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Abstract

Thermal energy storage systems based on phase change materials are considered an efficient
tool for energy management in medical devices due to their ability to absorb and release latent
heat over a range of temperatures. In this review article, first, types of phase change materials
(organic, inorganic, and eutectic) and their encapsulation methods are introduced. Then,
different applications of phase change materials in medical devices are categorized into three
main areas: (1) vaccine delivery systems (cold chain management), (2) infant coolers (body
temperature regulation with minimal active energy consumption), and (3) smart drug delivery
systems for cancer treatment (thermally stimulated drug release control). The findings show
that composites such as isopropyl stearate-graphite and Glauber's salt solution perform well for
cooling (2-8°C) and therapeutic hypothermia (32-34°C) applications, respectively. Finally, the
challenges ahead (biocompatibility, cyclical sustainability, production cost) and the prospects
for implementing this technology in Iran are examined. The results show that the use of phase-
change systems in medical industries can save up to 50% in the electrical energy consumption
of the vaccine cold chain.
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Figure 1 Classification of phase change materials.
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Table 1 - Summary of applications of phase change materials in medical equipment and
systems by application field
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Application Area

Vaccine transportation

Infant cooling device

Patient bed ventilation system

Cancer drug delivery systems

Biosensors

Phase Change Temperature

Material Range

Isopropyl stearate, n-
tetradecanol, eutectic 2-8°C

fatty acids

Glauber's salt
solution 32-34°C

(Naz 804 'lOHz O)

Binary organic PCM
blend (capric 23-25°C

acid/myristic acid)

1-tetradecanol,
stearic-lauric acid, 37-45°C

tetradecanol

Docosane
60 °C
(Ci4aHs0)

Role in Energy

Management

Cold energy
storage,
maintaining cold
chain without

electricity

Stabilizing
infant body
temperature,
reducing active
energy

consumption

Reducing
building
cooling/heating
load, localized
energy

management

Thermal-
stimuli-
controlled drug
release (energy
management at

nanoscale)

Thermal self-
regulation,

improved
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Phase Change Temperature Role in Energy

Application Area References

Material Range Management

glucose

detection
Eutectic fatty acid Infrared-light-
blend (myristic acid, triggered drug Ye etal.

Smart wound dressings palmitic acid, stearic 39°C release, reduced (2023); Zhang

acid; melting point 39 antibiotic et al. (2022)
°C) consumption
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Table 2- Classification of phase change materials in medical applications
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Application Category

Role of Phase

Relevance to

Thermal management (main

focus of the paper)

Drug delivery systems

(secondary review)

Example Medical Main
Change Energy
Equipment Mechanism
Material Management
Direct reduction of
Absorption and
Vaccine transport Cold/heat energy consumption
release of latent
box, infant storage, by maintaining
heat within a
cooling device, ambient temperature without
specific
patient bed temperature the need for a
temperature
ventilation system stabilization continuous power
range
supply
Phase change
Cancer Thermal ) o
. . (solid-to-liquid)  Energy management at
therapeutic stimulus for the nanoscale to

in response to .
P enhance therapeutic

efficacy and reduce side
effects

nanoplatforms, pore opening, o
external stimuli
smart wound controlled

(light, magnetic
field)

dressings drug release
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Figure 2 Phase-change microcapsules with a core made of a phase-change material and a temperature-sensitive
biocompatible polymer shell for multifunctional applications in smart drug delivery

