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Emulsion polymerization of methy! methacrylate in the presence of AI{OH): colloid

Eun-Ju Park

Department of Photographic Science and Information Technology,
Graduate School.
Pukvong National University

Abstract

Aluminium hvdroxides are widely used for their flame-retardanl properties, in combination
with their low cost. Sufficient flame retardant activity, high filler loading is required.
Therefore, plastics filled with aluminium hydroxides particles often suffer from a severe
reduction in mechanical strength. Core-shell polvmerization of the filler particles might increase
the filler/matrix interaction. Emulsion polymerization techniques resulting in a homogeneous
polvmer laver on the particle surface have heen reported for submicron particles.

Nano sized amorphous aluminum hydroxides particles obtained by mill process. The
aluminium hydroxides particles used in this investigation have an average diameter of 50nm.
[he core-shell of fine aluminium hydroxides collide was carried out by  emulsion
polvmerization of methyv] methacryvlate(MMA). Alumniniumm hvdroxides powder was carried out
with the combination of eleciric charge between th ionic end group of surfactant and intuator.
To explore the effect of clectrostatic interactions between the inorganic surface and the ionic
end  group  of  the  surfactant,  sodium  sulfate(SDS),  ammonium{POEJakyl  aryl  cther
sulfate(Eu-5133D), nonionic  surfactant  polvoxvethylene(40nonyvipheny]  ether(NP-1050)  and
cationic dodecyl trimethyl ammonium  bromide(DDTAB), anionic ammoenium  persulfate(APS),
polassium persulfatel KPS were added polymerization.

The polvmer and mophology characteristics were characterized by DLS, SEM, EDS, TEM,
TGA. In this study, core-shell of aluminium bhvdroxide with MMA collide by emulsion

polvmerization achieved by using a nonionic NP-1030, anionic Fu-5133D, APS initiator.



wrp Roge] gl Agets bt 9 Eejviel 3] B Aleld HEAFL =
el A2 A(coupling agent) S AHE3hE whael T E gl 19894 )= Caris

Sol #7147 £ hydroxvl7] 9k HHEEhE silane AEFHAE o[ &3to] FridA

FlE wWAAR ALEE dFouE 22 g Wk, e, 2k
Z oz qleto]l Wepea, Ava Zejo, 2 AH 5 FHEsleA Abgda
u

me mewe] GFULE AT TR, WG, debeyg, Uag Fel $54)

ol
L
_i
4
ol
o
s
L
2
2
FU
o
fx
o
gt
A
iy
ol
r)‘
o
o
i



Fatdt 8 76 i U8B AbgEA gda FEA dedA 58 5
Hemulsion polvmerization)' .o F7 23 R UeHIAE Axo] # o
rreoospol A ek e Eaol Aaglel RYgav AlEeld e v
A% (Nanocomposite) A 2=%] g9 ujgh A77F &2s] s o

F #HE Luna-Xavier 52 H# YA 68nm 3719 HEgt S A& silica

wogabel MMAS #3828 B A Asdd A AT s
E 2

o¥
iaSs

=

2orRe A 4dEel volaz wals pausdsvEd EHUE ojdal
de avle] sasdRny SRoEE AZSRDL, of2e FEEUE Agdtel d
g npaddel =% f8 FFRonA huBEAEE Axsignh 283 of o
Bl Hol &4, ooy AWTAAL Fol&, Foled dulH ANAe ds

o) WE FE ) 54 zAEY



2. ol =2 w7

ddA e

2.1.1.

< 4 A (Flame retardants) e}

shet,

Z]
E=4

A7behs =

=
=

i+
-

TO

M

b
—

e

=
=

A=

blooming

=
T

3

A AlAAE ez ZA

R

<
il

olg} 7F2 99 f, F7] JddAe o



EAol gl M EgEd WA At wol AHI gy WaA vjEd

delAme QA AR, B FEEA, GEEA 5 77 GIsih

o & Tl mA PAALA FAsAFuES dAdA AA AT

o 30% A% HAst; P& THF 1 ATolvt BA Tol st pdseT
Fe @A vghhe F5A, ARddes sheviAe] ool 4 7Y
qolg we peh, 7hEo]l My el oje] Robd A thdEA AREE

r}. B3 &= 200T olAo® haale ZERS wjuE tAEv] s
o Abg-alviel #alg HEe| wrh ST uE S 346%2 25 206Te|d
ol W& dehydration® @7 2o ZFwtd mAo A A& Mol 4sh Al

