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120 min BL-S BL-
S 20 mL BL-S
670 nm 20
90°C 45 min mL
Table 1 Experimental formulation MMA BA
Materials Mass g BL-S 670 nm uv
Kettle charge H,0 350 BL-S
DSB 2.5
C aye
NaHCO; 0.3 ’
Initial initiator feed seeded stage H,0 10 A =32.7266 Cope + 1.9883 x 10_4 R
KPS 0.5 -0.9998 ° _ 10
Seeded monomers seeded stage MMA 10 I
BA 10 A = lg— = Kbe,, 1
BL-S 0.1 1
Initiator feed reaction stage H,0 40 A 1, I
KPS 0.5 K b
Monomer feed reaction stage MMA 90
BA 90 I cm K
3.2727x 10" mL/ g cm .
1.3
BL-S 1
6 C aye
10
BL-S
BL-S
BL-S
BL-S |
BL-S §
10 mL
cd)c Cdy(- 5
BL- Cdy(- de(- .
S Py, Cibe
P My
e P, = T 100%
) m,
i X V.
e = — x 100% 2
Amine” 03 SO, Amine My
| [l
C—N_ N-C m!. BL-S m BL-S
[ NF N\ : ’
\ ;U\N_/ V.,
C§N | m
bt Pow = e 100% 3
NN dye m = m, X 4
e SO, Amine
Amine" 058 3 Py.. BL-S
Fig. 1 Scheme of BL-S Maye BL-S
10
1'4 N _ Nj X Pd),(- - P(lch 4
1.4.1 BL-S Py, " dye m
BL-S P, 4 N,
UV-Vis UNICAM N; P
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CMC BL-S
32F
o] 13
N, = N, - N, 5 28t
5 N, 3 24 12 g
E - CMC =4 P
N; = x N, 6 7 201 =
m ' 11
o
16 =
6 CMC DSB m
N, 12+ -~ DZ 1o
—O—NP
6.02 x 10® 1/mol 8L ' ' ' ! ' : .
0 4 8 12 16 20 24 28 32
1.4.2 N, 6 t (nm)
E DSB CMC  9.23 x 10" mot , o
Fig. 2 Variation of particle size and N} at seeded stage
L' CMC m
m 100
1 12
6 min
. DSB c=1.815x10"" 0~ 6 min. 6 min
mot L' CMC=0.923x 10" mot L' m
=30 9
2.1
2.1.1
I
N, I
I =4.6296 x 107 mol: t, D N;
L' 7=80C E =1.2553x10"" mol L' D N
b N, 2 3 I
2 . 2
Table 2  Effect of initiator on nucleation process at seeded polymerization
0 ~ 6 min 6 min
1°x10° 11, D* Ny x 1077 - e
14.8 nm 8 min 23.6 mot L-' min m L 8V 8
nm 0~ 6.4815 4 26.5 6.3289 17.8013 -2.1883
6 min 5556 6 27.3 5.0195  17.7007 -2.2553
4.6296 6 29.5 4.2890 17.6324 -2.3345
3.7037 8 31.1 3.0614 17.4859 -2.4314
2.7778 8 32.7 1.9391 17.2876 - 2.5563
Table 3  Effect of initiator on polymerization process at continuous period
. I°x10° ¢ N x 1077
6 min X b P IgNe g1 °
mot L~! nm ml ™!
0~ 6 min 12.9630  69.6 4.7865 17.6800 - 1.8873
11.1111 71.2 3.4489 17.5377 -1.9542
2 6 min 9.2593 74.6 2.3975 17.3798 —-2.0334
7.4074 76.1 1.7052 17.2318 -2.1303
5.5556 83.7 0.8675 16.9383 -2.2553
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2 3 I° I Dr 4 IgN, lg1°
D N, N, 1.55 R =0.9978 Niew 1" N
I Y I N N,
i, I° 50%
I
2 3 lgN;-lg | lgNﬁ-lg |
3 4, 2.1.2
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O
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Fig. 3 Relationship of IgN} with 1g T * L . .
Table 4 Effect of initiator on nucleation mechanism
I °x10° Py N Ny
’ lg T ¢ lgPaye
0.92 mot L' %  x10°7 mL' x10°7 mL"' °© o
177 0.90
- 12.9630 8.04 2.5619 2.2047 ~1.8873 0.9053
17.6F 0.88 .11 7.3 2.0700 1.3789 —1.9542 0.8645
1751 0.86 9.2503  6.87 1.5408 0.8567 -2.0334 0.8367
' 0.84 2 7.4074  6.05 1.1880 0.5172 ~2.1303 0.7818
e
2z 1741 0.82 % 5.556  5.63 0.6328 0.2347 ~2.2553 0.7505
173} 0.80
0.78 0.80
= C
’ /NS
171F 2 OlgPye |y 0.70 o Ny/N,
1 1 1 1 o 065 [
-2.30 -2.20 -2.10 -2.00 -1.90 o 0.60 |
1g[1]° =
& = 055L
25 0.50 -
Fig. 4 Relationship of gV} and P, with Ig 1 ° ;E 0.45 |
0.40 |
035+
3 lgN, g 1 0.30 -
s 1.37 025 1 1 1 1 1 1 1 1
1.37 R =0.9960 N, 1 5 6 7 8 9 10 11 12 13 14
I N [11%10° (mol-L ™"

