corrugated box and LDPE bag filled TET

MMP polytextile MMP polytextile coating corrugated box

MMP polytextile + | MMP polytextile coating corrugated box and LDPE bag filled

MMP MMP
MAe] EAWsE AR717he 59 Bk (0, 3, 5 day) 5C AL A3l AR o]
e E
2 s ) A7) B2 Lx Wsk BALS wa U Witi L5EAE Yo A%
717F 59 E<F Y & E =AY o 3zt vrAE 3 AZE B A2
AR T A A Fie] na
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- A= pH)E WAl 5g2 EFol 233l pH meter (AB15pH, Fisher Scientific
Co., USA)E ol &3t A3t o A3 33 wvhE A3

- AT= AxA (CR-10, Minolta Co., Tokyo, Japam)E A}&3te] Hunter L
(brithness)?} a*(+a red, -a green) “L2]al b*(+b yellow, -b blue) #< =AH3IA
o ol A& o]&3st] WA ZAWAE (Bl Brown index)E Al4HgE

~ 100 (X—0.31) B a+1.75L
Bl = oz Where X = e T o 801

- J&=+ Texture analyzer (TA.XT Express-v3.1, Stable Micro Systems, UK)E o] &
sted 2173 5mme| proveE FEE = HAe Ay WH Smm 7tA S AEE S
APt £== 2.0 mm/sE A 3YTH

- TEHAEES ARTY A Ay 2r)SEl dg A 5d < FAE T
Fo| MstE WESEE UEY

- £4834% 7t wAY F42dd d&Fe vIA= PPO (Polyphenoloxidase) &4-< ¥
7}k

- MAA R 4g& 50mM sodium phosphate buffer (pH7.3)ell Yol #&3} 3+ & o
0.5ml o] 50mM catechol 2.5mlE 7}&}ed 398nmolA 3EZF FF =9 WIS =4

[e13
=]

& 4L 549 0.1m7F 1871 0019 FFEE F7HAZ 2S 1 unitz W3

O =4 "2 Y Azt e 25 W3l 24

- Control B}29] A% Hu 18C 9 259 HA 6.5C2 2% §AE HoFo] &
= Wslo] Hekgk &

- MMP polytextile+MMP # 3l 9.9C, HA < 5CTE FAIStA 7M &&%<

25 A 235 HAF

o=
i
rlo
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- TET<} MMP polytextile®] ¥t~ U&= H3 &% Z+7ZF 156C, 17C =2 TET7F &
0 £ 838 HAFAAT H=3 Y F 258 HoAE

- 2432 o2 MMP polytextile+tMMPe] 27 Wi 57} & 34 259 714

Astgon £ eE FALRE HeJF

25 18 40 35
Control
Tetradecane
it MMP+Poly-textile+MMP | 16 I —— MMP Polytextile 30
20 4 4
30 )
14 k25
o o © ' o
<15 < £ | <
@ 129 ] i I L2079
2 2 2 i 2
© © © 20 | g
@ ] 9] : 0
o 10 o a F15 &
51 5 f L[5
e e R £
r8 10
10 A i, Y
5 Vipae A
6 v it Ls
0 T T T 4 0 - T T T 0
Tue 02 Wed 03 Thu 04 Fri 05 Sat 06 Tue 02 Wed 03 Thu 04 Fri 05 Sat 06
Time(days) Time(days)

719, The temperature-time cooling and heating for (A) the emty control and
the MMP polytextile+MMP coated corrugated boxes; (B)TET and MMP

polytextile coated corrugated boxes

- 2148 WAe pHE 67502 093 HAAE o pH 6.76S HolFw 2%

- 39 BE AMEAA Z Wste Holx ¢gton 5UAM control A Eo]
pH 6.172 7} gkow, MMP oA pH 6.6, TET$ MMP polytextile+MMPol A]

pH 6.70°o.2 7} 2l 1S wo] pH 3 HAFUH

10

I Control

7 MMP+Polytextile
Tetradecane
MMP+Polytextile+MMP

Time(days)

19, The effects of the thermally buffered

packaging on the pH of stored mushrooms
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r
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- RE AZA a*e} bFolA FUlete AFS RAFAom E3] control AZol
A EL ZF7HE HAFAEE ol AAVT Bk £4F Zwo] WSty FU}
H Aoz e

- 4 AHTE= 5YAFelA controle] 54.21, MMP 41.89, TET 35.23, MMP
polytextile+MMP  30.372  control®] ZWHA=7F 7P AEAL,  MMP
polytextile+MMPol| A 7} @e HEE HAF

25

@ Control
[T MMP+Polytextile I Control )
60 EEZR Tetradecane MMP+Polytextile

= MMP+Polytextile+MMP 20 = Lel\;rsflizia;eexﬁlymMP

40

e

20

Time (days) Time(days)
(A) (B)

I Control
MMP+Polytextile

30

"p

Time(days)

©)
9. The effects of the thermally buffered packaging on the whitness (L

value), a*, and b* value during storage.
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3. Changes in the browning index of button mushrooms packaged in thermally
buffered packaging.

MMP polytextile +
Days Control MMP TET
MMP
0 23.25+0.63 23.25+0.63 23.25+0.63 23.25+0.63
3 45.25+0.14 31.08+0.54 29.45+0.25 28.36+0.25
5 54.21+0.21 41.89+0.08 35.23+0.09 30.37+0.13
@ 7= (Firmness) ¥ S 3&FH4E (Weight loss)¥ 3}
- AEc FEEFH tiAF A e Ml Fd AEE HoFe =R M

AT GEle] WAL oF 19N9] F=E HAF

- A 717 B ArE FASM AsEon, MMP polytextiletMMPE 54 2}
AME oF 155NeE 2 AMZd v =& A= fAAEHE HAF

- 3YAA BRE AIZo] 2% UL F
control2 ¢F 15%°] TF TA&S HoE

- MMP polytextile+MMP= 582kl A ¢F 5%9] STHAAES Kol 713 e &

F AesS HAs

30

160 -
Control
t
I Control MMP-+Polytextile

140 [EEEE Tetradecane
E=3 MMP+Polytextile+MMP

[N
&

MMP+Polytextile+MMP

3
.

Firmness
o
Weight(%)

Time(days) Time(days)

(A) (B)
9. The effects of the thermally buffered packaging on (A)firmness; (B)weight

loss.

©® &4 &4 H7F (PPO activity)
- PPO activitys= WA ZWo=Z W3lA 3F= phenolic 33E2] 4+sbo] 23] A
A g
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)

- controlol| A 5¥ =}el] 54.21+0.21 U/mg protein= 7} =2 PPO &

- MMP¢} TETO| A Z+2+ 29.59+0.25 U/mg protein , 25.32+0.05 U/mg protein<
QI3 al, MMP polytextile+MMPoll 4 20.17+£0.26 U/mg proteine.2 7} gt
PPO 84S BoFE

- o= ZWMAE BD 9 2L AFS B3, MMP polytextile+MMP AZo] WA
o] 7} AMEE FAT AL BHAF

3. Changes in the PPO activity of button mushrooms packaged in thermally
buffered packaging.

MMP polytextile +
Days Control MMP TET
MMP
0 18.25+0.52 18.25+0.52 18.25+0.52 18.25+0.52
3 35.12+0.37 21.05£0.13 20.15+0.15 19.15+0.14
5 42.05+0.12 29.59+0.25 25.32+0.05 20.17+0.26
Control Tetradecane MMP+Polytextile+MMP MMP+Polytextile

13, The effects of the thermally buffered
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- =, A, PR, delsty wsow A% FA At UEE L=
Mkl o) TA HA9E7] MRl AY LEE £ F A AME ED 4
Aok fEA @ Aol Fad

- B dTNAE FERAAA BAsE ErAET 2=A BAE 94 Aol &
e 9 g e B3 anAo s HA

= pure MMP LDPE bag liner} MMP coated poly-textile®] E4-&
@A on, TAA Wi 255 A FASE g% a4E By

(th EPG (Expanded graphite)E ©]-&%t JdHstEZ (PCM) Hest A2 & 54 AT
o A7 =4
Al

- Al B AERAE AT ANE =

|
A WHEs ALy AZE PEs) Fus
d AH4-¥ EPG (Expandable graphite)= &4 A=Al ES 350 F5 grade
E 7 $ AAEJAAE o] &ate] HxF F AEE

- s EA(PCM)S] EPGE o] &3k &3+ Vacuum impregnation WHS ©] &35
o 21893}

-

- Az 2 okl I-ATY EPG 5gol FUE A ETks=
dHE TE F 3ol PCM 20ge ¥
st et ez A2

Microwave treatment
30 second

<l R

Expandable Graphite
ES 150 Fs

Ll

Expanded Graphite

WVacuum Impregnation of
PCM

9. Preparation and vacuum impregnation of expanded

graphite.
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- AEe B4 B Festy 24 GEMI 4HEA 4 (DSC, TGA), 33t
s §j¥

- dAxEAN B4 DSC (DSC Q10, TA instrument Co. Ltd., Delaware, USA)S o] &
st "4 A S50CAA 50C7HA9] &% W3tE 10 C/min 52 ZF A

- TGA (Thermogravimetric Analysis, TGA 4000, PerkinElmer Co., Waltham, USA)E
ARESte] o] WE FFHE} (Yweigh) o} FEETHFEHNS AT

- TGA ¥4< 913ke 4-10 mge) AHE ZFH3tn A =oA 800 T7HA 20
Cimin $52 £58 45479 L5 270 me £ WslE B2

- SEHEH EAS 93] FTIR (Fourier Transform Infrared Spectroscopy,
Spectrum 65, PerkinElmer Co., Waltham, USA)S A}-8-3

- ATR (Attenuated total reflectance) modeZ ZA3FH¥ 2™ 4000-400 cm-1 H{
A 163 2o 2 FY3}

O A% 3 uZ

@© st 54 &4 (SEM)

- Vacuum Impregnated EPG/PCM A&l A= EPGe] t& o PCMo] F2 = o,
o4 wj1iele 2 59 U BEE

- Rice bran AZelA= 396 7F Bt 0.75 mm Aol AR FxE FHstn

- Rice bran+coated EPG/PCM A1 &2 Al Pef & ==t o]+= Rice Bran®| A
ol7] W&l Ao = HAy

o
o
ftlo
13
flo
il
o
f
r
e
it

- 3 #H & A2 EPGe| ¥

o do] ¢y

flo
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© (D)
19, Surface morphology of (A) EPG; (B) Vacuum impregnated EPG/PCM; (C)
Rice bran+Coated EPG/PCM

@ 3std EA &4 (FTIR)
- FTIR spectraZ ©o]&3}e] EPG$} rice bran, TET, rice bran+coated EPG/PCM&

=43

-
qE

- 9 A¥AFNA eERG TET peake] EAE %3 graphited] PCM E&o] A
2oz qHE AES HASS AAE
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ES 350 F5

Graphite

1 T T
4000 3000 2000 1000
Wavenumber(cm')

9. FTIR spectra of EPG, Rice bran, TET, Rice
bran+Coated EPG/PCM

] B
=
4 A3 EPG &2 800C o= Ea=A] &Fob 3 4=

15 il R4

il

- Rice bran¥} Vacuum impregnated EPG/PCM A1 &2 200C oA FE3s|7} 2P 5

2~ O =
= BE5S HoE

- Vacuum impregnated EPG/PCM+= F TAIZ uUr o] E3ld AS #AFsIFoH
200C ol Arice branel 2]+ AWA &3 7} AlZF= a1, 350T ol 4] coating solution 2]
binder2} hardenerel] 2§ FHA 3|7} ot Aoz A

120

100 -

Q0
o
1

—— Rice bran
Expande graphite
S+T Graphite coating

Weight loss (%)

0 200 400 600 800 1000

Temperature (°C)

13, TGA curve for Rice bran, EPG, Vacuum
impregnated EPG/PCM
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- TET «l l—?%:—XWJr AARsl == 247 0.31C, -2.01CE HAAFRon m=xd3 2
=
- Vacuum impregnated EPG/PCM<] l:,u%@sﬂr AR =L 7}7; 0.98C, -35CE K
oFor =X AAs e IS 77 60.71 J/g, 65.16 J/gE HoE.

