CHAPTER 111

W "

3.1 Preparation of bhéit-zﬂA‘,;n

3.1.1 Tri—n—-but

The method condensation reaction
between bis(tri-n-butyti thacrylic acid in refluxing

toluene under reduced pres

///CH.
2 CH: I ‘. | ), — —-“ ; Hzo
R vl :
Lﬁf' - " COOSnBua
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d

where Bu —-butyl
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This process gave a good yield of TBTM ( ™ 9g% by wt.).
The transparent monomer was a 1liquid at room temperature, melting
point 18-19°C. TBTM monomer polymerized spontaneously in the absence
of the catalysﬁs at temperature higher than 30 °C €iving an elastomeric
product that was insoluble in methanol.

The results of elemental analysis were agree well with the formular,



meaned TBTM was prepared.

Spectroscopic technics were used to characterize the
structures. From IR spectra, the 1645 cm ' peak (in this case shifted
down to 162@ cm ' due t.oJ.P unsaturation effect) is the characteristic
peak of -COOSn group. (28). However, this peak superimposed on the

absorbance of vinyl double bond. The IR spectra of both TBTM and TBTO

The IR s;/ &nd. TBTM & hown in Fig.3.1 and

3.2
"H NMR and * pectralare sh in Fig. 3.3 and 3.4
The signals of *°C NMR at f124.55187.5 Bph'referad to C=C.
iy 1 Moessbauer data, isomer shift (3) mms '
and quadrupole splittipg ;s Y. Qart s ant parameters of
. vV |
organotin compounds«. s! and quadrupole

splitting of TBTM werem 38 and 2.98 (Table 3. z). "J
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F1G.3.2 IR spectrum of tri-n-butyltin methacrylate.
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3.1.2 Tri—n-butyltin acrylate (TBTA)

The method of preparation of TBTM (3.1.1) were repeated,
but acrylic acid was used instead of met.hacrylic acid. TBTA monomer

is transparent-needle like" cr‘ysbalsv melting point 74-75 g

i3 sl + H,0
COOSnBu
where Bu
Both TBTA . e 8 ~ ' Gmmon organic solvents.
The TBTA monomer,in th : ' .alysts,is stable from S
polymerization except u ; . \ uch higher temperature

than 3¢°C. IR spectr (KBr) V) (em *) (C=0) of
carboxylic tin of this monomer is low an that of TBTM, because of
electronic releasinglof meth p adjacent ®ol.yinyl bond in the

structure of TBTM. ““Hp “Both TBTM and TBTA

monomers were shifted o lower frequenc:es due to'o , F unsaturat ion of

ire ﬂummjm'wmm
3..3@:1@51@ pi e\ Eh T AE) el

with minor modifications due to the conjugation between the C=C bond

and the C=0 bond.

'H NMR and '°C NMR spectra are shown in Fig. 3461 3.7
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FIG.3.6 'H NMR spectrum ( CDC1_ ) of TETA monomer.
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LAR™Sn Moessbauer spectroscopy data : the isomer shift (3)

mms~ ' and quadrupole splitting (A Eq mms~ ') of TBTA are 1.43 and

3.52. See Table 3.2 (Fig. 3.8).

The isomer shift value of TBTA is closed to TBTM and fall

] i ted that the alkyl groups,
abié are attached to tin

in the range 1.35 - 1.5@ mms

tri-n-butyl, which are el

| r——

atom (29). Generally speaki | SOr ift values are dependent

upon the S—electron

corresponding to an i -n\\;- density at the tin
atom. Since the elec .\Q;l‘ is related to the
S-electron density in t shel he tin atom, ¥ should vary

with the polarity of the @ 2 -’:_. ‘or example, in the series

of organotin derivatives w '?ji;; s i anic radicals.e.g.R‘Sn’

or in which the anionic group_bjlf ' M such as triorganotin

hydroxides R_SnOH, | _________7__ (th the electron
Y —— 2

hestrongly electron-
]

| i Il
withdrawing nature of @ phenyl group attached to

donating power of the

i

the isomer shii:‘ﬂl ﬁﬁwgﬁ{wagﬂﬂvﬁch are usually

lower than their glkyltin counter-parts.

