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HOE HHEESE F,0 BHANTFHEMNLE, L3 HFES T RESY Disperbyk-106. Disperbyk-108 #
Disperbyk-111 3§ Fe, O, MM AR EH PR A HEBEN, RAAALBEESEWE 7T BN S KX 340 om B PS/
Fo,O, BUEESHMS FHAMETHEAM LT YA RESHEREE SHEOE®, 3K M XRD.TCA H
TEM ZEFBHHEMESBREROES EHRRENEERTTEE TRERIEHIBEANESNERES
MERMEIHARET LEENEM, R R A MY T 5L 80 50 BUA Disperbyk-106 B B 4 B4 A B2
WP TEMEZREN RSN TSMRART LMK, MERAEIER Fe, 0, BHR TREMNT .
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FAER,AH-ENE A BRI, LHZU
EV RS NOBERENMREAFH IR A
Y HTFHEN-EIE SRIRE S T A LY
EHL S 7R B P HE A E R R M
Bt A ERE T ERMHE BEEXRAED
IR FEEZEAMFERXE FALER
GEMTHBAERBEHEE S MBI RX
M Bl FREANEXIE TR KRS K
MERMER HEAMALBERESEREESNR
W, THLE FEE S EERSYRERM R, &L
FEERMEE.

MIABMB SR —FHAMNREFE. EEH]
FAARFENRET, LUBE 0 SR s RN
BRATEAS HREGRRERNEEAN R 50 ~
500 nm. I TEES NG RAAKBRBEHNESY
BB R AR A 1L EH LR B4
B2 AANAE  Hit, R EEE TR T RE
BB TRAkBEE Y. ETERHSH AR
AEEROEN-LHE SMER. #WM, Exdemd %
L OLOA370 MEa e Ml SRAMA MBS ERE T
BEZMBAOE TO, ME &K M.
Bechthold % % A4 AL B & 3 dl D1 b CaCoO, 2
BEHARELSMRD

Fe, O, ZRME XV B FHRALE TV . E¥%
SENEIERESEERCT AAR KRR
e ot K AR AR EERN R m, xR

PG Y5 EHUR F HE AT B R 3 A A 9 X
R ETERNELER. AXRREEXMHE
BT, 20 MIALEES LA TN
AL, F EBIF T 53 80P Disperbyk X 4 7. L
EHEEEE S RROER FMRER SRR
e S MM RERTT I XIE.

1 TRy

1.1 EHEREAA

FeSO, *7TH,0.FeCl, * 6H,0 . NaOH , + 1 &L &}
Ko (SDS) . i B 88 48 (KPS) ¥ 3k 4 B i i 1),
RO fbFa ke nl, B, o860
Disperbyk-106 , Disperbyk-108 1 Disperbyk-111, & H
BYK Chemie 2> /], B3R . E LM (S0, 44k,
FH 10% ) NaOH KBS 22 3 KR UE- Kt 1§ I,
FrkF LB #F. &R .
1.2 ®BmENE

F2 2:3 B BE R L FREX FeSO, - 7H, 0 1 FeCl, -
6H,0,% F 300 mL 7K, FE 0 A F 1000 mL = O 48
L, RE A 3 mol/L #) NaOH K # , 3 pH
HEDBAA TERREEH 0O min 5, HBRE
SOC{RBR AL 30 min B HEZE RS, EREHIER
THZEBKREGEZETH, HFATESE R
10% , FEH T, &8,
1.3 HESSRHROEE
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W, —ER SDS I TR BAKBBAMN. REHRMN
4 AWK, ERBER T Z K. SMERE A
KQ250 A BB EA 300 B —BEagF
WG EERIMAKE, BHA 30 min BT
HAHAA00s BRHALRE HHRABERMA=D
fh,FHBZE TOCHMA 0.04 g KPS(FF T 10 mL
) IFRFF B R 6 h 15 D oA A L .
1.4 METMRTFRREESRERORILE

ZHSHETEMAWCAES TREG,BEH
LM SR EHEE S Mk BT
PTHEAMERAE &Y D/Max-3C B X-5F 48
I HEFT XRD T, Cu 8 Ko S . AHEA
BRKBAAN SE 40KV, EH 40 mA. HBEE
Ak, F Scherrer AT B B ME X HLR F 8L
# K/ Scherrer /430N F Br/R

D = KA/Bcost
Hb,D A PHSEBERS, A 8 X HAEEK
(0.15406 nm) , B A IF /G X 5 2817 S i pg 2
A6 AT, K BR{ERN0.9.

TGA B2k A 3% [ #8 47 Br X 48 2% &) TA2100 #4
A FSERE , FHEFER 20 K/min, N, KK .

BTN ME ARt BRI &5 51 B
JEM 100CX, JEOL 1 Hitachi H-600 % 7 & & 55 Wi
LB 75 kV R K/l o i B 100 1%
B, iR R E.