- Rice bran+Coated EPG/PCMe] =+=Ad 3 AAsI == Z+2 -0.94C, -3.93CE HY
FoH ==dy AAs = FEdHFS 77t 19.49 J/g, 19.35 J/ge H

- olaﬁi EAdL /NEE PCM E29 =" 4017 AFodA 275HE AFZE
o &

Heat Flow (Wig)
Eri

T1.40)g 461°C 2

50 4 2 0 0 40 60 40 40 0 0 20 @ &
ExalUp Temperature {°C) Universal V4 £ Esalo Tesperature "C Unhversal Vi
(A) (B)

15

10

£00°C

g 05
é __/\__

— awmc
4 w5
-————-si\/.'“’-

l4°C

50 40 20 0 20 0 0
Exo Up Temperature {'C) Universal V4
©

19, DSC heating and cooling curves for (A) TET; (B) Vacuum impregnated
EPG/PCM; (C) Rice bran+Coated EPG/PCM
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O A3 Als % U
- g9 F2 W3t JrkE e AAd 95 4 5" (Wonju, Korea)oll A+
sl AME FAZ Y8l oF 5C E 1IANZF HE FFubol A3

- b5 °F 200g ¥ Heste] PET &7]o ol $133 & 2z &4 "hxo PET &
7] ANE gl ze

i = 5 l"
5 | W e TRt
(L PN -

9. Images of EPP boxes
(A)Control EPP box; (B) Rice bran+EPG/PCM coated EPP box

3t. Compositions of thermally buffered box samples

Samples Composition
control Only EPP box
EPP box with SAP PCM (super absorber polymer
DW PCM
PCM)
G-pack PCM EPP box with G-pack (commercial PCM)
EG/RS/EPP box + . .
G K EG/rice straw/PCM coated EPP box with G-pack
-pac

- 179 —



- %o FEHIE ARTIE 84 ¢ (0, 2, 4, 6, 8 day) A= (1£0.5C)ol A%
e de o7 gFaEAE FAsHr] fste], AF FAA 2-3A%F T A
<

- 2= (pH)+= % 10gS 10ml

Faol 72 3sle] pH meter (AB15pH, Fisher
Scientific Co., USA)E o] &3ty =43

%

ZAstd o AHyTFg 33 vEE A3

- MxzE AzaA (CR-10, Minolta Co., Tokyo, Japan)E Ap&3}e] Hunter L
(brithness)¢} a*(+a red, -a green) Z12]i b*(+b yellow, -b blue) Zte =Z=A3IA
ow, g9 ®EH S57UE FAHE AASA SAFFAT

- A "rAaksl= TBARS (thiobarbituric acid reactive substances) W& o] 83t 3
£ EH 4mmE FE3Fsle] 29rE JYStAT. 7 AEZo] xubE An+=
u-moles malonaldehyde (MA)/kg meat2 A&+

ot
g
f
filo
)
ofo
P,ﬂ

- o8 W7} (Warner-Bratzler shear testE 73° Z%=<] V &
o 4mm FA B5E AN We Yo 24

- 718 39 754 AHEEH+= DW PCM3} G-Packe] A 22 Ho 15T, 13CE
BAFn HA 0.1C, 03C9 2% FAE RAFon, 25 W ns &
= 38 Control#t #A3F 235 Ho=

rlr
e
ke
rfo
I
N
N

- EG/RS/EPP box + G-pack®] ¥}~ yl & 2rzy 7.2C, -0.2C &2 713 A
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< 25 W3

Ll

HolF

- Axx o2 EG/RS/EPP box + G-pack® Z& W& £=7} 9 374 %9 7}
ARG O £ 25 FAEAE BAF

riok

25 4 1

= Ly [}
(=] wm [=1
Il i L

Temperature (°C)

i}
1

Time (days)

1%. The temperature-time cooling and heating for EPP box samples

- AAE -9 pHE 6.1522 043 oA = oF pH 6.12& HAFH 2143
3F9-o] pHe} Hl=%F #E HAF

- A% 713ko] X]‘/‘”’ﬂ me BE AZFA pH g2 Sol & AFgdFS HoFglon
Control®] 749 6¥=}ollA 543 pH A4S HAF

- DW Pack& AF&3 399 A% 69 7R EG/RS/EPP box+G-pack <} fAFgH
HAE Holt; §UxAA F24

- EG/RS/EPP box+G-packoll Al 8¥xz}71A] 7}4 w@ro pH 7H4AE HoFn tE AZ
of vla] ¥ F4 A3E HAF
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6.1 4

6.0 A

pH

—a— Control

£g —0— G-Pack

—w— DW PCM

—i— EGRSEPP box + G-Pack

57 T T T T T

0 2 4 6 8 10
Time (days)

19, The effects of the thermally buffered packaging

on the pH of stored beef

@ M= W3} (color)
- AA7|Zk mE HAe AT WHIlo|A B
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oM.
]
ftlo

AZL |, valuexe =7}l
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- E3] controlol] 15.194] 1952 =718l9A] 74 =& 7S R F9 21 Control
S AL YA AEN= F /5934 Aol= HAYSHA] &S

- 0¥k A B A] *a values 26.49]1 controloll A 8¥ xtel 16.5F 71 H&

- ol AIRE Aol met F2 Ajo] AFstE st Akl Aoz Aty

HojFpo] A

i

- 53] EG/RS/EPP box+G-packell 4] 8¥ o 23.85% 7Hg =& W3}

E
=7 A48 Ae A9
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. DV PCM . D'V PCM

Bz G-Pack [ss]
EzZ77 G-Pack
25 - EGftRS‘fEPP box+G-Pack EGRS/EPP box+G-pack
ontro = Control

30 4

ays) Time (days)

— DWW PCM
774 G-Pack
01 EG/RS/EPP box+G-pack
[——1 Contral

20 4

0 2 4 §
Time (days)

©
9. The effects of the thermally buffered packaging on the whitness (L value),

a*, and b* value during storage

@ A48 (TVB-N) ®sh
- AR WE S )z
2o 04 2L BASA =

=2 AE

ﬂﬂ oL

- Control 8¥ =l 30.2 mg/100gZ 714 =& FiA=
box+G-pack 2 20.1 mg/100g= 7Fg @& R A&
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—&— EG/RS/EPP box+G-Pack /1
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1
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Time (days)

9. The effects of the thermally buffered
packaging on the TVB-N of stored beef

® Z7< (TPC; Total plate count)
- Hz A4 399 TPCE 341 log CFU/gE Bo%

- 8¥x controldlE 6.59 log CFUg Z 718 &8 XS HAFAA,
EG/RS/EPP box+G-packell Al 8L =}l 4.53 log CFU/gZ 71 $2 &

=

=

- G-Packs} DW PCM A Zo] A& ztzt 4.93 log CFU/g, 5.12log CFU/gE RolZ

o

F

TPC (log CFU/qg)

L —&— Control
34 —— G-Pack

—y— DW PCM

—&— EGRSEPP box+G=Pack

0 2 4 6 8 10
Time (days)

1%, The effects of the thermally  buffered
packaging on the TPC of stored beef

® e 7} (Warner-Bratzler shear test)

- &R Are aHAelA 1 AMEE BUF 5 Yt v FLF HE2 ALY

- 184 —



< 99.26 N& HojF¢lom Controle] 7 8Yxjol A

e

N

o

o

%l

68.2 No.2 7}4 e

el

Ahe

kel 89.56 No.= 7Hg =2 &

Q)
=<
G-Packe} DW PCM2 Z+7} 75.25 N3} 85.63 N& HoAF

= 8

- EG/RS/EPP box+G-pack

[ EG/RS/EPP box+G-pack

DWPCM

. Control
Bz G-Pack

160

140 4

120 4

[=]
o o
(N] ssaupiey

1%. The effects of the thermally buffered

packaging on the shear test of stored beef
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(Standard t est method for tensile properties of thin plastic sheeting) WH-S %+
a3ke] UTM (DTU-900, Dae-Kyung Tech Co., Korea)E o] &3t =43}

- UTM9] Load cell 50 Kg& °]&3sld o JAEEE 120 mm/mine.2 =43

- TGA (Thermogravimetric Analysis, TGA 4000, PerkinElmer Co., Waltham, USA)E
AFREte] 250 WE FHWM3l (%weighd G EEFFEAS =A%)

_Zzzjon/ﬂ 800 °C77}7<] 20
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3. Physical properties of PCM pouch samples.

Commercial pouch New pouch
tensile strength Elongation tensile strength Elongation
(N) (%) (N) (%)
1 19.46 66.97 125.13 < 221.12 <
2 17.63 61.29 122.59 < 215.25 <
3 20.70 65.41 119.25 < 216.25 <
4 21.00 68.33 118.98 < 205.28 <
Average 19.70 61.30 121.49 < 214.48 <
Standard
. 1.53 11.27 2.53 5.75
deviation
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20 F=222A] |20 F=225%] | Fumed silica |[300x300x8|5.5+0.3 | 6.6+0.1
G0 FS22FA | EFr| 55225 A 713 A 300x300x8143.7+0.2 -
& ]ﬁi%‘%ﬂ 2=zt PET fiber [300x300x20 2.9+0.4 | 3.7+0.0
& FuF 5225 A £y =2t PET fiber 300x300x20 2.5+0.2 | 3.6t0.0
LG F0]F 5 LA E =zt PET fiber [300x300x10| 4.4+0.5| 5.5+0.1
dFo|FS 2254 £ =2t PET fiber [300x300x10 3.9+0.2 | 5.2+0.1
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W) A7tE DA ALET el

O WVTR, OTR, €3 E&, §AAE A&a3 39l
- A7y Ao ArgEdE O 2oy, AfH s 2T 245
= =1 5 J
Bk FE et A EX N
(F24% Spec) AesF= Aliseres
ISO 15106-3 / ASTM F
1. WVTR (&]3)) = 0.8 g/nf-24hr | 0.6 g/nf-24hr 124 9/
ASTM D 3985 / ASTM
Az (2. OTREI) oA 0.5 cc/n-24hr | 0.43 cc/ni-24hr - 1927/
o A
5.0~10.0 mW/mK KS M 3808, 3809 / KS
(VIP) |3. EXE=E&(VIP) A 2.5+0.2mW/mK
Sz L 9106
_ KS T 1329 / KS M ISO
4 A= 94 0.6 kef ol 4 0.6 kef /
11339
O FFzddAe AleEaHE FRsr] a8l 7/dd Rygr)d JFTFEAE 283
o HUdSsleS A4S
- AFddA o] HFALEHRE A AAE A Ryt xd H Lo o

