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A Study on the Standardization of the Polyurethane Soft
Foam for Thermally Insulated Container
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Abstract : According to an increase in demand for polyurethane soft foam for thermally insulated containers, the purpose of this study is
based on redefining existing rigid polyurethane foam insulation KS standard which has been limited to building material-based
authentication techniques. Since there are arising concerns of consumer rights and safety due to humidifier fungicides and urethane track
incidents, there are elements to be further researched on rigid polyurethane foam insulation for refregerated containers. Thus, we reviewed
the prior standards for rigid polyurethane foam insulation and verified the validity of certification testing method for the new standard with

self-foamed polyurethane.
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Fig. 1. Insulated container trade record in south korea.
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Table 1. Main temperature conditions of KS M 3809 and related standards

KS Standards

Main temperature

+ KS M 3809 Rigid polyurethane foam for thermal insulation

Internal temp(23+2)C

+ KS A 1013 Testing method for permeability of damp proof packing materials
% Revised to KS T 1305 from 2001

Testing temp(40+1)C

+ KS A 1505 Polyethylene coated paper
% Revisited to KS T 1037 from 2015

- KS A 2110 Silicagel desiccants of packaging
% Revisited to KS T 1084 from 2008

Internal temp(25~30)C

+ KS A 3251-1 Rules for rounding of numerical values

+ KS D 3507 Carbon steel pipes for ordinary piping

Internal temp(20+5)C

+ KS D 3553 Round wire nails

+ KS D 9003 Laminated aluminium foils

Testing temp(40+0.5) C

- KS L 9016 Test methods for thermal transmission properties of thermal insulations

Testing temp(105+2) C

+ KS M ISO 844 Rigid cellular plastics —Determination of compression properties

Internal temp(23+2) C

+ KS M ISO 845 Cellular plastics and rubbers —Determination of apparent density

Internal temp(23~27)C

+ KS M ISO 1209-1 Rigid cellular plastics —Determination of flexural properties

Internal temp(23+2)C

+ KS M ISO 1209-2 Rigid cellular plastics—Determination of flexural properties

Internal temp(23+2)C

+ KS M ISO 6353-2 Reagents for chemical analysis—Part 2 : Specifications —First series

- KS M ISO 9772 Cellular plastics

Internal temp(23+2)C
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Table 2. Contrast results of KS M 3809 with 10 random—sampled polyurethane soft foams

Bvaluation listManufacurers Therm(;\i)\l] /;:r(l)r‘l(ig)ctlwty Appagig rr?;:nsny Comprezs\;ﬁ;ea )strength Flexui;:[[)s;;ength @iggpt::([)nr;
KS M 3809 Metewand below 0.023 more than 45 more than 0.30 more than 0.35 below 3.0
Company A 0.018~0.020 35 - below 1.0
Company B 0.018 36 0.10 0.49 1.6
Company C 0.018 56 0.22 0.44 0.6
Company D 0.018~0.020 25-48 - 1.0-1.3
Company E 0.019~0,022 25-45 - 1.5
Company F 0.019~0.023 3545 -
Company G 0.020 42 0.17 0.49 0.8
Company H 0.018 30-35 0.15 ~ 0.45 0.9
Company 1 0.018 3248 0.18 ~ 0.38 0.9
Company J 0.019 35 0.17 0.32 1.5
Sufficiency based on KS M 3809 (%) 100 10 0 0.30 90
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Table 3. Revised Standard example of rigid polyurethane foam under low—temperature environment

Evaluation list Unit

Domestic standards' International standards'
suggested metewands suggested metewands

