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PREPARATION OF PICKERING-JANUS EMULSION AND
PHASE CHANGE MICROCAPSULES

ABSTRACT

In recent years, Pickering emulsion systems stabilized by solid
particles have attracted extensive attention in scientific research.
Compared to surfactant-stabilized emulsions, Pickering emulsions
demonstrate superior safety, stability, and stimulus responsiveness,
making them highly promising for applications in food technology,
cosmetics, petroleum recovery, and drug delivery. Furthermore,
researchers have used Pickering emulsions as templates to fabricate
colloidal particle-shell microcapsules with porous structures or
stimulus-responsive  materials, further expanding the potential
applications of Pickering emulsions.

Depending on the properties of the particles used for stabilizing
Pickering emulsions, they can be categorized into inorganic solid
particles, polymer self-assembled particles, Janus particles, and natural
particles. Among these, natural particle emulsifiers have gained
considerable interests due to their high specific surface area, ease of
modification, and excellent biocompatibility. However, in most reported

studies, the preparation process of natural particle emulsifiers is complex,
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which often requires in situ hydrophobic modification, and them
significantly limits their practical applications.

Against this background, this study aims to develop a natural
particle emulsifier that does not require modification and to investigate its
interfacial properties in different emulsion systems, thereby providing
experimental evidence and theoretical guidance for the development and
application of natural particle emulsifiers.

This study draws the following three main conclusions:

(1) Discovery of a natural Janus particle emulsifier—jackfruit inner
seed coat particles and preliminary investigation of its stabilization
mechanism.

It is well known that only particles with sufficient amphiphilicity can
stably form Pickering emulsions on their own. However, natural particles
typically exhibit either hydrophilicity or hydrophobicity, necessitating
modification to impart amphiphilicity. This study demonstrates that the
seed coat particles of jackfruit inherently possess balanced amphiphilicity,
and their hydrated particles also exhibit strong charge characteristics.
These two properties enable the particles to stabilize emulsions formed by
alkanes, aromatic hydrocarbons, vegetable oils, and ester oils with water
at extremely low particle concentrations, without the need for surface
modification. Additionally, jackfruit inner seed coat particles are
applicable in aqueous systems with a pH range of 3—10, demonstrating
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broad usability. This discovery not only provides experimental evidence
for the development of natural particle emulsifiers but also aligns with the
principles of green chemistry.

(2) Preparation of novel Pickering-Janus phase change emulsions
using jackfruit inner seed testa particles.

Currently, research on Janus emulsions mainly focuses on
(W1+W>)/O or (0;+0,)/W types. In this study, jackfruit inner seed testa
particles were utilized to prevent solid paraffin (S) from detaching from
the surface of Janus emulsion droplets, thereby successfully preparing
Pickering-Janus phase-transition emulsions. Experimental results indicate
that by modulating the polarity and density deviation of the two oil-phase
components, (O+S)/W and (S+O)/W type Janus phase-transition
emulsions can be obtained. This study not only provides experimental
evidence for the encapsulation mechanisms of phase change materials at
emulsion interfaces but also broadens the application of environmentally
friendly natural particle emulsifiers in Janus emulsion systems.

(3) Preparation of Pickering phase-change microcapsules using
CTAB modified nano-SiO, particles as the shell material and solid
paraffin wax as the core material.

When 2 wt.% SiO, was dispersed in a 1 cmc (critical micelle
concentration) CTAB aqueous solution, the resulting stable paraffin
wax-in-water emulsion exhibited excellent fluidity and stability. SEM
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images of the dried emulsion confirmed the successful preparation of
phase change microcapsules containing solid paraffin wax. Moreover, by
adjusting the preparation conditions of the emulsion and the oil-to-water
mass ratio, effective control over the size of the phase change

microcapsules can be achieved.

KEY WORDS: Particle emulsifier, Amphiphilicity, Pickering emulsion,

Janus emulsion, Phase change microcapsule

VII



LR R A AR S

B x

B et I
ABSTRACT ..o ees s enean v
B R et VIII
B L BE T oottt 1
Ll B e 1
1.2 Pickering FLARI .covvevvceeeeeeeeeeeeeeeeeee e, 1
1.2.1  Pickering FURRBIMEIR ....oooovioeeeeeeeeeeeee e, 1

122 Tkt EXT Pickering FLARTHIBEIRIND oooovoeeeeeeeeen, 4

123 Pickering FLIRBAEHE TR EHIE PRI oo, 5

1.3 Janus FLARTR oo 7
1.3.1  Janus ZUARZATHIIZ ...ooooeeeeeeeeeeeeeeeeeeee e 7

132 Janus FURTREIRIF .oooovoeeeeeee e 8

1.4 FIBEBAIFIZTTEBITE N oo 10
F2E FEEEAMEFRFIRER Pickering LK B R ERENHIRST ..o 12
2 K= 1 SO O OO OUTRN 12
2.2 SEBEHEEE oo 13
2.3 RBEIEE e 13
2.4 SEBETTIE oo 14
241 REEZENMEERBNERMBRIEIRAIRLE. ..o 14

242 HEEERMEBRIAIHEIR ..o 14

243 REEZENMETRAIERRIE. ..o 14

244 HREZENMEBTRIIKTHIIIHT oo 15

245 THREERNMETK Zeta BALRRZDHADUE ..o 16

246 SEEZENMEBRL EEBEREEEAIUE ... 16

247 REERNMEFN EERREKNDSEREFEKIANE. 16

248 SEEENMEREFRAIEAAMIR. ..o 18

249 EEERNMEBRAULERTHITHT. oo 18
2410 FURIRHIBIB oo, 18



LR R A AR S

2411 FLRBEOEIFFIIIZRIE ... 19
2412 FURBTFIRBEITEIRRIE ..o, 19
2413 FUARBRZEBIAILE RN R BETE ST HT. oo 20
2.5  BERETTIL e 20
251 EEERNMEBARRRERIZAR oo, 20
252 HEENMEBTRAERRE. ..o, 27
253  FURIRZE RIS T oo 29
254 FURIBRRE BB EIIRDT oo, 32
255 REZENMEFNIALTIAIEIEM ..o, 44
256 EEEIMIEIAMEETIAIIRT oo 52
2.6 REEINEE oo 55
FI3E BEENMETRIEEN (O+S)YW F1 (S+OYW & Janus HHEFLIKR 56
3.1 Bl et 56
3.2 AR e 57
33 BT e 57
B4 Rl T e 58
341 AEIHEERFEFEHEZINER oo, 58
342  AEIAMEEZRAAFIIERIE. ..o 58
343 FLARIEEIEI B o 59
344  FURIBEIBEIFNEIZRIE ..o 60
345 FRBTFIREEIFIIRTRIE ..o 60

3.5 B R G I e 60
351 ARAEFEZRPFHFEETIIR oo 60
352 ARIHFEEZRBIIAIIIBRIE. ..o 61
353 EEERMEBRIZER Janus BTILRB ..o 66

3.6 AREEINGE oo 73
% 45 Pickering FHZE AR BB AT B o oo 74
A1 BB et 74
42 SREEHFERE oo 74
43 SEBEIUEE oo 75



LR R A AR S

B4 SEBETTIE e 75
441 K SiO BRIAIEEZRRAE (oo, 75

442 YA SiO FRL Zeta BBAL R AR D FRVMIE ..o 76

443 FURIRHIBI B oo 76

444  FURBHOEIRFNINIZRIE ..o 77

445 FURBTFIRBEIFZIRBRIE ..o, 77

45  BERETTIC oo 78
451 SEEERNMEBRIRERN AR/ KR oo 78

452  HHK SiOr BIBEEZRTRIE oo, 80

453 49K SiO, FIAL/CTAB HEFRE R IE BB/ IKFARE ..o 82

454  #K SiO, FUAL/CTAB H[EIFE I AUE/ K ELARR oo 93

8.6 AREEINGE oo 100

B S E BRI SRR e 101
5.0 BEID e 101

5.2 BB o 102
BEZESTRBR oo 103
iR BURZMEABE A RIFARBRE R oo 121
B e 122



LR R A AR S

F1E 4L
1.1 3|5

FURBAEEE 2500, At 12 2G50 T il R 2 il 21 il
JR K AL BRI22231 0 g7 1 TV 26290, DL R i) TP BOS ISR Gty 3z B I g, 51k
THFTEE R B DS

FRARE FLRIB AR ML AR, AP R AR G FLARTE PRI Pickering L
RO A8 28 AR OE W B A — Fh RO AT E A &, HARE 3 BT
TR PEFR PAAR I /K AT 5K Sz B . T Pickering FUIRVR MRS 2 EBAKH T, T
B 9ok 7K 7 TR P 2] A ORI b 1) B 22 o pl S A ) [ 4 SR T e /K T | L
BRI RE, AT REAE A 2B L LRV 589, Rl Pickering FLARTEIY
R ME R T AR G LR

120 73 G W A S Lo A L0 I N T NS @ 7 i
(O/WBSHT W/OBN . Z B\ FIR (W/W/WHI O/W/OH! 421 W/O/WH3: #41H]
G/W/O! Z& )y Al Janus F R B (WirW2)/OH | (O+W)/O,1*7 481 F]I
(01+02)/ WIS R A SO X Pickering FLAREAT Janus FUIRBGHEAT T BN 2H

1.2 Pickering FLIRI®K
1.2.1 Pickering FLARRAVHRIA

7E 1904 4, Ramsden1{ {CH H 1 AL BE % WK B AE K ST L, AT
R FRBAIER . BEJS, 76 1907 4F, Pickeringl®3 R Gt Hhithid T [ 44 ik
FE K S B BRI o Pickering FSEYG 25 SRR, [l ARITRL A 08 A B L SE 1
RIMVE LT, TEHK S FTE S AR &2, DR AR I SR s, M558 7L
R IR RE ML o T 4% Pickering LRI FRIORL IR 1 T 22 5, W AIORL 53 Ay «
TEHLTEAARURL . Janus ORI R SR BR 25



LRI R AR

(1) ToHLREARRTRL

W F A2 5E Pickering FLARBH TCALFEARURL (.45 SiO2. ALO3 . TiO2.Fes04s
CaCO; MR AT SR MRDOHEE . SRTT, X ST AL 8 2 I HE A0 R 512 7K
VEBCREK HERRAE, DRI, R X LR T AT OV A 3], A A8 Sy XSk M R

Lebdioua 5 A2 61 B Si0, 571 1E LR V& PEFARSE &, oK
FORLAR N SEVEBURL, IF8 4% T K2 %E 1 Pickering FURW . Mi 28 A4 FIRIL R
KM (BPS) WEMAEM (1GO) HEATHME, e 7 HBKEM > #E. SLis
S5 RRH], 5 #Y BPS-rGO RES AR E 4%/ 7K Pickering FLARE, H.FUIRWAR E
YEBEE BPS-rGO K FEAZKIM L G IN T #8 5. IXSEAfF TR, BA R HIXEE
P R RORL AT L BMUAR E Pickering FLIRTR -

GO ~ BPS-rGO
BPS 5 y
¥ “y &
o )é )
— > - P
‘i\- > e %
i»
—
u\-\b .
D9 Sonication
vo
9
9D
Emulsions

Kl 1-1 BPS-rGO Sz HFLRI i) %7 = ] 164
Fig.1-1 Schematic diagrams of BPS—rGO and emulsion preparations[®*!.

(2) Janus Fk

Janus FURLO L@ —Fh A 2 PR THIAL 21 R 2E R i) I A ks, RST
FEL S 9K B JUOKR AN o H T SR T 5T A AN X B, R ABL Tt 2 E5 1) Janus
PHTHAAEAL,  SOPRICA Janus B0RL. o, XGEYE Janus B0 T H A5 2840 T
RIMEMER, LHREESER A ¥t F2 € Pickering FURM, X —FprE5I#E T
W EAT 2 B

Jiang % A\ V4NE i LRI A R T Si02 Janus Bk, S256 45 K B11% Janus
FIURL AT AR G5 1) A E H 2K/ K Pickering LRV, Lan S5 ANUSHE S Fh 7 FLRBR &
%, g T BA RS A B IRGETE Janus BiURE (LPS/P(S-co-tBA)

2



LR TR R 1R
LPS/P(S-co-AA)). SLIEFIREN], XPA Janus BRI A/ 7K Pickering FUIRIK
BA RIFMRENE. ah, B 5N Janus 25K S H0MES, PR T Janus
FIURL V4546 5 AR g I FLIRBR AL DG &

LPS Monomer-swollen LPS@P(S-co-tBA) LPS@P(S-co-AA)
‘particle LPS particle Janus particle Janus particle

1-2 WS LPS/P(S-co-tBA) 1 LPS/P(S-co-AA) Janus JIUHE )& Bt fm i K 7s)
Fig.1-2 Schematic diagram of the synthetic procedure of amphiphilic LPS/P(S-co-tBA) and
LPS/P(S-co-AA) Janus particles!.

(3) RERFUkL

Ak, RIRK D TRRLANZF4E R . WK Em9Rim. KEREHMUAE
Kl AU g2 B T Pickering FLARTR K6

Kaya 25 N8R A 4E R 90KE4E (CNF) 252 /) Pickering FUIRWE A IE+75
PEHEAT IR FEA AL P . SeBe 45 538, T CNF 1) Pickering FLRIK AT LA D) SE
BUARAERTEL (PCM) HITUIRZEEAL, T RIAMR TSI REA- AT RHR AL 18 i@ 4%

ultrasound )> L% E U E

CNF in water CNF/PCM/water
mixture

B 1-3 JE AR AR % PCM-CNF Pickering FLR R 7~ = 1881
Fig.1-3 A schematic diagram illustrating the preparation of the PCM-CNF Pickering emulsions
through a sonochemical techniquel®®l.
Xu &N T @eKIRR A (NL) M2 258k (PS) ZRIMES1EH,
X HAESE Pickering FLIRWRE /I M52 . SLIGE5 /K], PS 5 NL %A )5, PS
MRk 58, HARm 5K /MG sk /82 K. Pk, HAZEM Pickering FLIR
TR E M O 25 1 0



TR R

Nanoliposome Aqueous phase
HO HO
o o
OH OH !
o o—H Oil phase
HO : " .
OH OH Pickering emlusion

Potato starch

1-4 NLPS Fa 5 1) Pickering FLRI 1] 45 7 et K] 189)

Fig.1-4 Schematic diagram of the preparation of NLPS-stabilized Pickering emulsions!®.
1.2.2 Fhrtk Bt Pickering FLARIEHI & ARG

FTF A, Pickering FLRIE AR — P BURL RS & M FLIRIBA &R o BRI, F0RE (1Y
THIRAE . RiAR. FIRFEZMER, X Pickering FLPRIR )45 B A5 S E 1520

1) S0RL e P

W] A SR LE St AR AN A (R, TRoE T H AR I FLIRE I 2R (O/wi:
SURIAT W/OP 313y, JE N, [ A RIURE AR T DA SEE e A i 7K ST 2
10 SRFARPY . BARRUL, ORI EAL A 6 /T 900l , ORI SRR,
i TR 1 KA, A TE R O/W B Pickering LR . 22, #Eff 0 KT 90°
I, ORI I AR K, S TR N AE, TR W/O B Pickering FLART -
eV ®) i

i
. water
qhnjﬁ\\

1-5 3] PACRIURL £ R0 7 T 2 ik -5 LRV 2R f i ik & )

Fig.1-5 Diagram of droplet interface contact angle of solid particles and emulsion type 4,



LR R A AR S

Ak, AR4E Binks FIFETST, 2 [ AU R HEAd A 0 75 90° NIy, Frl 4
() Pickering FLARVBAIRS € P et o Jihi-7/K S _EJ0RE A B B B E TR A2, W5
R (D)o

E=nR%,, (1+cos€)2 (1)

ik R OV BANERIERURL I -AR, v GGk 7T, 0 J9RURL A #E A A

2) WKL R4S

MR (1) AT DA, RIORE R AR X il B 8 B 22 520 . Binks
A5 NOTE i A5 FH AN [FPAEAS B8 50 23 BB K PR RIORE, R T 1 UKL R /N e ) 8 L0IR
PERR I . SRIGEE R, 7R 0.21-2.7um JEEIA, BEAE PR BRI OR,
FURIBR AT A e PRI T B o SR, RURDRLAR I /B ) Xt FLR RS e P
AR . FARKAE, S BURL A ROHR T2 — Il FHE RS, B LR m AR BOR HAA
B IR Rt XE DA RO W B A il K AT B, PR R TR R B AR E Y
Pickering FLHRIEE

3) RUKLI R EE

A SEAEANAR N, RIORLIR B A G0 SRR B A 2 It B B . A
AT 5 UL B A B I AN 2 FLARTBOBERG 1 RS 3 RELE VR Jo [ T A9
IXAER, MMt — 53¢ % Pickering FLREHIFEE M. Gelot 5 NPTV, BEH B
R E I, LRI A DTSR S5 A5 I TR) BE A o 35 RN B 22 I UKL I2E N S I
feE AR RS EME . Frelichowska 28 APSHF R R, RIKREE PR SiO;
RIURL G2 AR € 7K R R FLIRVBE, T =4 0k 25 St ik, ZLHOR A AR 2 MEREZ 32T -
BEAk,  RURLIR FE B AR AL £ MR B0 K/ e Arditty 558 APPVRIL, 72 RURLIR
BARKEOLT , FURBORRM R I CEgos 28 &, SRR E RS . THEE D
RV E R T, FLAIRVBI AR E VE B BE 2 18 5

1.2.3 Pickering FLIK KRBT MR EHIZ P HIR A

Pickering FLRVBGE —Ff Hht [ AR BURL RS € B LRI, "€t ) EAEDY —FiAT i 35t
[FF & K5I NFIF e MM R (PCM)I0-104, 5 Hofih J5 vkl b, £ Pickering
FURBAE AR E PCM [P &7 LURN LML, s mEmREtE. bR, B
1k PCM i Jf A1 % A T AR A0 1000 ik A, F TR 5E Pickering FLAHRVR AR ] 44¢



TR AR 3

RIURE AT LA 22 F 2R 7,

[107, 108]
o

FE T RRE. SRAILY . KL RILF A F AR

Liu 25 NDOIDLLF4E R AR EF4E (CNFs) F2E 1 Pickering FLARBNAEMR,
TS Bl 7 B ARA I (PW) MR . ScIbst R, ZHEMKREAG K
I FAE e BB R ik 80%. BEAL, 1% 05 2 A AR AT RH U FE A S 3t T 4 26
BRI, HNFAER RGBT L T 5%,

Ultrasonication

A,

Melamine

Formaldehyde

&

R
e

ot
oA
CNFs stabilized PCM
Pickering emulsions !

]
}%

»>

g

3§

o
o

o5

80°C, 3h
pH=5

*y

70°C pH» w

b7

PCM microcapsules

MF precursor

E 1-6 PCM Ffu s 2 1) il % 7~ 7 P 11091

Fig.1-6 Schematic of the preparation of PCM microcapsules!