- 212 -



AP TEI 2ol Al

k<)

FEE SAS] S

4

Q1 504kgf o]/l Hth 1,028kfgoll A= 1t

==
-

10t A A 7]

1
)

kL

7HEA Al

o} 45.4kge] FAE

o)
=

1A

7wy

[163] peo7)

- 3R AFoE 25E AL 1Y

k2

Fef ol o

S

—_
o

o

0

b

e

oAl ol At

- 213 -



- A ASTM D 4169-16 Standard practice for performance testing of

shipping containers and systemslell HA®E U@ AHSHr WY F single
package environment (45.4 kg ©]sh) ‘9] A F3t Al Y3

E . AEANE =4

Frequency Assurence Level
(Hz) 1 2 3
2 0.0004 0.0002 0.0001
12 0.02 0.01 0.005
100 0.02 0.01 0.005
300 0.00002 0.00001 0.000005

13, ASTM 4169-16 AIR-power spectral density Levels®] A& =& ‘;l_/\l??;'

0.01

0.001

0.0001

0.00001

0.000001

o 1 10 100
= Assurance Level 1 Assurance Level ||~ Assurance Level Il

- AW A e BAHA BYeh
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A E=E (mW/mK)
A 1 3 A] 2 Al A H] 11
=7] ALT
B33zt & 2n)F5FZ=22=2] | Fumed silica [300x300x8| 4.9+0.1 | 5.6+0.1
Erd =3} G2uFZa2ZA | §7]4A |300x300x8(44.2+0.8| -
S2n|FZ22E2) | GFu|F5FZ222F2) | Fumed silica [300x300x8| 5.5+0.3 | 6.6+0.1
SEMEsH2EA | e Fe2EA|  #714A  [300x300x8[437+02] -
U2 F YA Enzz) PET fiber [300x300% 20| 2.940.4 | 3.7%0.0
G FuFS22F A FE 3z PET fiber [300x300x20 2.5+0.2 | 3.6+0.0
or=nF s AT En=x) PET fiber [300x300% 10| 4.4+0.5 | 5.5+0.1
o2 FZ2H2E 3 Erd =) PET fiber [300x300% 10| 3.940.2 | 5.2+0.1
Q) RAFgEA M 2D HAs)
D A71E AzedA AT A AT =5
O ag AAS, AAfgE, 37f 7 E & AFES ddE RYLr1E F5o
2 ARy, A|ZEo EAl WA PCMS x43lo AL 4 L.
O &) 7Ed AFdEAe] A 17t AXFAES X33 il AAAFE 852
5 Algo] 7158 Aol = F
B} & Al =7
g9 o] B 7}
(324% Spec) N ases G R e
1SO 15106-3 / ASTM F
1. WVTR (2] 5)) =X 0.8 gfui24hr | 06 g/ni2dhr | o /
ASTM D 3985 / ASTM
Az (2. OTR(E¥) =X 05 co/nf2dnr | 0.43 cofni2dnr | 7
< =
5.0~10.0 mW/mK KS M 3808, 3809 / KS
WIP) 3. A LVIP) P VIR 4 440.5mW/mK
sz L 9106
KS T 1329 / KS M ISO
4 FARE .y 0.6 kg ol 0.6 kef /
11339
W A8 A

- el AZgo] golatn A%

=
N
i
fru
M
=il
N
i,
2
2
e
ofo
o
N o
O
Mo 4
>
)
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- AFGLAE At D216 met vl s o], 2 d =] Ak Y1vb
2 HESIY 38550902 AFEES 12,0002 HEs] =2 VAo =2 A2
gt
- 1vb AA71E drbe obge 2
= = A 7+ A = 7HD)
A7 fumed silica (board type) 23,000~34,500
1 " glass wool/fiber 8,050~13,800
2] 37 =) G FHFFEA2TAEE 2,300~3,450
2 A 2] 7], 1w, A7 5 6,900~1,1500
fumed silica 33,580~54,280
H=2l7 ’ s
3 i glass wool/fiber 18,630~33,580
- IR A Ay Bore|el 109k e 2 ol A RS fumed silica Bk A H
3 PETS ARgasl, AFAAEY 9RERLEL A4etn, Assade v
skl Az=v(RIARDE EE73-% 7140l AA wobd Ae=w oS3,
SN 7 A it A o 7K
A A PET (board type) 8,568~15,800
1
<] 1] A} & FHF S FE S 3,450~4,500
2 A 24 71, 4w, @7V 5 4,900~9,500
3 FHZHd7}t 16,918~29,800
Ay dadA T 7y A
T 55 A & A /5 5 2HPET(top/bottom) 7,998
& 71§ 5 A A/ 5 S 2H/PET(front/back) 4,560
& 71 5 A F A58 S 2H/PET(eft/right) 4,360
- AzHdAe ALLrke o) ¥2 HAT $ glon, H By g7lel A5
= 6719 T S92 169182 AF=3ES 12,0009/m2 B %S 7H4oly
gol wolde & £ 9L
- T3 AAdEAFY FEA4e did ket Qo] B AFHAAE SE e
HYg7|o &84 05 A2 Aoz Ads.
- 2018 wAHE FEAAES BW O3 4F FEL VHEAF A FE o
U 20189 RE & AAdEiES] 5 SVHE HEE Jow Favt wol WAy
g Ao KA,



- o123 Fao] Huygr)e] Ago] Rolnty &5 FxF ] BE £ 9ls A
o8 Aoy
18 17 diF 14 185% S7F WAF 16.9%F5 7
2w 2017(A) 2018(B) S3EBIA)
= =% =9 =% =9 =% =9
[ S F 3,927.0 6,826.5 4,183.5 6,928.3 6.5 1.5
oA 454.0 1,095.3 5219  1,277.2 14.9 16.6
- 7 124.4 272.7 130.6 311.4 5.0 14.2
- &R 98.1 266.3 98.5 279.8 0.4 5.1
- 6.4 158.4 7.5 187.7 17.2 18.5
-4 A 24.3 81.4 28.2 97.4 15.9 19.7
- WA 17.5 42.5 19.8 49.6 13.6 16.9
-5 T 87.8 434 93.1 49.5 11.7 14.0
- 7SR 6.6 16.8 35.6 47.6 440.4 183.7
- 34w 2.7 23.6 2.2 18.7 £20.2 £20.9
- S A7 1.5 5.2 0.9 5.2 A36.8 0.4
- Abg A 84.7 185.0 100.5 230.3 18.5 24.5
3#. A FAHE 2018 FEAA
EA: AR FEITTE BREAE, 2018, YA FS
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o Al 2¥E A SAAEA

D F= A7 AA

74l

b RYygrld tig Aw HrtE 53 Sxx 24 HU)
O A% Hr7} Ay
- 20184 060l A 20184 09¥€7}A 1ES RWY £7] AAZ f3t A% Hri=E
AABA A, F7F AdEsE o2 22
= Ag & As Hr7 A5 A
AFe FAZE 0 kg ~ 10 kgolakl SB WMAR . o4 Qe
Gl 73§ shEol 760 mm (Free Fall) ISTA
[e)
o oM 17} 3% 6H ] Wegow Z Procedure
Alg o o
103] FtAES AA T T A Z) oF&AtE L AR vhE 1A : 2018
2L A g2of o]do] glojof g
. Witx(S-1)xFx9.8]x1.4 A AHal o 2
HE [-( ) | ] o ISTA
AbZ = Test Force 4o & A|ZLS R
(ZA) . - o]’ Yl Procedure
_ A=ste] AF L AR o]Afo]
Al ) 2A : 2018
lojok st
= Random Vibration 2% Z7 3} ISTA
:]‘: Ng& AAT & AF 2 Als ot gl Procedure
- o] 4to] glofof &t DA : 2018
S5F : 72 h o)A #A¢
AAF2 WE7F 578 2%
Hgst A et HAS Wl PAMA | 12 | AR - 72 h o) §XF
NBE v Fdol 93 A3 F,
AAZE 27| €5 E ISTA Procedure k2 2E - 106 h F+AE
o= 7E : 2018 Heat Temperature o o ISTA
s Profiles2 &5 A& A A5t 72 h ol 74
RSB . Hoag we] ewil Procedure
A& AE Wy A= 292 22| WAF 66 h A" | 7E . 2018
olg EH& A & 2E
Ak oF & °F82t= : 85 h FAd
-EH 2T ~ 4T/ 72N7 o)A
-HWAF 0T ~5 T/ 72A% o)
- SF8RE 4 T~ 10 T/ 1204k opg | 37| SFEAE 142 h fl%

b AF AA 4% Bte

28 29 87 AAFE
7, WA, F&2=

5@ AAE Ay B}
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O

et A3 gl HAAE

- S, HAS, FeAEE AR Alek AR EER ARE 2R @ F JsiAY
= AN g Ao &7 32 wAFe ﬂl%-‘ﬂ oJHIF} A gl E4o] B
SHA| AAIT, ofgAtE S ﬂlv«l ejtol= AV flleu, Alse FEH<d
o] B &A= & st Al %Hgo}—t— sAo] Alsel A3 HEH

Gom. AE 7 FET shiol WD Aoz DU olw WARS Ao L
GEE QT vhEo] MARA gkgkont, WA FRHe mek ek A AR 3
Eol WAT FFsAol Erha BoE

[ 23, dstrd 23 A 7e 9<& - g2k ]

- AFAFE 10 @ AAE J1FoR AFY FA w AAHFS BYste] A
e WAoo A Ak AT A% L Aol BAL WAIA 2.

- B AEL ISTA Procedure 2A : 2018 Alg 272 AFS AP oH AF
of o3k AFe <& 5 Aol E£A7F TAsHA F =

- LT HA AFe AW YHLexE= [STA Procedure 7E : 2018 < Heat
LT AL WE TE & gy &5 2 IJE &5

temperature (72 h, 144 h) s
o] & HolHE A7t &< st e Al WHo® 7E 7D ¢ vl
st HujES A% B AFY AP g% APsidr & F As ol
[e]

‘J:ﬁ‘

ISTAE A AR FEH AN U2 o= B&stA AL s AES

L=,
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F, HAR, F&FE F VA FF5A A& AASEoH, B8 == 4 7 &
F(-2C ~4C), HAFO C ~5C), F&FEAL C ~ 10 C)eE &% f7 =
A A 12 A= S 22

%E c 72 h o] B& 25 (-2 C ~4 C)E A3

HWAF :72h o] B8 250 C ~5 C)E A%

%%Z}g 106 h 24 254 € ~ 10 CO)E $x 3+

12 Alds 53 2dol A AFol E0l7k= PCM #AT W3t 231 AlE &
AANEIRoH, 22 &% FA =4 AY 2= g 2

7 :72h o] 54 £5(-2 T ~4 0O AT

H Al 66 h 54 %0 C ~5 C)& FA

kg8 : 85 h B £=(4 T ~ 10 TO)IF $A3%

7= PCM 74<S WA4S 1, 23 Al 25 5% 25 #FA A 72 h ol
S 243 HAFE 0T PCM 1 set, 5 C PCM 1 setE 9& 1x Adoixe &
T LT 84 A 72 h o) &£ E §XFHOY, 5 C PCM 2 setE QL 2
A ANPolHE 5 25

h
& 6647 FASA AL BEAE 2HHA %F. oS
Qo

SR Hdo] & Ago) vE FoE PCM AL WHAT 1, 23 AF =%
L5 AN BEAE 953 Ao fuy. FEAELS g2 FE1 vws)
of 2= ARl AUARE PCM 748S §7 4 W FdskA AAS
S5 ALY F2A 240 Ayfsidivr ddd. wAe 58 &= A Azt
A2 PCM 7ol wheh Fx2]9 @4 o 77t 24 4.