MIAN TN INGINY

is reflected in

with a positive§
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TABLE 3.1 Variation of S with R in R4Sn and RBSnOH derivatives (3@)

R (R_Sn) (R_SnOH)
a4 3
(mms~ ") (mms ™)
/e :
Me 1. 207 1.20
- - -

Et — 1430 1.30
Pr B I-SD 1.34
Bu L] % 1.37

F - <78 e .

o LT
Ph ,// | 5 1.16

i r“ '.!

NAIEL
The quadrupo J§§fitbiﬁé&;yaluas ( Eq ) in mms = are

# ] ymndea # oo b o g

- o ¥

aséociated with a particular tin atoﬁ?ifgbeoohemistry,partioularly for

e o~

di- and tri- organdtin compounds. It is a measuré of the asymmetry in

| S - ol
—'

the *'®sn nuclearléiérge and Pes;i;s éroﬁ Eggg)imbalance in tin
atom's &P valence eléctrons. This i1s affected wainly by the spatial
arrangements ofuthe, ligands.or .atoms gbout, the metal .and is manifested
as a two-line ,guadruopole “split xMoéssbauer spec£rum. For regular
tetrahedra 1y br igrganot in.compounds,, €. (BuaSn)zO and.. “di , organotin
compounds ;R_ShX_, ‘the” 'Eq values usually fall within' the range 1.00 -
240 mms . For TBTM and TBTA monomer, Eq values were larger and fall
in the range 2.89-3.5@ which existed in penta coordination (36). Tin

atoms were in trigonal bipyramidal arrangement with the three butyl

groups located in equatorial positions.
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form in which the aniog
bridging ligand. When &
diluted in organic sl '

produce the tetrahedral

B

Fig. (A) in (meth) acrylate in solid

From Fig. (A self-associated polymeric
an intermolecular ™

bhe structure A are

\\ ain dissociated, to
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3.2 Preparation of Homopolymers

3.2.1 Preparation of poly TBTM and poly TBTA

TBTM and TBTA monomers can be polymerized either by

solution (toluene) or emulsion (ﬁ ter) method, which polymerize into

* onomer was liquid at room

'éulk technic. In this

sed . Polymerization

and accomplished

rubbery or elaﬁbomeric products
tempefature. it could 315.'
thesis, solution pol
mechanism was a free

according to the foll

R - 8 - J
AU INENTNEINT
QR RS LR B e v

carbon to cdrbon links . The carboxyl-tin group was attached in
pendant position to the polymer chain. After washing the products with
methanol-water mixture (9:1) several times, poly TBTM was obtained as
a white, tough , semisolid material with rubbery texture , wWhile
poly TBTA was a very soft rubbery material and less tough than poly

TBTM. These homopolymers were soluble in aromatic, chlorinated

hydrocarbonsj partially soluble in ketonic solvents and insoluble in
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alcohols and water. The glass transition temperature of poly TBTM was

2 °C and was higher than that of poly TBTA (-22°C).

IR spectra of both homopolymers were quite identical. See
Fig. 3.9 and 3.1@. The carbonyl stretching frequencies of the carboxyl

( C=0 ) group of the polymers (Poly TBTM & Poly TBTA) were higher than

in monomers form (from 1620 and 1580 to 1645 in TBTA).

The lH NM h homopolymers were
also similar . See Fi at § ~ 5.5-6.2 ppm
of "H NMR due to ethyl well as the signal

at § ¥ 124.5-130.4 p d that TBTM and TBTA

The polymer fiffmg|of these - ganotin homopolymers were
transparent, soft, tender , and ,;i";__ 'mal stability, indicating
- 'u‘tifouling marine
paints. It is wel polymethacrylates
have excellent proper 1es for wuse 1n surface coat1ng industries.

