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PREPARATION OF ORGANIC-INORGANIC
FUNCTIONAL HYBRID MICROCAPSULES FROM
PICKERING EMULSION POLYMERIZATION

ABSTRACT

Organic-inorganic hybrid microcapsules are new materials with
special structures. The advantages of polymer materials and inorganic
materials can be obtained by preparation of hybrid microcapsules. They
have many potential applications, such as delivery systems, environmental
protection and biochemical engineering. Therefore,
poly(N-isopropylacrylamide)/silica hybrid capsules, poly (methacrylic acid)
/silica hybrid capsules and magnetic chitosan composite hollow
microspheres were prepared from Pickering emulsion in this study. The
influence factors, formation mechanism and applications of these materials
were studied. The main research works are summarized as follows:

1. Poly(N-isopropyl acrylamide)/silica hybrid capsules (THRCs) were
prepared from inverse Pickering emulsion polymerization route. The
aqueous solution of N-isopropyl acrylamide and poly (N-isopropyl
acrylamide) was emulsified into an oil phase containing divinyl benzene by
sonication to obtain a water-in-oil (W/O) Pickering emulsion stabilized by
KH-570 modified silica nanoparticles. And then the emulsion was
polymerized to obtain the hybrid capsules. The average particle size of the
capsules is about 7-10um. The capsules wall consist of two layers: a solid
particle layer and a temperature-responsive polymer layer, The
as-synthesized capsules exhibit good temperature-responsive property
whose phase-transition temperature is 27 C. The controlled release
experiment at different temperature were also investigated. When the
medium temperatures were 25°C and 45°C, the released percents of
Rhodamine B from TRHCs were 25.7% and 70.9%, respectively.

2. Poly(methacrylic acid)/silica hybrid capsules (PHRCs) were
successfully prepared from inverse Pickering emulsion polymerization
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route using KH-570 modified silica nanoparticles as stabilizers, the
aqueous solution of methacrylic acid as aqueous phase and liquid paraffin
as oil phase. Then the emulsion was polymerized to obtain the hybrid
capsules.The average particle size of the capsules is about 7-10um. The
capsules wall consist of two layers: a solid particle layer and a
pH-responsive polymer layer, the thickness of the wall is about 1um. The
as-synthesized capsules exhibit good property. The controlled release
experiment in different release medium was carried. When the medium
were alkaline and acidic, the released percents of Rhodamine B from
PRHCs were 15.0% and 98.4%, respectively.

3. Magnetic chitosan composite microspheres were successfully
synthesized in an inverse Pickering emulsion route using oleic acid
modified nano-Fe;0, particles as stabilizers. The aqueous solution of acetic
acid and chitosan was emulsified into an oil phase by sonication to obtain a
Pickering emulsion. The average size of the composite microspheres is
8um. The tickness of the wall is about 80nm. The microspheres were
charactered by FTIR and TG.

KEY WORDS: Pickering emulsions, temperature-responsive property,
pH-responsive property, composite hollow microspheres, magnetism
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EER, ENIMREZET Pickering AMBIF T RAMBIR I, FHCE
HEETEHMA Pickering LB E AT HBUR, #%& R AREMAEN-T
PLGKE & PRI, toah, S H —BBR P 5 DL A B M (0 40 K B0k (g K
PR =%k, 20k —SULES)PE R B2 e MK B8 Pickering FL#, FF 1 Pickering
ABAMBESMADTINTh RN Bk, REESIREA, ¥ Pickering P 1E
RNREMEF BT P T R R MR 2%, Rbl& AR RS 4%
R E GBS TIRER S YMARNTI-ENE A HIKE, KFHEARREN
ko 0 DuanEF S ZEARENBRER, LR, CURRH Rk
N-7 FEREBIKERIENKE, $1%& T K8 Pickering AW, BERE, &
THEHI& T RAEREENE N-7 P ENS B — ST OHIRE.

BATREAFIA Pickering ALREEEHE T — R EARKRSHMIEEN
ek Bl e R A B KT, RZIEIE AN, &
if Pickering ALMRAEHE T A MR EMORE LI/ FMEEMRT, tni
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1-8 fim, JFWRA T FERLEE; BLAK Z AL A 2K DY FAL = SR IL [ A R 1,
#% T 41 Pickering LK, ZRFARS, #I& THMS MR, H0RT
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Fig.1-8 TEM images of polystyrene/silica composite spheres
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Fig. 1-9 TEM image(a) and SEM image(b) magnetic composite capsules and their
corresponding amplified images (b) and (d)

A, BATREHE LS — A MR R, LUR S 4k N- B XA
BER& /K HAE KA, AR BRNERR TR A SMER G, LURIERE A AR S &
T [ Pickering FL¥#, £ FLBERS, BIVHIEIS T aE 56, BFESHEN
B N-BHEFEB NG R P ERGRPE AR 2 4w ER, B
BRME B GEARIRHE.

X FEZRIFAK, Pickering LREFIF 2L 58, £t Af15T Pickering FLiK
—AMELHHR, NHHLNBEURRENRCEE T —EMAH. Bar, &
Pickering AL — N EEH A 1, REKGIEE BV EN DMK S5 RE

R, HIENAAEMEREWARIGEHRE, HHTE RN,
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14 REEXRFEASR

14.1 ZFEENX

HI-ENHAKEEHERARAKREEMRREH - 25, BE5EH
FEMBERRAEIME BRI T EF SRR, Eh%,
B ME URAEMHAESTERAT ZHN AR,

AT LAST XS SE B R B985 s IR, i 454 BTt SR % B & A R 45 Mo (o
W-EH, BRESHENEI-THAKEEME, ERAEHMN I,
o, PARURERWKBRPAKRMIERMPKMENGES, B—TEX %
B SKMREAAERR. RERX, BetbFURROEEESE, 37T
LAMBREA TGN ZRE, FO ZNHATADOBRTERR, #
ISR 7 B F PR

Pickering FL#{ A VI B AL T A SR 0 R, JLHERAT AR A & 5 A UK
BOH AR, Tolm XML TGN DR Rk, BRTTIAES, &
£ RAHHRE LS S0 E AR SRR CYRARNE - TILE SR
B, R ARKRBEITK. Pickering LI F MBS K —HALEE. 49K IT
Ak, PRZEAKE. K, KNERZ®RER T EERKRMEELE Y
s, & BA BRI DUR BN R, XL B K O = Bk e R
Tk, HERMEL. EMESHHETERBAT AHNETR, fK R
—FhREtE AR, RARRENRL . WRERAMEDHBL T SMA, LR
ARZEMWEEAEYMER. BT HEMAM ARSI R A ENANE.

Bk, #HAKMEA=ZKNAR B RS EHERSYRTES, #E
HAURKREHMDENARE MR, A EREERL.

142 RERNZE

ARERE LR RTRIFNTIALSE, RENEEES: I Pickering 3,
WRAILHE T AFREENAEI-CNE S HIRENAS pH SEENEY- L
MR EHAE, FEHAT HRENEREIERE: Ll Pickering FLIBHT A A HI &
THERRBER A2 0WIR, IR S 5% 77 AR H BTN HE.
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EE RHMRRENS &
2.1 31%

RSN 2 RE W RTINS E SR G A SRR E S
W, B2 TAYRBIERS, WRZBHRARNTZRE. L, BN-
RAERGBEETAMNA BN ZORBNREY. ANEN-RAZREGH
G KT A SRR TR T 232°C1Y), A BB B T RN-R IR 5 Bk
R B AR AR, A FRmFKMBKER, 2 FHSEHEALNEZ
Yo FREMBRMBOKRSYHEITHE. Hil, BN-ZHNERGEIMIILERY
BN AT YR BMERE T

BT AR RN AR YU e AR RIFREMRENE, |
WEATFEMAN GG SN SRR MHITRES, HELTRERN
FigmAN-TNE & MEl. H&BEARHRGUNESHHINTTIET, Pickering
FLARIECUSAIR. Ti5 RSN A, % - O 7 Oy A A R
FAOM B o AR 05 ) 4 1 SRIN- S A0 3 1 0 T e/ 26 P 4 R 0 M P e/ — AL R
HEAMKEY, HEXREEARRHE, ATCUMHRNEML, BT
M A T BREFEREGYRN-RRNENGRAE, &R T AT 5 25
ERGRTE, PENEST MRENREL.

