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EMULS1ON POLYHER HISTORICAL ASPECTS

{NTRODUCTION

1736 DE LA CONDAMINE

RUBBER LATEX MILKY L1QUID

1838 HOHENSTEIN AND MARK
POLYMERZATION OF OLEFINS AND . OLEFINS EMULSION

1861 THOMAS GRAHAM FOR COLLOIDSZCRYSTALLOIDS

1907 ROHM AND HAAS CO.

BASE OF LEATHER TREATING POLYMER
1909 BAYER COMPANY IN GERMAN

FARBENFABIKEN BAYER : AQUEOUS EMULSION

1912  HOFMANN AND CO - WORKERS
NATURAL RUBBER LATEX

1912 KONDAKOW
MIXTURE OF TWO DIFFERENT MONOMERS

(ESSENTIAL ELEMENTS OF EMULSION POLYMERIZATION)
1820 GERMRN, INDUSTRIAL DEVELOPMENT
SYNTHETIC LATEX RUBBER
1925 ROHM AND HAAS CO.
LEATHER-COATING ACRYLIC LATEX POLYMER
1927 - 1. G. FARBEN COMPANY
BUTADIENE SYNTHETIC LATEX (USED SOAP AS’EMULSIFIERS)
1933 . WHITBY AND KATZ-
VULANIZED POLYMERS

1938 FIKENTSCHER
EMULSION POLYMER SOLUBILIZED (MONOMER SOLUBILLIZED)
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Figure 1. Rate of dispersion polymerization of methyl methacrylate!: (a) Rate
of output of heat of polymerization against time: (b), Corresponding time/
conversion curve obtained by integration of (a). Conditions: methyl methacrylate
50 % azodiisobutyronitrile 0-2°,, graft dispersant 2.5 in n-dodecane at 80 °C.
Arrows mark establishment of reaction temperature and start of polymerization.
(From Barrett and Thomas. J. Polym. Sci. A), 7. 2626 (1969). with permission)

’_:‘—— -
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Figure 2. Comparison of rates of dispersion polyricrization (A}, precipitation
polymerization (B) and solution polymerization (C) of methyl methacrylate at
80°C'. (From. Barrett. and Thomas, J. Polym. Sci. A1, 7, 2627 (1969}, with

permission)
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Table V. Characteristics of Heterogeneous Systems
Type Continueous Characteristics Product
phase )

Dispersion Water * .Low monomer solubility Coarse(0.5-1.0 )
.Initiator soluble in but_stable
continuous phase emulsion
.Polymeric surfactants
.Gel effect

Organic .Monomer and initiator stable latex
Liquids soluble in continuous (0.1-0.5 u) but
phase ) up to 5u possible
.Graft copolymer dispersant ’
.Gel effect _ '
Precipitation Water or .Monomer and initiator Agglomerated
Organic soluble in continuous Polymer or slurry
Liquids phase
.Autoaccelerated Polymerization
due to gel effect .

Suspension - | Water .Low monomer solubility  Coarse(>5 u)

(pearl,bead) .Initiator soluble in monomer] suspension
.Low level of ionic surfactant
.Gel effect b

Emulsion Water .Low monomer solubility Stable latex

| .Initiator soluble in conti- | (0.1-0.3 u)
nuous phase .
.lonic/nonionic surfactant
.High rate due to radical
isolation
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Table I. Principal Application Classes of Emulsions
Area Specific Uses
Adhesives Pressure-sensitive, Heat-seal, Delayed tack,
‘ Remoistenable, Quick-grab and quick-tack,
Wood, Packaging, Paper, Rubber to fabric,
Other specific uses. -
Surface Gloss, Semi-gloss, Flat, Sheen, Exterior,
Coatings| Interior, Primer, Sealer, Fire retardant,
Cement and mortar.Bu11d1ng boards, Multlcolor,
) Insecticidal, Marine
Industrial Automobiles, Appliances, Anti-corrosive, Metal,
Finishes jCan, Wire, Others
Textiles Carpetback-sizing, Warp sizing, Package sizing,
: Heat-set sizes, Semi-permanunt, -Delustering,
Anti-shrink, Anti-static, Canvas, Rot-proofing,
Chintz and glazing, Flame-proofing, Waterproofing,
Water and oil repellant, Laminates, Flocking,
Non-woven, Upholstery, Foam backlng, Dyeing,
Printing, Impregnation
Paper Saturation, Binder, Mineral coating, Size Press,
. Greaseproof, Packing, High gloss, Wall paper,
Trunsfer Release, Electroconductive, Others
Leather Finishing, Dyeing, Impregnation, Shoe Finishes,
Leatherboard Synthetlc 1eather
Polishes Floors, Industrial cleaners, Str1p§é¥§,“616£é,‘
Sealers, Others
Building Adhesive, Sealants, Plaster, Cement, Flooring,
Decorative facings, Wall coatings, Others
Other Binding of leather scrap, Coating for food
Application | packaging, Glass fiber treatment and binders,

Vibration damping, Sound deadening, Photographic

- and -copying..paper, Coatings for Synthetic films
‘Electrostatic -

and sheets, Fire-retardant coatlngs
screening, Dielectric sealing, Horticultural,
and writing, Foams, Medical, Cosmetic, Toilet

Inks

— 183 —



“t &2 TABLE2E F¥EWl A% 29H2: 8=lx MgE 2B
FHRet.

_Table II. Polymerization Methods and Typical
Commercial Products.

Method Typical Products

* Homogeneous -
. Mass(Bulk) Polystyrene and copolymers, Low density

polyethylene, Polymethylmethacrylate

. Solution Polystyrene, Styrene-acrylonitrile,
Polybutadiene, High density polyethylene,
Polymethylmethacrylate, Polyvinyl acetate -
and copolymers, Isoprene/isobutylene

* Heterogeneous

. Dispersion High density polyethylene, Polypropylene

. Precipitation Polyvinyl chloride, High impact polystyrene

. Suspension Polyvinyl chloride, Polystyrene, Styrene-
acrylonitrile, High impact polystyrene,
Polymethlymethacrylate -

. Emulsion Polyvinyl chloride, Styrene-acrylonitrile,

Polyvinyl acetate and copolymers, Acryloni-
trilebutadiene-styrene, Styrene-butadiene,
Polyisoprene, Polychloroprene. ‘

Aim
ox
L
n
n
|

T eyl aYUYe 2ol M4 Bt 1y
°t$ TABLESl 54 & .Z4 gitt.

