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(HERFEBE B AT, BRI E KA PG, YRR E s, bR 100190)
(20184 3 A 1 Hig#; 2018 4 3 A 21 AUk BIME M )

WU LY 2540 F 48 [R] — A R PR AE PR LS, X AE WA AR 25 5 SC B, AR T A 0+ 2 IR . 224
PR R I CRAFEE RS, ANOOMEATHIAHZEVE 3 B L BRI 55 77 TSR &, 38 75 S48 0E IR 2R R A e R
ST R R R B R IR A AE X v R HEAT B SO R I, JE ORI 52 T R KA A R AR A AT T
— RINVHR, EAEARD T 2 WARAE R A S BL T BRI, #1448 AR SCRT BT 1 ) bicontinuous interfacially
jammed emulsion gel (Bijel). IXFP&5H) AT LAGARAE “XUELERLFLMEER ", T FLIK (emulsion) AR (gel)
(R BRAE 5T, SRS ) X004 8 25 M) A5 4 A SE DR il AR S P 23 ). AR SCRaT R [l Bt 1 Bijel IO RIS, e ghi
SESRIGTEFURERE, B8 e AE TS a2 B BRI, 0t 22 i T I I B R 4 Bijel 107 VA M /41,

KRR XCESE T LR, kT I, iR ThL, B 414

PACS: 47.57.—s, 81.05.-t, 82.70.Dd, 64.75.Yz

15 7

BB SRS A R B MR B RS B PR B
FIERAE 21 DR )2 N AE £ S 24 Ttk
il S AT, X S MURR (1) JE AR A R TR R
ANF LR 5 A B VT, DA KN T 48 G ax 28 40 43 1) 5
EAE R, BRI, iR RSP AS TR
FEAEAS DUPRIF P RN ZH 7 B RS %, AATT R A S el 1)
Jo7 s ) AL PRI, Ak, s AR R T IR A
SRl & A AR 52 B T BRI 2 1 oy B

1X HUE B RSP AT A AR FR R R R IA B TP
5 2 BRI 2 AFE ). X T AR
FEVRAR (EL I KCRI) Sk, #4722 PRS2 ©
ATAKHZE IS FIAH 73 BIRES (phase separation). AR
Jagn, SR e THEAT R S, Horh— MRk 2
TV RGBT 53 HOEE o3 — A A vy, (AN A R TE RS
— 7L (emulsion). AT H LI A BB 1)
IR — FHIARFR N “ 43 BUAH” (dispersed phase), Tt

B VB P — AR VRAA R A “IE B2 AH” (continuous
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phase). I 25 -0 F D (BRI BT /2 BG4 Y80S 2% 1T )
BAARTIERECOR I, B0 5 W00 Z AR 5 A
454 (coalescence), A FEAHT B, X—H 7
PRyl i PV | o o IS U 2 S I E N U
BRI IS E , AT N = HTE AR
A, BRI - b, IEMR S &, &,
AV FH 2 THE P 771 (surfactants) SR8 € W, 13
BT bR M — AR O JEoR, B A R
HIASWT K, Tl RSE B AR SSURE (colloidal parti-
cles) ARG TE A0 2 1 5 R (R 4 £4) A= W0 A 25 1P ok

%, B R A AR
MR E LR EWR L. 20166
KEETRAFHEFHEL, REHE
o L EERR T RIR ), EENERK
BRI R G R, A3 AR
| FRARKREWEARK, &R E
S WM REREA ) ETE, AHES
KAETFFARKR 4B AR BAMN
KAMNE. EETHK R FE LK EKEPhys. Rev. Lett., ACS Nano,
ACS Photonics, Langmuir, Soft Matter% 5 K #T|.