AEEEGHTEBMRASYEN-RAEREEHE, UKH-5T0E 4K =
SALRERIR AR E ], CURAR A S0 — ZAE R MBS A E A A, LURE
LR B PAN- 7 AR G LR AR B IR S MV RIN- 3 A 25 PO IR A K WV A
KA, ZEAAHEIR T RAAPickering P, REHELRS, H&HEHT AARERK
WM EN-RRENGER — F R SBRE, Wi, TR T MRENTE
ZRMREURHE TENEEHRMRELRNZW. '
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1. KRR
ALRHFOEERAGME RE®) KWK 2-1 Fios:




Jestfl U KZFIR-F2207 1 X

R 21 EFERH—RE
Table 2-1 Main reagents

e Mk U 4
) k753 LR MATRE R A A R A F
ZZW#K (DVB) P % Sigma-Aldrich 2 7
BE_RTH (ABN) St AR AR
iR (APS) ek e M E R R A
XKZHE Sk JeF IR AL RAT R R
L] S JERICREA LT A R )
Ik sHHrek JestIbie R i A PR 2w
Fek S et ERHRAR
AR XL SRR aL AR A
PR mat WAL FE R
KH-570(MPS) S KK ig b THYR

2. TRRERNE

ALRTHNEERFNFME 2-2 Fror:

R 22 TEUBRE WK
Table 2-2 Main apparatus and equipments

WERYG RAHK K

DF-2 fai 54 LASIERFIRE A

LD5-2A @i Lol JEER &GN

DZF-3 5544540 I EEREERAE
TMP-1 & -l FRF MR R ST RAET

SCIENTZ-TI D B8 7 I 40 LRy B AL TREZEPFHEROFH A

S01A BB E Wil K AR R AR
KQ-100 B BiS HHi vE % R s ae
UV2501 RVE40 5 e vt AARTAR

222 LRHE

2221 MAZFILEEHKHE

¥ 5g AL 220mL R OkEH, BARBESRSSERBE=0
B, $—EBNEMKERMAZ —EUENFRCESBHRS, ROt



B A BRI B %

30min J5, ¥ B HERIF KRB AERSE 70C, Z18H M 20mL KH-570 15
UBd il 2 Z B ARERIR LI 2 OB, R 8h, 15 Ik RN ERHIRER. 9
FRRCLE L. ik, BEKRMASEN, &E, £70CTEZTE3h #
Bkt — AL RE(MSNs).

2222 R N-RAERGRERAH &

B N-5T A& A% SR (PNIPAM) T R 5 T RSAIBN)9 | RV B R &
RNHI%. LRBEZTWE 2-1 Fir. RAHESIRWT: ¥ 2.26eN-RRER G
FE(NIPAM)F 0.16g B =R T HE(AIBNYET 20mL /K ZEET )5 EF = HEMH
d, BEX 0min, BERNARFHFTR, Aok FRAAE, KAEKER
BAKH, T OCHEMNTRMN 120, RNERE, HRBRLKESZE. AR
BT MFY), WEIRIR RSN B IE R oKBR 2R R B2 Y
BRREIRA, BROGETE. ERESEIK BERREYE KT TER
TR EEE, FrEslm e aE KR PNIPAM®,

BRARMN

B 2-1 PNIPAM # %% &R
Fig. 2-1 The reator of PNIPAM synthesis®”

2223 BEMESHKENGE
B TE(THRC) IR AR K 2-3 Frm. BLAER 2 A6, BEH
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Jentte. LKA 22 R

£RAEUT: ¥ 03g KM ZEMES B 10g BHE — ZEER KBS,
RIEH 0.2gN-FINENIGELEE, 0.4g B N-RINE NGB 0.03g SR M
5g EETKY. KHilKBMEAR, BAKGES, A£EFKARMTN+H I
30min, BPAT{3 3% € ) Pickering FLi. i3 EIH) Pickering AMEB £RE RS
RPRENEAEEM=OAT, £ 2CTES 12h. RELHE, BEW4
HEZR, RERAEE FRKNLKCEETYRE LR, £0CHEAFTRHET
# 120, WAAIEAEESERE.

F2-3 MBI ML TR BR
Table 2-3 Formulations for the Preparation of THRCs

run deionized Liquid
PNIPAM/g NIPAM/g APS/g MSN/g DVB/g
no. water/g paraffin/g
1 0.4 0.2 0.03 5 0.1 0.8 10
2 0.4 0.2 0.03 5 0.3 0.8 10
3 0.4 0.2 0.03 5 0.5 0.8 10
4 0.4 0.2 0.03 5 03 02 10
5 0.4 0.2 0.03 5 0.3 0.8 10
6 0.4 0.2 0.03 5 0.3 12 10
7 0.8 0.2 0.03 5 03 0.8 10
8 0.1 0.2 0.03 5 03 0.8 10

2224 BEMHHKRENITIZERRR

ASKK LT B AR A ERAH, FEI—E &M B 2 BEIEK LR
B, BHKZ Y] B K ZBHH, R, Y] B I LR IAHERFEER
HIR S R, 7 40°C T HEH 48h, SERAIKIER. RE, AEKCEMEE
FAKREHGEE T Y B BB HRE, £ 60CTFHAZ TR 120 FHBEE
21 B REMESKRE. TV B HBEARELNE LBE B HPIH M
BRAYAW BWE, REHHAS. BEMNMKENTTEERLRE L AR D
T SRR GRS R M EE T Y B MEREMRE, MARSHERN pH
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B MR R %

1A 74 MBRE R E RS, HRET 25CHASCRIKMF . BEWL 1h, NEr
R OmL B, RN, FAOA OmL BERRARZ AR, MAZMIEHRENRT
RERBRTAMAE. BTl K5 6RBIE 549.0nm AL IV KL,
DA F ] B MRE SRR, UGN, EidirmEhsd it
HP Y] BIKE. BEEUT Y] B RRREA SRR

223 FEREREE

1. %4} ¥ 8785 (Transmission Electron Microscope, TEM): H T2 #riE 8
HRARENLH, B HHL HITACHI-800 MZE S 67 BiE; SIHIRA:
BHESMRETKZES, BE2ESIEHEREMN L, TREMRK.

2. % BB (Optical Microscopy, OM): H T4 #rekf A rEfa g
Pickering FLi KR Bt R A BN H: 54 Olympus BX41TF B 22 B,
IR A ¥ Pickering LK A TGRSR v LEITT; KB 2 &R E 2 E
TKCES, BEFENERHENER L, TREHITTE.

3. 45t i&(Fourier Transform Infrared Spectra measurements, FTIR): 1£H
Nicolet-8700 %!(Nicolet Instrument Corporation, USA){# 7 M 5 4T 4h Je &AL 2 4y
BER ML AR i . K TR AR B R0 KBr 3 — B LI BIYANR A, FEhe
R, BEABAFERES, BRSO, HH5ER 4000-400cm .

4. HEH(Thermogravimetry analysis, TG): K5 4#E[E NETZSCH A7)
STA-449C BLEA#AIMTIL, MMSFAES, FHEEZR 10°C/min.

5. BT BHE(SEM): K ISM-6701F K43 B F B BEXT i S0 4T
47, BEBHMRERS S RETKZRED, RRHTHM L, FMNEERR
B E, BEREHR, MK 30kV. {# U FATSHNEDS) 7T U A H 2 H .

6. K BHEBLFM): KA Olympus IX81 B9 % BB T B BT E,
BEGEMREARTLKZESD, B8 Smin FRETEEA L, THRE#
GrlPe

23 GR511E
231 BRAEEABRRMEHMS

X T A A N AR W (PNIPAM) I 2 F & WA 2-2 B, A FERRERT
UE BN EE LRt L RN FER G RKERSRER RS KN B
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el 1 KA X

B, FrEL PNIPAM IR B 20 T 815 IR B, BREA & E— ek,
PNIPAM 17 FEERXMEMLEHEE N EHER, HNM, PNIPAM KER S H
EHAREM, X—REN AN R & MR (LSCT), XEHEKX PMIPAM
LSCT % 32CP,

L Bom
\ 0
mw o
H3C/CH\CH3

FE2-2 PMIPAME) 53 &5 #)
Fig. 2-2 Structure of PMIPAM

E R Z M PNIPAM K IR A U R R I I 2-3 B, Eh IR
MG, LR HIFH PNIPAM B A B R REREBUEHE, LB R (fm
T4 RIE, 2 PNIPAM KB EEE EF LSCT ZU LK, W B #HER
VEM, XFRR R HEKEREEITB. HBEMFKZE LSCT ULF/E, PNIPAM
fRKIER BRI, HKERX S mEREREE.