109]

Wang 25 NMOE R Pickering FLARGR &%, A FLESCER) Si02 A1 TiC 44

AKERLH £ T Si02/TiC
BT B RE A PE RE
A R BE RN

AT AL HE . SRUR S RARW], AU B F
B AR E PEAN I R, O HonTE A A RORL R R

a pr PMMA n-octadecane
Modified TiC
MMA
n-octadecane Water
Emulsify Ploymerizati
E Interface
oil
Modified SiO,
.4:::;:3 Hy \/\; ::
‘:‘-;,, ah £~ 2\cn,%"z
b FSo L et fHs
\ Q,:S? o /g %

ST 3 o S%E' & . /0/:\0

. 1 [ & 4 —— i 3
E o sio, i o P o /7 o

1 o
i O ic |
! i
i i 9 0—CH, 2
l\ /W\/ /' CH;=C—£~O+CN:'}[3i:O~CHz cH,:c:—t‘l—o—t:HJ
"""""" | No—cH.
CHy 3 CHy
KH570 MMA
X : VY == 28k Hes B —- = = > =}
K 1-7 REW)-Si0TIC IRE FelB FE I 7 i il 4 I RO

Fig.1-7 Schematic fabrication process of microcapsules with a polymer-SiO2/TiC hybrid shelll

110]



TR R

S IRUL, Pickering BEARIEAE — Pk, fl LA AHAS R 8 % U5 7%, IFHL
FE A TR BAT T (R R RIS

1.3 Janus FLIK%&
1.3.1 Janus FLIK & AOHELA

Janus FURVEE PR ASELIE (W0 £ H DL “HER BRI fg pigle? 104 B
AAGRI TR, Z5M S 5P T Janus MMEZEL, IS4 . Janus
FURARE T2 B T A AN 2R US), g B ar it ORI AL R p M A . H T
Janus FURBAH LI L LA (O1+02)/W Fl (W1+W2)/O BIFLIRIBN E, X
PRI RIS E = 230 ) el 8 10 2 TV P 7t /7K T R S

(1) (01+02)/W 74 Janus FLIRK

Ding 5 AMSIDUBEIE . Ibile. 5 & ia. BERRIRE SRS MU R ASAH TR %
R E Al SR —PHERIRAER & T (0i+02)/W B Janus FUIRK . L5645
AR, I R R RS PR IR AR L, P RASRA T N WA R
5 Janus” SR FNEE N o TR T ERAR S S AR A RS R AR . BB
(IR 7

-
@~ @

organic solvents

Topology

A Stirring separation
q — Q

@ 0
090

Organic Janus droplets
with various topologies

Organic Janus droplets

Equilibrium liquids with mixed topologies

B cycloalkanes EE alcohols

Bl alkanes mm esters aromatics

1-8 (01+02)/W 2 Janus FLHR il %7~ 7= K 18]
Fig.1-8 Schematic diagram of the preparation of (O1+02)/W type Janus emulsion!!'8],
Hasinovic & NWTLURE P b b/ Jy it , R — B IR R &k # 4 T
(O1+02)/W B Janus FUIRVK . SEIRE5RRW], FiH H HIRERIZE 572 Janus FLRK



TR R

TR E N 2. seAh, 38 BTG TR AR R R B, FLIRIBORRE T 2
BN “FN” 2 CWEE RIARLE .

VO/SO W/VO/sO (VO +S0)/W
01/02 +W=W/01/02+ =(01+02)/W

] 1-9 (REAih-+HEk )/ 7K 8 Tanus ZUBRT I 46 7% 2 47
Fig.1-9 Schematic diagram of the preparation of (VO+SO)/W type Janus emulsion(”!.
(2) (W1+W2)/0 4 Janus FLIRK
Ge %5 NFSILUBRIR AN CBEAE KA, MR JyilAd, SR —BlieiRiR &
T (WitW2)/O B Janus FURIE. SLERSE SRR,  SUR A RRT DR
255 WATE Janus FURTBGRR I LT AL . teah, %5 00R & B A & R e i
A KEEM R T8, TEOTA . S 256 i A5 AT A B 1) RV 7

. reverse
ATPS + oil Janus emulsion

| VO
1 aqueous phase 1

_ aqueous phase 2

1-10 (W +W2)/O B Janus FLHRI H] 457 2 (K] 146)

Fig.1-10 Schematic diagram of the preparation of (W+W,)/O type Janus emulsion[4®],

1.3.2 Janus FLIK &R F



TR R
Wei S5 NMOTlE — D IRENIR &35, MRENHER S % 1 Janus FLRW, JFAI A
VRN A i T A S BEnTRTZIRY Janus R0KL (JPs). SIEH6 45 SR 3 B I I 1 4
TR 5T B R T R EE B AN LA RE B, AT LURE B TPs ) LA T AR AN RS
HIESETLA AR 2L A oK Ve Bl N ESE « 12K A RE S & AR AL 27 2% 11
SUERIR GG IPs, VR NFLFIN H TA25€ Pickering FUIRT, FFEAA TS
SPHVRBS L o IXFIEORTT R, ATy R, JFRAT AN A AT .

Janus emulsions Controllable and tunable fabrication of JPs Application of JP_‘ as
as {empla[eg Plcltenng emulsifiers
Slimng O o (j @
TPGDA
| Ullrasonlc Increasing TPGDA/DMS mass ratio ‘

woooomb

WO rgo %
L Sﬂ!ﬂﬂ' : = :D so
r | O Q6 s 002

|
| Adjusting emulsification energy
| -—

uo|sJaAu| uomnu.la

1-11 PL Janus FUARVBIREAR ) Janus FI0RELH %7 & &0
Fig.1-11 Schematic diagram of preparation of Janus particles with Janus emulsion as templatel!'?),
Kovach 2 A0V B - 75 R B (GC) FLIBMIAT GC Fa 2 BOREAS i /HE ith
Janus FURWE, BUIHI& 790K 2 FUBERRES R (29 10 um) IR =248 2 FLAEMR
BUIE . ISR, Janus FUREME A BBRMIC T FLAE, BERRES BRI 51
Nk — 1G58 | AFEE 1

Calcium phos- B, \\_/
phate (CaP) o
nano-porous GC-CaP GC-CaP scaffold
balls w g g '
>
Gelatin(G)- el UM
Chitosan(C) | ——— 0 "
polymer o Freeze-dying JE GC scaffold
blend (GC) \

Janus Emulsion (JE) stabilized by GC

o
®%® ]

Janus Emulsion with CaP stabilized by GC

JE GC-CaP scaffold

1-12 ARS8 Son i 020

Fig.1-12 Schematic diagram of the scaffold bio-fabrication[?%,
9
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1.4 KRR BERRENX

S RIRBURL LA 1 R G R R A AR A« IABE R PEAT 5 T etk S5
o ZETRRCENIZ ROGERMEE L. AR, FEILA B SCHERIRIE 1, 4K ZHL
FARBIRLFUA T AN 75 B AT S AL BT L & BRSO B2 2%, AN v EL R
THa5E Pickering FUIRW -

X —HHT, RARERAE SR M LEREH THE Pickering FUIRIE
RIRMURL AT . B B3O Pickering LRV I ZA-4H 0T 0, Refl i €
Pickering FLARIR 1) 4RI A — AN SL R A B2 B 288 X . 18
WORUL, WA EM R FRAERKE AT ME TR H, Ko FERIE T4
T, TR IR R BRI i E B A R R IR A . A, TR K
G A R b R A2 5 BATXEMENE 2 O 1 SR UEIR — 5 AR, AR SO0 9 25 2 ol 5 1
FRAEHEAT THETE . SRI0as RAR W], % B A A B 1 IR T R I HH s SR K A, T
T T U L o B B K M, IR SR A N B — AR AR Janus SR . X
— RN E, PN AT REAR EE — M aii R IR Janus FORLFLA IR & I o

PRI, AR SC DA B8 3 N b ORI 7 248, JUITREBLR J LA T B 7E:

1. (BN IESS B /K FURMBAR 2R, 25 580 2 8 N o R RORE () LA RE T - i SR R
e EtaE FARE, 3k — DR 7 LR 1)

(1) FLARIBE ) 2 AN S5 ) 2

(2) ¥ 25 8 PN o Bz B FLRIURE ) R A 1P Jo 2

(3) FLRIEHIFE EAL L2

(4) T 5 8 N b R ROk LAY R 77 R 2

2. DAEAA I AR AR, TR — Tl e 9 25 A i B RORE LA 7 A 1)
HAMADHER Pickering Janus FLARTEAA R

HAT, Janus ZARBEHIHEFELL (Wi+W2)/0 B (O1r+O2)/W ALUAE, iX 2 Janus
FUIRVE R RS €, 32 S 1 3R TR0 v 1 790 7 31/ 7K S TR T BRGS0 PR VR PR SR S 3R
WAk, AT BT B UL LA AT B T 54K Janus FUIRMR RS E 1, JFAEIEE
HAARIEFR 2 A Pickering Janus FLRWEP 2, R, A SCH AR A EEAE A AR
MEL (S), IR EITF K — M DL %5 8 ) B2 BORLAE Ny FLAG AT (O+SyW 2Y
Pickering Janus LRV W FUIRE LI )25, B A Kk — D HE 5T 41 ] /4

10
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(1) FURIB IR £ 2

(2) FUIRMBESH R 28 2

(3) FLRMAHALRE I 52 540

3. f&Bh Pickering FLREIRARIE, JT A — i 25 & N A BROR A 5848, T8
PRAT S IR AL e 2 . A R 46 R Dy, I — 2D A ST AT 1

(1) AHATAE B ) 2 ?

(2) AR A R 5

(3) AR TR RE B BE T B S ?

11



SRR RST LY
£ 28 FEEAMEFRIZER Pickering FLKR R HIZE
HMFIERR

2.1 5|8

RPN, Pickering FUIRTBURE — i HTBURL ZLAG AR € M FLIRIB A R U2, 3K
ot DR VPR A 52 11 T 22 051 B RO 7L A A DR VBOVBERG il 7K 7 T P A s PR
B HfgE. LRk, Pickering FLAIRIR A BMIURLFL AL T AG R T3 177 505 A FE
8 Sy NFUARTBOBER 2 T B3 , 117 £ LR VRO 14 24 T T2 F 880 F ] A A o
B, ATV 1 FLRTBOBOR Z [ R SR IR IR, 15 Pickering FLARIREEL HAR S
R LA ZR B AR E !,

BLF1h) %% Pickering FLARVBUIT MUK IOTE SR Z2 5, PDREBTRL 2 9. JEHLIE 44
WKL, o B AZEERL, Janus ORI R SRR . e, RARFRLFLALFITE
P2 2 A0 B i SR DL RGP RO R B 70, 328 7T SUE AT 2 i3 . 2R,
FEIA I SCIRARGE T, 28 K2 HORIRBTRLZLALT AU s T R B, B/ AT
JEAL B R S PR AR BRI 24128

AR, BRATTA I 5 R oA A B ) I T R A R RS, T 7 U R B
A 2 AR PN 2-1 P XA IEVE R A FRYE, 575 % 5[ Janus
THAAHAL,  SMOPREOARIR Tanus fio ARAIXFIFIR Janus BT 25 RORURL, &5
HATEFMRMAIRESIWE? DRI, 7 %6 9 25 2 A A g RO FA) 12 Jog S He A e #LIR
W PERE S HLHIEAT TR T

133.3312

o

Kl 2-1 98 s AR R AN HoK S (a) LM (b) T
Fig.2-1 Appearance and water contact angle of inner seed testa of jackfruit

(a) front side (b) back side.
12
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22 I

1EZ$HE (N-decane, Z1%>99.0%). #iiiil (Olive oil, tb:4f), MWHH E L
W TAERHA IR A R . mREIRKGER (FITC). Jo/KLRE (HPLC 4%, 2
J£>99.8 %), M H 1 [H i3 sk A RS BRA R A8 2R (CsHio, HH5740).
R (HCI, Zp#ral) PSSR (NaOH, Z0#ral), W HE E 254 ik 2R E
RAF . HEE (CH4O, Z1EE>99.5%) HE (CH202, 4i/£>99.0%), 1 H Thermo
Fisher Ao A4 A W Fisher Finesto XUHARALR N 24 mm=9.1 m M4
31 PR A F] U RS F R 8 mmx20 m WY HAH#r. 1.5 mL 204
15 mL 508 KR/ NIIE E Axygen A7 A R FEAE A, SRie H
2B F/KH (HHitech FIZESLEe = AK R4, Basic-Q15) #il15, HFHZEN 18.2
MQ-cm, pH A 6.5£0.2. FEHEMF=H KAWL,

2.3 SCIGINES

*®2-1 g I g A R, S AAE K

Table 2-1 Names, models and manufacturers of the used major equipments

) RERE R
((STEERVY])
R VA

VORTEX-2 GENIE

5810R

WD-9415C

- EL N & Rtk IR i
A e JP-040S BRI BIE PRI A IR A A
4 H )RR X BZY-2 i PAR R
A AR WMS-1030 b A SR TR A
AT DZF-6050 SR AT A PR F
IR EAUK R G BASIC-Q15 EHERIZRAL B AR A T
By RS LT B S-4800 H A H Szt et
4 H3) BET LR MR ASAP 2460 3.01 Micromeritics
o R FAXC Q EXACTIVE PLUS Thermo Fisher
T v RAOBURE s B E B BERE B U3000 Thermo Fisher

Scientific Industries
Eppendorf
JER AN — AR

13
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B3R 2-1 P A BB R AR S X

Continuation table 2-1 Names, models and manufacturers of the used major equipments

B AT & Ziths YRR i
A ACQUITY UPLC HSS Waters
T3
JGEE R AL SL250 5 ERHARFAOCERAR A 7
Jig e AR HAAKE MARS40 Thermo Fisher
X B EH 6T SPECTROCUBE (YESE U N /AR
pH it PT-15 T HIAB AR AL ) A R
vl
SRS AT TOPPETTE RIEPBIBER AL ) Bt 22 7
TR FA2004N H M T A2 T R A PR A
YKL Je ZETA BT ZETASIZER PRO e[ B R SR A 7
B A AL HR-25 EEP T SO ATBR A

2.4 LIGHIE
2.4.1 HEEERNMKIE kA ZE W FR 57 B9 R AE

FEmi g FHEBFRBERIER BN R LR, AGERKHET 40 cCHAT
T 24 ho B TR YIER | mmx1 mm FIRSF, KifESHR L.

MR T7 % N TR ) SR, TR IR S R T T B A, 4R
J&, f81H H A Hitachi S-4800 Y434 Hi 1 RA0EE, X AE M AT LB AN4A HE

2.42 REERNMEFRIAIHIE

H5E, MEBTKULE Y BRI, AERELET 40 «CHUE T8 24
h B fEH . B 5 R 202 A AR R, O AR B . R PR A A R Y e
BRIl (F2iE 0N 25000 r/min) SE4kriy, HEIEIL 500 H ML, &ek s
500 H A FH R RURL R TR EE, &

2.4.3 TREERNME TR EARIE

14
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(1) FAR B RAE

N T IR T A PR R RORE R T SRR, 8 H A% Hitachi S-4800 A4k
S F T B ORI AT T MR

FESHI: A 200 pL BWAR I 0.5 wt.% I3 25 % Py Fl Sz B R L 20
uL, SEINERE SRR b, SNECETE 25 CCRITEIRAR P T TR

M7 B o, XS BOAE s R AT B S A0 3 . 6%, 1 H A Hitachi
S-4800 U4 FEL T AL,  WTRE ST IS A B

(2) FUREL LE 2 TR

{8 FH Micromeritics ASAP 2020 MP A44> F 3 Lt 2% [ AR S AL B IR B, Xof
FIORLIA) LR T AR FIFLIE 25 WA T T R HT

FESLHI: B, B 1g WILEFES B T 45 °CHIMAE h 45 24 h, DL RBRFEM
TR AN T . B S, TS AR e 7% 2 TR I OR A7

MAATTVE: B 0.1 g T15 5 1R o 28 s A 2 Bk, BT 77 K IR
NREAT B RALEE . SRR ORFE SR 58 AT T IR BNE A IEOIRES , AU AR K
SEN 523 K NHFZE 360 min. fEMGE AR, i8I EA AR 2B AT RE s I AT
PIFR AR SR MR Ay . e )E, HEERTEARITH 5 T Brunauer-Emmett-Teller
(BET) #8L, @i/ HrAxt k1 (P/Po) 7E 0.05~0.30 [X[A] PN (AR 1F H o 1TH5 45
R LRI Spers HA7H m¥g.

2.4.4 REEMNME IR T B 7

N T R A T A R RORE PR TG R AL R, SR P A R e A AT A R A
] i) SPECTROCUBE B X S 2 % 5t 73 M ASCx 31 55 5 A o B RIURE 2K 73 3647 I 18 73
#r e

FEHIR: BRI 12 g 8 095 25 8 P o S 00KE B T b, e BRI
A A LR AR B 24 5] . AR5 BA 10 °C/min FIFHEIE S IN#E 550 °C, F5FE
it KA B R A EER . BERERS, FTEASE. &5, ¥
IRGF TEONKE: St A Hh I e S 4

TR 5 HEATHE SRR AT, SE 08 QLN B o0 I BREERE SRS HE XRE 23 HT 4,
SR G VR IIRE S BCEAE XRF B A IRE S & o AXER RS X SR IBATFE S, 3
RAE S R G E = AE 5 o XRF 29 W ORI 10 A R HH IRRRAIE X S 2R

15
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FFE A AR, W e R R S R
2.4.5 TREEANME BN Zeta BAALR RE 570 BINIE

bt 2« TR 23 209 0.03 wt. % ) 7% 25 8 N M B JORE 73 0T 8 mL Y2559
Tk, 8 NaOH ¢ HCL A5 /KIS K pH H . B35, FE A B EEL JP-0408
£ 40 kHz, 120 W HIDJZ R 7080 1 708, RS E =10 M E 24 /N, {0 avik &
BUTEAL T T4

MR T 1% TEATRAR R Zeta AR Z BT, SE A IHEEAL JP-040S 7E
40 kHz, 120 W 250F FXTRERREEAT 10 Hr8h B b3 . RS R 1.
DTS1070 F£ it {5 E . 2. {8 F v 5 38 BURS MU SR AR A S v AR iy, v &2
I —p A 3. AN RS A, WA, BRRREERE bR
4. fFFESIME ST, SRR SRR, B RS BRI . 5. B ST AR,
FERRASFE A R AL S 2E . 6. FRAAE b TS A S 3007, 5y Rl E X,
W HAENFE S8, HEEEARE. 7. B NS, B ENRD R
JE AT I .

2.4.6 EEE AN IR_EFREERNE

N T IR R R RO £ B T KR BE R, SR TA A A F]
DHR-1 B e S i AR AR B i FRRS BE 2B 4T 705 .

FEaLH . B, FH 8 mL U0 HCN 0.3 wt.% )7 2 % N Fh . HiE R,
IR RS, A& T R ET N 0.0003 wt.%- 0.003 wt.%- 0.03 wt. % 35
N KRS 20 mL, JFFE A IFUEAL JP-040S 7£ 40 kHz, 120 W LR T
OIER 1 O3Bk

MR I ERS 60 mm. HEAA 20, [AIRR 52 um AIHERGEEATINR . TR
LR PR I 25 °C, BIYIE AR BOE VEEY 0.1-100 571, WlE HARS AT
(RI RS FEAE

247 EEERNMEHR LERREKNDSERRF EKIIHNE
R 5K A AT 5K A7 #R A& B 007 AR AR SR LS, B e lE T A A

16



LRI R AR

AR . R 7k )R TR SR 2 R B S, i F ek o e TR
ANFHIRVE P AH Z 8] (1) ST o A SR A PR FR 7 VEAE 2540.2 CHMF FXTRE R ISR
Tk 23 AR SR T K AT E . BAEINE (B AR K I BZY-2), &
WL (Efil & A SL250).