* 35 62 it E L R R R A R B (IHES: 2017 M620946) FIE 5K R RHE S (kS 11474327) WEIRIEAT.
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TSI NTE B AL e ) 8,

5 MR FUAS ], 08 i A FUORE £E - T
T 0 B i R R — A R B 5100 kL
TR PR AT B — > = ARt A 6, SRERAL; 85T
O RURE RS Zh 22— M R BT R E

AG = 1ry(1 — | cos by ])?, (1)

by Y RORLIC A2, ~ R -V 5 T 3R T 5K
(interfacial tension). 1R %R, =4 R00RL 42 fik 1 A
90° I, FIURLRL AR B K, F T K ko, 8 UKL A
G A% A 7 A e OR, RURLAE S B
P E. WO V- TR0 T AR USC 4, e MR IR ) R £ T
TR B K& HE Y (jamming), B 2H 3 0% R T
PR B % RS (11, I ORI B AT — 5 1
PEAE & (elastic modulus) FJE RS 7T (yield stress),
AT LA RPH IRV S A, KRR TR B AR R
e 02181tk —ke, U R JEA Ak ) RSP A s
WG TE AL KRB AN 2R S (2
B9, MR AR T — R fads 415, X E R AR 3L
JIT B 1 ) R JE At

AR SR AR — R B AR S 1 2SO A
1 RUI%E 22 B L R (Bijel). B G, 7R85
#73  R “Pickering” L (Pickering emulsion)
LA A FETEAS, 51 H Bijel 5 4] 32 1 2R E
. B RO R A SR I0 ) 4% Bijel B 32
TiE—e S k. SR IUER > F1 28 1 IR A
& BIBAAE Bijel AH I A o (ORI 7T R AN SRAH A
J&, ZJ5 941 Bijel ££ 1LV 85Uk g N2 FH 15 g A0 24 i
S BN — R FIR I, U6 1L Bijel 14 75 % 1)
T B TR o R AT T AR AE 127 ] R EX
R T fE . B /N4y A 42 3, I Bijel ARk
A T3 H A

2 “Pickering” L& I A~ [] 7 25 F1 Bijel
AT B

EH [ A RIORE BT A5 28 1 L VA R 9 “Pickering”
FL, X — M T 1907 FE R H [16] “Pickering”
FLWBCIR B AL 4y HORH T A AH R B4R ORL = Ao
oy, HAKKIBEESAAIAR. —BERU, 778
HH A BRI VB0 B TR A5 A7 AL T SE A0 b, TR AR B0k
FEVR - W5 1 L, TR R R AR E WO,

1(a) . BT B AR RURLAE S TH b AN w3
B, — EPAH AR AR AR B R A AR A, AR R AR AT B
KA A (phase inversion) U7 & 1 (b) A s,
X P B I D A2 “Pickering” FL R i N & W I TEZS.
“Pickering” FL 1) 53 — PP WIE A5 22 2 B LS
X (multiple emulsion) M1 4P 1 (c) AT 1(d)
ez, 43 BORE I TR 18 P R0 v S B B 8 A T
(R0, TS B R T AT L R A R AR kL. 2
“Pickering” FLYIE & iRt o F BRI HE 7,
B AR —Fpa] LLig D £ i IR & s A Ros AR,
AT DL SR 285 BB OB P i M 1L H
Rl il % % 5 “Pickering” L 7T LA 53 £ P 5E i, B
AT LA 25 F 7 118,

Colloidal particles

Liquids A B C

F1 AFRIEASR “Pickering” LI (a), (b) XM
LA “Pickering” FLK; (c), (d) £ & “Pickering” FLH;
(e)“Janus” FLHK; (f) & W15 PR “Pickering” FLIK; K.
LU0 RO HARRA R, 3 ORIk