Revised standard Notes

.. . below 0.023 below 0.033 Raised KS M 3809 standard by acknowledging
Thermal conductivity | W/m - K (KS M 3809) (ASTM CI177) below 0.022 the purpose of food transportation (freshness)
. § more than 45 more than 32
Apparent density kg/m (KS M 3809) (ASTM DI622) more than 50
. more than 0.3 more than 0.15 more than 0.35 |Raised KS M 3809 standard by acknowledging
Compressive strength | Mpa (KS M 3809) (GT 314-2012) (40C) the condition of low-temperature environment
more than 0.35 more than 0.15 more than 0.35
Flexural strength MPa (KS M 3809) (JGT 3142012 (40C)
. , below 3.0 below 3.0 Raised KS M 3809 standard by acknowledging
Absorption 100 ar (KS M 3809) (JGT 314-2012) below 1.0 1. purpose of food transportation (freshness)
0+1.0 0+1.0 .
Dimenstional stability | % (70C, 20C) 80T, -30C) 0 208 - Ahﬁf_ KS M IS? f796tby ac‘“‘n‘l’r‘”‘edgmg the
(KS M ISO 2796) (JCT 314-2012) ’ shrinking issue at fow temperature
F bility ) HE-1 or V-0 HE-1 or V-0 HE-1 or V-0 Added flamability test to .prevem.ﬁre and its
secondary damage occur in container
than 0.15 Added KS F 4932 by acknowleding the panel
Adhesive strength MPa fore than ¥, - more than 0.15 |application type of the polyurethane soft foam

(KS F 4932)

for thermally insulated container

Antimicrobial properties %

Added E, coli and Staphylococcus aureus tests

more than 99.9 for food safety and hygiene

T-VOC emissions mg/m’ - h

below 0.1 Added KS M 1998 (indoor air quality standard)

Formaldehyde emissions| mg/m’ - h

below 0.01 for food safety and hygiene

6 Hazardous materials | mg/kg

Added KS C IEC 62321 by acknowledging the
detection limit |strengtned regulation of RoHS contained
products in Europe

*Each detection limit of 6 hazardous materials is Cd(below 1 mg/kg), Pb(below 10 mg/kg), He(below 0.1 mg/kg), Cr¥(below 0.1 mg/kg), As(below 10 mg/kg),

Cr(below 10 mg/kg)

Table 4. Synthesis and composition conditions of

polyurethane foam

rigid

Mixing ratio (Unit : g)

Polyol I (g) 5.7
Polyol II (g) 27
MDI (g) 39.24
Catalyst (g) 0.15
Phosphorus-Halogen type flame retardants (g) 15
Bentonite (g) 2
Total (g) 89.09

Reaction conditions

Closed mold, Room temp. 17°C,

Stirring speed:

400 r/min
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(c) Closed mold's pore shape

Fig. 2. Comparison of open and closed molds and its pore
shapes,

Wy A2 ZeogEr Zof fist dAEE AFLS (b) Form of outerskin adhension adjusted foam
HogdEAHo 2 RG-S A3l oH, AFE AY Fig. 3. Outerskin adhesion with hot—press process.
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(b) Dedicated PUF jig
Fig. 4. Selected examples for the ultra—low temperature (—40C)
environment composition,
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Table 5. Test results of foamed rigid polyurethane based on the revised standard

Evaluation list Unit Revised standard Test results result Notes
Thermal conductivity Wm - K 0.022 below 0.022 ©) -
Apparent density kg/m’ more than 50 29 X Possi})éezztosgc;lggrhée\éejmb}r;g??nmv;r dSiggt:%"([)M D
Compressive strength Mpa more than 35 (407C) 1.08 O -
Flexural strength Mpa more than 35 (-407C) 0.59 @) -
Absorption 2/100 cnf 1.0 below 0.8 ©) -
Dimenstional stability % 0408 80C, 40C) | ((E‘%CC)) o )
Flammability - HF-1 or V-0 HF-1 ) -
Adhesive strength Mpa more than 15 0.13 x Possible to be achieved by appling urethane glue
Antimicrobial properties % more than 99.9 99 O -
T-VOC emissions mg/m’ - h 0.1 below 0.065 O -
Formaldehyde emissions mg/m’ - h 0.01 below 0.005 O -
6 Hazardous materials mg/kg detection limit detection limit O -