B .5t Sl

Bl2-3 K& HPMIPAMIER Bk 5 T % DL

Fig. 2-3 The temperature sensitive phenomenon of PNIPAM in aqueous solution

2.3.2 Pickering FLiA KO BX

B PAHL 1 RENS 7E /K I T A8 8 A7 7 RO IR R R Y 6 E MO 7E:
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B MBI R %

E = R *y(1 % cos6)’ A @-1)

R, R RETEBKFHHRZ, y KRTH-KFEKS, 6 18K T BIEH
FIAE D . AR KRS B E AN A ES, Rl KRR A
75, EARBRL B 3T Pickering LB RN B CHEEENEM, FEiAH
Fi (AR R B/ 0 SRR, QIR A& R, WISk st ae
Wi AT KAES, HERAREE Pickering MMM, BE, HE{k
TR LR K (0> 907 )i AR FEK(0< 907 )i, TR 4R BTk & 180 ) 4 LA
MEiE AP, TEREAR. BELLSENIR - EHERTFRK, TR
MEMAKREREEIM, B, FEIWK-EEdiTRmSrE, AR
KR . :

A KH-570 R4k Z 5o fE, KH-570 /K485 T AT iR 25,
BREESELIHRASSEMK - ENHEBRRE, MR EgK _EHER
TR, 9Kk SRR ) B HUK PRI FAL . MSNs i TEM W&
2-4()FTR, R RS ZFAFBRIARA RN, FERZH 80nm. B 2-4(b)
% MSNs M4 AMGIER, dBRTLLE R 1099.0cm™ &b HM K b — F bk
Si-0-Si HfH4FIE, 469.7cm™ AbHINLURIE J Si-O-Si fRENE. 7F 1700cm™ AL ERAY
R A C=0 SR, X RPBEELBET KH-570 EA4 A H —EHER
fi. P 2-4(c)h MSNs M E MLk, HRET _EURLNNEREIH/SKES
f#, MSNs 7£ 300°CHI 600°C BT LA 11.2%ME R %, HERE ZHWERE
MRRRI S B A 11.2%. SHEEH MSNs MREL N 5.1g, WSS REHRR
RIS KH-570 (&0 th T R J 5.

Wigtt.570= W anet MM 1510 #(2-2)

M My _s70

HH, Maiano 1 Min.sro 7 B W EEBCRE RIS ) KH-570 94 F & . mguso
KH-570 (9MA R, ms ABUHES MSNs FIRE, W M EBE ZFERTIN
BREENRES 2R, 2 HE, FIMAR KH-570 F, 45 51.8 wi%
(Win.so R E —EULEER .

B AR, FUKHE N-RFERGBILES N-7 B ERGBILNKE
BRAHE &, REBLTHREHIANL, WaE3 S _aEREn
Pickering FL#. B 2-5 AABH R DN BMBER K, BILENBHEREWLE
H, KEHILMMHEAERLA 10-30pm. K—# Pickering LI 7 15 n 2
WARAE PR LR T AP, SR, FRBRERMAR ARG,
TIRA B F K Pickering FLBHH IR A 4HL MM RFFRREGEIIEZR, &
R HT % Pickering FLHH W/O IR
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Bl 24 St —RARERES B (a): OIMERb)RIME ()
Fig. 2-4 (a) TEM image of MSNs, (b) FTIR spectrum of MSNs, (c) TGA curve of MSNs

80

B 25 itk =R R Y
Fig. 2-5 Typical OM photograph (run 2) of a W/O Pickering emulsion

2.3.3 B RO E

BRI A TE LI 2-6 Fim. WHEBIEREMR N-RNENE
Bi%, .4k N-F N ARG A0 5| R R BRI R A K R A 0K O R
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B MBI &

(AR S, DABUE ZSUALEEARRE A, AR A, MR
%) W/O B! Pickering FLill. 51K T ML M K RREZN I RAEKMPRE
S, SIRBBERE, KATH N-RRENGBESHKBEE, ERE N-
FRAERRBIE, HTHREPOZREAD, BTLRKE N-F R &R EE
MK L2 W, EimpmitREl, Rt KHFUABLaRAIE N-RH
HMBRE, SETHTEAM, DERMKENRSE. £5CR N-FRER
KRR R IR AE R 72°C, BT ILARERRAE, WEEHRRA RN,
ELMAZKHFHE N-RAENGRENLLRSHE N-FRER B
LEBGK, WKATHEER, HIEESMAREL. R, TR
ACHRH " LRI IR NG BRI K S 2R N- 5 A A R R AT AR TR
BREEVE. BRERNEREG, Kr-wksk, TRETHIRBEE GMRE.

ovB
PR Sonication

Water @ ;
. f<—NISNs

MSNs bo o . .

Ligquid paraffin Liquid paraffin

Polymerization Phase

separation

Diffusion

PNIPAM Chains

! Coagulation

Washing

)

Drying

Temperature sensitive polymer layer

B2-6 Pickering F1 i | &R ML e e B m & 1
Fig 2-6 Schematic illustration of the fabrication of THRCs
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234 BREMREENRT
2.3.4.1 MR REMRIE

B 2- 7N EEMEEMREBTE 2 515N BHER A, B8RS HKE
RSEBRARL R 10pm. B 2-7(b) MBI BAES HBER . HETUEY
Fr il % B L SR R HH B A2 045, BEJR 2 N 500nm, PR EE I (B 2-7(d))
AT LUt ) & B N B BRI, SRR ARG (M 3R T (B 2-7(d) A S ) i B L o
RE—EHHO_SUERARY. dMRERNEFSENLEEE®E 2-70)
AUEHKREERNFEEARN, SEAZRUHE, RERIESYE. B 2-7e)
AMRERE R, EERERRERDPAFEANRC, O, SiJiF, XWiFHT
iR R —E R RS YR H R,

Fgaﬁ

,
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; K v I . p LA
: . Yy ;o
g 7 S4ATA o
|4 7 % <y W .4
f ., e . ; \
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27 WRENEMREF (2),, BHBHETG), REEHHEEFBREITC), ™
BRI BRI A () MR BE R BETE 4 (e)
Fig. 2-7 (a) OM photograph and (b) TEM image of h THRCs, (c) magnification of the cross section
of the hybrid capsules wall, (d) SEM image of THRCs, and () EDS spectrum of the hybrid
capsules wall
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B BRI &

2.3.42 L5 HR

Bl 2-8 Ji B H AU B SNER, HASHEB TS HIR T 1104 om’
K 469cm™ Kb BRI S, 1510cm™ Al 1630cm ™ AbFWR LI & Hh
B N-S 5 M B B MM AR BN 5209, 1380cm ™ AEMMIMRICIE R N-F
KRB SRR PR iR i, B, EEERIRERLLSNE
B R ELAT S ALREAN B N- 7 25 TR A4 B P A e i, o bkt BT LA M A
5| % (AR 5 A R R h — R R R N-R R GRS R A R .