ANAF A B7HE B 3 7HA 9 BReAE S =&3

ﬂd
Lo
2
o
fllo

A A, BH L5 FAAZ 9% ko] WasiTh 0 T PCM Zset®
ARG PR BH 25 §AAL ZPAGOIA 106 h FASe] BEX o
ol AN oF 10 AzFe] &5 FANZF A4S S5 0 Colste] PCM A4,
POM 47k A4 ¢ WeASHAAR, 0 T olstel POME AAT A, v gEo)
a7k SeE, POME 27b AAT 45, Bl 45, AR B das 5
AR A WAl Ay gt PPOE oo HE T 2= FANL
A4S 91 F7HHQ W HE 2 FFo] BRI

T wA, POM AA e 7ol AzEshh g 0 T POMS A A -18 T
oA 2447k o] B F FLolA HYE B 5 ASHD AL FeolA nu

AZEo] FESHA e AT, 1A HAR 2E/A AdelA Bl Jbeskxol 4
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Aol 2x7F Fatll A B A2 F e WA B sFE T2 FstelA
713 B A Qelrh TAste] AFEe VHAE Eolmdn PCMe| 2 EE A
Zhol w2t Fste] FAAZF WAHoZ W=l st PCM A2 AAH & A=
dglste] &= vEe WAsko oF &

A AR, 3ol ti@ F7b A7 Baw daAdolA okgatEe] mheo]
AB AT T WAL AHA FAe) A P LR 1 FE 59 olf W
oz peE. 87 AAe ATFE FuaPor), A U B nsE

- &5 wAFE  CISTA Procedure 7E : 2018, ¥ 1° ¢ ‘Heat temperature
profiles(72 h)’ o whg} <F&2EL ‘ISTA Procedure 7E : 2018, =% 2’ 9
‘Heat temperature profiles(144 h)’ ol wlg} Aol 2= 5 HA3)

- 2554 A=UE AR EW AE IRl FAY F, AR W] ox W}

5 =A%
- ANEYE L5872 B& &% 27 /(-2 C ~ 4 C), HAFO € ~ 4 ©),
°F2AE(4 C ~ 10 C)
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Temperatura Temperature
Elapsed Low Heat High Elapsed Low Heat High
Time Tolerance Profile Tolerance Time Tolerance Profile Tolerance

h G 25 °C h S "o "
0 251 281 311 37 227 257 28.7
1 26 29 32 38 223 253 28.3
2 26.8 298 32.8 39 22 25 28
3 273 303 333 40 21.9 2439 279
4 274 30.4 334 41 21.9 249 279
5 26.9 299 329 42 224 254 284
6 26.2 29.2 322 43 235 265 295
T 254 284 314 44 24.6 276 306
8 248 278 30.8 45 254 28.4 314
9 24.2 272 302 46 26.3 293 323
10 23.7 26.7 29.7 47 26.9 299 329
11 234 264 29.4 48 274 304 334
12 23 26 29 49 2r7 307 33.7
13 225 255 285 50 279 309 339
14 22 25 28 51 279 309 339
15 21.7 247 277 52 276 306 336
16 215 245 275 53 271 30.1 33.1
17 21.7 247 277 54 26.5 295 325
18 223 253 283 55 25.8 288 31.8
19 234 261 291 56 252 282 312
20 241 271 30.1 57 247 2rT 307
21 251 281 311 58 241 271 301
22 256 286 316 59 236 266 298
23 26.2 292 322 60 231 26.1 291
24 26.7 297 32.7 61 226 256 286
25 27 30 33 62 223 253 28.3
26 2741 30.1 3341 63 22 25 28
27 26.9 299 329 64 22 25 28
28 266 296 326 65 22.3 253 283
29 264 294 324 66 23 26 29
30 25.8 288 31.8 67 23.9 269 299
31 252 282 312 68 24.9 279 309
32 24.7 277 30.7 69 257 287 N7
33 243 273 303 70 26.4 294 324
34 23.9 269 299 71 26.9 299 329
35 235 265 295 72 274 304 334
36 234 261 291

[ &. Heat temperature profiles (72 h) ]
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Temgszrature Temperature Temperature Temperature
Elapsed Low Heal High Blapged Low Heat High Elapsed Low Heat High Elapsed Low Heat High
Time Tolerance  Profie  Tolerance Time Tolerance  Profle Tolerance Time Tolerance  Profie  Tolerance Time Tolerance _ Profie Tolerance
h °c *C *c h kY *c c h c *C h *c *Cc "c
o 251 281 A1 & 231 281 231 72 b2 304 334 108 231 261 2914
1 2% 23 32 kg 27 257 287 73 T 307 337 L 28 38 88
2 268 288 28 38 23 253 283 74 e 308 3s 110 23 253 83
3 273 303 333 3 2 -] 28 75 it} 08 3349 111 2 3 28
4 274 304 334 0 218 48 e 76 e 306 336 12 2 5 2
5 268 29 28 4 28 49 278 i bR | 30.1 331 13 218 29 79
[ 282 292 22 42 24 54 B4 78 285 285 325 114 24 x4 264
7 254 284 314 43 235 285 295 79 258 288 318 115 235 %5 235
B 248 7s 308 e 248 78 306 80 %2 382 n2 118 248 778 306
9 282 72 302 43 ma 284 ERES 81 N7 a7 307 "7 54 w4 4
10 a7 %7 27 28 263 293 323 82 41 271 301 118 263 23 323
1" 234 264 294 a9 %3 239 328 83 bl %6 298 118 %9 29 329
1 23 28 2% 43 274 4 334 B4 231 26.1 291 120 v4 304 334
13 25 55 285 8 o7 07 37 85 26 256 286 121 a7 07 17
L] n 25 28 50 e 3089 iise 86 23 253 283 122 ik 309 39
15 g 247 a7 51 278 08 338 T 22 F-3 3 123 a 9 339
L] 5 45 s 52 278 308 338 88 2 -] 8 124 rif ] 06 336
17 nry 27 a7 53 71 301 334 as Hne 48 219 125 a1 301 331
1@ 223 253 383 54 265 285 325 @0 24 254 284 126 265 25 »5
19 231 261 21 55 %8 288 e 9 35 %5 295 127 58 2838 e
x 281 7 301 56 252 282 M2 92 48 % 308 128 252 282 312
2 251 281 311 57 247 T 07 22 B4 284 34 1 247 7 0.7
2 2586 286 e 58 241 271 301 94 %3 23 323 130 249 PR 301
2 262 282 22 59 238 266 296 95 %9 29 329 L)) 8386 %6 208
24 267 287 27 80 231 261 21 -] 274 304 334 132 231 2.1 21
r=] v 30 33 81 28 256 288 7 77 07 37 133 28 =8 288
% 271 301 3.1 62 223 253 283 % s ne s 134 23 253 283
ri 269 209 R &3 2 - 28 ] 79 308 338 135 2 b 2
28 2886 288 28 64 n -] 28 100 e s 336 136 2 - )
r- 264 224 24 65 219 248 78 101 T 301 331 137 23 %3 283
0 2586 268 s 68 24 254 284 102 %5 285 325 138 23 % ..
3 252 282 N2 &7 235 %5 285 103 258 288 s 139 239 289 Fak ]
2 a7 a7 7 ] 48 278 W06 104 52 282 n2 140 49 278 309
k5] 283 273 303 69 254 284 314 105 7 a7 307 141 257 287 N7
k] 238 268 29 70 263 293 323 106 241 71 30.1 142 %4 2z 324
3B 235 %5 25 il %9 298 28 107 236 %6 28 143 %9 29 329
144 24 s 334
[ . Heat temperature profiles (144 h) ]
O Al AR
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O Alg HolH
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Fary —
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g, wl e, |
= g
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£ 5t = 5k
= I 5
a 2.
g or —— Outer = 10 =
o 2 w —— Outer
k3 —— Tnner &= —— Inner
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0 e e 0
i
s | 1 | | 1 1 1 su 1 1 1 | 1 1 1
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Temperature (°C)

72 hour
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- 1400 Abot Road. S :-r!«'
East ur.m;u.:rgnasn 7 S,
po18IT 3033437 fe ?I!'l

dtriuiting condence, workiwios™ w5
Packaged-Product Certification Notice

June 19, 2018

‘Won Jin Ko Manufacturer's License Number:
FMS Korea CO., Ld ISTA Member 1D ST-10804
Hwaseongsi, Gyeangido Repubic of Korea
K e

a

Ganmmmmmunlmwmrmmmwmnsummm
below, the following packaged-product been found to have successhully passed the ISTA testing procadure
mmummmlsn' masrr TESTED Certified

FrODUCT TESTED:  Product name : Cold storage container{FMS)
- Brand Name(branch of Korea) : FMS Korea Co., Lid
PROCEDURE USED: Procedure 1A

DATE TESTED: ar0e

15TA reFEREvcE: 009926

CERTIFIED LAB. Korea Conformity Laboratories (ST-2186)
45828, Gasan-Dong

Seoul 153023

Rapublic of Korea
TEST TECHNICIAN:  Byeong Ryedl Yu
LABREFERENCE.  PCIBOMT2

As on ISTA member, you may gain the advantage of using the ISTA® Cerification Mark with your company's
exclusive Manufacturers License Number on this packaged-product. Your MLN is ksted above.

ISTA offers valuable member services, m:rmmmumambrm“mm
We thank you for your parbcipation in our Transit Tested Program have anmy questons of concems
regarding your membership, piease don't hesitate to nocuﬂosu[l].‘aﬂ 313-34370\'@4“& Istagdista.ceg.

