CHAPTER 11

Chemical compounds’use \ it  ?. s were listed below .

Table 2.1

Name A Source Grade
jsﬁ Jﬁ_
1) Tributyltin gide 5.08 L'J ITRI R.G.
~ 2) Methacrylic Acud 86 =] SCI RiG.
o e FUE Y wamwm AT e
4 Methyl thacry]ate 10@ 2 Fluka R.Gs
R BRI NNAN &m 8 v,
6) Be zoyl Peroxide 242. 23 A.R.
7) Sodium Hydroxide 40.00 Merck A.R.
8) Sodium Sulfate 142.04 Merck A.R.
9) Molecular Sieve Type 4 A’ = - Union carbide
10) Toluene 92.15  Merck A.R.
11) Petroleum ether - BHD A.R.
12) Acetone 58.08 Local R.G.




Name Mol.wt. Source Grade

13) Methanol 32.04 Local R.G.
14) Chlorinated Rubber & 0sC R.G.
15) Hydrochloric Acid conc. 36.46 Merck A.R.

16) Sulfuric Acid con - Merck A.R.

17) Nitric Acid Fumims 4 Merck A.K.

18) Chloroform
19) Xylene
2@) Calcium chl

21) Stannous Ch
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.1 2 Instruments
LS
IR-Spectrophotometer, Perkin-Elmer, model Perktn—Elmer 780
: Fourier-transform NMR Spectrometer, Jeol, model JNX-FX gp Q
: 1*%™ Sn  Mossbauer Spectometer, Cryophysics 1td.,Oxford

with 512-channels data store, ITRIl.,England

Atomic Absorption Spectrophotometer Model AA-670, Shimazu

Elemental Analyzer, Perkin-Elmer, model Perkin-Elmer 240

..

CHNO Analyzer, Osaka universxty, Japan.
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Differential Scanning Calorimeter; DSC , DUPONT 0S@g@
Thermal Analyzer driving 81@ DSC cell,KRICT.,Korea
Gel-Permeation Chromatography (GPC) Analyzer model WATERS
15@—-C ALC/GPC,KRICT.,Korea

BK-6 Drying Recorder, six track, SHEEN INSTRUMENTS LtD.,

Film Applicators. mode REF. 1107 which gives 4 different

film  thicknesses mm,  SHEEN
ACross Ha i ; R - = edges | mm apart and
30 ;> ) 53 151, SHEEN
Vacuum ‘3 RCEF oydon, England
Evela Aspifeubrfi-2s's Takyo fakikai Co.,Ltd.
Eyela Cool “‘7 ‘R y .w\ ).y Ltd.
Voltac VB-5
Gallenkamp SS 4
0il Ba A

._y..—
Micromete! ' Banana " Gauge,

al'

thickness range 0-200 um, SHEEN INSTRUMENTS LtD.
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2.2 Purification of Materials

“ h .
Purification of Methyl methacrylate (MMA) (19)

The purchased monomer, MMA, was purified by washing twice with 5 %

aqueous NaOH to remove the inhibitor followed by washing several

times with distilled wa fvw,' : 1. It was then dried with
sodium sulfate and S ' uced pressufe to prevent

polymerization in The monomer was stored

overnight under u and used the following day.

P acrylate (£—-BA)

The monomer was wdshgd bedly th 5 % aqueous NaOH to remove
inhibitors then wit d tﬁﬁ water unbilineutral. Dried with CaCl,

and sodium sulfate and distilled duced pressure . Then, sealed

under nitrogen and stop; 7 4 2 dark until used.

— .U'”
X ) :
‘acid and Acrylic acid

J

Nethacryhﬁu ﬁﬁdﬁﬁﬂ? wﬂm' ﬂT the bulk of water)

then the qtganac phase was separabed and dried with Ca Cl and

*W“rmmm NN Y
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2.3 Preparation of Organotin Monomers

The tri-n-butyltin methacrylate and tri—n-butyltin

acrylate monomers were prepared according to the met hod of

Montermoso et.al. (2@)

Tri-n-butylein methaciwtile.(TBTM)