% Transmittance

BN

1104
1 "

220 1 1 . 1 N Il 1
4000 3500 3000 2500 2000 1500 1000 500
-1

Wavenumbers( cm )

B 2.8 MAEININER
Fig. 2-8 FTIR spectrum of THRCs

2343 EHRDH

B E & RS SMKREMARLEF AP HITHEK, K 48h G
PR L ERR, BOSBELMKE, RAEERITERS, B 2-9 AR
HEAMIKETE 2 SN ERMTHE, bl BT UERBIEGURERN
BatAsE R 27°C, XRWHTHEMHRE AR RS ER, HERETRE
WS T BREHE N-RRERBBIEM LSTC(32°C), XARRAAEREL
BHSIABKEREY AR EESE, TR, SINRKEREEYSRH
% N-5 PSP BERE I LSTC 1 i REAE™ 1,
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Jeatk LA ERIR

Endo

i 1 i 1 i 1 a 1 A 1 M (] i 1 i
20 25 30 35 40 45 50 55 60
Temperature ('C)

B 2-9 B A T 72 4
Fig. 2-9 DSC curves of swollen THRCs (run 2)

2344 BRESH

B o210 ATREEBHSEHMKENATENL, NHEZBETUEY, %
200-700 CHIBETEHINA 61.3%MAER K, XFERE BN T &AM T
REME N-FNER GBI R R R RE KRR 2 MR BT 5
HH, T 700CZfE, MR ERHENERRR, hih ZFrk g @
2-4(c)FT AR, BB ZENHRENERENTEN N 11.6%, XitHiE
BHEASHREDREER AV SRR RN 49.7%. B4+, BhEhLE
ERTLLEN, LREMESEHRES ZSENRE S 5N 38.7%.
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Fig. 2-10 TGA curves of THRCs

235 BHMEEENELIEZHNEWEE
2.3.5.1 BRIKE R0

AR BN BR AR, RIS YE B E 258 e SR,
HWHZAASREAR, FrUROEERNAENABBHIREEEEENE
W, ASCHTHI & 1 Pickering FLAEA T ot ZEMRECR K E PR A8 T
W, Eik, o BRItk & iR B R B E R R . B
PL, &EACE, AROFGMHRIRERT, BIOIRHZHA RS = SRR
RES HIH & T REEE S HKE. KPS _— S 5RAaENRENR S
5% 0.01g/g, 0.03g/g, 0.05g/g. 4t ZELREMBIRIKE R 0.01g/g i, BT
BURIRFE A, HREBEIBEN Pickering L. HottE SRR BRI EZ 1
mE 0.03g/g(E 2-11(a))ft, Fribl & R B A BRI IZL4A 10pm, XEMTF
HHRZMOSHE SIS SRR R E, FRRIMREEATMmE, KT
SEH Pickering L, HUAALBEBMARBOEST RS AR TR RIKE. St
TR R BRI 1 — 2 N 2] 0.05g/g(B 2-11 (b)), BB T (2L
BEAA Tum, XREISEZENERTRKERS, FHRLKLRER, -
KAMPRE R, RO TARBH MR, HRBTEHRKENNAE
o BHILTET I, BT ) 45 007 ST T T (Y R A B — S R R 1 3 I s/
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Jeatdh 1 Kt iR X

\
2-11 A RO T ) &S o B AT % SEM B A ‘
BRI (g/g liquid paraffin)}y: (a) 0.03; (b) 0.05

Fig. 2-11 SEM images of THRCs prepared from different particle concentrations. Particle
concentrations in the continuous phase(MSNs/liquid paraffin): (a) 0.03 and (b) 0.05 g/g

2352 BEN-RRERGRRRENZD

SRR, T N-Ji 04 MG R B xR S R R TS R K,
REFXMEHEAT, HHER N-RRERGBKOKREN 002, 008 A
0.16g/mLH,0 I T HI& TRBUIEMALTE. LJKEEND 0.04g/mL Y, Fikl &R
B URZE AR (8 2-12(2)); HIREHE N3 0.08g/mL B, HEIKE R L %M
HEkE, W 2.7 SRERAE 0.16gmL B, BEMMREBNSHRE
FEEMIBME I (R 2-12(b), XRFE AR N-RREAGBIERZEN, B
YIEREm SEERESHKRENIERE, HBREMKRERSIHHK.

. el s
ey & Shuad
e T R PO A R

i i ] g

. : a

, e %, by
ﬁ . N ;ﬂ%‘
I B

#e 74 L. . . e
JEOL ISME 00 0000 WosImm 0 Ml jroL ssme B 500 X3X0 WOTSme  fum

2-12 IR N-3 WA N IE BRI (/mL Ho0) A T ) &% (i B B A U
SEM Mk (a) 0.04g/mL; (b)0.16g/mL
Fig. 2-12 SEM image of THRCs prepared from different PNIPAM concentration (g/mL,
PNIPAM/water) in the aqueous phase: (a) 0.04g/mL; (b)0.16g/mL
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& MBI R

2353 ZZHEFRENEN

E T A R K R AR OR 2, - OB EE T LA AR Y B - K
RS ERSE, B N-FRERGBER TR = L% S -K R YK
AT KR N-F R REREBREPERGH, Bk, = LR MR BEXHR Bt
MRENHRESA —EHEW. RIEESE - REREMAPIRE, 2
A% T B/ % 106nm, 248nm, 600nm HYEBIEHTE, W 2-13 PR, BH
PR B (A FEREE = 2RI T (¥ 59 AT 4890, 3 B B A s AL V- K 5
RZTHEROREEHMK, WP SAELN T LBEEY BB KA,
5K N-RRE RGBSR . KT U AR A AT T = O R
WK & BH AR R AR MR E.

¥

%

% K

2-13 FRZLEERRE FHl&RBIEE S MK RN TEM B
“ZIHHEARIKIE (g/g Liquid paraffin) b: (a)0.02. (b)0.08. (c)0.12
Fig.2-13 TEM images of hybrid capsules prepared from different DVB concentrations. DVB
concentrations in the continuous phase(g/g, DVB/liquid paraffin): (a) 0.02 , (b) 0.08, and (c) 0.12

HRAEHED Y B M ZEERREY R & MIREHITE, (£2 /19 B fE
BHRANFEBIERE . BRI EACREIELE 549.0nm WA FKET 27+
9 B MMIBOGEE, BNUIBL0ERHE LK. B8] B FE 0K 2R ikt i 2-14

|
23.6 AREBOWR
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Jestte 1K

B, b R X R, 2 HLA, TR EIH 4 HHE y=0.00486x+0.18604,
A x RARTFHHA B IBROLEE, y "D Ao BIRE.

0.50 |-
0.45 -
0.40 |-
ossf
0|
0.25 -

0.20

Absorbance

0.15 |
0.10

005 |

0.00 1 1 L s 1
0.0 0.5 1.0 15 20 25

CmglL

Bl2-14 ZHHHBRE LB KRR
Fig.2-14 Relationship of Rhodamine B concentration and absorbance

215 HKIG IR R IC BB R A
Fig. 2-15 FM photograph of swollen THRCs

ZFHY B BH R, FrLMERM S B ol LRIE S 27191 B AR B
HHIKE, HEE T B MR MR BN TOL B MR (F 2-15)TLLE 1,
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HATY FHY B MR MR B A RGP R, XRBEHKE, P B
RIBAN T B M S . ZirE 0, BRERRET R )M 5785 18
B ({84 2.93 mg/g(P FHY] BARME R SR E).

wh
(=1
T

=

(%]
<
T

[\
[
T

Release rate (%)

—
o
T

<
-

0 5 10 15 20 25 30 35
Time (h)

& 2-16 AFERE T RES U B KRB RN
Fig. 2-16 Release rate of Rhodamine B from THRC:s at different temperature

BB R o SRR R MR SO nI IR0 BUd . MR RIBE
BB B NERE, PR BRABHRTEBRMNFP, HHREATHATHR
VRS MRENSNE. BEEMRETARGRE TP B &8 g
& 2-16 Frw. METTLUES, ERRBET, ZF8 B BBERE A FERE
HIRRIR, KR & RBUBIRBRAERE . (AHE 2-16 TTUUE HET—H
BT B BBEERR, XERNEREVIY, BEREMKENIZ Y B
kLR K, BB ; TS 84T B MEBHERR%E
EH &S EF RS, SHNETF B ZETIMNE, AERERENE
&, W FRERBYIM, PHEBBRGEE R MEERNLET R,
REBAERKERBT B MRS, XEXHOE TFREEMIREARNZ T
Bl B FEfEl. R T FE B F 4SC TR BERT 25C, HAE
BRI 35h A3, BT B BRANBHEMFRENREARENRE, 4
ZREIEH 25°CHET) 45CH, BBRBED 25.7% REET 70.9%. ZLHE N
LEREE R TR B MR ARERRE 27CH, BBEERBHRED Y
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AL AW R 147

FHIA B SR R R R B AR B SO B T B A EERIE R AIREREAD, K
B BE v T R AR IR, U2 AR MRS, HPER
NEH P FHE] B WA, MIRET P9 B KRBGEE, ¥mT P9 B
FIBRBE. HLTEE, Bl m sy R R R,

24 KBEING

AEHEAGRTRENREVEN-RRERGRRE, CURATERE N HA,
DAL B B AN 1A 5 T A R 2R & D TREIN- 5 9 32 A A AR R A 7K v 8 4 b K
M, St S AEERRE DR A, 2GR AR, H14% T RAAPickering
B, AESRERYHE T REN-RAERGR K — S a8 S 4MikE,
Bl & BB B HRERR RIFAERREBURME, JFREARTEPELNIS FHUIBAHE
B, MRATEBHESUREN I EERER, URMEHE-EUERE, BN-FB
RENEB IR EN Z ZBERORET BB AR EOR R Ew, G
WTF4R:

1. il & i A TR R R0 7-10pm. SRR BREhAK %
i E AR E MRS R SRR, BEEESHKRENSRETERE
#27C.

