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Preparation of particle size—controlled phase change microcapsules based on
PTFE membranes emulsification technology
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(1. School of Material Science and Engineering, Tiangong University, Tianjin 300387, China; 2. Tianjin Key Laboratory of
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Abstract: In order to solve the problem that the particle size and distribution of microcapsules are difficult to control, n-
Oct@PMMA phase change microcapsules with controllable and uniform particle size distribution were prepared
using biaxially stretched polytetrafluoroethylene (PTFE) membrane emulsification technology with n—octadecane
(n=0ct) as the core material and poly (methyl methacrylate) (PMMA) as the wall material. The chemical struc-
ture, surface morphology, thermal and crystalline properties of the microcapsules were characterized using FT-
IR, SEM, DSC, TG, and XRD. The results show that the biaxially stretched PTFE membrane emulsification
technology can control the particle size of n—Oct@PMMA phase —change microcapsules by adjusting the mem-
brane pore size, and the prepared n—Oct@PMMA phase change microcapsules have a uniform distribution of
particle size. With the increase of continuous phase rotation speed or the decrease of operating pressure, the av-
erage particle size of the microcapsules after membrane emulsification decreases, the distribution becomes more
uniform, and the thermal performance and thermal stability are better. When the membrane pore size is 0.45 pm,
the working pressure is 50 kPa, and the surface flow rate is 2 600 r/min, the prepared microcapsules exhibit the
most uniform particle size (with an average particle size of 2.95 pm and a polydispersity index of 0.03) , the best
surface morphology, optimal thermal performance and thermal stability. Additionally, the microcapsules under
this condition have an encapsulation efficiency of 70% and a phase—change enthalpy value of 158.35 J/g.
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Fig.1 Principle and device of membrane emulsification
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Tab.1 Parameters of emulsification conditions used in

experiment
(=3 ke LA/ um BRI S1/kPa JESEASS /(- min™)
S1 0.45 50 2 600
S2 0.45 60 2 600
S3 0.45 70 2 600
S4 0.45 60 2 340
S5 0.45 60 2 080
S6 1.00 30 2 600
S7 1.00 35 2 600
S8 1.00 40 2 600
S9 1.00 30 2 340
S10 1.00 30 2 080
S11 3.00 5 2 600
S12 3.00 10 2 600
S13 3.00 15 2 600
S14 3.00 10 2 340
S15 3.00 10 2 080
S16 5.00 5 2 600
S17 5.00 10 2 600
S18 5.00 15 2 600
S19 5.00 10 2 340
S20 5.00 10 2 080
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Fig.2 SEM images and water contact angle of biaxially
stretched PTFE membranes
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Fig.3 FTIR spectra of n—-Oct, wall material P(MMA-co—

PET4A ), and microcapsule samples
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Fig.4 SEM images and particle size distribution of
microcapsules prepared by membranes with

different pore sizes
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membrane pore sizes
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Tab.2 Thermal performance data of n—Oct and microcapsules
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Fig.6 TG curves of microcapsules prepared with different

membrane pore sizes
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Tab.3 Thermal stability performance data of n—-Oct and

microcapsules
FES SRS LARSS % 2 LSS T)C  Wil%
T,,/C Wil% T,,/°C W%
n-0Oct 194.0 100.0 - - 598.7 0.22
S1 226.8 75.25 359.6 24.75 598.7 0
S9 229.4 74.91 355.8 24.68 598.7 0.40
S11 220.5 69.01 355.9 30.3 598.7 0.67
S16 214.2 72.28 3544 26.99 599.0 0.74
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Fig.8 Effect of continuous phase rotational speed on average

particle sizes of microcapsules
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microcapsules
A9 f DUF HY Bl T A8 sl NP AR A8t 9
N IX T H ) ) R[] Ao ) AR T 92 11 199 4 i

AT D | WS Gy i SLARA O o
2.7 XRD &#h

10 24 S1.S16 .n—0ct ,P(MMA —co—PET4A ) iy
) XRD [,

—S1

—Sl16

—n—0Oct
_p(MMA—co—P T4A )