Table III. Comparison of Heterogeneous Systems

Disper- | Precipita-
Propert . P ion - i
perty sion tion |Suspension |Emulsion
. Separate monomer phase - - + +
. Initiator dispersed in{ - + + - +
diluent
. Particles formed in - + + - +
~--diluent--phase........... | . o .
. Particles stabilized + .- o+ +
. Particle number de- S+ ’ - + +
pendent on Stabilizer
concentration
. Polymerization rate” - - - +
dependent on particle
number

Note : (+)yes, (-)no
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Combination
R(M)mM- +  R(M)gM-
Disproportionation
R(M)pM- +  R{M)pM-
. Transfer

To modifier

R{M)pM- + RH
To monomer

R(M)pM- + M
To polymer

R(M)M- + P

To initiator
R(M)pM- + I

33¢ g A CIG FIAT B A S 4P

ol €k BN FYAMA AT FEYAL T g oY 48

Ckep,

Mi + M2 EE— ﬂé“

M3 + M —_—> M

R(M)m+n+2R

R(M)gM+R (M) pM

+

R(M)n+1H

+

REM)n+1H

+

R(M)pn+1H

+

11
..... 12
21

22
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Table VI. Typical Ingredients of Emulsion Polymerization.

. .Water

. Monomer({s)

. Emulsifier(s)

Initiator(Catalyst)

Reducing Agent and Activator

Chain Transfer Agent (Regulator, Modifier)
. Buffer

. DPreservative

Post Additives
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(2) EMULSION POLYMERIZATION PROCESS

st asr W oE S=bx) Sygel Ut 8%t POLYMER®] BHA Wgil,
whgTlel ¥t %,/ 30 F2) §E,POLYMERS] 32X P I 24M
Atgamel g%, g 50 20 TIRAM gE A AP 2 Uie ChEgE U

T4 Ut

3 AW A AU M3 1YV AE VLAY g4° Yol

SEE BAEel T4 hewe Ade] 3We AWheRel v Foe.

¥7: 2-STAGE ACRYL EMULSION POLYMERIZATION
FIRST STAGE:
380G DEIONIZED WATER
25G TRITON: X-405
126G ETHYL ACRYLATE (15PPM.MEHG)
54G METHYL METHACRYLATE(17PPM)
5G GLACIAL METHACRYLATE(100PPM)
2ML FERROUS SULFATE SOLUTION(O.1%SOLN)
0.4G AMMONIUM PERSULFATE
0.4G LYKOPON (SODIUM HYDROSULFITE)

SECOND STAGE:
40G DEIONIZED WATER
20G TRITON X-405
145G ETHYL ACRYLATE (15PPM)
70G M.M.A. (17PPM)
4G G.M.AC (100PPM)
2ML FERROUS SULFATE SOLUTION (0.1%)
1.5G AMMONIUM PERSULFATE IN 10ML D.I.WATER
'd.sc LYKOPON IN 100ML D.I.WATER
0.2G T.B.H.P (70%SOLUTION)IN SML D.I.WATER
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PROCEDURE:
TIME TEMPERATURE " REMARKS
9:00 26°C CHAR&E LNITIAL KETTLE CHEMICAL
& WATER AND HEAT KETTLE TO 80°C
WITH N-G. PURGED

10:00 80°C ADD BUFFER SOLN,WAIT 3 MIN

10:03 79°C _ ADD INITIATOR +  WAIT 2 MIN

10:06 ~ 80°C ADD REDUCE AGENT & ACTIVATOR,
WAIT 2 HMIN

10:08 80°C ADD LNITIAL PRE-MO-EMULSION &

RINSE WATER WAIT XX MIN

o

10:15 80°C START FEEDING FIRST STAGE MONOMER
_ MiX. FOR 70 MIN WITH N-GAS PURGE
11:25 80°C HOLD 5 MIN-AT 80°C
11:30 80°C ADD XX G.IN-PROCESS ADDITIVE
HOLD 5 MIN AT 80°C
11:35 . 80°C : START FEEDING SENCOND STAGE.
MONOMER MIX FOR 60 MIN

12:35 80 C 2ND ST MONOMER MIX ALL IN THE
KETTLE,HOLD 30 MIN

13:05 80°C. COOLING DOWN TEMP.TO 70°C
13:30 70°¢C ADD LST CHASER,WAIT 30 MIN
14:00 70°C ~ ADD 2ND CHASER,WAIT 30 MIN

COOLING TEMP TO 60°C
14:30 60°C ADD POST ADDITIVES.

HOLD 15 MIN AT 60°C
14:45 60°C COOLING DOWN TEMP TO 40°C
15:00 40°C ADD NEUTRALIGER,WAIT 15 MIN

KEEP COOLING
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TIME TEMPERATURE REMARKS

15:15 30°C ADD BACTERICIDE,WAIT 15 MIN

15:30 28°C FILTER THROUGH 100 MESHSCREEN
CHECK OUT PROPERTIES.

CLASSIFICATIONS OF EMULSION POLYMERIZATION PROCESS

CATEGORY PROCEDURE CLASSIFICATION
BATCH
SEMI-BATCH(GRADUAL)
PROCESS
CONTINUOUSS
TUBULAR(LOOP)
CATALYST THERMAL (REFLUX)
REDOX
SEEDING NON-SEED (LNITIAL MONOMER)
SEED
STAGES SINGLE STAGE
TWO STAGE

MULTI-STAGE
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COMPONENTS OF EMULSION POLYMERIZATION
D.I.VATER (&)
. MONOMERS (EHg=)
BUFFER _
CHAIN TRANSFER AGENTS (REGULATOR, MODIFIER)

1

2

3

4

5. EMULSIFIERS
6 ACTIVATOR AND REDUCING AGENTS
7 INITIATORS

8 PRESER VATIVES

9

. POST ADDITIVES
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. Hydrocarbons