- e NN SR

or tertiary butyllacrylate were pr\epared bo accommodat.e the more

e ERTRNA RIS AN IR Y

The acrylates and methacrylates are thermoplastic in
nature and many grades soften considerably at temperatures below 100 'C.
The esters of poly acrylic acid are susceptible to hydrolysis by
strong acids and alkalis. However, the hydrolysis does not occur at
the polymer chain. The methacrylates are considerably more resistant

to hydrolysis,with particulary good alkali resistance. This may be
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ascribed to the fact that the carboxyl group is attached to a tertiary
carbon atom,which is known to diminish its reactivity. Hence, MMA and

t-BA were chosen to copolymerize with tri-n-buryltin acrylate and

tri-n-butyltin methacrylate.
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‘FIG-S-IO IR spectrum of poly (t,ri-*n-but.yltin acrylate).
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F1G.3.12 ""C NMR spectrum ( CDCl_ ) of poly TBTM.



3.2.2 Preparation of poly MMA and poly t—-BA

Polymethyl methacrylate (poly MMA) and poly tertiary-butyl
acrylate (poly t-BA)were prepared to compare their physical properties

with tributyltin copolymers.

Poly MMA and ‘ } ‘ prepared by in solution

polymerization.

Poly MMA —
0
— n
T 'l
Poly MMA was soluble’ . , ethanol/water,

g

H drocarbons. It gave Jmkardest product with

R )11 1) L TP
L 113/ (hmiey 11 15)

that of L) (C-0) at 1268 and 1240 em '. The skeletal stretching

CCI‘. esters, aromati

coupled with C-H deformation vibration at 1188 and 1145 cm . (see

Fig. 3.13). All these bands indicates the characteristic of poly MMA.

The 'H NMR spectrum of poly MMA shows the signals at 3.60

ppm (CE:-OC=0) which refers to ester methyl proton of poly MMA. (Fig.

58



3.14). Comparison to MMA monomer,the ’H NMR spectrum was quite the same
excepting the signal at 5.48-6.15 ppm due to (C§2=C) in monomer which

disappeared in the polymer. (Fig. 3.15)

H
Poly t-BA L —
.
!
([3(CH=)3
R
This polyme do1byT1e” N esters, aromatic hydrocarbons,
chlorinated hydrocarbons, 'Fw iii : -BA gave soft and tough
polymer with Tg about 47.4 C 31 = "ysérveé that Tg of poly t-BA

hat £o those of poly TBTM
v X

and poly TBTA homoped:

Al {

o Tlﬁ“i‘iﬂﬂiniﬂﬁ’lﬂﬁ‘ z;:-m o
mammmm;a A

Generally, a lower frequency band is more intense. The strong band at
at 1730 cm ' was due to the stretching frequency of the carboxyl (C=0)

group.

‘H NMR and '°C NMR spectra are shown in Fig. 3.17 & 3.18
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F1G.3.14 'H NMR spectrum ( CDC1, ) of poly MMA.
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F1G.3.15 {A monomer.
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F1G.3.16 IR spectrum of poly (tert-butyl ecrylsate).



3.3 Study on TBTM and TBTA Copolymers

All the triorganotin copolymers in this thesis were prepared at
the same condition , except TBTA-copolymers which the reaction
temperature was incréased from 7511°C to 80 C. The polymerizations

were carried out with thermostatically controlled in order to control

the copolymers.
3.3.1 Characteri

red from TBTM with MMA,.

A

Four copo
TBTM with t-BA, TBTA wi 3A from various mole
ratio compositions. copolymers can be

illustrated as follow

TBTM-MMA copolymer
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TBTA-t-BA copolymer



Where F = TBTM, F_ = TBTA, F_ = MMA, F_ = t-BA

3 4

The polymerization reaction could be represented in the

equat ion below @

T = CH
n. EL=0 + n
|
0
Jn(C H)
9 3
where R

V.
[
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v/

ARAINTAUUNINGINY

®

65



13

All the copolymers were characterized by IR, 'H NMR, C

119m

NMR and Sn, Moessbauer spectroscopy technics.,

The infrared spectra of TBTM-MMA and TBTA-MMA copolymers
were quite similar and were characterized by two strong bands at 1645