/Af

Paeum
EHiser@ISTA on;l

1. ISTA Packaged-Product Certification
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- ZAAaIA  WEY E£Xx1/2018.09.19(57) ~ 09.22(%)
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O =4 doly E4 % Field to Lab Al g WY ==
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, =% & Data &4, 4

- XF, =4
- A" MethodZ W3+

O Field to Lab A& "oz A AAZ AAAL Hr}
- AAE A Hriel =& A Wy vw
- A" As HUre AAAL L fE84 HUt

O =AY AAA B7L

- T % T 0-10C, AF &5 F 20~30C 9 ¥ =W SHHAAS

- SRV T EWH SR AT o) 2EUF SAEHULH, BF A olF &
sk do 22 3 JFo = duy

- 22 ") 2% 3 FHAY EHF 2R AT oS VIEIE Ao,
AFol dEFS Bl g2 Aol en, fFeFEed Blojus HolHz 459
7Fe Sl AAF ISTA 7E 2=A33 228 guj@go] fAdez APS
AAs7)ol AAgstitta ddd

lempemiureC)

W
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g 37 o] AeH7tE AAS ISTA 2A9 vl IahEc], F49

29
5] 2~ o
Ay 37t A
“aslo] 3 & olEla e 5 &
- ek S4x3el Eug JHE, fARINEoE AY xxoE AASTa
i
EventNumber |EventTime Channel [Acceleration (G) |Duration (msec) [Channel |Acceleration (G)|Duration (msec)|Channel |Acceleration (G)|Duration (msec)
735|09-14-2018 01:18:45 X 4832 33 Y 6.602 39 z 11.595 69
1436|09-14-2018 06:41:16 X 5.056 43 Y 1.808 143 z 19.999 34
2588|09-16-2018 09:19:44 X 19.999 g \i 19.999 7 Z 15.107 10
2875|09-18-2018 06:06:48 X 19.999 13 Y 12.333 4 Z 8.082 10]
3000|09-19-2018 01:47:41 X 8.759 6 Y 8.657 5 z 16.338 5
3080]09-19-2018 02:51:25 X 6.837 28 Y 3.227 19 z 12.109 241
o A = S
O 224 9 54 8
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2 A 38% At

7h

3

3

7} (lab scale

3

hy2

AAFE o187 A4

5

D %

33 o5

e

3

Ay

o 45 W

Az A F

AT BAH e

B
T

TR

w
Hr
i

N
ﬁo

FAJ

17

Al %

o

]

okA
FEo

1

ks
pul

Oh g8 871E A&

~
HO

mK

m

o
gl

olulE (Gangwon-do,

I EL)

J|

Korea)oll A <

PET &7]¢l 500g & Ho} AL-&3

dd vl AZ FHE ol 19F ®ol YEnd

7FA AL 440*320*206mm - Abo] =2 EPP

=
=

20mme] A
Yol 20mm T2 VIP9} HluToZ FY

F71°] EPS 3

3+

<)

~
U

el
e

2

Ao A A %5 o

&< (0, 3, 5 day) 28.5+1 C

7b A717k2 5

3

3

- WA F2

7 data logger (testo

o+
ol

N

on

KO

_Z__l

ot

5

]

174H, Testo Inc., Germany)E ¥o] #&7]7F 52

TR

Al data loggers o] =4

P wed
255

st

A8

=
=

gxg Az Wz~ (MW-I series, CAS, Fullerton, USA)

2 ek
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- HAY Ax+= 47 Smme probeE 32gH Texture analyzer (TAl, AMETEK
sensor Co., USA)& o] & ‘6‘}@1 ALY ZF WE 10 mm 7bA 20 mm/s 52 A
< ol A% HES N2 At A5 53

=

- WA SFELS Wy HE 500 ml G2 8700 WA WS oF 70 g& Wi 2
A1zt % headspace analyzer (Checkmate 2, PBI densensor Co., USA)E ©]-&3}<
&7 U 714 =8 =4

- 7] R BN CO2 BE 23 F ofdl 42 ol g =

E]olt

E ALt

4

- (me )t - (y(:()Q )/ Vf
RCO2= (T )X T

(yeor)= HAE CO2, (yeo)i= 271 CO2, t= AIZE, V= A& FA, W= &7] £

- A== AzaA (CR-10, Minolta Co., Japan)E A&3te] Hunter L (brightness)¢t
a* (+a red, -a green) 183l b* (+b yellow, -b blue) S ZAH3sIH o™ otz 2
& o] &3] WAle ZWAE Bl Brown index)E =43

100 < (X—0.31)
0.172

a+1.75L

BL = 5.646 L+ a— 3.01b

, where x =

- 2% pH= WA AF bgs 57 10 mlo] ¥ o] Homogenizer (Ultra-Turex T
18, IKA, Germany)E ©o]&3ste] 3 & ¥44l&2”] (FLETA 5, Hanil, Korea)& &
sl 5000 rpm, 1085 HAEZ F HAS5HES pH meter (ABISpH, Fisher
Scientific Co., USA)E o] &3t FAstg o AHel+d 33 whE 4dS

- s HA AE 10 g& AgYEs 90 m1°ﬂ Yy #2&7] (Stomacher 400,
Seward Ltd., France)& At&3ste] w23t 3 & F&3] 4238 &4& 10814

3lAste] AR 9 F3Fo]& vjA <l PDA (Potato dextrose agar)ell 1 ml¥ &%

- B39 WA E 37 CToA BAZE viF & &Aoo g F2Y ANFE A3 log
CFU/g. & e
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a9, 99 vtx H8 WA AlE AR (A) EPP box with EPS panel; (B) EPP box with
VIP
T oGd gx AE FHE T (WA
T4
AZ
o A vy uf] F
Control (Outside) - -
olF o]~ 2B . 0T 3.2kg
EPP box with EPS panel EPS #jd
P JH AA o2 W : 0T 0.68kg
lAo] 2~ F : 0T 3.2k
EPP box with VIP VIP el &4+ &
QA o] 2 WE- : 0T 0.68kg
O A3 % 33z
O gd &7 U &= dAst
- 9B e AHA /7 T 2841 CE YAFA §A3 =& &9l

- EPS 98-S 283 &d &7ldA= 72 AIRE ©

T

Yol A 21 T 744 Z7}e

L

|

e
A=

B
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72A1¢t

EPP hox with VIP

Outside condition
-+ EPP box with EPS panel

30

10 4

(D) ameaadiua g,

-

Time (day)

&
- R 2= AFE W2

e

2

@ T

3Yto A 3.3%, 5YAFANA 45%E

o]

o

g 8710l A-&d WAl H

TEF e 3JEAANA 0.04%, SLAFA 0.24% 2]

T FAEL 3GAAA 0.01%, S5LAFA 0.03%= A 47]

ol
5

Bl

ZF 11.3 Nej| H]

Q)
=

9 AEE 6.4 No2

o] 7% 3¥9Atell A 10.8 N, 5 zatelAl 9.4 N& ®H<]
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B N Outzide

Omstdf: EFP box with EPS pansl
Egmifﬁ? panzl 14 RS EFP box with VIP
SR E PP with VI

Q

Firmmess (N)

Weight loss o

3
S

%
.
%
|
|
|
.
%.
%:

=]

[ |

Time (day)

(A) (B)

=]

Axpol Al HA S SFE2 °F 0127 mllCO2l/iglh =9 CO2 HAZFS B

- 3dAtAA A YR F HAe A5 0.131 mICO2l/gh &2 713 w2 CO2 LA &
< BoFqlom, EPS #id-& A83 WAe 7% 0.118 mllCO2lg/h, VIP & & H
A2 0.107 mllCOZl/g/h ¢ CO2 LA =ZHE B

- SR A 2 Foll & WAL AstAl Ful7t st Ao &7t sklem, EPS
s 283 WAlA 0.147 milCO2l/g/h, VIP -8 WAl 0.139 ml[CO2l/g/he]
CO2 ¥ FS ®Y

@ A= (pH)
Ut A WAS] pHE 6612 HAE

- A 1% BY AE

- =

il

Z pHO| §914 ol Holx] &&

- EPS 8 &3 wAlolA 3YAel pH 6.63, 5L A4 pH 6.67& XY

- VIPE 283 wAlolA 3Uato] pH 6.59, 5L =toll A pH 6.70 2.
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—®— Outside
—— EPP box with EPS panel
—¥— EPP box with VIP

025 A

0.20
0.15 %

4 4
0.10

0.05

Respiration Eml{CL')ﬂg"h")
pH

—a— Outside
—o— EPPbox withEPS panel
—¥— EFPbox with VIP

T
]
Time (day) Time (dav)

(A) (B)

- VIP A& #AlddA = 38atelA 30.3 log CFU/mL, 54 koA 68.7 log CFU/mIZ

M e F7hee 1Y

300

N Outside
EPP box with EPS pansl
B EFP box with VIP

100 4

L

0

Total plate count (log CFU/ml)

Time (dav)

9. A2 B MAle] FEs s
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@ =

- 0Y oA WA ZHATE 7811, LEFe 47.118 R

- 3Y A YR T WAL 156.730.2 M =& ZAWHATE B o EPS )
g g Al 90.28, VIP 28 AL 85.24% 71 wre 4 AT E BHY

- 5zt A EPS3ld A& wAlS 113.12, VIP A& WAL 90.06%2 7H4 <& 24
ATE B

FE.AZ7IE F WAle] Ax B AHAE R
Day Samples L* (brightness) BI (Browning index)
Control (Outside) 47.11+0.41 78.11+3.18
0  EPP box with EPS panel 47.11+0.41 78.11+3.18
EPP box with VIP 47.11+0.41 78.11+3.18
Control (Outside) 36.62+1.81 156.73+10.66
3 EPP box with EPS panel 45.71£1.05 90.2849.17
EPP box with VIP 46.22+0.75 85.24+5.44
Control (Outside) - -
5  EPP box with EPS panel 42.32+2.17 113.12+12.36
EPP box with VIP 45.12+1.86 90.05+9.85
o HF4
- QA A WAL 3LARE AW B on S5UAAN FFo] TS

2 2 Yt 4

- EPS vid HE WA 3dxtol| Awo] wo] &ASHA] kARt 5 Afe] ol

AsHA A

S VIP H4 mAe 5UAA uHow

2 st g

a3}
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=
N
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N
)
off
2
=
2
1o
o
r o)
'
o

Samples

EPP box with EPS
EPP box with VIP

(W @& 871 A8 Adse AZAd H7t

o A

jaicil

SRR

- &3] F4 88 BrkE Y8 274 2378 954 olvtE (Gangwon-do,
Korea)oll 4 +43te] EPS Aol 330g & o} A&-3F

- 23715 AASH] Y 9d vba Al

s 11— Hu

i

TFAAL oy 2P Fo| JeRH

- AZg EPP 9 dhxE 20mme] FAE 74A I 440%320%206mm  Ake] =e] EPP
ahz Yol 20mm A9 VIPS mlaFo® $93 T EPS Hde st

-

o] 213
- T whs Yo QAo aE QolA AP om WEY 330g 237 2L ¥
SRR
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719 F4 HrE AR7IZES 5452k (0, 3, 5 day) 37+1 CHaroA AHAEH
=] 7]-3 11636‘]-

P
o] ¥

- ©d %ag A8 23719 FAUS Bt FRoRE
=, A% QH), FF5, @d W= (T-VBN), 94&%@% A9

- A9y Hr} (Warner-Bratzler shear test)= 73 Zt=9] V A8 Zd probeE #
2+t exture analyzer (TAl, AMETEK sensor Co., USA)& ©]&3} 4mm F74 9
421715 AT wo A3 g S8

- 231719 4= (pH)E 5g& 10 mlol] ¥ o Homogenizer (Ultra-Turex T 18, IKA,
Germany)S o] &3t Ea) & YAlEg]7] (FLETA 5, Hanil, Korea)E Z3a 5000
pm, 1085 dAEE * 435S pH meter (AB15pH, Fisher Scientific Co.,
USA)E ol&ste SAstRom A3 33 vhE A3

2 ol r*o

- A= AAA (CR-10, Minolta Co., Japan)E AM&3te] Hunter L (brightness)s}
a* (+a red, -a green) “18]aL b* (+b yellow, -b blue) k& =43+

- &2a7]e] @ WHils A=E FA87] s 237 AE 10 g& 6%
| ¥3 1% =

[e=]
s 3 F AFAAE T AHE Y, o3d &

- FAgE HA AE 10 g& AEddEsE 90 ml°ﬂ 23 #47] (Stomacher 400,
Seward Ltd., France)E At&3te] #d3 & & FE3] 4dstd §4& 1064
A5t AR 9 F3Fo]& vjx?l PDA (Potato dextrose agar)ell 1 ml¥ &%

- BEE UAE 37 TolA 4843k MY F Kerow 22U ASE Sk log
CFU/go.2 LbERY
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®)

£ o9 v AE A8 74 (217)
74
oE
o A vy ) 2F
Control (Outside) - -
QlAo) 2 9 . 0T 3.2kg
EPP box with EPS panel EPS =4
P R QA o] 2 WE : 5C 0.63kg
olAo] 2 9 . 0T 3.2k
EPP box with VIP VIP el &% &
olA o] 2 Wi . 5C 0.63kg

- EPS #|d< &3 dd 7oA E T2A7HA] 14 C AEY Y 52 1o

FRom 120 AlZtoll+= 30 C o)<
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72A1ZE

50

40 A

30 4

ZD-;

Temperature (DC)

10 -

(L s ——— Outside
- EPP box with EPS panel
EPP bax with VIP

+ i

.

