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Copolymerization of organo silane with butoxy amide
acryl monomer and measurement of film properties

prepared from copolymer

Han, Jong Hee
Department of Polymer Engineering, The Graduate School,

Pukyong National University

Abstract

During the past one ‘century, both amino resin which is made with
formaldehyde and isocyanate pre—polymer for urethane reaction were dominant
cross-linker | in coating industries and adhesive industries. Whereas, both
formaldehyde ' and isocyanate. are known as one of the most hazardous raw
materials to be:.restricted in many applications. Many scientific approaches have
been performed to develop-alternative cross-linker system of amino resins and
isocyanate pre-polymers. €arbamation system,.-acid-epoxy.-sSystem started taking
partially share the cross—linker-product market place.

Trans-esterification reaction between alkoxy group and hydroxyl group was
evaluated by introducing methoxy group involved in organo silane (Z-6030, Dow
corning Co.) and butoxy group involved in N-butoxymethyl acrylamide (Sigma
Aldrich CO.) into acryl resin backbone under the condition of radical
polymerization and cure behavior was evaluated with commercial cross-linker
for coating. New cross-linking system achieved similar properties of coating
compared to existing cross-linker and cure behavior between alkoxy group and

hydroxyl group has enough feasibility to be commercialized.
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Table 1. Regulation of Para-formaldehyde by Environment Report

T-E(HCHO®S %) AukxpA] B HRIE HAA
5 0.05 m]ut 0.125w] 7k
5 0.05°]73~0.1251] ¢ 0.1250] 4041 7t
5 0.1250174~1.25 =] 3F 0.40]A~4.0u] 7k
559 1.250] A 4.001 %

99 mg/m*H
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Figure 1. Curing reaction between polyol and isocyanate.
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Figure 2. Curing reaction between acryl polyol and melamine resin.
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2. 49

21 43 A=

ol AFE3%F organo silane @ Al= Dow Corning AF] trimethoxy
silane (Z-6030 grade)ES, N-Butoxymethyl acrylamide @ %A+ Sigma
Aldrich  AFe]  AFE  AFESAT. AMAAIE Seki-Atochem.  AF9]
Luperox-575 (Tertiary-amyl peroxy-2-ethylhexanoate), &8 Sz =
LG Chemicalrte] xyleneS A Alglo]l Ab-&3l3it).

Hydroxyl”] &+ ola¥ A& 1y 60 wt, hydroxyl &%
2.0%%1 PPGAFY] HC-94-7996 grades AR&3st3th Ad HuwE 93
amino TA+= Cytec Co.2] melamine formaldehyde <% % methoxy ¥%&

7]

R

o] 7b4 ©& Hexa methoxy methyl melamine type¢l Cymel 303
gradeE AM£3}%T). isocyanate 7 3kAl+= Nippon Polyurethane Industries
Co.9] Hexamethylene “diisocyanate pre-polymer type%l -Coronate HXE A}
S35ttt =9he] HE A= BYK-Chemierl®] BYK-325® AAES, UV &
FA e} A A 2= Ciba-GeigyAFe] Tinuvin® 400 2 Tinuvin® 292 4 A
ZS Agstgth Alkoxy group®  hydroxyl7] 9] wdhekE EujR =
Cytec Co.9] Cycat 4040, Urethane Wh-S- Zul2+% Arkema Co.2] Dibutyl
Tin DilaurateE xylened] 1 wt% = 3]2ste] ALE3tH . F7]8mE2 A

ko] NEF BstriAlE S8t A&
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Figure 3. Experimental apparatus for polymerization.
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Figure 4. Copolymer .of: Methoxy Silane and_N=Butoxymethyl acrylamide
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t-Butox v radical:

CH; S
il [f-scission ﬁ
H;E—{l'.—D' — = C(CH;* + H;C—G—<CH: (1)
CH; slowy
t-Amyloxy radical:
CH; T 0]
T [(-scission
H EH;E—?—D —————o" L CHICH N S HC—CCH> (2)
fast
CHs

Figure 5. B-scission reactions’of the t-butoxy:.and t-amyloxy radicals.