. Vinyl Esters

. Acrylics

. Polymerizable Acids and Anhydrides

. Esters for Copolymerization

< Allyl Derivatives
. Vinyl Ethers

. Monomers containing Nitrogen
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PHYSICAL PROPERTIES OF THE PRINCIPAL MONOMERS

NAME OF MONOMERS

ACRYLIC ACID

ACRYL AMIDE
ACRYLONITRILE

N-BUTYL ACRYLATE
N-BUTYL METHACRYLATE
I1SO-BUTYL METHACRYLATE
ETHYL ACRYLATE

ETHYL METHACRYLATE
2-ETHYL HEXYL ACRYLATE
N-HEXY METHACRYLATE
LAURYL METHACRYLATE
LAURYL ACRYLATE

MALEIC ACID
METHACRYLIC ACID
METHYL METHACRYLATE
ISOPROPYL METHACRYLATE
ISOPROPYL ACRYLATE
ITACONIC ACID

GLYCIDYL METHACRYLATE
A-METHYLOL ACRYLAMIDE
METHYL ACRYLATE
STYLENE MONOMER

VINYL ACETATE

VINYL CHLORIDE

VINYL BENZOATE

N-VINYL PYRROLIDONE

2 VINYL PYRIDINE

VINYL TOLUENE

% 3 L TG C
A.A CH2=CH-COOH 103
A.AM CH2=CH CO NH2 153
A.N CH2=CH CN 105
B.A CH2=CH COO(N)C4H9 -55
BMA CH2=C(CH3)COO(N)C4H9 20

BMA CH2=C(CH3)COOCH2CH(CH3)2 67

E.A CH2=CH-COO C2H5 -24

E.M.A CH2=C(CH3)CO0 (2H5 65

2EHA CH2=CHCOOCH2CH(C2H5)C4H9 -82

N-HMA CH2=C(CH3)COO(N)C6H13 -5
LMA  CH2=C(CH3)COO C12H25° -65
L.A  CH2=CH COO C21H23 -70
M.A  COOH-CH=CH-COOH 130
MAA  CH2=CHC(CH3)COOH 185
MMA  CH2=C(CH3)COOCH3Z 105
IPMA CH2=C(CH3)COOCH(CH3)2 81
IPA  CH2=CH COO CH(CH3)2 -5
IA  CH2=C(CH2COOH)COOH 87
GMA caz=c(cn3)cood§58§EH2 46
N.MAA CH2=CHCONH CH20H 80
M.A  CH2=CH COOCH3 =+ - -9 -
SM CH2=CH{C) 100
V.A  CH2CH-COOCH3 28
V.C  CH2=CHCL 80
V.B  CH2=CH COO C6H5

- L 1
N-V.P CH2C(O)N(CH=CH2)CH2CH2 86

I
CHCH CHCHC(CH=CH25&

CH2CH- {0 )-CH3
—195 —

2VP

V.T

107

C/MMHG

27y
72
71
53
128
142
142
10
114
184
170
254
346
116
86
100
128
114
130
142
111
86
104
86
62.5

111

116

o

163

77.7
147
160
155
99.5

116.5

125/60
68/5
142/4

135
163
100.3
120
110

80

45.8
73

-13.9
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Cily=C-R

Clly=CIICH, 00C (CHt,)  cooctt,Cil-Cit,
CHZCOOCHZCH-CII2 COOCHzCll-CH2

(e}

) COOCHZC'&OQCEGCHZ
3

Diallyl sobneato
Dinally} Stnconate

FEthylene xlycci _
dimethnerylnte.

‘

Reactive Monomors for. Emulsion Pp)ymcriggg}ouf
R * X )bnombri - :
] cooilt Acrylic acid
CM3 oot Mathacrylic acid
.CHZCOOH COOH Itaconic acid
1| COnit, Acrylamide
CHJ CONI!z Mcthacrylamide
i OCIIZCHZNH2 2-Aminoethyl vinyl ether
CII3 i COOCHZCIIZN[CH:)2 Dimethylaminoethyl
v L. . * methacrylate
cn COOCH,CHMIC(CIf,) . t-Butylaminoothyl
5 ? Zs 373 muthscrylate
H] CON!ﬁHzOH N-Methylol ncrylamide
Cll3 conncy, o . H-Mothylol methacrylamld.
1 COOCHIClt?HIZ Glycidyl acrylate
ciny coocuzcn\t(-),cu'2 Glyeldyl methacrylats ’
H . gHZOCHzcgsﬁui Allyl glycidyl ether
H COOCNICHzoﬂ 2-Hydroxyothyl ncrylate
CH3 FOOCH2CH20H' z-ﬂydroxyethyl methacrylato
1! COOCIlzcn(ON)Cll3 2-llydroxypropyl acrylate )
CHJ . COOCIIZCII(OII)CIIJ 2-lydroxypropyl methacrylats. ™
il . cHo Acrololin -
CltClI=CIKCT0 Crotonaldchydo
T RNIICIL, OR ¢ "Alkyl mothylol
i 'COOCH2CH-CHZ Allyl acrylote
H @"CH} o "Vlnyltoluonu
1) COOCzll‘OCIIZCH-CH2 2-Allyloxyothyl acrylate
C"S cooczudocnzcn-cuz 2-Allyloxyethyl methacrylsto
u, firCipg
p /C\ e 4-Vinylcyclohoxona
=i monocpoxide
2
i CHZOH Allyl alcohol
.CHJ COOQHZCH-CHz Allyl mothacrylate



Table X. Reactivity Ratio in Copolymerization,

. M2 rl . Temp, C
Ve MA 0.083 9.0 50
MMA 0.1 10 68
S MA 0.68 T 0.14
EA 1,01 0,16
BA 0.50 T 0.21
2-EEA . 0,94 0.26
VA 55 0.01 60
vLICl 2.0 0.14 60
B 0.38 1.40 » 5
VA MMA 0.015 20 60
ve 0.23 1.65 6V
E(1000atm) 1.0 1.0 150
E{ 100atm) 1.12 0,16 . 60
7-3 %7
FHMe VLI (surfactant) '1”1 S5 HoM ey
51.