'g. 5 Quantitative analysis of nucleation mechanism versus 1
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P, N,o E
I P, 1.75 R =0.9938 N E P
I 7 a lg E = -2.2112 E =
5 N,/N; 0.6149 x 107> mot L~' E
I I =5.5556 x 10" mol/L >0.6149 x 107" mot L' E N
N,/NS  0.7295 I 12.9630 x 107°
mol/L N,./N, 0.5352
N,/NS=-0.0262 1 +0.8833 R =0.9945
NJNo 1
I N,/N: N,/N:
E <
I 0.6149 x 10™* mot L™
P, £
1 E CcMC
|
N,
E
Py,
N N, 5 18.0 —18.0
/
I 17.6 5P 176
I /o/
L1720 |:|/ 1172,
) o3 )
2.2 168f Ij/o/ {168~
2.2.1 T = /o/
. 4F -O-1gN; 116.4
80C 1 °=11.1111x10"° mol L' MMA  BA o E'/ _2-13% °
1:1 E 16.0L_ 07y | | | 1 1 1 lp 16.0
34 32 3.0 2.8 —2.6 —2.4 —22 2.0 -18
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Table 5  Effect of emulsifier on nucleation process Fig. 6 Relationship of gV’ and IgN' with Ig E
E x10® ¢, D° D° N; N§
mot L' min  nm m  x 1077 mL™!' x107"7 mL! 6 E
1.5064 4 26.2 70.4 7.6887 4.1955 N; N;
1.2553 6 27.3 71.2 5.0195 3.4489 E
1.0043 6 32.3 79.6 3.5133 2.0124
0.7532 6 34 84.8 1.5550 1.0082
0.5021 6 41.9 101 0.9586 0.5971 7 b 0.73 R =
0.2 8 48. 0.5374 0.3440 .
> > i 0.9996 N E "7
0.0502 8 62.2 139 0.2051 0.1110
1.82 R=0.9911 Nooc E 2.
5 k ti, 8 min lg E = —2.2155
4 min D’ D° N, N, E N
P
IgN;-lg E IgN;-lg E 6. 6 E
IgN, g E N, E
E E >0.6149 x
7 a 107 mot L™ E N N