FRELO.05 g BEtEE &K, 5 2 750 mL
AEEAT EEHOI%MBETFHEHE.F 1 emx
| embs & F J B E — /N B 3% 38 9260 mTHY
KEEEE, 7F 660 nm K AL A UVTSI-GD 2 4G &
THIE A TR B TR o BE B e [ 0 S fh il £%

2 ZR5itie
2.1 HEANREREM

BT Fe,O, i FHABMBFEKME, M St R
PR AR B AR 2 SR O, B e A8 A
RN ARSI AARITREIRNE SRR,
WIAX Fe, O, B F HEF7 B #4038 . 3 AT 4 Bl 223
% F R ETE #4579 SDS, B L BBl KH-550 #1543 #
# Disperbyk-111 X} Fe,0, ¥ F #ifr F i 4L # , A
HAREHEHHES SRR IRERRE L.

M 1 AT LUE Y, {F B & 15 PR R SDS 2 6
e BX Al KH-550 40 8, #A 2 LARE Tl Fe, 0, KL
FRESH T &S g XA A B e

BERETHTHABRS.ARE 0CHE. HE
15 min PR B & 4 & B . T 7 5 37 Disperbyk-
111 4L 7 Fe,0, B F o] LIS BIEITHG R A RE
ETERERR .

Table 1  Effect of different Fe,(, particies surface modifiers on the

miniemulsion polymerization

Surface modifier Amount( g) Coagulating time ( min)

DS 0.1 8
0.15 8

0.2 10

KH-550 - i5
Disperbyk-111 0.2 -
0.4 -

0.5 -

RIMVAR 3 ML ETETENARRRESL
WRIMSMEERIER L REEEANR—2%
MEHLEW . SEemBh 58S ERN,
FoK bk M TE SR E ALY R R, R PR A B
JETEHAES, T LR B BE Fe,0, B T RMEEM
Ay BEdHT SDS #EKEBAMEELDIER
MR ERES EHER. FANEEEERER
8.8 21TRETF,BEEAGESEFTRZE
RERENT MFEER BRESLYERRGE
BESHEREERP AT LEEAFHEHR.
FRE,KHSSOERE = Z S 1) RARA MY
MEE TN FHTR M FRMELE, EHEM
HePrEAtsketE Bkt AR RME
WMHETR S EREE.

S+ Disperbyk-111 & —Fh K4y T8 #9354
BEILBERRBEIL &Y, S AREN P—OH R, [,
EXRAEREKMBERLKE Bt XHEHrEa
RETHAETURKEAY RO R E LR
HIYERT, & 5 TR, [R) B SCRE S 42 4 &5 K s (B 3R
BEvE R, D3 LAY BA{E Fe,0, B F B8R & # 23 B
TEMAHME R S , N SE BT B RUR .

ATH—-SEBEFBANEHRE RN
EET B A AR 4 B Disperbyk-106  Fl
Disperbyk-108, 4r B HF T X AR R R B FE
AR, Z5 R MK 2 Frn . H P, Disperbyk-108 £
—Fhom Bk B R F R AL, M Disperbyk-106 &2
Hombrs MBS ZRMAERME, ERNA
HEER P—OH FIBEME AT R 5E .

%2 ] W, 0T 3 R B0R, i A BUR
BEREAEREMNEREMEN HESERRHE
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B AN, ) A & P A S SO, 885K TT 1A
FHHBE Fe,0, WtER THMRKK REt ki, £
Fe,O, N TREBBE M T RS .

Table 2 Fffect of different dispersants on the miniemulsion

polymerization

Acid value Amine value Color of Magnetite
Dispersant
(mgKOH/g) {mgKOH/g) final latex  content( % )
MNo dispersant - - White -
Disperbyk-106 132 74 Coffee 8
Disperbyk-108 0 71 Pale yellow 4
Disperbyk-111 129 0 Yellow 5

MFXI#HARMTEA, HERAZRBA
[ . %, Disperbyk-106 B3 R &4, B B39 —un
o A LM, B S & Y 8% . T LA Disperbyk-108 1
Disperbyk-111 A BAME R, RSB+ Y
ALURBERAYEE-E GREABEE SN
BRAIBE S BB RAITIA K, BN Fe,0, BH M E
EEA TR, O R B A R R B
Disperbyk-106 S HARERMEM . REHAAT
Fe,0, LHBR FTEMMEI N TEBEE X5%KE
HEFBHLTREFEHEEM . ET Disperbyk-
111 B35 #EE F RE & T Disperbyk-108, AT TIA K
R P—OHYE Fe,O, i FREZREMIFR AT A
5830, AN KEEREMNEETER
PRE.