2. THACEERIRIREE . JRN-J o 2 O Mt A O R BN . LG R IR P 0t
EEMEAMREBNEREGEETOEW. BEVMRENRCHE AR
PRRBORLR FE RS ITT /D BB BN-R N ERBBRRE R m, S8meRE
RAEGK, IMRELE: ME-ZHERRENEM, B8HMKENEER
HRR.

3. UBFHEBAKRAIT T BB MR B EB e, LRERKHH
&M TR RIFREESURYE, A7 DU ol 8 BB B AL R A% B e
T FUBRBREE.
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B pH R &

B=E pH WREEANMRENH &
31 35lF

H-TNE &2 OMRERSETIIRTIIN R g &K, JFRRHT
e R, BrENATANOERTERE, BUARBRIES. ¥
RESY, MERMESY, pHERHRAYS, EAVKEVTEAEERET
RN ERTR. BRARER M ZHANRERESY, AT HpHB R
B NEE. o -PRRBREREABREAMDI—F, A THE S TIRE
S0, TR SpHE AT SRR . g nEE W3- 1R, &
EpHIEAM T, BRERBRN-COO, i MpHIERIKE, 2 IF#HHI-COOH,
RENLTHRABEE o -FHAHKZRERE,

T AR R B R MR R R T LR REFROE A E, B
HEHELHAN RS EUESTHRERAMEITRE S, H&RARREUH
FIR AT MM E A e, B, Pickering LA LABURIR, EITRMENDE
i, TEHEEEEORTIEEBENNATHE.

Low pH High pH
H, H
Cc —C
COOH COO°
B 3-1 R HENSRIEE

Fig. 3-1 pH-dependent ionization of poly acrylic acid

A% KH-5T0BHE Kk QLB R E A, RS mA, X
VO pHEURE R & Y 4k o - PRGN KRBAE kA, 2 FALHIE T R
PickeringBLik, AFHELES, H&WL T A ApHBEMAI R o -FENER/ —H
WEEE AR, BL5, EFIR T pHERE SRR BN TERERERH & T2
HIEREIZ W .

32 TRWERIE
321 TRKHRILE

1. R
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AR LRSI EE IR X

AR 0 B RE W E 3-1 Fow:

31 FERA WK
Table 3-1 Main reagents

#F ik BT %
gk ULk JERRURREB AR R A
o -FENKR MAA) ST KN BRAFERF
N NTERUAREE T HERAA A

(NMBAM)

LRI (APS) ik IR R FERTRA W
*KZ B SHTak R A RFRA R
Kok idiiea) st AR A
B Ak ST IR B A R A A
EAE =1 WIS AT

KH-570(MPS) IHT 4l R K& 1) -

2. ERNHERE
FELBRAFNFENBZREWME 3-2 Fik:
32 FEUBRE UK
Table 3-2 Main apparatus and equipments

R&ERGRAHK TR

DF-2 B M8 TR BEa AT RAR AT

LD5-2A B O AL CERERAELH)

DZF-3 EZ T84 EREEHNRXAMAT

TMP-1 B MR F KF W ACIAR B A

SCIENTZ-II D B8 7 3 0 ok BE b TEFELEBRBARAR

501A RUBLK B RKH LR E A

KQ-100 AL & dE4% Bl fi@E S a A

UV2501 BLEAM XL i OALEAG

322 LT

3221 RHEZFE MM

A —HESESERE ZE 2221 7.
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B8 pH BUBEKRHIT %

3222 pH HREARB BN Z

%% pH BURE AT B(PHRCS) MR HIA & 3-3 Bim. LLHE 2 441,
BERMFEI&IRNT: % 0.8ga-FHERGR, 0.04g N, N-TFREXRFHEEIZA
0.06g MBEMAE] 5g EEFKF, BENH, BINRESHER. A5, #03g
it SRR 10g MIAREREAMM. HKNHES, R
BRI FL AL 30min, BYVET78 158 K R AH Pickering ZLiK, 1413 B Pickering FL#K
ERERFESBPEENRIREENZOLM P, RCHEEFES 120 K
NEERE, AHEER, HEBTFKREKLES K= DEEZR, T60CT
HZFE 12h, HEMBEERKEN pH 8RS AKE.

R3-3 B pHAUR A S TIREN E RS
Table 3-3. Formulations for the Preparation of PHRCs

run deionized Liquid
MAA/g NMBAM/g APS/g g

10. water/g paraffin/g
1 0.8 0.04 0.06 5 0.1 10
2 0.8 0.04 0.06 5 0.3 10
3 0.8 0.04 0.06 5 0.5 10
4 0.2 0.02 0.03 5 0.3 10
5 12 0.12 0.18 5 03 10

3223 pH B S AR R AEERAR

ABEUTFY] B AA, Ll NaOH B A HCLE B AZRA R, 8T —
EER pH BUEAGKRE, MAZ I B M LEEHRY, 7 40CTFiHTHH 48h,
RIGEBELNE. ik, THREANEED Y BH pH BBEAWKE. MRE
FHEZ Y B MEELHE ZBERTYIHRNRLN T B KRB HAL.
ZBRLRSBROT: HHAMERFROHERENSHE D 9 B # pH BURE &1
R BN A% R F 9 NaOH ##(0.5M)HT HCL i #(1.0M)H, BT 35C1E
BAB D BR—EMHE, SN LRERT I OmL E&, WL S
B E, [N E 2 5 54 i E 9mL NaOH ##(0.5M)F1 9mL HCI ¥#(1.0M) LA
REZHEAFARIEE. BRI e - 5E /N7 B ) ) R HR s O R A
JFE 549.0nm SEMMROERE, RSB ARHE S AR H A T B IOREE, B
Z 9] B 8 2B A S HCRRAA RN R R ERRE.
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Jestlt AR

323 RIEHE

1. #EYS T BB (Transmission Electron Microscope, TEM): B T4+47 pH
BUk R &REMEH, B % H3Z HITACHI-800 BB 5T F B #lkEd i %,
KRBT KM, BEMESSEHERMLE, HREIR.

2. X% B 4HBI(Optical Microscopy, OM): AT ¥rditt — R ALFER & 1Y
Pickering ¥y & pH UL H S IRENHH; B 5 K Olympus BX41TF B3 B4
B HIFEEAEA: 4 Pickering FLR AL A LEN W, 4 pH MURE S
KRBMELKZEY, BEMRYAERERER L, THRE#NE.

3. 24t (Fourier Transform Infrared Spectra measurements, FTIR): FH
Nicolet-8700 Z¥(Nicolet Instrument Corporation, USA)&H LM AT A CEAL 4 bT
FERIIAAMRHOLE . B RREHERA KBr H— T REWMEYSRE,
BER, BEABAFGES, B R RLAE, A EE 4000-400cm™

4. #E > Hr(Thermogravimetry analysis, TG): %3 %% [E NETZSCH A #]
STA-449C BUGGZEHAAL, MBSFAES, FHEEE A 10C/min.