BER % B, 20T RF FA2004N FREL 0.15 g (9 500 H 3§ 2% 1 Fil i
Bk, HIETIN 50 mL Bedf b, HIMASREMEBE /K. 85, HFHEBHREE
B JP-040S, LA 40 kHz SFEM 120 W DJZXSFEM AT 1 70 Blol A AL B, S RI0k:
FEK 5] 53 8, Fe BT B HUN 0.3 wt.% IR B S, AR EE IR 25 BeAr,
HEZIR TFFE 24 M. 25, BFESBBIKE ST, WERE KK
HH AT A AR R B0, B BT 30 mL AR (927x72.5 mm) Y, JEA 2
BT KMiRE A 8 mL.

M T — SR E R R K ) R P R R &5k, FT9HIK
TR IR, BrIR R EAE 2540.2 °C. ARG, JHEHSRMEIN, HE N
FATRAI S INRLL, BRAHE &M BRI BN T3 R L, # ORE0
& IR AT DLTE AR NIRRT AN 22 AR oty TIL %) 000 B BS503R S 4 T o
M, ST EEERBRNBE, BERR TP RBAE. R, kAR,
SRR L) 4-6 mm. BEfG, ZEEITHES, MREZEHTEN, B2
WA 2L S LT R B AR b, e SRR B KM (g0 20 #8% 0.0001 g).
A FIREEAE TR, THECFME . B S RS 1 A K 3 S IR R s ERE
an HFOIMN R B R TE 28 bt DU il 7K FR1ED, JRESI SR N IEZS b 5 78 T n .
HAREAE PR SRS R TR 10D e Fr kAR . = Bkl e £ R Tk 110
BAEPIRINN B, AR N TS E o, BUR Bk g, FTF el ed,
AR B B GO B IR S R B S R B B R 1 P B, T A O
WIE, WRIEESRIM E W B EE L (FE T4 LML) MEREL CPAT T4 LR
). AR AR, BEEEMBIEW, RS E Y 2 L. fEHBMN SIS
WA, RN E TV (B A7 (Young-Laplace), FE¥ B HIRAME N
20.0000 pes/s. Ffifa, FTHFRMIAEE] TR, SEEFGERE Sdds:, I
GRFARR . MR T A NER Sk B S, TRt BAERARE f R G B B
A THE, JFERIRERIRINK s . BE BREE TR, WHESFSME. B
a5 TSGR SR Tk 1 PR R : E 5, B — N KT AR (5 em (L)%5

17
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cm (W)x3 em (H) B A & L. 285, M Sl i & & 1 IE 2 55t . bl 5
BB A SRR RS e . HREAE D IR SR MR 1 5K 77 00 2 J7 VL AE 1

2.4.8 TREEMNMR K H TR A AR A

N T VP 5 P R B S R A - /K ST R, I TN AR AL
PIZRAY, AR SEIGf 32 [ R SL250 Y2z i fil A SO REMIARE S 47 K

FEa ] SEHEB T/KIBANRE MR, BARRTE, KR X
HRIIEI T (254762 mm) |, I

M7k B BERETKEIERGEEANTFREE S, DUk, 7
TEGCUREE, TR B B B R B OGIR E o FAr URE B T e & b
WERNEL CHAT TR AR, SRR, BERRURIEW, JF¥ A
N2 pLo fEHM ESEIFHWAK, W E T (EREE) . Ma Tk
(Young-Laplace), FFARIEFE MR EUKE X EAIERTEME. 838, F1FFHENL
i, s Z WA E R IS, BRESREERAE A 1 mm IR, S
MEEITIGHERE, ARSI, ME T e AR, S Z
i) EAEEHE T ER o SRR A ARG E S AT LR FO B . AR AR A F £ ]
BEADBATINETE, SRR MM A EEE . 58 EREE TR, it
fH.

2.49 REERNME AL FERTBI D

VBOR B3 - Jo S B T R — P & 1 URE Gl R 20 B 6 70 55 B ARGl A
BRSNS S IrE, TSR RS R R B s Hr LR S5
SE5E o DRI, AT FUA P VRORH 0T 85 0K 0 0 I AN AR, XoF 9 5 2 PN o RO
I ZE o AT R G HT

2410 FLKBAVEIE

A ATHI A T e A R R ok BT ORa e IR B K . AR K
RO Il /7K R0yl = B8/ /K LRI, X DU Fh LRI il & 7 VAR R . B 5, F oA
RF FA2004N FREX 0.15 g 1] 500 H 7 55 35 3 Fb B B0RE, 5 AN 50 mL et A,

18
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HMANEEREE T/K. 85, HEATEGNL IP-040S, LA 40 kHz #1120
W DZERE AT 1 3 Bh i AL EE, ERTRLAE K TR 50 7 B, TG B U & 404K
0.3 wt.2%ERE . BEfE, FOREEIRTE thbett, JREEIR THFE 24 /M. 2 )5,
i HE 5T 2 B AR B S R, BRI R AR IR BT R AR AR R 7 HOR, 1593 ) B
T30 mL BRI (927%72.5 mm) 1, A ERE T/KMER 8 mL. 55, R4
FERI NN 8 mL 1E 284t o 42 {3 553 P ol g JR0RE b 37500 B2 1 /N 30 R PRI 5
{8/ HR-25D 25 HLEA 10000 r/min FY¥EEE, WRKXIEIY) 2 080 e, ¥
JRFAL G RS BT 25 cClEiRM h # E, DUEE A AT .

2411 FLIREEYE M FR R AE

(1) FURIBE MR AL

FEFLRAAE S 2 5 B 24 /NEE . — R —A )5, S TFHUEN S S
ML

(2) FLARIEO TS R AE

N T W FFARIE IR G5, SR 3G a6 2 A A BR 2 W] ) WMS-1030
A 1) S B O R i HEA T SR A TR

FE e B, ARSI AARE I LR BRE b R R A 10 pL FLIRWE,
WAE TR A b (25.4x76.2 mm), SRJERE RS BRIP4 .

MWART7v: B, HRERIREERMENEY TG L. 5, [EHEEM
10 VB0 FE i EAT WIS RMR

2412 FARBTIREF ST

N T SR RO SRR I O IE S, SR ) H AR Hitachi S-4800 H437 % 4 45
Fili L S BN T S A AT L AT T R

FER A w8 A RS UM A 14 1 FLURBRE b R IR D B FLIRVL, I
W FI AN TR Rt i b AT, KRR BT 25 oCREIRAE R FE A
TR

WA T7 V2 5, WS IORE S R I AT & A HE . 4655, 1 H A Hitachi
S-4800 2474 HL T R BB R i AT BRI HA B AR
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2413 FIRKIBRBELR K BEIE DT

(1) FUIRB AL (1451

FURIR T DR H LA PRI, KRBT 0 AR AY . A% 40 FPRBN
Pickering FUIRVE: AT AARHEESAR M BOHIN Z 57, 70 A/KEa (O/w) Z4FI
ALK (W/O) BUFLIRIE o AR SCKE MIX R 77 THI SR 45 31 B 91 25 25 P o B2 TR A2 2 1
FUIRHRTY

SRR . 8 H A Hitachi S-4800 14 Hi 7 BB ML 8 /2 75 HH L e
WAL U B T 5, DL R FLIBOR0H o2 R TR BOR B A4 T 1
mg/mL KEMEFRAIR TR (FITC) 1ENFICHRHIMANFLIR, ARG 1E T &
T PSR, FKAH RIS ETOL, MZFLRBCAKEM (O/W) BIFLRE, K
Z MK (W/O) BIFLRE .

(2) FLARI I BE T 43 H

N T AT B A A M BRI T R A, R A H AR Hitachi S-4800 AU 454
T BB A B LR X SR RERE (L (EDS) #EATRR

MR AT HRERER I SR, X E FRE SR T AT 4 A

25 HBR5R
2.5.1 REEMNME AR EIFLINE

—RBOR AL, ORI A R ISR M RE BB AE Pickering FULRVR, I B
R B3I A Bh T4 FLAR R M A 0120 30 84, 3% 35 3 P b e AR R — b
RARI Janus i, Pl & FIRURLE 5 Ae S A28 FLIREWE ? N T 30 uF X — e, A&
SCAEBIIEZS B /K FURMAR 22, IRFT T 3 35 3 A P RO 1) 25 B0 LR VRS S 1k
frgemm, SEESZE R 2-2 frw.
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Bo THi Th2 T3

S e - e

Bl 22 AFEIKREE (wt.%) {500 H g 25 % ) Fl RBORE_E IR 58 1 IE 28 e /K FUIRR (8
mL/8 mL) MIZMIRF (FUIRWEHI 24 /BF() —J8 (b) FI—NH (c)). FEEIM EHbrE
M RFE G , RN BURLIR BE 4K XA 0+ 0.0003 0.0006+ 0.0009+ 0.0018+ 0.003+ 0.006-

0.009. 0.012. 0.015. 0.018. 0.021. 0.024. 0.027 £10.03 wt.%

Fig.2-2 Digital photos of n-decane-in-water emulsions (8 mL/8 mL) stabilized by jackfruit inner
seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (Emulsion
preparation for 24 hours (a), one week (b), and one month (c)). The numbers marked at the top of
the sample bottle are sample numbers, indicating the particle concentration in the following order:
0, 0.0003, 0.0006, 0.0009, 0.0018, 0.003, 0.006, 0.009, 0.012, 0.015, 0.018, 0.021, 0.024, 0.027
and 0.03 wt.%.

Bl 2-2 AN [R5 ) 98 55 8 N M S KL 38 (8 mL, 7KAH) S5 RFAM IE
&0t (8 mL, WAH) #ATYIFIHAL, FE 24 IS (). — & (b)) M—DH (c) 1
SPMIE e MR AR S 4lKAE 5 IR 28 S Toik e Bk s DRI . 28T, 470
R =T 0.0003 wt. %I, IEZSE/ /K FURTBA RIT I A R . JF H 2458
KV FE 5T 0.0009 wt. %0, BT s AR RS € - 1@ i LEE B 2-2 (a)- (b) AW
(c) FFRMAFSENE, WTRASRAN, /KA BRI L T 0.003 wt.%M, 1EZ¢
P 7K LR AR R IHE AE AR . hAh,  FLURUERE S 7K AH S 30 H 7 B IR
A, IXR KA P RO 58 4T A% R AR . Bk, HERNZFUIRIBEE Ry
Pickering FLARE!Y,

N1 =B E 2-2 LRI O TSR, 5 WMS-1030 AE 4 . s ot
 2-2 B SRR S B AT T AR IR, SR El 2-3 Fow.
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(b)

(©

2-3 ANFEIREE (wt.%) H 500 H 7 25 8 A BORURE_E IS VRS E 1 IE 28 be /K FLIRV (8
mL/8 mL) MR (FLIRHIE 24 D @), —J8 (b) M—MH (o). B EHARER
B MRS, RoRBRLIR B AR YCA: 0.0009, 0.0018. 0.003. 0.006. 0.009, 0.012. 0.015,

0.018. 0.021. 0.024. 0.027 F11 0.03 wt.%

Fig.2-3 Micrographs of n-decane-in-water emulsions (8 mL/8 mL) stabilized by jackfruit inner
seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (Emulsion
preparation for 24 hours (a), one week (b), and one month (c)). The numbers marked at the top of
the picture are sample numbers, indicating the particle concentration in the following order:

0.0009, 0.0018, 0.003, 0.006, 0.009, 0.012, 0.015, 0.018, 0.021, 0.024, 0.027 and 0.03 wt.%.
22
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2-3 AR (wt.%) FR9E 2 8 A b R RORE L I VRS 58 B IE 58 Je 7K L
W% 24 N (@) —F (b)) FI—H (c) FIRHIE . H AP BRIk E 5 i)
N 0.0009. 0.0018. 0.003. 0.006. 0.009. 0.012. 0.015. 0.018. 0.021. 0.024.
0.027 A1 0.03 wt.%. B AT %0, FLARVBBR IRLAR , B A6 RIORL AR FE 1R 34 DRI/ o
IeAh, WFRBF LR R B (B 2-4) s DUE H, SB0R0R T 0.015 wt.%
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Fig.2-4 The average droplet size of n-decane-in-water emulsions (8 mL/8 mL) stabilized by
jackfruit inner seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (m)
24 hours,(®) one week, and (A ) one month.
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mL) HISMIE T GLIHI 4 24 /DR (2)s — A (b)) M—41H (o)) (FEai BRI %708 pH
1H)

Fig.2-5 Digital photos of n-decane-in-water emulsions (8 mL/8 mL) stabilized by 0.03 wt.%
jackfruit inner seed testa particle supernatant of 500 mesh at different pH. (Emulsion preparation
for 24 hours (a), one week (b) and one month (c) after). (The numbers on the sample bottles
indicate pH values)

K] 2-5 B8 T pH {E A 2.98. 4.01. 5.02. 5.98. 7.00. 8.00. 9.04. 10.00.
11.01 F1 11.98 (135 55 % P Fl B ks 35 (8 mL 0.03 wt.%, 7KAH) S5EEAF
1EZEkE (8 mL, JhAH) BEATEIBIFAL, BHE 24 /M (a). — R (b) F—DH (o)
MIANULEE F o MR AT ANEEE R, 450k FiE i pH {48 11.01 F1 11.98 B, £
AL R FA IR . AT, SRR BBV pH (E/N T 11.01 B, TR
FOREEE = T REVA R e . RIRSRIGas R, Bk A FE A T
pH B4 3-10 FI/KAHIE &R .

N T T RRE 2-5 LRI IO RS, (B A Y B R0 B 2-5 H
FURFE AT 744, WE S5 R Kl 2-6 B,
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Kl 2-6 AN[F pH T 500 H 0.03 wt.% % 25 % A M Bz EIE AR E I IEZEbe/ /K AR (8 mL/8
mL) FIEMIE A GURBHIE 24 N (). — 8 (b) FI—DNH (¢)) B EEbrErss

RERGR S, FoRFER pH KA 2.98. 4.01. 5.02. 5.98. 7.00. 8.00. 9.04. 10.00. 11.01

F111.98
Fig.2-6 Micrographs of n-decane-in-water emulsions (8 mL/8 mL) stabilized by 0.03 wt.%

jackfruit inner seed testa particle supernatant of 500 mesh at different pH. (Emulsion preparation

for 24 hours (a), one week (b) and one month (c) ). The numbers marked at the top of the images
correspond to the sample numbers, indicating the pH of the samples as 2.98, 4.01, 5.02, 5.98, 7.00,

8.00, 9.04, 10.00, 11.01 and 11.98, respectively.
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HH I 2-7 T, BEERORL EIE VR pH E A 2.98 FHsi 2 10.00, HASE 1) FLAR
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Fig.2-7 The average droplet size of n-decane-in-water emulsions (8 mL/8 mL) stabilized by 0.03

wt.% jackfruit seed coat supernatant of 500 mesh at different pH values. (m) 24 hours, (®) one

week, and (A) one month.
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AT ST, Pickering FLARI & — i e Aok FL AL A2 e I FUIRMAR &R, HE
Fo = BT AU AL AL A P RELST 1381, BRI, FRATE IS R . AR
R BFf i BFF < zeta RS FIORELAZ S I T, O0of 75 25 5 A b B2 SR ROV B AT 1 WP I A
T 4, I A AN U B N B RORURLEEAT TINE (B 2-8). AT AN,
BN W%*&%ﬁhﬁ%(ﬁﬂﬁqﬂ E’Jhéﬁj\%ﬁlﬁ'fé’ﬁj 3 um, I HI¥ Euﬂ?ﬁ/ﬁio

{ ——————————————
$4800 5.0kV 8.6mm x1.80k SE(M 30 um $4800 5.0kV 8.6mm x7.00k SE(M

K 2-8 3 B PRl BORTRLY SEM ]

Fig.2-8 SEM of jackfruit inner seed testa particles.
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Fig.2-9 Nitrogen adsorption-desorption isotherms of the inner seed testa particles of jackfruit.
$:% , 8/ Micromeritics ASAP 2020 MP %44 [ 5 bt 22 T AR K S L A7) BRI ot
ASCAS 1) 77 952 25 A i B RORE 10 0SB B - B S TR G (B 2-9)0 B AR, T 5 2 P Ao
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2-10 25 °C NAN[A] pH 7 0.03 wt.% 7 25 % R S0k s se & 24 /NS ISP UER (a)
(b) Zeta HLA7 () RiARoAT (d) KI5k Sy R FtskJ. pH EFRE TR E
Fig.2-10 Digital photos of 0.03 wt.% jackfruit inner seed testa particle supernatant at different pH
values after standing for 24 hours at 25 °C (a) Zeta potential (b) particle size distribution (c) and
surface tension and interfacial tension with n-decane (d). The pH values are labeled on the sample
bottles.

5, (E B zeta FUSE RGN KR FE 3 AT AN, DU 1 BURLZE AN [R] pH 7K AR 1) zeta
HLALHTREAR 73 A G Ol RN, 7KAH pH IR 238 25 B RE A Pickering FURIR 1) &
(140 14U e ik, A 36 B KINO 6242 Al M G sE T BURLAE AN [F] pH /KA 2R
T K 775 TEZ$ b ST 5K 7 B AR A1 L o

2-10 (a) N9 2 & N b RCBIURL_EIER (8 mL 0.03 wt.%, pH {E M2 F 4K
RN 298, 4.01. 5.02. 5.98. 7.00. 8.00. 9.04. 10.00. 11.01 f111.98) i & 24
AN JE RSN o NIRRT DA S A B R0RE_ BB MR B (B 2 7K AH pHL )
FHETANGR, 3X 0] B85 & o R B R A et A oG4 1430,

HH ] 2-10 (b) FIE2-10 () FIA1, A5 FORE_E 3% W pH AL 2.98 FH 55 %1 11.98,
H zeta HAT M AEXHEZRBIE R, TRAAREFRDN . X—HELERY, pHEKTHE
8 T RORL (R B LR T, AT R AT T RO 1 A ZR U4 KL 2-10 (d)
ATLAEH, BEE SR EIE W pH E M 2.98 THE 3 11.98, HEmETK /) & 5IE% b
G 5K ) AR A AN B
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253 AMRBRBENEE

L@ E 100;m 100ym
Bl 2-110.03 wt.%[1) 500 H 3% 8 % 3 Fh s o i A e B IEZ$bE /K LR (8 mL/8 mL)
HIR () AISEE SR (b)
Fig.2-11 Micrograph (a) and fluorescence micrograph (b) of n-decane-in-water emulsions (8 mL/8

mL) stabilized by 0.03 wt.% of 500 mesh jackfruit inner seed testa particle supernatant.

N T B E % B P R SORE AR 1 1 2t /K FLR VR A 7 2R A, AR SORE iR
EHON 0.03 wt%HIBR BT 8 mL LB FKH, ISR IE 2 Bifr
10000 rpm/mim (K #53E R ¥ FFAAL 2 min, DA FUIRTR. BEJS, 1464 0.1 mg/mL
P FIR 7GE (FITC) WO FUIRIR (KA AT Gett,  FFAE 488 nm WO
RN, EEPSOGBMEBM AR, Siess Rk 2-11 FivR.