2A1(OH)3 - Al,0; + 3H:0 297Kg/mol

<EAseFulE e A F>

Sed7)e] wape] Huh
AR AE LR A e
Aol s
s el el w e] givh,
Z Al £ 47 ek
- Aol Aol Egol A

- @72 9el 4 ks,



Th!
T

o
pt 7l

o
el

4 4 A

=]
A

221

)
o
o

B 2A %

s

ok

ot

s

1
M

o) e ER ohet

A

1

1}

!

A

A

A 4

a2

=]
pLs

=]
.k

1.

L

f—

[s]

=0

4 =)

=
L

foeRAlel A

H 7] el A

o

A
r

|2}

Bt

- M
1. b

SE 1=

s

ju

A=)

o} T
H-=

oy
=

pig
)

i
alol

7dum A

13§ 344171

1

s

4471

R
= A(E/\g X

pA

©

gk,

kY

H(coase crushing), & iHE #{fine crushing),

H(ultra fine gnnding)%

=)

Al

d
gEola, viEB A L

=

VH], 250mm 7R w4

# (fine grinding),

178 537

Ty

=]
L

K1

H]

TH

)
r
1,‘&70

he

mm) 2] G A&



. =

Table 1. Equipments ol Milling

e T %] o
Z 7] )
. Z A A(jaw crusher)
34 7)  |(coase crusher)
M 53t 4] 7] (gyratory crusher)
{crusher) ] 2 7] .
. - 3}-2)) 7} (crushing roll)
{(fine crusher)
Z7F #4471 8l eE (hammer mill)
(intermediate bowl mill , roller mill
e grinder) £ 3+ % D (rolling—compression mill)
(L_Ld , mk32 2 (attrition mill)
Ernaer IR st =1 B-2] 9 (tumbling mill)
(fine grinder) rod mill . ball mill , pebble mill , tube mill
compartment mill
o8 7] Boak ] o
%U]—“—i—‘_:":}:7] H T 2 2 Htﬂ
. {hammer mill with internal classification)
{ultrafine i
‘ F Aol = E (fluid - energy mill)
grinder) - . .
W R R (agitated mill)
A7
(cutt Lho] = A #H k7] (knife cutter)
cuttin
. : alvka] AV (dicer) , &3 w7 (slitler)
machine)
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Table 2. Classification of surfactant

Class

Chemical Type

tlo
o

27

{Anionic)

Fatty Acids

Sulfates

Sulfated fatty alcohols

Sulfates of ethoxylated alcohols

Sulfated natural oils and esters

Sulfonates

Sulfonated arcmatic and condensed ring compounds
Aliphatic chain sulfonates

Phosphates

Fluorochemicals

] o] &4

(Nonionic)

Polyethylene Oxides
Alkyvl ethers
Alkyviaryl ethers
Fatty anid esters
Alkylamines

Polvol Esters
(Glycerine

Sorbitane

Sugar

OOE o] L /\é

(Cationic)

Amines
Quaternary Ammoniums

Fol &g

{Amphoteric)

Carboxvlates
Aminocarboxylates

Betain

Sulfonates

_14_.




Hlo] &4 8 gel2datt fatEahr FEora A4 dxt= A ukehd

T8k ZEelE Foled fEAE o] Abgdhed 22 FIAEtE R =

srolr. #QlES} o] HEAH zEHE=E BE2 @2 AuAHel g7FH

1 oolfs sEAle] neA 2YA7 Agelth ddaet WgE AIed

di= Fz 284 E#S A83c Persulfate golvt ket sag o] ol
2185 =], 53] Sodium, Potassium, Ammonium persulfates’t &= AFEHt}

Table 34 F persulfate 92 o 3+ &s]== el St}

Table 3. Solubility of persulfate salt in water

07T 20 T 40 T
KoS:00 1.77 5.3 10.0
(NH4)QSQO4 3.2 - very high

__15_



MA A= d e gedao] od) Faf o} Persulfate o A= ofe e A1)