5. HHEBBEH(SEM): KA ISM-6701F RUFIHi i T B B X KR ST 2047,
¥ pH BRI BEEF M RETKZES, REFTHEM L, FAMEERER
RE, BRI, WRLE 30kv. MHWMFRTSH{UEDS)H T pH BURE &4
FREEE I A

6. F BMBLEM): KA Olympus IX81 B 5 BB T ERL R NI %,
BEALEWMRESRFLKZEY, BEHE Smin EREREN b FRE#
18R

33 HR51E
3.3.1 Pickering FLi&RITZ BL

R KRS G, SARMREIEFR T8RSN Z A rRE N
Pickering JL¥, & 3-2 AABMEHEEF(TE2), dBMBERATUEE, X
ZHABBREERA K 10pm. B—F Pickering T/ A THIE R £
TRF, TUEHBARBHRAARETE, ARRRLEAH, THTEETF
KPR LBV REFERR, BB B, RRIIFTHIERILA Pickering Jy W/O
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W45 pH IR

Fig. 3-2 Typical OM photograph (run 2) of a W/O Pickering emulsion

3.3.2 pH HE S S HBIR AR A 22

pH R E AWML BN AN 3-3 FrR. A pH BUE Pk -TERE
B, 3R MBS N, N-WRERXAGBIZOABNmERS, N
St E AR R AT FLAL, BV RT3 8 S A Pickering T, BEHER BN,
B\ KRR AKHRR R A, WTTTLAS R B hER S, WREAEAKIAT I o SRR
HREHRAHEERR o -FRERGRE. BE, BETOILE, TRE Ka-
FRAMRESHETCHRENAE, NTTH2 pH SUEE SRKE.

MAA
NABAM

Rater

MSNs——

Sonication

—

Liguld paraffin

Polymerization! ‘

Washing

—

Drying

=

L-PMAA Chains

cross linking

pH sensitive polymer layer

B33 PickeringFLiE S| S pHEUK K A R BT 2 B E
Fig 3-3 Schematic illustration of the fabrication of PHRCs
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Jemde 1 RS hr i X

333 pH R EAMRBENRET
333.1 ERESHMERE

Bl 3-4(a) % pH BB H EMRET R DMPRBEERS, GRF L&
1 pH BURGUR B 2XE, BRI RTLE 3-4@)FHR)RAILIRRL—F
BEMN AU EARY . pH BT SHRELWRAL N 1oum, 5B
RSB RAZAIY A, X3 pH BUKE &M% 2 L Pickering FLIK
B AR . B 3-4(b) 4 pH BURE AR BMES L BR . hiBst e
BEALUEN pH SRR SHKEHGWHERZOGH, BELAR lum. & 3-4(c)
X pH BUEH SRR BREMRILE, EEERRERTEHAEC, O, SiIET,
iFH] pH BURE & MR TR Rt — SRR pH BURE AWEILRA K.

) 5000 00nm

(a) SEM (b) 1M

0

M

0 2 4 6 ]
EheV
(c)EDS

& 3-4 pH BUR T SRR ENFH BRI (), BH BB O)RBREENELE(C)
Fig.3-4 (a) SEM image and (b) TEM image of PRHCs, (c) EDS spectrum of the PRHC wall
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Bl 3-5 pH MUK E MBS i
Fig.3-5 FTIR spectrum of PRHCs

3332 g0t

3.5 S pHER B A SR BRI AL AR, %1 1103em ™ AL BRI 8 - AL
FESI-O-Sifty h4aug, 471cm™ AbHITIIE l — AL AESI-O-SifRAIE, 1708cm™ KEHY
R e T o - AL PR B P PR B IR AE TR e, 1377em A TR MO R 3R o - HE T
A5 W T B TP R A R e, g 2L S AR TT LA BT % (O pHEBUR B 5 R
FREH AR o - ERHRIL R AR .

3333 BRESH

B 36 ATEFN pH RBREAWMBENAERL, NETUEHE
200-700°C UL GBI LR A 84.5% MR BHIR, R ERMT pH BEES
BRERRSUE o -FEREREE LM B — F AR T (O b RE 2 0 R
FialZHARSEN; T 100C2fE, HRRAHENERRK, HEE=H
R IE f 2 (1 2-4(c)) PTEAB &1, R fE R RER I I RESCRY 9 8 20 B0k
11.6%, IXFEW pH BURE S MKES pH BER WA HNERILAN 72.9%.
Jehh, mREMAETLUES, £ pH BUEESMKES, —EHRAREN K
%949 15.5%.
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0 100 200 300 400 500 600 700
Temperature/ ( C)

A 3-6 pH HURE A E NN 04
Fig. 3-6 TGA curve of PRHCs

334pH AR SHRENH S I ZHR
3.34.1 BRIKENEW

1RG0 FLIK R ey B/ FLIBORCR A AL, SR T A 57 A 4 P R SO i LA
HEZEASRERE, FUREFEERNGHESLRBE IR EEEEENE
Wl o 2% 3T ) % ) Pickering FLHAE AT T Bt~ SULREAC B RIS 17 Sk B e LR
W, B, BT RURRRE DR EEN pH SRR AR BNANEER
Fo BBl A, RREEMGEERE, EZAREZSEBRIIRERL
FFHET pH BREAWMKRE. H P _EhBERERRELS N
0.01g/g, 0.03g/g, 0.05g/g. ZKYE—HALKER THREHR 0.01g/g K, tTFHHIK
BERIL, BERIREN Pickering P, 2otk = S04k =k Bk vk 1 59 i 5
0.03g/g(® 3-7(a)i, Frbl&E pH BBMRENRZAN 1opm, XRETER
Zat " RAREY B R, FERAWNRTHEENE. Mok Ek
REBURLIR FEE— BN E] 0.05g/g(E 3-7(b))i, pH BURMREM EBIRBLA N
Tum, XRERA BRI RS, FELREBEA, Wk FE0REE
158, WT Pickering LKBIEZ MR, Hifi pH BRI AWML BHRZE
Frig. BEE R, Frifl# i pH SURE & IR B R Z M S — R BRIR
FE RIS TR A o
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W % pH BURIRRIEI%
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B 3-7 AEISRIREE 5% pH BUES ST &N SEM HiH
I BRIRE A : (a) 0.03: (b)0.05
Fig. 3-7 SEM images of PRHCs prepared from different particle concentrations. particle
concentrations in the continuous phase (MSNs/liquid paraffin): (a) 0.03 and (b) 0.05 g/g

3342 a-BEFAERERENZMW

SR, o -FPENERIOKEN pH SUXE AMREERA R AKZE,
E, REHMEHERE, 25U a-FRAGREAKMTEKRESR 0.04, 0.16 F
0.24g/mLH,0 N/KMHI% T pH BB ERBHE. Ha-FTEAMBRKEN
0.04g/mL B, Fi#l%& 0 pH BURE SHREXRS ARRE 3-8(2)); Za-F
R BIRE R ME) 0.16g/mL i, pH BBE &M TEL B EFR(E 3-8(0b)); M3
o -PEFERKESEINE 024gmL Y, pH BUER AR EBEM R ETEN
W, MRELHEAAENEUE 3-8¢) XRAAK o -FENER
HRFENN, HEESYETR o -FENEREKERR, MK pHBELS
TR RE, S8 pH BURE ATKER LB,

335 pH BB EARKENIIZERMAR

AR S FR RN RA KT SR NECRRHARRER S B &
W, HPEHMY L EEETE 549.0nm AR TIAFIRE T 2 FH9] B MBOLEE, BIRTHR
BB HERARY B B Mk ik, MENE 39 FUR, BRI
MLtk RELr, 2EME, TRRENFTMELHER y=0.22569x+0.00412,
BN R E S T R y=0.21105%-0.04127, RH x KT Y] B HIBAE, y
FRZD T BIRE.