1 2-11 29 0.03 wt. % 1) 3% 55 % P b Rz J0RE A2 58 1R 1E 28 Joe /7K SRR 11 SR Ak
RN ARG By . BT EEE (@) A1 (b) FTLAREL, fE FITC JeRH/E R FLIR
WIKAR CEZAE) RIS, TwAE (Bl WERNEE, Fith, &RE
SIS BAHAE R, U EIZTURBCY /K EHE (O/W) FLR!),

N TR 2-2 v B E A A R RORL AR € R FLIREC Pickering FLAR
W, AR SCAE A T AR TR S R FUIRBRE S I O T Sk AT T B 8%, 5K
I R 2-12 Fios.
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$4800 5.0kV 8.6mm x4.

K 2-120.03 wt.%[1) 500 H 7 25 % 3 R Rz ok 5 RS e 1 IE 28 e /K ARV (8 mL/8 mL)
TBeJE AN F RS [ SEM K

Fig.2-12 SEM images at different magnifications of the dried n-decane-in-water emulsions (8

mL/8 mL) stabilized by 0.03 wt.% of 500 mesh jackfruit inner seed testa particle supernatant.
2-12 790.03 wt. %3 2 8 P A B RO A g Y 1E 28 e/ 7K SLR B0 18 5 1Y
PR EER. AE (@) M (o) PRTBUESR], FRBETEEIEH 7 KER
hbTe. R)E, MK (b) FRT USR], 1 a B SR BR0R 2 1 A7 15 B = 1Y
REAY, X LEAR A T AR PR T AL, X — IR Pickering FLARE T4
AERE A (AR 1901, ghAh, B (d) HRTRAE B, SRR TSR T 5%
R TE S, JF A BENE 7RERBL. Kk, WU E Z AR

Pickering FLRK -
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Bl 2-13 0.03 wt.%[1) 500 H 3 2% b R0k iR e i IE 22 e /K ARV (8 mL/8 mL)
THEJ5G 1) SEM K fig i
Fig.2-13 SEM and EDS images of the dried n-decane-in-water emulsions (8 mL/8 mL) stabilized
by 0.03 wt.% of 500 mesh jackfruit inner seed testa particles supernatant.
N T SRR F FL A T S B () RIURE A 75 DAy 9 5 N A R RIORE, SR FH R O
TR JE I FUIRVBRE St AT SR AL B i (] 2-13). 534k, A X S50 i
ASCXT 35 25 8 PN o B RIORE I IR 7 A BSCHEAT 20 #l - (3R 2-2). IASE IRAEHT, SRR

FH 9 5 2 P b B R A 5 TR K
R 2-2 A A RCRURL R K 7 4L

Table 2-2 Ash composition of jackfruit inner seed testa particles

LYY N R (%) RZE(%)
K20 17.84 0.01
CaO 13.89 0.01
SO; 13.19 0.01
MgO 11.24 0.05
P,0s 6.202 0.008
Si0, 5.556 0.009

Cl 1.211 0.001
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2.5.4 FUIRRIZENFIBIIRS
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Fig.2-14 Zeta potential of n-decane-in-water emulsions (8 mL/8 mL) stabilized by the supernatant
of 500-mesh jackfruit inner seed testa particles at different concentrations (wt.%) at 25 °C.
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THEZ 26.30 mV. AHRHE, H0RGREE N 0.003 wt.%R, FURBRETE =1 X5
KRBT T4 BRIRE R S A 0.03 wt.%I, FUIRBEHR RIS AE T i it
ffsE PE e X — B G R b5 90 55 5 A B SR I FELA A G
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M5 B FE e (1 Pickering FLARRR I zeta AL 4-26.30 mV, FLIRHZ
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Fig.2-15 The viscosity of the supernatant of 500-mesh jackfruit inner seed testa particles at

different concentrations (wt.%) as a function of shear rate at 25 °C.
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Fig.2-16 The surface tension of SDS (a) and CTAB (b) at different concentrations (CMC) and
their interfacial tension with n-decane were measured by pendant drop method at 25 °C. (m)

surface tension, and () interfacial tension.
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Fig.2-17 The surface tension and interfacial tension of the supernatant of 500-mesh jackfruit inner
seed testa particles at different concentrations (wt.%) measured by (a) pendant drop method and (b)
platinum ring method at 25 °C. (m) surface tension, and (@) interfacial tension.
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Fig.2-18 Three-phase contact angle of the sample (water, air, and sample): (a) glass plate (b)
double-sided tape.
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Fig.2-19 Three-phase contact angle of the sample. (a) Front side of jackfruit inner seed testa
(b) Back side of jackfruit inner seed testa (c) 500 mesh jackfruit inner seed testa particles (water,
air and sample) (d) 500 mesh jackfruit inner seed testa particles (water, n-decane and sample).
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W, RO = A A 0 72 90° M UTRT, Firil 4% 1) Pickering FLARK NI AR i i
AR, BRI, AR SN 55 % P B SRR A P I SRR K, 8RR 7 [
RO B it K SR B, AT AT b AR e PR -

SRT, RS Ak A FEe, R BUK MR IE R BORL LA ), T8 AR AL
WRIBEALR A W/O BUFUARIEH . (H2, 4 55 % A b B URLRR 78 1 IR 28 e /K FLIR
WM EG (B 2-11b) BoR, IR O/W BARE . X—IR T RE
SR zeta FAATA O, BT BRI AL zeta LA -32.11 mV (& 2-40),
EIMd R WU AE R DA K S LS, A% BRI SR R T R OB MR, RS
FEKIEI AT AT W43 B, X AT R A2 % FUIRR A T O/W B LRI 1 R
Al

(5) 755 E P Rz S5 R 1 RAE

S el R P, 9 B B YRR R B TH (K Al A R 62.986° (K 2-1a),
7 T FR /K B2 A 133.331° (] 2-1b). A0A X FhSEEK M I 2 7R 16 5 H 4
A RWE? Fir A, i F 0 x5 A R R 1 TE ST T, i 2-20

P 2-20 % 8 AR B2 IETH ) SEM

Fig.2-20 Front side SEM images of jackfruit inner seed testa.

@) | i (v) REZRR PN TR ) BN

2-21 JEAEE R IET R SEM

Fig.2-21 Back side SEM images of jackfruit inner seed testa.
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M 2-20 HRTDAE H, 3EEE AN MR FTE S ECAE % H P . BAKT
5, (RS TR B RALLE, ERE RN BRARL mfis N —P
JEIL T HANB MRS LG R . AL T, WHEAMEWEE (B 2-21) &%
NN, RO BREE A D, D EIRE .

FHORSCHRIRIE AR H, AT 73 D6 T R 8 /K P 55 038 T 0 A ) B s AR 4 A
RIS SR, ETE B8 % N b R R T AR MR BRI S5 M sk i . B4, T
P B ORI A2 155 A RO/ DR E 2 BT LA, 371 SRox 7 8 2 9 A Bz 1Y)
BARB A AT 7€

(6) 75 5 8 P Tl 52 B o3 Ak

ASAE A T O O -2 2 B AN, D 7 5 A M B o 2 AT T TR
IrAT, DL TSR BRI o B o 9 8 B A R B ) TIC BN ] 2-22 A1E| 2-23 Fs,
X EXT EGRE I TIC LK 2-24 FITE] 2-25.

T SRR RIS B R T i B A S I R, ORI A . 2R
i, BT TIC BUERINES, MG ST 2o 8. Fik, FIH
Compound discover 3.2 % G HE , FEATIR N MV /04,  DASREURISE &
a AR . O T WRAR AT SR O I AL R S, AERRAE N B M R
FERBOE R ImZ S8 . BRI, ¥oumULE. 207 AT LK Rl A 2R 43 A7 T
PC PR Jo 2 M 22 B 2E 5 ppm B

AT EERE 5 2 R S R ] RRAE DA B R T AR BRI IR, R IR
a9 A B . B, FERE (Sucrose) 1ESEES T3 Kl BoR
{R-EAF 1] 1.525 min, 7> 73RN C12HnOn . 8IS EEAREVE TR I (it (8] 2-26)
MGG (B 2-27 F1E 2-28), REWSHE E %P0 N IERE .

T 5 PN P R P B R O R A3 TR 2-3 P o AR SRR A 5 ) 454 2K
BE— BT HSR BRI, EESE MK R B BB logP 1 (HBKHER
My fEIE, AICK logP<0 KL NZEKY), logP>0 FIHLNEIKY), &idxE 5
PrAnmiN, ARSI B N R Y 54.98% MR NBKY), 21 45.019% K
K (B 2-29)0 XS5 MRS T, At 295 25 ) b RBURL IR = AR Ak A
112020 (] 2-19).
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DRI, A S o o S A ot B RO A LRI, T AR T P BT ) SRk
Vho BAKTI S, % % Al BORURE A P PR SR K A, A e /5 14T I K
PALEE, S FE 242 ] (14 VR B ok 7K 5 T AT LRI

RT: 0.00 - 70.00
1

NL
10 4.46E9
TIC F:FTMS +
95° p ESIFullms
[100.0000~
9 1500.0000]
MS 9157
8
8
7
7
6!
6
8
&
g 5!
2
5
2 s
2 5154
3 4
]
[:4
4
35
3
2
20
1
1
18.88 3386 3
5 N ’lusfizu 2820 3166 39,55
0 T L) T, AL b W T T T T, T T i)
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (min)

B 2-22 IE BT 19 B 5% N b 2 B i TIC B

Fig.2-22 TIC of the jackfruit inner seed testa in positive ion mode.

RT: 0.00 - 70.00
9

NL:
10 2.79E9
TIC F: FTMS -
9 p ESIFull ms
[100.0000-
9 1500.0000]
MS 9157
8!
8
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7
6!
6
3
g
3 s
2
3
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2
3 45
S
['4
4
3
3
2
4981 5233 289 5975 5998 340
2 4792 1987 ~
1.91
1
47 .66
28.22 =
30.80
1 18.86 21,44 2697 217 3a68 3681 4673 62,63
s 3831 3091 4085,
0 T T T T T, T LA A S T T T T T T T i
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (min)

P 2-23 G R 9 8 B R B AL TIC B

Fig.2-23 TIC of the jackfruit inner seed testa in negative ion mode.
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RT: 0.00-61.80
NL:
2007 1.26E9
E TIC F:FTMS +
1903 p ESIFulms
] [100.0000-
1803 1500.0000] MS
E blank-6013
1709
160
150
1409
1309
1204

Relative Abundance
3
3
nn

10.08

045 4780 48.10
280 520 7.28 1066 12.99 1476 16.46 1768 20.81 2248 50 ) H\4889 54.40

5464 5841 6177

T T T
5 10 15 20 25 30 35 40 45 50 55 60
Time (min)

K 2-24 IEEFRCH A HFES TIC B

Fig.2-24 TIC of the blank sample in positive ion mode.

RT: 0.00-63.24

200 NL: 1.298
miz=
250.00000-

190 1500.00000 F: FTMS
-p ESIFul ms

180 [100.0000-
1500.0000] MS
blank-6013

170

160

150

140

>

Relative Abundance
5
3

90
80
70
60-
4431 4555
50 4403

39.66_39.97

40 49.21 4949 49.79
5263 54.35

62,94

59.34
30 _54.87

150 28.41
285 584 782 984 1273 1627 18.84 2326 2371 2721

Time (min)

K 2-25 7B R AR TIC B

Fig.2-25 TIC of the blank sample in negative ion mode.
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MW: 342.11553
File: 9157.raw (F2) FTMS (-) MS1

o

S

= 800 4494

®

S 600
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.g 200 1&10

Q 0 — 1 T L L T L B T L L | o L B T L T

£ 2 4 6 8 10 12 14 16
RT [min]

K 2-26 BERERRAEA USRI T ik

Fig.2-26 Extracted ion chromatogram of the sucrose standard solution.

9157 (F2) #551, RT=1.525 min, MS1, FTMS (-)
C12 H22 O11 as [M-H]-1

<

o

= 1 341.10822 70 29051

£ _IM-HIT 387 11380 [2M+FA-HL-

R [M+FA-HJ-1

O 05 000 e 683_22424\

= 377.0849 M1 ",

o 1 e

oo U ol g

E 400 500 600 200
m/z

K 2-27 RERE MS! 5 TE K]

Fig.2-27 MS! Mass spectrum of sucrose.

9157 (F2) #576, RT=1.592 min, MS2, FTMS (-), (HCD, DDA, 341.1082@(30;40;50), -1)
T 40

=30

]

Intensity [counts] (10
° 3

T T
200 250 300 350
miz

o.
2
g

B 2-28 HERE MS? it &

Fig.2-28 MS? Mass spectrum of sucrose.
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R 2-3 PEAE AP RIS R BT

Table 2-3 Analysis of the chemical composition of the jackfruit inner seed testa

EA LogP SEEK M FHXT B 8 (%)
Sucrose JiEHE -5.396 3 29.919
Stachydrine 7K 758 0.269 B 29.905
2-Pyrrolidinecarboxylic acid L-fifi & /2 0.152 Bit 12.080
Trigonelline HC1 LR A 7 45, -0.323 3 5.615
Quinic acid 52 TR 2321 B3 3.654
Citric acid FrigR -1.249 3 3.364
(+)-Catechin hydrate (+)- LA & 0.400 B 2.691
Procyanidin Bl JE{£# & Bl 2.995 B 1.674
Protocatechualdehyde [ )LAYHE 0.910 it 1.620
Cryptochlorogenic acid FaZg 7R -0.646 S 1.305
Protocatechuic acid J& ) LZ5FR 0.796 i 0.981
Bavachin #Mg fig H1 & 4313 Bii 0.798
5-Hydroxymethylfurfural 5-¥% F B A 0.584 B 0.790
Luteolin A JE B2 2.282 Bt 0.734
o-Linolenic acid o-V. FREZ 5.661 Bii 0.703
Raffinose A -7.571 3 0.559
Roburic acid HRIEZFER 8.285 ik 0.492
Methyl hexadecanoate A7HER F I 5.641 i 0.382
1-Caffeoylquinic acid 1-MimEREZE 7 R -0.646 B3 0.360
Lupenone ) J35 /i Fii 8.233 B 0.350
Diosmetin ZFH A H 2.585 ik 0.349
Taxifolin — &M & % 1.186 ik 0.291
Isobavachalcone #MH I 2. 5% 4.208 i 0.273
Isobavachin 4N g — & 54 i 4313 i 0.213
Manninotriose T 58 = ## -7.730 o 0.105
Oxyresveratrol Ak [ 2 7 i 2.679 i 0.098
Quercetin 7 & 1.988 B 0.096
Forsythin ZExH1F 0.966 i 0.095
Isorhamnetin 7 25 5% 2.291 i 0.079
Hyperoside 422 Bk -0.539 X% 0.069
Benzoic acid 7% H iR 1.385 Bii 0.059
Liquiritigenin H % 2.804 Bii 0.056
Ferulic acid FiZ{R 1.499 Bt 0.053
Uridine JREF -2.852 > 0.048
Diosmetin-7-O-B-D-glucopyranoside 0.059 B 0.047
K K -7-0-B-D- & B
Eriodictyol E¥H 1) 2216 Bii 0.040
Artemisinic acid 7 582 3.646 ik 0.031
Trilobatin =M+ -0.202 > 0.021
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Hydrophilic substance
oo [ H Hyarop
[ Hydrophobic substance 54.98 .

50 |

ES
<

W
[}
T

Mass percent (wt.%)

[
<
T

Bl 2-29 345 B N R AL S R TR BUK PR A BT R 1 0 Ex EE I
Fig.2-29 Comparison of the mass percentages of hydrophilic and hydrophobic substances in the

chemical composition of the jackfruit inner seed testa.
2.5.5 SREEANME BRI LTS EE

AR 3R I3y, 9 2 N b RORORL I A0 S AU AR RE 0, 2 2R B FP SR
K 7 EERVE SR )71 LV o EeAh, 2 KAH v 23 TOHE 25 3 N A B RIORE I, 7T 19 5 2
FRFCIRE FE BRI IE 28 e /K I R T oK ), XA B T FURME R AR e« i SR ax — 4k
MRS, WAEn G A —E &,

B, ASCR IR I SR AR AL R, TR 0T 5 5 P A Bz ORI AN (5] S 2 A
MFACRE ST . TR, B nlikf sy &R (A2, MY G A
B CHM=ER) 1By, AR 7008 25 % N b RORURLFL A R 70 13 T 1k

(1) HERRIKIE R

N T PR T B P b R ORLTE S [R R B kAR K AR R R LA R, A
Ui E e (ABZHZ) BT AR A R b ke eihAl (EZELD), stinss R
K 2-30 Fizs.

M 2-30 FRTCUE Y, Ai7KAE TG540 = ORI ot e LR . ST,
23 5 B P Bl R ORI FE N 0.001 we.% P, {8 AEFE plfe e b LRI . it He P
2-30 (a)~ (b) A1 (c) HFLIRIR AR E M, AT LKA BRI BEIE F] 0.01 wt. %R,
BTl 4% (A8 — H 2R K FLIRWE, 7EFE = T REMRIHRENRE . X—H
RAR, % 5 Py R RORE TR AR R K FLIR R R R B R LR T,

JIT 75 UL B A O Pickering SR K] 1/1000 13
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K 2-30 ANFRREE (wt.%) F9 500 H 355 % A Ff BORORE LT BRs e 148 — F 2R /KFLIRIE (8

mL/8 mL) MISMULIE R (FUIRWE R 24 /NS (a)s — ) (b) MI—AH () FEaR - HbRE

B ARG S, FoRBRLR K ICN: 04 0.001. 0.003. 0.006. 0.01. 0.03, 0.06. 0.1,
0.3 A1 0.6 wt.%

Fig.2-30 Digital photos of o-xylene-in-water emulsions (8 mL/8 mL) stabilized by jackfruit inner
seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (Emulsion
preparation for 24 hours (a), one week (b), and one month (c) after). The numbers marked at the
top of the sample bottle are sample numbers, indicating the particle concentration in the following
order: 0, 0.001, 0.003, 0.006, 0.01, 0.03, 0.06, 0.1, 0.3 and 0.6 wt.%.

