I B
=lorieinal article)
A3 (A2F), 2002

Tt el e A=A HA Aedd 2733
= w3l 3} I

AR F A

Optimum Chain Extension and Change of the Average
Particle Size of Aqueous Polyurethane Dispersion
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ABSTRACT

In the synthesis of water-based polyurethane using self-emulsification process, after being
neutralized, polyurethane pre-polymers containing ionic pendant groups are dispersed by
simple convective mixing. Preparation of dispersion is followed by chain extension reaction,
which is considered as important step for growth of the molecular weight of polyurethane.
In this work, pH variations in the agueous phase were monitored during the chain
extension process in the presence of water-soluble diamines. The optimum degree of chain
extension and the average particle size in the polyurethane dispersions were examined with
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varying ionic pendent group contents, type of chain extenders, and feed rate of chain
extenders. The initial pH value in the aqueous phase linearly increased and the optimum
chain extension peint could be obtained from the intersection of two linear lines having
different slopes. All average particle sizes before chain extension reaction were almost same,
however, the final average particle size increased as feed rates of chain extenders increased.
In addition, as the ionic pendant group contents increased, the particle size decreased since
the hydrophilicity and hydrodynamic volume increased. As carbon numbers of the chain
extenders increased, the final particle size increased significantly. From the results, it was
concluded that the chain extension reaction took place among the particles not only in a

particle.
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Figure 1. pH variations with varying the feed rate
of chain extender during the chain
extension reaction.
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Figure 2-1. Time-evolution particle size with
varying the feed rate of chain extension.
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Figure 3-1. Change of the average particle size
during the chain extension reaction
versus concentration of the ionic

pendent groups.

250

70

e o
£ e 3

£ 20 Sy a5
— \ a
] .y &
H @
r g
% 150 s 0 g
s %
s e SO 5
] @
-y '_'_"h-—._.‘ :
g I
2 o 55 ¢
< ®
=
]

50 50

4 50 60 70

DMPA wt%% based on polyol

Figure 3-2. Optimum chain extension values
versus the concentration of ionic pen-

dant group.
stz ofgii <3t o & pHe H3E BReE
ot o] Aabke AbgddgAe] Aks Zele] é% el
F A o] Abgdd Hrg Agshe d & 4%
vl 2% eethe & Bodsft) Figure 59 2

HEZf e A T72] AlE Zel7t thE tolo}
we] Algddshe 51t A3 A wE Y=
27| WigE Hejftl EDA, DABe] 7$l+=

AR e 27] QlE 27]9) Aledte] £
S v §l% =27] Wske A gich, 19

A3 = AW 3(2) 2002

0 20 40 60 80 100
Chain Extension (%based on Residual NCO)

Figure 4. pH variations with varving types of
watersoluble diamines during the chain
extension reaction.

230

i Ehylers Damne
W Disminczulars

A& 1 B-Husene Diamne

200

150

Average Particle Size (nm)

a0

o 20 40 B0 a0 100
Chain Extension (%based on Residual NCO)

Figure 5. Time-evolution particle size with vary-
ing types of water-soluble diamines.

tt24 1,6-HDAS] 7-f-ell= Algdaae] 27]
Q| % =7 B} Alsoizte] 2L wje] e
2717} 24 F74E A& BeEn. seld dF
& wke} zle] o] Fals Apsedw) wlSe] glajel
Al e ] gbEea] olpoldrke AL

nelgr}, 22 o

Qg Agatag A

15E Al Zolsb 71 tele}
sqAbeh Sl Apole] Ahged

4wk WAUZe] SlA el g
gz Earh $Ashe dde W S

91 SFch Sl SlFE Hpeh o] o]Ae 5



S84t B2 sA ArA AA Asadg 2% % wshel Bat AT 15

84 AR elFolAE e uhgel
b Elela] o] FolAlrk A Asb A%
oh o] AE HAe| ApadP nkge] Fel g
S 4 EW A BRHE el & 5

siet

4. 8 E

B dFdae 34 EFelsy Az A
ﬂ]%"ﬁ 5o ghek alodale] Al 7o)}
4] &£x 2o FA My}l Y Algda A
5o} % wiglel] =zl eddk :1}3}0% A8t
der, oed 2 428 d& st

A, A %EATHEE&-% Zﬂiﬁ}oﬂ gle] o] &
A g gake] Zobe £F% Ha g =2)E
’Jﬁzﬂ*rﬂr =L Ero] o]£A aFe EFE 3
He| AlgdF@e} Algdd = 3FE gz gt
A4 =54 FA e A &+ s

A, A 79 £ S 9o ¥
< AlgadAA 4] 5= A Aidd) Ae
E A FAE A e EAlEE Al
A% F=§ F7MA Jﬂi-} = 271% F71
AFle 48l HAoks g Ajkegloh 28,
Apsed A F4] o) L Oi"ﬂ-ﬂ ule} =4e] A}
el Ay} depx| 3 wE ulkdea] glw =7
o] Wb gicks AL Agdos #elsjgic).