J ool bl sais aslis b s loyo gl 0aisS lgasl hg, SO leie 4 cacdBS L oo
Sgazms y3e58 Jazme 9,500 55 (59l apnSTiy (9,000 il Tsbie Jodd 4 Ll o] (U 2l
Olye 4 (G5 JoSemg S35l B (y93le 4 S5 (Sl 598 o g5 slem 033k o 4 0gd o
ools wl, o,S Jj&u.us Sldgl g, p o Shge a4 ol g D LT G136k s Gl Jal>
6,95 bl gl pl aious colaiwl aibY (59,ls g i (B s olee 0,5 jpaze glp g Wal
gl 3ol syl (ilwalsl A e g asms lis |y ead (g3ladlel, 5l g3ed 1 aniuiles o) glateais
235U 6l el slales b ()l 5398 olays 5 59088 53wy 39000 Lol Cusis 4 g L
Ol b 18les &jgo 4 a5 WS s o ghaiedi> gloyo Joule SO lgie 4 canl Sew 0 jglatenis
S Sh3gl ol Raags (Y] aiS oo I 508 (gsle & Suoj o L oadugi jpegs (iUl 5l
2ol 4 B ss S cuS 5 oo G il SS9 oaimd 318 s Slge b 1) (MCN) Jsulsieg e
Fooogd Gloo b ST g o0ims 5 s olge ol Cawd (,9050 0 1o Jolome o5 (g9l "LolEs ulul
Bgie o slales j3 1, 5518 (ilale, iy 903, Joo (r el yo 0l0aS0 plgre 4y ol 5 il 4z
O9ole 4 Soo 5 95 il o g oaimd B i olge wgd alais 5l 5YL sles jo LS gl g5lwslyT i S
Collad o550 3T Jloigigd g 50,8 (ygole a4 Suo35 553 b oadiSy o ooyl gy ol s el o3
JJs 4 Fe30s g y-Fe203 0-Fe203 yuls calises  cmaboline &l,d6i6 [0 ] siiise ogupo 1) (5,9095 0o
o5 by loyo 5 diadan gloyg)ls jo ()l gundlise Coale 5 5l ojlail wile ola S5ig
slaglae 5loolatwl b g 00,5 Jato 093 @y |y gloyo LS 5wl oo O35l (pl iyl glos s
g5 5 oaims B o olge LFV] wiS Jite o o Bas ladowe 4 1) lag s o > )15 wnblise
‘grajé alads p...b.u okl GGSLS Lg)lf)'LuM)’ alos> )“ LS’L“&S?)"? J.:Ja o > 6L®J5J| 9> LgLQA,:.m‘
Oleys 5o waligs Jologil slagSs (b (sl (elio Jlomn sloaiy 357 9)ls (6,105 (YL cad)bs

10

VYA
YvAa

YA

YA
YAY

YAY
YAE
VAo
YA
YAY
YAA
YAQ
Y4
Y4
14y
V1 4Y



Sl Giale, S8 Ll 5 (6,35 bas J3g,us Cojemals SO [FY] s 51 GlaJle o ol
5 Sl oS3 5l CojenalS cnl 0,8 Sl S35 e Gesle H8 Sy Bkl Cepalis
R ool y DI Ky bl SiledlsenS ol 5 oad JSiS Copglle sladlglyil
o B s oole .l Gy ol 5 e SiSTg oaind 5B s obe g e uilewgas!
09 Sops Lod gl Jlanl s sln 2650 (lsre 4y oS (Sl az o YA g sles b SiSS s
O35l s &y e (5 55L 4 039l (sla Sige 50 CujoralS Jgpaem ol 005 0,5 Jes a8 (yg0le
35 et 1) 035 5lwsl d9ae 4l )0 5 0l OIS ge; I s ol Euly el s ST

Levler Jss)

& g 69 e g
° e :b o
) ‘:.p + * NIR e [ s /"" A
’ o . . Av AN E L et
. o | |
° o + " o
° S —