HFE RO FAT A o0) Fame deseSl mgnn gy

9 P £t e,

S R o) ClHot HHHe yeE 97E YA ¥

olo
nlo

T4 gk Fop UL £ oYM GHe 2k gge ot

A

Kol F A TYSY AL AT v e

w}
“ O

CEFH IR AT

P9 2 oA 39 TP Ao Yros o e

8 %F 244 (hydrophilic) 3 g4 (lipophilic) g 2%
AR o B 8- e SR b R i e B e B el

xq
$ fe=z Nt Beh vtz el Tt oz Fagds g 4 Uk

AN
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+5 = v¥l°l2 4 (nonionic), & °]2 & (anionic), o o]%‘o

(cationic)PF& °|2 4 (amphoteric or Zwitterionic)o g “y 4 Oln g
A

BURER IR Y $HEY T 4L Fola gy oz oje 4

47 TFEY 39 AgN2Z 9tk Table XI .2 N9 3

. o

43
P
X
o

2
5
SS® BRT WV ER: F2 AEyss gop 2 g o
g

2
"
2
=
rir

Table XI, Classification of Emulsifiers

Class Chemical Type

Anionic Fatty Acids

Sulfates
Sulfated fatty alcohols

Sulfates of ethoxylated alcohols
Sulfated natural oils and esters

Sulfonates

Sulfonated aromatic and condensed ringcompounds
Aliphatic chain sulfonates

Phosphates
Fluorochemicals

Nonionic Polyethylene Oxides
: Alkyl ethers
Alkylaryl ethers
Fatty acid esters:
Alkylamines

Polyol Esters
Glycerine
Sorbitane
Sugar

Cationic |, "1 Amines

Quaternary Ammoniums

Amphoteric Carboxylates
Aminocarboxylates
Betain

Sulfonates
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solede gSeledET SHLAT HYANT Hy YL 2t
e 9 Ul $0124 M ool A TE PR NS
52 Ee4S YUE FOULIT = T4 FR2 Y 97 gL 197
3 2 AP Aot Y=o FO e 1YL gL Yo
MY YOl eI 2 Clar (=AY 22 29NN AT
(smooth wetting) $9 2YAe TAFY 2 ==Y F g
Frh ST LYY 2AFYL 27 A2, Yok AP Ie 3

23 SAHOl2 g T2 dynes/cn o |27 e BAFYE 242

7

o BeM 22 AN Fr ok 2T FE AT AR
AP £F FYe Az 30-35 dynes/m  of wojojq G Ay
A9 3z 9L

[ M

o

¥ oo M Q3pFoA Mar ML oMo Mce= vieprjn Mz HLB

«T o
(hydrophile-1ipophile balance) 2 AL 2 Qe ol AT MY

@ ARde e ede w2t vk

ojei Mot WY Solzojq AT Fr wpH p AL WENFA,

PR R ER- R ERE

od
ox, 40
oln
nlo

ARG PG, I T &
g

rlo

Fol gt 27 Tech oM gol2 4 5§34 (primary

njo

emulsifier) & g2, vojg XM ¥E EEHF (secondary eniTsifier)y
%

x
g =t= F 7 (post addition) “he F9 T gh = o=in ¥|°e 4

L oolgse IR I HEY I TP 5T A v

63

£ <.
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CLASS IF ICATION oF suRFACTANT

— Carbon*Fﬁ - soAp ncooua ?

b 5 ','F' Fatty ulcohol sulfated ROSO:Na
© }—— suifate?) e Mkylethoxylate su]fact‘ﬁ
I o RO(CHzCHzO)nHSOsHa

Turkcy Red oH

[,

anionie e T A]kyibenZena. sulfonated n—. Soatta ‘
. SURFACTANT . _——»Su1fnnute°d f__g]lgy_lnapl1t}1a1,ene sul_fonatg%} _‘R-:{D_—szr{a‘
: B P Sk .0j‘i\'1_'}_();1.s/ulh’fc_a'.su'c:cih‘tx}:é.‘ﬂj ﬂOCﬁ,‘HzCUCQI’i TR
e e VSRRV S B
e o S SR TG W Y
R i - . .. soOsNe

— Phosphate — ROP_—='ONa , ROPOR "~
) . oua,'_. - oNah . _

— Amineq] pr‘lmary amihe salt 2! 13 amined RﬂHz.HC_]
: E sacondary amine salt 2# 23, amino g RzHH. HC]

CATIONIC

tert{a[‘y.amine salt ~x{ 33 amine Ra.HC]
© SURFACTANT - - B '

Ry

ammonium saltv'.-_' .RJ-—H‘—Rl.Cl' .
- Rz
P ~ Polyoxylethy]ene a'lkylether .
A Lo no(cnzcn~0)nn _ -
— Po]yethy‘lene oxide ll - Polyoxyethylene ulkyl phenol

. 5 |- other n—<:j>0(cnzcu20)nu

NONIONIC o o - - Polyoxyat_hylene.fatty acid
SURFACTANT |- ' - ester RCOO(CHzCli20)nH
: ’ 2 .- Polyoxyethylene sorbitane ester

','—- Polyoxyethy]ene ulkylumfne .

Olycerine ester
———E Sorbitane ester

— Polyol"estqr‘-‘ .
T - _Sugzir'os'ter""
Amino -+ 9] RHIICH2 COOHa

_CHa

—— Carbon#t 9}

L potain _R_5>J+— Cl12COONa

AMPHOTERIC ]
MPHOT i
‘SURFACTANT

Clis

- -~ [ o
— sulfon 4t ¢)" | — 200 —



7-4 WA
A B Y W2 2 e FF T Mt = § %3

stcp, Persulfate ojojvp Zats 227

-

oo

Tore 72 28 g
°] oto] A2 . =, & ¥ sodium, potassium, ammonium persulfatess
FE ’;]'%-E":f- Table XI + & persu]fa'te oo g o =t &S
g ez Qe |

Table XII. Solubility of Persulfate
Salts in Water(g/100g HZO)

[ 20°C 40°C
K2S70g 1.77 5.3 10.0
(NHg) 5204 58.2 - very high
. WA F e :1 e %% =l _g,lﬁ“ %t}l%.] <} Persulfate 9] 3-?‘"&
Jz6)F Fo| clesegel Lt
. O <) :
©045-0-0-503° —— 25042 kg (26)