=
=
e
(SR
Lad

Time (day)

@ Ay B}
SEDEE RICE

- 3%t 9% 237 EPS AE 237] Bk dAgEe] wA
Be Qo] o3 &37] FEol WAt} Ade] Lt Ao Wiy

- VIP & A&37]= 3YAAA 106.1 N, 5&=}ol A4 92.8 NO.&2 33U =fof] HTHE o]
S sttt Aastet ole Ao =& A3r] WiIE dof duEo] FUt

=

- EPS A& A37]= 3L A 86.8 N, b X}Foll A 81.9 NS HY

@ 2= (pH)

- 0¥ 4&a317] pHE 5938 How syt @A wek pH7F S7HE Kim
(1994)3} FL3 235 1Y

- 3YAtAA R AR A37]E pH 6.10, EPS 3id A& A37]= pH 6.03, VIP
e
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140 4 6.5
e
é 100 4 E
- 30 4 5.0
g i =
40 j; : 40 {; :
Time (day) Time (day)
(A) (B)
a9, A7 sF &av)e F4 sl (A) deg 7t (B) pH
@ w2 Hu = (T-VBN)
- 3YAANA QR 2o AAFH A37]9] VBN AAFS 39.3 mg/100ge.2 43¢
BIATE RoF
- 5Yxatol A EPS Fd A& A37]E 124 mg/l00gS BgoH, VIP 38 217
6.3 mg/100ge. 2 EPS #jd A& Apr|Btt oWz Hyerl FA A8 AL

ol

® Fa5
- 3LAAA o7 2= AFE L3719 FogE 189.1 log CFU/mIE F43 5
He B, 5UAA Rark skl 2o Wibsd dUz WY

- EPS #id A& A37]9] ¢ 5YAteA 126.7 log CFU/mIS E <

- VIP A& 431719 79 5dAkelA 20.9 log CFU/ml & 718 @2 TS BY

e}
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W Outside
EPP box witwh EFS panel
EEEER E PP box with VIP

TVE-N (mgé 100g)

Time (day)

|
O
TS
Wi
2
K-
>
b~
ki
N
lo
—
;\1

~
ofr
r o
—
)
. *
o

*
gL
I

- A A7)

% st

TPC (log CFUMmly

r[r

200 4

v
=

=
=

73

N Cutside

EFP hox with EPS panel
EEEER EFP box with VIP

ook

Fe w

Time (dav)

(B)

Y2 15.68+0.73, a* 2 27.01£1.445 K<

o]

=

- 3YAfO A F %o AFE A7 Lk 12.04+0502 ZASH Il EPS )
g3 VIP 38 &37)= Zh2F 18.40+£1.64, 17.44+0.59 3t& B

- 5Y =}t A EP

=<
o] AT BHe B

wn
£

i
~

| A3+ a*v 12.92£0.55, b* g2 2001 &2 H2 9

- VIP A& &317]& S59xfellA a* 21.43+1.84, b* 22.08+0.57 & t& A Zol H
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E ARIIZE Bk Aivle] AR B ZUAE W
Day Samples L* (brightness) a* b*
Control (Outside) 15.68+0.73 27.01+1.44 24.46+0.10
0 EPP box with EPS panel 15.68+0.73 27.01+1.44 24.46+0.10
EPP box with VIP 15.68+0.73 27.01+1.44 24.46+0.10
Control (Outside) 12.04+0.50 12.76+0.33 19.66+0.75
3 EPP box with EPS panel 18.40+1.64 24.88+2.30 24.96+0.85
EPP box with VIP 17.44+0.59 25.58+0.63 24.92+0.35
Control (Outside) - - -
5 EPP box with EPS panel 14.01+0.72 12.92+0.55 20.01+0.48
EPP box with VIP 18.72+1.61 21.43+1.84 22.08+0.57
@ <1&37}
- 3LA A 2 2x ARE LAVE w2 2EE 9 EHo] A= AUt
93 A Sojstel Sajo] Watdom 5ARelAE Fael BT

- EPS 33 g%
of AstAl Figk =

- VIP A& s doA LAl = sete= &

A fAe]l WME A g
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=<
2
o
N
)
off
2
B>
=2
N
1o
)
rd
E
Lo

Samples
Day _ EPP box with EPS _
control (outside) EPP box with VIP
panel
0
3
5

(T 9 §71% A3 Fael A9 B}

O 43 Ax % U
- A F24 o"Ws 3@rkE fe S4RIA 43 (EDE AN FETA
(Chungcheongnam-do, Korea)oll Al -9}t Aoy} 48 T4 AAS A

Hy HAlS PET &7]0 300g & Ho} AL&3
- FAS A Y3 9 vbs AZE AL ofg) 19 13 & 20 YR
- AZtE EPP ©@d vlx= 20mme] FAES 7FR 2L 440%320%206mm Abo]=2] EPP

2 Y Foll 20mm FA9] VIPeF BluTe g FAI FAS EPS #ds Adst
o 33y

ol

- &g vk Y Fo Ao 2E HolA Ao AMETF 300g A 19ES ¥
Az
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- Fake] FE B AR7IREE 625t (0, 5, 6 day) 28+1 CHaLoA A A E o

- 9d B2 Y i 25 §3 242 QAo yFH 2557 data logger (testo
174H, Testo Inc., Germany)E 2ol A7zt 54 &<t AT 22 979

2557 data loggerg ol =A%

- 4o A== A7 Smme] probeg AE3E Texture analyzer (TA1, AMETEK
sensor Co., USA)& o] &3t 4o Z%5 5 10 mm 7hA] 20 mm/s £52 44T
o] A3 HAoigSE No2 ZAst AEE &4

- Mz== AzA (CR-10, Minolta Co., Japan)S AF&3te] Hunter L (brightness)$}
a* (+a red, -a green) Z1&]al b* (+b yellow, -b blue) &< A3 om oz 2
S o] 83te] Fakel ZWA = (Bl Brown index)E =43

100 < (X—0.31) a+1.75L

Bl = 0.172 » where x = =T TR0

- 2= (pHE 4 AE 5ge Z7S 10 mlo] ¥o] Homogenizer (Ultra-Turex T
18, IKA, Germany)E o] &3t &4 & 4 &27] (FLETA 5, Hanil, Korea)& &
g 5000 rpm, 10&&<t AHEE F 4FHES pH meter (ABISpH, Fisher

Scientific Co., USA)E o] &3t A3t o AHeld 33 whE 4dS

- FE= A AE 529 E754 10 mle] ¥o] Homogenizer (Ultra-Turex T 18,

KA, Germany)E ©]-&3sle] B3] 3 ¥AEg7] (FLETA 5, Hanil, Korea)S %3
5000 rpm, 105 A& F FS5HS =4 (Master M, Atago Co., Japan)
2 ZA35teo Brix’ 2 el e™ AT 33 vhE A9g

- e FA AZ 10 g€ Y9 90 mlol ¥ #& 7] (Stomacher 400,
Seward Ltd., France)= }9—0}@1 #4333 & FE3I F2sEH £H4E 100¥

Al ax 9D FFo]g ujx 2l PDA (Potato dextrose agar)ol] 1 ml® E3F3}

- B A= 37 ColA 48A1ZE vl & {2 FEY ANFE A3 log
CFU/go.2 LbERY
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74
/\‘E%
< A vy wl] 2
Control (Outside) - -
Q17 o]~ 215 . 0T 3.4kg
EPP b ith EPS panel EPS #d
ox Wi P e Q7o) 2~ & : 5C 2.69Kg
Q17 o]~ 9JE : 0C 3.4k
EPP box with VIP VIP Il N &

Q17 o] 2 Wi : 5C 2.69kg

- EPS 38 A& "HrzoM= T2ARREH F43 257F S7kske] 1204130 =
18C, 144 %t A 21.5C 74A] S713H
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120A| 7t

30

Ouitsi de
EPP box with EPS panel
40 4 EPP box with VIP

30 4 W

Temperature (")

1] i 2 3 4 b 6
Time (day)

@ d=
- 0ol A F4te] AE=w 832 N2 B

- S5APAAM QR 2xo ARFHE e AEs 8l8 N& Hon SUAtolA
T6INo 2 HAz o7 7443

- 64t Al EPS 3i'd A& 4kt VIP 28 4t A== 242 87.0 N, 87.5 N&
2 0dAe A=E A

@ F
-0

ES
oMM 4t

ﬁr:u

e o

lo
o}}ll
FILI
r1 r
IS
o
=}
oQ
(@)
e
=
=)
Ll
f
s

- 5YatolA QR exo] AAFH FAY FHFFE 17.0 log CFU/MmI 6Y 3kl Al 60.7
log CFU/ml & F4% 3718 2Y

— 247 —



I Cutside
EFP box with EPS pansl
BB EFPbox with VIE

80

= @ = =
B + A

(0301 DdL

ith EPS pansi
with VIR

I Outside
EPPboxw
EERE EPF box

i

140

120 4

=1 2 F & =

(N SSALILLLITL]

Time (day)

Time (day)

@ A= (pH)

13} 424+9] pHE 6248 19

-0y

Kol

1
T

- wE QoA pH st §o7 Aol

g 29

Aol A 522k pH 6.17, 62 2Fol 4 pH 6.19

s

o]
=

- VIP Hg F2bol A 523kl pH 6.08, 62 2Fol 4] pH 6.33<

M

g 19

Fell A s#4ke] Y=+ 5.24 Brix®

154

OO

I+ 4.6 Brix° & X<l

3

3L

bR

g

Ul
=

B3 EPS 3

=
=

o kel A9 4.6 Brix®

- 6=}l A]

2 19

5.07 Brix”®

ol
<R

+

>

, VIP A&

Brix°
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pH

4 —#— Oukids

—0— EPPbox with EPS panal
—w— EPPbox with VIP

=
Aol %4

o

Total soluble solids (oBrix)
&

M

—— Outsids
—— EPPbox with EPS panal
—w— EPP box with VIP

T
o

,ﬂ
1o
1IN}
i
o
bt
rlr
(0]
(@p]
&
flo
fz
ol

Time (dav)

(B)

A% (pH), (B) 95

- 5hAtel A o 2o A 4t 110742 7 w2 AHAESE HiloH,
EPS '8 2§ 42 86.07, VIP 2& F4b2 88.460= 0Latel FARE 2WA
T 129

