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Se A A, dE B4, B8 54, HA SA(wetting property)5 0] $48} 1, 1(H)
L7 goldty, FEUSS f¥eAE 42AL 8ids FHE 71X itk RFE 1

Ak Az o] EHE ASREE dwrE oz B2 2,000 - 6,000 ©) I, A7} 140 -
300 =9 ASRO] F=2 AL ET) Table 1 0] 2 Ao ALL3H SAA(Styrene/Acrylic
Acid) #7219 B4 % 542 dei

Table 1. Properties and Characteristics of SAA Resin

|

1. Appearance: Clear, solid chip

2. Number Average Molecular Weight: 2,000 — 6,000
. " Acid No.: 140 - 300

. Glass transition temperature: 90 - 110°C

. Pigment Dispersion

. Gloss

. Transfer Property & Printability

[ B Y

. Solubility
- soluble in water and amine or isopropanol, ethanol, N-propanol, methanol,
diethylene glycol, methy! ethy! ketone and glycol ethers
9. Compatibility

- excellent compatibility with styrene-acrylic emulsions, as well as SMA and




maleic resins.
10. Viscosity stability
11. Applications
- multi-functional properties in water and solvent based inks and coatings.
- source of carboxyl functionality so that inks and coatings can be further crosslinked

to provide heat and chemical resistance.

* Acid No.: number of mg of KOH required to neutralize one gram of resin
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Table 2. Basic Recipe of Emulsion Polymerization Using SAA and Conventional Emulsifier, SDBS

&

Wtn g 2%

as the Emulsifiers

Components Amount (g)
ASR system SDBS system
D.D.I. water 1275 12’75
ASR [poly(styrene/alpha-methylstyrene/acrylic acid)}2 225,375,525 -
Sodium dodecy! benzene sulfonate (SDBS) - 15
Sodium hydroxide (NaOH) variablel -
Sodium chloride (NaCl) variable2 -
Styrene 150 150
Potassium persulfate 0.75 0.75

2 ASR : M, = 4300, M,, = 8600, Acid No. = 190.
1 NaOH was added in all systems to change the degree of neutralization of ASR.
2 NaCl was added in low NaOH concentration systems to adjust the ionic strength.

Y RFE 2RAE obalol dehd 24 ol oja) 48 sk

=4 35 =4 iy

Surface Tension Surface tensiometer (Fisher Scientific)
Pyrene Solubility UV spectrophotometer (Shimadzu)
Reaction Rate & Conversion Reaction Calorimeter

Particle Size and Size Distribution Capillary hydrodynamic fractionation
4. 2% 94 E9
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Fig. I. UV absorbance of pyrene at 360 nm and surface tension of ASR solution as a function of

ASR concentration (wt % based on total).

Bl ASRO| F4ollA] aggregateE HAst0, §31Z2 o] 2 YA 2 A9

=]
AL T 5 AST L F AUT Aggregated] 7|9 FASAL 244 Hug

o
r\'U
Tom
o
Hu
i



TZ, pH, AdE T Ao JFgFE Pt} ASR aggregate®] 3% o) )3 ASRY
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Fig. 2. UV absorbance of pyrene at 360 nm vs. the degree of neutralization of ASR;
[ASR]=10 wt % based on water.
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Fig. 3. UV absorbance of pyrene at 360nm vs. concentration of ASR.
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Q, : ¥H8Y (heat of reaction (J/s))
VHZO : total volume of water
AH p - heat of polymerization of styrene.

A 4% WBE& (overall calorimetric conversions, X (t))

[Q.(at
anwX#J

Q,(t) : evolution of the overall heat of reaction

X c (t ) overall calorimetric conversion of the final latex
X c (t f ) : overall gravimetric conversion
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Fig. 5. Rate of polymerization vs. reaction time in emulsion polymerization of styrene using

SDBS and ASR respectively; D, ([SDBS] = 10 wt %) = 54 nm, D, ([ASR] = 15 wt %) =

52 nm.
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Fig. 6. Schematic representation of mechanism of radical entry in SDBS and ASR systems.
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Table 3. Particle Size and Polydispersity Index (PDI) of Latex Particles Prepared Using
ASR and SDBS as the Emulsifiers

% Neutralization D, (nm) . D.(nm PDI

ASR SDBS of ASR o o (D./Dy)
- 10 - 54 61 1.13
15 - 100 52 62 1.19
25 - 100 46 53 1.17
35 - - ' 80 42 49 1.16
35 - 100 41 48 1.16