MHE e SRS VST F TS AN Hecl 3T
A B 4e (k) A GAE T EUAAE AN 1g, 8N,
2%, 55, FA (), T FUYIATH 22 2E T t=2,

= S Y g0 e 2o |

A e A5 F W FA (half Tife) e IR e s

of ¢ro] geIthe AFE e Aex, 3 Rt e ge s

gz kol 0.5-204 79 I Fr ANAE A HR Ak
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WA £ge AT 2 celre YR eI R8T
o= g AT T 10° e ch A e PY

stz g Ao we Mol x o AH FUC FoIte GAtITFE 03-067F =9
rge tetiz ek Persulfate & £g& ¥2 VeI~

0.01M K,S,0g °f pH 10 o4 F¥sx =eIF4+ 50°C A
8.4 x 1012 radicals/ml.sec o}z, 70°C °fM+= 1.8 x 1014,
90°C 4= 2.5 x 10%° A7 2, 50-90°C o] wiejojq FAY

o=} (activation energy) & 33.5 Kcal/mole o] =}, 54, 55

Table Il € =77 AN FHHA ¥, FIAS
ez TR CHRE TS IAAE P TIT golde MATE A8
s Beh o B BAATE (Mg)S0  E SR, CIFS
SegAE gounl AN TEA FO Gl AR A8t Fes

nlo
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7-5 LA A

g golwle ojgth gz U TWANE IR TEA
(reducing agent) 7} 212 *f=h- T3 (activator) = &9 xe] o
rx e =peld Hde 14T “ﬂz? g7'2 ( promoter =t2E 7).
19324 Mg Haber 9 Weiss 8 of ofs) Srejmiort gn top
qg e 3% H29 Polct |

dA=2 AgH2 L A2 sodium bisulfite (NaHSO,), Sodium

A

metabisulfi te(NaZSZOS),Sodium hydrosulfite(Na25204-),Sodium' thiosulfate
(Na25203),50d1‘um formaldehyde sulbfoxylate(NaHSOZ- CHZO- 2H20) £ 9
gt P72+ ferrous sulfate(FeS0, 7H,0) 2t ferrous

ammonium sulfate(Fe(NH,),(S0,),* 6H,0) T3z oogszr Stk

TN E o] Q10 A PN IFe 57 TEH 4FE
- H A e s B 3R 0] M . persulfate. .9 3% 33, SKca]/mole

ojei AAo] Helme BN} NS 12 Keal/mole = =sgcp 7

.

u]_c,' .,l -‘9-'3°i] __]-a“ '&]x] ‘7]_?‘- .persu]fate 7“"]}:“%_" gqon ‘g‘lsﬂ

4026) % = 5052 AB0 23 WAL N7 Il
Tk Bgcr MHE 400% B HAT F 98T Wy
504- +H20 HSO4 + < 0OH (27)
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felmel g 4T Sulfate 9  sulfonate T MAE L, S
9 &xz =pe]F W T2E & 9 w MRk Thiosulfate 9
Fd7z 4T FSAPE H8A T 3452 Ik

= ++ - = 4+

5,05 + Fe't ———5 5o +50," + Fe (28)

S,0g * 25203=-.—.ﬁ S40¢ +'2504I  (29)

P w2507 > Re™ 4 507 .(30)
2 oolgcl gezz oeF Yyse TEAYt AN sre

*101_9_21 Lo a:qlg_]z..arl o]c'- 23e g ﬂ'%-&ig ;q;g ]‘% E].:-,“

e

A(30)2 =2 »1 ferrous = ferric —»ferrous gj éﬂu}-% o] oje

-
FeT 9% At ol e BT PeT MaE L

° ++ +++
A 0 AT teZel Feo o Fe » zdz ot zoyyn
o FFYN 2N IYL M=z 2z Fe P A4S B 5
WY HgFe TFHO U o001 mole 5 Mz ojxok  ohoiwtg
FEE NNUT FH_ethylene diamine tetraacetic acid 9 9

_‘llt_
e chelate AN FHYE (complex) & ThE 2% oIt

7-6 Chain Tranfer Agent

HRATNTL 22 TR 2T 28 YA g3y
A FEGTE o) ol5e 4 o FE FEG S A A
38T 22 2T LT ST 2rA) Qv cAcITe 37
T FAES O QoM cheiBel FeE Mre wg e M7 4

TS YA L N vge Tevel poAPE z@he Yve

-
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A Beh A SR 8 2Eges AN s T 4 U

ool 2pEes oteF] G5 MW AN (branching) M 2=t

(grafting) &gl oot

stejgro] oz e 47 HF 7 AN FOHEE 2L chain transfer
agent (régu'lator, modifier) = *t=<fj 3% = AN g2to 3t
ot fehggolch  Chain transfer agent < #XF <iT ¥ T

5t A(31)2 vt 4 ek

-1 1 (s
‘,T"P—o* Cs—%r—dg— (31)
947~ P = Chain transfer agent T oole =je] e
Po = " gee
CS = Chain transfer constant
[C] = Chain transfer agent 2| mole &=
M]= . i*.i%’dlﬂl.mo?g___,*@}__»

NGzt F o B2 937 ke yse che el F2HA

spebep, 60+ 61

gt g At AR 2 7h 0§71 W ATt

x ap=o] =jsk chain transfer constant < Zo] z9% D=k

[ 5

asjct 2o g AT 220 AT POl 2 geh Teble W &

oMoz Ag=x chain transfer agent o 9 4".*?“]“ 12_% =to] =§tH

chain transfer constant C, 2 ‘pepejz QIcho.
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Table X. Chain Tramsfer Constants for Various

Agents to PolymerséCS/Temperatare,°C)

Agent APMMA PS PVAc
Carbon tetrachloride 0.27/60 G..0133/80 0:56/60
' 0.33/80 1.05/75
Chloroform 14480 0.015/60
0.0554/70
Carbon tetrabromide 2.2760 739/60
2.3/80 2.87/70
1-Butanethiol . 0.66/60 22/60 48/60
? 17/80
Ethanethio] é 17.1/50
Benzenethiol 2.7/60: 0.08/99
t-Butyl mercaptan 0.18/60 3.6/60
_Dodecanethiol. . . _ b ... 19/60 ...
Thiophenol 2.2/60
Ethylmercaptoiicetate 0.63/60 58/60
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741 237