Fig. 1. Different morphologies of Pickering emulsions:
(a), (b) Simple Pickering emulsions; (c), (d) multiple
Pickering emulsions; (e) a Janus emulsion; (f) non-
spherical droplets. Different liquids are marked in

stabilized by colloidal particles (yellow).
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W R AE FOR AR & b 5] N EE = A AH A TR
P, AT RASREUE A BN 28 1 “Pickering” FLl——
“Janus” FLW (Janus emulsion) 2%, X Fh AL A5
P B (HE 1 (e) A 5 B pmAER), S
AR AE [R] — W A6 G BE 08 (7] B € I 7 b A
R VRAAR B PR BT, PRI B A SE I il F R P s 1)L A
AR FE R, AT 38 SR FH 0L (microfluidic
production) K i % «Janus” FL P, X A5 vk
e W RT3 —, M0 RR, B TAE RO AR
fiK, Z 2L EAHERAR. &k, AMIFIHEY
VI B R AE H] % “Janus” LR, BB T R IFHIRK
522,23

R “Janus” FLIR IR A IR R BRE, (BT
A0 B AR AN 5] ) 73 H5ORH RT3 A 0 2 T L R
(08 r) S 1. WFFEIE R, B URLAE Y - 5 T 1)
ANRT TR B R8P AR W4 3)) /1% (retraction
kinetics) P4, FH AR LA, A5 388 i 1B
RIHBAERRTETES (K1 (f)). W4, 5 BhANE
(B i), C&H Z M & 7 0 B 4 &
sfe [12,24,25],

E % 7] 7 11 VB0 52 B DT A I, B2 SRATTH
2Pk SN S R B AR &L TR B
% Fh “Pickering” AR E RS AFE, HHE R G —
FIBAARZE oy L EEEAH, HAB AR 2 70 B, AHER
Tor B, SRR AR SZ BI85 TH] R PR ) BE
REMS FER SR N B E R 3, J7 s VA B i s
B FIRET. KA 40T, £ & R4 (polymer) 1)
WA, AT T X0%E 4 53 B 9K A ) 201,
2005 4F, JE[E % T 8 K2 1 Cates 55 ) FH 5 A% -3k
IR 2% 2 J7 7% (lattice Boltzmann method) i {E 5 4
RE) T —MRUE S A AL, AEIX T AR, At
ATE AL PR R AR B AR R AE AR 2 B, IR 51 NRElS
0 8 o A ) o PR S A RRORE. A 4y B R
B A B ER -T  TH E AN T R A G TR (]I TR
PRRIORE, 4 RIURL 4 3 1 18 B 38 57 b e de 4 < [l 4.
kB KB HES A, BEAMMERBETRE. 4R
R, X — R R G AN L 2 B, T
WARHR RIELLES, & —FloBr e g 44 1 3 Fl
g5 /% 4y 44 N bicontinuous interfacially jammed
emulsion gel (Bijel), J7£ W54 Ja g L6 E sz B

3 R 4R ik % Bijel 54

B % Bijel AYSEI0TT 55 B BT 5

FRI 75120, RILE P9 e A S 2 AR 20 28 B R B 51N
JRAATIURL AR 78 AT W -V ST TR 2 AR
(low-molecular weight liquids) K, 84> & 3 2H
Pidh 7 3, — e A% 4 B (nucleation) P71, 55—
Rl e 3 (spinodal decomposition) P3390,
%73 8 T2 B AR AR AR AR P AR AR AR ) B
AR, B A R AT 2218 PRI A B,
— PP (O H AR R BN U AR AE DABRE
TR T AR A, DAY 2D PR 22 T) B 5 T T
R, I DL 70 1 38 R 2 7 AR ST B ER T W
S i % Bijel R BRI A G &, HabZE: %,
DRI, 5286 Hh 1) 4 Bijel 25 2R FBE T 40 fif 77 1%,

29 Aol AN AH 25 TR AE VR BOIRAS T PRIV K
(i bRag THER BB IR ) I, RSV SR ERATEE,
ANTRIVBAA P T R sk 2 TR ) 22 e B o IR 2. i
L 7 A FR) 5 SRR V-V T AR R, AR SR
5K 77 F0 B 5. 3K PR A N A A T HERE AR
B 534, AR o R BRI T IR B
SRR TR 2 A0 RS 2 B AR 23 1 R BEAT T AN 7 224K
{HEEAMA R IRFIE 5 B 153X (characteristic separa-
tion pattern) & H AHALRY. )18 Ui, £EA [F] I [A]
RTINS MBS R A RS B ER (LT
i) [.31]-