To a solut.ion 7 _ bis(tri-n-butyltin)oxide
in 300 ml of to shree - ne flask fitted with a

condenser, was added

dropping funnel,
slowly 30.00 g ( id while cooling to below
25 °c. The mixture lled under reduced pressure
and stirred. The | : rature. and | pressure was adjusted to
. ; ‘hr., at the end of which
3.1 ml of water was coli- evaporated 1in a rotary
evaporator whi 'f X the tem) . of " t¥ >/ solution below 3@ c.
The viscous liq. -‘:; t ‘-.a ml of petroleum ether
and cooled to -20 C. The mixture was kept at this temperture for 2 hr.

and the 1oﬂﬁ.ﬁ§ﬁwﬂﬂ§mﬂﬁﬁumbim to give

117.356 € (V8@ %) of TBTM. Tm content (Sn) was f‘ound to be 31.5 %.
= YWIR ﬁﬂ?ﬂl NW’F"J’WE}“} 3t

Found % C,51.743H,8.603Sn,31.50

IR (KBr)Yymax cm =~ t 2980-2860 (C-H,str,alkane), 164@ (C=C, str,alkene),
1620 (C=0,str,—COOSn(Bﬁ)a), 142¢ (C-H bending,CH_), 137¢ (C-C,bending),

1200-1189 (C-0-C,str,ester), 1285 (C-Sn,bending).

"H NMR of TBTM (CDC1_) § ppm : ©.91-1.87 (m,9H,-CH ), 1.35-1.65 (m,18H,

-CHz)g 1'94 (S’SH’CH==C-CES). 5.48—6005 (d’zH’Cﬂz-—-C(CHS)S).
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*>C NMR of TBTM (CDC1)) § ppm ¢ 13.75 (-CH)), 16.54 (-CH)), 19.04

(QH.—C=), 28.78-27.07 (-gHz—Sn )y 124.45 (_C_H:’-C). 137.98 (CH==9 (CH').).

Tri—n-butyltin acrylate (TBTA)

A 25.1 ¢ (@.348 mole) o and 103.8 € (@.174 mole) of bis

(tri-n-butyltin)oxi ml of toluene. The solution

was heated to ref : eure. Refluxing was continued

for 4 hr., at t ' ' \\\\
the azeotropic digti 98 \\\

crystallization fgom ‘ " ether.. The tri-n-butyltin acrylate

er had been collected in
ent was removed with the
aid of a rotary . product was purified by
monomer separated o need e érys having a melting point of

74-74.5°C. The yieldlof,khe monomeriwas 119.25 § (95 %). Tin content

Anal. caded } v, 1 0 Sn) 3 UedS b@p3H,8.373Sn,32.87

Y}
53 :383H, 8.67;5n,32.70

IR (KBr)y e & 540 (c=c,st,r,alken§),
L TN NI

1580 (C=0,8tr,-CO0Sn(Bu’ ). 14201410 dlnS) 1370 (C-C,asym),

CRAWTRIN TAATINA L

*H NMR (CDC1_>§ ppm : ©.97 (m,OH,3X-CH ), 1.28-1.51 (m,18H,9X-CH ),

5!65-5078 (m,CHz = CE_C = 0)’ 6015_6024 ( m, CI'_'I2=CH_C=)

*C NMR (CDC1_)§ ppm : 13.65 (~CH)), 16.52 (~CH_-Sn), 27.84 (~CH_ -),

129.26 (§H2=CH—C=0), 130.40 (CH2=_C_H-C=0), 171.45 (C=0)
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2.4 Preparation of Homopolymers

2.4.1 Preparation of Organotin Homopolymers (21)

Organotin monomersy TBTM and TA were prepared and purified by ‘the

same procedure previous desc / h homopolymer was prepared by
solution polymerizatiemn. i1 u&ml/l) in the presence of
——

or w ._ wcentration of 1 mole % by
a "\ d with oxygen-free nitrogen and
R

NS

benzoyl geroxide
wt. of monomer.
heated in a the bath at 75 + 1 ‘c for 7
hr. At the end of ers were collected and
purified by repre anol-water mixture several
times. The precipi ied in vacuum oven at 3¢ ‘c
f;or 24 hours and wei
Anal. calcd. for poly TBIM £C ¢ C,51.23;H,8.603Sn,31.64
Found @ —-“ 663H,8.603Sn,31.47
Anal. calcd. f‘or y };I 9.9@3H,8.375Sn,32.87