SNFTe 54 HAN P
S ST BN pH Mtk 39 h Zo] B, we
NS pH B HFEAGNFE o] #57 (buffer) ok PzAE =

AN ML PFUA £ 9¥E Pk A 2on e

- AW

olo

°f FYLL 2o Fet Ay Y

“ o o

Sodium carbonate (NayCO3), sodium bicarbonate(NaHCO3), ammonium
carbonate((NHs),C03), monosodium dihydrogen phosphate(NaHpP0g),

disodium hydrogen phosphate (Na,HPO4)§ °I=f-

AP A FAULT AT 4 Yk 222 B2 9o
A FFPe AN TR PRU FFOT T A
daod g2 Yhee ¥4 33 el ol Pde 249 wy

g 2ok B9 F3OM A% DY, HA. pH o9 A

sgmP= gy w2 2 e ¥ ss devt qume
CASSE FEE 2N REN A AN 2T F S, 4
T, 4250 DR 22 SN DAL A2
ArEe gk AR e YIS e srrch s oz
floor polish & AT F¥HE +2AF 29 50-300 ppm

ks 3“"?‘]‘ Ha 2 Mg 1-(3- ch]oraﬂyl),3,5,7-triaza~1-azoni-

aadamantane ch’lomde(Domcﬂ) - 700-800 ppm °l 231532 9«}

- 207 —



& FHL Ak ctrYoR e T gy p b+ G 20-3008
T FYe etz e PH tys-10.0° Sz Pl A
Pt ASMY e olech U 2P ohe Fo] 250k NaOHNHOH g
ool g *t2 =g =k dimethy]aming ethanol Je A= g2

2 <t- |

APV FerPEre 84 eATETVe T AR e

hydroxyethyl ce]]u'lbse carboxynethy! cellulose, ethylene oxide
ool s che gl olg SR Uk Haoy £ YT 5FAS
Agg 4 ek M aet Ry d g A Feg 7oyt
Soh PV FFPL FHATZ GkE 2O Y AFez AN
M ARG AR R USRS ot cir e veled RSz

g e

2 oA 5 Y AN A e gFe U= YA 42
4% et oM o] A HE e thch. Anti-skinning agent, anti-caking
“agent; antimicrobial, antioxidant, antistat, colerant,.corrosion.
inhibitor, defoamer, dispersant, fluorescent, ‘fungicide, lubricant,
plasticizer, release agent, solubilizer, solvent, suspendign agent,

UV absorber & °| <t
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8. ®% 2% “JU¥S]  ( MANUFACTURE OF EMULSION POLYMER )
8-1, g ael U3

FA A= AP MY g dFcd e AT E 3R AW ¢
S L I B E A - g R EAa B 1 b R R - B i

o:\
542,599 33259 g

>

=1
r »
okt
oX
2
=2
=

0
o
ko
ro
4
Mo
rlo

t:
olo
=

zo
L

n
)

g _ - HgTIe A, g
4 BLE A 25U 304 b 3162 % 1%%*1%*#%,%:‘# %l
gertackt=, e 5o ¥se YA A U T4 Yerorttz, v
A e AT AT G gl g Hepstr iz d g Ades
FEIR F oot

HEe ARE Y e VYA FeATF =l B2 Feb e
Wl Mg z=scior weh, 1MU|E WgUle s MUE Axste

WOl zo° BUYLUIE APgCel WS IOl =i UMEX HU4EE

$EAWIe) W& EE 24 10ReMo}M 180RPMA £ BO| AHgE 2 Ytt.
& °lgetel TxT g¥Ee F%E % gxe

HeTE WHAC] 227 yrgge 29 e whgElmel vjuof £olsf L
Holt I G} YA g el Y 27 slEe ez,
AR7Ne] 45 P19 Z 27 ©HM do| oyt ko] Azt olxte

BUL4Ee 2352 BANE 4Rz e gstAe] ojg...5 8
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PLANT FOR EMULSION POLYMERIZATION
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FUNNEL CEJ FULILO
"(""‘ FILTER
OEIONIZED " O J ™M 1 MONOMER FROM STORAGE Tank
wATCR - . U
RUPTURL ———— e ™M MONOMER FROM STORAGE TANK
DIsc .
PIPE TO ' 55 = METERS
SArg T
LOCATION ry .
EJ : |- TANRUME LR
¢ ! 0-_—] PIPE 10 SArFE
OVERFLOW ° A 's‘c:etzs: LOCATION
° : ° ) STEAM
v —( VENT -} pupTuRE
COOLING i — oise VACUUM JET
WATER ™o .
An 4 ss cooLing SS CONDENSER
b WATER
s3 iy 39 ss
DLIONIZED ! RUPTURE
waATLR ;- iS¢
(g .
o
-

ADDITION
cooLING Tanx
wATER

vesseL [A] same size as [g) ""‘"'l */
-vesset [c] 12s size of T —
Legend
SS - Stainless steel
F - Filter :
M < Meter 8ULX STORAGE
RM - Rotameter —— c
TKO - Tankometer Fe
~CAT. - Initiator
ACT. - Activator oar (] 7 TRIA e,
- : : : SCALE - MALLLLILD
FE - Filtration equipment
. . PUMP
P - Pressure indicator STRAINER
TH - Thermometer
ARR - Flame arrester

LIt
scaLe



8-2, ¥ el Y
A FIUC 440l PYUYe L BT guYe HMw
278l 2291 &%) gittol Rz o x YR e

8 UIY AYA SAAPAT YV LT hgel Mgg wE

S2E 2o gl b B3 g0l AL

ol BMYES 2012 94T MFe T UMAE tgeA¥se solvto

£2

Vepetoret,

(1) #84°) g%t Be 229 D.I.VATERE 8% 5§ Fane,

‘ﬂ'%#— A]._g_xlo-\] gao}:_g_ ;glg.s].-p-q z-{a};ol z)._gg_i zo]sg»tg!:‘:_% Allg_g_ s].-;]

ul.al.n"\_gl-q._/':\_]. %9_ ;;]ao}; _{;:o-]o] x‘- i-?_- )sll:_go] uqo Rs‘.c}.