Alginate

39-42 °C 6

-~
~~~~~~ P T
7 Wy

[FY] S8 Ooole 5o Sopxd Ly golo sladeSden guley zub ¥ JSi
Figure 3 Scheme of drug molecule release by infrared light stimulation [43]
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Figure 4 Schematic comparison of the performance of the hospital bed-based personal
environment control system (a) Situation without using phase change material(b) Situation
with using phase change material [45].
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IMI@MSNs@PCM-PDA IMI Release
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Figure 5 Cumulative release of IMI from IMI@MSNs@MA-PDA [o+]
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Figure 6 Vaccine transport box [53] AR
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Table 3 Summarizes the safety aspects of several phase change materials ARR
Phase
Change Health Hazards / Toxicity / Environmental Impacts
Material
g Variable toxicity (this material is not always toxic under all conditions; rather, the degree and type of toxic effect may vary
Fatty acids
depending on the method of use, dosage, other compounds, and environmental conditions)
Vegetable ) ) ) _
. Safe for oral consumption; food-grade; highly flammable; renewable; carbon-neutral; environmentally friendly
oils
Generally non-flammable; with varying degrees of toxicity; Magnesium chloride (MgCl, -6H, O): non-toxic; irritant to
Salt hydrates eyes and skin; Calcium chloride (CaCl, -6H, O): eye irritant, health hazard if swallowed; Magnesium nitrate
(Mg(NOs3 ), ): non-degradable and safe; Glauber's salt: may cause asthma and eye irritation
Paraffin wax Non-biodegradable; carcinogenic and flammable; produces harmful toxins when burned
A\RAY
YYA

16



PCM Type

Organic

(Paraffinic)

lp 9tlgi o« 29,5005 olss g ol JESl cllls b JsSIS Ll b ok (g5l Jee gloaz by
Gleazx b gl colainl Sigy 9 2> a8 ol g lis] o SV game aile SKi5 slas )l
Sldes g wld Glp ) Ll 5 05l a5 ols sogasme o 1) Les aislys co caims 5B 15 olge b oo J ;S
33 Gl el Wlgs o W plin 10 ST 8g0aS 5 Sas [¥e] oS colin ciolo pom 55>
s 59 5 20m 155 (sl 55531 45 ol 10,5 S5 (el 3L 3,0 (e el o 55 ol
Sy B sl o 8 st oole S lgie Wl oo kS S Jolme sl BB L plaal;
az,0 YF-YV/0 sleo jo Sladaw oo, ol b pold Kb S5 b wol oljgh aste lod oS s
Sy90 oleo o3l ;o Sleyo a5l cwlie oaims 3B ss cole S polS Sad Joloo 098 Jaa> of Tile

[os] el iz Jlos lolis 59,5 Sus sl 5L

O M blie Sloyd oyismd lp caims 1B a8 ool gol> slaSid Lise Sl VYO L o
oole e o Sas ax 5145 ols i anlllas oyl s .cé 3 |18 Jbs)l 0,00 W alfin cwSibuw]
5o Ll e She (0,5 il az 0 YY-YF) Jloyo oogume 4y loliel oy sles ials jo 51 o
it ol (5 oo Sblugi b d(Ahaasey (s2lod 0,555 6L19) 0 J S 35,00 (sl i, L sl
ST Gy a Sl pae S 4 5Bt eole & seme sloSas 4z ST a8 ol T ) (S aidly G
b lwainge 4k dbes FE8 Conti 4 oliws gl Ll i 1o )95 565 3ble (gl el

LOV] wils ool J S slapimnw b oS 5 L

39 oddad HL xS 3l g0 gl g o ySdas dwolio -F Jodo
S sl d LS

Table 4- Comparison of the performance of different types of phase change materials in
medical applications

Temper Proposed
Phase
ature Latent Disadvantage Medical
Change Advantages
Range Heat (J/g) S Applicatio
Material
(°C) n
Chemical Drug
Low thermal
Paraffin stability, non- delivery,
30-60 150-250 conductivity,
wax corrosiveness, thermotherap
flammability
non-toxicity y dressings
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Temper Proposed

Phase
ature Latent Disadvantage Medical
PCM Type Change Advantages
Range Heat (J/g) S Applicatio
Material
(°C) n
High Higher cost, Cancer drug
Organic (Non- Stearic
30-70 150-220 biocompatibility supercooling delivery,
paraffinic) acid
, renewable phenomenon biosensors
Phase
Infant cooling
High latent heat, segregation,
Inorganic (Salt Glauber' device,
32-34 180-250 low cost, non- corrosion,
hydrate) s salt therapeutic
flammable cyclic
hypothermia
instability
Stearic- Precise and Light-
Synthesis
Eutectic lauric 39-45 160-200 tunable melting triggered drug
complexity
acid temperature delivery
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