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Abstract: Thermal insulation material is critical to the temperature control of cold chain equipment. However, when facing
different temperature control requirements, cold chain equipment manufacturing companies still need the selection basis for
differentiated thermal insulation materials. This paper summarizes the primary forms and thermophysical properties of thermal
insulation materials for refrigerated containers. Based on the current research status, future development trends are proposed
from the following aspects. Foamed plastics and vacuum insulation panels are the primary thermal insulation materials for re-
frigerated containers due to their excellent overall performance. Foam plastics will develop towards tiny pores and closed
cells, environmentally friendly foaming, biomass sources, or biodegradability. Foam plastic/vacuum insulation panel/phase
change energy storage synergistic composite structure is currently the most efficient cold chain enclosure structure. It can be
further optimized in the future through experiments and simulation technologies. This paper aims to provide a reference for
selecting and optimizing thermal insulation materials for refrigerated containers.

Key words : refrigerated container; enclosure structure; thermal insulation material; thermophysical property; research

progress
1 8l B
WFE AR 2021-07-08  {EE AH: 2021-09-02 BEEYIR T N AT WO, Bk, B, HK

ELTE: HEAAFEESRITH(51904117) ; 2021 4FET ZONIATIIA NI IE | SRBs (e i . 25

MR LIRS (2021 K1758) 3 WM e i S Hf L ) B8 2 FHUSEE ) AR F T,
3 ‘ % P il it R = s - N 1
FORHERAAL R AL TR (20200597) LM Ve ik ./ VS5 RE AR (R B PR R

E—EE: FURIR, B, 1989 4F4, BIBTF O, WL,

. 10.7502/]. issn. 1674=3962. 202107012 (SRR & Bty N R U B R 7 U7 B A= W P N 1 A5 7]



%4

BORIRAE . VTR 2 PR RO DTS o i 321

LA AR X I AR ) 40% ~ 60%

EEY IR A TE AR A e S, PRIERE . B
TR A 2 Ry TS A5 N 3 A R A IS 2 ™ A T
WETHARHEEEEEMN, REER, mEE, A4,
RIS REEREE LAY RER, CFET
BB R B TR R A, K 4 [ VA B
FIRTZ 85% LU I, FEUEIRIE 80% ~90% A A% 7= bl il 1t
BpEia Y, ML S, TRE A A EE Y AT M A TR
HBrEL, 2020 4, FREYRIEH OGN 7.8 LT,
Ho Y 1 T L2 Sl 4700 1200, (LGP TS
SR 6% 3o A A 4E il R 2T 19%, T
80% MBI . 65% L) L HIAZE . 60% LA I H7K 7™ S ATh
SRR IEEr S AR R A 509% 107 S B B
RIS, (MESChrsfEadfirh, WaEY iz fi b
10%, IR ¥2 7800 55 19 32 T BRI WA 8 S0 B, 4t
T, FRIE 5 6 AR T PR 1R R R i 25% ~ 30%
Pk, RERSEEYITR A Rt — ek S5 L,

AR (T 1) S Atz TR SRR 5 5 5 RE A 0 1Y) 5%
AR AN S TR R BERORR )
m, EHMECRSHENR . ZHEAEARNE SWA
B, IEMEYIRORRRGE , X RIIGR  BUR ad el AR
B A8 s i IR T R, R R I i et
TR 2016 4FFr BT A 24 S 478 45 BRI ) AR
DILE TR H R SR A0 ) WA« 8 I A 24 AR i 11 4
T RN AR LA T RUE IR I8, AR e85, JF
SERWEIN | SO TR [ [ 2 SR AR A2 B KT R v

-\\
""""
o -
/

Sealing
rubber
pad

Temperature recorder
B AR (a)E, (b) EHRA

Fig. 1 Refrigerated container; (a) outline, (b) main view
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Fig. 2 Primary forms of low-temperature thermal insulation*?; (a) vacuum multilayer insulation with spacers, (b) vacuum multilay-

er insulation without spacer, (c¢) high vacuum insulation, (d) vacuum porous insulation, (e) ordinary stack insulation
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Table 1 Comparison of thermophysical properties of commonly used thermal insulation materials for refrigerated containers
Materials o/ (kg -m™) W -n):_l K 7/ o/kPa Hydrophobicity pi}i‘:ﬁ:ﬁfce Ref.
Rock wool 50~500 32~60 -100~450 =40 Adjustable Al-A2 [14, 23, 24]
Glass wool 10~300 30~80 -100~400 =60 Adjustable Al [14, 23, 24]
Foam glass 100~200 36~70 -270~450 =500 Poor Al [14, 23, 24]
Expanded polystyrene 10~100 24~48 =200~ 80 =100 Good E-B1 [14, 23, 24]
Extruded polystyrene 20~60 22~30 -80~70 =150 Good E-B1 [14, 23, 24]
Polyurethane 25~120 22~35 -80~120 =200 Good F-B1 [14, 23, 24]
Closed-cell foam 16~90 18~48 — — Good F-B1 [24]
Expaned perlite 40~250 28~80 =40~ 600 =400 Poor Al [14, 24]
Fumed silica 30~500 20~30 -100~ 1000 200~2000 Adjustable Al/C [25, 26]
Silica aerogel 2~500 10~30 -197~750 — Adjustable Al/C [14, 23, 24]
Vacuum insulation 120~300 1-8 -40~70 =400 Excellent A2 [14, 23-27]

panel

Notes: p=density; A =thermal conductivity at 25 °C ; T'=service temperature; o =compressive strength. The fireproof performance is classified ac-

cording to European standards BS EN 13501—1 .2018[28)
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