2007 4F, P [EHZ T K2 Clegg HBA B FI FH
Ji# 5 93 BRI T AR 2 1 B
Bijel 4544, JT A T 99 A4 23 3] /& KA 2, 6-—
B LML e (2, 6-lutidine). 242, 6- — FF LML uE 1)
IR 7> BN 6.4% I, 1X — & & 1 B AR I F7 3L iR
J& (lower critical solution temperature, LCST) 4
34.1 °C. R M tH FITC Z26hric i) — L RER
R, EARZIN600 nm. 285 mii TR AR, XL
TIURL RE B8 i /KA 2, 6-— FE Mg 2L (R, S
Hh, FURL B W R ER 75 7 BUAE K, ARG 2, 6-—
LI e (BB R 73 $029°8 0.064), BEMA RTEIRA
2 B R K (K FHEE 2 AT 17 °C/min),
I IR DG BB IIAR 7> 25 J5 I S5/ T3S

K2 o 1 e 73 i T8 A Bijel 1 1 2 (F0RL
AR > B4 9 2%). AR RN 33.5 °C Tl 2
35.3 °C, MR ERIBG 0.7 s. GIKBRLE A 20K,
PUREYBRAR ) O F . TG VIS T R HERS, A0
PRI BT ) RO E G T, B S A AN A4k,
B AR . RV KR, AT LR BBk
(AR TR LA ERI R T R T Ol i N J S T A
SRS AR B, B R R
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- A £ b o
2 K-2, 6 “HEMEER RIE K Bijel S ROTETT LR R R SRR EE 2% IR ARORL, B 33.5 °C T
MZE 35.3 °C; FEIEKG 0.7 s; B A AR, #7100 pm (B EE 22 SR [3])

Fig. 2. Formation of bijel via phase separation. A water-2, 6-lutidine system (with @, ~ 2% particles) was
quenched from 33.5°C to 35.3 °C. At between images is 0.7 s. Particles appear white. Scale bar is 100 pm.
This figure is taken from Ref. [3].

[ 7580rpum ST . 106 pm_

240 fn# " =302 pm

400 pm 408 pm

K13 (a) [Fl— Bijel # i A FIEREE (K 2 hR) BRI ER; (b) 5 (a) X BLAZ 1] 3 145 44); 46 11 D e i Sk il
1N WS B AR - S L P R AR, SRR IR 40 °C; B (a), (b) AR/ 100 pm, #HEHFRN 1 pm
(A BEIEHE 2230 [3])

Fig. 3. (a) Structures at different depths (as indicated on each image) into a Bijel sample; (b) reconstructions
along the vertical axis of the images in (a). Insert is high-resolution image of particle monolayer. The scale

bar is 100 pm for (a) and (b), and 1 pm for insert. This figure is taken from the Ref. [3].
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KRR 52 F R TP, Horb— M S v R
6, U B4 A UL 5 B B L bt
045 L0 Bijel HLBOR s, 4RI 1] R R BLRE
ST W AL

S04 ke 2 WO B T L, A
TR 45 A th B 2 4 B . AR I 3 () TEED 3 (b)
R, R = AR R S M, T S LA
25 1l 3 1 e S R 8 1 R T
HKAE RO M. 5B 40 e P (R, 7T LU 5

LT SR ) 2 HE 5 B A o R (1] 3 4 ) B

AR 264 R, 5028 50K A4 B2 43 55 (0.5%—4.0%)
T54R v] LA1S 3| Bijel 45 44, {H A4 355 1) R~ 2 Bt ot
B (AR TR R A28 Ak, ORI 22 | TR T B i 4
JTBE/N. RSB TE RI, RST SE /N  4 K kL
(EL4% 120 nm) t 7] UKL A T % Bijel 2544 B2, H.
AT AR KGR R kb, BICR RS B0k
PEARVR KRN 2 il A A% 53 B85, AR R T o0 B
IR0 (VLR 30).