7l gro} o & etrizte] AL

-035-0-0-503- — 2504- - kd (1)

o gAR #3 FPoIE 05 ~ WA BAINE e AAAE e 9
bR EEe A Al B e Fdshs med F24
b shitE )

AlAel &2 L0o 77k, dAaEEE AdR grze] thE

wol HAl Tl FolslE HrlFE 03 ~ 06 A= 58
& el 9t} Persulfate?l &2 & deolojA 00IM KiS:0: ©] pHI0
of A AAHE g F5 50T A 84x1012 radicals/mlsec ©] 3L, 70T of 4]
= 18x1014, 90T ol A= 25x1015707F S 1, 50 ~ 90T of Heleld Azt
of 4} 7] (activation energv)s 33.5Kcal/mol ©]v}. Table 4 oA of el 7p=] 7| A] 4|
o] A3t vz, EaiEHs, 9yl §8 vellm ok giE ohE AA A E
BEEHAIRE B oolitel AAAE AMEEIE itk & Eeol FF fAAR
(NH1):S:04 & AHEstar, 7] ibg oA E glel7] $s) §gizet 2o] b 7

NAE e FSE v,
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Table 4. Data of initiator’s decomposition

ko107 E '
) 2] # ) | &RC
WA ] ) (sec™") lkeal/mole)|  (hr)
Azobisisobutyronitrile | benzene 40 0.483 29.5 398
” ” 60 8045 29.5 23
" toulene 70 40.0 29.0 1.8
t-Butyl peroixde benzene 80 0.08 34.0 2406
Cumyl! peroxide " 115 15.6 40.7 12
Acetyl peroxide » 70 23.9 32.5 3
Benzoy! peroxide " 60 2.0 29.7 96
" toulene 49 0.6 29.6 32.0
Lauroyl peroxide benzene 60 15.1 30.4 13
t-Butyl hydroperoixde " 154.5 1.29 40.8 45
t-Butyl peracetate z 85 2.18 36.0 88
Dusopropyl _ _ .
, " 54 00.0 - 3.8
peroxydicarbonate
t-Butvl perbenzoate ” 100 10.7 34.7 18
kd = Aexpl-E/RTI], kd - t1/2 = 0693
5) 3¢9 B4 A
Al WS o) 83 3l T E HAAZ B A7 AT de
stut, @23 Al (activator) s A8 e wEsid @D Ad S o A &)
F= Zgoltt LA AMEE dE= AL Sedium bisulfite (NaHSOs).

Sodium metabisulfite (Na»S:02), Sodium hydrosulfite  (NaxS:04),  Sodium
thiosulfate (Na»S20:), Sodium formaldehvde sulfoxylate (NaHSO. - CH2O -
YH-0) Sl 2tk #4dARZE Ferrous sulfate (FeSO, - 7HO) 9+ Ferrous
ammonium sulfate (Fe(NH:)»(SOs)s + 6H017F 52 o] &5 51 itk 7RA] A1) +
Aol slo] FAA} BgAe] AdFE £33 BHg AWAS AHAsATI=H 2

Bolol A persulfated) 7§ 33.5kcal/mol olEl Fo| #AA} TAAAT 9low

,17,



1%kcal/mol & Astgch Wy B0 o&) wE W 7l-f = persulfate 7HA A=
Ao o)&] Al(1el we} SOs- -7F Ao s A AN H2)H ol &
I wregte] WA FATE Gk FHoE 7 QS E WHETh
SO4-- + H:O — HS504-- + -0H (2)
gelale] Bal 2 sulfate 9 sulfonate 7} 445 = d, 4849 A= oz
e = E o] BgsiAc thiosulfate ¢ BAAE AMEE 9HETIAE
S.0s= + Fe+t+ — SQ4-- + SOs4s= + Fert+t (3)

So0s= + 25:03= — S406= + 2504 - - (4)

Fe+++ + 25903= — Fet+ + §5406= (5)

H ol2o] Qlomn BT YHBS FHAY AL FERT Ho| el

wro 2A o Eetn Yy} aErz BEEEE Agstes dAs H0G) 24

Y
He ok 2} 83l= o]l Eu)b i A el ARgekE chERAl dls] 0.001 mole %
Aol Al gk wke F WP S Al AN & W ethylene diamine tetraacetic

acid ¢ D(salt)Z < chelatc® #7lete] #3813 E(complex) 2 ©HE +5 vk
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Figure 4. Schematic representation of an emulsion polymerization system
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Figure 5. Progress of ideal emulsion polymerization