A#) AlEeiZa]e] A& Zel= pH W3 A4
dlelefel A Xl wle} o] AL Al&en
Aeg AAsE= ¥ € 9L vHA] gk
e Halssich aejv, Al ZHelrl 71 Fo
AbeadzbA 2] jle W3 AEL AleedgAe] =
| §l% =78} Alsdzde] 2HEE w9
sl =Z7|7F 24 FokEe e B 5 gl o]
e Al apgedala g o] Re x| Aldeda)
Hhgo] 317} w4 o5tk & Agks}
A s Ec},

Figure 6o 84 Fe|-dg Az glofa]
Aledd FAE 2o Vehlgc)

AzrEpkale $ld AlxsEs A F2]S
ek 8]Al= Figure 63} 3be] NCO= 4%
HalFev 2 AR, Fabd Ealsls HO0
Abeadba ko] AA ukge] o[FofAHA EA}
gko] Z7feiA Hc}l 44 AlEdAAE 4
g 2% A sigid] Eafsls NCOTEa} b

)

X,

]

u
WHCHH G RHECHH
Urea[ishage

biension
-« ke F o R 0f s Edten
- Sheri-2auin Cnain beedee
- it el el 0 s b

uuuuu

Figure 6. Representation model for chain exten-
sion reaction using water-soluble di-

amines in the polyurethane dispersion.

L& Hoh, olw], w3y ko] =& AG A}

A3 R4l FE=rt WA, A}Mﬁ.“ilf!
Zelzk 71 el iR AbgddAde] AldE
v qlAFe] S-xle] rl&3bEich. o)ef ula} gix}e]
27+ 2 ek ") S3le] Alsh 7 $-df
+ 2= A A7) AsH gelation )= Ak, sixbrt
7iehgkol HAAHow qAAd b FL FFE
w2 A Ho)

?I-,i\} |

o] o= 20009 #A% 7|& 7Y Hrple
National Research Laboratory Program,
1999 Project (2000-N-NL-01-C-032)¢l] #]&}
o Zax|gi e ole] ZHApERT

ADned

—
1. G. Oertel, “Polyurethane Handbook”, Hanser
Publishers, New York (1985).
2. C Hepburn, “Polyurethane Elastomers 2 Ed.
Elsevier Science Publishing Co, New York
(1992).



L6 i B B = R R 6 i R

3. E N. Doyle, “The Development and Use of
Polyurethane Products”, MecGraw-Hill Book
Company, New York (1984).

4. G. Woods, “The ICI Polyurethane Book”, 11
Polyurethane, New York (1987).

5. A K. Bhowmick and H.L Stephenes, “Hand-
book of Elastomer”, Marcle Dekker, New York
(1988).

6. 5. Ramesh, G. Radhakrishna, Polym. Sci., 1,
418 (1994),

7.5 Mohanty, N. Krishnamurti, . Appl. Polym.
Sci,, 62, 1993 (1996).

8 F. M B. Coutnho, M. C Delpech, L &.
Alves, |. Appl. Polym. Sci, 80, 366 (2001).

9. H. Bao, Z. Zhang S. Ying Polymer, 37(13),
2751 (1996).

100 D. J. Howston, G. Willilams, R Satgurw, J. D.
Padget, D. Pears, | Appl. Polpn. Sci, 74, 556
(1999).

11. C K Kim, B. K. Kim, [ Appl. Polym. Sci., 43,
2295 (1991).

A3 = AW 3(2) 2002

1225 A Chen, ]. S Hsu, Polymer, 34(13), 2769
(1993).

13. O. Thomas, “Waterbomed and Solvent Based
Surface Coating Resins and Their Applications:
Volume [I Polyurethanes”, Sita Technology
Ltd, London (1999).

14, HL Xiao, H. X. Xiao, K. C Frisch, N. Malwitz,
1. Appl. Polym. Sci., 54, 1643 (1994).

15. B. K. Kim, Colloid Polym. Sci., 274, 599 (1996).

16. D. J. David, H. B. Staley, “Analyticlal Chem-
istry of Polyurethane”, Wiley-Interscience, New
York (1969).

17. Y. K. Jhon, L. W. Cheong, ]. L Kim, Collodds
and Surfaces A, 71,179 (2001).

18. S H. Son, H. J. Lee, J. H. Kim, Colloid and
Surfaces A, 133, 295 (1995).

19.1. Y. Jang Y. K. Jhon, [ W. Cheong, J. H.
Kim, Colloids and Surfices A, 13519 (2002).

2. &432], 149, o] sl Polymer(Korea), 21, 375
(1997).