E e 43 fif 1) 4% Bijel (3 A2, 0K 0 26 1
PR 55 AR SRR IN VE F 193540 AR R B o
TR ST b R A SR 1) TR AN e o oK
B B, T A SR A 7T 38 A 3 1 M R OR
G A0 TR P 2 T 12 S5, S AT A A R e R A [
IR, IF 5 3R B B A5 o A 2 THT (1) 5% 7K 1k 3k AT
N S SRS W R AEER T, B4R
7N 15 ZH 3R T S5 AS [R] (0 RIORLAE i€ 55 40 A J5 T B
IFLIR SR, Hoh a2, 6-H FEmtng, 0 N
UL, A HONAR S 85 )5 BT L 4544, B 2H 2
XF A G R RE AT R S T R S5 . 5
K4 A i (170 °C) T8 1 30, 70, 130, 250 Al
600 min. &4 (1A)H, &R ERIE L 7 H B IE
T, 0B ORL R T T oK. A ORL Y AR B
() AT AR RN Bijel 4544 (B 4 (2A)), HZKAHH T3
SRA WY R I e VR A7 AE; 2 — B R S AT LU R
AEERTE R (B 4 (2B)), 368 B B0RL O 28 HL AR B
K. 4 130 min FRISURL BE S TE B 56 35 1) Bijel 4544
(B4 (3A)), BIAE P4 REATY SR T 1 2% 1m) 7 M P
W (B4 (3B)). ik — 2T R0RL I e 8 {4 H 3 1
PR R R K 1, 3 T TR R KRR VR, G P 4 (4A)
Fros. fideid fa, BARTA H RO e O Y ik, 3
ZHng 20 2 LR, SEIE B ROk )
JKPER (4 (4B)). B4 (5A) FE 4 (5B) ow, T4

10 h J5 FIRRL X RETE BOK AR, BRI E &
HFEK. WE 4 (1A) FIE 4 (5A) & — AR
S SRR, TERAR IR R EE A AR B4 DL T, 0K I
KEMF RGN FEENZE. ST, Fasd
A SRS M (0 CTAB, HMDS %) Sk &
TR R T A R e AT R R 00l
A, K S K M RIORE FH 538 7K 1 SR VR A7 FH A U B
fA LBk R S, 1% Bijel 450 1A 20814 P

B4 ZRTH A R BORL BT B B 45 4 2 2 AR
B 1—5 o HIMER THE 170 °C R T 30, 70, 130, 250
min A1 10 h W AARIRL; A 29 ETT 7l Je ELHETE BT
WOWEEH; B4y A ARG BTV SIS, B iR
#8100 pm; SRENBAERRL, LGRS B Gt
2, 6- "~ HIBLILIEAR (AElik B 255 S0k [34])

Fig. 4. Morphologies of emulsions formed by parti-
cles dried for increasing lengths of time at 170 °C (1
to 5 : 30, 70, 130, 250 min and 10 h). A column:
emulsions/bijels formed by initial separation. B col-
umn: the same samples after shearing. Scale bar is
100 pm; green = particles, red = lutidine-rich phase
labeled with rhodamine B. This figure is taken from

the reference [34].
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T8 15 o 9 1) % 1) LR 45 ) TR 52 BV A A
FALE (BB /R 23 80 Hasz . LK -2, 6 = F BL kg
R, 24— BRI RE R BE IR 23 Bk 0.042 B, 44
FIV R SR L I VR, KR D AR 1
FELuE ) BE R 4> B0 A 0.09 B2, 1k R K
FHVRRG, LGB — e AR Al 7B S A, Bijel 4544
(BT — A kb e 1) R 7R 43 300R 0.064) ] LURE A
SR S 5 7 3 2 v P 9 A A L