3.1. Alek

Chemical) #%& A glo] Abgstaiey], £ Aol =42 Dyno mill
(from Myoung Kang Co. SPM-153 #&°] 0.8mm #| =35 H Z(bead) & A}
&3+5)

A 7| 25 Hanil Science Industrial (Supra2lK)& AFgsle Ui =Z17]9
b Fely FRol=E Foldnh

Methyl Methacrylate (MMA)E #7  AlOs; (Aldrich, neutral, Brockman,
Standard Grade, ca. 150mesh, 58A) Hyo] F3A#A FFHLAA (nhibitor) &
A A8t calcium hydrideS AR&3 o] Z=H3Ee] AMEsh9 o

Ammonium persulfate (APS), Potassium persulfate (KPS) (from Kanto
Chemical), 2.2'-azobis—(N.N’-dimethvleneisobutyramidine dihydrochloride)
(ABAH) (from Aldrich), Polvoxyvethyvlene (40) nonylphenv] ether (NP-1050)
(from Dongnam chemical), Ammonium (POE) akyl aryl ether sulfate
(Eu S133D), Sodium dodecyl sulfate(SDS) % Methanol& A& gle] Al&3
Fow ZAME ol B FHTFE AHESAUTH

Water bath®™ Chang shin scientific #%-% A3 9™, Mechanical
stirrers= Top misung 435S ARE-3F
5740 2 Moisture determination balance FD-600 (from KETT

electric laboratory)s AF-83H o},
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34. FA3AdFo g 2ol FE A MMAY #3 5

FagtdFrlE FRol= FE Aol MMAS #3F TFe vlel2d AW
Al Foled AW A B AAAS FRe FrbRe 2ddke] vlul HR
]_

A S Tml e 2719 pabsla sl S8

At
=l
o
Mo
[
<F
S

95g9 AWEAAES ST Yu AWBHAN} O 55 urbA] 78T &k

ook 1A 7 Eob mubAl A o] Fo MMA 14.025g (7.13mol)& wk-& 7)o 7}

sto] whe7)] L% 7k 78T F4E w2z MMAE FrtadFng SEo| b
m

N RAEEE 30 Fo

echanical stirrer® Z8hA wHbA A oo 7

=
W
ojN
A

F 7mlel 8& A7 ¥ mechanical stirrer® Wt dlell A dropping
sunnel—% Zall oF 241 7FE¢r ubg- ol dropwise AT HHE of2 & 7pA F
2] 7] st A o] Folx om 3A7F 308 ubE F Ao WAAA] S A

| A AT

35 &4 2 % 24 WH

FArg S FulE FR20]=9 <{lxA7]sr Dynamic laser light scattering
(DLS)E 2435 2.1, Brokhaven laser light scattering 7171 (Brookhaven

Instruments Co.) 2 H&#atgdel Alw &L 001 wt% L2 FHTE §
o Abgstg o™, 24mV e diode laserE Al 20Tl A 659nm g om FH e
b Fdow AR g dolAde akgkge 90° koA 7 Ee] Brookhaven
BIOOO AT autocorrelatorell = ¥ = 21vh, Hydrodynamic diameter (dh)e= 57+
a2 3 Stokes equationd ©]-£35te] AlgkE A, wlde] FAEE p/I2

@A) GEIIT, a4 2 gaEse 2% FAA olm I2e Wit 54 4
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ERE
AEF A9 (Zeta potentia)®= Zeta plus 71 7] (Brookhaven Instruments Co.)
ZRs 4, S2olne b FRol=qlxte] AEF Heleh AFHY

A7 )=, e Al AYr AW FRolmAE AT AR EASL,

g gate] AuArr dugen god o FRojuAE B 54

(aggregation)s Lozt AeddE FAHs ol ELS(Electrophoretic

light scattering) 715& o8&t dojE A7 FstcdA olsste dA=e &

wi= Qlzte] 9& o] microwave radiation® Droppler shift(5:+ frequency

change) & Z#&to] & 5 9t} ELS7] & 4ol d714] ddke] o& o

=5k zle)l os]  aat® #olx el Droppler  shiftE& 4] 3ho]

clectrophoretic mobility & A d= Holth o] 7|4 electrophoretic? dol+ &

N4kl M9l liquid-borne particles?] &&-& wWitvh oje} g2 dxES] +F

2 o] &3 electrophoretic mobilitvE EA3owx ZFzoleo} ¥HgE Fof

A - xR AR EE Alet AE AR S 9l
Moisture determination balance FD-600 (from KETT electric laboratory)®]