N T OO T 7 SR i 25 P o BRTRE X 48— R K FLROB R FLAL R
i FH 2R W) 8. Al 0t 11 2-30 m LU B0R T 3 EAT 1 I e , SEge 4 R WL 2-31

P 2-31 AIE 2-32 R, 430 20 B A A BORORLIR 2D 0.001-0.03 wt. %H
FLARVBBLR FRIRLAT B 2 ROV J5E 14 18 R B S /N o SR 17 4 OREIR 9 0.03-0.6
wt. Yol FUIRTBORRS IR il ORI E (Y48 K T e B A2 AL

45



TR A8
@ HOCRX)

(b)

Bl 2-31 AFKREE (wt.%) 1500 H 35 %8 AR BCBURL_E iR e 28 — R OKFLIRA (8
mL/8 mL) MM R (FLRWEHI% 24 /AN (@) —F (b) FI—NH (c). BA EEBFRER
HeE MRS, FoRBRLR KA 0.001. 0,003, 0.006+ 0.01. 0.03. 0.06. 0.1, 0.3
0.6 wt.%

Fig.2-31 Micrographs of o-xylene-in-water emulsions (8 mL/8 mL) stabilized by jackfruit inner
seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (Emulsion
preparation for 24 hours (a), one week (b) and one month (c)). The numbers marked at the top of
the picture are sample numbers, indicating the particle concentration in the following order: 0.001,

0.003, 0.006, 0.01, 0.03, 0.06, 0.1, 0.3 and 0.6 wt.%.
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Mass fraction (wt.%)

g-nJ»

Kl 2-32 AFRKREZ (wt.%) H 500 H 355 & N A EOBIRE_EIS VAR E HORR — AR KFVIRE (8
mL/8 mL) I EARAEE . (m) 24 /NS (o) 1 L (o) 1 DA
Fig.2-32 The average droplet size of o-xylene-in-water emulsions (8 mL/8 mL) stabilized by
jackfruit inner seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (m)

24 hours, (®) one week, and (A ) one month.

(2) BT/ KR &R

N T 0 R A Y B SR R ) LA PR RS, TR A ORI
D BARZATARIE A R P e A (E2$ 58, SRibgs ik 2-33 FioR.

M 2-33 AT RUE H,  A7KAH TG S IO T Bt e LRI . 40 %
ORI EE A 0.03 wt.%, HIL T BB FILG . @ XL 2-33 (a) (b) AT (¢)
AN, A AR BORLIR N 0.06 w.%I, i & (O FLIRRE fh R B =1
K JE AT RFE R AT B RS e M, BT 75 A JBURLIR B 1 5 #0 Pickering FLARVE A 1/16 £ .
X U0 I 9 R P R SO 0 e VS e K FLRT,  AERR AN TSR 55 A 8K LR
TR & = A
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2-33 ANFRREE (wt.%) F9 500 H 5% % A Ff BORORE I BRs e FRIose i 7K FLIRVEL (8
mL/8 mL) MISMULIE R (FUIRWE R 24 /NS (a)s — ) (b) MI—AH () FEaR - HbRE
B AR S, FORBRLR K YCN: 04 0.001. 0.003. 0.006. 0.01. 0.03. 0.06. 0.1,

0.3 A1 0.6 wt.%

Fig.2-33 Digital photos of olive oil-in-water emulsions (8 mL/8 mL) stabilized by jackfruit inner
seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (Emulsion
preparation for 24 hours (a), one week (b) and one month (c)). The numbers marked at the top of
the picture are sample numbers, indicating the particle concentration in the following order: 0,
0.001, 0.003, 0.006, 0.01, 0.03, 0.06, 0.1, 0.3 and 0.6 wt.%.

N T MO T L g 9 2 P o B ORE S 4T — R R K SRV FLAL RECR,
i B AR R T B 2-33 PRI R AT 1 IN5E , SR A IR LI 2-34.

MIE 2-34 A& 2-35 sl DU Y, FUIRTROBER BE 5 ORI F5E A 1 KT k) o
1 H., FUIRTBORE St B R A2 il 2 I 18] A B KA AN S o iDL, 9 B R B
UKL 48— F 28K FUIRBURAT R A I FLAERICR
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(a) ‘. ( { o8 »’!ca 3 o2 o

2-34 AFVKRE (wt.%) [ 500
mL/8 mL) IR R (FUIRMBHIE 24 /N (a)s — (b) F1—H (0). B EHARER
By e i T, R BRI LK UCA: 0,06+ 0.1. 0.3 F10.6 wt.%

Fig.2-34 Micrographs of olive oil-in-water emulsions (8 mL/8 mL) stabilized by jackfruit inner
seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (Emulsion
preparation for 24 hours (a), one week (b) and one month (c) after). The numbers marked at the
top of the picture are sample numbers, indicating the particle concentration in the following order:

0.06, 0.1, 0.3 and 0.6 wt.%.
38
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Kl 2-35 AFEWKEE (wt.%) 119500 H 3 % % Py dh BRURE b 7 R € ARSI 7K FLIRME (8
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o
=

Fig.2-35 The average droplet size of olive oil-in-water emulsions (8 mL/8 mL) stabilized by
jackfruit inner seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (m)
24 hours (e) one week, and (A ) one month.
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(3) B =g/ k4K %
AR CH =8 B AT ZLRBE R kel QEZEL, #F—
LT B E A M B R PR SR LA R e, Seae A R 2-36 PR .
(a) 20 13l 'Pwl s HleT TR s W9 U10

B 2-36 AFEIKEE (wt.%) 1500 H 9555 % AR BOBURL i R € 0 H i =B /K LR (8

mL/8 mL) FISMUIE  (FLIRME 4% 24 /NEF (@) —JE(b)s — N H (0))o FESI L EbRE 4L

FONFER GRS, FRBRLR RN 00 0.001. 0.003. 0.006. 0.01. 0.03. 0.06. 0.1. 0.3
#10.6 wt.%

Fig.2-36 Digital photos of triglyceride-in-water emulsions (8 mL/8 mL) stabilized by jackfruit
inner seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (Emulsion
preparation for 24 hours (a), one week (b), and one month (c)). The numbers marked at the top of
the picture are sample numbers, indicating the particle concentration in the following order: 0,
0.001, 0.003, 0.006, 0.01, 0.03, 0.06, 0.1, 0.3 and 0.6 wt.%.

T EE P 2-36 (a)s (b) A (c) RI%N, 249 55 % Py Fh R ORI 2N 0.01 wt.%
I, T 2 (0 FLARVBURE it i B = KR DD PR KF R A RS SE I, T /5 A RDRLIR E th
AL Pickering FLARVAT 1/100 1% . IX—BLBRR Y], P2 % NP BOBURLAE H M =
AR/ /K LA 2 BAT R FLAL RE
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)

©

2-37 ANFRREE (wt.%) F9 500 H 5% % A Ff BORORE b JBRs € 1 H il = e/ /K LR (8

mL/8 mL) MR (FLIEHI% 24 /MBS (2). —J& (b) FI—H (o) EH#E). B L

PREERI B RS, FORBRIRE AR KCA: 02 0.001. 0.003. 0.006. 0.01. 0.03. 0.06.
0.1. 0.3 1 0.6 wt.%

Fig.2-37 Micrographs of triglyceride-in-water emulsions (8 mL/8 mL) stabilized by jackfruit inner
seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (Emulsion
preparation for 24 hours (a), one week (b) and one month (c)). The numbers marked at the top of
the picture are sample numbers, indicating the particle concentration in the following order: 0,
0.001, 0.003 ,0.006 ,0.01 ,0.03 ,0.06 , 0.1, 0.3 and 0.6 wt.%.

PG AR B A S 1 il = 88K FLR B A SO B BEAT 1SR, i
2-37 Fiion o L 2-37 Rl 2-38 whn] DL H 5 430 25 B A B BORURLIR B2 D 0-0.06 wit.%
I, SLORTBOBER 1R A il 5 RURL IR FEE (1 3 K WIS g o AR, ORI
0.06-0.6 wt. %S, FUHRIB IR FRUARLAR: i A U A FEE PR 1 KT G B S 284

51



LI TRER AL 185

55
—=— |d
B —a—30d

[ L]
L -
T
/

Average particle size of emulsion (pm)

L]
-

0.0 0.1 0.2 0.3 04 0.5 0.6
Mass fraction (wt.%)

Kl 2-38 AXHIANFREE (wt.%) 1) 500 H 7 % % N Bl s ORI e g i) H b = BR/ /K FLIR
W (8 mL/8 mL) Wi KRR . (m)24 /NiF. (o) 1 JE. (A)14H
Fig.2-38 The average droplet size of triglyceride-in-water emulsions (8 mL/8 mL) stabilized by
jackfruit inner seed testa particle supernatant of 500 mesh at different concentrations (wt.%). (m)
24 hours, () one week, and (A ) one month.

Sz, T8I B THSEYG BIRAIE, SR R A B RTRLAE IE S bE K &F
ZR/K S RO/ KR H il = R K FUIRBR R s R B R i I FLAb e . DRI,
RO LA FIAE A E FUARVBT TH B A B0 A 1 1

2.5.6 TRE BN FLILRENRIIRS

— MR, B ER TR AR, SV B AR, TR R
R Fordr, 958 A R RBURLEE A [RI SR AL R i K FUIRAR R, 2R B
RAFIIFYERE . B4, 335 B AP B R 5t BA A2 e FLIR K RE 7108 7 %
TR, A A B AR RE ST HEAT TR T

2-39 BRI FESTFN 0. 0.0003. 0.0006. 0.0009. 0.0018. 0.003.
0.006. 0.009. 0.012. 0.015. 0.018. 0.021. 0.024. 0.027 1 0.03 wt.% IR L
JEW (8 mL, /KAH) HEEMARFIMIESS T (8 mL, WiAH) BTSRRI, $E 24 /b
I RS AP Fr o Horh (a) i B B AP BCBURL, (b) 9 ik 55 8 A M B RO
M RT DU Y, 8 5 8 ANl je RN TG A e 1E2$ bt K LR -

52



LI TRER AL 185

B 2 1137 T4

ADrr, | =

T i; Fee
3 i I |

- e S

Bl 2-39 A[FEIHREE (wt. %)) 500 HRORL b Isl i e 1 1IE 285/ /K FLIR (8 mL/8 mL) #ill 4% 24

NI RN (G AR (a). BEETEARNEL (b)). FEMI L AERE B R

G, RARBRLK AR YCA:04 0.0003+ 0.0006+ 0.0009+ 0.0018+ 0.003. 0.006+ 0.009+ 0.012.
0.015. 0.018. 0.021. 0.024. 0.027 F10.03 wt.%

Fig.2-39 Digital photos of n-decane-in-water emulsions (8 mL/8 mL) stabilized by supernatants of
500 mesh particles at different concentrations (wt.%) after 24 hours. (Jackfruit outer seed testa (a),
jackfruit inner seed testa (b)) The numbers marked at the top of the sample bottle are sample
numbers, indicating the particle concentration in the following order: 0, 0.0003, 0.0006, 0.0009,
0.0018, 0.003, 0.006, 0.009, 0.012, 0.015, 0.018, 0.021, 0.024, 0.027 and 0.03 wt.%.

L2 BT, TR0 8 A b R RORLC - A FLA PR RE, 1 2ORIE T
FAP S SRR o5 BB IR s F Ik o PRI, 36 SRR 9 5 A i R URE FY) 717 HEL
PEAEIRAEREAT 70K

I Jackfruit outer seed testa
35k Jackfruit i d test:
35 L[] Jackfruit inner seed testa eI

Zeta potential (mV)
o
[

-10

5

0
2-40 500 H 2 AR PR ECRURL_EIS T Zeta HAL
Fig.2-40 Zeta potential of supernatants from 500 mesh jackfruit outer seed testa, and inner seed

testa particles.
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T 5 B PN P RN A B RS V) zeta FRAZUNIE] 2-40 B . MEHATLL
B, EEENAMEBRE zeta BAL (-32.11 mV) ZE0HE BT 4R R ik
(-26.73 mV). AT, FBARBURL I SEER B — M N-10 mV Z2-15 mV, Ll
YN R 53 BRAE KA AN 5 SR, AT S M8 LR VR P i 4% o

B SR 33 55 8 A1 b B Ok B B N s B, FEAKAER A B AR . B4 R A
SR B ARl R RORE A B N L& RS IR, TE IR B A i/ K S T R R
TR BERRE, MM TEidFe e FURIEWE 2[RI, 5o o 2 3 AR Rz e L SB0RE (10 g 1 A T

THE%E (K 2-41),
0S 5S 10S

107.514?— 89.072"(‘ 79.059°(—

150.119°
Ve

B 2-41 FERI=ARBMLA K. A FRd). (a) BB IR (b) W30 %A TS
T (c) 500 H 7 % & S B Aok
Fig.2-41 Three-phase contact angle of the sample (water, air, and sample). (a) Front side of
jackfruit outer seed testa (b) Back side of jackfruit outer seed testa (c) 500 mesh jackfruit outer
seed testa particles.
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M 2-41 AT DUE H, 9525 B AN B TR T K E Ay, U ] (g
B (0-20 S) M 107.514°0/NEE 79.095° (& 2-41a). 3 55 5 1 5 1 T 7K 422 frh £
N 81£3° (& 2-41b), WERIH —EMISEAKIE. BAb, 5 B A B RIORE 1) 7K
fu Ay, Bt DS TR) (RN (0-120°S) AN 150.119°08/N 28 27.126°, I H B3 1Y)
SEAKME . HHETT I, 9 85 A Rl R RO G R R E FURW, R BRI HA G AR
e RSN, TCIEM R TE /7K ST b T8 i s B e, AT G R e LRI

2.6 KEINZE

1. 93 55 % Y P R 0K IG 75 SOME RV AT AR08 TE 58 05¢/7K Pickering FLIRWE, HFT &
WEAUN 0.0009 wt.%, A Pickering LRI 1/1000 5. BbAak, %55 % A Fh
B RORLE T pH N 3-10 KA R, HA BT 8 VG

2. B E NP R R RR E FLARIR, R AR T P IR SR K P BRI
SRR HLPE o AR, 2 7ORE 4 RO B P b RORIURLIN ,  PTHE nEE SEAH R B2
AR IEZS be /K 1) ST sk 77, XA B T R AR E

3. VEEE N B RORURL AT DARROE Z R, AR, SRR AT
W=HE2K, HA R B —EEE .

4. BB AN R RORL R SR B K PR 22 S BOR,  Tov IR AR /K ST BTk
[ R BERR, AT TCiE AR e 1E 225t/ 7K Pickering FLIRIE -
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F3E HEEAMEFRIZERN (O+S)/W F (S+O)y/wW #!
Janus FHZZLIR &

3.1 315

BAME/RKI, RR IS KEMRE N (KT 0°C) kAEMAE, FHE
TR R T K B [ [ R UK & o B A ENIRRSE, SR 2 A8 N ER UK A 4L AR
PRIV, AT il 35 B SRV AR R THT R AR 1, W] 3-1 o 23X — LRI
JE R A SC VAR T R — B DL ] A AR R AR AR A R (S) [ (O+S)yw
(S+O)W %4 Janus R -

H#T, Janus FLRIE 072 EBLEHLE (Wi+W2)/OHOIEL (01+02)/ WHIFLAR IR,
FORSRE BT 2 W P R AE /7K ST B TR SO R R B B . SR, AR X L
&R H, EEAR (S) 5 (0) ZIMHUNYE R ZES, SRR S M
N LT 531 R 0 LRI T T W B v i 2, 3 301 AR E 20 B, AT BERAIG
FURB IR E M A, 15 AT AR FRORLFL AR 7E [ A% 8 Janus FUIRBRR
FEHI T B3GR e e, 0 1) ] A Ay s A FLRIBOB0 22 T 1 3k, AT T A L FERIORE 7L
IR E M B A A AR D RE I Janus FLARE A R 16 2

WRAEEE 2 T AT RN, I 55 B A P R ORE TG 75 O, R A T AT R S K A
By R, ARG 2 [ 1 R B /7K ST b TR R A B B, I REAE R L
PRI 2 8] 7= A BB (R P e 0o T BA, R LA TR B A% E A ATG Pk 52 T 1)
PR s M FUIR o DRI, AR STASE FH 93 85 3 P ol e 0RE 3B VR kAl (W), [l
AR FEHARAE AR (S), TEZSKEER A9 i EAMAE (0), DA HhifE -2k
JEH] (O+S)/W 1 (S+O)/W ! Janus AHAEFVRIE . BbAL, ZFIRMEIE RIER e
KARY] . AL IR FE S e 5 R S5 U R A RAFI S 7).
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K 3-1 ARl R R A i AR A fn B

Fig.3-1 Schematic diagram of interfacial phase transformation process on the surface of foams at

low temperature.

3.2 SEIEMAL

1EZE4E (N-decane, #if>99.0%) A9 FLt (Perfluorooctane, L2724,
B E R T AR A RAR .. VIR Al OREEg, 60-62 °C), WH i
FMAENRHEARAR . BRBi83 W H Fisher Finest. HHIMMOLAES, &
% 250 + 1 pm, EL4% 100 + 0.4 mm, HFHZE 10-50 Q-cm, W H#TLIL &G AL .
P 4R JEAEAE . SEBe £ 577K (HHitech FIZesEEn 4K R4,
Basic-Q15) #1715, HFHZE AN 182 MQ-cm, pH N 6.5£0.2. WEEM 7 H &
BT

3.3 SLIG{NES

R 3-1 PriEHmEER AR, RS MK

Table 3-1 Names, models and manufacturers of the used major equipments

& EL S WHNS VARIEAY N
R E AL JP-040S TR i RS Be i % A PR A ]
A AR WMS-1030 TGS A IR A T
AT DZF-6050 SR T AN E FL 2 A PR A
TG ALK R G BASIC-Q15 MBS A IR AT
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Bk 3-1 Prif A EER AR ME M) K

Continuation table 3-1 Names, models and manufacturers of the used major equipments

B AT & Ziths VARV S
TR FA2004N BN T SR o R A PR A
7Y, S RE R LT G ) S-4800 H A H Sk att:
et Ht hi k2 DF-101S M AR A A PR A
B RN PR I AR ZNCL-G240*150 HIRR PR H IR A7
HL VIE IR /K T4 DK-8D L EREA A IR A A
JRALZLAM G TEAR NICOLET iS20 Thermo Scientific
A= ni e DXR2XI Thermo Fischer
[ 45 oy A A STA449 F3 NETZSCH
FRe B T D-160 KIEAMER AL FO B A ]

3.4 SLIHE
3.4.1 ARAEKEARFHNZEEHETIR

N T ARAL Janus FHAEFUIRIR I 4, A SCE SE XA [R]AE 4 22 16 S ETAH AZ B
AT TG . BARSEEPIRUTT . Eo5E, HME MM AR 5 IEZS . Fifa
B AR R E T 30 mL IEERI (927x72.5 mm) . B, HREAIHE
ToKBET I, BERAWTEEEE, BEAKRS R ER.

3.4.2 A REIMAEARBRAIIERIE

N T IRNFEFEA R AR R S AH ISR 22 5, A SO IE 28 i+ s Al 4
AL AR RBAT T BLRAL . ST A BERAEZ AT, 12 11 BREREE
il 4% 7 A+ RS BRSNS S .

{5 F A 20 78 Y6144 (FTIR, Thermo Scientific Nicolet iS20), 18 i {8 B 4%
BN TS (FT-IR) 7087 7 As IEZS b e MR EY) (REE+IESE k.
A+ TCELT) LZLAMFERS, 20T 7E 4000 2 650 cm™ IR IAI AT

K 21 (RS, Thermo Fischer DXR) KM 532 nm WO K, 1E 50
£ 4000 em WE TAME . IEXNE. RRCGERELHIRAEY) (AEHIES. A+
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R K T4

15 F 1) 25 #4843 BT A (TG-DSC, NETZSCH STA 449 F3) il 7 A7l IEZ8 )5
DRCERE L INREY) (R IEZS B AR AR EE . TR
SENE . WHREAE y: BARAT, FHEIEZEN 10 °C/min, J&E X [E Y 25-700 °C.