and 1740 cm ' due to the stretching frequencies of the carboxyl
i

and methacrylic ester

yme 4—9;\ with TBTM and TBTA

| —

were also identical and ) wo| ca DOXY _€=0 ) bands at 174¢@ and

N
:3\\ n \_Vwere characteristic

( C=0 ) ¢group of tributylti
respectively. The spectr
1645 cm_{ from terti ributylﬁih monomers
respectively. The st
peaks of —CHa symmetr wtyl group (CHS-C—CHS)
. CH

appeared as doublet accor 1. [28]. The tributyltin

_ e
carboxylates bands at 1640 cwm 1 2 typical of carbonyl groups
rather than carboxyleté groups du he infldence of tin atom,
suggesting that orgzrf; ATi. ovalent compounds
involving a five-coordinated tin aééh.

SugananangIng

spectra ese copolymers are shown in Fig. 3.10,

3.20, 3,?qq wﬂﬁﬂ n Eﬂfhyrm:l’j*me’gg ';a:‘:gﬁla band at

It was obvious
1645 cm ' increased by increasing the mole fraction of tri-n-butyltin
monomer, suggest ing that the band at 1645 cm ' was the actual band for
carbonyl group of tributyltin carboxylate. (see Fig. 3.23, 3.24, 3.25

and 3.26)
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IR spectrum of TBTM-t-BA copolymer (@.04:8.06 mole).
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(@.03:08.07)
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F1G.3.24 Comparison of IR spectra of TBTM-t-BA st various mole
ratio (9.03:0.07), (0.04:0.06), (0.06:0.04).
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The ‘H NMR and "C_NMR spectroscopy of TBTM-MMA :
“H NMR, the signal at 3.56 (CH_-0-C=0, in MMA) due to methoxy proton of
poly MMA.See Fig. 3.27 and for '°C NMR,the signals at 51.63 and 178.85

ppm showed that TBTM-MMA was copolymerized. See Fig. 3.28.

The ‘H NMR and e NMR spectroscopy of TBTM-t-BA :

11 5; ppm of tert-carbon and

two carbonyl signals indicated-t at TBTM=L-BA was copolymerized. See

The 'H NMR, chemical shift at.j = to proton in tert-butyl

Fig. 3.29 and 3.30.

: - 3,57 . \\ | ‘ -
H NMR and - 3 7 A~MM, qmt.e identical to

TBTM-MMA (see Fig. 3.31#8ndf3432) v Similary, thé. 'H NMR and *°C NMR
spectra of TBTA-t-BA weralg TM-’o—BA spectra (see

Fig. 3.33 and 3.34).

X
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The moessbauer spectroscopy data are listed in table 3.2 and
spectra of some polymers are shown in Fig. 3.35 and 3.36. The
isomer shift values (}) observed for TBTM copolymers (1.37-1.44 mms~ ")
were a little higher than TBTM monomer (1.38 mms ') and these

effect were similar to those of TBTA copolymers. (1.44-1.47 mms )

The higher ¥ value reflected a

little greater S-electrom nsity in nucleus in polymers than

in monomers. However, 0 vailues of % were in the same range

dicated that tin bonding in

as their organotin Snomer s o '\\\\;?

copolymers was the a3 ghat=tn monome: or.the tin nucleus was in

The quadrupole splitting 1ue Fitri-n-butyltin copolymers
igonal bipyramidal tin atom

géometry, with bridging carbe L€ ‘oups (0C=0) as the figure below:
3 L= o

ﬂu 'fvmmﬂmn
ammﬁﬁﬁ&mnwﬂ 188

R

H or CH
3

R' CH’ or C(CH’).
This structure showed the pentacoordination of organotin

polymers.
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TABLE 3.2 The

Sn Moessbauer data of monomers and copolymers

Compounds 8 A Eq L, By
-1 -1
mm s mn s

TBTM monomer 1.12 1.06
TBTA monomer 1.34 1.41
TBTM-MMA 11 1.08 1.06
TBTM-MMA 111 1.23 1.36
TBTM-MMA 1V 1.20 1.29
TBTM-t-BA 11 1.14 1.15
TBTM-t-BA 111 1.30 1.38
TBTM-t-BA 1V 1.19 1.24

q ,,-" _——-gg -
TBTA-MMA 11 , Ny 25 1.26
TBTA-MMA IV lﬂ1-26 1.32

¢l '