0.66 R =0.9969

E <0.6149 x
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1077 molt L™ E N N CMC P,
0.66 % BL-S
Py,
180f e
17.8 - E > CMC P, E
17.6 + E
174+
e 17.2 +
2170+ P,
16.8
16.6 F Table 6 Effect of emulsifier on nucleation mechanism
16.4 - Ex100 Po Nux1077 Nyx107 p
162 1 1 I 1 I I I I I mot L' % mlL ™! mL~! ¢ B e
-3.6-34-32-30-28-26-24-22-20-1.8
1g[E] 1.5064 10.68 2.9161 1.4194 -1.8220 1.0286
1.2553  7.32 2.0700 1.3789 -1.9012 0.8645
17.8 1.0043  6.15  1.1646 0.8478  —1.9981 0.7889
17.6 ¢ 0.7532  4.17  0.5663 0.4419  -2.1231  0.6201
1741 0.5021 2.03 0.2554 0.3417 -2.2992  0.3075
1721 0.2511 0.84 0.1269 0.2171 -2.6001 -0.0757
e 17.0 0.0502 0.7 0 0.1110 -3.2993 -0.1549
Lo 168
16.6 - 1.2+
164 10l
162
0.8
l60[b 1 | ! ! ! ! ! ! 0.6
-3.6-34 -32-30-28-26-24-22-20-18 5 0T
[ % ol
. . L. .. . 0.2
Fig. 7 Relationship of IgN} with g E a and IgN| with
IgE b 0.0r
—02r °
1 1 1 1 1 1 1 1
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0.8
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C
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= o
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S
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’ Fig. 9  Quantitative analysis of nucleation mechanism versus
1.41 R =0.9974 P, o E' .
E

E =0.0502x 10"* mot L™

dye

9 NJN-E  NJ/N-E
E >CMC  N,/N° E

m p

N,/ N¢

p



5 MMA/BA

415

E = 0.7216 x 10"* mol
LY 50% .
E < 0.7216 x 107% mol L™'

E >0.7216 x 10" * mot L™

E
=1.5064 x 10> mot L™'
69 % 31% E
E
0.6149 x 10™* mol L' N, N,

E =0.0502 x 10> mol

L' E < CMC
N,N.;=0  NJ/N;=1.
2.3
2.3.1 T
=80C E =1.2553 x 10> mol- L™' 1 ° =
11,1111 x 10 mot L™"  fium MMA
MMA  BA
7

Suvia t,, 10 min 4 min D’ D°

N, N,
MMA Fama

N: N

Table 7 Effect of fy, on nucleation process

N, 8

h

P,. N

m

Table 8 Effect of fy, on nucleation mechanism

ti o D* D N:x1077  Nex 107
S . ! » ! o
min nm nm mL mL
1 4 22.8 61.4 7.7498 6.0684
0.8366 4 24.3 64.2 7.0745 5.3246
0.6575 6 25.7 69.6 6.6244 4.6523
0.5614 6 27.3 71.2 5.0195 3.4489
0.4604 8 32.9 78.2 4.0327 2.2748
0.2424 8 34.4 82.8 3.1959 1.8264
0 10 40.6 84.6 2.1810 1.0363
2.3.2

fMMA fMMA

Snia Py % Nox1077 mL™" N, x107"7 mL™!

1 11.44 2.4290 3.6393
0.8366 10.85 2.2969 3.0276
0.6575 9.08 2.1146 2.5376
0.5614 7.32 2.0700 1.3789
0.4604 6.12 1.5595 0.7152
0.2424 4.74 1.3593 0.4671

0 3.58 0.8386 0.1976

8 fMM:\ P(lyc Nm Nh
S =0 BA
N, N, BA

E > CMC BA

fMM:\ MMA
MMA BA
N,
N, Sy 1 MMA
N, N, N, N,
MMA
fMM-\
P dye . f MMA P dye
fMVIA =0 lgPd,e-
lngM:\ 10.
1.10
1.05 o
1.00 -
095+
. 0.90F
%:: 0.85F ‘
T 080F
0.75F
0.70
0651 1 1 1 1 1 1 1
-07 -06 -05 -04 -03 -02 -0.1 0.0
1g finva

Fig. 10  Effect of fyya on Py

10 lg dec lgfwm
0.65 R =0.9944 P, o< fusa
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8 Nm Nh
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- 11 Quantitative analysis of nucleation mechanism versus fyya