- 6L A oA R 2= HE F4h2 12455, EPS sid HE 74 102328 RS
H VIP &8 $4-2 100.88th 71 w& ZAHAEE B

I AR T ko] AE B A= W
Day Samples L* (brightness) Bl (Browning index)

Control (Outside) 69.32+2.19 86.03+5.24
0  EPP box with EPS panel 69.32+2.19 86.03+5.24
EPP box with VIP 69.32+2.19 86.03+5.24
Control (Outside) 63.44+4.79 110.74+2.57
5  EPP box with EPS panel 71.50£2.89 86.07+2.89
EPP box with VIP 66.67+4.39 88.46+2.79
Control (Outside) 61.93+2.78 124.55+2.35
6  EPP box with EPS panel 66.58+2.36 102.32+4.17
EPP box with VIP 66.53+4.18 100.88+2.67
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D ABFA
GRS

g8 e 455U KAoE T WHE FA T & Yo
o, 62t B Fakol M Hgolrt WA
- EPS 3'd A& 43 VIP 2§ Fibolds 6244 Sz & ¥ss &<l
¥ 5 e
3. AR -SR] Ao ofd W)
Samples
Day , EPP box with EPS _
control (outside) EPP box with VIP
panel

@ 7 F5E AAF A8 9% ZUEP H7t

O 754
- ® A7 B Ad dd8r]e dA 53 H7bE fle ¥4 RUHIS F
ol fre e Ul 9 2ES AAAE 9 3 oo mE ot F5E 2 W
e Wke BHoR ¥
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b WA % ZYUHY HU) (&5, BE=W)

=

O 4P A= L Py

- A F4 W3t HUtE 98 AR FET HA FUFA Sl HAESE &
# 4] 9 (Gangwon-do, Korea)& T3l T3t AL-&3F

&8

- /e gl B AAES Bl s fs 71 WA e olEH e E8A s
o A% EUEPe AP
- &g vtxE= 56mme FAIE 7FAIAL 440%320%206mm Abo] =9 EPP v}~ uff Fof

20mm A2 VIP 2 g3t om, AAel2 il WA 500g HZE 27HE ¥oiA

- HAY F2 Wrie ofdl el vEhd @4 ZUHZ Z|3te] ZHA Y T
0, 4, 5 day) H71& ®yg

x. AF BEUHY 2AE (HA-B=2H)
Bz A2k U H| 31
7 HE S A 2 4 27
11/26 14:00 - WA 7t
A JAA F3 olF
11€ 27-284 | 20:00 - 10:20 AH - A=Y o)F
717%¢etstz2 A
12:50 - 14:20 Aley - BEzH o=
114 28%
15:00 - 18:00 | Hlolo] HAd R AFLAH <
5= Ad=xo
0500 - 13:00 | 4 2 SRAF Y QWAL | A=
11% zgoE] %Tﬂq— %X]
13:00 - 15:00 | #Hlelo] 3o B MA LAY <y
05:00 - 07:00 A9 9 53T 5
11€¥ 30¢ 07:00 - 08:00 AR ol 9 FEH-A T3
09:00 - 10:00 HA 12 FEH7T AA
14:00 - 15:00 WA 221 FA4E 7 AA
12¢ 1¥
18:05 - 19:40 B2 - A=Y o]F
12¢ 2¢ 08:20 19:00 A=Y - AHA olF
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- g ¥ g U)E dke YR 2E W3 242 £ Wi 2554 data

logger (testo 174H, Testo Inc., Germany)E o] A&717F 54 S A

aly

- A% mUE" 7 B WAl BAMs WYl gRoR: FUad, AR
AE, ABFELL DS

- =% 7488 X" Az WMy~ (MW-I series, CAS, Fullerton, USA)S A}&-3}
of HALe AA x7] FTHA A 5d F¢ =AY T WHIE HES (%)
Z Yehy

- WAY Ax+= A7 3mme] probeE A2 H=A (FR-5105, Lutron Co.,
Taiwan)= o] &3t WAl B% Wi 10 mm 7A A4 wf Jelhvs A F
e NO 2 BASle] AxE =4

- Mz AzA (CR-10, Minolta Co., Japan)E Ap-&3ke] Hunter L (brightness)e}
a* (+a red, -a green) Z1&]al b* (+b yellow, -b blue) &S WAl E&F RRog
ZzA5stgon ol A& o83t WA ZHMASE (BL Brown index)S A3

100 < (X—0.31) a+1.75L

BL = 5.646L+ a— 3.01b

, where x =

0.172
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B Commercial packaging
B2ZZA Insulation packaging

(N sseum 4

mmercial packaging
ulation packaging

&

S8
N
il

-

45 SSO] WM.

:

Time (day)

Time (day)

B

e
1

A5

@

- 0 Aol A HAY ZARAEE 81.68, Lik2 44.885 H Y

- 49t A 712 2AAA ] A8 MAS 1434002

—

GEE2ZA 28 WA 85.98% 0%

- 5L A 7]

R

i
1

L0

gaa

b

Bl (Browning index)

L* (brightness)

Samples

Day

44.88+0.11 81.68+0.45

Commercial packaging

44.88+0.11 81.68+0.45

Insulation packaging

143.40+0.56

36.22+1.80

Commercial packaging

45.35+0.51 85.98+0.46

Insulation packaging

35.66+1.02 148.20+0.56

Commercial packaging

43.96+2.33 86.82+1.32

Insulation packaging

ﬂnﬂo

ﬂu

)

A
M 5UA71A oBHor 2 Ws molx

0ro.
s u
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E A4 ZUHF 7IE S WAL o3 i
Samples
Day
Commercial packaging Insulation packaging

(W S @7 ZUEE F7F (5=, 35)
O 23 A= % U

- 2379 4 A8 BE A8 B S4E B9 shtErhe (Gyeonggi-do,
Korea)oll Al T3] A&

- 71E @5 #5S EPS wol WuiA A4S =@l 194
- RE W s AAES RE A /1E FF FE o185 EPS vl
- @ ¥ E 55mme] FAE 7FA AL 4407320%206mm- Ake] =9] EPP ¥R~ Fof

20mm F7A12] VIP 2838t om, Aoz ol - oF 700g & 7HE ¥

A A
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- 399 FE HUbe ofd Fo| YERE AR EUHEA 77 2HA 59 ¢
0, 4, 5 day) H71& Hy3
. ¥4 EUHAP 2AF (F-HE)
s S Eds oA H] 31
S 2 9 z7] F4 37t
o] 2o 00 -
12€ 3¢ 09:00 So old T o
08:45 - 09:20 AAFE - T35 A=FF °olF
12¢ 7¢ 09:50 - 10:20 J=28 - KCL A% A o] %
10:30 - 13:00 237] 12 =3 H7h A
11:00 - 12:00 A7) 2z 2 Hrp A A
12€ 8¢ 15:30 - 16:30 3 A= FF olF
20:30 - 22:50 T AE T - AHAFTF o F
- gg gx 9 JjE gx YFE 2% ¥lst B4 A YR 5% data
logger (testo 174H, Testo Inc., Germany)E o] A&7 54 F<¢ SAHE
- @4 BEUHZ 77 5 399 FAWE HUt dHoEs FHELAE, HE,
Ae QAFdAES NPT
- % A8 gxg Ax Wa A (MW series, CAS, Fullerton, USA)E Al-&-3}
o 99 AR 7] FHAA AR Y T SAHE THY WHIE HEE (%)
2 Uehy
- 399 AxEE= A4 3mme probes A32E HEA (FR-5105, Lutron Co.,
Taiwan)& o] &3l 39 Y& 10 mm 744 A4 o Yyelys A HAoges
Ne g FAslY AEE 3

- A== AAA (CR-10, Minolta Co., Japan)E AF8-3}ed Hunter L (brightness)<}

a* (+a red, -a green) 1¥]al

b* (+b yellow, -b blue) & =4
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Z; (B) 71€ =& FH; (C) 94

el

a8 A&

.

i

A

B
7A

SAP WujA 17

Commercial packaging

. 0C 3.2kg
. 5C 0.63kg

9] %
=]
»

a
o] 2=

A A ]
A

HF 2 +VIP

EPP

Insulation packaging

ol
=

o ZA3

O &g 871 W

BYgom KCL A= AA T3 FRE 493712 oF

—_

0

el
4o
)AO
iy
ol

16°C 7}A]

1

o] 735 oA

- 71& ZAA
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2
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g7t

24t

1A E7}

Commercial packaging

- Insulation packaging

KCL BE RlA E

ol
Ho
RO o
=)

40

30 A

_”UL amieaada],

-10

(o]

Time (day)

3} (&3L7])

B
R

- 7€ ZAA N AEH Aa7|= 49 0.18 %, S5Y A 0.24 %2

—

oy

Fol A 9.3 No2 AZA77 &

Z

2+ 94 N, 5¢

Q)
=

Aol AgH A37|= 4

=%

1

- T A FE&H A37] 492 10.8 N, 5¥Atel] 10.9 No2 &% ZUYE

2koll Hla 1 N

712 5 0

B
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- Aed xEHo] 217 YR} Do} AE Fho] Z7HR Ao Bty

B Commercial packaging
Insulztion packazing
44
15
<) =
= z
= £
z ot
14
0 y | S %_
o 4 5
Time (dav)
(A)
O". 8% RUHEDP 7IRF Sk 23719 F
@ A=

- C.mﬂx-ualps Jaging
Inzulation packasin

- 04 At A 431719 Lk 20.29+0.456, a* g2 27.30+£1.21& ®<

- 4A Ao A 7]E Hlxof AAEH
7] g A3V 22.58+1.47 #

- 4L oA 7]E

=
T
So] A2zl Bge R

_>L
m
[\
i~
[\')
oo
I+
—
U‘I
[\.’)
o
%
[\\]
w
\]
w
I+
S
C)J
(@p]
O
N
i

Fe mngon, 71E

ANelA Az W) 2

=13

- gd 2] 3ol 3
2 A&al7)eF Blaste AL wsE B
E. AR B9 2179 A5 W
Day Samples L* (brightness) a* b*
Commercial packaging 20.29+0.46 27.03+1.21 25.68+1.00
0 Insulation packaging 20.29+0.46 27.30+1.21 25.68+1.00
Commercial packaging 17.52+0.82 20.3+0.86 21.75+0.50
! Insulation packaging 22.58+1.47 24.28+1.52 23.73+0.36
Commercial packaging 18.31+1.36 22.35+0.47 22.93+0.28
> Insulation packaging 22.26£2.62 23.13+0.28 23.08+0.23
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4ol A A)E Bl A EE A17)E WY LE el ols) W] WAsy
o wa §rlo] A4E 2usldAE AE B glo] 0Ue FUFA AT
HENE A