3.4.3 FWKBHIHIZ

B4, fEH FA2004N 73 H7 R -~FFREIT 75 o7 5 10 9% 25 8 A M Bz Rkr, 4 L3
¥ % 30 mL B, MG EREE T/K. #5E, H JP-040S A TEBENL
£ 40 kHz, 120 W IIDIZR R 208 1 408, AERTRIS &) 7 e KA T, B B s &
SRR BB . (EEIRTHE 24 h 5, MWEERPHCE BT iR B Bisw, %
HE#E 30 mL MFEAT, HMANEEMNEE K. 858, RIS =
A IEAIESS b (BT, IR E TR T . BE S, RSN 70 °C
7K RN, HEAE TSN TR, S D160 ¥ B E 10 E R
ST BT UIAL B . £E 70 °CRIZKIFRETH, LA 10000 r/min (%% 38060 FF ik
AT BT UM BE, FELERT IR 2 73l B, R I TR KB, fd
HIZMAHRER, WE 3-2 fix.

[ = = = e e e e e e e e e e e e e e e e e e e e e = = = I
' [
' [
oot
| ‘:(i((((;“i s I
Q¢

1 — o ¢

Saensed (i :
I 0’: °=°°’°‘8° =°°°o°o° 'o°°° . I
| oS 0%%%os :

: Paraffin wax(S)
| = Cooling
] I
C(

I & Homogeneous shear I
I %00 008 » °°°O°o°o°o°o°°° . o

9502020 % %% 900 ew.s?  under water bath heating I
I e8P & o oo w

0%°0 .°°°°o. rrrrrrrrrr
I 00%%%e® Perfluoro ctane(OZ!

Water Perfluorooctane Decane

° Jackfruit inner seed testa particles ( Paraffin wax

Bl 3-2 JEEE N RTRLAS E 1Y) Janus AHAZ FLHROR

Fig.3-2 Janus phase change emulsions stabilized by Jackfruit inner seed testa particles.
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3.4.4 FLRRHIE AN FRAE

22 2.3.11 FUARIE ) 75 O R AE
345 ARBTFIREOFRIE

2% 2.3.12 FUIRMET 15 KB BRAL
3.5 HR5HE

3.5.1 ARIMEKRFHFEHETRR

25°C 70°C }\*% 25°C ( Paraffin wax
=2 U, 5|2 208 |G
1B S %‘iéé 2| |2
= - == —— = Decane
—§ - Heating =[{- Cooling —g-
O ST 2 Y e
(b)

r—-—~=""~"~="="="="="T=-=~=7=777°7%

Bl 3-3 AN[RIR A 2 ST A AR I S0 B B P AR A A A« () MR AL A 0 5 T 8 b R
GRR, (b) BMEARR KA S SR ERRA AR
Fig.3-3 The variation of interfacial phase change phenomena with temperature in different mixture
systems. (a) a mixture system of paraffin wax and decane with similar polarity, (b) a mixture
system of paraffin wax and perfluorooctane with different polarity.

Wik 3-3a fios, ERKAE (A6, SmL) SASIESRE GEWH, §mL) 7F

R TFIRA . RJF, BREWINNE 70 °C, tif —FH R T B MR R &
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I EIEWIRGS . R, SRR S B RS A 2 25 °Cirf, JATHER—1F
BIILE : BB 7 ICESHR &Y, MARRE 2 B RS X IR 6
R T A S IEZS B BA AR . AHEC TS, Al 5 a1 S e 4D
AR IFR ZIERMAMILR (B 3-3b). MRS S5 2% LT (4 mL: 4mL) 1
R 70 °CIY, TERL WIS, JF B AL E R 1 IE W - T (i
it LR, ERCERAT RR). WA, AR ER A ZE 25 °Ci, FFRIE
SOESR G . vt — bR BRI R M E R, BRATWIIT 7 A, 1E%
Bi ERAELT A/ 1SS/ 4 5 e R R B I

3.5.2 NEIHAEA R AAIERE

Perfluorooctane

2848

[ ond
N4
<
—

4000 3500 3000 2500 2000 1500 1000
Wavenumbers (cm™)

Bl 3-4 fFlf. IESShE. Db, A/ RS A /A R R S AL A K

Fig.3-4 FTIR of paraffin wax, decane, perfluorooctane, paraffin wax/decane mixture and paraffin
wax/perfluorooctane mixture.

ATl IEZS B R RCE R LR EY) (A IE S A+ R E) I FTIR
JEHEE 3-4 FiR . AR FTIR JeikH, 2955 em™. 2917 em™ #2849 cm™ At
I T -CH. -CHs MI-CHy [0 AR 4GRS, ARII 1 Al 53 (1) Y
RFIE . 1467 e &b AEXS FRAR AR BN X B-CH, F1-CHs 2£ 1, 723 em™ M| /&-CH>
B R R IRBHIES], TEZSEE FTIR Jeilirh, 3447 cm #1631 em™ 43 5i%f B
KA O-H BRI 4GRS #iHRE50; 2919 em! F1 2851 em! Ab g B 6 AT TE HH 3

C-H SERF ARSI 1350 e KE I SV FY B P ) 98 43 R s e 11>2) . A g 3 e
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[ FTIR Y6 2R, 1235 cm A 1143 em! 43 B%F B C-F 8 X6 AR AN S 6 Bk A 4
3N, 1M 1008 cm™ MM EHE C-C SR AaHRBN IS, Ak IE S8 R G4
FTIR Sk s im s i SRS, ER BT I, R B 1) 7 - 25
FIFNRMEAR AL, YRG5 ARTE OB Ak - s sl D e e . ML N, Ak S5 25
FERTR-E PRI A SV REIR S, (E I TR olioig, HO R 2 %
Wham. BRI E, AWTENBENEY), HFERINEET C-H; A5 E i fE
NEBALAY), HEEIRSNEET C-F 8. BAE IR HIE G T C-H Ml
C-F B MM EAER, SBURIMMEREA T8 PSR 7T fg B AR K- 1%
WAE AR R BE AR A D S R IL AR BLAE A BRI . A E A2 EARTE ORI
AN REECE RE ], (H 51 [RIAH EAE R OO TR SR IR SR, S EURBIINE K AE
/N, FAAE FTIR il R I HT I I H I

Paraffin wax + perfluorooctane

Paraffin wax

Paraffin wax + decane

Decane
Perfluorooctane
=~
=
«
N’
>
- TR
& gs 8 3
Q ik =
= [l 2\
Lo IO o o wglg
w9 SRS
&= 8 3= 8 tk\
) )
22 Qg
L 1

500 1000 1500 2000 2500 3000 3500 4000
Raman Shift (cm™)

Bl 3-5 Al IEZEKE. ARELT. A/ 2SR e A S TR S A 2 A
Fig.3-5 Raman spectra of paraffin wax, decane, perfluorooctane, paraffin wax/decane mixture and
paraffin wax/perfluorooctane mixture.

Kl 3-5 s 1Al %k, R RS (AE+HIES . Ald+4
FoERD) 206 . ISR 10564 1125, 1289, 1436, 1457, 2717, 2844
A 2877 e AL T WL R IRL 0, S HIRE T C-O B FRIZEIRS) . C-C
BEBAEIRS) . -CH2 A HI4R3N . -CHa AERTHRES thiR3) . -CH, 12 dh A% 5)
3. -CH2CHs 4R -CHa FINFRRBIA -CH, IR FRIRBNI, RS

LEHIGIELE 1296+ 1439, 2723, 2851, 2874 F1 2928 cm' kb T &2 1H: =
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W, 43 5%F B F--CHa fO72S Hi3RE . -CHa AIAEXT RS iR Bh. -CH2CH3 {45 HR
. -CHy X FRIRSN  -CHa IFEXT FRIR BN AI-CHs XS FRIRBNISS . A58 Kt (R
WENTE 438, 748, 808. 1414, 1532 fi1 1639 cm™ AbEIR T Hi 2%, 4355 C-F
eI HiR3) . -CF MRS -CF FI#E8hR3N . -CF, BN FRH4aR3) . -CF,
FIHEXT AR IR A 4R 3N LA K C-C i BRI AR R AH S 30) . it/ 1 58 e VR & P ) 2
TR hr B RSN, FERREE . TE LA B A TR O 2 A X ]
e KON 1) 43 1 S5 A AL 2 PE BB 2. AHELZ N, A/ 2 RCE iR &
Vvt hr @61 AL T A A4 98 e I ARAAE IR B, W ) 2 FEE MU 5 38 LR B 17
BENABN . X—IRRE TR G F A AR, S8 T IR

2T

Perfluorooctane

Decane

Paraffin wax

Paraffin wax + decane

Heat flow (mW/mg)

Paraffin wax + perfluorooctane

30 40 50 60 70 80 90 100
Temperature (°C)

Kl 3-6 Al IEZEkE. b A/ EZS BEAA S 4 5 bR S Y DSC 2k

Fig.3-6 DSC curves of paraffin wax, decane, perfluorooctane, paraffin wax/decane mixture and
paraffin wax/perfluorooctane mixture.

N TR IE SR A TRCE e A VK A K, 34T T DSC MR, 45 R

B 3-6 Fion. Al Ao/ 15 28 B AN A i/ 4 0 e IR A 0 1 DSC il 2835 S
AN ARSI . BEAh, IEZSGERI A S bR DSC 2k AR SR BRI, X
AU/ T SE JE R I/ 4 3 Bl S D IR AR AR AT  A Js 5e 4 SRR T o 5
56 P A FH A R 2 IR R IR G, B DL DSC i Bl 17— AN ki
A=A T2 08 o PR HE LR AR, B2 Y B, AR A ol - [ AH A, T 32 068t LA
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v BV, AR AT I O - A AT
%32 Al /RSB R A R R A ) DSC A5 R

Table 3-2 DSC results of paraffin wax, paraftin wax/decane, paraffin wax/Perfluorooctane mixture

Sample Melting process
Toneset (°C) Tpeax (°C) Tendset (°C) Him (J/g)
Paraffin wax 45.10 55.13 66.82 168.71
Paraffin wax/decane 44.04 55.06 64.30 106.94
Paraftin wax/Perfluorooctane ~ 45.82 56.59 68.46 153.80

DSC 74 a5 ingk 3-2 fion. H3R 3-2 WAL, SaiamHit, Ais/iE
ZEERGYIIETEAL A, RS BE R, X—BR RS BRIk 5 AES T
GERE B B AR A DG o TE S AN T R IR T 350 20 A W 1) Al A& 5 4, B
8T Hdas e vE, AM/D VIR G VISR & S 5 —J7 1, A/ 4
TE R A SRR AR A PR BE . IX T e T A e b C-F B #via
sEVEET C-H B8, [, RAEWIRERAE IS T 20A 0, XA R T2
SEREI 2T 450 B 5 A b 22 SRR, TR A i A AR 1 s A B, A
BIR T IRE D IERLLE .
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Paraffin wax
100 Decane
Perfluorooctane
Paraffin wax + decane
80 | Paraffin wax + perfluorooctane
—
X 60 | . i
~ ]
~—
=
& o
§ 40 | g
O
g2
20 B 3
l(l)ﬂ 2(‘]0 3(‘)0 4(‘)0 Sl‘)o 6l‘)0 700
] &
0F
1 1 1 1 1 1 I

0 100 200 300 400 500 600 700
Temperature (°C)

Bl 3-7 Al IEZELE. AT A/ 2SR i A SR S TG 1 DTG
Fig.3-7 TG and DTG curves of paraffin wax, decane, perfluorooctane, paraffin wax/decane
mixture and paraffin wax/perfluorooctane mixture.

Kl 3-7 BoR 1A, IEZSbE, RRCER LIRS Y) (ARSI A g +4
L) FAE TR R I 2R . RS AE 283 °CIFSE Ak H, HH 180 °CJa
2K B 5 T A B A O AR AN 7% 51000, IEZ$BEAE 177 °CHf 584k E. BT A
i ANE 2S5t B AN R R R iR B, DA R AR AL, B B0A I+ IE
LRGeS VI o L AR 73 I D o BB — 0 K AEAE 145 °C& 227 °C2 1), FE M IE
BRI AR K G B D RAETE 230 °CE 292 °C 2 i), EEHAMEHI AR ES
o AR AR NP, S RAEALE 130 °CA 183 °CLH], F#E
AR R G . 580 KAETE 459 °CE 479 °C 2], F B 45 )
WO AT B AR FOR G 5, R — 28, JRAE 279 °CI 54 2k

REERRH, FEIEZM AR L P RINA RS, BERS T RS0 A0
FERIAEENE, BIR 7 IHAE 70 CC A KRR, ML Janus AHAEFLK
[ & . FETFWFIREAYI DSC. TG Al DTG MRRSE R, 135 08w R K
(100 °C)J, Rl £ FLIR B /K i B E A 70 °Cs
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3.5.3 EZENTE BRI ER Janus FRTEFIRR

MRAE S 2 AW AN, 55 EE A M B R 7 e, R REAEAR AR IR B R AR
%€ Pickering PR . AT LA, A SCHAEEAE Bh i 55 % N 2 ki #5E Pickering LK
TR R [ Ak LTRSS, SRk Janus FLRVEM0VRAR T H, MH s AR e . 1k
4b, P 3-3a MISEIGIL R R, SR LR A IE S e A A s, L
BT SR BHRAE . N T SR A A TE S 2, LIRS 8 B A i
JEE, CRA i S IS B AR AR i a9 1:300 1:25, 1:20, 1:15. 1:10 A 1:5,
HRe K EEVE N 3:50 B2, il 4%t 1 —Fh A 5 KB (O+S)/W A Janus
FHAEFLIRIK -

0.15 wt.% 13 5 % 3 P JORE E 3859 -5 AN [ AR LU R e 0 1E 28 St V5 )
FLAL 24 /N JE AW A0 ] 3-8a AT 7 o M PR R RT AW S22, i 45 7 s 2 B ) 34
B S JEHKAIAT H SR3G 2, xR I LRI A e M B 6 A s = X 3G i T B
I FLRVE M B g (K 3-8b) AR EIE (B 3-8c), dE— DA T AT
ARSI R Janus FIRFRIE . T340, A5 ERGARBE N 1:5 1,
FEAE S PO ER 3 BRI WA 5

R S 5 AR B, IR FE IR 9 25 P B JURLAE S LA R e % R D ) 2%
(O+S)/W %Y Janus FHAS LRI . BEAE, B oA i 1) 2 B0 LR 1A e 1 A A
W45 46 BA B () s o
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3-8 0.15 wt.%[1) 500 H 7 4 % Py M R R0RE BB RRSE 1 (O+S)/W 2 Janus FL (3 mL 1E
Zei+ At/ S mL £ BT K). (a) BT 24 h GG A (b) BESFLAL 24 h 5 R R
B (o) FERMERER L) i e B g . B L3R e RS S, ABC
i 1-6 SIARNT R, RN S IESS AR LA O 1:304 1:25, 1:204 1:15, 1:10 1 135

Fig.3-8 (O+S)/W type Janus phase change emulsion (3 mL paraffin wax + decane / 5 mL
deionized water) stabilized by 0.15 wt.% of 500 mesh jackfruit inner seed testa particle
supernatant. (a) Digital Photograph of samples 24 h after emulsification. (b) Micrograph of
samples 24 h after emulsification. (¢) SEM image of samples dried on a silicon wafer. The
numbers at the top of the glass bottle represent the sample numbers, ABC 1-6 correspond
respectively, indicating the volume ratio of paraffin wax to decane as 1:30, 1:25, 1:20, 1:15, 1:10
and 1:5.
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ZEpe+ A/ 10 mL £ BF7K). (a) FERFLG 24 h JSOERSIR T (b) T 24 h JS IR
R (o) MEafERE T BB R R R . B B AR B kg 5, ABC
1 1-6 SIARXT R, R Al 5 IESS BRI ARA LEAR O 1:30, 1:25, 1:204 1:15. 1:10 #1135
Fig.3-9 (O+S)/W type Janus phase change emulsion (6 mL paraffin wax + decane / 10 mL
deionized water) stabilized by 0.15 wt.% of 500 mesh jackfruit inner seed testa particle
supernatant. (a) Digital Photograph of samples 24 h after emulsification. (b) Micrograph of
samples 24 h after emulsification. (¢) SEM image of samples dried on a silicon wafer. The
numbers at the top of the glass bottle represent the sample numbers, ABC 1-6 correspond
respectively, indicating the volume ratio of paraffin wax to decane as 1:30, 1:25, 1:20, 1:15, 1:10
and 1:5.
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N T ERITHKAEF ST (O+S)W Y Janus HHAZFLIR VR i M 1520,
Wi AKARFLL AN 3:5 WHE N 6:10. MK 3-9a HHAT LUE Y, Bl A& =03,
FERRAKAEIS 2, X 5K 3-8a TSI G Jeok, FURE S5
B (B 3-9b) Eox, FURBBGR LI 2D 7R AR, IF BB R BE
A A R IR R, WK T 3-8b PSR B W . FLIRIR M
BKE (K 3-9¢c) #t—2 R, FrAEEMLEONE/MET Janus MAEFURW . 75,
B S RS 1:5 I, REGL T RS S T BRORMIEFOR A 1, JF H.
PHEMEREENZ . R AERRY], LAk 5 IEREMEREA 1:5 1,
$i v 7K AR B T 3 RN~ R A i 10 2

DRt KA 5 IR 2SR AR AR L 1 o 1:15, TR 42 1) e 7R R A4 R B AR Tk
N 1154 2:14 3:134 4:124 5:11 F1 6:12, LAHE— B 7E /KR T AR AL ST (O+S)/W
7Y Janus FHAZFUIRBRG EVERIREIT . AP 3-10a H] USRS, [ 25 il /K AH AR
FERIHE R (1:15-6:12), FF i B 7K AR/ o di i LR ) R B8 (B 3-10b) 7]
PRI, AT FLPRIORE S B0 R 8O HT, I HIB0m 2 A 30 1 W 2 1 4
4. MeAh, MFLRE R R ET RS (B 3-100) H AT DARER 3 2 kiR A2
HOR A, Xt — B R FE AL AR Janus AHAZ R .