TBTA—t-Bﬂ 1u 8 f] ﬂz; 1:3%

YRR YN

TBTM-BA 111

1.37 2.75 1.17

1.40

1.34

on
"

Quad

A Eq

Isomer shifts

rupole splitting
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Note ¢ 11 = Mole fraction (@.30:0.70)
119 §) G i, B (B.40:0.60)
IV = ° (@.50:0.50)
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FIG.3. 35 SN Mossbauer spectrum of TBTM-MMA copolymer
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3.3.2 Analysis of copolymer compositions

It is well known that molecular heterogeneity has a direct
effect on the physical properties of polymers. The antifouling
efficiency of the tin-containing copolymers might also be affected by

the distribution of the organotin monomer in the copolymer chain.Thus,

the feed compositions
produce organotin polymerr-, bh vari z 0O nteqts. Table 3.3, 3.4,
3:.5,3.6 illustrate the é--~
copolyher composition

Tﬁe copol ned from tin analysis
by the equation of T. O e Appendix) . The
elemental analysis of cog

and Sn are shown in

Table 3.7.

From Table. 3.3, £ nd 3. Gy tF mppsition curves of
P

copolymer systems are i in feed (f‘)

1

3 3
versus mole fractions @

SR ‘°’ﬂUEJ’JVlEJVI§WEﬂﬂ‘§
QW’]ﬁﬁﬂ‘ﬁﬂJ NN Y

M‘ in bhe copolymer(Fl). ee th. 3.37, 3.38,

83



TABLE 3.3 Copolymerization of TBTM (M‘) with MMA (Mz)

84

Polymer Mole fraction in feed|Tin content of Mole fraction in copolymer
System M‘ (f.) Mz (fz) Copolymer(%by wt.) M‘ (F‘) Mz (fz)
TBTM-MMA‘ ?.20 2.20 ?.80
TBTM—MMA2 ?.30 9.29 @.71
TBTM-MMA ?.50 @.51 @.49
TBTM-—MMAs ?.60 @.57 @.43
TBTM-MMAs ?.80 ?.83 @.17
TABLE 3.4 Copolymerizatiag -BA (Mz)

£
Polymer |Mole fqé%fiah {;f;£;§l ;¥ Mole fraction in copolymer
System : M (f 348 lgﬂsﬁﬁagﬁﬁ' o M‘(ft) Mz(Fz)
I — |
; —r
TBTM-t-BA ©9,8 J & 13.17 0.20 0.80
TBTM-t-BA m . ’aaﬁ EJ V] ﬁ . f] ﬂ 0.32 0-5-8
TBTM-t-BA ﬁ. ( ¢ 19585 i 2@.35 0.65
TBTM-t-B w O-a q ﬂ ﬁ:gu u w :lm El .] aag—l @.47
TBTM—t—BA‘ ?.60 @.40 26.35 8.63 8.37
TBTM-b-BA. ?.80 @.20 30.85 8.93 .07




85

TABLE 3.5 Copolymerization of TBTA (M) with MMA (M)

Polymer i{Mole fraction in Feed |Tin content of Mole fraction in copolymer

System M‘(f") Mz(f‘z) Copolymer(%by wt). M‘(f“) Mz(f‘z)
TBTA—MMA‘ ?.09 2.81
TB'I‘A—MMA2 @.16 @.84
TBTA-MMAa 2.23 B.77
TBTA—MMA‘ @.28 @.72
TBTA-MMAS ?.43 @.57
TBTA-MMAS e.65 0035
TABLE 3.6 Copolymerizati with t-BA (M )