HREH T B MZEBRHX pH SRS S MIREHTHK, 1B
B BN T, A B BARMIER, FILMERTOLBMBERITE AT/ B
i) pH HURE A MIRE. B4 T 19 B i pH BB E A BIRENIOE BHMEIE A
WmE 39 Bk, mE3-10 TUEH, HFS Y BEN pH BB EGHKRERS
REFMTOLHE, XRULSBKG, FHH9 B RINMEANT pH BURE & HIET .
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JEEE VRSB 8 X

ZilHEHM, pH BBRRAWRRETS Y BHEN 2.1%.

v. 100  X1500 WDBOwm  10m
o ., 7
% “”"f”:’%ﬁ , %
B é 2

A - 7
4 SRV S el /'/,
/M S W,

- 4% g
/ A W
? % %é% 1%5% 5

ﬂ N N

w' Py 7 /%,j ,,y':'” 7;% oL
{/l e 2o’ '1'?%;’? A}’/j “.:
T

3-8 NFla -MERNERRE NElE pH BUSRE SHALEN SEM B : o -TERBRIKIE

(g/mL H,0)H: (a) 0.04; (b)0.16: (b)0.24

Fig. 3-8 SEM image of PRHCs, MAA concentration (g/mL, MA A/water) in the aqueous phase: (a)
0.04 g/mL; (b) 0.16 g/mL; (c) 0.24 g/mL

Y B ) pH BUR F A AR WA SR A R i 2% P 3-11
fim. MEWTUEY, EARERAMRT, ZHY BBRIEESIFEEEBNHE
B EXRYIHIEE pH BURR SMRBERAZRME. Al pH BEL AMKER
MEAFPABRERAEESTEEN R, FHA BRI 36h A, A
FBRZ Y B BB ELTEEN R UEHENRE, SBRELHMEN RS
1 15.0%RAZ] T 98.4%. XFERENERMENFT, AFEE pH AR A MK
DT B KBS HCh pH BURMIR BN ST FHA B MR %, T 4E
BRUEANFT, Ra-FERGRPHIRENSTERER, #18 pH R AMKR
PR o -FERHEZEGRED, FEMKRENBNZ S B MiNEH, B
i, BEAHTEAYEOKSEIBHERFHLRLARS, AHNTTAYBH
i, M T 270 B MRBUER, T ¥ B WBRRE, VHENE, £
BHERA TR, XRATVENBERENTNESVRAEWAK, TR
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W4 pH BUBIC KT %

MEEm, BAMBAREAF ERABZIRES, REEREZ KRS,
mUL &, BrHI &R E R A R0 pH BUEE, WTRUEL A5/ &M pH H
skl pH BUB R BN R LK.

0.40H v acid-system
® basic-system

0.35
0.30
0.25F
020
0.15
0.10
0.05
0

Absorbance

‘00 ] L M 1 1 PR | 1 1
02 04 06 08 10 12 14 16 18
C (mg/l)

3-9 AFMETZ Y B FRELREERHRR
Fig. 3-9 Relationship of Rhodamine B concentration and absorbance in different medium

B 3-10 # MRS pH U S 5 BB (K5 6 S B BE T
Fig. 3-10 FM photograph of swollen PRHCs
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Fig. 3-11 Release rate of Rhodamine B from PRHCs in different medium

34 KENE

A DUBA T MR b A, pHIBIR B8 0 o - P 5 T R /K ¥ WA S A
KH-ST0B 48K — S ALREBURIAE MBS H), $1% T R HiPickering L, Hillit
ABRE, BOHET R -PEAGR S HE R T O BRE, EWRT
PHEUEK S A MR TR BRI A& TEM LS ZW, RA%RIT,

1. Bifbl& MpHEUR & BUR BRI 220 10pm. pHIEUEMURTER: i ALRE
B ABR R FpHEUR R S WS FA AL, BEELN pm.

2. etk ELREBURIIR BE A o - BB S TR MUK B #R M p AR & & O 2 1 7
PEEEEMTN: pHEUR S A ORI MR BB = EUL R b TR A 8
TN : Bk o - RBSRMIRE R, pHEUS S AR R R A TR, 3
ABEE R QAR IR, PURIREEE.

3. UBFAUIBAMATIA T pHERE S MR B R AY, TRLERE
B pETAHUR S 4 T A B A R v BORR R L R R TR 758 O Tk
PR, KBTI RO MU R LA B AT MIpHRE, 7T DA 4 A R BpH
R 5 R B VR U . '
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B T RS LR

FME HEEERET OMNIkH &
41 3lE

HHEBR MR AR Z, mEDREIE. EXREDRAFRE. B
BRMILMA G TR FAF S TAR. B 5 &L YRR, AR
EUBETPN, RETHESRNNA. Rit, RIRLAMENS A 0w
WFRITEE, H%HHNBITARR L R T RIX LR

m%ﬁ&i%%%*% PPt EHE, BAFSMEHERE. MBI
PURAEIhREYE, WREEATREFNED BN EE T TRE, BERA
HREHERER. R, FAEMRTIRASEE. TRENNAERTZ,
el CAREHI B o BRI R T AR 1 B s i) R B 7055

FOMERE BRTM BRI AR R Z —. £ Z A
REFAIME, MR 2 35 R IR L R AR 51805 . I 2 ORI 774
FERMRE. FHEREHEHZOMRERATREM MY, BERES
PERIF S, MERLHHISRE T, RARE, BISFRRK, FEGE
B85, MiPickeringZLAE N AT LU S X Bk s, A& R &2 O MR REGHE
BB T —MEE NS &R R,

AR, RAFTREOBRAKERIEAKE, LBAREE M, Ll
RSP 9 K DU UL = B0k U B AU % T R AR I Pickering FUH, PRI A E XX
B, BEERTH, BB HMETRER ST ORI, BTl R A O]
CLH T A EE, TRERAY.

42 TSR
421 TRRAVRIRE

LR EE
ALBRFEOEERA, MEMET KWK 4-1 Fir,

F 41 TERA--NER

Table 4-1 Main reagents
2R K5/ )R
S % (FeCl;-6H,0) ke I AR MK TR T

F AL B (FeCly4H,0) AL[E KRR ERR
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Jentdl 1RSSR X

FHAHI(NaOH) it Jentfe L)

Kid valiEa Jexfk i
FEFE(CS) SHHr4E 2R RR AR A
il 4 vigies Jeselbferiamie A IR A &
P, . CaliE. R R B R A H
R=R(50%) ik s S R AR
WA igi[Ea R A I F SRR AT
FiE g T EB L ERERAR

f= e mak R H RS

LETK B JER T K%

2K FEUE

AXPRANEENBHESURL T KREK 4-2. .

R 42 FEURRENER
Table 4-2 Main apparatus and equipments

WEMS KA HPEHK
BT00-100M 4% 504 e =RIERRARAF
LD5-2A (3 Lol JERB I B oH
DZF-3 H45 1434 FEEBREARAR

TMP-1 & L A FRF RS R
SCIENTZ-11 D &Y /= i 40 Bk B L TEIZEPHBRNARATF
501A REBAH BT KR FHEEB R R AR
KQ-100 B8 iy v 48 BB A SR AR

422 LRI
422.1 BKHEARMEL = SR T R &

BT FITRER ARG BT M. AR L KRR S0 A,
Bk, A2 K YA =B BRL 1 B0 b 3t it, REER T
2FeCls+FeCly+8NaOH—Fe;04 | +4H,0+8NaCl R@-1)
ARSI T: ¥ 2.7g FeCly6H,0 MAZI 5omL £E ¥ K, AWM
G, BRSR, £RSRRIFHEHET, ¥ 2.4g FeCly4H,0 MAZ] FeCly-6H,0 7K
WilR, B, EHTR2ER, BERENE, HHERA 25mpm, % FeCly6H,0
M FeCly4H,0 MR &K HEH RHEUA 120mL, #KEH 0.5M ) NaOH KB
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th, HBNFANRZSE. $BEREERE RN, FIIKRNERE, 7
LBEA, BHENRAREECHE, AEEFKERANRERRERES
¥, REBEHLESSHT 150mL ZEIKEKQ, v, MiEEBERAH
HRM=08EY, MRS FEMA 3mL M&, 7 65°C T ot 30min. S5
YIE, FIHEES S O FesOy TiE, TE 80°CINEM NEZ T4 4h, FRGRMAM
PRED A BK DK FesO KL

4222 BHEREE ST OMEKNF&

R EEE AT LR R & SR R EE 4-1 R, AAREERE L
T BFEBOEAKNELZ RTINS 2NN P HITER, &
Bk 48h FEBESE. T, RESHT 20mL KR ERESE A, % 02g
FREBE T 15mL, WRE R 2%((v%) B RK B W 1B DKM, Bk TR S
SEFERARHEITE L HES 270W 1, BFIAL 14min, BHREN
Pickering F¥. K HI3H Pickering AL MAEFE THE LK, ABTE SOCHF+
1% 12h.