PETREN, 7HAXIER Fe,0, BN
FHERERBFH BB EHEEEXEENSE
M. auRnsaERSHAFRIETEREANKE
BEREEBFUHX.

2.2 HMEARNBKMER

2.2.1 HEHITULN REEW CERabiE:]
EMEEXIBENAEERETT 44, B
XRD AHthinE 3 fE 1 i B E&ENHEEL
LR T S4RHE Fe,0, MO % E A H 32, B AR A 38
BHRAER. BAEAE Jd EBEREFHYA, X
UL & R HRSE B Fe,0, B T . F B4R 48 Scherrer
AR THEHHEFHREZEDN 13 nm.

MNEIFME 1 BT AR, BREHEGHERKN
HlEdRb ST RAMNESLE FAREN, #
{8 Fe,0, THLE FRISMEEHILFE R ZEA
LB TE 19 44 fHE B KR R B A K IE &
UL B RRE .

Table 3 Comparison of XRD measurements of iron oxide particles and
composite microspheres to standard Fe; Oy

Iron oxide Composite microspheres Standard Fe; Oy
d(nm) Intensity d{nm) d{nm) Intensity
0.2972 32 0.2974 0.2969 293
0.2531 9% 0.2539 0.2532 999
0.2103 26 0.2109 0.2099 202
0.1612 34 0.1611 0.1616 277
0.1484 50 0.1482 0. 1484 367

* PDF No B80315, wavelength = 1.5406 nm
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Fig. 1 XRD pattern of iron oxide particles and PS/iron oxide

composite microspheres
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G WE26)FR BEEEAHEMRAHARE
BEMK, K FHRE KR 340 nm, 0 A 2(b) M (c)
B . AP R O UE &, B Fe, 0, MEE
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THLR F Y5 #ERER P SRR A, T
EHKEHPREX , MERNERFATE , FHE
—usH AR RTINS MR B B
REHNEAEX BATBEAOMARET ##
BREMAFROEER, EW FER TR Y
SRRk s Bl FTREEBREAARRKWAR
PEF , 7 A o =B 98 JE L SR A B0 R B D
HAREMERFE, A RS DFOKRBN BT
REE MXFAAREKERELABPIEREER
N EAMSFATRAE A MERREE ™4 AR
SrRETEBE B R = A L RIBT, IE R i T Rt ok e F
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WRRAEME— S8/ ATHBERENER
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Fig. 2 TEM micrographs of magnetite particles (a)
and PS/magnetite composite microspheres (b, ¢}

2.2.3 BEESHMRY TGA 447 Fe,0, X
HLR TR PS/Fe, O, BEMER 5 W3R A TCA BRZ: i
B3 iRl Fe,0, HREBEEIREREN
NFEEEF AT E S HRAAE 200CH
FRIWBHGRERR, L SOC)E, REGFF
fiE, K ERTEIPEEL SR, BA Fe,0,
ERRTRBEFE ARERERMNTUHAES
BHEESWMERPH Fe,0, SEAN 8% .
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Fig. 3 TGA curves of magnetite particles and magnetic
composite microspheres
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Fig. 4 Magnetic response of magnetic PS/magnetite composite
microspheres with or without magnet ( conditions: 0.1%
magnetic composite microspheres, magnet 260 mT)
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PREPARATION OF MAGNETIC COMPOSITE MICROSPHERES BY MINIEMULSION
POLYMERIZATION AND THEIR CHARACTERIZATION

XIE Gang' , ZHANG Hepeng', ZHANG Qiuyu’, LI Tiehu'
(" Department of Material Science and Engineering ? Department of Chemical Engineering, Northwestern Polytechnical University . Xi'an  710072)

Abstract Submicron polystyrene/magnetite (PS/Fe,0, ) composite microspheres were prepared by miniemulsion
polymerization by using three kinds of low molecular weight polymer, Disperbyk-106 , Disperbyk-108 and Disperbyk-
111, as dispersant for magnetite particles and styrene . The effects of dispersants on the miniemulsion polymerization
were discussed in detail, which showed that the addition of dispersant had a crucial effect on the preparation of the
composite microspheres . Disperbyk-106, which contains both acid and basic groups, has a better effect on the
improvement of the interface between magnetite particles and styrene. X-ray powder diffraction { XRD ),
thermogravimetric analysis (TGA) and transmission electron microscopy (TEM) were conducted to character the
magnetite particles and PS/Fe; 0, composite microspheres . The average size of the composite microspheres is 340 nm
and the magnetite content of the composite microspheres is around 8% . The XRD patterns showed that the magnetite
particles preserve their crystal structure during the miniemulsion polymerization. The TEM observation revealed that
magnetite particles distributed unevenly in the composite microspheres and there were some defects on the
microspheres where magnetite particles aggiomerated .

Key words Miniemulsion polymerization, Magnetic composite microspheres, Dispersant