(2) TYHL g Y 8,71 gYA EYSYN Bxv-fY g

TEET IVEEE TUTE PUT AP eRT v pael 2P0
A4HY 1WrTE A ASYHT Bro-olgas] 27 Ao =
208 TE 308 THOoT 2-3p% Mavte HzwA Mayez zipew
Broi-ofgas) 8% w40 So0 AL,

Feole M4dez 1vestd Efjo Rrv-cidae 3RS B
clgeiXMEe 2= GE d%e A E F 97 Pu.
7}- _?-_o-]l B ’l A{li{ﬁg_ JOFOa E&qa 'ml¥o]

(3) $82 Yo Ade Wil T h=gest A4 A P g

TESTZ Mgl COFEED THIMY £ Y FHle PrE 2T

39 M40 ¥eioE Mot wes) ammA_xgr o] 2ol

z1ol:~sl-u1 _?_‘l‘-*]"l_g zzai-al z 1153-; 01010}-5}.:}.

3 FYA el Sty BYel AL 2724 °hg= PROCESSS} =A%
280 WA FPUBAY 4 sofoprer,
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3 #°1 "IN -PROCESS ADDITIVE't T 25t 79=|-] wtg=jag ox
F1M 24 AEMNLE IRE gyt wgese Wg vssey

YT 4T e s UES Heopwe,
T 27 BgAlol Mgt WgolPae] FWl wiel Yag etz
¥Ye NN UL Mg FUtET] BTl YES Yi-MA ool
Wl Ao} o,
EWEA TR4E 1Y E-SE ATEUMESTS W 45 v

Ve T=me] YeRo) =4 g 2o Y g st

(4) 71t B8 QvlE°l Westth. Ao o "ﬂ"f"l"f,‘i’_"gél'_""‘l g
A §4-F w2
HAe FIZh 2IWCh. WEEZ IgE e TATLIE 10MM 5 THO[ARY)
SIGHT GLASS™t 3 237,48 2°] SIGHT GLASS®| 2% ge] o=t 8% grs
*HEI%F gHet.

CONDENSER%} % g7|9te| 3 HE! REFLUXING ¥X & © 3§ SIGHTGLASS

4% °1E Z°IMONOMER®] 2|¥14 POLYMER?' SIGHTGLASSCY z4o] x|t g
I I T T o R B L

CONDENSER G4 “t 8 Ex™2t jtg #|2=jo] =7 cp=x|gt 7|7 wovjg
4422 484 2949 Iz Y POLYMER®] ©|5] 9ts|#] ots =

d =% oF ghet,

—

.ﬂm

A7 24 MVEA AMY Fese 19e

(5) FILTERATION A14° g1 & M F4B4 7 &1 ==t shegstq o =

S™ ABUHES] SR E FILTER®) Y ST ch=7 g, ofg o HqYES

#7lE 100 MESH-120 MESHE *t 8% =T = 928 2% & 150-200MESH,
PADDING& 4% & 120-150MESHE & *t &%t ct.

AZe] gl g ME A% A3y (55-304,55-316)T AT Ty, T A4
PEY 237 AAYE ctY ol gs 2 9,

(6) £ 2 HI=4H
g2 BTE AF AYe MM AL SHET 25KG,50KE, L0OKG, 200KG
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51 D/MEFE she| AgHe 429 zPAol MAge| BY el
HLT22 zole™ =™ Aze Hige
TR FETTR gAY g WL xedel UASE AMe 4T
S| °pget. % TANK ROLLERE °[44]°1&

l
'E
-
oX
kg
2
2
o
M
oX
M

°l$ WEAMOl BeE AL

2|ehel Mzl fF TG HMel AYg 23U,

S2° §F7IY dote] eref JAgEe zet g9,

(7) ® 2x® Ray
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TYPE : OF EMULSION . POLYMER . PARTICLES

“17SINGLE PARTICLESY ™

.'I“

7. CORE SHELL PARTICLES

st

. BIMODEL PARTICLES

.t TRIMODEL PARTICLES
UNUNTFORMAL™ PARTICLES ™

NONSPHERICAL PARTICLES: | -

. “EGGNOL -PARTICLES

. OPACQUE PARTICLES,

t STAR PARTICLES.
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WATER BASE POLYMER CHARACTERIZATION

{. MONOMER COMPOSITION
2. TG (GLASS TRANSITION TEMPERATURE)
3. PH-RANGE
4. VISCOSITY (CPS)
5. PARTICLE SIZE
6. FILM FORMING TEMPERATURE
7. STABILITY
A. CHEMICAL
B. FREEZE-THAW STABILITY
C. MECHANICAL
D. SHELVE STABILITY
E. THERAMAL STABILILfY (HEAT)
8. VOLUME CONCENTRATION
9. COMPATIBILITY
10. SOLID CONTENTS (%TS)
I1. THERAMAL STABILITY (HEAT)
12. SHELVE STABILITY
13. FADE RESISTANCE
4. CHALK RESISTANCE
5. DURABILITY
16. DIRT PICK-UP
A 7o SELFHUMIDITY RESISTANCE
8. éENC:L SCRACH
9. RUBBING TEST
20. TENSILE STRENGHT -
21. FLOW AND LEVELING

22. GLOSS
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INITIAL RATES OF HOMOPOLYMERIZATION
AND COPOLYMERIZATION PARAMETERS OF ACRYLIC MONOMERS
GLASS TRANSITION TEMPERATURES. OF ACRYLIC PG;YMERS