Polymer {(Mole'f "“-’ Mole fraction in Copolymer
‘ 5 - i
System M‘(éfb opolymer(%by wt.) M, (F) M_(F )
: o s :
Pl1d8) AINEINT
TBTA-t-BA_ q ' 14707 0.21 .79
RN NS AR I DYIRYSE | T
TBTA-t:BA,| | 0:4 ' 76 ‘? .41 .59
TBTA-t-BA_ 0.50 | ©.50 24.00 2.49 2.51
TBTA-t-BA_ 2.60 0.40 25.70 8.56 0.44
TBTA-t-BA_ 0.80 0.20 29.88 ©.78 0.22




& TABLE 3.7 Elemental microanalysis

Polymer System Feed Element (%by wt.)

mole fraction H C Sn

8.32 55.75 15.30

TBTM-MMA  (0.20-0.80)

TBTM-MMA 54.63 18.13

TBTM-MMA 53.73 22..60

53.02 25.18

TBTM-MMA

» 52.70 | 26.34
51.68 | 30.00
59.53 1317
TBTM-t-BA 57.27 18.40
TBTM-t-BA 56.81 19.35
TBTM-t-BA 3550, ) L ilne 54.57 24.28
L. 53.63 | 26.35
51.560 | 30 85
‘.

AULINENIneInT
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(cont inue)

Polymer system Element (% by wt.)
feed mole fraction H C Sn
TBTA-MMA (@.20-0.80) 8.14 57.33 8.64

TBTA-MMA 55.88 13.39
TBTA-MMA 54.75 17.05
TBTA-MMA 54.09 19.19

52.61 24.04

49.20 28.60
TBTA-t-BA 58.87 14.07
TBTA-t-BA 56.47 18.10

TBTA-t-BA 4@<B0) . | us-78 55.20 21.76

54.13 24.00

«32 25.70
TBTA-t-BA-
]

‘ 51.32 29.88

AULINENINYINS
MIANTUNNINIAY




The copolymerization composition curve of TBTM-MMA showed
almost ideal behaviour. The theoretical curve, F vs f was very
close to the 1line representing f ;. F . This suggested that
copolymerization of TBTM with MMA gave azeotropic copolymers which

had the same composition as the monomer feed mixtures. The polymeric

products of constant composition were formed throughout the co-

polymerzation reactions. results suggested that

reactivity ratio of TBTM mi

The compositi

\

for a wide
range of mole fraction 0-0.5 mo TM-t.-BA and at 9.20-

and 3.40) were very c
zeotropic compositions
(only for this case). On M z ompasition curve of TBTA-MMA
in Fig.3.39 gave no azeotr@pi cpois er c sitions as could be seen
from the deviation of the cur _ Y 7 from ideal behavior. The
TBTM-t-BA compositigmjctirve showed ) ‘i, i ®ivity ratio of t-BA

T ¥

| |
pr‘obably due bo st.emﬂef‘f‘ect. of t-BA monomer.

UL INENINADT, ..
RN 15N diei hinieh 1M )

monomer might be le IMA system).lt was

g BTA-t-BA ( Fig. 3.38
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(f1) for the copolymerization of TBTM with MMA.
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FIG. 3 Copolymer compositions (F1) as the function of feed compositions

. (f1) for the copolymerization of TBTA with MMA.
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3.3.3 Physical Properties and Film Testing of Copolymers

Certain physical properties, such as molecular weights (both
number and weight ,Mn & Mw), molecular weight distribution (MWD) and

glass transition temperature (Tg) of the copolymers of different mole

fractions were determine d copolymers were solids, hard
or soft rubbery materi eir Tg values. They were
colorless, transparen : v ommon organic solvents. Some

of them were suit ' m \WI b the others were not.

To study tk onomer contents on Tg, the

copolymer obtained fro positions of each system was

of tri-n-butyltin monomer @

selected for measureme b s

comonomer (MMA/ - 602, and 0.60:0.40 ( see

Y |
system at mole ratio 9.3@

Fig. 3.41. u

- 7} | o
lt@y ﬂvguy].rg! w jlu gll JI] c";;olymers decreased
while maaq, 3{ ‘Wp]rfjww ia‘;’ﬁed . For the
'copolﬁr ith the ﬂ;‘omo m’monomeh andﬂj composition , Tg

values were found to be decreased if the organotin comonomer was t-BA,

Table 3.8).DSC

 ‘|.