Found : Cy50.173H,8.403Sn,32.60

IR (KBr) 9 ﬂxﬁaﬂ f}%ﬁfﬂﬁl%ﬁ}ﬂ ‘3645 (C=0, str, -COOSn

Bu_), 1370(CEC,bending), 1220-1170(0 o-c.str.est.er), 1250(0 Sn,bending)

QW’W&Nﬂ‘iﬂJ UAIINAY

*H NMR"(CDCI ) ppm : ©.92-@.98 (-CH ), 1.28 (-CH)

**C  NMR (cpc1)) § ppm : 13.76 (-CH)), 16.09 (-CH_-Sn), 27.08 - 28.01

(-CHZ-) s 180.31 (C=0).
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2.4.2 Preparation of Poly MMA and Poly t-BA

Polymerization of MMA" and t-BA were carried out using solution
polymerisation at the same condition as for the preparation of co-
polymers. Predetermined amounts of each monomer was dissolved in

eroxide as intiator (1 mole % by wt.

. /@MA as well as Poly t-BA was

—

into about eight times its

toluene (3 mole/1) using benz

of monomer).

At the end
precipitated by po
volume of meth .then dried in vacuum oven
at 5@ c for 24 and Poly t-BA was found
to be 87.7 and 3 ol - Ts oly MMA and poly t—BA are
105 and 47.4° C re ‘

IR (KBr)Y max crn';1 kane), (1725,C=0,str,ester)

signals d ppm ¢ 1.63-1.84

¢

The ‘H NMR spectrum

(CH_-C(CH_)-C=0), 2.35 U 3.60 (CH_-0C=0)

—
g

vi ——

IR (KBr)? max om f; , (1730,0=0, str,ester)

|
The 'H NMR (CDUE) of‘ poly t.—BAE ppm ¢

(CH, —CH-C-ﬂﬁ ﬂqﬂ(ﬂﬂj W EI‘,] ﬂ‘j
 ARTRIN IR I N BTy =

(CH -C‘—C—O), 80.34 ((CH))_-C-0), 174.17 ( C=0).

1.44 ((CH) _C-0), 1.82
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2.5 Preparation of Copolymers

The copolymers were obtained by solution polymerization using
benzoyl peroxide as a free-radical initiator and toluene as solvent.
The concentration of total monomers in the reaction mixture were 3

mole /1 . The composition of' copolymer obtained was calculated

by elemental analysis : ining tin content via oxidation
of the sample to tinuy  The 40? monomers in the initial

nge and the correspording

reaction mixture w

compositions of termined.

nbutyltin methacrylate

2+5.

with Methyl methacr utyl acrylate.

s et
Predetermined.amount.s _ e . dissolved in toluene (3 mole/1)
using benzoyl ~ oxide E-----,—-u----_-r (1 mole % - D i monomer) .The solutions
were flushed wi C -.} . 7 3 'heatea in an oil bat,.h

maintained at 75 1°c for 7 hours. The polymers were collected and

i1 10T R ot ) S 4 s

The yields ofjjorganotin polymers were over 85 % in all cases. The

initia wmrﬂ ﬁam mﬁf um "}W'ﬂuﬂ each reaction

were given in table 2.2.

"H NMR (CDC1)) of TBTM-MMA § ppm : @.92 (-CH_), 1.29 (~CH ), 1.03

(CHS—C—C=0, in MMA), 3.56 (CHS-O—C=O,in MMA)

""C NMR (CDC1) of TBTM-MMA § ppm : 13.78 (-CH_),16.14 (~CH_-Sn), 27.09

-28.08 (-CHz-)’51-63 (CH3-0C=0).17B.85 (C=0 in MMA),183.49 (C=0,in TBTM)
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‘H NMR (CDC1_) of TBTM-t-BA §ppm : 0.91-0.97 (-CH)), 1.28 (-CH ), 1.43

((CH_» _ C-O)

*°C NMR (CDC1_) of TBTM-t-BA§ppm : 13.71 (-CH_),16.25 (-CH_-Sn), 27.33
- 27.95 (-CH_), 45.45 (CH -CH-C=0), 79.85 ((CH))_  C-0), 178.34 (C=0, in

Methyl methacryle

The péocedure same ‘ bovi ut the copolymerization

temperature was i

"H NMR (CDC1_) of TBTA-MMA.§ ppm.: 31-@.98 (-CH_ ), 1.29 (-CH)), 1.45
- 1.63 (CH_-C-C=0, in I

o
°C NMR (CDC1_) of —€H_), 16.36 (-CH_-Sn),27.09

) f )