[ 5 47 15 JB WK 2 1) Haase %5 2551 Fi| F 3
VLA 51 R K DK S e 15 43, Dl i 2% H oK
JUSFII 2R Bijel 2544, RiIR Bijel 45 14 A1 BUIR Bijel
SERINEE 5 s, Hodr, A R B AR I KA
7 AH VR A 7 B = AR A (R, OB IRE Y
PR N ] [ 9L 3 R S48 (OK) R, (IR &
(R ) 4 B 3 S AH, 5 SR AR Fh AR & A2 A8
5. PR A RN I SR TR SIOALE AR ) AR R IR
AT DR 3 5 (1 2R 1R Bijel 45 K4 F1153 85 B RLIR Bijel
gh g BRIl 4 AR IR A Ao N e 51 &R, AT A
FIH SRS S BOUKM M &, 5200155
[P IER Bijel 2584, T IXFh 7RI A 7 28 = 4H

50 pm

Bijel membranes

5 VAL T 43 BEVA I A H I ZRIR RN AR
Bijel &5 (A Bk HZ2% 3R (35, 38])

Fig. 5. Bijel fibers, microparticles, and membranes
created by solvent transfer-induced phase separation.
This figure is taken from the Refs.[35, 38].

WRR G R AR 73 B, DR A FR AR 5 77 B 5 2 A
73 B9 (solvent transfer-induced phase separation,
STRIPS). STRIPS V% 7o 19 i &, a7 Jg 1 5
36 == 1l 4% Bijel M A R,

4 4k Bijel WA 2B R A T
K2R o % B e TR 4

Bijel Z BT LASZ BIWF 508 (1)) 32 R0, e B EL 1)
JiR DAL A2 " 5 48] I B R e i RN B AE Tk AT 1 B
KN 77 B9, 95, Bijel J& — i EL A [ 44 1 J5i
() = G, A — 52 BB A R R e AR 7 A (31360
X FH T 38 (1 “Pickering” 7L K B A B &AL
HIR, Bijel MIIELE M 7720 B AR 5] A 5 B9,
OO 2 AE FUTH b (1 <[ 4b 7 ok 7R = R AR S 5K )
MIVEFT, TSR 3 300, BT A2 i A R[]
AR RHER JI0E, 51 —AN 85 K 1 B 7368 550
Wi JZ A, BEANR R0 22 I L B I VS P o
RO E TR <REAL. MR, ARG JE AR AL
il R s R R R .
=, MREFH I A FEUE, Bijel Bl i) XGE S 7T LLAE
RAE SR A Jo B« ik R #%, A F  A RE
B8 VAR IR 7 [ AT I3 (K16 (). BFFUR IR
B WURLTE LT BB HE A, E AT A 29 10% 1 5 T
T FR B BRI AT DULE ST (1 8] B A 2 1) 2
ke, TR AE SO RONE AR A T SR AN e T A
FHP AT AR — AH, T AT L3S I R A U Bl B B
PR, XS B W AT A Re R . S,
T S T T AR ORL (1) RS AR R4 B, Bijel TR
AFIVEREAS R AT 421, BT YIRS nT DLE 5 MIE
g LA T Y. BT LR, Bijel il AT LA
N TE 2 A8, Wl pERE ) it A AR (BURE AR
B, AR RS, WML oL ok i, B
AR 0] 2%,

ARG T Bijel (R 7 33E & 3 BAABLAE =4
JiTH. R IR AR B A B R
Bijel k R AR E; 5 = &0 7 Bijel /£ T ML U1
zER