! 0.70 are shown

for example ,TBTM-MMA (11) Tg = 54.96 C whereas TBTM t-BA (I1) Tg =

21.02°C and TBTA-MMA (11) T¢ = 35.67°C  whereas TBTA-t-BA (11) Tg =

12.66 C.

This could be summerized that,polymers with longer side chain
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would have lower T¢g values , for example , T¢ of poly MMA is 165 £'s:
while Tg of poly t-BA is 47.4 °C. From literature review, the effect
of pendant groups on the glass transition temperature of an amorphous

polymer system was exhibited in the series of acrylates.

T¢ decreased wigh jpcreasin sth of the side chain until
the length reached 8 carbo ‘_’9 - ate series and 12 carbons
for the methacrylate.d

It was found . hat. the met.hacryiat.es ha‘ iigher T¢ values than

gy 1001 121131 1 S
QW’INﬂ‘iﬂJ UNINYAY



TABLE 3.8 Molecular weight and T¢ of copolymers

Copolymers : Feed mole fraction Mn Mw MWD T ‘c
TBTM-MMA_  (2.30:0.70) 2,785 | 2,889 | 1.04 | 54.96
TBTM-MMA,  (.50:0.50) 2,978 | 3,001 | 1.00 | 47.52
TBTM-MMA_ 3,176 | 1.00 | 23.31
TBTM-t-BA_ 1.04 | 21.02
TBTM-t-BA_ 1.01 | na%
TBTM-t-BA_ 1.01 | nax
TBTA-MMA_ 1.04 | 35.67
TBTA-MMA 1.00 | 28.41
TBTA-MMA_ 1.02 | 17.53
TBTA-t-BA_ | (i i 1.05 | 12.66
TBTA-t-BA_ “4@.50:0.50 0e' | 1.01 | -2.79
TBTA-t-BA_ (msmo.ao) 2,804 | 2, I 1.01 | -4.98

' ‘e ‘ i

o TR TN, e
RN IARIINYIQ Y



TABLE 3.9

The effect of side chain lengths on Tg values for acrylate &

methacrylate polymers

side chain - T Tg “of
length methacrylate ( K)
methy1 378

ef.hyl 2% 338

propyl : \ 308

butyl 214 ’ . 293

 ‘ .‘\ _

A graph plotted bet 5 nd mole fraction of MMA and

¢

t-BA in each copolymer syste

el
ame trend. The Tg values
increased with i - ry e/ contents in the co-
polymers. Tg value o:":!;' TBTA-MMA resulted

b | '
from the lower Tg¢ of Poly TBTA (see Fig. 3.42)
Tg va Wyaél?nﬂaﬂdnj ﬂrﬂs’i]nﬂ 31\ contents in
: ¢ . .
e TN T T T AT TR 8
| ; ' \ .
9 |
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B. Determination of Molecular Weight and Molecular Weight

Distribution of Copolymers

The molecular wéight (Mw,Mn) and molecular weight
distribution (MWD) of copolymers were analyzed by gel permeation

chromatography (GPC) and are shown in Table 3.8.

These ds AT wéights of the copolymer

products were in easily be reprocessed into

films or coatings. was close to 1,indicating

that the polymers w gl < : geneous .

—

]
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C. Effect of organotin monomer contents on the physical

properties of polymer films

According to paint technology, antifouling compositions are

considered to be a separate group of paints. Rapid air drying, ¢€ood

adhesion and reasonable hardness are the important physical
characteristic; needed for a .'. ‘ J“a}ings. Copolymers for each
- system were prepared for v ing them in xylene ( 5@%
by weight). The varnishés ' ) stande d steel panel for
adhesion test and 6 .

The hardness of pol . this work because

All copolymers tr arent coa ¢ on the surface of
metal and glass. The fil acky depending on the

organotin contents.

,""

om o ) WL VNI T,
slightly l;qth ﬁ]laaaﬂﬁm Wm q:gnlnasﬂ

All of the copolymer films had good adhesion (see Table 3.108).