T

5 1I0 1I5 2IO 2I5 3I0 3I5 4I0 45
20/(°)
10 n-Oct.P(MMA-co-PET4A ) % #BX ¥ XRD EiZ
Fig.10 XRD patterns of n—-Oct, P(MMA—-co—PET4A ), and
microcapsules

i & 10 7T LLE ), n—0ct () XRD £ £
BAT S, W n-Oct 2 —F MW, £ P
(MMA-co-PET4A ) () XRD £k, 7E 26 4 10°~35°
()3 Bl N AT — 398 B AT 99 08, 1B P (MMA —co—
PET4A ) 2R FS MR . n—Oct HUSETHAT STt H BLAE
S1.S16 [ XRD Hi&krh , {H &7 i ARG, X i B n—
Oct HBERT P(MMA—co—PET4A )f3% , %f ¥ S1.516 1Y
XRD £k, S16 45 s B 35, X2 KR S1-F- 34k
FEH /N n-Oct HERERF BRI E /N 23 (Bl Y , n—Oct Y
i s B s ST AREE /N, B AH
RSB0/, i — 20 i 7 45 S R B AR
ST 4, A g ),

3 4

AR SR FA B FLAL B AR TN B R R A3k, 38 1 XUl )
P PTFE JBR S £ 7R RSl 35 HLAM A 24140 1
n-Oct@PMMA FHAE I, FF 5T 45 R %A «

(1) e R RNERTE A5 BT g RE

(2) TEMERL AL R v 2o 30U ) F 4 PTRE
FEERFLAR , AT L ER R T PR AR RN o AL
R 0.45 pum B I & B BRI A2 5 /MR 2.95 pm,
Z5r e Ech 0.03,

(3) Fifi 5 i ARG G s e s, L
A5 IR B V- SR AR 8N, HoAr A S m 45y, #ak

SE K

[1] IBRAHIM N I, AL-SULAIMAN F A, RAHMAN S, et al.

Heat transfer enhancement of phase change materials for ther-



—-22 -

PN S AN B

o5 44 %

[5]

(6]

(8]

[10

[12]

[13]

—

[

mal energy storage applications: A critical review[J]. Renew-
able and Sustainable Energy Reviews, 2017, 74 26-50.
PN, AR BB 3 1 2 R R A et | il 2R
AR DAL 5e - db st fb T A%,2022.

SUN Z. Hierarchical structure design, preparation and diversi-
fied applications of phase change microcapsules[D]. Beijing:
Beijing University of Chemical Technology,2022 (in Chinese ).
CAOJH, FENGJ X, FANG X M, et al. A delayed cooling sys-
tem coupling composite phase change material and nano phase
change material emulsion[J]. Applied Thermal Engineering,
2021, 191 116888.

LUNDEN J, VANHANEN V, MYLLYMAKI T, et al. Tem-
perature control efficacy of retail refrigeration equipment [J].
Food Control, 2014, 45. 109-114.

MOHAMMED A H, ATTALLA M, SHMROUKH A N. Perfor-
mance enhancement of single —slope solar still using phase
change materials[J]. Environmental Science and Pollution Re-
search International, 2021, 28(14): 17098-17108.

Te Stk TN TR ) I 4 A A il R BRI IE 8 1) ) & 55 1 e
FE[D]. LAt i AR R 2=, 2013.

QIU X L. Preparation and properties of microencapsulated
phase change materials with acrylic—based polymer shells[D].
Beijing: Tsinghua University, 2013 (in Chinese).

HUANG D W, WANG H M. Phase change materials of micro-
capsules containing paraffin[J]. Advanced Materials Research,
2012, 482/483/484 : 1596-1599.

HUANG H H, SUNY Q, CUI L L, et al. Generation of mono-
disperse submicron water—in—diesel emulsions via a hydropho-
bic MXene—-modified ceramic membranelJ]. Industrial & Engi-
neering Chemistry Research, 2020, 59(46): 20349-20358.
LIU W, YANG X L, WINSTON HO W S. Preparation of uni-
form—sized multiple emulsions and micro/nano particulates for
drug delivery by membrane emulsification[J]. Journal of Phar-
maceutical Sciences, 2011, 100(1): 75-93.