BH0kE 3| x|, M3 H15, 20174

113



o|E=

g

Hi2 1
o

o A7) 71 dlolgHol o] SR 7]
o710l AAE Al A5t ER7 =Tt 712319 2
ol ol SAEoY ol EpdE Fo SN
B 2AAE wha=A) obdsiar oot Wyst]
EHELEﬂ KS M 38099 A Al A “Zef 85%714] 2]
& 60% YR shFsto] Al ete
FTEAIE e 2 247 e A
oj9le] FuoM= B VIEAE T
i AEHR AR H}E*Ofn' Ha=
o] A== M sl Q1T57IESA19
T Akele] £ 5l Hoh g 71/ &
& s ZoR VdiEn.

g
s
:

F—Yl ya Tl

=
o)
A&"é‘

o
(e
mgﬂ

oo
o |0
_CL

@

2 ox > o O |
ol-rn‘ﬁ-‘;
:?LO_L;oO"

i
do
H1
i

e

rlr l‘:li M1 ore
it

L

rl

zjl

Ocl}f

)

30,

rr

ok

ng
Ho2
_{
A of
b
o

ng
2y
=2,

ol

of =0 ThgEAL

141:&"711*&%“1 off i3 i%ﬂiiﬂ}. ZJ—;L
2 e 2

/\H]X]- Hel 9 oA

N ooX 8
s T

).

i—‘.

%0
E

o ﬂn
>

Ol

d

|t
2

o,
BN
=2
_OIL
)
o 8

filo ol

o Mo ox S o> kI
oy o

o 1 e B Ao E 28 %El
Frelo] et A1E1E §EAS Bersteich 1 w
2r7) UEet JHEs} )EAe] BatEA 2ae
o AR7] Weo] 49 )%
2 g A %s}
ol Al=isiest 43
[e) i’-ﬂE]'—Q— X%Xl— ﬂ

oE

E3) v]gtolEleh e 5o
o3 welol 3% Way
9 A Hasol obd

la 53] 71EA] ol

flr o

>ﬁir

2 _IN'

oo o}

1
rL‘ -E

114

FEAEY eFe S Aol 1de

Y& Aelojug SaA At 7IEol
nEE & Aol A %‘41 A vEs VIeeR
HEAIE A %JE% o2 BluAlde st =
] v/][{]j]. o]ou;] 6‘]:'0‘ b‘d\_
Ao 7tfEh

AL 0]
o= T =2

=ikl e g7kl e A

References

1) Korea Shipping Gazette. “Total Fresh and Frozen Cargo
Trade”. 2015.

2) K. N. Goellner and E. Sparrow, “An Environmental Impact
Comparison of Single-use and Reusable Thermally
Controlled Shipping Containers”, The International
Journal of Life Cycle Assessment, Vol. 19, No.3, pp.
611-619, 2014.

3) P. Akarda. “A Study on a Few Typical Shipments and the
Effect on Temperature and Relative Humidity”, InterDry
Thailand Co Ltd. 2006.

4) K. J. Saunders, Polyurethanes. In Organic Polymer
Chemistry. Springer Netherlands. pp. 358-387. 1988.

5) W. I. Liao et al., “Sensor Integrated Antenna Design for
Applications in Cold Chain Logistic Services”, IEEE
Transactions on Antennas and Propagation, Vol. 63, No. 2,
pp. 727-735, 2015.

6) P.H. Chou et al., “A Bluetooth-Smart Insulating Container
for Cold-Chain Logistics”, IEEE, pp. 298-303. 2013.

7) KISTEP. “Functional Chemical Materials Culster
Development.”, Feasibility Study Report, 2015.

8) ISO. Standardization and Related Activities: General
Vocabulary, ISO/IEC Guide 2:2004. 2004.

9) P. Pakarda, “A Study on a Few Typical Shipments and the
Effect on Temperature and Relative Humidity”, Interdry
Thailand. 2006.

10) H. Symons, “In Shelf Life Evaluation of Foods”, Blackie
Academic & Professional: London. pp. 296-316, 1994.

J. Korean Soc. Saf., Vol. 32, No. 1, 2017