HR BT SO A EE LA, 7 T, Bijel 454415 S6 218
I EE L (S AR R 258 5 1R) 13 B Bl JE R
SR Ieir Bl BRJe AT, AMUAE N SL AR RN
T 77 ), 9 R A S o B ) A B
. 15T Bijel FIEUEAL TAEF, BRARTURZ 5
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FERIRF TR BRI, B AR BUORE E W - S
T BT T B R S5 46+ R, RIS ] LA 4 POV
A, BV -V 5 T AN FEAEAE B ATY e DR 358 IR, TR Bk
— PR IR 1) 5 S (Monogel, Bl 6 (b)), BARSURL 2
() 53 K ) B 40 77 8% I 8 7& Monogel £2 7€ 17 175 1)
FEE R K. Sanz 25 1 o HUE AL, AR PR
(B JEFE W 5 (short-ranged attraction) FlKF2HE F

(long-ranged repulsion) [ F/EH T, & R AL
TE iR 5E i) Monogel 45 #4. Kim 25 0] f) T4 B,
52 B P T AR JRE A 72 1) Bijel &5 440 BE 6% 1 FH 41 1
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(b R85 pm); ((a)—(e) 43 5idk B 227 SCHR [39], [41], [36], [43] F1 [44])

Fig. 6. (a) Internal flow within the bijel microstructure; (b) a monogel structure formed by water-lutidine

mixtures containing silica particles, scale bar is 100 pm, the upper images were taken with the samples at

40 °C and the lower images were taken after cooling into a single-fluid phase; (c) Bijel capsule (scale bar

is 100 pm); (d) nonpolar Bijel; (e) Bijel stabilized using rod-like particles (scale bar is 5 pm). (a)—(e) are

taken from Ref. [39], [41], [36], [43] and [44] respectively.
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(c), (f) 5 °C/min; F i FHBRRLE » 24 (a), (b), (c)
360 nm; (d), (e), (f) 80 nm (A EHLEH S ik [32])
Fig. 7. Influence of particle size and quenching rate on
the formation of Bijel: Quenching rate d7'/d¢: (a), (d)
360 °C/min; (b), (e) 17 °C/min; (c)(f) 5 °C/min; the
used particle size r: (a), (b), (c¢) 360 nm; (d), (e), (f)
80 nm. This figure is taken from Ref. [32].
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Fast mixing

Partially stabilised glycerol Bijel formed

droplets formed

K8 il F@d B HS% Bijel SHRRAEE (A KL B 275 30K [51])

Fig. 8. A diagram showing the protocol for making a bicontinuous structure by simply mixing. This figure

is taken from the Ref. [51].
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(1, WA UL, XA — 17 BAR ) Bijel 251

K9 JLREDME PR Bijel 454, Kb )8
DGR H A, 36N FITC FRid geRBk (4 -
e H 2%k [51])

Fig. 9. Confocal micrograph of Bijel formed by direct
mixing. The green is the FITC labeled nanoparticles
and red is the Nile red labeled glycerol. This figure is
taken from Ref. [51].

N IE I B Y ) Bijel 4514 7 £ Fi
&=L EEA. B2, CTABENRHEMER], — 77
[l AR EL RS A E TR =t (N SR E
Ve R I R B 55— 7 T, CTAB IR g% %
R P A B A 18] (1) 22 THT 5K 77 (M (26.4 £ 0.2) mN/m
B3] (21.2 £ 0.5) mN/m), {4 kL5 25 5 4 bt 2]
FrIH 2. SEEG ORI, WA CTAB, & &K A
BETE RS 2 HOVT, b A s Re A B 5
T PR AL v R R B A A TR R I R O K
JEBRIE BH0RG, T ELAS 2 300 [ 4 3k, 1X 44
SRITORL A 7T B8 22 HR B 280 ST . B ST A
4, BORLE S B R %S (jammed), M8
ST IX L AEERIE RO IS5 0. [FIRT, B5Y) 1451k
R I BENLEE G, (AR R T O 8240, B A
PEIIHET, R REATEAL T B 9 BT Bijel 4544,