SDBS : sodium dodecyl benzene sulfonate.
PDI : polydispersity index. D, : number average diameter, D, : weight average diameter.
All concentrations are based on monomer.
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Fig. 7. Polystyrene latex particle size as a function of ASR concentration (wt % based on monomer).
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Fig. 10. Calorimetric conversion vs. reaction time in emulsion polymerization of styrene for different

degree of neutralization of ASR; [ASR] = 35 wt % based on monomer.
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shAt. B F9 carboxyl groupE Zi= ASRE micelles} Z-& aggregateE A 3hc}.
Aggregate] 835 H2> ASRY F3AH ko] wPs A g2 wolth ASRS AlLstd
Az pS HExo FL dut FEHFFoF Az stdxel wms Ags) e
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FraAe] dFes As) ofrif P HaY D UfAe BaZ 2] 95ty o
24 FSAE A S-SR ¥ SAA FA 9 vlo] A f 8 AWS ALL5to] RFE
FAE Mz Az RFE £29 THEFL 50%wtol4o]ln Y= 27)= 90nm
2 uEdtoh o] 24 AR e BabEo] 2200 ol HLB #to] 16~18 ¢ o€ al 24}
ol= AT AHEE U 37] vlol A #3AE 23 styrene BFA A SAlo] = L3

He %8 538 A3 Jomz ol ¢ nAs: %9 wio] wE RFE i

2
D

e 24& vustdn. AdoM ANAYL SAA £AE FUT AL Ao,
A A= ammonium persulfate (APS)E A}83}3t}. waka e styrene &5

o
A8 R SAA FAE HCCOlA gk RE Algston o9 B4 tden g,

o 528 (g/mol) FTFHA 22AF (g/mol) Volatiles (%)" A+7}

3253 6854 1.9 222

Volatiles (%)": #'% A ¥ 2] weight fraction

Blo] 24 #3lale T WHL i) Zo] LA LA FA3t= batch ¥} i) ©
FA A A AL o2 FUEE semi-continuous B O 2 YE 4 o

i) Batch ¥

Al ¥ SAA FA, water © FRUol4E H7}alo SAA 32X solution & #| =&t

“



o} dlo] 24 {3 AE SAA FA solution o] &HAA wF2 Tl Ao FEQE T A
Iz 2FAE AE5H0F w37)d FYslq 93-S &

Oll

g T
ii) Semi-continuous Y

Batch H 3} 22 9] SAA F A, water, FEYol+E H7tsld SAA A solution &
710l Aol FAg F JRAAE wHE 7o T3

FEAE GFA o LA A dFAG FA ALHoR wgIlo Tt w
& BT A7 Zo] Hlo]24 fsA FAWE delste] A =g RFE 1839
24E g 2o

A Z3tk SAA A solution < HF

olo

Table 4. #]o] 24 #3lA9 FHo)| W& RFE 1 ¥ A2 EA W3}

Batch Semi-continuous ¥

A A2 7] (nm) 135.4 88.4

A% (cps) 110 660

I1HEE TFF (W) 50.0 50.9

A7} 58 57

THTF E2F (g/mol) 20333 22909

T Ha E&AF (g/mol) 595474 628050

Table 4.01A B nie} o] F RFE n¥zM2) 713 2 aoldL Azt a7)9 Axa
= @ 7 Uk A2 HEE JA A7) € BF, A WY E4o] g v
<+ APoAE AT SAA FA S Blo| 24 FEAlY FFHe o] YA L s U

B ugternz dxte) W SARE A9 dAsgm A £ o AY 2
29 SA4E oatx dxte 37|71 Fol RS AM BEHHol Zr)etA A o

o] F5AEol Fotete] etd e HEE FslEA @) uelA blol&A SEAS
semi-continuous WO FUIANS AF UAe A7|E ol o]F Qs RFE nEz}
o H=x F7kstAl ®¢h. E3 semi-continuous HO] ALol= uloleA &3last yg
T 95428 FAHEZ Ay M E AA 7145t Q-G RFE nEAS
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V. RFE 21&#9 =8 $8E4
1. ¥4 £84 RFE 1%z}

T4 =88 RFE &2 fFeHo]2%E 40T 24 ojng fedowy}
& 2-ethyl hexyl acrylate(2-EHA)S AH8-3}31T.  2-EHA © acrylate A1 € 9] ©haka] & 7}
T e FHoLES e Aoz 28A Utk F HFAR styrene (ST)L A3+
I g WFAHES 915t methyl methacrylate (MMA)S &7 Al238}%ch A8 LS 53l
cFA el BlE MMA:ST:2-EHA=31:40:29 o] H&HYL & 5 AUt ol Ao

U
L
oX
nal
ks

T2 TR ZEE 40 CTEA target 22 8 Y @t YA skt =gt
dFA o S wet F3 Al A He pHE 9.0 ~ 950 2% A&}
2. £E8 RFE 11829 A4 2@ B4

1) SAA A9 acidity ¥3} A3
1.0 28 #2] Wg7loA utds oldd Foz RFE n2AE A5kt
SAA 2 &

Aol Whg7] el 48t wkg F)A] Fo dEH TFZL dLHoz 23
Stk Table 5 oAl B wbol Zo] vlo]&A f3lAQ TX-100 S W) Bl L2 0.5%
e FAstHSE YA 2717t 37.7 ~ 384nm, YA 7] BES} 06 ~ 1.14, THE

g@ol 50%<d RFE 1228 44 & AUt

Table 5. RFE 31222 F 3 Recipes ¥ 24

Ingredient (g) A9 1-1 24912 2E 13
MMA 803 803 803
ST 103.3 103.3 103.3
2-EHA 724 72.4 72.4
SAA X 76.8 76.8 76.8
APS 2.6 2.6 2.6
TX-100 1.3 1.3 1.3
Water 331.0 331.0 331.0
SAA A At 134 170 190