- 27.85 (-CH_), 44.39 (-CH-C=), 51 74 (CH_-C °=0), 177.8¢ (C=0 in MMA),

180.89 w'ﬂ”ﬂ? ﬂ ijiw H,]ﬂlj
R R RINTOI NI HA b e

2.31 (€H-C=0)

*®C NMR (CDC1) of TBTA-t-BA § ppm : 13.71-14.41 (-CH_>,16.41 (CH_-Sn),
27.09 - 28.15 (-CH_ ), 42.04 (-CH-C), 88.23 ((CH_)_C-0), 174.12 (C=0,in

t-BA), 180.04 (C=0, in TBTA)
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Table 2.2 Proportions by mole of the reactants used for

preparation of copolymers

composition of the feed monomers (mole/mole)

TBTM: MMA TBTM: ter-BA TBTA:MMA TBTA:ter-BA

0.08:0.02 0.08:0.02
0.06:0.04 0.06:0.04
0.05:0.05 0.05:0.05
0.04:0.06 0.04:0.06
0.03:0.07 0.03:0.07
0.02:0.08 0.02:0.08

AULINENINYINT

AN IUNNINGAY
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2.6 Characterization of Monomers and Polymers

119m

2.6+1 Sn Moessbauer Spectra

was used to study the tiny
én arising from hyperfine
- ] S ——
interactions with i ironment. The isomer shift ,

The technic of Mossba

changes in the nucle

is a shift of th orption spectra resulting

from the electr the nuclear charge and

the s-electron de is particularly sensitive to

change in bonding.

_ﬁ%qggéa;fﬁf" :‘ sing a constant—acceleration

spectrometer, the s bpic ErT :Qtvelociby—drive waveform being

The

derived from the multiggj;fif analyzer.driven in the time mode by an

external crySq;' ,6*~h___;£@ﬂﬂ,ﬂ&____,,f' channels were used
\ 7 X

throughout . A e ieed at room temperature,
and the samples“were packed in perapex dis

i ﬂ'ﬂﬂ"’?ﬂ EJ'Wf"(St! Apjgerernse s,

spectrometeri| was calibrat e magnetic splitting of an
o

~ IR QIR I AN Ty

zero—vqlociby position and e folded daeta fitt with lorentzian

and cooled to 82 k by

functions by a least-squares- fitting programme. The nonlinearity of
the spectrometer was determined, by a free fit of the Fe data, to be
less than @.06 %, the quoted experimental error of @.2 mm/sec in
the measured values of isomer shifts takes into account errors
associated with non-linearities, calibration, zero-velocity

determination, and computer-fitting.

%1



2.6.2 Infrared (IR) Measurement

Infrared Spectra of monomers § TBTM, TBTA, MMA, t-BA and organotin
copolymers were recorded using Perkin-Elmer Infrared Spectrophotometer

model 78@. As TBTM monomer was 1liquid, neat technique was used. The

TBTA monomer was solid cr V s examined by a pressed-disc

Aes, they were prepared by thin

technic using KBr cel

film technic.

nce (NMR) Measurement

The ‘H and *®C NMR spect Flm - ANc lymer's were taken by using

Fourier transform NMR c Smeten ol, model JNX-FX 99 Q.The samples

;,{.fi ,

z.sm Molecular Weig De ion

e BULANENIWEINT . . .
ik b N 10

The polymers were dissolved in a tetrahydrofuran solvent and
the eluting solvent was tetrahydrofuran at a flow rate of 1 ml/min.
Refractive Index Detection was used. The samples concentration was @.5
wbt. X and 15@ ul injection. The data in this thggis showed

number-average and weight-average molecular weight and also molecular

32



weight distribution of polymers. Only some mole ratio of polymers were

determined in this case.

2.6.5 Glass Transition Temperature (Tg)

Glass Transition Temperatur end /1 thermograms of polymers were

obtained over the tegpereure , W to 200 °c and 0 '-250 © using
Du Pont DSC Thermal.g \ 1990@, driving 910 DSC Cell. The
heating rate of 1@'C /m» :‘7’~%f ‘flowwpate of 3@ ml/min and the
sensitivity setti " ¥ 1'1, 1 ed. Specimens were punched
out from a pol ’ ,:;- ' 7 Jof specimens used was 10.0-25.0

mg. To obtain re Ble T e 57 | b0 1) each of them was ran

AULINENINYINS
AIAININUNNINGINY
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2.7 Analysis of copolymer compositions.