AR, SRR X = R I8 B 2
(1) Bijel 4514, 1 FEFEAE—MURUI. I A 5 K P
78T W fa) 1 (71X B Bijel £5 MRS K A e, H
% BN 1.26 g/mL, fEJH A% E40.96 g/mL,
RV I B B 2 Y T H 4 R 2 AE Y i
S G HAR T UL, AR Bijel A R, £d R
ST SIS I, 30 e P R v P AR S S
(14977 72 R CATE B R A A 3 70 18 K AR Ve VR (A

144701-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 14 (2018) 144701

10 (a) Bz ), KORGi/IN T PRI SEAH 2 18] ) 3 2
72, IS 5w 1R R AR E . 10 (b) R,
BMELE AN H 25, R R TR DR 1R BB AR (1 00
Brehf.

XIUTAE R FALECSoft Matter) 24 & I, Bk
R P, R E BR L IRAE R R B
7> B A5 B RUE SR LA, & B SCGRAE T,
X Bijel 53N TR T EURAR R A R K
R R A W=, 3718 T Bijel BN AR J5
BRI bt — D PRIURI L (BRH L EL) e
Wi A 24 FA) B 25 5 4.

A
200 )1 e

10 (a) FEVHBOM SRS H AR A R T Bijel 45441
FasEME; (b) BIANH ZJ5 11 Bijel B S 7544 s BLAE 1 XU
BegE Ry (A B E S 2530 [51])

Fig. 10. (a) Confocal micrograph of a sample showing
silicone oil droplets inside the glycerol phase; (b) two
months after making the sample which shows the sta-
bility of the structure microscopically and macroscop-

ically. This figure is taken from Ref. [51].
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Abstract

In 2005, a bicontinuous arrangement of domains was explored by large-scale computer simulations. In a binary liquid
host, the behaviors of neutrally wetting particles were simulated following an instantaneous quench into the demixed
region. As the two mutually immiscible liquids phase separate, particles can be swept up by the freshly created interface
and jam together as the domains coarsen, forming a particle-stabilized interface between two continuous liquid phases.
This type of material is known as “bicontinuous interfacially jammed emulsion gel” (Bijel), and has been demonstrated
experimentally using water-lutidine mixture in 2007. It is believed that Bijels have rich potential applications in diverse
areas including healthcare, food, energy and reaction engineering due to their unique structural, mechanical and trans-
port properties.

As a new class of soft materials, Bijels have received great attention in recent years, and have been developed by
using different liquids and non-spherical particles. However, a wide gap remains between the experimental systems and
the industrial applications. This short review will critically assess current progress of Bijels and relevant studies including
the attempts and challenges to use them in industry; the creation of Bijels by direct mixing at room temperature will
be highlighted specifically.

Chapter 1 presents the theoretical background. For binary-liquid systems containing dispersed colloidal particles,
arrested composites can be created via the stabilization of convoluted fluid-fluid interfaces. Based on this, different
morphologies of Pickering emulsions would be obtained. Chapter 2 first focuses on some complex emulsions, including
Janus droplets and multiple emulsions, and then induces the bi-continuous structures. Such structures were originally
formed through spinodal decomposition, which catches the phase demixing of an initially single-phase liquid mixture
containing a colloidal suspension, and normally needs to control the temperature carefully. In Chapter 3, the mechanism
of spinodal decomposition is presented. Chapter 4 shows some recent research progress of Bijels, including the studies
with different liquid systems, nonspherical particles and some chemical property measurements. This chapter also sum-
marizes the challenges in using Bijels in industry. In Chapter 5, a new method of creating Bijels by direct mixing at
room temperature is demonstrated. This method simply needs high viscosity liquids, nanoparticles and a surfactant; it
not only bridges the gap between conventional Bijel production (see Chapter 3) and that of particle stabilized bicontin-
uous structures using bulk polymers, but also bypasses the careful particle modification and phase separation steps for

conventional Bijels. In Chapter 6 some conclusions are drawn and a general outlook is also provided.
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