PIACENTINI E, LAKSHMI D S, FIGOLI A, et al. Polymeric
microspheres preparation by membrane emulsification —phase
separation induced process|[J]. Journal of Membrane Science,
2013, 448 190-197.

NAUMAN N, BOYER C, ZETTERLUND P B. Miniemulsion
polymerization via membrane emulsification: exploring system
feasibility for different monomers|J]. Colloid and Polymer Sci-
ence, 2022, 300(4): 309-317.

ZHOU Q Z, MA G H, SU Z G. Effect of membrane parameters
on the size and uniformity in preparing agarose beads by pre-
mix membrane emulsification[J]. Journal of Membrane Science,
2009, 326(2): 694-700.

BRI [ AOME . SPG IREFL AL I ] A H 6 1 OBk (D). £ 00 &
2ot i A I A= 4R , 2020, 11 (5) £ 1554-1560.

JIA Q Q, HE C H. Preparation of tilianin microspheres by SPG

—_

—

membrane emulsion|[J]. Journal of Food Safety and Quality,
2020,11 (5):1554-1560(in Chinese).

HUANG Y, HUANG Q L, LIU H L, et al. A facile and envi-
ronmental —friendly strategy for preparation of poly (tetrafluo-
roethylene —co —hexafluoropropylene ) hollow fiber membrane
and its membrane emulsification performance[J]. Chemical En-
gineering Journal, 2020, 384 . 123345.

CHENG J X, ZHAO N J, ZHANG Y X, et al. Facile prepara-
tion of PMMA@PLA core—shell microspheres by PTFE mem-
brane emulsification|[J]. Journal of Membrane Science, 2022,
644, 120178.

KR, SPGB FL A £ 2 T Pickering FLIR A4 Wi hi T o4 g 4
WFFE[D]. R KEK 2% ,2018.

ZHANG X. Study on the preparation of responsive microcap-
sules based on pickering emulsion via SPG membrane emulsi-
fication[D]. Tianjin: Tianjin University, 2018 (in Chinese).
OHTA S, MATSUURA M, KAWASHIMA Y, et al. Facile fab-
rication of PEG —coated PLGA microspheres via SPG mem-
brane emulsification for the treatment of scleroderma by ECM
degrading enzymes|J]. Colloids and Surfaces B: Biointerfaces,
2019, 179 453-461.

YU S W, HUANG Q L., CHENG J X, et al. Pore structure op-
timization of electrospun PTFE nanofiber membrane and its
application in membrane emulsification[]J]. Separation and Pu-
rification Technology, 2020, 251 117297.

TR LSRN, Pt 8 AF L ST AT R O £ A A T
I # 5 A A ERE BT 5L ()], BLACUME T, 2020,40(10)
105-114.

ZHANG Y Z, ZHANG N, SUN L L, et al. Preparation of gra-
phene oxide modifled paraffin-based microencapsulated phase
change material and study on its heat transfer performanel]].
Modern Chemical Industry,2020,40 (10):105-114 (in Chi-
nese).

ZHANG G H, BONS A F, ZHAO C Y. Synthesis, characteri-
zation and thermal properties of novel nanoencapsulated phase
change materials for thermal energy storage[J]. Solar Energy,
2012, 86(5): 1149-1154.

KK -k B AR P G A K L R R P R T Y B
X [D].J6%) VIR K, 2023.

ZHANG M. Study of effects of oil —water interfacial protein
properties on the stability of water—in—oil emulsions[D]. Wuxi:

Jiangnan University,2023 (in Chinese ).

[22] KONOVALOV A A. Relation between the supercooling and

crystallization temperatures of moist soil and its strength in the
frozen state[J]. Journal of Engineering Physics and Thermo-

physics, 2015, 88(5): 1074-1081.

[23] CHARCOSSET C, LIMAYEM I, FESSI H. The membrane

emulsification process: A review|]]. Journal of Chemical Tech-

(F#%29 W)