The assessment "go" in table 3.1@ had the same meaning as ‘"pass" for
practical use in the paint industry.The results suggest the relation
between Tg and adhesion power. A low Tg of polymer seemed to give a

good adhesion power. However, the exact reason was under investigated.

time of the films.
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TABLE 3.1@ Adhesion test of polymer film (dry film thickness 53 um)

Polymer system Classification Assessment ,g0/no go

TBTM-MMA (la) 1-2 go

TBTM-MMA (11a) go
TBTM-MMA (11la) go
TBTM-MMA (1Va) [={a]
TBTM-MMA (Va) go
TBTM-MMA (Vla) r) go
TBTM-t-BA (1b) go
TBTM-t-BA (11b) J ' Af ‘ go
TBTM-t-BA (111b) [ , go
TBTM-t-BA (1Vb) go
TBTM-t-BA (Vb go
TBTM-t-BA ﬂ go

meblE AN YWY N T
KT TP il 1701}

TBTA-MMA (Vc) 1-0 go

TBTA-MMA (Vlic) » (%} go




(cont inue)

Polymer system Classification | Assessment ,go0/no go

TBTA-t-BA (1d) go
TBTA-t-BA (11d) go
TBTA-t-BA (111d i " go
TBTA-t-BA (lVd- . €0
TBTA-t-BA (Vg €o

€0

TBTA-t-BA (Vg A

" Note ¢ 1

1
11
vl =

uJ

(2. 8030 20

ﬂUEJ’JVlEJVI?WEJ’]ﬂ‘i
ammmmumaﬂmaa
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2. Effect on drying time

The varnish of each copolymer was applied on the standard

long strip glass to obtain a film with thickness ranging from 37 to 45

microns. The polymer films of TBTM-MMA dried within a few hours (1-7.5

hrs.). For TBTM-t-BA films as s TBTA-MMA at mole ratio (.20

.80 - 0.60 :0.40), their re in the range of 3-8 hr.

excepting the film o 20 that gave softness,

tackiness and long d

hr. to be dried and able 3.11 ).

1t showed Ims decreased with

increasing organotin . The drying time

of polymer films were polymers. Organotin-

MMA copolymer exhibited while organotin-t-BA co-

polymers exhibited slow film.d ower Tg of t-BA. Among co-

polymers consistin :;;‘_nr—ﬁ:_—'r'.r"T:'aT‘_ ‘the tri-n-butyltin

methacrylate system e the tri-n-butyltin

acrylate systems. This ‘glas because Tg of’ poly TBTM was _ higher than

that of poly Tﬁ\uﬁ{j% E’JW Wﬂ’f?'-ﬂéj»:as not critical

and could be solved by adding a éu:beble drier during the formulation

R WIRNNIEM AN Y

s took time more than 12
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TABLE 3.11 Drying time test (wet film thickness 37 um)

Polymer system Time(hr.) Assessment ,g€0/no o Remarks

TBTM-MMA (la) €o

TBTM-MMA (11a) go
TBTM-MMA (111a) .
TBTM-MMA (1Va)
TBTM-MMA (Va)

TBTM-MMA (Vla)

-

TBTM-t-BA (1b)
TBTM-t-BA (11b)
TBTM-t-BA (111b)
TBTM-t-BA (IVE

TBTM-t-BA (VB

TBTM-t-BA (VI bm

TBTA-MMﬂuU Vlg.ly] walﬂj
Tim:ﬁc)f | ngm’l’mmaﬂ

TBTA-MMA (1Vc) 6.00 €0

>12 0@ tacky film

TBTA-MMA (Vc) S.00 €0

TBTA-MMA (Vic) 212.00 no go tacky film




fAudAnaesidang
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(cont inue)

Polymer system Time(hr.) Assessment ,go0/no go Remarks
TBTA-t-BA tacky film
TBTA-t-BA tacky film
TBTA-t-BA tacky film
TBTA-t-BA tacky film
TBTA-t-BA tacky film
TBTA-t-BA tacky film

Note @ 1
11 .
111 A
1V e DU 050) m
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