TEE TF 0 50 30 >0

AA A 7]* (nm) 38.0 384 37.7

dA 27 ¥ 1.06 1.07 1.14

T *x (3]) 70 70 70

R =R O O O
THT QA A7), 4 28 o] & T rubbing test, ***: WY FEL 0] 27 rubbing test

2) MAIA Y g Wz 4y

Table 6 ol LYEF recipe oAM= 7HAlA 9] &S WFAA 710 AdL 519
o RAIA Y R 9FA J)FoR2 05 ~ 1.0 wi%e2 B WAz ga
232 DY 21 YA AT Table 6 A B upel o] Ad 2 3 A3
229 Atolls 49 =717 242 35.6nm 9 354nm 24 2 zlolE Holx Qo
U, A 230 42.10mm 24 %3 Frbskooh shA R AMAQ SFyHx 240
=1

2 FFel 2leg ¢ 7 AT AT LB BHY WA, NLBAH 2 =Y So

Table 6. RFE 11L& A}2] F 3 Recipes @ 4

= (o]

Ingredient (g) Ad 2-1 A9 22 A 23

MMA 803 80.3 80.3

ST 103.3 103.3 103.3
2-EHA 72.4 2.4 724
SAA X 76.8 76.8 76.8
APS 2.6 1.8 13
TX-100 1.3 1.3 1.3

Water 331.0 331.0 331.0

SAA T AFgk 197 197 197
1Y FF (%) 50 50 50
A2 271* (nm) 35.6 35.4 42.1
Az} A7) BE 1.14 1.19 1.19
WA *x (3]) 60 70 70
A ;’_z}ed * kK O O O

2=

CrEE QA A7) B o] &F rubbing test, *** ; v FZL o] &t rubbing test
3) SAA FA 9 #F W Ay

Table 79 YE} recipe Al A& SAA £ 9] 2L Wil AANY 2¥L Ay



stttk SAA X9 L oA J|FOF 187 ~ 233 wi%e WA HEHAA
U oE 2HUEL A 248 Y& kA

Table 7. RFE 3#2t9] F & Recipes ¥ 4

Ingredient (g) A 3.1 Ad 32 AH 33 A4 34
MMA 80.3 80.3 80.3 80.3
ST 103.3 103.3 103.3 103.3
2-EHA 724 72.4 72.4 72.4
SAA F3| 77.6 69.1 64.0 58.9
APS 2.6 2.6 2.6 2.6
TX-100 1.3 1.3 1.3 1.3
Water 331.0 331.0 331.0 331.0
SAA T AFgk 197 197 197 197
YR FF (%) 50 50 50 50
¥zt Z71* (nm) 34.0 352 30.0 394
U2 27 X 1.21 1.20 1.13 1.16
A *x (3]) 60 70 70 70
CE =Rk O O O O

L rREd AR 27 BE o] &7 rubbingtest,***: vl ¥ZL o] &3 rubbing test

747t 98 BA4e e T4 =88 RFE 1248 43 AZ8 A, o8 DPMEE
DPnB 59 822 formulation 3] 100 # Doctor blade applicator S A}-& 3t HIPS(High
Impact PolyStyrene) plate ol =X3 ¥, =3 E4& 7|& AE (Joneryl-537, S.C. Johnson
i) wwEtgdk o]  AME Table8 o FE At

Table8. RFE nLEAZ ol &3 FAHEZ9 EA Blw

HCC-537-A  HCC-537-B° HCC-537-C  HCC-537-D  Joncryl-537

Dn (nm) 448 40.0 38.0 384 422
Dw (nm) 54.3 454 40.4 41.2 48.6
Mn (g/mol) 7443 7978 16248 17597 7780
Mw (g/mol) 235601 208332 360604 554380 206659




Appearance A A Va\ O O
Cross-cut test O O O . O O
Pencil Hardness HB B HB HB HB
-8 | A4 (MeOH) About 10 stroke
W & A A (EtOH) About 20 stroke

Az 74 =88 RFE ¥4 & pencil hardness, W& A4 (MeOH) 52 ZAlolA =313
g} -2

& A

j

RFE L¥2HE A o A2 o2 EXS 2= 82 SAo Tdstn 9ol
et BA4E 71U + Ao a2 s ASR Y EH Y Mstage Bkevjo A £2
Wt AlFdessm  HF application o] 33 RFE n&zte] £z} MA7} 7b5sig
b A&+ 2] maker 9 £8 A7 cowork o) TEE AHHEiH Laprw ‘;3 2
& 7120 AHgEE 198 B2 Folld 712 £4 AFS FEI WAL 5 AL
HEe A4S FHE F Jodet didn. AFBHL REEn MAFZo =
5871 A& FEAJAAY #7132 =g 2y Ay,
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