A FAFAEL =5EA A w8 o] 2x¢9 A e A3t
H3l7] 93ke] Z-6030% N-Butoxymethyl acrylamide T=FA<] &
Fo TAste] Aol sletdt FAAS W A4S Table 2 o YR

38 O Y EEEA - AR 939 Perkin-ElmerAh9

%0
£
]

by

FT-IR(Spectrum 2000%)°.= ZH4stda EAd 2 FaAgdF FXx342
ASTM D5296° 1A wv= WaterstAle] GPC(M-410 DRI Detector)® =

439t
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Table 2. Test Formula for Polymerization

Ingredient EX-1 EX-2 EX-3 EX-4
Z-6030 ! 70.0 66.5 63.0 56.0
N-n-BMA™ 0.0 3.5 7.0 14.0
L-575" 1.4 1.4 1.4 1.4
Xylene 29.86 29.86 29.86 29.86

TOTAL 100.00 100.00 100.00 100.00

*]): Tri methoxy silane,
*2). N-Butoxymethyl acrylamide,

*3): Luperox—575 (tertiary-amyl peroxy-2-ethylhexanoate).
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23. EEAZ

T79 Azt AFAE clear varnish =82 A ZxF A Falo] Y&+
t} 25T ¢ oA STD(Standard)® 4] Melamine 7 3}A], Isocyanate 7
stAle} A Zb7E 244 high mixerE ©]&3te] 500rpmo 2 20&7F w e}
o] STD 1,29} EX-3B% Alzatrt. £ AFoNA e EX-3& HAAs ] A
o dstR o FHF o= 360mesh filters o] &3t EF-E9 IS

Hash slvh mnAze] wETAE obghel Table 39 el

Table 3. Test Formula for Paint

Ingredient STD 1 STD 2 EX-3B  Function

Melamine Isocyanate

HC-94-799% 60.0 60.0 60.0 TSA=*

CYMEL 303 24.0 Melamine agent
Coronate HX 24.0 Isocyanate agent
New acrylic copolymer 24.0

B. Cellusolve acetate 2.0 5.0 A, Glycol ether solvent
BYK - 325® 1.0 1.0 1.0 Levelling agent
Tinuvin® 400 1.0 1.0 1.0 UV absorber
Tinuvin® 292 1.0 1.0 1.0 HALS

Methyl alcohol 1.0 1.0 Alcohol solvent
Butyl di glycol 2.0 2.0 Glycol ether solvent
Methyl amyl ketone 8.0 8.0 8.0 Ketone solvent
TOTAL 100.0 100.0 100.0

TSA=* : Thermosetting acrylate

_14_



Isocyanate 7434 S AF&3 STD-29 A, =8 A% A] alcohol &A=
Abg3Fe] A Z3HA HW alcohol &A|o] ¥3tE hydroxyl”] 7} isocyanate?]
#5712 blocking” A2 $271 9ol alcohol £4E wlA|slal acetate

S-4121 butyl cellosolve acetate® =55 A 231t

2.4, A|HA =
2304 Azx3F =8 E o] &3t melamine TAES VMU AFA R ALE
STD-1, isocyanateE 7FuLZAGA = AFE-gF STD-2, 12]3l 2 AFoA] &

e TEFAE AHERHEX-3BE =4 § Aslste] AlHS FREAH B

il

Al S

[-‘Ll

12 26T+ 20, 53%° Auls= stolld A x=stAqth 7 A4 &4

Aelgt mE Ao ARE¥E panel>  ACT Laboratories Inc. #|#<1

CRS(Cold Roll Steel)<' A48l Th Panel sizer 4°x67, 49x127¢] 7

08TE AN 7144 =4 S4dl At8d A d2 Pl ado R sizew

sdottt BE AF Y A =S Eol7] sl Al panel®] T 2l =

Fy Aee dF o T HA S gir spray S A 835 o
A &

Auto spraymation”] 7] & AF-&3F T}

19+7] : Base coat =% (on primer surfacer coating panel)
T2 =70 20-25um(Blue, Orange color)

24 : 10 min. (flash time)

_15_



34 : 135C x20 min. baking (keep time)
AGA 23T+ 20, 53+2.0 %RH ZA3stol A 16~24hrs A3 & B4 test