FRsaGaE RERH, WAKARELNT (O+S)W Y Janus FHAEFLIR R AR 8 1
ANGROL 25K BA B Rl 2 I 5 IS AR AR L 105 I, 4383
FKAHBARREL, AT LA R BRI 2 BROHR A i 15 0% 1630,
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\ 5 7 V4
X 20um g 2 § = A § 20um

K 3-10 0.15 wt.%[1) 500 H 7 55 % P Fb iz okt K& e 2 19 (O+S)/W & Janus FLE (1-6 mL

IS8 E+AT 0/ 15-10 mL 85 77K). (a) FEAFLAG 24 h JG FERSIE A (b) FEAFLAL 24 h 5

BRI R (o) FERAERERN ETRERERM R EIR . B AR E R AR R,

ABC 1 1-6 #JAHX B, it 5 IEZS R AR RLLE Ay 1:5
Fig.3-10 (O+S)/W type Janus phase change emulsion (1-6 mL paraffin wax + decane / 15-10 mL
deionized water) stabilized by 0.15 wt.% of 500 mesh jackfruit inner seed testa particle

supernatant. (a) Digital Photograph of samples 24 h after emulsification. (b) Micrograph of
samples 24 h after emulsification. (¢) SEM image of samples dried on a silicon wafer. The
numbers at the top of the glass bottle represent the sample numbers, ABC 1-6 correspond

respectively, the volume ratio of paraffin wax to decane as 1:5.
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30um ANy = 30um 2 ¢ g R Sopm

B 3-11 0.15 wt.%H) 500 H 7 5 % Py F Ol ks L ig e e i) (S+O)YW A Janus L (1 mL

RRESEHAE T mL 28T K) . (a) AL 24 h JERIERL R (b) RS LA 24 h S
BHER (o) FERALL 24 h RS EMIE T (d) FERTERS LTS s EIE.
BB AR B AR S, ABC R 1-6 AT R, Ron A 5 IR S8 AR R L AR
UON 1:304 1:25. 1:20, 1:15. 1:104 1:5
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Fig.3-11 (S+0)/W type Janus phase change emulsion (1 mL paraffin wax + perfluorooctane / 7
mL deionized water) stabilized by 0.15 wt.% of 500 mesh jackfruit inner seed testa particle
supernatant. (a) Digital Photograph of samples 24 h after emulsification. (b) Micrograph of

samples 24 h after emulsification. (c) Micrograph of dried samples 24 h after emulsification. (d)

SEM image of samples dried on a silicon wafer. The numbers at the top of the glass bottle
represent the sample numbers, ABC 1-6 correspond respectively, indicating the volume ratio of

paraffin wax to perfluorooctane as 1:30, 1:25, 1:20, 1:15, 1:10 and 1:5.

Kl 3-3b MSLIRILGER I, SR AR R 2 e e e s 205, Uk
IR, IE SR 7B 0 R 2 S, X RIS R T A e S
BRI R PRI, AR SO A peoR B AR IR 28 e, SRS A St 55— 4
SF LY, AN A A s B 25 5 78 LR VBH ¥R 28 T & A AR, SRR AL ST AR AR
R HE AN, KK EE e A 17, [ B 4 A i 5 4 3 e AR AR LUK P 1:30,
1:25. 1:20, 1:15, 1:10 A 1:5. &%, #l&H T —FHAE IR (SHOYW
A4 Janus AHAZ LR -

MR ERIER PG, 4k 24 h GNP WIE 3-11a fos, £85I
N=E, FEFHSE 3-8a PSR BININRAMERE EZS, X—BnTfe S5 Ak
A Z A% B R e TR ZE A G, BRI S, IEZS BRI /N T /K R4 i,
T4 38 Jo WA B, 3 ASE A LRI PRI T BB 51 7 e A i 5| P 2 A A AR SR
JIVERT. [RItL, HEURE S E B0 2 BRI A e 5% 25 8 A b R R0RE 3
AT RIS+ 3 50)/ 7K A Janus AHAR LR . AR B (B 3-11b) &
s FTAE LRI it IR0 RO B s 1 — 35, I L i s B 1 B i
raak. thah, MFRETIRE SR A (B 3-11c) MR BRE RS (& 3-11d)
H AT DA 52 31K AR A 2 BIR A 5

R SREG SRR, R AR M A 2 S ROR B A SR e A A
AR HE R Janus AHARFURIE M & RO . A, 8 58 Py i R RO LAk R 7R L
PRI TR i) [ Ak LT S, A B T35 T Janus AHAZ FUIRVR RS e pEB 121,
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3.6 KRB/

1. ZEAMRIBOGTE AR 2 i o A 1], A it 5 TR S8 I5e FAT ARBLR 23 1 IR
DR LG VR 5 0 TE A4 ) J5 RERE TE i SR B ) » T A i 5 A e Be Ak 1 22
FROK, FEHLRAWEM R A N R SILELSIR G, M HI T iR
[ JZ IS

2. DSC MARLE R R, 54l AL, A/ EZS R A Y ka X R AR 42,
Rl W PR X R B IESS e T A 3R o da Ak 454, BRAR T H AR E M,
MR EE T PETERE G T &R 450 . M, AR/ AR ERA YN
F R (X TR A 28 5, s s (S 2 A BRI o 3 3 T HL o ol A R e M R R IR /N
AT S 3 A 5 I R AR

3. TG M1 DTG MREE R R, i IE R Fiih & 4 5 e ol i, 3%
KRR, RS ARAE, BREBEANMREERERS . X—RKH AR
T A SR PRV B IR R T EE S H

4. 1% A BE/ANT A SRR IR SE B AR Al Be 9% & el D IR B I
(O+S)/W %Y Janus FHAS LRI . AHI, 3% F %5 FE KT A i A 7K ) 4 S e A i
. REfEH A B HIEE) (S+OYW B Janus AHAZFUIRW, 40 3-12 AR
e A, A i PR A AR L 5 A i o FLAR VR AR MR NGO &5 7 B B RE I

(.

Liquid-solid -
structure

Solid-liquid

ry

- Solid
L iquid) o

structure

Decane Perfluorooctane Paraffin wax
° Jackfruit inner seed testaparticles

K 3-12 (O+S)/W Fl (S+O)/W ! Janus FHAFFL IR S5 F 7~ = K

Fig.3-12 Structure diagram of (O+S)/W and (S+O)/W Janus phase change emulsions.
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28 4 & Pickering T AR ERIFIZ

41 5|8

W AR A BEUR SE LRSS eI il () H 2 7™ 5, TR TETE . IRFEERL &
A HAEREIR A R @A ). IRk, AR BHE N GG RERRL, (ENREREATF
U B T BRI A1 18) ARASRERL 2 N T I REAA A RAE R G, I
FAAR S A il 5 2 S EANAG 22 A4, DR FEAG 8 MR A A F Ik e AR T
NEE, B AR RL, B R AR il RRRAS AT i 4%
DL, SR, AR A, R I e R AR SR I I AR IR I AR
AL 1700,

WU B S AN E B R ) — A ROT %, Reibilt e mitittls, [RIItRE
P e FUPR B S R R BB 71781, Pickering FLARMEASAR I A & — Pl s B
7 5y SEHLI B8 SRS, RES AL B 1T S NS 1, I 1Y s A e ME AT DI REVE

MRS 3 T8 N AR, 08 B Al B RO A LDR ROV % T e 8 T Jl 2 ] )
] % 57 T, A7 28 ) ] A ek AL DR VBORRG O R TR 1, T 2 v LRV )
Rk, BRI, ASCUINE S S A EOBURAE v Te s, AR N, 4G
Pickering FUIRBMRIE, B A & 1 BAT mife g PR A AL Ui 3

42 KGR

1E%%5t (N-decane, 4l/E>99.0%). 49K S8 ALAERURL (SiO2, 4HLE>99.0%),
W E R T AR AR AR . FoNki ik = AR (CTAB, 4
>99.0%), MH Sigma-Aldrich AF]. VI Ak (B, 60-62°C), WH Fig3
TMRAENEHTE IR AR . BB F W E Fisher Finest. FLIHIMSHER, JEE
250 + 1 pm, Ff£ 100+ 0.4 mm, FEFHZE 10-50 Q-cm, W HWVLIL AR EHEHS .
P53 SRR AT, S50 F 25 B /K B (HHitech FIZR S50 = 417K R4,
Basic-Q15) #1743, HPHZE A 182 MQ-cm, pH AN 6.5+02. WEHEM A &
BT
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4.3 SCI{ER

R 4-1 Prif AR EER R AR RS X

Table 4-1 Names, models and manufacturers of the used major equipments

- E AN & Ziths YASIE S
A e JP-040S BRI RIS vE i s A IR A
P AL P FS-250N N A S IR A A
A=) AR WMS-1030 ot | D e MR S /A
AT DZF-6050 IR A R A A
IR EAUK R G BASIC-Q15 EHERZAGE AR 2w
Yy R T S-4800 H A H kot
IR FA2004N M TSR T IR A PR A
S S ALk DF-101S HM [ AR A PR
BB PR AR ZNCL-G240*150 HPRARNAER IR~ 7]
)R A HR-25 BTl AR A A
FRe B T D-160 RIEPLBICER AL Bt 2 F)

4.4 SLIGFFE
4.4.1 4K SiO, BRI IR ARRIE

(1) F B RAE

TR FANK SiO2 BURL I TSR AR EE , {3 H A< Hitachi S-4800 %437 & 43
Fi T AR ORL AT TSR

FESAI: F 200 puL BB AN 0.1 wt.%HI982K SiOr BIF i rh I 20 pL,
TN B SRR EEE b, RS ELE 25 CCRITEIRAR P T TR

W72 1 2%, XS PR R T Wi A0 3 . #5545, ) H A Hitachi
S-4800 A4 FL T R AWEE, NP RE Al g AT AR B A

(2) kL bL 2 AR 52

{8 FH§ Micromeritics ASAP 2020 MP 244> F 3 LU 2% AR S AL A 3 B4, 6
FIORLIG) LR T AR RN FLIE 5T T RBMEHT
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FELHI G B0, B 1g WIUARES BT 45 CCHIMFT hT15 24 h, DLEBRFES
WK RN T . B, 15 IORE A% 7% 28 I OR A7

MRRTT: B2 0.1 g TS K Sio Mk, BT 77 K FETHE T
BEAT A . B DR S SR TH 58 BV IR BIE S IR, RS R ik e
N 523 K FHE4E 360 mine fESLIERE T, G825 R AT e S T B AT A )
BRARSBAIE KM S) « e s LR TR ) TH LT Brunauer-Emmett-Teller (BET)
PR, B HTARNE 71 (P/Po) 1 0.05~0.30 [X 8] N I B S H . 545 B AL
KA Sper, H7N m¥/g.

4.42 4 SiO, Bkl Zeta BEAL R R 1R 55 70 8O E

BERHI % B FRESECN 0.5, 1.0 A1 2.0 wt.%HI45K Si0, Biki /BT 8 mL
[ 1 506 SRR IREE (cme) ) CTAB /KGR . 835, FHAIETIL JP-040S
E 40 kHz, 120 W HJZhZ 7080 1 70%h, SR FESIR T #f & 24 /I, {08k R
B KA S5 P

WRT7i%: 275 2.4.5 W5 S A Tl BEBUKE zeta FEAL SZREAR 20 A I 5E

4.4.3 FR®BIHIE

(1) 1EZ&%5E/7K Pickering FLARIE 15 %

B, EHEETKECE 10 (51 SR ARIKE (eme) 1) CTAB KiFWK, JHil
BB RE 1) 75 % — RIS FIHR FE 1K) CTAB ZKVE R i o IR P 1RV TR
ol 8 mL, BT 30 mL ARSI (927%72.5 mm) H&H. BifE, £
CTAB /KA I — 2 &= SiO2 Pk, N T B (RGN KR E 3 R 44 5)
SYEL, fH A FS-250N MR 75y AL FE AR DL 90 W I DA b3 AT 1 3Bl AL B . 452
&, R EIRRBINN 8 mL IE5kt, I CTAB KiFRIKk LS =
I, {3 F HR-25 B35 AL LA 10000 r/min 55585 FE 5432547 2 min (9353 8747
ROEE ., B, R AL G AR RS & 25 el iR Aa h R B, DLt E S0 i .

(2) Al/IK Pickering FLR IR I 1 %

B S BT OKEE R 2 1 A5 I SRR EE (cme) 1) CTAB /KK
B, ol L 5-9 g (1) CTAB ZKiERE T 30 mL [FF A (927%72.5 mm) .

WRJG, TEREANFES I 2 wt.%H) SiOy Bk, JFH4# F FS-250N Y A6 i A # 28
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7E 90 W B ZhZ N A8 1 738, DA ERGOK BRI YY) 5 73 i 7E CTAB /KB . 2
&, [T 2 BOREE S R BN 1-5 ¢ A, IR E T 70 °CRZKB R
WEAWETE RN SRIE, TEIERE S35 5T BT T ] e B Y, kA
D-160 FH AL, LA 15000 B 20000 r/min 5 AE 70 °CIRIK 8 AT 918
Y. f&Ja, B MIURIEE TKIBH AR ER, &R,

4.4.4 FLIK BB E AT FRAE

(1) FUIRIE 2 RAE

TEFLRAE S 24 /N, —RM—NHJE, S FHAENLI SIS
MIEAS o

(2) FLRAHOR TSR AE

N TR FFLARBE IO S, SR H B e A3 A IR A R ) WMS-1030
B A ) A R it AT SR A IR

FE )2 < B 5, A RS ORE D AS U FLR VR ity R rh B Hl I 100 1w L FUIRR
MIETRIEIL A b (25.4X76.2 mm), SRR %80 UH R 5) P4 .

MR 7 B, BRI EE BB RS b R, M
10 fEYV L0 FE S EAT IR 4 K

4.4.5 FIRBTIREHIR SRR

N T SEEM SR WOW TS, KA H A Hitachi S-4800 2437 & 543
i LT AR TR S R AT LR A

FERR A B, (RS VRURE A 2% PR FLORVBORE it T B D B R LR, 9F
W FI AN TP R A AR Tl b SRT, KRR BT 25 CCIEIRAR T A M Y
Eom o

MR T 1 2, RIS RE S R AT 6 A0 P . 855 , {1 FH H A Hitachi
S-4800 2414 HiL T R AMEE N BE S AT WS a S 1B
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45 HER511
451 EEERAME AR ENALE/ KIIK®

HEHR S 2 B0 RHE TN, 95 R R BURLE 75 e (AP IR AR
FaE Pickering FLRIK . T IX—HEME, A SCHEDI 5 25 % oy Fh 5z Jtkss 76 LR 7
T 2 S TRTARE, B8 T B Sy SR 47 A FLAR Y0 T e
T 146 RS B TE . A9 T RE R — I, A S A0 2 o I R
TS OKFURMEAIRE I HEAT T 258, 41FE 4-1 iR,

(@) . p) % 4

4-1 8 mL 0.3 wt.%FK] 500 H 75 % & A A B R0RE_EIs WA 8 B /K SRR (a) AR w4
24 h S S A (b) FERFLL 24 h S B SRR o BRI L EARE A B R R
ABC ' 1-6 SIARXT B, Ko A 5K AR LLAR O 1:30+ 1:254 1:20+ 1:15, 1:10 Al
1:5
Fig.4-1 Paraftin wax/water emulsion stabilized by 8 mL 0.3 wt.% of 500 mesh jackfruit inner seed
testa particle supernatant. (a) Digital Photograph of samples 24 h after emulsification. (b)
Micrograph of samples 24 h after emulsification. The numbers at the top of the glass bottle

represent the sample numbers, ABC 1-6 correspond respectively, indicating the volume ratio of
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paraffin wax to aqueous solution as 1:30, 1:25, 1:20, 1:15, 1:10 and 1:5.

0.3 wt. %13 % & A R IR S AN FARR L A i 2L Ak 24 /IR ISR
nEE 4-1a frase MEIFFRTRUE H, Al AFE S o I T REEAE T 52
JZ, JF BAE TR 0 R RE A A S BRI MR . Ak, FER MRS 5
BN LIS . Oy 1 HE— 2D R e B 5 B A RD R RIORE S 75 RE 06 A 5 A1 I/ 7K 7L
W B 4-1a PR AT TR, DES R 4-10 fos. AEFREL
MR BB A sk, (EUR REWLER B W A FUIRTBORGRG o X LEE RRH], W
B N o BRURE VR AR 0 A0 I 7K PR

AAE, 41K SiO Mkl 5 CTAB /KIEWIR & )R, LW IR I AR E A i/

KFUIRIE, LI G 4-2 Fios.
WD r:25:0 _

o) >
i % - ¥ 4 | AN b X'd !
. . a2 o 4
- - a J _— - _

K 4-2 AFEZKFRRE FA /K LRI B EE A (1 g/9 g). () ZZET7K (b) 49K SiOy &

(2 wt.%) (¢) CTAB ZK¥ER (1 eme) (d) 73 H0A 91K Si02 ik (2 wt.%) HJ CTAB /KIEH

(1 emc)

Fig.4-2 Digital photos of paraffin wax-in-water emulsions (1 g/9 g) stabilized by different aqueous
phases. (a) deionized water (b) suspension of nano-silica particles (2 wt.%) (c) CTAB aqueous
solution (1 cme) (d) CTAB aqueous solution (1 cme) dispersed with nano-silica particles (2 wt.%).

M 4-2 FRTLAMEE S|, BMEEE K (a)s 49K SiO BT (2 wt.%) (b)
H CTAB /KW (1 eme) (¢) Tk EAETE Site e FIFARI,  IF HoA RS2 WA
dn T I SRR TR e 2 . AR, K548K Si02 BkL (2 wt.%) 5 CTAB /K
W (1 eme) (d) RE)E, (EReSA MY SRR E IR B LHEN, AR/ /K7
RIBZ B CTAB FIgHK Si0, MUkt AR 111, BAATM 5, CTAB KIEHAMY
XK Si0x FURLHEAT T B /KA, AR A A sk MR, 39 T 40
K Si02 MUKL Y A7 55 2 6] (RIS AL, DTS 0N f B e S 7 A i R T SRR . 3 o
SOURL ()2 TR B FH 5 2t e o) 1 A s AN FLODR VBRGNS
/7K Pickering LRI BATELF IR BN o
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N T BRI —HED ,  $5 (5 9948 R0 1 8 R A /7K LRI SO T 35
BEAT T AR AN 4-3a T

Kl 4-3 23EUA 2 wt.%2hK SiO UKL 1 eme CTAB /K I WURE 5E A7 s 7K SR (1 g/9 mL)
TS ¥ SEM K g it
Fig.4-3 SEM and EDS images of the dried paraffin-in-water emulsions (1 g/9 g) stabilized by 1
cme CTAB aqueous solution dispersed with 2 wt.% nano-silica particles.

M 4-3a FRTLAEH, RS B RS K PRI T ZONERIE IR 4 .
fb, TEEEEE T AT LLSMT LS BIUR 3 I T ORERRRIY) . B, RATRE
PO U FE R THEAT T e R 70 (B 4-3¢-) IR DA 52 2 BRTE AR
THEGHXE, W T C. O M SijwER. P RHIESE, 1ZIRIE Uk JE 38 1 F
HHIRURI) Ny CTAB BUPERIZAK SiOx Boki. Atk A0 CTAB Btk ighk
Si0 MUKLAE 3 55 S A BRURLAE A 5eht,  dRSEIR TR A AR AL T 2 1 1) 4%
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4.5.2 %K SiO, FEAKRRAE

H AR A 8 I FLIREAR &R, $FRA Pickering LR . R, A 0R 7L AL
FIRIPERT, T Pickering FLRWKAE f 48 € BA EEAJLMC. Frik, @4
LT USRI BB PR e K Si0n Bk S A PE BREAT T T

B, B AR E K Si0 BURLHEAT TIE (Bl 4-4). MEIHATE, 44

K Si0x FURLLE KA B FPREAR ) BUR ST 2979 800 nm, I HIEZRLAA IOV E .
R b

48005, 0kV<g Sridmax 1:0k SE(M) 5

K 4-4 942K SiO, Bikift) SEM

Fig.4-4 SEM of nano-silica particles.