2.7.1 Determination of Tin in Copolymers

The polymer is deco vith mixed sto‘—}moa, and

tin is determi eibher volumetrically ,

photometrically pectroscopy (A.A.S) (22).

For this study,

. The sample ca. a suitable beaker and

ohefi- ) HNO_ “(conc.) was added

; : '}
dropwise ( ~2p dfops % varmed, if necessary, to

16-20 ml of Hz 04

he additionr 7of‘r HNO' was cobntinued so that an excess

7 ‘an ' o/ ' :
acid (denot.ﬂ uoﬂwasntﬂ ﬁ)wﬂaﬁrﬁ?resemﬂ Eventually
the beaker w” placed on the plate and wet-ashing was continued

€ o Q/
AR AN U T I ITE e ™ ™ =

yellow solution was obtained. en 20 ml distilled water was added,

start the reactior

boiled and evaporated to fume again. The solution was then colourless.
If it was not, additional ~1 ml }-INOs and ¥ @.5 ml HCIO4 waslsdded and
heated to H2$04 fume again. The digestion of polymers took about
24 hr. to complete. For the determination of tin by A.A.S care must
be taken that the HZSO‘ concentration was the same in all samples

including the standards.(24)
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C. Preparation of standard solutions for plotting

the tin calibration curves

Stannous chloride standard lution, 1,008 ppm for AAS ,(75 ml) was
pipetted into a 250 m _ - ask, and double distilled water
was added to bring S ml. The stock solutiaon
concentration becs
into four volumets

concen}:.rét.ions o The concentrations of
standard solutiog re 5@, 100, 150, 20@ and

300 ppm. A max

AUEINENINYINS
ARIANTUNNINGINY

PO o T - T
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2.8 Polymer Film Testing

2.8.1 Preparation of Varnish

The polymer varnishes ( 50 % by wt.) of polymer

solutions using xyle

| Standard ols for Varnish Testing

N ‘;\x\
‘\ ce flattened mild steel in

Steel panels for t,

sheet or strip form and h% ' \ " surface roughness and dis-

coloration. The surfac ; d not exceed 1.5 um. This would
be accompltshed with b“"é;;ﬁa 2‘ on. It was carried out by dry

irbide paper.fhe panels were burnished
Y]

Pws were as follows: (25)

)

in a direction parallel to

rubbing using g
uniformly and a 5'1

J

1. the panel was straight across

S’ﬁUH’mHW?WEﬂﬂ‘i

11 signs of the original burn:sh1ng had been removed at
NI NI ING 18 Y
3. With a circular motion of diameter approximately 80-100
mm, until a pattérn had been produced consisting only of circular’
burnishing marks superimposed one upon another. The burnished panels
before use were cleaned. The surface of the finally cleaned panels were
not touched by hand or otherwise contaminated. If the varnishes coating
could not be applied immediately, the cleaned panels should be stored

in a desiccator.



2.8.3 Measurement. of Film Thickness

Control of film thickness is an important part of paint testing.Film
thickness measurements are a check or other associated tests in the

laboratory, on the skill and will of the painters , and on the

%

A number ; odg o ing film thickness are

performance of automatic nachinery.

available. The ilm is located ( laboratory

or field). The s r etc.) on the surface
texture of the sub lat or wavy) and whether

the film is wet or

For this thesisy : thickness was determined. There

are many methods used for me: y film thickness, but only a

few are suitable- pes S 5 anc 'ircumst.ances . Some

] A )
require removal © ‘ A 5 't and thereby destroy or
damage the filmj her-s make small h_oles in

U
. ¢

instance, ﬂiﬁgﬂ%’ﬁaﬁ;q ﬂa?e number depénd i

the film but , in some

magnetic ome ectri ons and are nondestructive. Naturally,
thesthe] aeq ﬂﬁ I'th Wgﬂrgﬂ specifically
Ferromqgneﬁic metals for MC method.