: Tg °C
ksp - of Homo-
Monomer 44.1C 60°C _Q_ [] polvmer
*Methyl Acrylate 250(1) 1480(2) 0.43 0.73 8
*Ethyl Acrylate . 313(3) 1730(4) 0.34 0.58 -22
Isopropyl Acrylate 347(3) ’ 0.48 0.45 -3
“n-Butyl Acrylate 324(6) 0.43 0.53 =34
Isobutyl Acrylate 228(1) 43
s-Butyl Acrylate 392(3) 0:41 0.34 -20
t-Butyl Acrylate 310(1) 41
9-Ethylhexyl Acrylate ' 0.41 0.39 -85
Cyclohexyl Acrylate 430(7) 15
3,3,5-Trimethylcyclohexyl Acrylate : 065 - 0.90
9-Methoxyethyl Acrylate 575(3) 0.46 0.58 -49
2-Ethoxyethyl Acrylate 0.46 0.49 -30
2.Butoxycthyl Acrylate ' 0.42 0.63 -72
t*Acrylic Acid 1.14 0.90 106
fAcrylonitrile 0.51 1.14 100
Methyl Thiolacrylate 1.16 0.96
Propyl Thiolacrylate: 1.30 0.90
. _.*Methyl Methacrylate ... 27 123 0.74 0.40 105
*Ethyl Methacrylate 25(8) 128(4)  0.70 0.44 65
Isopropyl Methacrylate 43 0.74 - 0.45 8l
_*n-Butyl Methacrylate 41 158 0.74 0.39 . 20 .
*Isobutyl Methacrylate 180 0.68 0.43 ° 48
s-Butyl Methacrylate 35 396 0.72 0.24 60
t-Butyl Methacrylate 42 0.71 0.32 107
n-Hexy! Methacrylate 0.66 0.35 -5
n-Octyl Methacrylate 106(3) 0.67 0°0 20
*[sodecyl Methacrylate 44 41
*Lauryl Methacrylate 95(9) 0.74 0.20 -63
Tridecyl Methacrylate 118(9) -46
*Stearyl Methacrylate 130(9} 38
Phenyl Methacrylate 210 1.24 0.62 112
Cyclohexyl Methacrylate 47(7) 0.73 0.41 104
3,3,5-Trimethylcyclohexyl Methacrylate 0.7 0.77 125
*Isobornyl Methacrylate . S0(1) 550 0.50 0.50 170
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Tg °C
ksp S of Elomo—

Monomer 44.1°C 1207;,60°C e polymer
Bromoethyl Methacrylate :'3:9.95 0.57 52
*2-Hydroxyethyl Methacrylate 1 0.93 0.40 55
*Hydroxypropyl Methacry late . 0.79 0.20 73
Glycidyl Methacrylate i .t 0.91 0.38 46
*Dimethylaminoethyl Methacrylate 65 : 070 0.48 18
*t.Butylaminoethyl Methacrylate T 50 299 ro.08 0.17 33
Methoxyethyl Methacrylate 96 - ) - 0.88 0.42 -10
Ethoxyethyl Methacrylate 9.74 0.18 -15
Ethylthioethyl Methacrylate T4.25 1.69 -20
Diethyl Methyleneglutarate - 0.54 0.93
Isocyanatoethyl Methacrylate 0.94 0.62
70.6(10) 1.59 0.66 185

i*Methacrylic Acid
iMethacrylonitrile : <+ 0.75 0.91 120
2-(Diethylphosphato)ethyl Methacrylate 3 0.97 0.48

1-Diethylphosphonoethyl Methacrylate 1.41 0.51

Styrene . 6 29 0.8 100
Ethylene £0.20 -125
Butadiene -1.05 -78
Vinyl Acetate -0.22 29
Vinyl Chloride 0.20 80
tVinylidene Chloride 0.51 -19
N-Vinylpyrrolidinone ).94 -1.21 86

()] 3M, methyl propionate
(2) 2.5M, methyl propionate
(3) 3M, benzene
(4) 2.5)M, benzene
(5) 6M, methyl propionate

R N R A
These values were determined by the Rescarch Division of Rohm and Haas Company except for cer-
tain values of Q and e, which were calculated from carcfully examined published values of the monomer

reactivities with styrene. All listed values of Q and e are based on cCopolymerization with styrene. Cer-
tain monomers, marked with T, have different values of Q and ¢ with other comonomers; additional data are

available on request.

g
___________ Initial rates of polymerization were determined in_bulk of in solution using AIBN as initiator. The
footnotes indicate the solvent and concentration of monomer used for the measurements made in solution.
. . literst/2 T TR e
The units of kgp are expressed in L}h. - To calculate the initial rate of polymerization, insert
moles!’ = hr o o

the above value of :"Sp and the concentration of AIBN into ghé'fb'l_]_my_mg-

equation:

initial rate of polymerizatioa (in %/hr)
{ne monomers marked with an asterisk (*Y are sepplied in éommercial quantities by Rokm and Haas

Company.,
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PAINT APPLICATION OF EMULSION POLYMER

-
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10-2, CLASSIFICATION OF WATER BASE PAINT
EXTERIOR PAINTS FOR TRADE SALES

EXTERIOR WHITE PAINTS

Exterior Paint {TT-P-19B) {Acrylic)

Exterior House Paint {Acrylic)..

Exterior House Paint for High Humidity Conditions {Acrylic)
Exterior One Coat Paint {Acrylic)

Exterior White House Paint {Acrylic)

Exterior White Paint {Acrylic)

Exterior One Coat Paint (Acrylic/Alkyd)

Exterior White House Paint {Acrylic/Alkyd)

Exterior White Paint {Acrylic/Alkyd)

Exterior White Paint {Acrylic/Alkyd)}

Exterior White Paint (Acrylic/Alkyd)

Exterior White Paint {(Acrylic/Ester Adduct)

Exterior Wtrite PainttAcrylicfEster Adduct)--.-.
Exterior White Paint (Acrylic/Ester Adduct)

Exterior High Luster House Paint {Acrylic/Linsced Oil)
Exterior One Coat Paint {Acrylic/Modifier)

Exterior White Paint {(Acrylic/Resin)

Exterior White Paint {Acrylic/Resin)

Exterior White Paint {Acrylic/Resin}

Exterior White Paint {TT-P-19B) (Acrylic/Resin)
Exterior House Paint {Linseed Oil)

Exterior Low-Cost House Paint {Linseed Qil)

Exterior One Coat House Paint (Linsced Oil)

Exterior White House Paint (Linseed Qil/Chlorinated Hydrocarbons)
Exterior House Paint {Polyviny! Acetale)

Exterior Paint {Polyvinyl Acetate)

. Exterior White House Paint (Polyvinyl Acetate)

~ Exterior White Paint {Polyvinyl Acetate)

’
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