30— J
£25F %
; gﬂ,ﬂnﬂ
B20f ¢ .
3 Eo.om
o
" 0.0
S15F CT meeram
2
<
z10} "
g ®  Adsorption
s ® Desorption o™
O‘ S5F a .- N
a
f.-----------"----..
0 L L L L
0 0.2 0.4 0.6 0.8 1.0

Relative Pressuer (P/Pg)
4-5 K Si02 JURE PO Z80 MR BRI P 252 i 2%
Fig.4-5 Nitrogen adsorption-desorption isotherms of the nano-silica particles.
%%, fB) Micromeritics ASAP 2020 MP %4 [ 5y b 3% T AR J fFLA% HE R Bt
AR T YK Si02 RURKLIK Ut P SR 2 (B 4-5). BbAh, 9ok — e
SURL 1Y) L R THIAR Seer 204 139.10 m%/g, FL12Z1KN 32.20 nm J& T FLE K.
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4.5.3 9 Si0, Biki/CTAB I[E)Fa E B IE X 2/7K FLIK &

9.0 10wt.%

0.003 0.006 0.01

(VN 0.001 0.003 0006 001 003 0.06 0.1 03 06 leme
~ RP— — B A i ame s Ao e e A R e

(©F 0.001 0003 0.006 o. .03 0. leme

Bl 4-6 ARIKAERGE [ IEZ$ Kt/ /K FUIRME (8 mL/8 mL) FIZASIE Ji o (a) AR IAK
SO, FRLETF (1-10 wt.%) (b) AFVKE R CTAB /K (0.001-1 cme) (¢) ZrHUA 0.5
wt.%Si0, FRL ] CTAB /KR (d) 70U 1 wt.%SiO, Pk CTAB KIEH (e) /rHUf 2
wt.%Si02 BRI ) CTAB /K. Bl (a)-(e) FIANFLRH 5 24 h J5 A%

Fig.4-6 Digital photographs of n-decane-in-water emulsions (8 mL/8 mL) stabilized by different
aqueous phases. (a) suspension of nano-silica particles at different concentrations (1-10 wt.%). (b)
CTAB aqueous solution at different concentrations (0.001-1 cmc) (¢) CTAB aqueous solution
dispersed with 0.5 wt.% nano-silica particles (d) CTAB aqueous solution dispersed with 1 wt.%
nano-silica particles (¢) CTAB aqueous solution dispersed with 2 wt.% nano-silica particles.
Digital photographs were taken 24 hours after the preparation of the emulsion.
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B, ASCIEB) T IESSEKFUIRBAR R, RFT T 99K Si0, Bk 5 CTAB 7K
WAL FRS e FURE I iR EC b, SIe 2k R an i 4-6 Fis .

Kl 4-6a &R T ARIFRESEIGPK Sior Bk (1.0-10 wt.%) 2FH, 5%
R IEZSBEHAT Y AL, #RE 24 /N EEGS I . NEIHRRTCLE |, B
ARERBAR IR NI R . XRF LMK Si0, Bk EIFR, TikE
TEZELETE it I FLR -

Ak, B 4-6b AR E ) CTAB ZKiE (0.001-1 cme) 5 &8ERFRIR IE 2 b
BT R, B E 24 /N EIEGIR . BEETL, 4 CTAB ZKIE VRV
T 0.1 eme B, FEMFFMEHIMFAIR . 1124 CTAB ZKEBIKEE R T 0.3 cme
I, BT Rs i M FLIRR -

B, B AN F R BN AK Sion kL (0.5 1 F 2 wt.%) 0 EX T AR E
] CTAB /K (0.001-1 cme) 1, I HSHEARBIER AT FAAL, FHE 24
/N JE S IR R A 4-6 () (d) A1 (e) Am. BRI, 7E49K SiO,
FRLAEAERIIE DL T, CTAB ZKIE IR FEA N 0.006 eme B, A s H I T FLAGHL
Fo WAL, YK SiO2 BURLIREE CREFARRS, FLARM T EERE%E CTAB /K
VIO EE N T 4 . T HL, BE#E CTAB /KIS VRIK IR N, BE S A b ) 35
KL Kk BB KAHAR S, ERWHEZHAK Si0, Bikiz 5 7 FURBE
SEo T, 24 CTAB 7KV FEARFEANRIT, T 00 LR VI o P B o 49 oK
SiO2 ¥R FE IR T $2 5, X BB RE M I FLA SRS 2 T 3. [EfERMZ, 4
4K SiOa RN 2 wt.%, CTAB KIEWIKIEN 1 eme B, HARE 1 IEZ$6E//K
FURE I HK B, AR E R R, A E T T R FLR R

RNEE
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N TIRFEAK SiOx BURLAE CTAB /KR s AR AR 73 AT 5 0, A ] zeta
R SRR EE P AT A, XTRE AR ) zeta FRAZFIRIAR ) AT AE L HEAT 7 ll5E, A

4'7 Fﬁﬂ—‘_\‘c
€W 0001 0003 0006 001 0.03 0. 0. 0.6  lcme

il ey ) AT “a AP, | Dy -

s

0.01 0.03  0.06 : 0.6 leme

p—— P prn—— p— P —y —— P T A

-
d — 1000 _
30 CTAB dispersed with 0.5wt% silica e —=— CTAB dispersed with 0.5wt% silica
—=o— CTAB dispersed with 1.0wt% silica 900 ~—o— CTAB dispersed with 1.0wt% silica
20 |—*— CTAB dispersed with 2.0wt% silica —&— CTAB dispersed with 2.0wt% silica
% 10p E soop
=2 =
S0 pnie ettty Ay g 700
S0} £
2 S 00}
£-201 %
N £ 500
=30 F
40k 400
50 L L L L 300 L 1 L L
0.001 0.01 0.1 1 0.001 0.01 0.1 1
CMC CMC

4-7 ANFEDKARGRE 24 /NS RIRE R (a) 0B 0.5 wt.%40K Si0, Bk CTAB 7KV
(0.001-1 cmc) (b) 7 HUE 1 wt.%ZHK SiO, Fki ) CTAB /KIEW (0.001-1 ecme) (¢) 4-HUA 2
wt.%44K SiO, BRI CTAB /K& (0.001-1 eme) (d) BRI zeta FIAZAD (e) Ktz oA
Fig.4-7 Photograph of different aqueous phase after standing for 24 hours. (a) CTAB aqueous
solution (0.001-1 cmc) dispersed with 0.5 wt.% nano-silica particles (b) CTAB aqueous solution
(0.001-1 cmc) dispersed with 1 wt.% nano-silica particles (c) CTAB aqueous solution (0.001-1
cmc) dispersed with 2 wt.% nano-silica particles (d) Zeta potential and (e) particle size distribution

of the particles.
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ME 4-7 (a) FAJLLE L, 24 CTAB /KIEHRIKE N 0.6 F1 1 eme B 7K IE AR
HEIE, 9K SiOx WURLTURRIERE S ECER . BhAt, 9K SiO UKL TUR B & HK
FERIIG NIk Ss, Wikl 4-7 (b) A1 (c) Fim. XATAES 40K SiO2 BKLZE CTAB 7K
VTR ) FLE RIRLAR o A A ORUS0L, BRI &, UKL zeta FOAV $21 26 HEL A
I, RURE [ R  F R 0855, AT S BUBURL ORISR BEE K, 5 TUTRRTERE b 1
JEH o

oK SiOr BRI zeta AL AR 73 AT U0 &l 4-7 (d) AIE 4-7 (e) Fim. MK
HT LSRR, 442K Si0s BURL [ zeta HUNERES CTAB 7KV IR FE I =i
SER . BRI, BOURL zeta FELAST I K P FEE B 25 ROURLVR B2 1) 184 DK T B o BB AR, 400
KL zeta FRAZERET 0 mV I, Riffik 3 H A fE.

N T G AMRBAIFRENE, B 4-6 (c) THIFLRBFE W E T 25 °ClE
I AE o Al EE — A — A H e, WEHREM IR, W 4-8 FivR.

(€0 0.001 0003 0006 001 003 006 01 03 06 Ieme

()N 0.001 0.003 0.006 001 0.03

(N 0.001 0.003 0.006 0.01

Kl 4-8 /B 0.5 wt.%44K S0, Biki ) CTAB /KA (0.001-1 cme) F45E 112867/ 7K LR
W (8 mL/8 mL) FISME T (a) FLIRWBHI& 24 /DI EHIHE (b) FLRWBHI&— A EHHE (o)
FUIRBH &% — A Ja k.
Fig.4-8 Digital photographs of n-decane-in-water emulsions (8 mL/8 mL) stabilized by CTAB
aqueous solution (0.001-1 cmce) dispersed with 0.5 wt.% nano-silica particles. (a) Image taken 24

hours after emulsion preparation (b) Image taken one week after emulsion preparation (c) Image
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taken one month after emulsion preparation.
N T DS 4-8 TR IE S, A5 WMS-1030 ZE9) 2 il x
FERhEEAT T 4RI

2

R T () PRI 24 NI JEHAEL (b) PRI — a8 (o) FLIRIBH]&—
MH RS 22 EJ7HI 1-7 3R CTAB WKEEAKIACN: 0.01 0.03+ 0.06. 0.1+ 0.3, 0.6 Al 1 cmce
Fig.4-9 Micrographs of n-decane-in-water emulsions (8 mL/8 mL) stabilized by CTAB aqueous
solution dispersed with 0.5 wt.% nano-silica particles. (a) Image taken 24 hours after emulsion
preparation (b) Image taken one week after emulsion preparation (c) Image taken one month after
emulsion preparation. The numbers 1-7 in the top left corner correspond to CTAB concentrations:

0.01, 0.03, 0.06, 0.1, 0.3, 0.6 and 1 cmc, respectively.
4-9 NI 0.5 wt.%452K SiO2 kL[ CTAB 7KV (0.001-1 cme) Fa5E
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Kl 4-10 23E0H 0.5 wt.%45K SiO, Jiki i CTAB /KA (0.001-1 cme) F45E H IE 28 b8/ /K FLAR
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Fig.4-10 The average droplet size of n-decane-in-water emulsions (8 mL/8 mL) stabilized by
CTAB aqueous solution (0.001-1 cmc) dispersed with 0.5 wt.% nano-silica particles. (m) 24 hours,

(®) one week, and (A) one month.
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W (8 mL/8 mL) HIAMIE . (a) FLARVEHI & 24 /NG 4A5% (b) FUIRWEHI & — 535 (o)
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Fig.4-11 Digital photographs of n-decane-in-water emulsions (8 mL/8 mL) stabilized by CTAB
aqueous solution (0.001-1 cmc) dispersed with 1 wt.% nano-silica particles. (a) Image taken 24
hours after emulsion preparation (b) Image taken one week after emulsion preparation (c) Image
taken one month after emulsion preparation.

Kl 4-11 o H0E 1 wt.%492K SiOs FURL ) CTAB /KA (0.001-1 cme) FaiE
MIIEZS B/ /K FUIRR, FRE 24 /N (). —F (b)) FI— A (o) SR sh g
Fo EHEIRT L, 24 CTAB 7KK FE T 0.003 eme B, A L T FLALIL AR
UEAh, 24 CTAB /K RIKRE =T 0.1 eme B, HFRE 16 1E 28 It/ /K FLR R =3 B T 4
W, RYIHFEVEREERTE . DX 4-11 (). (b) M1 (c) ATH1, 2
CTAB 7KK FE = T 0.003 eme B, Bl % M FLIREEE — A H G R KB R
AL . ERSEI IR L], REK SiOx BUKLIK B2 A7 B 118 s SR

88



LI TRER AL 185

Fase pEnsn,
AT HE— W 4-11 P FLIRE I ROR SR, H WMS-1030 “E¥ B 5ss
S 4-11 AR FLRBRE S BEAT T HA R b, e & ]

O ia'09:20a okl A T A
K 4-12 B0 1 wt.%49K Si0, Bikift CTAB /KRS & 1 1E 2858/ /K FLARVE (8 mL/8 mL)
MR T (a) FLIRWH % 24 /M AR (b) FLIORH] & — e (o) IR & —
MAJERR. £ BT 1-8 %R CTAB IKEMKIKY: 0.006 0.01, 0.03. 0.06, 0.1 0.3, 0.6

11 eme
Fig.4-12 Micrographs of n-decane-in-water emulsions (8 mL/8 mL) stabilized by CTAB aqueous
solution dispersed with 1 wt.% nano-silica particles. (a) Image taken 24 hours after emulsion

preparation (b) Image taken one week after emulsion preparation (c) Image taken one month after
emulsion preparation. The numbers 1-8 in the top left corner correspond to CTAB concentrations:

0.006,0.01, 0.03, 0.06, 0.1, 0.3, 0.6 and 1 cmc, respectively.
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I IE S e /KPR, 808 24 /M (a). —F (b)) F1I—AH (o) JaMiRrSmiE
o FRERIL, FUIRRRE N RZRE S CTAB /KR BE (I3 KT/ HEAb,
MFUIRIBRE W 1T E i b2 B (B 4-13) Al WL, LR 4% 24 /N (m) —
B (o) Bl—/NH (A) GRS RAKIBA R . 25K 4-10 AHEL, FUIR
BB ¥ RS B R8N

700 |

—=—1d
—o—7d

R —
o0 L 30d

500 -

400 |

300 |

200 [

Average particle size of emulsion (um)
2
T

0.01 0.1 1
CMC

=

B 4-13 S E0H 1 wt%4k Sio, KL CTAB /KR (0.001-1 cme) FasE i 1 2865/ 7K FUIR
W (8 mL/8 mL) i TR . (m)24 /NIF. (@)1 JH. (A) 1A
Fig.4-13 The average droplet size of n-decane-in-water emulsions (8 mL/8 mL) stabilized by
CTAB aqueous solution (0.001-1 cmc) dispersed with 1 wt.% nano-silica particles. (m) 24 hours,

(@) one week, and (A ) one month.
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B, KK SiO BURLR IR = 2 2 wt.%, DUERE— B4R FB0RL & X 7
WA REPERITEN o K518 4-6 () HAIFLIRVBFEdh BT 25 °ClEIRAR 0 Bl e B —
FAM—AH G, AR I Rid s, Wik 4-14 Pros.
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FURE S & — A H e
Fig.4-14 Digital photographs of n-decane-in-water emulsions (8 mL/8 mL) stabilized by CTAB
aqueous solution (0.001-1 cmc) dispersed with 2 wt.% nano-silica particles. (a) Image taken 24
hours after emulsion preparation (b) Image taken one week after emulsion preparation (c) Image
taken one month after emulsion preparation.
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R = 4K Si0, ORI G B T 1 5 LR 1 R o 1082,
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K 4-15 B0 2 wt.%49K Si0, Bikift] CTAB /KRS & 10 1E 2848/ /K FLARVE (8 mL/8 mL)
MR T (a) FLIRWH % 24 /M AR (b) FLIORH] & — e (o) IR & —
MAJERR. £ BT 1-8 %R CTAB IKEMKIKY: 0.006 0.01, 0.03. 0.06, 0.1 0.3, 0.6
11 eme
Fig.4-15 Micrographs of n-decane-in-water emulsions (8 mL/8 mL) stabilized by CTAB aqueous
solution dispersed with 2 wt.% nano-silica particles. (a) Image taken 24 hours after emulsion
preparation (b) Image taken one week after emulsion preparation (c) Image taken one month after
emulsion preparation. The numbers 1-8 in the top left corner correspond to CTAB concentrations:

0.006,0.01, 0.03, 0.06, 0.1, 0.3, 0.6 and 1 cmc, respectively.
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Kl 4-15 N BCH 2 wt.%gK SiO BURL) CTAB /K (0.001-1 cme) FaE
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Fig.4-16 The average droplet size of n-decane-in-water emulsions (8 mL/8 mL) stabilized by
CTAB aqueous solution (0.001-1 cmc) dispersed with 2 wt.% nano-silica particles. (m) 24 hours,

(@) one week, and (A ) one month.
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Fig.4-17 Digital photographs of paraffin wax-in-water emulsions (1 g/9 g) stabilized by 2 wt.%
nano-silica particles in combination with 1 cmc CTAB, taken after 24 hours of preparation. (a)
Homogenization speed of 15,000 rpm (b) Homogenization speed of 20,000 rpm (c) and (d)
correspond to the corresponding micrographs. Particle size distribution of the emulsion prepared
at 15,000 rpm (e) and 20,000 rpm (f) for 10 min. (g) The average particle size diagram of the
emulsion (The homogenization time is indicated above each image).
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min
Fig.4-18 SEM images of paraffin wax-in-water emulsions (1 g/9 g) stabilized by 2 wt.%
nano-silica particles in combination with 1 cmc CTAB, after drying at a homogenization speed of
15,000 rpm. (a) to (e) represent homogenization times of 1, 3, 5, 7, and 10 minutes, respectively.
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4-19 1eme CTAB H1 30 HI 2 wt. %40k SiO2 BURLLE 20,000 rpm 3451 43 T~ A3 5E A i /7K L,
R (1 g9 g) TGN SEM Bl . (a)F] (e) RonFUIRIRAIS BTN AKX H9: 1134 5.
7 A1 10 min
Fig.4-19 SEM images of paraftin wax-in-water emulsions (1 g/9 g) stabilized by 2 wt.%
nano-silica particles in combination with 1 cmc CTAB, after drying at a homogenization speed of

20,000 rpm. (a) to (e) represent homogenization times of 1, 3, 5, 7, and 10 minutes, respectively.

97



TR IR R AR

T RFC I K0 B P i K FLR AR e YE R R e, 78 DR B LR IS T 2%
fEAAE (20,000 rpm/min, 10 min) FIFHH T, KK L3 8154 1:9. 2:8. 3:7.
4:6 1 5:5, Frifill & A /KRB IS, Wil 4-20 Fros.

''''''

(© ot | (@ T s | (€)

Frequency (%)
3
=R N W &
S & & & 3

o

Average size of emulsion (um)

'\

o

6 7 8 9 10 1 12 13 0 25 30 35 g 45 50 . : : : ”
, 20 25 30 35 40 45 50 55 9:1 32 7:3 4 5:5
Diameter (qm) Diameter (um) Ratio

Kl 4-20 1eme CTAB H 43 2 wt.%482K SiO, FURL7E 35 i 3 20,000 rpm/min 345 10 min

R 8 BT /K FUIRVB 25 24 b J5 R8RSR AT () AR A (b). AHIAIAT I i b

N9:1 (c) A15:5(d) Hl& HIFLIRBHIRIAR 70T 8 (e) FLIRVBHIFEIRAR I (KAH S5 A7 0 ) 5
B HIIFREAE R L))

Fig.4-20 Digital photographs (a) and (b) micrographs of paraffin wax-in-water emulsions
stabilized by 2 wt.% nano-silica particles in combination with 1 cmc CTAB, homogenized for 10
min at a speed of 20,000 rpm, taken after 24 hours of preparation. The droplet size distribution of

emulsions with water to paraffin wax mass ratios of 9:1 (c) and 5:5 (d). (e) The average particle
size diagram of the emulsion (The mass ratio of water to paraffin wax is indicated above each

image).
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Fig.4-21 SEM images of paraffin wax-in-water emulsions stabilized by 2 wt.% nano-silica
particles in combination with 1 cmc CTAB, after drying at a homogenization speed of 20,000 rpm.
(a) to (e) represent the water-to-paraffin mass ratios of 9:1, 8:2, 7:3, 6:4, and 5:5, respectively.
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