2.4
T=80C E =1.2553x10"" mot L'
I = 11.1111x107° mot L™" fyu, =0.5

t;, 12 min

Ly, 6 min

0~15

min

50%

100

Table 9 Effect of polymerization manner on nucleation process

. ¢ -17
Polymerization 4y, min N; x 10 DC o Pa. %
manner mL~! :
Conventional 12 0.0392 95.4 7.06
Seeded 6 3.4489 71.2 7.32
9 Py
BL-S
3
1 I I° t, D° D*
N, N, Nyoo I M7 Ny o
I 1.5510 I
I Po NN, P
1" NN N,/N; N, /N, = -
0.0262 T +0.8833 N,/N°  N,/N
I
2 E >0.6149x 107 mok L' N o

E'"" N E ' E <0.6149 x 10" mol
L™ Nye E® N E*F E =0.7216
x 107 mot L'

E N,./N;

E >0.7216 x 10"* mol L™

N,/N:
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E <0.7216 x 107> mot L™ 40 % N,/N;, 60 %
3 fMMA l12 DS DP N; N;J 4
dee N, N, Nm/N; . 0 <fMMA t), 6 min dee
<0.6 N,/N, 80.93% 50%
fMMA 0.6 1 Nm/N;
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NUCLEATION PROCESS AND NUCLEATION MECHANISM OF MMA/BA SEEDED
SEMI-CONTINUOUS EMULSION POLYMERIZATION

ZHANG Xinya SUN Zhijuan JIANG Qingmei CHEN Huanqin
School of Chemistry and Chemical Engineering — South China University of Technology —Guangzhou 510640

Abstract A water-insoluble dye BL-S was used as a probe to study the influence of some factors on the process
of nucleation and nucleation mechanism in seeded semi-continuous emulsion polymerization. Some parameters were
analysed for quantitative study on nucleation mechanisms the parameters include the amount of dye incorporated into

the resultant latex particles P number of the resultant latex particles N, and the different numbers of

dye
particles which are formed by micellar nucleation N, and homogeneous nucleation N, .The results of the study

and analysis show that P, N, N, and N,/N; all increase with increasing initiator concentration I but N /N;

dye
decreases as N,/N, = —0.0262 1 + 0.8833 which can illuminate the proportion of homogeneous nucleation
increases while micellar nucleation decreases with increasing 1 .The influence of the emulsifier concentration E
on nucleation mechanisms is different at different concentration range when FE  equals to 0.7216 x 10™* mot L~
the proportion of homogeneous nucleation is equal to micellar nucleation both of them are 50% . When E s

greater than 0.7216 x 10™* mol L' the nucleation time ¢, , decreases and N,/ N, increases with increasing E

N, /N, decreases accordingly and the proportion of micellar nucleation is larger than homogeneous nucleation so
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that the micellar nucleation mechanism predominates gradually in the particle nucleation process when E is less
than 0.7216 x 107> mot L™' the proportion of micellar nucleation is less than homogeneous nucleation the main
nucleation mechanism becomes to homogeneous nucleation. In the system of MMA/BA copolymerization when [y,
increases from zero to 0.6 the value of N, /N; decreases from 80.93%to 50% which means that the proportion of
micellar nucleation is larger than that of homogeneous nucleation so that micellar nucleation plays a key role in the
particle formation period. When fyy, increases from 0.6 to 1 N, /N, is reduced to 40% and N,/N, is raised to
60% but homogeneous nucleation is more important than micellar nucleation in this system.In addition the ¢, , is
12 min and 6 min for the conventional and seeded semi-continuous emulsion polymerization respectively but P,
change is less. All these show that the both semi-continuous emulsion polymerization techniques only have some
effect on the formation process of particles and the neculeation time but little effect on their specific nucleation .
Keywords Semi-continuous emulsion polymerization Nucleation mechanism Particles size and its’ distribution

Micellar nucleation Homogeneous nucleation