Aol R Z2AAZ o)l FHEY G FEE ZAHGU AR lge

wn] gfol A A7 5 185We Aidan vtdste] 2 FEFE FA

ol %z YERdYL
Transmission electron micrograph (TEM)-& Hitachi 214} A& < H-7500&

a3tal 80keVol Ml 2AH AT FAstdFulE g2 2 MMA/AKOH)3 %

qol wop 2712 BEasd ASHAT ARE FHF 0lwtk FEE A

=

73le] Sal 9ol carbon FE o] 213 copper gridE F 3 grid flel ¥ W=
dojrty &7t ALoa ¢R e £31e Autste] Hds] dzA It
Scanning electron Microscopy (SEM)2 Hitachi A} A ¥ $-2700& A&

o] 95kveld =R AEE  F4sgRv R MMAS £EAE
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Awel vlA TR 54 EA2 AR 2E S o A dae] 44, 4% #
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42. FasikFE FRolmoA MMASY 3 T9

Fabdersuy Sl d MMAS #8 28 2d F EAHE AW
dA 2 "ol 24 NP-10507 Sel4d el SDSek Eu-S133DE WA 71H 3
Aoy HobHe voledARBA /Gl e ABTAAY I e
d7bstel wlwasdoh zEla 3 FF KAAE Foled Sy hAAd
APS el okoled )7t A A ABAHE Al&8le] 7hz)l v wetsdvh,
Table 6149 2 A@e] 5 £3 Aahs bk

Table 6. Emulsion Polymerization recipes for synthesis of MMA in the

presence of AI{QOH); colioid and results

surfactants{wt%s)" Initiators(mol%)” 4 | contents of
vield(2s) . 4

e . . ANOH): ((96)

SDS | NP-1050 | Eu-5133D | ABAH APS
EP-1 - 7.13 - 0.184 - 91 9
EP-2| 7.13 0.184 - 70 7
El’-3 - 713 - 0.156 90 50
EP-4| 7.13 - - 0.156 75 10.5
EP-5 - - 713 - 0.156 87 53
EP-6 - 3.06 3.06 - 0.156 90 67
EP-7 - 2.67 4.46 - 0.156 93 79

* wt of surfactants based on MMA

" mol% of initiators based on MMA

* determined gravimetrically

4 determined EDS analvsis, the amount of ANOH): in MMA/AKKOH); nanocomposites
hased on otal ALOH):
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Figure 11. Scanning electron micrograph of results of

cmulsion polymerization. (A)EP-1, (B)EP-2

okol 24 #tyzh A Al ABAHE AH§3he]

do
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£
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rir

ol &AWL NP-10503 Lol &4 ABWBHAN SDSH AHEE
A9 BF BDSEA A%, dbe suddFuised dE FEAe welgle
sbsleksEul g e grake] 10%o % v A A SLEkdv. 2

Brel sk 2ol Fa FHAY SEM  FHZEFACME dAre F

(aggregation) @A4ro] @}

,36,



Figure 12. Scanning electron micrograph of results of

emulsion polvmerization. (C)EP-3, (D)EP-4, (E)EP-5
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EP-3 ~ EP-7 2% (Table 6)14% Sol&d ar]z ANF APS & A}

Ha A A= NP-1050% SDS,
Bu S133D% Algatel wlwstadch EP-4 A#olde o] SDSE wEos 4
galo] AL A%e FasleFnEe P 0% Sy, EP 3%

EP-5 A@el4 NP-1050% Eu-S133D& 7170 Ab&ska e 4, s@dAe s

28ege wWrty A9 aggregation Aol HEE #EJY £ Udan,
SDSE AbgEe] Fge Ax (Ol (Bl ¢ 5 9ol NP-1050#%
Fu S133DE AHE3L u aggregation d4el ATt

Figure 13. Scanning electron micrograph of results of

emulsion polymerization. (EP-7)
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