- 5ol F1E whs Ag 2)E 4
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. AR T 4201719 @ W)
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A WA E 53 fFE5E
- dE 9d v AAES HaE 8 71E A fFEel ol &HE =3A v
£ ol &3t @R RUHH S Xy3
- w9 ubal 55mme] FAE 7FA T 440%320%206mm AFo] =98] EPP b2 U iiof
20mm FAe VIP d&stom, Aol Wi +4F oF 160g AEF IME ¥
A1zl
- Akl EA Hrhe obyl moll vER 4 ZUHEZ 7|7t 2HA 6Y Bt
0, 6 day) H71& M3y
x . 8% ZUHY 2AF FH-AFE
= A7 SE: SE
T ML
- 47152 4k $1A]gk
. . ;(_]Ou ]X4o]/\ ALLH o] %7] (311](./_\_)
09:30~13:30 Aol A 474 Wma ol
- FHI BN EA _
12/13 A (28F2)
AExFY 3= HudE Hj &3 A}
14:00~15:30 % shE EE °
ol-sste] BufjulF AFE2A 2~E 2
FAZFYFANA AFER o]F
12/14~16 - AFTE AFEZA 2220
AP o) B
o AFE AT A
*ﬂlf,‘zo}]}:] = ;Z%ji SealAel
12/1 - °]&3% S
A7 s e o e B
eoio] Salarel Sho 144X ZHEAH
12/19 13:00 ATY FAH & g 3kal)
- g9d g " VE s Y] 2 I BAe ¥ YR 245%A data
logger (testo 174H, Testo Inc., Germany)E 2o A&7t 6Y ¢ AT
- @4 BEUHB 73 5 7Y FAWE HUh dFoEE FHEAE, HE,
e AFAE 1P
- THAAES UAE AA 12~ (MW-II series, CAS, Fullerton, USA)S A}-&3}




of Fake] AR 27 SFANA AR 6d T SAHE TFe WIE HEE %)

2 vehd

- el As: A7
Taivan)& ol §3te] Fike] B W 10 mm 744 AU W dehts 4% A
Bghe NoZ EA5te JEg 27

- A== AAA (CR-10, Minolta Co., Japan)E AF8-3}e Hunter L (brightness)<}
a* (+a red, -a green) L& 3l b* (+b yellow, -b blue) &< ZAH3IH o™ o 2
S o] g3ate] Fake] ZAWMAT (Bl Brown index)E =43

100X (X—031) 0o a+1.75L
0.172 ’ 5.646L+a—3.01b

BI =

A ) 2
Commercial packaging - -

AA o] 2 25 1 0C 3.4kg
Aol HF 1 5C 2.69kg

Insulation packaging VIP
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Il Comnmerial packazine
EZZA Insulation packaging

Woeight loss (%)

Time (day)

(A)
a9, A% mUEHY A3 ek £
@ M=

- 0N A Fabe]

- 6L M S1E ERA e S

S+ 135.85+0.53, Lgk

22.58 N, 0=t Hlsl ¢F 54 N H=9]

e 6dxfAl Al 25.10 N, 0 =toll Hl&f <F 2.8 N & 7+

IFimmness (N}

B Commescial packagine
BZZ Tnsslation packasing

Time (day)

(B)

2 40.28£1.23& ®HY

=
Ao Tz A8 F4b2 134.86+£0.54 o= OO‘X}A 2359} =2 =
o] HolA ¢
- 6L APl A 7= e 3993+£1.46, GE A HE& FH

41.01+£0.91 L* 3t

E W4 BUEY 77 Bk Fake] A 9 2ugE ws
Day Samples L* (brightness) BI (Browning index)
Commercial packaging 40.28+1.23 135.85+0.53
’ Insulation packaging 40.28+1.23 135.85+0.53
Commercial packaging 39.93+1.46 138.49+0.55
° Insulation packaging 41.01£0.91 134.86+0.54
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Insulation packaging
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Al 3d. AT A3

L =] == AA

_ A _ I SCIe & Pl
=B &2 x| 1 o = ° =
No el =A% lam | T 78| g [camsen | s
Microwave-assis
ted step
reduced International
extraction journal of
1 of seaweed biological Sslgl? 30 =9 |Elsevier SCI (2)21074
(Gelidiella macromolecule 8 ’
aceroso) S
cellulose
nanocrystals
Thermally
buffered
efé)l:;u;gr?te?or Journal of  f ¢ 1 an 2017
p | Packaging food . 216 | =9 |Elsevier|  SCI :
preserving the engineerin singh 07.21
postharvest g g
freshness of
mushrooms
Microwave-assis
ted
mllcro—encapsula Journal of
tion of phase thermal Suman 2017
3 chapge materlal analysis and | singh 131 =r2] |Springer SCI 10.95
using zein for calorimetr
smart food Y
packaging
applications
Temperature-re
. Journal of
gulating
. food
materials for measurement | Suman 2017
4 advanced‘ food and singh 12 =2] |Springer SCIE 10.24
packaging o
.. characterizatio
applications: a n
review
Temperature
sensitive smart Journal of
packaging for Suman . 2018.0
> monitoring the en iflfgedrin singh 234 = ¢l | Elsevier SCl 4.10
shelf life of 8 8
fresh beef
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gh= 2 7F3ks] A 503]
st<& ) 3] (Application of
bio based PCM for
shipment of high value
food

Suman Singh

2016-10-20

St g3t R A 513]
st 3] (Properties of
zein based thermal
regulating material for
food packaging
application)

Suman Singh

2017-04-20

IFT 17 (Novel
zein—based thermal
regulating system for
food packaging
applications)

Suman Singh

2017-06-26

Las Vegas,
Nevada

America

Al 523] 3]

o
A
>

2017-10-18

w7k
Fel2H

gt ) 3] (Thermal
insulation of vacuum
impregnated EG/RS
coated EPP box for

quality maintenance of

Myungho Lee
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2018-04-19
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5. RuA HE

A= BuA T& =7 TEE S
2017 1 2017.10.31
2018 2 2017.12.31

6. 71t
A= & A5 AAMS
2018 ERZ7IEAHAEE) 2018.05.24 18114010611C

A 44 AFAT

SR

s 2 (PO LEFAGEADO U 453 g Bvads 4§ ATE
o A4 AF T g B 54 el

O AFUAA (VP)Z 283 ©d §71F ol g3t LEIEA AFE (A, WS,
Ao FA H/IE B AL G5O b4 Fn
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o
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- Ak g
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ANEFE AA7A =P
7 A F . .
e e &5 343k % 251 ¢l
= ez AT A7 109191
S F3 39z W= 5091
ARF A7 o
A S 73 %
- _‘: - = . . 0
A:%jj o &5 34z % Sa e on o
e 0 o . %
nE AEF AA7A ;“ng' o
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A8t A AT A% R

552 24

7ol 14

- WVTR(Water Vapor Transmission Rate) : 0.8 g/ni-24hr o3}
- OTR(Oxygen Transmission Rate) : 0.5 cc/ni-24hr ©]&}
- FAAE  0.6kgf o]

O A7 A& A& AydEA 7N
- Thermal Conductivity : 5.0 ~ 10.0 mW/mK

- YL 3%
- W4 - 800cycle , 98% Al
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- ZlEold - 1A

- AZ3 . 34
8= 1
-AF7IHEA &
SClF =% 39
HISCIE =% 29
- A
AFE 3 AlyEl e 1§
- AF 9o mgdg B "= o= x3ek AT
B ¥ 9 A4¢ 89 48, olg TeT 43
N g A 9 AF 9 Ade 2guse Az 3
B ¥ 2 91(& 99 310-2018-0167900)
2 A% ZE 94 ofR
T37]— EOLE" D]-_CH PRS- =y I:(ty) ,’%7]. l:ﬂ—l]:g
(24% Spec) " o R i
B 1SO 15106-3 / ASTM F
1. WVIR (913) | g/ni-24hr 0.8 g/ni-24hr 00
2. OTR(2]9)) /ni-24h 0.5 cc/nf-24h oo ASTM D 3985/ ASTM
I . ) CC . r .0 CC . r
A3 " " F 1927
o}
T2 5.0~10.0 mW/mK KS M 3808, 3809 / KS
(VIP) |3. A EE&(VIP) W/(m - k) 100
Sz L 9106
KS T 1329 / KS M ISO
4, FARE kaf 0.6 kaf o] 100
A 7 g gf °|d 11339
s |5 D H-20) ilg 250 Jlg 100 KS M ISO 11357-3
24 6. ZAHO0T) ilg 300 Jlg 100
By 7. ADLFGT) ilg 180 Jig 100 | oo aean
PCy 8- FHIAE % 3 % olu 100
9. W74 cycle 800 cycle 100
10. G3A g - & gl 100
1. S KS T 1304
HHA=H1A) o aE e 0 AsTM D 4169
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Ed. FEd

O KS A 1712 #j 42y Ry Ay

O KS T 2030 A= ExddH o4

O ISTA T7E Testing standard for thermal transport packaging used in parcel delivery

of

&
=
=

system shipment

O KS T ISO 2248 5327 sl=9 +4 YA g

O ASTM D 4169 Standard practice for performance testing of shipping containers and
systems

O ISTA 1A,2A,3A Packaged products 150 Ib (68 kg) or less

O KS T ISO 12048 ZA-ASAIF7IE ©l &3 5 £ 39 d5ATH A A

H

O ASTM D 4169 Standard practice for performance testing of shipping containers and
systems

O ISTA 2A Packaged products 150 1Ib (68 kg) or less

O ASTM D 4169 Standard practice for performance testing of shipping containers and
systems

O Random (Air, Truck, Rai) - 3h

O ISTA 1A,2A,3A Packaged products 150 Ib (68 kg) or less - Fixed displacement, Random,
Over-the-Load etc.

O JIS Z 0202:2017 Method of drop test for packaged freights

O NGFFAR, T4 =4 9 870 33 3

O Id-EFd ey, #4= 25144 (2013)

O AFoFztdA, A4F8 717+ & 8714 & (2015

O Chun, H. H.,, Choi, E. J, Han, A. R, Chung, Y. B, Kim, J. S., & Park, S. H. (2016).
Changes in quality of hanwoo bottom round under different freezing and thawing
conditions. Journal of the Korean Society of Food Science and Nutrition, 45(2), 230-238.

O De Palo, P., Maggiolino, A., Centoducati, P., & Tateo, A. (2013). Effects of two
different packaging materials on veal calf meat quality and shelf life. Journal of animal
science, 91(6), 2920-2930.

O Gao, M., Feng, L., & Jiang, T. (2014). Browning inhibition and quality preservation of
button mushroom (Agaricus bisporus) by essential oils fumigation treatment. Food
Chemistry, 149, 107-113.

O Jiang, T., Feng, L., & Li, J. (2012). Changes in microbial and postharvest quality of
shiitake mushroom (Lentinus edodes) treated with chitosan-glucose complex coating
under cold storage. Food Chemistry, 131(3), 780-786.

O Johnston, J. H., Grindrod, J. E., Dodds, M., & Schimitschek, K. (2008). Composite
nano-structured calcium silicate phase change materials for thermal buffering in food
packaging. Current Applied Physics, 8(3-4), 508-511.

O Joshi, K., Warby, J., Valverde, J., Tiwari, B., Cullen, P. J., & Frias, J. M. (2018). Impact
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of cold chain and product variability on quality attributes of modified atmosphere
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Engineering, 232, 44-55.

O Kim, J. H, Koo, N. S., Kim, E. H., & Sohn, H. J. (2002). Changes in sensory
characteristics and chemical constituents of raw ginseng roots individually packaged in
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O Kim, E. J., Kim, G. H.,, & Kim, D. M. (2007). Effect of surface washing treatment on
quality of fresh ginseng during storage. Korean Journal of Food Science and
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O Laguerre, O., Hoang, H. M., & Flick, D. (2013). Experimental investigation and
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storage of ginseng washed by different methods. Korean Journal of Food Preservation,
16(3), 342-347.
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