XY LR oil phase
. o°

*, liguid parattia * )
. . . . . L ] .
k—_i_—J mixing
Fe304
(0 o~ ) sonication
HAC "™
N

—
‘—j/———’ water phase
cs

B 4-1 Pickering AMEH S MM REBEEZOBHRER
Fig. 4-1 The schematic diagram for preparing magnetic composite capsules

423 RIEHE

1. EHW T S48 (Transmission Electron Microscope, TEM): Hi T ¥t
HFOIERINSH, %54 3 HITACHI-800 AUEST i T B4EE: HIFEL A
BHSBEAMES, #F2ENFRERNL, THREMR.

2. J% 554 (Optical Microscopy, OM): A+ Hrcift MNE L =¥kia e/
Pickering FLI R R HE 2 O ERIOE S BES 5 Olympus BX41TF 6% BiEE,
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HIBEIE A %5 Pickering FUHK B R LA LB ATUER: b 4.0 ek 4 B
FrRmES, EFPHBNEETERER L, HREHITHE,

3. 44htiE(Fourier Transform Infrared Spectra measurements, FTIR): Fi
Nicolet-8700 #!(Nicolet Instrument Corporation, USA)ff 32 M 4T 4h He i A 4047
FEah AL AMNRIBOETE . B RRRCFE AL A KBr &2 R B LU B AR &, HEH
R F, RERBAFRET, ARSI, FRTEE 4000-400cm™.

4. HE ¥ (Thermogravimetry analysis, TG): %5 X1E[H NETZSCH 2 7]
STA-449C BEERMTH, FHEER A 10C/min.

43 BR51HE
4.3.1 Pickering ZLi H9T 5X

B K UL = R RO S S Bt 422 BT, MR AR LA
. BTSSR, KA 15am. SV = S04 51kt
0 4-3 B, Fo, M 584cm™ ALHIVRISTNE A TUAELAL = SR AOHS TR R,
WHZE 285 Tom™ F1 29220m™ RbAOTRHCHE ot BT -CH, REFROREAE TR, %0
7 1620cm R HITR S AR P B EE A C=0 RAIMLICIE K4 THERS, C=0 HM
RO (T 75 2 ph R b O 5 IO = B B RO T R T AL
FEIRGE, Bk, g AH BT, BRR N BRI
ZHETE.

10.01.04-2-3 200KV X300000 © S T60.00m
42 LUKV EAL BRI A A s A
Fig.4-2 TEM image of hydrophobic Fe;04 nanoparticles
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Fig.4-3 FTIR spectrum of hydrophobic Fe3O4 nanoparticles

BB AR KRR RRKE R RS, 2ARBENAKE
BN AT B BB 4K P AL =8k K8 B 1Y Pickering FLK. P14 Pickering FLA B
SR 44 FOR, SLRIE MR LESS, KANAK Sum. B—HARK
R, FURRE LB, i — R AR AR 2 K, W
FLBRE R R, XK H# Pickering FLI A W/O HL,

S0 TS
i -'.‘4:('_1.":“
Bl 44 ot P0H A =8k ki ia 1 i Pickering FLHK SR BE I

Fig. 4-4 Microscopic images of Pickering emulsion stabilized by Fe;O, nanoparticles
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432 BMERESE ST OMIRRRE
4321 MRS EHRIE

B 4-5 B ARBE ST OMBNEHERE 4-5)5 KBS EER "
4-5(b)). HBMGERFTTM, FrEl& MRS ORMEREERAZLA S Sum,
X E KN =R IEE R Pickering FLAB MRS KD —B, AT OH
BREUABBH AR H &R mEFRERATTUEE, MEKAEHEMTL
4ity, BEZ% 80nm.

%%m%m%ﬁ 2 mi&i % %m rais P
B 4-5 Bt REEE AR W mﬁﬂﬁmquWﬁM
Fig. 4-5 Microscopic images (a) and TEM (b)of magnetic composite capsules

4322 A5

Fl 4-6 AR AHERIAINER, FHE 588cm™ Kb M % H B VU
BRI AEB O, 5070 2855em™ A1 2922em™ &b W Wiig i B b -CH, £
BRI RS, 75 1704cm™ LA DB TR EM C=0 BRIk,
1377em™ MBI R ZRBET CH; B C-H BERIRIEIR MR LK,
2953em™ AEHIH TR MkIS RARERTOBESEN, AU LT, g
mmﬁEAébﬁﬁwﬂﬁﬁﬁlﬁw:&ﬁﬁ¥ﬁm%ﬁWW@ H#HRTR
BAMER, REBCLSMKNER=SRRERAER, ik, TRYIFHE
mwuﬁézuﬁﬁmﬁ%*mﬁw”%ﬂw%ﬁﬁmma

4323 RESH

B 4-7 AHHRREL AT OMERNAERL, HRTHFHAENRL LEE
HERMHEN: 7 200~300CHEETRRNE 51.6%KMERK, XhLE
B8 LIOEE N TR U ESIEN, 1E300~500CHBETERNE 9.6%MRE
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Bk, XAHEREETFERHBRZENMETEN, TE 500~700CZIH, Hmk
HHEMEEBRE, i, HREMRZETUEY, AEMETREER ST OMK
P K E N =R E AR 32.8%.
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Fig. 4-6 FTIR patterns of magnetic composite capsules
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Fig. 4.7. TGA curve of magnetic composite capsules
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4324 HESH

P 4-8 B A M FEIRBE 2 ORI LBy BUR RSN NI TER T E 4
R, HLOBREANHTERZES, FEYARETIMnSS, BdR
FTLLE N 2N DRIRERIA DR TR E, XKRAFHIENES
ZOMBREARNE, THESE. XRVFTHEORETREE &2 0MERER
425 LA BN R E.

Bl 4-8 HATOHIRMILIEREI
Fig. 4-8 photos of magnetic composite capsules suspension without and with an external magnetic
field
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WIhE % T B S OMIR. MEREFYEHSOEH, KR4 N 8um,
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FLE &t

AW LAPickeringFLiR AR, LAKH-ST0BHE M4 B REBRIE AT
fl, BIBEE T AFRBERREN-FRNENG B — ST s HKBNAR
pHEUEM IR o -F R RGBS E & HKE: LB EMaxNEt=%
TR ABERHE THEREERE AT OMEK. F0W TEROEEIE, HIR
THEEUE A MK ENpHEUREE S RIREN G & TEHEmMEZE RN
fe, MHLNFESR:

1. DB B Bk N-R BRI BER R SR N-5 A 2R R B 9 K K
M, DORAREERMA, DT OEERERTHA, LU KH-570 S S0kt
BRL{E RS, %I4T KAH Pickering PR, FELIBEE, BIFI&HT A
HEBEMEN-RNENGBR S HEE SHIKE. LRAAEN 7-10pm, KR
RTESLE AR A FR E R R S Z I AN . R E A
REIRAT 5 N 7R 55 TR M B A 70 KA o P82 LUK — M e AR 7 T A o 9k BE 4
EN-RRERGR KR SN HEENT R S HRENERAEREEEZNEMW.
BE L EERE ABRR E A, Bl SRR R BEERN-FH
ERGBRAE AP RE g, BEEBRER LSRR, NBGREEE, B
P T RE BT LU I TR — 2R A T MR BE AT RS, ZOmREER
EEA, BEEMKERRE. MREATRIFNERME, ARELEREAN
27C. B4h, ACGEUS I B AR, BIA T BB EN T SEREE,
G R KRB pH b 7.4 KBRS iR b R TSR, AL
TP R R BB BRI R, MEREE R 25SCHREE 45C
i, HAHMREYZTTEB R ERREDH 25.7%%E 2 T 70.9%.

2. Vo -FRERERAKBBEDKHE, IRSAEFERmAE, UKH-57051%
Ak —EALEERRE AT E R, H& T RAPickering® L, FHASAEES, KT
FEETRAApHBEREN R -FENGR/ __EMEEAHKRE. HHEAH
7-10um, EREEER B A EAMR ZNpHEURR S YEF L MA MK, B
B4 % 1um. ZEEEEABURIREE LK o - B 2 R AR R ZE K AR PR B S 5 W o B
o -FEAGR —ENEESHMRENEN: ME R EBRRE MM,
B bl % BpHEUR H A IR BA R I BiE o -PRERERIEKHE P IRE K
M, pHBUKE SHMRER MR FHE, PURBERE. o, ALEUTHEB
AHR, R BAHERNTPIR T Ro -BENER —SHERSTHREN
pHISUBHE T IR R, SRR R o -FENGB/ S HHEATRERAAR
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