In the thesis, a microgage is somewhat easier to manipulate. A
balanced beam is attached to the shaft of a light-duty motor spring.
At the end of one arm is the magnet, which is counterbalanced by a
rider on the other arm. The free end of the spring is attached to a
ring. Rotation of the ring raises or lowers the magnet. In the

determination the gage is placed on the specimen and is held firmly

317
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with the thumb of one hand on the housing near the magnet 3 with the
thumb or finger of the free hand, the ring is rotated
counterclockwise to bring the magnet into contact wiith the specimens
the ring is then rotated clockwise until the magnet breaks loose. The

thickness was read on the scale on the rim of the ring.

2.8.4

This  method of/

assessing the p

cal test procedure for
paint, varnish or related
product by measu among other factors, on
the adhesion of t After prepared the varnish
coated test panel 3,900 part A8 and A‘). the

coated test panels . hr. the procedure for cross-—

cut are as follow:

a. The-e :--—-------'-'-'—':':’_ "—-';“-—--'-‘ plane normal to the test
i

panel surface. ED zﬂ

b. The 6 Euts were made thh uniform pressure on the cutttng

o B I PG e e

of 20 mm/s 50 mm/s. All‘bhe cuts were penetrate through to the
surf‘Q W%Mﬁ jw gdxﬁ !ﬂ%%ﬂ{}@ Bt,o the latter.
c. This operatlon was repeated making further parallel cuts
of equal number, crossing bhe original cuts and at 9¢° to them so that
a lattice pattern was formed. '
d. A standard cellophane adhesive tape was covered on the
lattice

pattern. Be sure there was no void between the adhesive tape and the

film. Finally took out the tape rapidly in the direction close to 130'.



The evaluation was done by examining the cut surface of the
test coating, using normal vision. Corrected if necessary and classify
it according to table 2.4 by comparing with the descriptions using
illustrations as a guide. In general , the first three steps

(in table 2.3) will normally suffice for general purposes and shall be

used where a "go / no go" assessment was required.

22

TABLE 2.3 Classification of te
' Appearance of surface or cross-cut

Cla:suﬁ- area from which flaking has occurred
ation Description (example for six paralle] cuts)
0 The edges of the cuts are gompletely smooth; fiofe o

squares of the lattice is detaghed. v

Add s £ ‘ .

1 Detachment of small flake of&a-e&m- at M_',’ rsections

of the cuts. A cross-cut area notm et than 5 %

is affected. & B ;f % '?“ﬂ' :
2 The coating has j

sections of the cuts:/A 2

5 %, but not dxsnnc Hj
3 The coating has flaked ﬂo the edges of the q_y partlyor 5

~ wholly i m

on diffcre w:m ﬂ j

greater than-v ut not tstxnctly greater than 35 % is .

affected.
4 coz I3 ce ‘ ecutsinla 5L

ribbeéns and/or some squares have detached panly or wholly.

A cross-cut area distinctly greater than 35 %, but not dis-

tinctly greater than 65 % is affected.
5 Any degree of flaking that cannot even be classified by

classification 4.
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2.8.5 Drying Time Test (27)

The instrument required here was "Drying recorders" model BK-6
from Sheen Instruments Co.,Ltd. The technic for preparing test strips
:

v ted by turning the speed control
4 in or pulling out to the

and for reading the results

1. The required

knob in a clockwise

required speed. R knob .
. Film e AN width, from the
£ "H :
i;.x  xa\<\g<i; ‘them on the recorder.
carrier and slide ‘start .n.

4. The need ‘ '.f; . \\ he test strips.

prepared varnish T

back of the needle

5. On switc and the n s would now commenced the run
along the strips..On d of the travel the carrier
automatically stopped. Switch o O, A

R X' )

6. lnd‘-én- -5% emoved from the machine

A
simply by depressing one end of the strip So that the opposite end

AU INYNTNGING
AN TR T R o

stage was a pear-shaped impression corresponding to the time taken for
evaporation of sovent. The second stage was the cutting of a continuous
track corresponding to a sol-gel transition. The third stage was an
interrupted track corresponding to the surface-dry time. And the last
stage was where the needle no longer penetrates the film, corresponding

to the final drying time.
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In this test method,the track operated over a period of 12 hr.
Observation of the film streak was done during and after those period.
(12 hr.).The evaluation was by examining whether the streak on the film
was presented or not. If it was absent along 12 hr., assessment for

drying time property of that polymer film was passed.

AudIneminens
AT AMINYAE
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