A A]

Methoxy silane¥} N-Butoxymethyl acrylamide WA zho] 53t o
AUES 29 69 R 3 of32 ¥ polyol 419 hydroxylZ] ¢} &
ATE FgAE olmd oY FFEWol E3H methoxy”Z] ¢ butoxy”]

Zbe) nighibgol o3 A3t MAYUSS 29 7o HERY AT
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Silane monomer Acryl amide monomer

OCH i
1
=E_”_O£\u-§F—GGH:: HN 0 TN Radical |
CH 1zati
3 polymerization
o}
= CH;
R—C R o HC—LU”\,EFO::HS
i;o o R dcH,
z
H;CO—ﬁ-OCH
dcH,

Copolyvmer of Methoxv Silane and N-Buthoxvmethyl acrvlamide monomer,

Figure 6. Polymerization of Methoxy Silane with N-Butoxymethyl acrylamide

monomer.
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Acrvlpolyol Copolymer of Methoxy Silane with N-Butoxymethyl acrylamide monomer

(o]
H OCH,4
Rt "—g‘"‘?—”—""“\,,éli-m:n3
/\[/\[/\}/\ + (o] § R OCH,
OH OH OH 0>
H;CO-Si-0CH; g
OCH,

J/ Trans-esterification

M(OR)n + mXOH = M(OR)n-m + mROH(OX)m + MROH

o]
H 0[[ /
R-C R HC 0—-—"‘"‘\/ si
) ::;0 R N
F
/ )
o

Figure 7. Cure mechanism ~of Trimethoxy ~Silane and N-Butoxymethyl

acrylamide copolymer with polyol.
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Overlaid Chromatogram

—— SampleName Ex-1; Vial 8 Channel SATIN ;|
—— SampleName Ex-2; Vial 8, Channel SATIN,

& 2011100501; +2 X4 S 4= GRC_MSOTI]
& 2011100501, +2 BAES 4= GPC_MEOTI

SampleName Ex-3; Vial 10; Channel SATIN ; 2% 2011100501 + HAS K = GPC_MSO711
SampleName Ex-4; Vial 11; Channel SATIN; 2% 2011100501; <& HAS » = GPC_MSOTH

Figure 8. GPC analysis data of silane-amide copolymer.
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Fig 9. Molecular weights of copolymer synthesized with various composition.
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(a)
Figure 10. DSC results of copolymers; (a) Trimethoxy silane homopolymer, (b) 5wt% N-Butoxymethyl acrylamide added,

(c) 10wt% N-Butoxymethyl acrylamide added , (d) 20wt% N-Butoxymethyl acrylamide added.
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Figure 11. Glass transition temperature of copolymers.

Glasstransition temperature

a9 112  Trimethoxy silane ©&a] X/ =o] N-Butoxymethyl
acrylamide B#A% EX-1 : 0%=%E EX24714) 5 10,20 wi%es =%
& FA 2AES FEldolZES UEUide 2" e o = A
¥} Zro] N-Butoxymethyl acrylamide T&A1°] 7ol whel fFeldo]l==

o] ZF7p7F #EE Qo N-Butoxymethyl acrylamide ©&A|7F 4] ZA]

Ene Asteve AxEE AAse= 78 AT styelth. Trimethoxy
=

ToE EX-19] 4%, fFefdol2=rt 24TH =] v FeAd
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g = STD-1 STD-2 EX-3B
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Table 5. Physical Properties of Coated Films of STD-1, STD-2 and

EX-3C
g = STD-1 STD-2 EX-3C
=ur FA () 45 43 45
Z(20°) by BYK 95 9 96
#8493 (DOD by ATI 98/83 99/82 99/84
Z7)H-2 100/100 100/100 100/100
A1 $) 100/100 100/100 100/100
A= HB HB HB
tE AZA 85 87 83
=4 (35~405¢) Tl T = T l=
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(a)

(b)

(c)

Figure 13. Physical properties of STD-1, STD-2 and EX-3C coated steel sheets.
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(a)

(b)

(c)

Figure 14. Visual results of STD-1. STD-2 and EX-3C coated steel sheets
after humidity tests of 240hrs at 40C, 98% RH.
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